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HP 54501 A Digitizing Oscilloscope
The HP 54501A is a low-priced oscilloscope that provides
loo-MHz repetitive signal capture. The HP 54501A maintains
many of the features of our higher-priced scopes, including full
programmability, direct hardcopy output, and the full Advanced
Logic Triggering capability formerly available only in the HP
541ooD. See page 60 or check 6 on the reply card.

HP 54118A 500 MHz-18 GHz Trigger
True event triggering is now possible at microwave frequencies.
No longer are you restricted to a countdown synchronizer to
use your oscilloscope up to 18 GHz. Simply add the HP 54118A
500-.MHz-to-18-GHz Trigger to your HP 54120T Digitizing
Oscilloscope system and you will be able to make measurements
that were never before possible. See page 66 or check 7 on the
reply card.

NEW PRODUCT HIGHLIGHTS

Software for HP 5183A Waveform Recorder
The HP 5183A Waveform Recorder is a 72-dB dynamic-range
transducer that captures transient or repetitive signals.
Functioning as a front end to a computer, the recorder features
two channels, each with a 12-bit, 4-megasample/s analog-to
digital converter. The HP 5183A includes new high-performance
BASIC driver software, which eases recorder setup and operation
while increasing measurement throughput to an HP 9000 Series
200/300 engineering workstation or HP Vectra PC. The driver
software, which controls up to 32 instruments, provides high
speed data transfer and high system measurement throughput.
Using the HP 9000 Model 350 computer, for example, the user
can acquire and transfer looo-point waveforms at greater than
27 measurements/so See page 73 or check 8 on the reply card.

HP 3458A Multimeter
The HP 3458A Multimeter is the fastest, most flexible, and
most accurate multimeter ever offered by Hewlett-Packard. In
your system or on the bench, the HP 3458A saves you time and
money wit~ unprecedented test system throughput and accuracy,
seven function measurement flexibility, and low cost of ownership.
Select a reading rate of 100,000 readings per second for maximal
test thn?~ghput. Or achieve highest levels of precision with up
to 8V2 digits of measurement resolution and 0.1 part per million
transfer.a~~uracy. These features combined with programming
compatibility through the HP Multimeter Language (HPML)
and simplicity of operation make the HP 3458A the ideal
multimeter for your most demanding applications. See page 94
or check 9 on the reply card.



NEW PRODUCT HIGHLIGHTS

HP 35858 Spectrum Analyzer
HP's highest-performance audio/video/baseband spectrum
analyzer has been enhanced for more power and convenience
with no increase in price. The HP 3585B maintains the accuracy,
dynamic range, and resolution of the HP 3585A while adding
features that improve measurement productivity. New features
include automatic limit testing (with pass/fail results on the
front panel and over HP-IB), flexible peak searches and signal
tracking, and a direct interface to HP-IB printers and plotters
for measurement hard copy. The HP 3585B is a compatible
replacement for the HP 3585A, with matching specifications
and HP-IB programming codes. See page 112 or check 10 on
the reply card.

HP 71100XL Scalar/Spectrum Analyzer
By combining both scalar and signal-analysis capabilities, the
HP 71100XL provides a single, cost-effective measurement
system for testing RF components. A frequency range of 100 Hz
to 2.9 GHz makes this instrument ideal for audio, baseband,
HF, VHF, IF, and microwave applications. And in addition to
excellent analog performance, the analyzer offers a powerful
scalar analysis interface that speeds up stimulus-response testing.
See page 116 or check 11 on the reply card.

HP 70100A Power Meter Module
The HP ooסס7 Modular Measurement System now has very
accurate power measurement capability with the addition of
the HP 70100A Power Meter Module. The HP 70100A provides
all the functional performance of the HP 437B Power Meter
and is fully compatible with the entire HP 8480 family of 15
power sensors. Since it is only Vs-rack wide, up to eight modules
can be assembled in a single HP 70001 mainframe, allowing
power sampling at a number of system nodes, or computation
of power ratios or differences. See page 122 or check 12 on the
reply card.

HP 8449A, 70620A Microwave Preamplifiers
With state-of-the-art technology these high-gain, low-noise
preamplifiers offer a cost-effective means of increasing the
sensitivity of your spectrum analyzer system from 2 to 22 GHz.
Better sensitivity not only allows you to detect and analyze
signals at much lower levels but also increases the speed of
your measurements. The HP 8449A is a stand-alone, manually
operated preamplifier. The HP 70620A is a Vs-width module
that adds a fully integrated, automatic amplification stage to
the HP ooסס7 Modular Measurement System. See pages 407
(HP 8449A) and 116 (HP 70620A) or check 13 on the reply
card.



HP85901A AC Power Source
Hewlett-Packard's first portable battery pack for test equipment
provides 200 watts of continuous power for field and mobile
applications. This self-contained ac power source has outputs
of either 115V or 230V and runs on its own internal battery, an
external battery, or on another 12 Vdc source. Typical operating
time exceeds one hour for 100-watt continuous use at room
temperature. The inverter output has overvoltage, short-circuit,
and overload protection. The power source comes in a sturdy
package with an adjustable handle that can also be used as a tilt
stand. See page 136 or check 14 on the reply card.

HP 8592A Spectrum Analyzer
This low-cost, portable spectrum analyzer has a 5(}kHz-to-22-GHz
frequency range and full microwave preselection. Its small,
sturdy mainframe has a briefcase handle for easy carrying and
it fits easily under an airplane seat. Features include a built-in
comb generator for frequency accuracy and full programmability
with options for HP-IB, HP-IL, or RS-232. For truly portable
use in the field, the spectrum analyzer can be operated with the
HP 85901A portable AC Power Source. See page 137 or check
15 on the reply card.

NEW PRODUCT HIGHLIGHTS

HP 35660A Dynamic Signal Analyzer
The HP 35660A is a 2-channel FFT-based analyzer offering
spectrum and network measurements in electronics, mechanical
test, acoustics, and other low-frequency application areas.
The instrument features an internal programming language
and a built-in disc drive for full automation of analyzer functions.
The programming language (HP 35680A Instrument BASIC) is
fully syntax-compatible with HP BASIC so that HP workstation
owners can easily merge the HP 35660A and Instrument BASIC
into existing test systems. The analyzer can also function as a
small system controller, thereby decreasing the burden on host
computer testing. See page 153 or check 16 on the reply card.

Software for HP 3565S Signal Processing System
With the addition of two software packages, the HP 3565S
Signal Processing System becomes the leader in the area of
multiple-channel stimulus response testing. HP SINE (HP 35631A)
gives the HP 3565S system swept-sine capability for normal
mode testing and sinusoidal frequency-response testing. It also
provides sine-reduction capability for processing environmental
test data. The HP 35652A Modal Data Manager organizes and
formats HP 3565S data for easy transfer to advanced third
party modal solutions. Modal Data Manager also enhances
structural data by adding to it transducer orientation and sign
and spatial coordinates indicating where the measurement was
made. See page 157 or check 17 on the reply card.



NEW PRODUCT HIGHLIGHTS

HP 8902SG Signal Generator, 8902AT Attenuator
Calibration Systems
The 8902SG Signal Generator Test System provides a versatile
and powerful solution for RF and microwave signal-generator
test needs. The system combines the accuracy of the HP 8902A
Measuring Receiver and HP 8903B Audio Analyzer with the
new HP 11808A Signal Generator Performance Test Software.
A key feature of this software is the use of data files. Files with
instrument settings and specifications are created and edited
through on-screen work sheets, requiring no programming
experience. The HP 8902AT Attenuator Calibration System
offers high performance in attenuator calibration from 10 MHz
to 26.5 GHz. Combining the exceptional accuracy and wide
dynamic range of the HP 8902A Opt. 050 Measuring Receiver,
the HP 8902AT tests fixed, manual, and programmable
attenuators. After data is taken, it can be stored on disc and
:.'1;;;u statistical analyses such as arithmetic average and standard
deviation can be done. See pages 170 and 171 or check 18 on
the reply card.

HP 8981A Vector Modulation Analyzer
The HP 8981A improves on the HP 8980A Vector Analyzer
(dual-channel, dc to 350 MHz) by adding a precision coherent
demodulator at its input for 50-to-2oo-MHz frequency coverage.
In addition, powerful calibration firmware corrects quadrature
error as well as 1- and Q-channel imbalances. Display modes
match the new applications made possible by the demodulator;
vector and constellation are for analyzing in-phase and quadrature
signal components, and a time-domain mode displays "eye"
diagrams. A unique 3-dimensional format gives new insights on
complex microwave modulations such as chirp radar. Five
markers help quantify details of displayed signals. See page 162
or check 19 on the reply card.

Frequency-Extension Option for HP 53528 Microwave
Counter
A new 460GHz frequency-extension option significantly enhances
the performance of the HP 5352B Microwave Counter. Option
005 features a 2A-mm input connector and allows broadband,
coaxial frequency measurement to 46 GHz without an external
mixer. The HP 5352B's sensitivity of -30 dBm at 26.5 GHz,
linearly decreasing to -15 dBm at 46 GHz, makes it possible to
measure weak EHF satellite communication-system signals
without using external amplifiers and filters. In system
applications, the counter's 120-measurement/s throughput
improves overall system efficiency. The HP 5352B also features
6O-ms acquisition time and I-GHz/s tracking speed. See page
178 or check 20 on the reply card.

HP 5364A Microwave Mixer/Detector
The HP 5364A offers wide IF, phase linear downconversion,
and video detection of microwave signals from 2 to 18 GHz.
Designed as a companion instrument to the HP 5371A Frequency
and Time Interval Analyzer, the HP 5364A extends modulation
domain measurement and analysis into the microwave frequency
range. By combining these instruments with a suitable local
oscillator, you can assemble a system to recover phase, frequency,
and various digital modulations, such as QPSK, from a microwave
carrier. Agile microwave carriers can be measured directly in a
single shot over a Sao-MHz bandwidth. The modulation-domain
makes it possible to measure switching speed, overshoot, and
settling time of VCOs. Source stability, jitter al).d PRF/PRI
measurements also benefit from modulation-domain analysis.
See page 193 or check 21 on the reply card.



HP 4378 Power Meter
The HP 437B single-channel, programmable power meter offers
low cost, 120,000 hours MTBF (mean-time-between-failure),
and a flexible feature set. The HP 437B measures power from
100 kHz to 50 GHz and from -70 to +24 dBm, using the
complete family of 14 HP power sensors. One new sensor
covers power to 50 GHz in 2A-mm coax, and three high
sensitivity diode sensors cover 26.5 to 50 GHz in waveguide and
to 26.5 GHz in 3.5-mm coax. Other features include enough
memory to store cal factor tables for 10 sensors, as well as
pre-stored tables of average values of the 10 most popular
models. Also, the cal factor no longer needs to be entered for
each new measuring frequency. By merely entering frequency,
you eliminate errors. See page 209 or check 22 on the reply
card.

Accessories Extend Scalar Network Analysis to 40 GHz
Now you can quickly and accurately measure insertion loss/gain,
return loss, and absolute power over a broad 1O-MHz-to-40-GHz
range with new instrumentation and accessories that use the
2A-mm broadband coaxial connector. A complete 4O-GHz
coaxial scalar network analyzer system can be configured using
the HP 8757A Scalar Network Analyzer and the HP 8350B
Sweep Oscillator Mainframe combined with one of two new RF
plug-ins, the HP 83597A and the HP 83596A.

Complete the system by combining the appropriate new 2A-mm
scalar accessories for your measurement configuration: the HP
85025D 2.4-mm Detector and the HP 85027D 2.4-mm Directional
Bridge. See pages 222 (HP 85025D, 85027D) and 401 (HP
83596A, 83597A) or check 23 on the reply card.

NEW PRODUCT HIGHLIGHTS E]

HP 41952A18 Transmission/Reflection Test Sets
The HP 41952A (SOil) and 41952B (75il) Transmission/
Reflection Test Sets speed and simplify transmission and reflection
measurements with the HP 4195A Network/Spectrum Analyzer.
Each test set contains a power splitter and a directional coupler
and connects directly to the HP 4195A. For added convenience
Option 009 permits full s-parameter measurements without
having to reverse the device under test. See page 233 or check
24 on the reply card.

HP 41800A Active Probe
The HP 41800A Active Probe is a high-input-impedance probe
that covers 5 Hz to 500 MHz and makes it easy to perform signal
analysis on circuits in the audio, video, HF, and VHF bands.
Suitable for both spectrum and network analysis, the HP
41800A features low distortion and low noise. The HP 41800A
is directly compatible with HP analyzers such as the HP 4195A,
HP 3577A, HP 3585A, and HP 8568B, which supply probe
power from the front panel. See page 233 or check 25 on the
reply card.



NEW PRODUCT HIGHLIGHTS

HP 8508A Vector Voltmeter
The HP 8508A provides economical RF voltage and phase
measurements in the l00-kHz-to-2-GHz range. Two different
input modules give you considerable flexibility, depending on
your desired frequency coverage and application needs. The
HP 85081A High-Impedance Probe Input Module covers the
lQO-kHz-to-l-GHz range, whereas the HP 85082A 50-Ohm Input
Module operates between 300 kHz and 2 GHz. Built-in data
processing allows for real-time ratio measurements and units
conversions to linear or log magnitude in polar or Cartesian
coordinates. When making reflection measurements, display
your results in terms of reflection coefficient or even absolute
or normalized impedance. The HP 8508A offers an easy-to
read digital display as well as trend indicators for peaking and
nulling applications. Full HP-IB programmability makes the
HP 8508A a good value for automated ATE systems or, when
used with a programmable signal generator and a computer, for
automatic stimulus-response component measurements. See
page 242 or check 26 on the reply card.

HP 87538 RF Network Analyzer
The HP 8753B RFNetwork Analyzer continues the tradition of
affordable excellence in RF component measurements set by
the HP 8753A. The HP 8753B offers wider frequency coverage
(300 kHz to 3 GHz- Option 006 extends to 6 GHz) to characterize
RF components in both transmission and reflection and then
display the measured magnitude and phase response in your
choice of formats. It also adds non-linear measurement capability
for the characterization of mixers and amplifier harmonics.
You can perform repetitive tests more quickly and easily using
the HP 8753B's built-in sequencing. The HP 8753B is a powerful
automatic vector network analyzer ideal for use in the lab
while maintaining simplicity and speed for production test
areas. See page 243 or check 27 on the reply card.

HP 8720A Microwave Network Analyzer
The HP 8720A provides simple and complete vector network
measurements in a compact and fully integrated microwave
network analyzer optimized for incoming inspection, production,
and final test. Characterize the reflection and transmission
properties of your microwave components and networks
accurately yet economically over the entire 13O-MHz-to-2o-GHz
synthesized frequency range. Use such features as limit testing,
arbitrary frequency list mode, external disc save/recall, and
the HP 8720A's direct plotter/printer output to simplify your
alignment and test process and to increase the productivity of
your manufacturing area. See page 247 or check 28 on the reply
card.

HP 85108 Network Analyzer
The HP 8510B Network Analyzer can now be configured for
coaxial magnitude, phase, and group delay measurements over
a broad 45-MHz-to-40-GHz frequency range in a single sweep.
Powerful features, such as through-reflect-line (TRL) calibration,
fast ramp sweep, and time-domain analysis, provide the highest
quality measurement results. These capabilities are made possible
by a new test set that features the rugged 2.4-mm coaxial
connector. The HP 8516A S-Parameter Test Set allows the
system to make fully error-corrected measurements without
the need to reverse the test device. It also has built-in bias tees
to simplify active device testing. A complete line of 2.4-mm
measurement accessories featuring the precision slotless female
interface (PSC-2.4) is available.

The HP 8510B can also be configured for millimeter-wave
operation in the waveguide bands from 26.5 to 100 GHz. Overall,
the HP 8510B incorporates features and performance to keep
pace with the demands of high-frequency component testing.
See page 249 or check 29 on the reply card.



HP 4284A Precision LCR Meter
The HP 4284A Precision LCR Meter helps you improve
component and material quality through accurate, high-volume
testing. Its wide 20-Hz-to-I-MHz frequency range and superior
test signals allow the HP 4284A to test components to the most
commonly used standards under conditions that simulate the
intended application. The HP 4284A's wide impedance
measurement range covers from O.Ol-mohm minimum resolution
to lOD-Mohm full scale with unmatched basic accuracy of 0.05
through the full range to 1 MHz. Six full digits of resolution for
all measurement parameters allow you to determine even the
smallest differences in materials or component performance.
The test signal (voltage/current) is variable from 5 mVrms to 2
Vrms, and from 50 pArms to 20 mArms. The constant test
signal level feature guarantees that the applied test-signal level
will remain constant for demanding tests.

Combining the HP 4284A Precision LCR Meter, HP 42841A
Current Source, and the HP 42842A/B Current Fixture gives
you a high-performance system for testing power inductors and
transformers. This system enables you to test inductors up to 1
MHz at the high dc current levels (up to 20A, 40A with two HP
42841As and the HP 42842B) demanded for components used
in advanced switching power supplies. Whether in R&D,
production, quality assurance, or incoming inspection, the HP
4284A will meet all of your LCR meter test and measurement
requirements. See page 286 or check 30 on the reply card.

HP 81522A Optical Head
The HP 81522A Optical Head, together with the HP 8152A
Optical Average Power Meter, makes measurements down to
0.1 pW (-100 dBm sensitivity). It is individually calibrated over
its full wavelength range of 1000 nm to 1650 nm with an absolute
accuracy of ± 5%. See page 306 or check 31 on the reply card.

NEW PRODUCT HIGHLIGHTS

HP 8702A Lightwave Component Analyzer
The HP 8702A system characterizes the components in a high
speed fiber optic transmission system. It does this by measuring
their transmission and reflection response to swept modulation
frequencies up to 3 GHz. For example, the HP 8702A can
measure the modulation transfer function of lasers, the bandwidth
of fiber, and the demodulation transfer function of photodiodes.
With a lightwave coupler, the HP 8702A can locate discontinuities
and measure optical return loss. In addition, the HP 8702A can
be used as a network analyzer to measure system gain and
complex impedance. See page 312 or check 32 on the reply
card.

HP 71400A Lightwave Signal Analyzer
The HP 71400A is the first commercially-available receiver for
measuring modulated light transmitted at high speeds. It has a
receiver bandwidth of 100 kHz to 22 GHz, sensitivity of -60
dBm (optical), and full calibration at 1300 nm and 1550 nm. As
part of the HP 7cxm Modular Measurement System, the lightwave
signal analyzer has all the benefits of modularity and the high
performance of the HP 71210A Microwave Spectrum Analyzer,
on which it is based. An RF version, the HP 71401A, is also
available. See page 314 or check 33 on the reply card.



NEW PRODUCT HIGHLIGHTS

HP 8118A 100-Mbitls Pulse Pattern Generator
The HP 8118A introduces a new generation of measurement
equipment. It combines pulse and pattern capabilities in one
box and offers full control over level, timing, pattern, and
transition parameters. Each of the instrument's two channels is
capable of 16-kbit-Iong data streams with individually pro
grammable slopes and timings and 16 Vpp into 50 ohms for
in-depth parametric analysis of digital circuits. The HP 8118A
addresses the requirements of digital design engineers who
evaluate the worst-case conditions of a circuit under test. In the
area of low-speed communication, the HP 8118A helps to
analyze and tune digital communication modules. See page
317 or check 34 on the reply card.

Step Attenuator/ Switch Combinations
Hewlett-Packard's family of combination step attenuators and
switches offers the microwave design engineer many alternatives
that can reduce coaxial cabling and component count. With
the design based on the highly-reliable HP 33320 Series Step
Attenuators (5 million steps per pad), Hewlett-Packard can add
SPDT switch functions on either end, or one or two transfer
switches. Operating range is dc to 26.5 GHz, and even higher
performance is possible in the lower ranges. See page 340 or
check 35 on the reply card.

50-GHz Coaxial Measurement Accessories
Hewlett-Packard continues to complete its line of test accessories
that have 2.4-mm coaxial connectors. Now we offer detectors,
pads, terminations, power sensors, scalar network analyzer
detectors, cross-series adapters, design kits for stripline launch
service, and other items needed for your systems to operate up
to 50 GHz. See page 333 or check 36 on the reply card.

HP 5527A Laser Position Transducer
System Enhancements
Submicron position monitoring and control is now significantly
faster, easier, and less costly with a new printed-circuit board
for the HP 5527A Laser Position Transducer System. The HP
10936A Servo-Axis Board, a programmable digital servo
controller, added to the HP 5527A system along with a
commercially available servo motor and motor amplifier, provides
the entire closed-loop positioning function in a high-performance,
high-accuracy system. The HP 10936A features multiple outputs
to drive all available motor amplifiers, motion control algorithms
(difference equations) in firmware, a trace function to gather
real-time data on system performance, and supports coordinated
multiaxis moves.

The HP 10716A High-Resolution Interferometer improves laser
system accuracy and repeatability with finer measurement
resolution and reduced thermal drift. The HP 10716A has two
times better measurement resolution than previously available
and 1/12 the measurement drift of a conventional plane mirror
interferometer. The HP 10716A is compatible with both the HP
5527A system and the HP 5501A Laser Transducer System.
The new HP 10724A Plane Mirror Reflector can be used with
the HP 10716A and all other HP plane mirror interferometers.
See page 350 or check 37 on the reply card.



HP 8657A Synthesized Signal Generator
The HP 8657A Synthesized Signal Generator is a 1040-MHz
economy generator with AM and PM modulation and good
spectral purity. With -130 dBc phase noise at 500 MHz, the HP
8657A meets many adjacent-channel measurement needs for
receiver testing. In addition, the HP 8657A enhances signal
generator reliability by offering a new electronic attenuator
with an estimated 0.2% failure rate. See page 359 or check 38 on
the reply card.

HP8644A, 8645A, 8665A Synthesized Signal Generators
Using the same architecture, these three signal generators offer
high performance for a wide range of applications. The HP
8644A Synthesized Signal Generator offers exceptional spectral
purity to 2060 MHz, and its features are well-suited to R&D
testing. The HP 8645A Agile Signal Generator combines
15-microsecond switch speed with -124 dBc phase noise for
testing both the stringent RF performance and the dynamic
fast-hopping capability of frequency-agile and surveillance
receivers. The HP 8665A Synthesized Signal Generator offers
high spectral purity to 4.2 GHz for making measurements such
as sensitivity on telemetry receivers and spurious emissions on
mobile radios.

All three generators use an internally modular configuration;
you can add options to improve spectral purity, extend frequency
range, reduce leakage, and enhance modulation. Or you can
add an electronic attenuator for high-volume production testing
and an advanced modulation source for testing all areas of a
design. In addition, the modular structure offers greater reli
ability, lower cost, modular support, and compatible pro
gramming commands. See pages 361,363, and 365 or check 39
on the reply card.

NEW PRODUCT HIGHLIGHTS G

Exceptionally-Complex Signal Simulation,
10 to 3000 MHz
HP's vector/arbitrary waveform synthesizer (VAWS) is a new
combination of the HP 8780A Vector Signal Generator and
two HP 8770A Arbitrary Waveform Synthesizers, which furnish
in-phase and quadrature modulation signals. The resultant
benchtop signal simulator permits comprehensive testing of
modern radar, EW, and communications systems and com
ponents. It generates not only ideal system signals but also
distortion, multipath fades, noise, and other stress signals. See
page 382 or check 40 on the reply card.

HP 8347A RF Amplifier
The HP 8347A is a convenient, compact, instrumentation
amplifier that provides greater than 25 dB of gain, a +2 to +20
dBm internally-leveled output power range, and low harmonics
over the 100-kHz-to-3-GHz frequency range. Really a cross
between a preamplifier and a power amplifier, the versatile HP
8347A can provide gain and power to overcome RF path losses,
drive high-power devices, or improve measurement system
performance. See page 406 or check 41 on the reply card.



NEW PRODUCT HIGHLIGHTS

HP 33258 Synthesizer/Function Generator
HP's most popular low-frequency (dc-21 MHz) synthesized
source now offers more functionality at the same price. The
new HP 3325B adds features and flexibility to the HP 3325A
and is fully compatible in even the most complex automated
system. New features include a second fully programmable
sine/square source for modulation or stand-alone use, and
a dc-60 MHz TTL-compatible output with synthesizer accu
racy and resolution. There is also a new discrete sweep feature
with up to 100 sweep elements and an RS-232 interface for
more flexible remote control. See page 414 or check 42 on the
reply card.

HP 3245A Universal Source
Precision dc voltage and dc current outputs with 6112 digits of
resolution are possible with the HP 324SA Universal Source.
AC waveforms with accurate amplitude and frequency are also
available. Standard ac outputs include sinewave, squarewave,
and ramp. For increased versatility, arbitrary waveforms can be
generated as well, making this a truly universal source. The ac
signals are generated by direct digital synthesis, which provides
high accuracy and resolution down to .001 Hz. Output amplitude
can be ± IOV, while maximum frequency, including arbitrary
waveforms, is 1 MHz. A second channel option allows the
generation of two outputs, either independent of one another
or phase related. See page 430 or check 43 on the reply card.

HP 8115A 50-MHz Dual-Channel Pulse Generator
The HP 8115A is a two-channel, programmable, low-cost pulse
qenerator that addresses standard bench and ATE system
applications in all industry segments. It is HP-IB programmable
and offers full control over timing, level, and transition para
meters. It is an excellent tool for design engineers in analog and
digital industry segments who must evaluate worst-case conditions
or stimulate a device under test with the appropriate signal.
The HP 8115A matches applications where two parameter
independent but synchronous pulse trains are required. See
page 435 or check 44 on the reply card.

HP 8131A 500-MHz Pulse Generator
The HP 8131A SOO-MHz Programmable Pulse Generator
addresses the requirements of high-speed circuit design,
especially work done on digital ECL and GaAs circuits. The
HP 8131A, a one-channel instrument, offers a 500-MHz repetition
rate with <200-ps (10%-90% of amplitude) fixed rise/fall times
and lo-ps resolution on all programmable timing parameters. It
offers an output amplitude of 5 Vpp into 50 ohms in a ± 5V
window and is fully HP-IB programmable. An optional second
channel is available (Option 020). See page 436 or check 45 on
the reply card.



HP 6625A, 6626A Multiple-Output System
DC Power Supplies
HP has expanded its family of HP-IB controlled system dc
power supplies with two multiple-output, high-performance
models, the HP 6625A and 6626A. The HP 6625A, a two
output power supply, offers 75 watts total output power; the HP
6626A is a four-output power supply offering 150 watts total
output power. Both models offer high-resolution programming
of output voltage and current. High-resolution measurement of
voltage and current output, including instrument status and
fault conditions, can be read back over the HP-IB. Overvoltage
and overcurrent protection guard the device under test and the
power supply. Each isolated output integrates the functions of
a power supply, HP-IB interface, DVM, and precision current
shunt into one package. This one-box solution yields substantial
savings in system-integration time, rack space, HP-IB address
space, and design and documentation costs. See page 458 or
check 46 on the reply card.

HP 6050A, 6060A Electronic DC Loads
High performance and reliability are designed into a new full
featured family of electronic load products from Hewlett
Packard. Testing power supplies, batteries, and power com
ponents with the HP 6060A 300-Watt Single Input Electronic
Load or the HP 6050A 1800-Watt Electronic Load Mainframe
can be done in automated or manual environments. System
features include a built-in HP-IB interface for full control and
readback of all functions. Manually operating the load is easily
done using the front-panel keypad and LCD display.

These electronic loads offer significant system-design advantages
over presently available alternatives that use individual
components. The HP 6050A and 6060A integrate IEEE-488
isolated D/A programmers, a pulse generator, a DVM, and
current-monitor shunt into a single package. See pages 448 and
449 or check 47 on the reply card.
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HP 4974S MAP Protocol Analyzer
The HP 4974S is an HP Vectra PC-based protocol analyzer for
testing and debugging MAP communications software. Designed
for multivendor networking environments, the analyzer connects
to IEEE 802.4 networks and offers testing for the MAP 3.0
protocol stack. Frames can be captured as they occur and
decoded in accordance with the MAP protocol specifications.
The HP 4974S provides an independent view of protocol events
on an IEEE 802.4 network with summary information of
protocol-data-unit (PDUj header values. Supported protocols
include IEEE 802.4, IEEE 802.2 Link Layer, ISO Network, ISO
Transport Class 4, ISO Session, ISO Presentation, ACSE, FTAM,
NMS, DS, and NM. See page 514 or check 48 on the reply card.

HP 37900A Signaling Test Set
The HP 37900A Signaling Test Set combines modular interfaces,
dedicated software, and a computer controller to give a high
performance test solution for No.7 common-channel signaling.
The HP 37900A can non-intrusively monitor No. 7 signaling
links, emulate No.7 signaling devices, and generate typical
signaling link impairments. Network operators can assess
performance and troubleshoot No. 7 networks, using the
powerful monitoring and data-analysis features. Emulation allows
response testing of new equipment useful for automating
commissioning, installation, or manufacturing test procedures.
The HP 37900A also helps in product development as it can be
programmed to mimic the operation of network equipment or
new designs. See page 515 or check 49 on the reply card.
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HP 82000 IC Evaluation System
The HP 82000 is a fully integrated system designed to perform
functional verification and in-depth characterization on ASICs
and VLSI devices. Applications include low-volume production
test, failure analysis, and incoming inspection. The system
features "tester-per-pin" architecture, which provides separate
timing and level generators on up to 384 true 110 channels.
Combining these features with a 200-MHz vector rate, 50 ps
resolution, and high accuracy, this system delivers the perfor
mance required to test the most demanding digital ICs. The
interactive software running under X Windows supports auto
matic test generation and has built-in ac/dc characterization.
See page 526 or check 50 on the reply card.

HP 3065CT Communications Technologies
Board Test System
The newest member of the HP 3065 Board Test Family, the HP
3065CT, is a completely integrated one-stage test system for the
telecommunications industry. Based on the solid foundation of
the HP 3065AT Advanced Technologies Combinational Test
System and the HP Telecomtest software, the HP 3065~: a~ds

test instrumentation to perform standard CCITT specIfication
tests on telecom products. Prior to specification testing,
production-induced faults can be detected with the HP 3065~T's

in-circuit test capability. The HP 3065CT performs tests reqUired
to verify the quality of transmission channels as well as the
quality of signaling requirements. See page 546 or check 51 on
the reply card.

HP BASIC/UX for Series 300 Instrument Controllers
HP BASIC/UX combines the ease-of-use of HP BASIC, the
world's most powerful language for instrument control, with
the powerful facilities of the industry-standard HP-UX operating
system. HP BASIC/UX is available on HP 9000 Series 300
systems running HP-UX. HP BASIC/UX adds significant
capabilities to the already rich feature set of HP BASIC: features
include industry-standard networking, multitasking, windowing,
and the ability to link to compiled C, FORTRAN, and Pascal
subroutines. HP BASIC/UX also gives you easy access to
HP-UX tools and applications. See page 553 or check 52 on the
reply card.

HP 9000 Model 360 Instrument Controllers
The HP 9000 Models 360MMA/CMA and 360MMAX/CMAX
are tailor-made solutions for applications requiring high to
exceptional performance in an instrument controller. The
Model 360MMA and CMA combine high-performance I/O
and computational power with HP BASIC, the premiere
language for instrument control. Model 360MMAX and CMAX
provide the power required for the most demanding instrument
control applications. They are configured with HP BASIC/UX,
HP's BASIC measurement language running on the industry
standard HP-UX operating system. See page 555 or check 53 on
the reply card.



HP 48050A Remote Terminal Unit
The HP 48050A Remote Terminal Unit (RTU) is a compact,
intelligent measurement and control unit designed to operate
in harsh industrial and remote environments. As the newest
member of the HP 48000 RTU family, the HP 48050A addresses
small-point-count applications (23, expandable to 45). The HP
48050A RTU features built-in intelligence, ease of programming,
communications flexibility, and high reliability. Target markets
include oil and gas, water and wastewater, electrical utilities,
telecommunications, and process industries. Applications range
from supervisory control and data acquisition (SCADA) systems
to energy management, facilities monitoring, and process
monitoring and control. See page 568.

HP Interactive Test Generator (HP ITG)
HP ITG accelerates HP BASIC test development through
windowed, mouse-driven instrument drivers. Designed specifically
for controlling HP-IB instruments, HP lTG's on-screen instrument
panels simplify measurement automation. Instead of writing
code that requires knowleqge of instrument-specific HP-IB
mnemonics, you use a mouse to adjust instrument settings and
make measurements interactively. HP ITG automatically
generates the HP BASIC code needed for your test program.
The friendliness of HP lTG, combined with HP BASIC, enables
you to focus on your test task, not on software development.
Support on computing environments such as the BASIC
Workstation, Hp·UX, and DOS ensures flexibility as your needs
change. See page 606.
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HP PLD Design System
HP PLD Design System is a device-independent design tool
that supports the entire design process of Programmable Logic
Devices (PLDs). You can enter designs through schematic
symbols, state transition diagrams, waveforms, or Boolean
equations/truth tables. PLD debuggers are tightly integrated
with each design editor for quick entry and verification of
designs at the same level of abstraction. More importantly, you
can describe and verify your logic in a device-independent
environment, without the constraints imposed by particular
PLD architectures. HP PLD Design System eliminates the issue
of device selection by automatically fitting designs into the
most efficient Pill, and automatically partitioning large designs
into multiple PLDs to shorten design time. Existing PLDs can
be upgraded to newer devices through a link to the JEDEC
standard for PLD fusemaps. Automatic test-vector generation
creates manufacturing test vectors to be used in device
programming and verification. See page 630.

HP 85150A Microwave Design System
The HP 85150A Microwave Design System is a graphics-based
CAE system for RF and microwave designers. It includes three
integrated modules for design capture, circuit simulation and
optimization, and artwork generation. Integrated into the
program are extensive capabilities for documenting designs
and provisions for networking several CAE stations for file
sharing. See page 631.
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8 / 12 (66.67) * keyconvert convert.c

6 / 9 (66.67) bi tpos convert.c

3 / 5 (60.00) *getkeyvalue getkey.c

5 / 7 (71.43) twobits I!lJltibits.c

22 out of 33 retained branches executed (66.67%)

[ 24 branches were ignored 1

NOTE:

A ,*, 1n the '1' coll6m means this function had one or more
branches that were ignored

A ,*, in the 'A' collJm means this function had a BBA_ALERT which

was executed

Basis Branch Analyzer
HP's Basis Branch Analyzer (BBA) is a test coverage tool that
provides an integrated, straightforward way to measure the
effectiveness of software tests within the cross development
environment. The BBA uses the actual prototype hardware,
running the program under test, to produce metrics. Compre
hensive reports provide detailed feedback on the thoroughness
of test cases for an embedded microprocessor product.

The BBA allows software engineers to analyze the testing,
create more complete test suites, and quantify the level of
testing. A high confidence in these test suites, and subsequently
high confidence in the quality of the code tested, means that
the software is more reliable and much less costly to maintain.
The test suites can be reused for regression testing to ensure
that original functionality is preserved whenever changes are
made. Thoroughly tested and maintainable code is also more
attractive for reuse in other programs. See page 623.

HP 64700 Series Emulators
High-performance PC-based emulators offer real-time
performance for designers of embedded systems. By combining
innovative emulator technology with logic-analyzer-on-a-chip
technology, HP offers high-performance microprocessor
development tools at entry-level prices. The HP 64700 Series
Emulators can operate as stand-alone or in-circuit emulators
and have emulation bus analyzers for the industry's most
popular 8- and 16-bit processors. An optional loo-MHz state
analyzer integrates measurements of target system performance
with other HP 64700 measurements. In the simplest config
uration, these stand-alone emulators/analyzers can be con
trolled from a terminal. Or, the HP 64700 Series can be operated
from IBM PC-compatibles or HP 9000 Series 300 workstations.
See page 625.

HP 9000 Model 835 TurboSRX Superworkstation
The HP 9000 Model 835 TurboSRX Superworkstation combines
advanced 3D solid-rendering graphics with a high-performance
(14 MIPS) computational engine to meet the interactive needs
of designers doing solid modeling, imaging, mapping, and other
3D applications. Because of advanced photorealism, designs
look like 3D pictures, which in many cases eliminates the need
to construct an expensive physical prototype and speeds up
design cycles. See page 646.

HP 9000 Models 825/835 CHX 2D
Color Superworkstations
The Models 825CHX and 835CHX combine powerful
computation power with high-performance 2D graphics for
applications such as printed circuit board and VLSI design, 2D
mechanical design, 2D mapping, and architectural and
engineering construction. The Model 825CHX bundled system
features the Model 825 system processing unit with 8 megabytes
error checking and correcting RAM, HP-IB, LAN, HP 98752A
19-inch color monitor, eight planes of frame buffer memory,
two overlay planes, and an integer-based graphics accelerator.
The Model 835CHX bundles the Model 835 SPU with the CHX
graphics subsystem. The Model 835 provides 50% faster integer
performance and more than three times the floating-point
performance of the Model 825. Each superworkstation supports
up to four interactive CHX subsystems. See page 646.



HP 9000 Model 370 Technical Workstation
Based on the 33-MHz MC68030 processor with a 33-MHz
MC68882 floating-point coprocessor, the Model 370 delivers
up to 7 MIPS and can address up to four gigabytes of virtual
memory. The Model 370 SPU contains four system slots. Three
slots are used by the system processor board, an 8-megabyte
RAM board, and a standard system-interface board. The interface
board includes LAN, a two-channel DMA controller, a high
speed disc interface, an HP-IB interface, an RS232 interface,
and an HP-HIL interface. The fourth system slot is available for
installing a video board, display system interface board, or a
2-slot DIO backplane. The Model 370 features a full 32-bit I/O
bus (DIO-II) and a dedicated 32-bit memory bus, which supports
8 to 32 megabytes of parity RAM or 8 to 48 megabytes of error
checking and correcting (ECC) RAM. See page 647.

HP 9000 Model 360 Technical Workstation
The Model 360 is a 5-MIPS computer based on the 25-MHz
MC68030 processor with the 25-MHz MC68882 floating-point
coprocessor. Maximum system performance is ensured in all
RAM configurations by the tight processor/RAM coupling
that exists between the on-board as well as the additional
RAM. The Model 360 features a 32-bit memory bus, 32-bit
DIO-II bus, and the same system interface board as the Model
370. Two system slots are available for adding a video board,
floating-point accelerator, or 2-slot DIO-II backplane for
accessories. Applications include data manipulation and general
computation, microprocessor system development, schematic
design capture, 2D mechanical design, personal productivity,
computer-aided software engineering, and data acquisition/
analysis. See page 647.
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HP 9000 Model 319C+ Color Workstation
Using the same 16.6-MHz CPU board as the Model 330, the
Model 319C+ is a low-cost, restricted-configuration, two-board
computer system. It includes an MC68881 floating-point
coprocessor, 4-megabyte RAM (expandable to 8, 12, or
16-megabyte), 32-bit memory bus, and 1024 x 768 bit-mapped
color display and keyboard. Also featured are an IEEE-488
HP-IB interface, an RS-232C serial interface, and IEEE
802.3/Ethemet LAN interface with ThinMAU and "T" connector,
HP-HIL, and a two-channel DMA controller. Available options
are a high-speed HP-IB disc or SCSI disc interface and a
19-inch color display. See page 648.

X Window System
The X Window System Version 11 provides HP's Series 300 and
Series 800 Computers with a network-compatible "windowing"
system that allows interconnection between HP computers and
computers from other vendors. With the X Window system,
you can create multiple windows on your computer, another
HP computer, or even workstations from other vendors that are
connected to your system over a network. Programs that are
compiled on another vendor's computer to use X ("clients")
can use the X windowing software on HP computers ("servers")
for their input and output, and the reverse. See page 665.
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HP 9000 Model 855S Superminicomputer
The HP 9000 Model 855S Superminicomputer is the most
powerful engineering, manufacturing, and scientific computer
ever offered by Hewlett-Packard. It is the fastest member of the
HP 9000 Series 800 family of HP Precision Architecture systems
based on RISC principles. It offers 50% more performance
than the HP 9000 Model 850S and more than three times the
performance of the Model 825S. For Model 850 customers a
simple field-installable board upgrade from the Model 850S is
available. The Model 855S is based on HP's proprietary NMOS
III technology and runs HP-UX, HP's implementation of the
UNIX" operating system. All Series 800 systems are object
code compatible with one another, preserving your investments
in application software. See page 641.

HP 9000 Model 835S, 835SE Superminicomputers
The HP 9~00 Models 835S and 835SE are new midrange
processors III Hewlett-Packard's Series 800 line of computers
based on HP Precision Architecture. Running under the HP-UX
operating system, the Model 835 systems offer an average of 1.5
to 2 times the performance of the Model 825S. As with all
Series 800 systems, the Model 835 products are object-code
compati.ble ~it~ every other member of the Series 800 family.
HP-UX IS HP s Implementation of the UNIX operating system.
It is SVID compatible and contains a variety of unique HP
extensions including real-time capabilities. Migration and
compatibility with HP 1000 systems is possible through highly
compatible compilers and subsystems and the PORT/HP-UX
facilities. Compatibility with Series 200, 300, and 500 systems is
possible through a high degree of source-code compatibility.
See page 642.

HP Vectra Personal Computer Family
The HP Vectra PC Family offers a broad range of price/
performance choices, from entry-level 8086-based systems to
advance~ 80386 PC w~r~tations. The HP Vectra CS PC provides
power WIth expandablhty at a low price. The HP Vectra ES and
ESIl2 PCs are 80286-based desktop models that easily handle
tasks such as complex graphics, large databases, and sophisticated
spreadsheet applications. The powerful, expandable HP Vectra
RS PCs use the power of an 80386 microprocessor in a floor
mount unit for applications such as CAD/CAM and for multiuser
systems. See page 682.

HP D1182A Color Video Graphics Display
The HP D1182A Color Video Graphics Display is a 14-inch
medium-resolution color display designed for business
professionals and low-end CAD users. It is compatible with
HP's new Video Graphics Adapter. The high quality of the
screen ~nd fine r~solution of the display tube are exceptionally
well su~ted for hIgh-use environments. The display provides
resolutIon up to 640 x 480 and high-quality text-character
formation. See page 690.



HP 700/43 Display Terminal
The HP 700/43 Display Terminal combines functionality and
ergonomics in a fully-featured ASCII terminal. It offers 12
terminal compatibility modes that allow connection to a wide
variety of computer systems and software applications. Extra
memory (four pages of display memory), combined with an
80/132 column format, allows easier review of data, improving
user productivity and reducing system overhead. The terminal
has 58 programmable keys and a 14-inch screen available in soft
white, amber, or green. See page 691.

HP 700/44 PC Terminal
The HP 700/44 PC Terminal is designed for connection to a
multiuser personal computer system. It offers a full-featured
alphanumeric terminal with DEC VT220 emulation and PC
characteristics including AT2 keyboard and IBM PC character
set. The 14-inch screen is available in soft white, amber, and
green phosphor and provides selectable refresh rate (50, 60,
and 72 Hz) for enhanced readability. See page 691.
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HP Calculators
A new family of calculators for business and science expands
HP's calculator line. The HP Business Consultant II and HP-17B
are designed for business use, and the HP-28S, HP-42S, HP-32S,
HP-27S, and HP-22S are scientific calculators. Both the business
calculators, the HP-27S, and the HP-22S feature algebraic
entry systems, whereas the HP-28S, HP-42S, and HP-32S feature
RPN. A variety of features make all the new calculators efficient
and easy to use. See pages 692 and 693.

HP 3000 Computer Systems
The HP computer family has been expanded to offer a full
range of systems for a multitude of business solutions. The HP
3000 MICRO LX and GX systems are compact units that use
proprietary VLSI technology, delivering mid-range performance
at entry-level prices. The addition of the Series 925, 935, and
955 systems broadens and extends Hewlett-Packard's Precision
Architecture product line. The Series 925 and 935 systems
offer cost-effective, mid-range performance in a compact unit
that can fit right into most office environments. The Series 955
system provides powerful uniprocessor performance for high
end data processing applications. See page 698.
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HP Personal Data Storage Family
The HP 9122C and 9153C Disc Drives are new members of
HP's personal data storage family. The HP 9122C is a 2-megabyte
(unformatted) floppy disc drive available in a single-drive or
dual-drive configuration. The floppy capacity is twice that
found on previous HP models, but at no increase in price. The
rugged HP 9153C is especially designed for measurement
automation and general office environments. The drive is available
in three hard-disc capacities: 10, 20, and 40 megabytes. In
addition, a 2o-megabyte stand-alone disc mechanism is available
for expanding the 10- and 20-megabyte versions to 30 and 40
megabytes, respectively. And each drive can be configured
with a 2-megabyte microfloppy, which give you more backup
storage than with previous microfloppy models. See page 708.

HP 9145A Cartridge Tape Drive
The HP 9145A is a high performance lf4-inch cartridge tape
drive for technical and small business systems. Features include
a transfer rate of 4 Mbytes per minute, cartridge capacity of 133
Mbytes, read compatibility with existing l4-inch cartridge tape
drives, and an enhanced front panel display for ease of use. See
page 712.

HP 79578, 79588, 79598 Disc Drives
The foundation of the HP 7957B (81 megabytes), 7958B (152
megabytes), and 7959B (304 megabytes) is an HP-designed-and
built 51f4-inch Winchester mechanism. This high-performance
mechanism features a special track positioning system using
embedded servo code that essentially eliminates seek errors. It
also enhances read/write accuracy of the entire operating
temperature range. See page 710.

HP 79628 and 79638 Disc Drives
Because of their compact size and tolerance over a range of
operating environments, the HP 7962B (152 megabytes) and
7963B (304 megabytes) Disc Drives are well-suited for office or
workstation settings. Users of HP 1000, 9000, and 3000 Computers
will be attracted to the compact size of the drives and their
storage capacity potential: up to 912 megabytes can be enclosed
in one package.

The efficient design of the disc drives allows placement of up to
three Winchester mechanisms in their compact packages. Users
initially purchasing a drive with one disc mechanism can later
install as many as two additional stand-alone mechanisms in
the original package. The stand-alone mechanisms are available
in 152- or 304-megabyte upgrade kits, complete with controllers.
HP's own 51kinch Winchester is integrated into each product
for optimized performance, exceptional reliability, and low
cost of ownership. See page 710.



HP-FL Fiber-Optic Link
HP-FL is a new high-speed interface designed exclusively for
HP Precision Architecture computer systems. Since data is
transmitted via light, the fiber-optic cable is immune to
electromagnetic interference and does not emit radio-frequency
energy. The HP-FL fiber-optic link is made up of four components:
the HP-FL interface card and HP 3000 Series 900 and Series 800
Computers, the HP-FL controllerfound in the HP 7936FL Disc
Drives, the fiber-optic cable that connects the CPU to its disc
drives, and PBus cables that "daisychain" multiple discs. Together,
these components provide HP-PA owners cable lengths of up to
500 metres and support of up to 48 discs on some computer
models. See page 711.

HP DeskJet Printer (HP 2276A)
The HP DeskJet printer offers laser-quality (300 dots per inch)
printing at a personal printer price. Features include multiple
fonts, l20-cps letter quality, and 240-cps draft printing. The HP
DeskJet printer is an affordable step up to superior print quality
for individual personal-computing applications.

The printer comes standard with 14 built-in fonts and 10
proportional fonts in an S2 font cartridge. Typefaces and sizes
for many applications are available in font cartridges or soft
(disc-based) fonts. The Sl2-Kbyte printer memory can be
augmented with a 1-, 2-, or 4-megabyte memory board to
accommodate more downloaded (soft) fonts or full-page graphics
at 300 x 300 dpi resolution. See page 717.

NEW PRODUCT HIGHLIGHTS

HP LaserJet 110 Printer (HP 33447A)
The HP LaserJet lID printer replaces the HP LaserJet 500
PLUS printer and adds many new features. It provides the same
high-resolution printing and 8-page-per-minute speed as the
HP LaserJet Series II printer. New features include two paper
input trays holding 200 sheets of paper each and an envelope
feeder accessory for a third input tray, which holds up to 50
envelopes.

The HP LaserJet IID printer features duplex (two-sided) printing
to save paper, filing, storage, and mailing costs. With both
paper-input trays full, up to 800 pages of information can be
printed without having to reload paper. Sizes include letter,
legal, executive, and European A4 paper. Using the manual
feed, the printer also handles overhead transparencies, labels,
and heavier paper. See page 717.

HP DrattPro DXL, EXL Plotters
HP DraftPro DXL and EXL large-format drafting plotters
complete HP's line of low-cost plotters. These plotters combine
the reliability, quality, performance, flexibility, and support
required by today's CAD professionals. Features include very
good line quality, medium throughput, one- and two-megabyte
buffer options, powerful HP-GL command set, media and pen
flexibility, and compatibility with a wide variety of hardware
and software. The HP DraftPro DXL plotter accepts A4/A
through AlID media; the HP DraftPro EXL plotter accepts
A4/ A through AO/E media (standard ISO, ANSI, and
architectural sizes). See page 726.
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HP 7600 Series Models 2400, 240E
Electrostatic Plotters
The HP 7600 Series Models 240D and 240E Electrostatic Plotters
are high-performance plotters designed for the high-volume
demands of departments using computer-aided-design (CAD)
systems. These monochrome plotters are also well suited to
CAD applications involving complex, intricate images or large
amounts of area fill. The HP 7600 Series plotters give you
pen-plotter quality in a fraction of the time. Features include
fast plotting; excellent resolution; long-axis plotting; three
standard interfaces and HP-GL compatibility; rugged, compact
design; and excellent reliability. Model 240D accepts media
609 mm (24 in.) wide, and the Model240E uses media 914 mm
(36 in.) wide. One low price includes the plotter, the vector-to
raster converter (VRC), and installation. See page 730.

HP 92214K Design Plus CAD Corner Workstation
A new addition to the Design Plus furniture line is the CAD
corner turn, perfectly fitted for use with all HP CAD systems.
The corner piece has depth and strength for the largest white
phosphor or color CAD monitors weighing up to 200 pounds.
The workstation comes with a keyboard drawer and cable
management. See page 735.

HP EIA Rack Cabinets
Hewlett-Packard now offers you a total system of test instruments,
rack cabinets, computers, and workstations. All these pieces
are compatible in both form and function. The 19-inch
commercial/industrial EIA rack cabinets easily accommodate
HP test instruments and incorporate the same design elements
as HP's Design Plus workstation furniture (see page 734). The
rack system is modular. Choose from three heights: 1600 mm
(63.0 in.), 1000 mm (39.4 in.), or 720 mm (28.4 in.). Then
purchase doors, filler panels, or other products as you need
them. You can select from blank front doors, ventilated rear
doors, front caps, blank filler panels, a sliding drawer, and
anti-tip feet. We can even provide mounting hardware. See
page 754.



HEWLETT-PACKARD:
Fifty Years of Innovation
Hewlett-Packard Company was founded in 1939 by Bill Hewlett
and Dave Packard. HP's first product was an audio oscillator,
and Walt Disney Studios, which used eight of these oscillators
to develop and test an innovative sound system for the movie
"Fantasia", was the company's first major customer.

A significant invention in 1951 was the high-speed frequency
counter (HP Model 524A). Its accuracy and ease of use
revolutionized the measurement of frequency, reducing the
time required to accurately measure high frequencies from
about 10 minutes to one or two seconds.

Divisions Formed
Until 1957, the company was a one-plant operation with one
central research and development team. In 1959, when
employment reached 1,500, divisions were formed to preserve
the personal touch of the small operation. Each division had its
own research and development, manufacturing, marketing,
and support operations, as well as its own family of products.

In 1965 a central research facility, HP Laboratories, was
established. HP Labs' success in developing prototype products
resulted in a number of major new product lines. HP Labs was
also the starting point for the company's entry into the field of
computation.

First Computer and First Calculator
HP's first computer, the HP 2116A introduced in 1966, was
marketed as an instrument controller. At that time HP's focus
was on automated test equipment, so the HP 2116A was designed
to operate in the same environments as instruments. As a
result, when most computers could operate only under tightly
controlled conditions, the HP 2116A was in demand because of
its reliability.

Another pioneering effort resulted in the first desktop electronic
calculator, the HP9100A (1968). Four years later the HP-35, the
world's first handheld scientific calculator, was born and quickly
took the place of the engineer's slide rule.

Later Contributions
In the late 1960s, Hewlett-Packard recognized the importance
of digital logic design and formed a special team to develop
equipment for logic troubleshooting. The result was the HP
5000A Logic Analyzer, the first in a family of products designed
to help develop and troubleshoot digital products.

HP's commitment to scientific and technical contribution is
also illustrated by the HP 8542A, an automated network analyzer
that created excitement in the early 1970s. At its first public
demonstration, major customers asked to use it to speed
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development of their experimental microwave transistors.
The growth of Hewlett-Packard over 50 years has been reflected

by this catalog. The first catalog, published in 1943, described
12 products on 24 pages. This 1989 edition describes about
1,700 of more than 10,000 products on 790 pages.

The Next 50 Years
Looking ahead to its next half-century, the company believes
that test and measurement is a dynamic market, with new
technologies and opportunities driving the development of
future products. There will be more emphasis on systems and a
tighter coupling of computer and instrument capabilities.
Instrumentation will be programmable, have standard interfaces,
and be easier to use and customize.

Computer technologies will have an increasing impact.
Instruments that use digital architectures have improved
performance,lowered prices, and are changing the way analog
measurements are made.

Improved performance has resulted in new measurement
opportunities. New demands have emerged in digital. lightwave,
and secure communications, chirped radar and frequency
agile radios. HP's customers also drive demand for test and
measurement systems as they strive to become more competitive
in global markets.

Hewlett-Packard looks forward to meeting the challenges
and satisfying the needs of the future by continuing to advance
the sciences of test and measurement.

The HP5060A, acesium-beam frequency standard, gained
worldwide recognition as the "flying clock" in 1964. In a
35-day, 35,000 mile trip HP engineers used two new
cesium-beam clocks to coordinate the national time
standards of various countries to within a millionth of a
second. Carl Abom, research engineer of the Swedish
National Defense Research laboratory, observes com
parisons between his instruments and the visiting clocks.

B
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The HP 54501 A Digitizing Oscilloscope is one example of how Hewlett-Packard's
investment in advanced technology also results in product reliability. Four
custom integrated circuits were key to the design of the single-board, low
priced system. The single-board design reduces the number of parts, resulting
in fewer part failures and greater reliability. The new oscilloscope has four
channels, a 1OO-MHz bandwidth, and is about half the price of Hewlett-Packard's
previous low-end model, the HP 54200A.

Hewlett-Packard in Profile
Hewlett-Packard Company develops,
manufactures and markets measurement
and computation products and systems
used by people in science, engineering,
business, industry, education, and
medicine. These products are known for
their high quality, reliability and advanced
technology and include calculators,
computers and peripherals, electronic
instruments, instruments for chemical
analysis, medical instrumentation, and
electronic components.

Headquartered in Palo Alto, California,
Hewlett-Packard employs approximately
83,000 people worldwide, of whom some
53,000 work in the U.S.A. Product research
and manufacturing activity is highly
decentralized, with facilities in the U.S.A.,
Europe, Japan, Southeast Asia, Latin
America and Canada. The worldwide sales
organization includes nearly 150 sales and
support offices in the U.S.A. and some
335 sales and support offices and distri
butorships in 77 other countries.

With a 1987 revenue of 8.1 billion
dollars, HP is ranked in the top 50 U.S.
industrial corporations. Approximately
50 percent of this revenue was generated
outside the United States.

HP Test and Measurement Systems
Customers use HP instruments to evaluate
the performance of their own electrical
equipment, in developing products, in
controlling quality and manufacturing
processes, and in field service applications.

In addition to the electronics industry,
major markets for HP test and measure
ment equipment include telecommuni
cations, aerospace, aviation, and scientific
research. In fact, HP instruments are used
in almost every industry where precise
testing, measurement and control are
required.

The impact of increasingly scarce and
costly technical manpower has acceler
ated the need for measurement systems,
with their high speed, accuracy, repeat
ability and productivity. HP instruments
and computers are designed with systems
in mind.

In 1965 Hewlett-Packard created its own
internal standard for linking HP instru
ments and computers. The standard
became a worldwide standard, IEEE-488,
and today it is used by several hundred
manufacturers worldwide. We call this
standard HP-IB, the Hewlett-Packard
Interface Bus. In this catalog, system
ready products are marked with the symbol

~
SIG"'~CF()Ill. ..

SYSTEMS

In all cases, the goal of HP systems is to
provide essential information in a useful
form and in the most efficient and timely
manner. The result is that customers can
improve the productivity of their processes
and organizations.

HP Computers
Hewlett-Packard's first computer was
introduced in 1966. Its purpose was to
gather and analyze the data produced by
HP electronic instruments. Today, HP
computers, computer systems, and peri
pheral devices account for a substantial
portion of the company's product line.
This broad range of computation products
and systems offers solutions for many
different applications.

Hewlett-Packard's strength in engi
neering, scientific and manufacturing
applications has enabled it to make major
contributions in key technical computer
markets. Advanced data communications
technology allows instrument systems to
be linked with computers, giving customers
tools for acquiring, analyzing, managing,
and transmitting data. Hewlett-Packard
also is an important business computer
manufacturer. Offerings include portable

computers, personal computers, and
minicomputers. The company's mini
computer line is one of the most widely
installed general-purpose business
computers in the world, with more than
30,000 machines in use. Our strong support
of industry networking standards and open
systems makes multi-vendor connectivity
possible and gives us the flexibility to
solve customer problems using a variety
of approaches, including software
application packages developed by third
parties.

In 1986, Hewlett-Packard introduced
the first in a series of new high
performance computers based on HP
Precision Architecture. The simplicity
of the new architecture ensures ease of
manufacture while providing both business
and technical customers with superior
price! performance compared with
conventional designs. More important,
HP Precision Architecture promises future
performance capabilities many times
greater than today's computer systems
and allows the company to develop a
range of compatible computer systems,
including personal computers, engineering
workstations, and minicomputers. The
unified architecture enables customers
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The HP 8590A Portable CATV Analyzer has been a popular, easy-to-use tool for
proof-of-performance testing and system maintenance. With the addition of
the new HP 85901 A Portable AC Power Source, it has increased portability and
versatility. Lab-quality measurements can be made anywhere in a cable-TV
system even though ac-Iine power may not be available.

to leverage their software investments,
since the same application can run on a
wide range of machines within the same
family.

Other HP Products
In addition to electronic measurement
and computation products, Hewlett
Packard manufactures a number of other
product lines, all of them related by basic
electronics technology. Among these are
electronic components such as microwave
semiconductor and optoelectronic
devices. Other important fields of interest
include medicine and analytical chemistry.
Today, hospitals and clinics use HP
equipment for patient monitoring,
diagnosis and therapy, and data manage
ment. Analytical instruments are widely
used in the chemical, energy, pharma
ceutical, biotechnology, environmental
monitoring and food industries, as well
as in medical and chemical research
programs for government and industry.

HP Innovation
Hewlett-Packard's continuing growth is
based on a strong commitment to research
and development. Each year the company
invests about ten percent of its net revenue
in R&D ($900 million in 1987). This heavy
investment enables Hewlett-Packard to
remain at the forefront of technological
development and to maintain a steady
flow of new and useful products. Well
over half of the company's 1987 orders
were for products introduced during the
previous three years, a clear indication
of the importance of HP's product
development efforts.

About 85 percent of the company's
yearly R&D budget is allocated to product
development within some 50 separate
divisions. The remaining 15 percent is
invested in more basic, higher risk, longer
term research undertaken by HP Lab
oratories, the company's centralized
research facility. HP Labs ranks as one of
the leading electronic research centers
in the world. Through endeavors in various
areas of science and technology, the
corporate laboratories also help the
company develop new areas of business.
Customers benefit through access to
computers and instruments that are at
the forefront of technology.

HP Product Standards
All HP products are designed to operate
under the environmental conditions
expected for the product. All new hard
ware designs are tested to internal HP
standards in typical operating environ-

ments before they are released for
customer sales. Internal HP standards
are derived from our experience with
environmental conditions at customer
installations and from industry standards
such as IEC, ISO, ANSI, and MIL.

The classification codes used to identify
expected environments range from A1to
C2. A1 corresponds to the severe envi
ronments found in heavy industrial areas
that are unsuitable for operating personnel,
and C2 corresponds to the controlled
environments of dedicated computer
rooms. Most HP hardware products are
designed to meet Class B2, general-purpose
applications in light industrial and
commercial facilities.

HP Support
Hewlett-Packard's commitment to
engineering excellence is equaled by its
commitment to providing customers with
high-quality support services. Hewlett
Packard's support organization consists
of a worldwide sales and service network
staffed by highly trained engineers and

technicians. Our support starts before you
purchase an HP product and continues
long after the product has been delivered.

Before you purchase a product or
system, HP sales representatives are
available to help you assess your needs
and choose the product or system that
meets your immediate and longer term
requirements. We offer applications and
training support to help you obtain full
use of your system, hardware support to
help maximize system up time, and soft
ware support to keep your system software
current and productive.

To help you plan your system and its
use, we offer the consulting and training
expertise of experienced systems
engineers. For the installation and main
tenance of your system and its components,
we offer the services of customer
engineers. And for the long-term support
of your system, Hewlett-Packard offers
an extensive menu of services. The menu
includes contract or as-needed calibration
and repair with on-site and at-HP options,
as appropriate. Update services are
available for both software and hardware,
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as is training for your own service
personnel.

Hewlett-Packard also rents and leases
equipment. Because of our low cost of
funds, we offer finance plans at very
competitive rates. From 12-month rentals
to 5-year leases and purchase plans, an
HP finance representative can help you
tailor a plan to meet your financial
requirements.

Rental and operating lease plans provide
an answer for short-term project needs, a
hedge against obsolescence, and a way to
smooth out your cash flow by avoiding
large cash outlays. If you want to expense
your equipment rather than funding it
through a capital budget, Hewlett-Packard
can provide "off-balance sheet" financing.
See page 768 for more details.

Hewlett-Packard's worldwide support
network ensures prompt availability of
replacement parts throughout the service
life of products and beyond. Replacement
parts services also include parts stocking
recommendations based on extensive
component reliability histories and the
numbers and mix of HP products to be
supported.

For products requiring consumable
supplies, such as recording paper, ribbons
and magnetic media, we offer fast,
convenient service from well-stocked
supply centers. These centers also offer
personal computers and software, peri
pherals and terminals, cables and
connectors, workstation furniture, books
and learning aids. The support services
outlined above are described in more
detail beginning on page 756.

HP's comprehensive support extends
to information services, including excellent
hardware and software manuals and a
wide variety of no-charge publications.
These publications help you choose the
HP products that best fill your needs,
allow you to benefit from applications
knowledge acquired by users inside and
outside of Hewlett-Packard, and help you
maintain your HP products. This literature

includes new-product announcements,
catalogs, product family brochures and
single-product data sheets, application
notes, programming aids, service notes,
and maintenance periodicals. More details
on these publications can be found on
page 792.

The H P Catalog
This catalog is divided into sections that
are based on nine broad product groups,
including sources and analyzers, design
automation and technical computers,
semiconductor test and board test, etc.
Many of the sections are prefaced by
descriptions of basic kinds of measure
ments and the techniques of measurement
that are associated with the featured
products.

Products described in this catalog are
indexed three ways: alphabetically,
numerically by HP model number, and
by product type or application. In addi
tion, a set of blue page tabs allows you to
readily locate a particular product group.
The alphabetical index begins on page
25, the numerical index begins on page
37, and the general index begins on page
50.

A description is provided for each
product, but for some products you'll want
to refer to a data sheet for a full set of
specifications. Data sheets are available
on request at local HP sales offices.

Contacting Hewlett-Packard
Locations of HP sales and service offices
are listed on pages 771 through 779. Calls
to your local HP office will be routed to
the person best qualified to assist you.
Just give the operator your specific product
interest: test and measurement, computers,
medical, analytical, or components.

Our sales force is made up of specialists
in each of these five major product areas.
Staff engineers are always available during
business hours. Our sales representatives

are supported by the HP systems
engineering organization, which has
specialists in measurement and com
putation systems.

Information on product availability,
prices, and order status is immediately
available through our worldwide order
processing network.

You can also contact Hewlett-Packard
by way of toll-free phone numbers at a
growing number of Customer Information
Centers (CICs) worldwide. These centers
can provide pre-sale assistance with
product selection and information on
product availability and price. In addition,
CICs can arrange for you to receive free
publications such as data sheets, catalogs,
application notes, and new-product
announcements. CIC locations and phone
numbers are included in the listing of HP
offices that starts on page 771.

Suggestions Welcomed
The purpose of this catalog is to give you
useful information about HP products,
along with some company background
that may help you reach decisions on
products and systems that will fill your
needs. The catalog emphasizes test and
measurement products and systems and
includes representatives of Hewlett
Packard's other product categories.
Literature describing the other products
in detail is available through your local
sales office.

If you have any comments and sug
gestions about how we can make this
catalog more useful to you, please let us
know by writing to:

Hewlett-Packard Company
Max Trescott
Catalog Manager
3200 Hillview Avenue
Palo Alto, CA 94304-1298
U.S.A.
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Coprocessor 00 00 00 649, 669
ble Balanced Mixer 343
bier, Frequency 00.00 00' 00' 00 377

Down Converters 00 00143,377,507
afting, Mechanical Engineering 636-637
afting Plotters 00 724-731
3 Transmission Test Set 499

Arbitrary Waveform Generator 318,420
I Tracking Power Supplies .456,470,479,480

Dual VHF Switch Module 587
amic Signal Analyzers 146, 147, 150, 162

Transistor Bias 252
Decade Capacitor .
Degaussers .

y Generators 432
ign Automation

Electronic Design System. . . . . . . . . . 627
Engineering Workstations 619,638
Overview 00 616-619
Software Catalog 00 .

Design Interfaces .
DesignCenter Products.............................. 7
Desktop Publishing Computer 686
Detectors

Adapter 226
Coaxial, Microwave, OEM 342
Crystal, Coaxial and Waveguide. . . . . . . . . . . . . . . . .. 34
Diode Array .
Error .
Scalar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 222,

Development Systems, Logic 621
Dial·Up Modem , 707
Digital

AC Voltmeters 92-107
Ammeter .........................•.................... 540
Analyzer, Logic. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. .. 623
Analyzers, Signature , 2 74
Audio Synthesizer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Bar Code Wand................................... .... 5
Board Testers............ 549
Capacitance Meters 292 542
Cassette Drive. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 694
Circuit Test 272-277,546-549
Combinational Board Tester 546
Communications Board Tester.. . .. . . . . .. . . . .. . . .. .. . 6
Constellation Analyzer........................... 9
Current Tracer... 75
DC Voltmeters 92-107,

566,
DC Voltmeter/Counters.. . . . . . .. .. . . .. .. . . .. .. . . . 03
IC Testers 272-276, 320, 528, 529, 540, 546-549
IC Test Systems 320,526-529
Impedance Analyzers .
In-Circuit Board Test Systems .
Input Cards, Multiprogrammer .
LCR Meters .
Microprocessor Troubleshooting 272-274
Modulation Analyzer 162
Modulation Signal Generator .
Multimeters 92
Multimeters, Multiprogrammer 598
Multimeters, Signature , 272
Noise Figure Meter 329
Oscilloscopes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263
PC Board Test Systems.. . .. .. .. .. .. .. .. .. .. .. 549
Power Meters 208-210
Pressure Gauge " 352
Programmable Power Supplies. . . . . . . . . . . . . . . . . . .. 446-469
Signal Analyzers 163
Signal Generators 265, 380
Signature Analyzers 272-274
Stimuli 316-323, 432-445
Thermometers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 566, 570
Time Interval Analyzer 191
DIA Current Converter Cards 570, 599, 603
D/A Voltage Converter Cards 570, 599, 601
Transmission Analyzer 00 00 00 497
Troubleshooting " .. 272-277



Filters
High Pass .
Low Pass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 225,

Financing .
Fixtures, Board Test System ..
Fourier Analyzers 146, 147, ISO.
FM Modulation Analyzers " 166, I
FM Signal Generators 380.383,384.387-389
Frequency

Analyzer 191
Counters 97-99.176----207.566
Doublers 37
Meters. Coaxial and Waveguide 34
Stability Analyzer 160, 161, 1
Synthesizers .... 357-374,386-390,394.395,412.41

Frequency and Time Domain Analyzers 14
Frequency and Time Standards 48

Cesium .
Distribution Amplifier .
General Information .
Quartz .
Rubidium .
Standby Power Supplies .

Frequency Selective Meter and
Tracking Oscillator 115,

Functional Test Software ..
Function Generators 41
Furniture 7

G
Gage, Connector. 2.4mm and 3.5mm 3
Gas Chromatographs .
GC/Mass Spectrometer Systems .
Generators

Arbitrary Waveform 76.318,378,
412.420,

Data 265.316
Delay 432
Digital Modulation .
Digital Signal .
Function 41
Interactive Test .
Jitter .
Noise .
Optical. Pulse/Function .
Pattern 316-317, 496
PRBS 318,322,496
Pulse 427. 432--44
Pulse/Function 378, 388.410--41

420-429,43
Pulse/Pattern .
Signal 356-391,
Square Wave 410--429,
Sweep 392--405.414--419.426.
Synthesized 386-
Timing .
Tracking .
Vector 318,
Vector Modulation .
Waveform 378.412.414--419.
Word 318, 320, 322, 444, 500, 526

Graphics
Displays , 650, 690
Plotters 78, 84, 72Q,-732
Printers 716----719
Software 85.620,634,651,689,690,705
Supplies 733
Tablets 714

I Computers 616,619,638-6
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ain-Phase Analyzer 233. 280. 2
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Transformers (50-75 0) 1
LED 6

ical 25
.................................................50
umber 37

Touch Terminal 706
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ers 716-7
Services 76
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ards for Technical Computers 668
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terferometers, Laser 350,351
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Interrupt Card, Multiprogrammer 599,603
I/Q Tutor Digital Training Program 509
I/Q Vector Modulated Generator (VAWS) 382
I/Q Vector Modulation Analyzer 162
Isolators, Optical 674
Isolators, Waveguide 347

J
Jitter Generation & Measurement 496-500
Jitter, Time Interval Analyzer 191

K
Kits, Accelerometer and Hammer. . .. . . . . . . . . . . . . . . . . . . . .. 581
Kits, Fiber Optic Link 674
Kits, Interface ......................•............ 597, 602, 708
Kits, Rack Mounting 748,749,752

L
Laboratory Automation Systems ....•................... " 676
Laboratory Information Management 676
LAN Protocol Analyzer 514
Laser

Calibrator System 351
Diode Source. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
Interferometers 350
Position Transducer 350
Printers 717-719
Transducer System 350

LC/MS Systems 677
LCR Meters 286-295
LCZ Meters 294
Leasing 768
LED Displays 674
LED Indicators 674
LED Source 307
LF Impedance Analyzer 282
Light Bar Modules, LED ..........••..................... 674
Light Emitting Diodes . . . . . . 674
Lightwave

Component Analyzer 312
Couplers 313
Instruments 302-311
Receiver 313
Signal Analyzer .. . .. .. .. .. .. . . .. .. .. . .. .. .. .. .. .. .. 314
Sources 313

Limiters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 133, 144
Liquid Chromatographs .............•..................... 677
Loads, DC Electronic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 448, 449
Local Area Networks 660-664,701
Logic

Analyzer, Development Systems 621
Analyzer Training Courses 762
Analyzers 256-271, 621
Clip 276
Comparator 276
Current Tracer 275
Development System 621
Pattern Generator. .. . . . . . . .. .. . . . . . .. . .. . . . . . .. . . . . . .. 265
Probes . 264, 265, 268, 275
Pulser........................... . 275
Signal Sources 316, 410, 432
Troubleshooting Kits 277

LSI Test System 528

M
Mail, Electronic ....................•..................... 704
Mass Memory Module 141
Mass Selective Detectors 677

Mass Spectrometers 677
MATE Power 210
Matrix Switch (HP-IB) 339,538, 583-588
Matrix Switch, Microwave 340
Measurement and Control Cards,

HP-I000 A-Series 605
Measurement Graphics Software 79,85
Measurement Plotting System 78, 84
Measuring Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 168
Mechanical Engineering

Design 636
DesignCenter 636
Drafting 636
Drafting Plotters 724-729
Solids Modeling 636, 646. 650
Test 146-157,636

Medical Instrumentation 678
Memory Card, Multiprogrammer 599
Memory Modules, HP-41 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 693
Meters

AC 92-107
Capacitance 292-296, 542
Carrier Noise 161
Distortion 164-174,505
Frequency 97, 176-207, 349, 566
High Resistance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 298
Impedance 232, 233, 278-285
LCR 286-291
LCZ 294
Low Resistance.. . .. . . .. .. .. .. .. .. .. .. .. .. .. .. . 102. 298
Modulation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 162, 191
Multifunction 92-107
Multimeter 92-107
Noise Figure 329
Ohmmeter 92-107, 298
pA Meter 540
Peak Power 215
Phase 146,150,191,234
Picoampere. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 540
Power 169, 208-215, 304, 306
Q 297
Signature 272-274
Standing-Wave-Ratio (SWR) 255
Susceptance 284, 286, 290, 291
Time Interval 189, 191, 196-207
True RMS 92-107
Vector Impedance 285

Microprocessor .
Bus Analyzer 621
Development Environment. 621
Development Station 621
Emulation 621
PROM Programming 621
Software Analyzer 621
Troubleshooting 272,274,621

Microwave
Amplifiers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 407. 408
Attenuator Calibration 170
Counters 178-188
Design System (CAE) 631
Diodes 675
Down-Converter 172. 193. 194
Link Analyzers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 507
Measurement System 172
Modulators 172.391
Network Analyzers 216-226
Noise Figure Meter 329



Noise Figure Test Set 330
Oscilloscope/TDR 66
Power Measuring Equipment 168,208-215
Preamplifiers 116. 122.407
Preselector Module. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 122
Radio Testing SOl
Semiconductors 675
Signal Generators 380-390
Signal Generator Calibration 171
Spectrum Analyzers 116-126.137-142
Sweep Oscillators 392-405
Synthesizers 361-374, 386-390, 394-395
TDR/Oscilloscopes 66
Test Equipment 332-349
Transistors '" 675

Millimetre Wave Instrumentation
Adapters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 349
Attenuators 348
Bends 349
Counters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 178. 184
Detectors , .. , 343
Directional Couplers 347
Frequency Meters 347
General Information , 332
Harmonic Mixers 143,343
Isolators 347
Network Analyzer 222.251
Power Sensors , 212
Shorts 345
SpectrumAnalyzers 117.119, 123, 125, 139
Straight Sections 349
Sweep Oscillator 403
Synthesized Sweeper 388
Terminations 345
Twists 349

Milliohmmeters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 102, 298
Miniature Fiber Optic Link 674
Mixers, Double-Balanced 343
Mixers, Coaxial and Waveguide 143,343
Modems. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 380. 707
Modular DC Source Monitor 534
Modular Measurement System 116-122
Modulation Analyzers 162,166.191
Modulation Analyzers, Vector I/Q 162
Modulation Domain Analyzers 191-194
Modulator/Demodulator 380, 507
Modulators, Absorptive 391
Modulators. I/Q, Vector , 380
Modulators, PIN 391
Modulation Test Source 167, 380, 509
Module, Mass Memory 141
Module, Test & Adjustment 141
Module Part Kits .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 122
Monitors 649, 690
Multimeters 92-107,272
Multimeter, Signature 272
Multiplex (Primary) Analyzer 495
Multiplexers 97, 566-577, 583-588
Multipoint HP-IB Extender 563
Multiport Coaxial Switches 338
Multiprogrammers 593-604

N
Network Analysis, General Information 216-218
Network Analyzers 150, 153, 216-229

Automatic 234,238,249
Impedance/Gain-Phase 280
Millimeter-Wave 252

Scalar 219-229
Vector 146,150,230-255,280

Network Circuit Test Set 510
Networking

Board Test Systems 548
Business Computers 689, 701
Computer Integrated Manufacturing 663
Personal Computers 689
Technical Computers 660

New Product Highlights 1
Noise

Figure Meter 329
Generator 331,412
Measurements 160,161,328
Microwave Noise Figure Test Set 330
Sources 331

Noise and Interference Test Set '" 508

o
Obstetrical and Neonatal Instrumentation 679
OEM

Computers , 670, 683
Displays, CRT 690,691
Graphics Plotters , 720-732
Measurement Plotting System 78, 84
Microwave Attenuators '" 334-337
Microwave Components 675
Microwave Crystal Detectors 342, 343
Microwave Switches 339
Optoelectronic Components 674
Power Supplies 446
Printers 716-719

Offices, Sales & Support 771
Ohmmeters 92-107,298
Operating Cases 746
Operating Environments 770
Optical

Accessories. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 309
Adapters 309
Attenuator 308
Average Power Meter 306
Cables 309
Connectors 309
Heads. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 304, 306
Laser Diode Source 307
LED Source 307
Pulse Power Meter 304
Receiver 305
Signal Source 303, 307
Time Domain Reflectometer . .. .. .. .. . .. . .. .. .. .. .. 310

Optocouplers 674
Optoelectronics 674
Ordering Information 769
OR Monitors 679
Oscillators

Function 410-429
General Information 392
Low Frequency 412-417,426,502
Sinewave 412-419,502
Squarewave 412-429
Sweep 164, 369, 383, 387. 388, 392-405

412-419.426,428.502
Synthesized Sweep 387-388,412-419

Oscilloscopes 54
Accessories 81-83
Digital Waveform Storage '" 58-65
Digitizing 54-67, 70, 72
Precision 68-77



Q
Q Meter 297
Quartz Frequency Standard 487
Quasi-Peak Adapter 132
Quartz Pressure Probe 352
Quartz Pressure Set. 352
Quartz Thermometer 353

ision Frequency Sources. . . . . . . . . . . . . . . . . . . . . . .. 484-491
rec~s!on LC~ Meter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 286
recIsion Oscillator 487

on Time Interval Counters 189,191
ocessor, Logic State Development System 623
ocessors, Logic Analyzer " 266,267
lectors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 122, I 32

e Probes, Quartz 352
ary Multiplex Analyzer 495

rinted Circuit Design 632-633
Printers

Bar Code 718
Color 716
Desktop Publishing 717,718
DotMatrix 717-719
Graphics 717-719
Impact 717-718
Inkjet 717
Laser 717-719
Line 718,719
Page 718,719
Personal. . . . . . .. .. . . . . . .. . . . . .. . .. . . . . . . . .. . . . .. . . . . . .. 717
Supplies '" 766
Tempest 718

Probes
Accessories 107,275
Close-Field 133, 144
Digital Multimeter . . . . . . . . . . . . . . . . . . . . . . . .. 107
High Frequency 107, 240, 313
High Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 107
Impedance 280
Logic 265,268,275
Oscilloscope 67,81,82
Pressure 352
RTD 580
Spectrum/Network 230
Temperature 353
Time Interval 195
Voltage Divider 107

Programmable Logic Device Design System (PLODS) 630
Protocol Analyzers 511-514
Publications 780, 792
Pulse Adder, Splitter, Inverter 444
Pulse Generators 410,426,428,432-445

Configurable .. . . . . . .. . . . . . . . . . .. . . . .. . . .. . . .. 444
High Power 441
Programmable .428, 434-440

Pulse/Function Generators 378,388,410-417,
420-429,433

Pulse/Function Generator, Optical 303
Pulse Width/Duty Cycle Analyzer 191
Pulsers, Logic 275

R
Rack Cabinets 754,755
Rack Mount Kits 748, 749, 752
Rack Slides 749, 750, 752, 753

ioSystem Testing 191, SOl
adio Test Systems 324,510

Range Calibrator (for HP 435B Power Meter) 211

Spectrum Analyzer Plug-In . . . . . . . . . . . . . . . . . . . . . .. 116-
Testmobiles .

Meter/DC Voltage Source ..
, Coaxial Attenuator , .
ameter Extraction Software ..
.s Librar~es, Electronic Design System .
lent Momtors .
tern Generator, Digital 265, 318,320
tern Generator/Error Detector 496,497
tern Generator/Pulse Capability....... 17
BASIC Controllers.............................. 56

PC Board Design/Test Link .
PC Board Testers .
PCM Test Equipment ..
Peak Power Meters ...................................•..
Peripherals, Computer 712, 713
Personal Calculators & Handheld Computers 692-695
Personal Computers 682-691
Phase Comparator 239, 489

ase Meters 146,150,191,234,239
ase Modulation Analyzers 162, 166, 191
ase Noise Measurement 160-161
N Diodes " 675
N Modulators, Microwave 391
otter Accessories and Supplies 733

Plotters, Drafting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 724-729
Plotters, Graphics 78, 84, 720-732
Portable AC Power Source 136
Portable Spectrum Analyzers 134-143
Portable Vectra CS 688
Position Measurement, Laser 350
Power Amplifiers 407-409
Power Dividers 225,341
Power Meter Calibrators 211,214
Power Meter/Measuring Receiver 168
Power Meter, MMS Module 116,209
Power Meter, Optical. . . . .. .. . . . . .. .. .. .. .. .. .. .. . .. 304, 306
Power Meters, RF & Microwave 168,208-214
Power Sensors, RF & Microwave 169,212,215
Power Source, Portable AC 136
Power Splitters, Coaxial 225,227,245
Power Splitters, Optical 309
Power Supplies

Amplifier/Power Supplies 450
Atomic Clock 491
Condensed Listing 446,447,450-452
Constant Current Sources 483
Digitally Controlled 69
Dual Tracking .456, 4 , 481
Frequency Standards 491
HP-IB Programmable 4 -469
Laboratory. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . 83
Multiprogrammer Control........................ 52
Output Isolation Relays 464
Polarity Reversal Relays ........•...................... 464
Precision Current, Voltage Sources 482-483
Programmable 446-469
Specifications, Definitions 453
Standby 491

Power Supply/ Amplifier 478
PRBS Generators .
Preamplifiers 116,122,195
Precision Architecture .
Precision Coaxial Connectors .
Precision Digitizing Oscilloscopes .
Precision Frequency Reference .
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Receiver, Measuring 168
Receiver, Optical 305
Recorders

Measurement Plotting System 78, 84
Waveform 68-78,84,122
X-y 78, 84

Reflection/Transmission Test Sets 233, 237,
243,244

Reflectometer, Optical Time Domain. . . . . . . . . . . . . . . . . . . .. 310
Relay Accessories, Power Supply Output 464
Relay Actuators (HP-IB) 562, 570, 583-588
Relay Output Card, Multiprogrammer 599, 603
Remote Access & Test System 510
Remote Terminal Unit 568
Rentals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 768
Resistance Meters 92-107,298
Resuscitation Instrumentation 679
RF

Amplifiers 406, 409
Counters , 177
Impedance Analyzer 242, 284
Network Analyzer 234, 240-246
Preselector 132
Signal Generators 356
Spectrum Analyzers 117-119, 123, 127, 134
Switch 339, 583
Time and Frequency Analyzers 68-77,191
Tracking Generator Module 122
Transceiver Test Systems , 324

RMS Voltmeters 92-107
Rotary Vane Attenuators, Waveguide 348
RTD Probes 580
Rubidium Frequency Standard 486

S
S-Parameter Test Sets 237, 243,244,250
Sales & Support Offices 771
Sampler, Automatic 676
Scalar Network Analyzers 219-229
Scanners 599, 603,713
Scanner Cards, Multiprogrammer 599,603
Schottky Diodes 675
Selective Level Measuring Set 506
Selective Level Voltmeters 115,175,502,505,506
Semiconductor/Component Test Systems 320, 526-533
Semiconductor Parameter Analyzer 536
Semiconductor Parameter Extraction Software. . . . . . . . . .. 525
Semiconductor Parametric Test System " 530-532
Semiconductor Test Equipment 524-.-545
Sensor Module 169,212
Sensors, Power 169, 212, 215
Service 757
Shorts, Coaxial 345
Shorts, Waveguide 345
Signal Analyzers

Audio 112,145-158,164,175,505
Distortion .. .. . . .. . .. . .. .. .. .. .. . .. .. . .. .. .. .. 164-.-174
Frequency and Time Interval 191
General Information 108
Modulation 162, 166, 191
Phase Noise 160-161,191
Spectrum 112, 116-146, 160-161,233
Time Interval 191
Waveform 54-.-67,84,116-122,147,

150,157,162,191
Signal Generators

Accessories 377
Agile (VAWS) 382

Avionics , 375
Calibration. . . . . . . . . •. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 171
Digital 420
General Information 356
Generator/Recorder 76
HF, VHF, UHF, SHF 357-376, 378-390, 414-.-419
Microwave 386-390
Programmable 357-374, 386-390
Pulse Modulator 391
Service Kits 368,371,389,390
Sweep 387-388, 392-405,414-.-419,

426,427
Synthesized 357-374,386-390,

394-395,410-429
Vector, I/Q 380
VOR Modulator 412

Signal Monitoring Software 129
Signal Simulation, Agile Frequency. . . . . . . . . . . . . . . . . . . . .. 382
Signal Simulation System 378
Signal Sources 303-307,316-323,357-374,

392-405,410-429,432-444
Signal Sources, Optical 303, 307
Signal Sources, Programmable 316-317, 357-374,

410,411,412-424,434-440
Signaling, RF Radio .. . .. . . . . .. . . . . . . . .. . . . . . .. . . . . .. .. .. 412
Signaling Test Set 515
Signature Analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 272-274
Signature Analyzer, Digital 274
Signature Multimeter, DigitaL 272
SimPlate Fixture Series 549
Simulation, Signal 378
Single Sideband Phase Noise Test System 160
Single Sideband Phase Noise Test Set 161
Slides for Rack Mounting 749,750,752, 753
Sliding Loads (Coaxial and Waveguide) 345
SMA, 5MB, SMC Series Adapters 741
Software

Active Device Measurement 252
Applications Solutions 616-637, 689,

695,696,702,705
Attenuator Test.. . . . .. . . .. . . .. .. . . . . .. . . . . . . . . . . . . . . .. 170
Basic Network Measurement 238,248,253
Business 689,696-705
Calculators , 695
Catalog 620
Cellular Radio Test 325
CAD 616-"637
CAE 627
CAE Link 320
Computer Aided Test (CAT) 601
Data Acquisition 608
DataBase Management 689, 699
Datacom 689,699, 701,704-.-705
Electronic Design 616,627
Electronic Test 610
EMI Measurement.. . . . . .. . . . . .. . . . . . . . . . . .. . .. . . .. . .. 131
Engineering Documentation 634
Engineering Graphics Systems (EGS) 634
Functional Test. 610
Graphics 85, 634, 651, 689, 705
IC Prototype Verification System 320
IGES Translator 634
Integral 624
Mechanical Design & Drafting 636
Mechanical Engineering 636
Microprocessor Development 621
NC Drill " 635
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Network Measurement 248, 253
Operating System (for HP 3000) 698-699
Parameter Extraction (TECAP) 525
Personal Computer 689
Photoplotter/NC Drill 635
Portable Vectra CS Personal Computer 688
Printed Circuit Design ...............•.................. 632
Production Test 610
Scalar Network Analyzer 228
Signal Generator Test 171
Signal Monitoring 129
Software Materials Subscription (SMS) 763
Spectrum Analyzer System 124. 129, 131
Spreadsheets 689, 700, 705
Support 763
Terminal Emulation " 705
Test 610
Transceiver Test 325
Translator (IGES) 634
Transmission Line Test System. . . . . . . . . . . . . . . . . . . . . . .. 229
Updates 763
Vectra Personal Computer 689
Vector Network Analyzer 248.253
VVaveform Measurement 75
VVaveform Generator 77.378
VVord Processing 689.699,705

Solid State
Displays, Lamps. Optocouplers. Fiber Optics 674
Diodes. Transistors. Integrated Products 675

Solids Modeling 646.647,650
Source. AM/FM Test 166
Source. Avionic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 412
Source. Universal 430
Sources, Optical 303. 307
Sources. Signal 303-307. 316-323. 357-374

392-405.410-429.432-444
Spectrophotometer, Diode Array , 677
Spectrum Analyzers. General Information 108-111
Spectrum Analyzers 112. 116-146
Spectrum Analyzer Preselector 122. 132
Stability Analyzer, Frequency 160. 161. 191
Standard Capacitor Sets 299
Standards. Frequency and Time 484-491
Standby Power Supply 491
Standing VVave Ratio (SVVR) Meter 255
Step Attenuators. Coaxial 336
Stepping Motor Control Card (Multiprogrammer) 603
Storage-Normalizer 255
Supplies. Plotter & Printer 733
Support, Customer 756-765
Sweep Oscillators. General Information. . . . . . . . . . . . . . . . .. 392
Sweep Oscillators 164.369,383,387,388.

392-405.412-419.426.428,502
Sweep Signal Generators 387-388,392-405,

414-419.426,427
Sweeper Synthesizers 383.394.414.416.418.

419.502
Switch/Attenuator Combinations 340
Switch Controller. HP-IB 336. 506. 587
Switches

AC Power Controller 572
Access, Distribution and Bidirectional 506
Actuators 97. 336, 566, 572. 587
HP-IB Driver 336
Coaxial, Five-Port 339.566
Coaxial. Microwave OEM 339
Matrix Microwave 340

Matrix (HP-IB) 538,583.587
Multiport Coaxial 338
Switch/Test Unit " " 583
SPDT 339
VHF, HP-IB 562,583.587

Switching Matrix 340
Synthesized Function Generators 378.412,427
Synthesized Signal Generators 357-374,386-390.

394-395,410-429
Synthesized Signal Sources 386-390.394,395.412.

414-419
Synthesized Sweep Oscillators 392-405
Synthesizer. Audio Complex 412
Synthesizer, Arbitrary VVaveform 378.427
Synthesizer, Time 445
Synthesizers. Frequency 386-390. 394. 395,414.416
Systems

Analog LSI Test 528
Attenuator Calibration , 172
Automatic Test 612
Board Test 546-549
CAD 632, 636
CAT (Computer Aided Test) 582
Combinational Test 546
Communications Test 546
Computer-Aided Engineering (CAE/CAD) 616-637
Computer-Aided Software Engineering (CASE) 622
Data Acquisition 564-581
DC Electronic Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 448, 449
Digital IC Test 320, 526-527
EMI Measurement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 130
IC Prototype Verification 320. 526-527
In-Circuit Test 546,547
Laser Measurement 351
Logic Analysis 260. 323
LSI Test 528
Microprocessor Development 621
Modular Measurement 116-122
Network Analysis 238.392-394
Phase Noise Measurement. 16~161

Real-Time Computer 670
Remote Access & Test 510
Semiconductor Test 526-533
Signal Generator Calibration 171
Signal Monitoring " 129
Transceiver Test 324
Transmission Line Test. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 229
VVaveform Generation 77,378
VVaveform Measurement 74

System I, System II Cabinets 748-755

T
Tablets 714
Tape Drives 712
TECAP Parameter Extraction Software 525
Technical Computers and Peripherals 552.616.638

Artificial Intelligence " 666
Computers 552, 638
Computing Overview 638-639
Controllers 552-555
Disc Drives. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 708-711
DOS Coprocessor 649,669
Engineering VVorkstations 619-638
Graphics 650
HP-IB Interface 663,668
Integral, The. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 624
I/O Expander 668
Interface Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 668



Multiprogrammer: I/O Expander & Converter 602
Networking 66()-()64
Operating Systems 658
Parallel Asynchronous FIFO Interface 644
Peripherals 667
Plotters 72~732

Printers 716-719
Real-Time Systems 670
Selection Guide 639
Software Catalog 620

Technical Documentation Software 634
Telecommunications Test Equipment 112, 115, 175, 230,

234,310
Access Switch , 506
Audio Channel Selector: HP-IB Controlled 495
Balanced 2/4-wire Audio Channel Selector 495
Bidirectional Switch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 506
Bit Error Measurements. . . . . . . . . . . . . . . . . . . . . . . . .. 496-497
Carrier Testing 501
Cellular Radio Test Equipment 324
Constellation Analyzer 162, 508
Controller, Switch 336, 506
Customer Support 756
Digital Data Test Set , .. 500
Digital Modulation Generator/Analyzer 162,380
Digital Transmission Analyzer 497
Digitizing Oscilloscopes 54-67,74
Down Converter 507
DS3 Transmission Test Set 499
Error Rate Measurements 496, 497
FDM Measurements 501-504,510
FDM Surveillance Software 510
Frequency Analyzer 191
Hp·IB Controlled Channel Selector 495
Jitter Generator & Receiver 498
Jitter, Time Interval Analyzer 191
Microwave Counters 178-188
Microwave Link Analyzers 507
Microwave Network Analyzers 216-255
Microwave Radio Testing 501
Microwave Upconverter 405
Modulation Analyzers 166, 168 191
Modulator/Demodulator 380: 507
Noise and Interference Test Set. . . . . . . . . . . . . . . . . . . . . . .. 508
Optical Time Domain Reflectometer . . . . . . . . . . . . . . . . . .. 310
Pattern Generator/Error Detector 497
PCM Terminal Test Set 495
PCM Testing 191,494-500
Power Meters 172, 208-215
Primary Multiplex Analyzer 495
Remote Access and Test System 510
Remote Automatic Surveillance Systems 510
RF Radio Testing 324
Selective Level Measuring Sets 506
Selective Level Meters 502, 505, 506
SLMS Accessories 506
Spectrum Analyzers 112-158 233
S . 'Witch, Access 506
Switch Controller 506
System DC Electronic Load 448
Time Interval Analyzer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 191
Transmission Impairment Measuring Sets 517-521
Transmission Line Test Sets 229
Vector Modulation Generator/Analyzer " 162, 380
Voice & Data Testing 516
Waveform Analyzers 54-77, 84, 116-122,

147,150, 157, 162, 191

Temperature Measurement 353, 566, 570, 572
Temperature Transducers 580
Terminal Emulation 705
Terminals, Display. . . . . . 691
Terminals, Rugged .....•................................. 706
Termination Panel, Multiprogrammer 602
Terminations, Coaxial and Waveguide 344
Test and Adjustment Module 141
Test and Measurement Accessories Catalog 766
Test Generator, Interactive 606
Test Head 320
Testmobiles 83
Test Set, Signal Generator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 171
Test Systems, Automatic 595,612
Test Systems, Board 546-549
Test System, Digital IC 320, 526, 527
Test System, LSI 528
Thermistor Assemblies 215
Thermistor Sensors, Coaxial and Waveguide 215
Thermocouple Power Meters 208-211
Thermocouple Power Sensors 212
Thermocouple Scanning Cards 566, 570, 572, 599
Thermocouple Wire 580
Thermometer, Quartz 353
Time Base Card, Multiprogrammer 598
Time,Frequency DomainAnalyzers 68-77
Time Interval Analyzer 191
Time Interval Calibrator 189
Time Interval Counters 189-194, 196-207
Time Module, HP-41 695
Time Standards.. . .. . .. . . . . . . . . . . .. . . . . . .. . .. . .. .. .. 484-491
Time Synthesizer ........•.............................. " 445
Timer/Pacer Cards, Multiprogrammer " 599, 603
Timing Analyzer 191
Timing Generator, HP-IB 445
TNC Adapters 740·
Touch Accessory, HP 690
Tracer, Current 275
Tracking Generators 122,418,502
Tracking Generator Module 122
Training Support 76~762

Transceiver Modulation Analyzer 166
Transceiver Test Systems 324-327
Transducer, Laser Position 350
Transfer Function Analyzer.. . . . . . .. .. . . .. .. . . .. .. . .. . 146
Transient Digitizers 77, 146-157
Transient Generators 76,378
Transient Limiter 133, 144
Transient Recorders 146-157
Transmission ImpairmentMeasuring Sets 516-521
Transmission Line Test Software 228
Transmission Line Test System 229
Transmission Test Sets 520,521
Transistor Bias Supply 252
Transistor Test Fixtures 252
Transistors, Bipolar 675
Transit Cases 742
Troubleshooter Kits, IC ..•............................... 277
True RMS Voltmeters 92-107
Type N Series Adapters 740
Type N Short 345

U
UHF Signal Generators 357-374,380
Ultrasound Imaging 678

V
Vector Analyzer 162



thesizer, Complex 412
ide
ters 349

nuators 348
ibration Kits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 251

axial Adapters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 349
tectors 343
rectional Couplers 347

uency Meters 347
monic Mixers 343
ders 348
-Pass Filters 348

Movable Shorts 345
ing Loads 345

Iding Shorts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 345
nd 348
minations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 345

Thermistor Mounts 215
Variable Attenuators 348

Wideband Amplifiers 407-409
Wire, Thermocouple 580
Word Generators 318, 320, 322, 444, 500, 526

X
X-Ray Systems, Scientific & Industrial 680
X-Y Recorders 78, 84
X Window Software 665

W
WAN Protocol Analyzers........................... 513
Warranty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 770
Waveform

Analyzers , 54-77, 84, 122,
147,150,157, 191

Digitizers 77,122,146-157,263
Generator, Arbitrary 76,

380,412,
Recorders .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 68-7
Synthesizer, Arbitrary .

Vector/Arbitrary Waveform Synthesizer 382
or Generator 38
or Impedance Meter .............•.................
or Modulation Generator/Analyzer .

tor Network Analyzers 146, 150,23
tor Voltmeter .
tra PC .
ification Kits (Network Analyzer) .
F Signal Generators 357

VHF Switch Module ................•.............. , 562,
Vibration Analyzers 146-149
Voice/Data Testing " . . . . . . . . . . . .. . . 6
Voltmeters ..........................•'........... 7

Analog 106
Digital 94-107

VXIbus Development Tools 589

ALPHABETICAL INDEX
'0



ogrammable Calculators .
tor ..

ator ..

NUMBER INDE
ct listings are printed in bold face t

DIOOIA HP Veetra CS Personal Computer .
DlOO9A HP ortable CS Model 20 " ..
Dl030AEGA
DlUOA HP V Model 10 PC ..
DlU5A HP V Modell!! PC .

l16A HP Vedra Model 16 PC " 683
l20A HP Veetra CS Model 20 PC 683
l26A HP Veetra CS Model 26 PC " 683
27A HP a CS Model 27 PC "".".".683
80A VId pbIts Adapter ..".." " .

/G/ nochrome Monitor " ".
or Monitor " "." "."."..

Accessory " " .
e " " ".." ".." .

1210A HP V ES Model 10 PC " "
12l5A HP Veetra ES Model 15 PC " " " ..
lUOA HP Veetra ES Model 20 PC ".." ..

Dl226A HP Veetra ES Model 26 PC """ "..
Dl227A HP Veetra ES Model 27 PC " " " " .

l3l0A HP Veetra ES/12 Model 10 PC.." ..
l3l5A HP Veetra ES/12 Model 15 PC " " 683
l320A HP Veetla ES/12 Model 20 PC " 683
326A HP Veetra ES/12 Model 26 PC 683
327A HP Veetra ES/12 Model 27 PC " 683
340A HP Veetra ES/12 Model 40 PC " 683

D A HP Veetra ES/12 Model 46 PC 683
D HP Veetra ES/12 Model 47 PC " " ..
D HPVeetra RS/16 Model 40 PC .
D HP Veetra RS/16 Model 106 PC " ..
Dl502A HP Veetra RS/16 Model 109 PC """" "." "
Dl600A HP Veetra RS/29 Model 40 PC " "" ".65

1601A HP Veetra RS/20 Model 106 PC ..
l602A HP Veetra RS/20 Model 100 PC ".." 65
l603A HP Veetra RS/29 Model 159 PC " " ,,65
l604A HP Veetra RS/20 Model 300 PC " 653,
1606B HP Vedra RS/29 Power User PC .." "".." " .
lSOOA ARPA Services/Veetra " ..
ISOlA ARPA TbinLAN/Vectra." " ..

El400A C-size VXIbns Mainframe " .
EI404A VXIbus Slot O/Translator Module ..
El49SA VXIbus A or B-Size Module .
EI409A VXIbus Stainless Steel Cbass' ..
EI490A VXIbus Register-Based Breadb odule .
EI495A VXIbus Development Software."""" ".." ..

HP-12C Programmable Financial Calculator " " " 69
P-14B Business CAlculator " ,,69

178 Business Caleuiator ." " " 692
19B HP Business Consultant II " """." "."" " ",,692
228 Scientific Calculator ." " ""."."."""."." " .." ..694

S Scientific CAlculator "" "." "" " ..
Advanced Scientific Calculator "" " " """ "



El
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920 Series Waveguide Moving Shorts 345
921 Waveguide Fixed Shorts 345

1000
1000 Computers and Systems 670
1040A Series HPCL Detectors 677
1050 Series HPLC Modules 677
1051A & 1052A Combining Cases 752
1090 Liquid Chromatograph Systems 677
1122A Probe Power Supply 82
1124A Active Divider Probe 82
1133A TV Video Sync Pod 83
1631A/D Logic Analyzers 259
16310 + 240 Logic Analysis Measurement

Techniques Course 761
1645A Data Error Analyzer 519
1650A 80-Channel Logic Analyzer 257
1651A 32-Channel Logic Analyzer 257

2000
ATS 2000 Automatic Test System 612
2106CK/DK Board Computer 670
2134A Computer 670
2137B Computer 670
2139B Computer 670
2156C/D Computer 670
2196G/H Model 26 Computer Systems 670
2197E Model 27 Computer Systems 670
2199E Model 29 Computer Systems 670
2225A/B/C/D/P ThinkJet Personal Printer 717
2227A/B QuietJet PLUS Printer 717
2228A QuietJet Printer 717
2235A/B/C/D RuggedWriter 480 Printer 717
2276A I>esUet Printer 717
2345A Distributed Terminal ControUer 664
2346A/8/C Distributed Terminal ControUer 664
2393A Graphics Terminal 691
2397A Color Graphics Terminal 691
2424A Micro 14 Computer 670
2426G/H Micro 16 Computers 670
2434A Micro 24 Computer 670
2436G/H Micro 26 Computer 670
2437B Micro 27 Computer 670
2439B Micro 29 Computer 670
2484B Micro 24 Computer 670
2486B/C Micro 26 Computer System 670
2487B Micro 27 Computer System 670
2489B Micro 29 Computer System 670
2563B Line Printer 718
2564B Line Printer 718
2566B Line Printer 718
2567B Line Printer 718
2680A Laser Printing System 718
2685C Laser Print Station 718
2804A Quartz Thermometer 353
2813D Quartz Pressure Set 352
2813E Quartz Pressure Probe 352
2816A Pressure Signal Processor 352
2932A General Purpose Printer 718
2934A Business Printer 718

3000
3000 Micro 3000LX/GX/XE, Series 52,58, 925LX, 925,

70, 935, 950, 955 Business Computer Systems 697·701
3048A Phase Noise Measurement System 160
3048A + 24A Phase Noise Measurement Course 761
3065 Board Test Family (HP-IB) 546
3065C + 24D Board Test System User Training 762
3065 cr Communications Technologies Board Test System 546
3065ST Standard Technologies Board Test System 547
3082A Industrial Touch Terminal 706
3235A Switch/Test Unit 583
3245A Universal Source .430
3312A Function Generator 426
3314A Function Generator 427
33258 Synthesizer/Function Generator 414
3326A Two-Channel Synthesizer ; 416
3335A Synthesizer/Level Generator .418

3336A/B/C Synthesizer/Level Generators 419, 502
3396A Integrator 676
3400A RMS Voltmeter 106
3421A Data Acquisition/Control Unit 566
3.437A System Voltmeter 103
3455A Digital Voltmeter 103
3456A Systems DVM 102
3457A Multimeter 97
3458A Multimeter 94
3466A Digital Multimeter 106
3468A/B Digital Multimeter 104
3478A Multimeter 100
3488A Switch/Control Unit 587
3497A Data Acquisition/Control Unit... 570
3498A Extender 570
3551A Transmission Test Set 520
3552A Transmission Test Set 520
3561A Dynamic Signal Analyzer 147
3562A Dynamic Signal Analyzer 150
3565S Signal Processing System 157
3575A Gain/Phase Meter 239
3577A Network Analyzer 234
3577S Network Analyzer System 238
3580A Spectrum Analyzer 145
3581A Wave Analyzer 175
3581C Selective Voltmeter 505
3582A Spectrum Analyzer 146
35858 Spectrum Analyzer 112
3586A/B Selective Level Meter 502
3586C Selective Level Meter 115
3630A PaintJet Color Graphics Printer 716
3708A Noise and Interference Test Set 508
3709B Constellation Analyzer 508
3711A IFIBB Transmitter (70/140 MHz IF) 507
3712A IF/BB Receiver (70/140 MHz IF) 507
3717A 70 MHz Modulator/Demodulator 507
3730B Down Converter: RF to IF 507
3736B RF Module (1.7 to 4.2 GHz) 507
3737B RF Module (3.7 to 8.5 GHz) 507
3738B RF Module (5.9 to 11.7 GHz) 507
3739B RF Module (l0.7 to 14.5 GHz) 507
3746A Selective Level Measuring Set (32 MHz) 506
3754A Access Switch 506
3755A Switch Controller 506
3756A 90 MHz Bi-directional Switch 506
3757A 8.5 MHz Access Switch 506
3764A Digital Transmission Analyzer 497
3776A PCM Terminal Test Set 495
3776B PCM Terminal Test Set .495
3777A HP-IB·Controlled Channel Selector .495
3779C Primary Multiplex Analyzer (CEPT) 495
3779D Primary Multiplex Analyzer (Bell) 495
3780A Pattern Generator/Error Detector .497
3781A Pattern Generator (CEPT. CCITT) 496
3781B Pattern Generator (BELL) 496
3782A Error Detector (CEPT, CCITT) ..496
3782B Error Detector (BELL) 496
3785A Jitter Generator & Receiver (CEPT) 498
3785B Jitter Generator & Receiver (Bell) 498
3787B Digital Data Test Set... 5oo
3789A DS3 Transmission Test Set 499
3789B DS3 Transmission Test Set .499
3852A Data Acquisition/Control Unit.. 572
3852A + 240 Data Acquisition Training 761
3852S Data Acquisition/Control System 572

4000
4061A Semiconductor/Component Test System 533
4062B Semiconductor Parametric Test System 532
4062C Semiconductor Parametric Test System 530
4062C + 240 HP 4062C Operating and Programming Course 761
4085M Switching Matrix 538
4140B pA Meter/DC Voltage Source 540
4141B DC Source/Monitor 539
4142B Modular DC Source/Monitor 534
4145B Semiconductor Parameter Analyzer 536
4191A RF Impedance Analyzer 284
4192A LF ImJledance Analyzer 282
4193A Vector Impedance Meter 285



4194A Impedance/Gain - Phase Analyzer 280
4195A Network/Spectrum Analyzer 230
4261A Digital LCR Meter 296
4262A Digital LCR Meter 296
4274A Multifrequency LCR Meter 290
4275A Multifrequency LCR Meter 290
4276A LCZ Meter 294
4277A LCZ Meter 294
4278A 1 kHz/1 MHz Capacitance Meter 292
4279A 1 MHz C-V Meter 295
4280A 1 MHz C Meter/C-V Plotter 542
4284A Preeision LCR Meter 286
4328A Milliohmmeter 298
4329A High Resistance Meter 298
4342A Q Meter 297
4440B Decade Capacitor 299
4925B Bit Error Rate Test Set 519
4935A Transmission Impairment Measuring Set 520
4936A Transmission Impairment Measuring Set 520
4937A Transmission Impairment Measuring Set 521
4938A Network Circuit Access Test Set 521
4945A Transmission Impairment Measuring Set 517
4947A Transmission Impairment Measuring Set 517
4948A In-Service Transmission Impairment Measuring Set 518
4951C Protocol Analyzer 512
4952A Protocol Analyzer 512
4954A Protocol Analrzer 513
4972A LAN Protoco Analyzer 514
49748 MAP Protocol Analyzer 514

5000
5005B Signature Multimeter 272
5006A Signature Analyrer 274
5011T Logic Troubleshooting Kit.. 277
5021A Logic Troubleshooting Kit 277
5022A Logic Troubleshooting Kit 277
5023A Logic Troubleshooting Kit 277
5024A Logic Troubleshooting Kit 277
5061B Cesium Beam Frequency Standard 485
E21-5061B Flying Clock (Cesium) 485
5065A Rubidium Freque~c¥ Stan~ard 486
E21-5065A Portable Rubidium Time Standard 486
5087A Distribution Amplifier .490
5089A Standby Power Supply 491
5180A Waveform Recorder 74
5180S Waveform Measurement Sxstem 75
5180T,U Precision Digitizin~ Oscilloscopes 68, 74
5182A Waveform Recorder/Generator 76
5182S Waveform Generation System 77
5183A Waveform Recorder 73
5183T,U Precision Digitizing Oscilloscopes 72
5185A Waveform Recorder 71
5185T Precision Digitizing Oscilloscopes 70
5314A Universal Counter 207
5315A Universal Counter 204
5316B Universal Counter 204
5328B Universal Counter 203
5334B Universal Counter 198
5335A Universal Counter 200
5340A Microwave Frequency Counter 183
5342A Microwave Frequency Counter 181
5343A Microwave Frequency Counter 181
5345A Electronic Counter 184, 196
5350B Microwave Frequency Counter 178
5351B Microwave Frequency Counter 178
5352B Microwave Frequency Counter 178
5355A Automatic Frequency Converter 184
5356A, B, C, D Frequency Converter Heads 184
5359A Time Synthesizer 445
5363B Time Interval Probes 195
5364A Microwa,e Mixer/Deteetor 193
5370B Universal Time Interval Counter 189
5371A Frequency & Time Interval Analyzer 191
5384A Frequency Counter 187
5385A Frequency Counter 187
5386A Frequency Counter 187
5501A Laser Transducer System 351
5507A Laser Position Transducer Electronics 350
5517A Laser Head 350

5517B High Slew Rate Laser Head 350
5527A Laser Position Transducer System 350
5528A Laser Measurement System 351
5890A Gas Chromatograph 676
5965A Infrared Detector 677
5970B Mass Selective Detector 677
5988A GC/Mass Spectrometer 677
5988A LC/Mass Spectrometer 677

6000
6002A Autoranging DC Power Supply 467
6010A 1000 Watt Autoranging Power Supply .472
6011A 1000 Watt Autoranging Power Supply 472
6012B 200 Watt Autoranging Power Supply .472
6023A 200 Watt Autoranging Power Supply 472
6024A 200 Watt Autoranging DC Power Supply 472
6030A 1000 Watt Autoranging System Power Supply .460
6031A 1000 Watt Autoranging System Power Supply .460
6032A 1000 Watt Autoran~ingSystem Power Supply 460
6033A 200 Watt AutoranglDg System Power Supply ,,460
6038A 200 Watt Autoranging System Power Supply .460
6050A Load Mainframe 449
6060A Single Input Load 448
6114A & 6115A Precision DC Power Supplies .482
6129C-6131C Digitally Controlled Voltage Sources .468
6140A Digital Current Source .468
6177C Precision DC Current Source 483
6181C Precision DC Current Source 483
6186C Precision DC Current Source 483
62ooB-6209B DC Power Supplies .479-481
6212C-6218C DC Power Supplies .479-481
6227B Dual Tracking DC Power Supply 470
6228B Dual Tracking DC Power Supply 470
6234A Dual Output Power Supply .479, 481
6235A Triple Output Power Supply .480
6236B Triple Output DC Power Supply .480
6237B Triple Output DC Power Supply ,,480
6253A Dual Output DC Power Supply 470
6255A Dual Output DC Power Supply 470
6259B DC Power Supply 474
6260B DC Power Supply 474
6261B DC Power Supply .474
6263B DC Power Supply 474
6264B DC Power Supply , .474
6266B DC Power Supply 474
6267B DC Power Supply .474
6268B DC Power Supply .474
6269B DC Power Supply .474
6274B DC Power Supply .474
6281A DC Power Supply .470
6282A DC Power Supply 470
6284A DC Power Supply 470
6286A DC Power Supply .470
6289A DC Power Supply 470
6291A DC Power Supply .470
6294A DC Power Supply 470
6296A DC Power Supply 470
6299A DC Power Supply 470
6434B DC Power Supply 476
6443B DC Power Supply 476
6448B DC Power Supply .476
6453A DC Power Supply 476
6456B DC Power Supply 476
6459A DC Power Supply .476
6464C DC Power Supply 476
6466C DC Power Supply .476
6469C DC Power Supply 476
6472C DC Power Supply .476
6475C DC Power Supply 476
6477C DC Power Supply 476
6479C DC Power Supply 476
6483C DC Power Supply .476
6621A System Power Supply 456
6622A System Power Supply 456
6623A System Power Supply 456
6624A System Power Supply 456
6625A System Power Supply .458
6626A System Power Supply .458
6627A System Power Supply 456
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6632A System Power Supply .454
6633A System Power Supply .454
6634A System Power Supply , ..454
6824A DC Power Supply/ Amplifier ..478
6825A DC Power Supply/Amplifier .478
6826A DC Power Supply/Amplifier ..47ll
6827A DC Power Supply/Amplifier 478
6940B Multiprogrammer 602
6941B Multiprogrammer Extender 602
6942A Multiprogrammer 597
6943A Multiprogrammer Extender 597
6944A Multiprogrammer 596
69448 + 240 HP 69448 MultiprogralDlJler System

User Course 761
6954A Multiprogrammer 595

7000
7060A HP SketchPro Graphics Tablet... 714
7090A Measurement Plotting System 78, 84
7440A ColorPro Plotter 720
7475A 6-Pen Graphics Plotter 721
7550A 8-Pen Graphics Plotter 722
7570A DraftPro Plotter 724
757S DraftPro DXL Plotter 726
7576 DraftPro EXL Plotter 726
7595A DraftMaster I Plotter 728
7596A DraftMaster II Rollfeed Plotter 728
7600 Series Model 2400 Electrostatic Plotter 730
7600 Series Model 240E Electrostatic PIOtter 730
7673A Automatic Sampler 676
7907A Fixed/Removable Disc Drive 709
7935H/XP Disc Drives 709
7936H/XP Disc Drive 711
7937H/XP Disc Drive 711
7957B Disc Drive 710
7958B Disc Drive 71 0
7959B Disc Drive 71 0
7962B Disc Drive 710
7963B Disc Drive 710
7979A l!.z" Tape Drive 712
7980A Ih" Tape Drive 712
7980XC Ih" Tape Drive 712

8000
8011A Pulse Generator .442
8012B Pulse Generator 442
8013B Pulse Generator 442
8018A Serial Data Generator 322
8080A Pulse Generator Mainframe 444
8081A Repetition Rate Generator, 300 MHz 444
8082A Pulse Generator 443
8083A Output Amplifier, 300 MHz 444
8084A Word Generator, 300 MHz ..444
8091A Rate Generator, 1 GHz .444
8092A Delay Generator 444
8093A Output Amplifier, 1 GHz 444
8111A Pulse/Function Generator 425
8112A Pulse Generator 434
8115A 50-MHz Dual-Channel Pulse Generator 435
8116A Pulse/Function Generator 423
8118A 100 MBit/s Pulse Pattern Generator 317
8131A 500-MHz Pulse Generator 436
8145A Optical Time Domain Reflectometer 310
81 50A Optical Signal Source 303
8151A Optical Pulse Power Meter 304
8152A Optical Average Power Meter 306
8154B LED Source 1300 nm 307
8155A LD Source 307
8157A Optical Attenuator 308
8158B Optical Attenuator 308
8160A Programmable Pulse Generator .438
8161A Programmable Pulse Generator .438
8165A Programmable Signal Source 422
8175A Digital Signal Generator 318, 420
8180B Data Generator 320
8181B Data Generator Extender 320
8182B Data Analyzer 320
8328A/S Transmission Line Test Set.. 229
8340B Synthesized Sweeper 383, 394

41B Synthesized Sweeper 383, 394
471\ RF Amplifier 406

B Microwave Amplifier 408
B Sweep Oscillator Family 396-405

Modulator 391
Series Amplifiers 409

Microwave Preamplifier 407
Diode Array Spectrophotometer 677
Coaxial Crystal Detectors 342
Coaxial Crystal Detector 342
/C/D/E Coaxial Crystal Detectors 342
Power Meter Calibrator 214

8478B Coaxial Thermistor Mount.. 215
848IA/B/H Power Sensors 212
8482A/B/H Power Sensors 212
8483A Power Sensor 212
8484A Power Sensor 212

A/D Power Sensors 212
ID Power Sensors 212
Power Sensor 212

8490D 2.4mm Coaxial Fixed Attenuator 334
8491A/B Coaxial Fixed Attenuators 334
8492A Coaxial Fixed Attenuator 334
8493A/B/C Coaxial Fixed Attenuators 334
8494A/B/G/H Coaxial Step Attenuators 336
8495A/B/D/G/H/K Coaxial Step Attenuators 336
8496A/B/G/H Coaxial Step Attenuators 336
8497K Coaxial Step Attenuator 336
8498A Coaxial Fixed Attenuator 334
8508A Vector Voltmeter 242
8510B Network Analyzer 249
8510B + 240 Basic Measurements Using HP 8510

Network Analyzer System Course 761
8511A Frequency Converter 250
8514B S-Parameter Test Set (45 MHz-20 GHz) 250
85L5A S-Parameter Test Set (45 MHz-26.5 GHz) 250
85161\ S-Parameter Test Set (45 MHz-40 GHz) 250
8562A Portable Spectrum Analyzer 139
8562B Portable Spectrum Analyzer 139
8566B Spectrum Analyzer 123, 125
8566S Automatic Spectrum Analyzer 124
8567A Spectrum Analyzer 123, 127
8967S Automatic Spectrum Analyzer 124
8568B Spectrum Analyzer 123, 127
8568S Automatic Spectrum Analyzer 124
8573A CISPR EMI Receiver 130
8574A CISPR EMI Receiver 130
8590A Portable RF Spectrum Analyzer 134
8592.A Spectrum Analyzer 137
8640B AM/FM Signal Generator 375
8640B Option 004, Avionics Signal Generator 375
8642A/B Synthesized Signal Generators 367
8644A Synthesizecl Signal Generator 361
8645A Agile Signal Generator 363
8656B Synthesized Signal Generator 357
8657A Synthesized Signal Generator 359
8660D Synthesized Signal Generator 372
8662A Synthesized Signal Generator 369
8663A Synthesized Signal Generator 369
86651\ Synthesizecl Signal Generator 365
8671B Synthesized CW Generator 386
8672A Synthesized Signal Generator 390
8672S Synthesized Signal Generator 390
8673B Synthesized Signal Generator 388
8673C/D Synthesized Signal Generators 388
8673E Synthesized Signal Generator 387
8673G Synthesizecl CW Generator 388
8683B/D Signal Generators 384
8684B/D Signal Generators 384
8702.A Lightwave Component Test Analyzer 312
87L7B Transistor Bias Supply 252

A Network Analyzer 247
LA Coaxial Directional Bridge 34l
1-8734 series PIN Modulators 391

8750A Storage-Normalizer 255
8753B Network Analyzer 243
8753A + 24A HP 8753A RF Network Analyzer Course 76r
8754A Network Analyzer 240
8757A Scalar Network Analyzer 221
8757S Automatic Scalar Network Analyzer System 219



8761A.B Coaxial Switches 339
8770A Arbitrary Waveform Synthesizer ,..J78
8770S Signal Simulator System 378
8780A Vector Signal Generator 380.509
8900C/D Peak Power Meters 215
890lA Modulation Analyzer 166
890lB Modulation Analyzer 166
8902A Measuring Receiver 168
8902AT Attenuator Calibration System 170
8902S Microwave Measurement System 172
8902SG Signal ~nerator Test System 171
8903B Audio Analyzer 164
8903E Distortion Analyzer 1.64
8904A Multifunction Synthesizer 412
8953A Transceiver Test Set 324
8954A Transceiver Interface 327
8955A RF Test System 324
8956A System Interface 327
8957S Cellular Radio Test System 324
8958A Cellular Radio Interface .327
8970B Noise Figure Meter 329
8970S/T Microwave Noise Figure Measurement Systems 330
89718 Noise Figure Test Set 330

Vector Analyzer 162. 509
Vector Modulation Analyzer J62

9000
9000 Series 300 Computers 652, 638. 647
9000 Model 310 Technical Computer & Controller 647
9000 Model 310C Low-Cost Color Workstation 648
9000 Model 310M Measurement Automation Workstation 648
9000 Model 318M Monochrome Workstation 6411
9000 ModeI319C+ 648
9000 Model 330 Technical Computer System 647
9000 Model 330CH Color Workstation 648
9000 Model 330CMA Color Instrument Controller 648
9000 Model 330M Monochrome Workstation 648
9000 Model 330MMA Monochrome Instrument

Controller 648
9000 Model 349C+ 652
9000 Model 349CH 652
9000 Model 349M 652
9000 Model 349MB 652
9000 Model 349SRX 652
9000 Model 360 647
9000 Model36OCH 648
9000 Model36OMH 648
9000 Model 360SRX 648
9000 Model 360 TurboSRX 648
9000 Model 370 647
9000 Model 370Cl1 647
9000 Model 370MB 647
9000 Model 370 TllrboSRX 647
9000 Series 800 Superworkstations 646
9000 Model 82SCHX Superworkstations 646
9000 Model82SS Entry Lelel Superminicomputer 638. 645
9000 Mod.eI82SSRX Superworkstation 646
9000 Model 83SCHX Superworkstation 646
9000 Model 83SS/SE Technical Computer System 642
9000 Model 83SSRX Superworkstation 646
9000 Model 83S TllrboSRX 646
9000 Model 840S Minicomputer 638.644
9000 Model 850S Superminicomputer 643
9000 Model8SSS Superminicomputer 638.641
9114B Double-Sided 3W Disc Drive 708
9122C 311z' Microfloppy Disc Drile 7011
91230 Dual 3'12' Drive (for HP Touchscreen II) 708
9127A Single-Sided 51/4' Flexible Disc Drive 708
9144A '/4' High Performance Tape Subsystem 712
914SA 1/4' Cartride Tape Drile 712
91S3C 10,20,40 Mbyte Winchester 3W Microfloppy 708
9190A HP ScanJet Desktop Scanner '713
9480 Analog LSI Test Sr.stem 528
9666A Rugged Termina • Operator Interface Unit 706
9807A The Integral Personal Computer 657.
9836A + 24D HP DesignCenter ME S User's Course 762
9888A 16-Slot DID Expander 649

10000
l0002A50:1 Voltage Divider Probe 82
100201\ Resistive DividerProbe Kit. 82
10024AIC Test Clip 82
10062A Protective Cover 319
101.00C 50-ohm BNC Feedthrough 82
10229A Hook Tip Adapter 82
I0269CGP Probe Interface 266
10275A PDP·lI UNIBUS Interface 271
10276A LSI-II Interface 27l
1034,4B/G Bus Preprocessor 266
10345A8 Channel ECL Differential Driver Pod 27l
10346A 8 Channel TTL Tristate Buffer 271
10387A. Interface. Type 303 Modems (HP 1645A) 519
10388A Interface. CCInv.35 (HP 1645A) 519
10389A Interface. Breakout Box (RS·232C/V.24)

(HP 1645A) 519
10390A System PerforItlli~ce Analysis 27I
103911\ Inverse Assembler Development Package 27l
10430A 10:1 Passive OscWoscope Probe .81
10431A 10:I Passive. Oscilloscope Probe 81
10432A 10:1 Passive Oscilloscope Probe 8l
10433A 10:1 Passive Oscilloscope Probe 8l
10434A.1O:I Passive Oscilloscope Probe 81
l0435A 10:1 Passive Oscilloscope Probe 81
10436A 10:1 Passive Oscilloscope Probe 81
10437A·50 Ohm Probe 81
10438A I: 1 Passive Oscilloscope Probe 81
10439A I:1 Passive Oscilloscope Probe 81
I0440A 100:1 Passive Oscilloscope Probe 81
I050lA Cable Assembly 740
10502ACable Assembly 740
l0503A.Cable Assembly 740
10514A Double-Balanced Mixer 343
10529A Logic Comparator 276
10534A Double-Balanced Mixer 343
10541A Reference Boards 276
10541B Preprogrammed Reference Boards 276
10595ABoard Extender Kit (HP 5345A) 197
10638A Degausser 489
10715A Differential Interferometer 350
10716A High-Resolution Interferometer 350
I0717A Wavelength Tracker 350
10821A Probe Accessory Kit (HP 5363B) 195
10833A/B/C/D HP·IB Cables 561
10834A HP-IB Cable Adapter 561
10842AExtender Board Kit (HP 5342/5343/5344S) 182
l0855A Broadband Preamplifier 195
10870A Service Kit (HP 5370B) 190
108m3 Service Kit (HP 5I80A) 75
10873A Rack Mount Kit 75
10&74A Slide Mount Kit. 75
10875AjB DMA Cables 75
I0936A Seno/Axis Board 350

11000
11002A Test Leads 107. 740
llQ03A Test Leads 107. 740
1l0S3A Low Thermal Lug-Lug Jumper Set.. 107
llt)58A Low Thermal Banana-Banana Jumper Set 107
11OS9A Kebin PrOle Set 107
llO(jC)A Surface Mount Dence Probe Set 107
1l062A Kebin Clip Set... 107
11096B High Frequency Probe 107
1117li1A Low Thermal Lug-Banana Jumper Set 107
11340A/B/C HP-IL Cable Assemblies 567
115OOA/B/C/D/E/F Precision Cables 740
11501A Cable Assembly 740
11509A Fuseholder 377
11511A Coaxial ShorL. , 345
11512A Coaxial Short 345
11515A Waveguide Adapter 349
11516A Waveguide Adapter 349
11524A APC-7 to N (fema.le) Adapter 740
11525A APC-7 to N (male) Adapter 740
11 533AAPC-7to SMA (male) Adapter 740
11534A APC-7 to SMA (female) Adapter 740
1153/iA .Probe Tee for HP 8508A 242
I1540A Waveguide Stand 348
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11545A-11548A Waveguide Holders 348
11549A Power Splitter for HP 8508A 242
11565A Coaxial Short 345
11566A Air Line Extension 344
11567A Air Line Extension 344
11570A Accessory Kit for HP 8508A 242
11581A Attenuator Set 334
11582A Attenuator Set 334
11583A/C Attenuator Sets 334
11590B Bias Network 252
11608A Transistor Fixture 252
11612A/B Bias Network 252
11613B Calibrator for HP 8756A, 8757A 225
11614A Firmware Enhancement for HP 8757A 224
11635A Bias Decoupling Network 252
11636A/B Power Dividers 225, 341
11643A Series Millimeter-Wave Test Set Kits 251
I 1644A Series Millimeter-Wave Calibration Kits 253
11661 B Frequency Extension Module 372
11664A/D/E Detector for HP 8755, 8756 and 8757 222
11664C Detector Adapter for HP 8755, 8756 and 8757 222
11665B Modulator for HP 8755, 8756 and 8757 225
11667A/BjC Power Splitters 226, 341
11668A High Pass Filter for HP 8755,8756,8757 225
11672A Service Accessory Kit for HP 8660A/C/D 374
11678A Low Pass Filter Kit... 225
11679A/B Extension Cables for HP 8755, 8756 and 8757 224
11683A Range Calibrator 211
11684/5/6/8/9A Low Pass Filters 225
11687A Adapter, 50 to 75n 377
11690A Frequency Doubler 377
11691 D Coaxial Directional Coufler 346
11692D Coaxial Dual Directiona Coupler 346
11693A Limiter 144
11694A Matching Transformer, 50-75 n 144
11707A Test Plug·in 374
11708A Attenuator (for Calibrating HP 8484A) 212
11710B DownConverter 377
11712A Service Support Kit

(for HP 8671A, 8672A/S) 390
11713A Attenuator/Switch Driver 336
11714A Service Support Kit (for HP 8662A, 8663A) 371
11715A AM/FM Test Source 167
11716A/B Interconnection Kits 336
11717A Attenuator/Switch Rack Mount Kit 336
11720A Pulse Modulator 391
11721A Frequency Doubler 377
11722A Sensor Module 169
11726A Support Kit for HP 8673B/C/D 389
11729C Carrier Noise Test Set 161
11731A Frequency Extension Retrofit Kit 390
11732A Frequency Extension Retrofit Kit 390
11736A/B I-Q Tutor Training Kit 509
11742A/B Coaxial Blocking Capacitor 344
11748A High-Impedance Probe Set (HP 8980/8IA) 163
11752D/E 2.4, 3.5-mm Connector Gages 344
11776A Waveform Generation Software 378
11776A + 24D Waveform Generation Language

Software User's Course 761
11792A Sensor Module 172
11793A Microwave Converter 172
11794A Software Pac for HP 8902S 172
11798A Software Application Pac for Cellular Radio Test.. 326
11799A Signaling Unit.. 327
11801A/B/C On-Site Service Kits for HP 8642A/B 368
11804A Accessory Kit for HP 8957S 324
11805A Software Application Pac for HP 8953A 325
11806B Attenuator Test Software for HP 8902AT, HP 89028 170
11808A Signal Generator Performance Test Software

for HP 89028G, HP 8902S 171
11816A Retrofit Kit for HP 8904A Opt. 001 .413
11817A Retrofit Kit for HP 8904A Opt. 002 413
11818A Retrofit Kit for HP 8904A Opt. 003 ..413
11823A/B Attenuator Accessory Kits for HP 8902AT 170
11823C SWR Accessory Kit for HP 8902AT 170
11845A 2-GHz Retrofit Kit for HP 8645A 363
11848A Phase Noise Interface 160
11850C/D Power Splitters 245
11851B RF Cable Kit 245
11852B 50-75 n Minimum Loss Pad 245

11853A 50 n Type N Accessory Kit.. 245
11854A 50 n BNC Accessory Kit. 245
11855A 75 n Type N Accessory Kit... 245
11856A 75 n BNC Accessory Kit 245

11:;r'~~~loe:~Xo~ ~~~.~~~~~~.~~.~.I.~~ 245
11858A Transistor Fixture Adapter 245
11867A RF Limiter 144
11869A Adapter for

HP 86200 Series Sweeper Plug-ins 398
11889A RF Interface Kit 313
11890A Lightwave Coupler 1300 nm 9/125I£m 313
11891A Lightwave Coupler 1300 nm SO/125I£m 313
11900 Series 2.4 mm Coaxial Adapters 333
11940A Close·Field Probe 133, 144
11941A Close·Field Probe 133, 144
11945A Close-Field Probe Set 133, 144
11970 Series Harmonic Mixers 143, 343
11971 Series Harmonic Mixers 143, 343
11975A Microwave Power Amplifier .407
11980A Lightwave Interferometer 315

12000
12005B HP 1000 A-Series Async Serial... 664
12007B HDLC Network I/F 664
12009A Asynchronous Multiplexer HP-IB 1/0 664
12040D 8-Channel Asynch. Multiplexer for

HP9000/200,300 664
12041A/B 8-Channel Multiuse 664
12042B Programmable Serial Interface 664
12043A HP 1000-A Multiuse Serial 664
12044A HDLC Network I/F for DS/1000-IV 664
12060B 8-Channel Analog Input Card 605
12061A 32-Channel Analog Input Expansion Card 605
12062A 4-Channel Analog Output Card 605
12063A 32-Channel Digital Multifunction Card 605
nOnA DS/1000-IV Data Link Slave 664
12073A Binary Synchronous Model & Direct

Connect Interfaces 664
12075A HP 1000-A LAP-B Modem 664
12076A LAN/1000 Link and DDA LAN 664
12079A Interface ControUer 664
11082A Binary Synchronous Modem & Direct

Connect Interfaces 664
12092A Data Link/Multipoint Master 664
12100A A400 Single-Board Computer 670

14000
14513A Rack Kit (for one unit, 3Yl in. H) 471, 481
14515A Rack Kit (for one unit, 5V<l in. H) .471
14521C Rack Kit (for Bench Series) 481
14523A Rack Kit (for two units, 3Yl in. H) .471, 481
14525A Rack Kit (for two units, 5114 in. H) 471
14533B Pocket Programmer .468
14534A Pocket Programmer Extension Cable .468
14535A Interface Kit, DCPS·to-HP 1000 Computers .468
14536A Chaining Cable 468
14540A Input Cable Assembly, Multiprogrammer-to

HP 1000 Computers 602
14541A Chaining Cable, HP 6940B

or 6941B to HP 6941B 602
14545A Casters for HP 6464C - 6483C .477
14550B Interface Kit, Multiprogrammer-to-

HP 1000 Computers 602
14551A Multiprogrammer Service Kit.. 602
14555A Connector Kit 602
14556A Software Library for HP 9825A 602
14557A Power Supply Interconnect Cable 602
14558A TerminatIOn Panel 602
14560A Cable Assembly 602
14561A Cable Assembly 602
14562A Cable Assembly 602
14704A/B/C Multiprogrammer Interface Cables 596
14753A Computer Aided Test Programming Package 596, 601
14753R Right to Reproduce CAT Program Pkg 596, 601

15000
15104A Pulse Adder/Splitter ..444



lSllSA Pulse Splitter/Inverter .444
lSl16A Pulse Inverter 444
lS179A Rack Adapter Frame 442
lS408A-1S411A HP 817SA Accessories 319
lS41SA Plug-on Miniprobe 319
lS425A Test Head 320
lS429A Solder-in Receptacles 319
lS430A Cable for Master-Slave Operation 319
lS461A ECL Pod 319
15462A TTL/CMOS Pod 319
lS463A Trigger Pod 319
15464A TTL Pod 319
lS466A Test Head 320
lS47SA Optical Cleaning Kit 303.309
lSS12A Cab1e 495. 521
15513A Cable 495. 521
lSS1SB Loop Holding Unit.. .49S
l5518A/B/C Loop Holding Accessories 495
lSS80A 20 MHz High-Impedance Active Probe 506
15581B 25 MHz High-Impedance Passive Probe S06
15582A Return Loss Kit 506
15589A Instrument Cart 506

16000
16oo5A Probe 298
16oo6A Probe 298
16007A/B Test Leads 298
16oo8A Resistivity Cell 298
16014A Series Loss Test Adapter 297
16023B DC Bias Controller 291
16034A/E Test Fixture for Chip Components 279
16047A Direct Coupled Test Fixture 279
16047B Test Fixture with Safety Cover 279
16047C Test Fixture for High Frequencies 279
16047D Direct Coupled Test Fixture 279
16048A Test Leads. BNC 279
16048B Test Leads, RF Miniature 279
16048C Test Leads. Alligator Clips 279
16048D Test Leads. BNC (2m) 279
16048E Test Leads 279
16053A Test Leads 541
16054A Connection Selector S41
16055A Test Fixture 541
16056A Current Divider S41
16058A Test Fixture 535, S37
16061A Test Fixture 279
16062A Test Leads 279
16063A Test Leads 279
16064A Retrofit Kit for Comparator 294
1606SA External DC Bias Test Fixture 279
16066A Test Fixture Adapter S31
16067A 24-pin DIP Low Leakage Fixture S31
16068A 48-pin DIP Low Leakage Fixture S31
16069A Universal Low Leakage Fixture S31
16070A General Purpose DIP Fixture S31
16071A Universal Fixture S31
16071B Universal Fixture S31
16072A Personality Board S31
16072B Personality Board S31
1607SA Relay Test Adapter 531
16076A System Test Module S31
16077A Extension Cable Fixture 531
16080A Direct Coupled Test Fixture 543
16081A Test Leads S43
16082A Test Leads 543
16083A Pulse Bias Noise Clipper 543
16085A Terminal Adapter 279
16091A Coaxial Fixture Set 279
16092A Spring Clip Fixture 279
16093A/B Binding Post Fixture 279
16094A Probe Fixture 279
16095A Probe Fixture 279. 283
16096A 2-Port Component Test Fixture 279, 283
16097A Accessory Kit 283
16099A Test Fixture Adapter 279

16117A Low Noise Test Leads 298
16143A Probe Cable 298
16320B Pin Board 531
16320C Pin Board S31
16334A Test Fixture for Chip Components 279
16355A Relay Test Adapter S31
16356A System Test Mociule 531
16370A Test Fixture Adapter 531
16371A 24-pin DIP Low Leakage Fixture 531
16372A 48-pio DIP Low Leakage Fixture 531
16373A 64-pio DIP Low Leakage Fixture 531
16374A Universal Low Leakage Fixture 53I
16375A General Purpose DIP Fixture 531
16376A Universal Fixture 53 I
163768 Universal Fixture 531
16377A Personality Boanl 531
163778 Penonality Board 531
16378A Extension Cable Fixture 53I
16380A/C Standard Capacitor Sets 299
164S1A Dielectric Test Adapter 297
16462A Auxiliary Capacitor 297
16470A/B/C Reference Inductors 297
16500A Logic Analysis System 260
16510A 80 Channel2S MHz State/Timing Card 262
1651SA 1 GHz Timing Card 264
16516A 1 GHz Timing Card 264
16520A SO Mb Pattern Generator Master Card 265
16521A SO Mb Pattern Generator Expansion Card 26S
16530A 400 Msample Digitizing Oscilloscope Card 263
16531A 400 Msample Digitizing Oscilloscope Card 263

17000
17090B Measurement Graphics Software 79, 8S

18000
18863A RS·449 Interface (witb cable) 519
18064A Noise-to-Ground Adapter for HP 4935A S21
18107A External Oscillator (HP 2804A) 353
18110A Laboratory Probe and Cal Module (HP 2804A) 353
18111A Laboratory Probe and Cal Module (HP 2804A) 353
18132A Rack Mount S21
18134A Carrying Case 521
18160A Interface Pod S12
18161A Ladder Bracket for HP 493SA, 4937A S21
18174A Interface Pod SI2
18176A Rack Mount Kit SI7
18179A RS-232C/V.24 Interface Pod S12
18180A RS-232C/V.24. RS-449/422A/423A Interface SI2
18182A 1.5m Audio cable 521
18183A RS-232C/V.24 Interface SI9
18184A V.35 Interface SI9
1818SA 11SV Power Module 519
18190A Soft Vinyl Carrying Case S12
18191A Rack Mount S19
18192A Carrying Case 519
18194A 220V Power Module S19
18263A 3270 Installation, Maintenance Software S12
I8264A X.25, SNA Link Level Analysis 512
18265A DDCMP Analysis S12
18266A Enhanced X.25 Ana1ysis S12
18267A X.25 Test Library and Emulator 512
183310 SNA, DDCMP. X.25 Analysis S12
18332D 3270 Installation & Maintenance S12
18347A HP 4951C Protocol Analyzer User's Course 761
18352A X.21 State Simulator 513
18353A Password Security 513
18355A CCITT #7/CCS7 Analysis 513
18360A SNA Emulation Language S13
18361A 3270 Device Exerciser 513
18362A LU6.2 Node Exerciser 513
18369A Asynchronous Terminal Emulator S13
18370A X.25 Network Performance Analysis 513
18371A SNA/BSC Network Performance Analysis 513
18587A Bar Code Identification System 676

EJ
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19000
195008 Rack kit for mounting 79578/588/598 710
19511A Cabinet for 2 7936/7937 disc drives 711
19S12A Cabinet Mounting Kit 711
19S14A Cabinet for 8 7936/7937 disc drives 711
19521H 2 7937H drifes with cabinet 711
19S21FL 2 7937FL drives with cabinet.. 711
19521XP 2 7937XP drives with cabinet... 711
19522H 4 7937H drives with cabinet 711
19522FL 4 7937FL drives with cabinet... 711
19522XP 4 7937XP drives with cabinet.. 711
19524H 8 7937H drives with cabinet 711
19524FL 8 7937FL drives with cabinet... 71l
19524XP 8 7937XP drives with cabinet.. 711
19S608 Rack kit for mounting 79628/638 in EIA Rack 7IO
195008 19-inch Rack Mount Kit for Battery Backup 645
19733A Additional 32 Mbytes of RAM 644
19146A Model840S I/O Expander 644
19148A Additional 8 Mbytes of RAM 644
19149A Cable Management System 643, 644

20000
22861A Arpa/Berkeley Services for Series 300 762
24602A PSI Firmware Dev. Package 664
27110B HP-IB Interface 643, 644, 645, 668
27114A Parallel Async FIFO Interface 643, 644, 645, 668
27116A HP-CIO Service Extender 668
27122A RJE/500 Interface 662, 664
27125B LAN/9000 Series 500 Link : 661, 662, 664
27128 Channel Asynchronous Serial 662, 664
27130B Async 8-Channel Multiplexer 662, 664
27140A Async 6-Channel

Multiplexer 643, 644, 645, 662,664,668
27212A StarLan Hub 664
27505A HP Word/PC 689
27515A HP Office Connect to DISOSS 664
27534A AdvanceMail 689
27535F AdvanceMail 689
27536F HP Word/PC 689
27546F AdvanceWrite PLUS 689
28641A ThinMAU 661, 662, 664
28645A ThinLAN Hub 664
28647A StarLan Bridge 664
28648A LAN Bridge 662

30000
36144A ATP System Interface Board 664
36145A ATP Direct Port Cootroller 664
361SSA ATP Modem Port Controller 664
36~AThinLAN 3600/V Link 664
36241A MAU 661, 662, 664
36242A LAN 3600/V Link 664
3024SA SNA/NRJE 664
36246A SNA Link 664
30247A SNA/lMF 664
302S1A HP LV 6.2 Base 664
362S4A/5SA/56A SNA Server 664
30273A ATP Direct Connect Package 664
30274A ATP Modem Expansion packa~e 664
30276A/77A ATP for Meridian SL-l I 0 664
30284A/85A NS Point-to-Point Link/ 000 664
31187A X.1S Link/3000 664
32344A NS3000/V Network Services 664
31112A Introduction to PascaL 761
33300 Series Coaxial Step Attenuators 338
33311B/C Coaxial Switches 339
33312B/C Coaxial Switches 339
33313B/C Coaxial Switches 339
33320 Series Coaxial Step Attenuators 338
33330B/C/D/E Coaxial Crystal Detectors 342
33340A/B/CJD OEM Coaxial Attenuators 334
33363K Multiport Coaxial Switch 338
33364K Multiport Coaxial Switch 338
33365K Multiport Coaxial Switch 338
33440A LaserJet Series II Printer 717
33447A LaserJet UD Printer 717
34110A Carrying Case 107
34111 A High Voltage Probe 107

34118A Test Lead Kit. 99, 107
34119A High Voltage Probe 99, 107
34300A 40 kV AC/DC High Voltage Probe 107
34361A RF Detector Probe 107
34362A Clamp-on AC/DC Current Probe 107
34363A Temperature Probe 107
34804/805 Functional Test Manager 610
34800A + 24D Developing Test Plans Using FTM/300 761
35073 Series 200 System Administration 762
351298 Series 500 System Administration 762
35130B Programming in C 761
35151D The Calendar 689
35152D The List Manager 689
35153D The Writer 689
35154D The Speller 689
35155D The Planner 689
35156D The Personal Correspondence Pack.. 689
35157D The Personal Organizer Pack.. 689
35177M JetStart (for HP ThinkJet) 689
35178M LaserStart (for HP LaserJet) 689
35184A Sideways (for Touchscreen PC, ThinkJet printer) 689
35188A Laser Plotter 689
35188D iPrint 689
351901 LaserControl 100 (for Vectra PC. LaserJet) 689
35305A HP TODAY Developer Pack 642, 645
3S306A HP TODAY Runtime Environment 642, 645
35307A HPtoday Developer Pack/HP-UX for 850S 643
35308A HPtoday Run-time Environment/HP-UX for 8505 643
3S401A v." Cartridge Tape Drive 712
35629A HP 3562A User's Course 761
35636A HP VISTA Signal Processing Software 158
35630A + 41B HP Signal Processing System Installlltion 764
35631A HP Sine 158
35631A Model Data Manager 159
35650A Mainframe 159
35651A HP-IB Signal Processing Module 159
35651A Input Module 159
3S653A Source Module '" 159
35605A 720-mm Rack 159
3S606A 160o-mm Rack 159
35660A Dynamic Signal Analyzer 153
35675A Accuracy Enhancement Software 238
35676A/B 50/75 Ohm Reflection/Transmission Test Kit... 237
35677A/B 50/75 Ohm S-Parameter Test Sets 237
35678A/B 50/75 Ohm Type N Calibration Kits 238
35679A/B 50/75 Ohm Type N Port Extension Cables 238
3S680A HP Instrument BASIC 155
3S681A Analysis Pack 156
35723A Touchscreen Bezel 649, 690
35731A/B Monochrome Monitor 690
35731D 12-lnch Monochrome Plus Video Display 653
35732A Monochrome Plus Video Adapter 653
35741A l1-inch Color Monitor 653, 690
36217A ALLBASE/HP-UX 644
36568A HPMessage 689
36569E HPMessage 689
36590A HP-UX SNA 3270 662. 664
36591A HP-UX Gateway SNA/3270 662, 664
36592A HP-UX SNA Link 662, 664
36593A HP-UX Gateway/SNA Link 662. 664. 668
36890F Print Central 689
36898A HP Access 689:
36898F HP Access 689
36911A/R HP-UX Gateway SNA/3270 644. 662. 664
36918A/R HP-UX Gateway SNA/3270 642. 645. 662
36919A/R HP-UX Gateway SNA/3270 for Model 850 662, 643
36920A NS3000/XL Network Services 664
3691lA ThinLAN 3000/XL Link 664
37050S FDM Network Monitoring System 510
370505 + 24A HP 37050S User & System Manager Course 761
37051S FDM Measurement System 510
37100S Remote Access and Test System 510
37201 A HP-IB Extender 563
37204A Multipoint HP-IB Extender 563
37204B Multipoint HP-IB Extender 563
37212B Error Correcting Modem 707
379000A/B SignaHng Test Sets 515
38564B Series 300 Model 370 TurboSRX 647



40000
40290A ATP 37/M for HP 1000 664

.40651 Hammer and Accelerometer Kits 581
40652 Thermocouple Wires 580
40653 Thermistor Assemblies 580
40654A RTD Probe 580
40654B RTD Probe 580
41420A Source/Monitor Unit 534

'41421B Source/Monitor Unit 534
:41424A Voltage Source/Voltage Monitor Unit 534
4142SA Analog Feedback Unit 534
41800A Active Probe 233
41941A/B Impedance Probe Kits 280
41951A Impedance Test Kit 232
41952A/B TratlSlllissioo/Reftection Test Sets 233
'43730 Flash X·Ray Systems 681
43850 Cabinet X-Ray Systems 680
44203C/D/L/S SimPlate Fixtures 549
:44203K Sim Plate Spare Parts Kit 549
:4421OA Sim Plate Assembly Tools 549
44458A/B/R Data Acquisition Manager 609
44459A/B/R Data Acquisition Manager 609
44461A HP-IB Interface 567
44462A 8 Channel Multiplexer Assembly 567
44463A Extra Connector Block 567
44464A Breadboard Assembly 567
44465A 8·Bit In. 8-Bit Out Digital I/O Assembly 567
44466A Extra Connector Block 567
44469A Seven 10:1 Dividers 567
44531A HP 3060A/61A/62A User Training 762
44582A BTL PLUS Software 548
4467OC/L/X NS/3065 SOftware 548
44671C/L/X PR PLUS SOftware 548
44672A Q·STATS II Software 548
44672A + 60A HP Q-STATS n/Hp PR PLUS ASSIST 765
44672A + 65Z HP Q-STATS It ASSIST
. Additional Service Units 765
44850A HP 3065 Advanced User Training 762
44851A HP 3065AT User's Course 762
45070A HP 260 Series 30 SPU 696
4507lA I/O Extender 696
45072A HP 260 Series 40 SPU 696
453 lOA BASIC Programmer's Library 689
45311A ICON Design System 689
45412A VT100 Terminal Emulator 689
45418A Executive MemoMaker 689
45419C Programmer's Tools 689
45421A Executive Card Manager 689
45427D WordStar Professionale 689
45431A AdvanceLink 689
45435A Touchscreen Programmer's Tools 689
45437A The Gallery Collection 689
45443A Forms Master 689
45445D BASIC by Microsofte 689
45446D Compiled BASIC by Microsoft 689
45447D Pascal by Microsoft 689
45448A COBOL by Microsoft 689
4;5449D FORTRAN by Microsoft 689
45450D GWTM BASIC by Microsoft 689
45452D Latticee C Compiler 689
45474D MicroSoft WORD 689
45498A Symphonylll> from Lotus 689
4~504K MemoMaker/Time Management. Opt. 400 689
4SS39K Lotuse 1-2-3e, V2.01, Opt. 400 689
45549K Microsoftli> WORD. Opt. 400 689
45554K MultiMate™. Opt. 400 689
45555K Executive Card Manager, Opt. 400 689
45566A Lotuse 1-2-31l1> 689
4$640A Touchscreen Internal Modem 689
4564IB Touchscreen 3278 Emulation Accessory 689
45811A 360K-Byte Flexible Disc Drive 685.686
45812A 1.2M-Byte Flexible Disc Drive 685. 686
45813A 1.44M-byte Flexible Disc Drive 685. 686
4$911AGraphicsTablet 649.715
4$981A Multimooe Video Adapter 653
45984A Multimooe Color Adapter 653
46()21 A Keyboard (U.S. ASCII Version) 649.661
46060A Mouse. 2·button 649. 685
46060B Mouse. 3-button 649
46080A-46089A HP 9000 Series 300 Hp·HIL Devices 649

4A. 46095A HP 9000 Series 300 HP·HIL Devices 649
8 series Rack Cabinets 754

Remote Terminal Unit 568
48050 Rllmote Terminal Unit 568

50000
5OO11C HP-IB Instrument Control Using Series

2 300 BASIC 761
5 ogramming in FORTRAN 77 761

rLAN Sener Kit 664
50905F StarLAN User Link Kit 664
S0906A StarLAN sener Kit 664
50910A HP serial Network 664
50912AIR StarLAN TlJinLlIIl Configurator Diagnostics

Software 664
50920A. 3278 Emulator for HP Vedra PC 662
50921A SNA/Link/3270 662
50950A Network Services f()r DEC VAX 643. 645.

661.662.664
50952B Network Servic~-ARPA/300 664
50952CL Network Semces - ARPA/300 661
50954A/R Network Services/500 661. 662. 664

278 Display Statiol, Emulator 662, 664, 668
50 etwork Serl'ices/200 661. 664
509 etwork Senices/200 661. 664
509S9A. Using SRM from BASIC and PASCAL 761
50960A/61A/62A/63A Shared Resource Management 656.

661. 662. 664. 668
50967A HP-UX RJE EmulatOr 300 662. 664
50968A HP-UX RJE Emulator 500 662. 664
50969A/L NFS/300 '" 661
50970A/R NFS/825 645.661
S097lA/R NFS/840 644. 661
50972A/R NFS/850 643.661
50 ARPA senices/800 644.661.662.664

ARPA. services/800 645. 661
50982A/R ARPA senices/850 643.661.662

HP·IB Theory 761
HP·ID with MS·DOS@! 761

1 4A Additional Time and Materials COlISulting 764
51432A HP-UX Fundamentals for General Users 761
51433A. SheR Programming for General Users 761
51434A HP-UX for Programmers 761
51435A need HP-UX Tools 761
51436A System Administration for Series 300 762
51438 and make 761
51439A Advanced Editing with VI 761
51473A Architecture for Tes Measurement Software 761
51482A Series 800 System Adlninistration 762
51489A HP-UX Basies for Application Users 761
51820A Waveform Generation Software 77
52126A Intel Multibus Interface 271
54001A 1-0Hz Miniature Active Probe Pod 62
54002A 500 BNC Input Pod 62
54OQ3A I-Mfi 10:1 Probe Pod 62
54006A Resistive Divider Probe Kit. 67
54OQ7A Low Loss Measurements Kit.. 67
54100A I-OHz Digitizing Oscilloscope 62
54100D I-GHz Logic T~i~e~ing Di~itizing OsciIloscope 62
54110D 1·0Hz Color DlgltlZlng Oscl1loscope 62
541110 500-MHz Logic Triggering Digitizing

Oscilloscope 63
54112D 100-MHz, 4-Channel Digitizing Oscilloscope 65
54118A 19..GHz Trigger 66
54120T 20 GHz Digitizing Oscilloscope 66
54200A SO-MHz Digitizin~ Oscilloscope 58
54200D 5Q.;MHz Logic Triggering Digitizing Oscilloscope 58
5420lA 300-MHz Digitizing Oscilloscope 58
542010 300·MHz Logic Triggering Digitizing

Oscilloscope 58
54300A Probe Multiplexer 80
5450tA lOO-MHz DIgitizing OScilloscope 60

A +24A Basic Laser Measmnt Sys. Course 761
A + 24A Advanced Laser Measmnt Sys. Course 761

59 A Relay Actuator 562
59307A Dual VHF Switch 562
59309A HP-lB Digital Clock 562
59401A Bus System Analyzer 561
59500A Multiprogrammer HP·lB Interface 602
59501B HP-lB Power Supply Programmer 469. 562

G



El MODEL, NUMBER INDEX
New product listings are printed in bold face type

59510A Relay Accessory for Power Supplies .464
59511A Relay Accessory f~r Power Suppties .464
59991A-K34 Broadband Lmear Phase Comparator .489
59992A-J06 Time Interval Calibrator 189, 194
59992A-K70 Rack Mount Adapter Kit (HP 5342A, 5343A) ...... 182

60000
60502A Electronic Load Module .449
60504A Electronic Load Module .449
64000 Logic Development System 622
64000-PC Personallutegration Environment 625
640OO-UX Microprocessor Development Environment 621
64100A HP 64OO0-UX Microprocessor Development

Environment, Development Station 623
64100A+24D Logic Development Concepts and Measurements

Course 762
64120A Instrumentation Cardcage 621
64120T HP DesignCenter 64OOO-UX User's Course 762
6412tT HP-UX for HP 64000-UX User's COUrse 762
64131S Bundled Emulation Systems 624
64132S Bundled Emulation Systems 624
642XXS HP 64OO0-UX, Emulation Subsystems 623
64302A Emulation Bus Analyzer 623
64310A Software Performance Analyzer 623
64310A + 24D Software Performance Analysis

Training 762
64330 High-Level Software Analyzer 623
64340 Real-Time, High-Level Software Analyzer 623
64600s + 24D Timing/Hardware Analysis Training 762
64610S Logic Timing/State Analyzer 623
64620S Logic State/Software Analyzer 623
64620S + 24D State/Software Analysis Training 762
64700 Series Emulators 625
647XX HP Teamwork SA/SD/RT Access 624
647108 + 42A HP Teamwork Products Installation 764
64801S + 42A HP 64OOO-UX Microprocessor Development

Environment Installation 764
64810A + 24D Pascal/64000 on 8080/8085 Course 762
64812A + 24D HP 64000/Pascal on ZSO

Microprocessors Course 762
64814A + 24D Pascal on 8086/8088

Microprocessors Course 762
64815A + 24F HP 64000/Pascal on 68000

Microprocessors Course 762
64817A + 24F HP 64000 System HOST Pascal

Programming Course 762
68324F Office Activities Portfolio 689
68325F Chemical/Petrochemical Portfolio 689
68326F Business Management Portfolio 689
68327F HPDraw Figures Portfolio 689
68330F Executive Memo Maker 689
68330F Executive Memo Maker, Opt. 003 689
68331 F Executive Card Manager 689
68331F Executive Card Manager, Opt. 003 689
68333F AdvanceLink 2392 662, 664, 689
68333F AdvanceLink, Opt. 003 689
68339F Symphony from Lotus 689
68340F 1-2-3 from Lotus, V2.01 689
68340F 1-2-3 from Lotus, V2.01 Opt. 003 689
68350F Charting Gallery 689
68351F Drawing Gallery 689
68352F Gallery Collection 689
68352F Gallery Collection, Opt. 003 689
69280A Breadboard Card 603
69321B D/A Voltage Converter 603
69322A Quad D/ A Voltage Converter Card 603
69331B Digital Output Card 603
69332A Open Collector Output Card 603
69335A Stepping Motor Control Card 603
69336B High Speed Scanner Card 603
69351C Voltage Regulator Card 603
69370A D/A Current Converter Card 603
69380A Breadboard Output Card 603
69422A High Speed A/D Converter Card 603
69423A Low Level A/D and Scanner.Card 603
69430A Isolated Digital Input Card 603
69431A Digital Input Card 603
69433A Relay Output With Readback Card 603
69434A Event Sense Card 603
69435A Pulse Counter Card 603

69436A Process Interrupt Card 603
69480A Breadboard Input Card 603
69500A Unloaded Resistance Programming Card 603
69501A-69513A Power Supply Control Cards 603
69520A Power Supply Programming Card 603
69602A Timer/Pacer Card 603
697ooA·69706A Resistance Output Cards 599
69709A Power Supply Control Card 599
69720A D/A Voltage Converter Card 599
69721A D/A Current Converter Card 599
69730A Relay Output Card 599
69731B Digital Output Card 599
69734A Timebase Card 600
69735A Pulse Train Output/Stepping Motor

Control Card 599
69736A Timer/Pacer Card 599
69750A Scan Control/Pacer Card 599
69751A Analog-ta-Digital Converter Card 599
69752A 64 Channel FET Scanner Card 599
69753A Temperature Scanner Card 6oo
69754A 32 Channel Relay Scanner Card 599
69755A 16 Channel FET Scanner Card 599
69759A 500 kHz A/D Converter Card 599
69761A Integrating Digital Multimeter Card 6oo
69770A Isolated Digital Input Card 599
69771A Digital Input/Analog Comparator Card 599
69774A Counter Card 6oo
69775A Counter/Totalizer Card 599
69776A Interrupt Card 599
69790B Memory Card 599
69791A/69792A Memory Cards 599
69793A Breadboard Card 599

70000
70000 Modular Measurement System 116
7000iA Modular Measurement System Mainframe 122
70100A Power Meter Module (MMS System) 122. 209
70205A Graphics Display Module 119, 122
70206A System Graphics Display 119, 122
70300A Tracking Generator Module 119, 122
70310A Precision Frequency Reference Module 122
70591A '/.-Width Module Part Kit 122
70592A '/4'Width Module Part Kit 122
70593A 3/.-Width Module Part Kit 122
70594A 'Is-Width Module Part Kit 122
70595A Module Design Guides 122
70596A Module Communication Design Guides 122
70600A Preselector Module 122
70601A Preselector Module 122
70620A Preamplifier Module 116, 122
70700A Digitizer 122
70900A Local Oscillator Module 122
70902A IF Section Module (Res BW 10 Hz - 300 kHz) 122
70903A IF Section Module (Res BW 100 kHz - 3 MHz) 122
70904A RF Section Module (l00 Hz - 2.9 GHz) 122
70905A/B RF Section Modules (50 kHz - 22 GHz) 122
70906A/B RF Section Module (50 kHz - 26.5 GHz) 122
70907A External Mixer Interface Module 122
70908A RF Section Module 122
71000S Spectrum Analyzer System Reference 119
71100A RFSpectrumAnalyzer (100 Hz- 2.9 GHz) 119
71110XL Scalar/Spectrum Analyzer (100 Hz· 2.9 GHz) 116, 119
71200A Microwave Spectrum Analyzer

(50 kHz - 22/26.5 GHz) 116, 119
7120lA Preselected Microwave Spectrum Analyzer 116, 119
71201A Opt. 001 Preselected Microwave Spectrum Analyzer

(50 kHz - 26.5 GHz) 116, 119
71210A Fundamentally-Mixed Microwave Spectrum

Analyzer 119
71300A Millimeter Spectrum Analyzer 119
71400A Lightwave Signal Analyzer 116, 119. 314
71401A Lightwave Signal Analyzer I 16, 119, 314
74150A Programmable Logic Device Design System 630
74153A Advanced Programmable Logic Device Utilities 630
74210A Design Capture System 629
74210A + 42A HP Electronic Design System Installation 764
74230A Design Verification Interface 629
74230B HILO-3 Logic Simulator 629
74230C HILO-3 Simulator Models 629



74230D HILO-3 Fault Simulator 629
742308 HP Design Verifttation Sub-System 629
74231A HICIllP Hardware Modeling System 629
74241A HP EDS/3065 Test Program Generator 629
74240A HP EDS/16500A CAE Link 629
74240B Simulation Data File Comparator 629
74241A HP EDSJ3065 Test Program Generator 629
74298A Electromc Design System <neniew 762
74298B Electronic Design Capture. Verifitation 762
74298C Elec:tronic Design Modeling Course 762
742980 Electronic Design System Administration 762
74300A Introduction to HP EGS 762
74301A PCB Design with HP EGS 762
74302A Customizing HP EGS 762
74305A Standard, Modular HP EGS 635
74306A HP EGS, Add-on Modules 635
74307A Hybrid Circuit Design Module 635
74308A High Performance HP EGS 635
74309A Vec:tra HP EGS 635
74400A/R HP Printed Circuit Design System 633
74400A+42A HP PC Design System Installation 764
74400A+65Z HP PeDS-ASSIST Additional Service Unit... 765
74490A PCB Design with PCDS 762
74493A BuDding Parts with PCDS 762
74494A PCDS System Management... 762
74610A Analog Workbench 629
74836A + 60A ME-3O ASSIST Base Unit (lst workstation) 765
74836A + 60B ME-30 ASSIST Two Additional

Workstations 765
74836A + 60C SRX-ASSIST 765
74836A + 65Z ME-3O ASSIST Additional Smice Units 765
74836T HP DesignCenter ME 30 Users Course 762
79232U HP PROLOG Artificial Intelligence Language 666

80000
81000AS Optical Power Splitter, 600 - 1200 nm 309
81000BS Optical Power Splitter, 1200 - 1650 nm 309
81317DX Low-Cost HP BASIC Controller 555
81511A Optical Head, 550 - 950 nm 304, 305
81512A Optical Head. 900 - 1725 nm 304, 305
81519A Optical Receiver 305
81520A Optical Head, 450 - 1020 nm 306, 309
81521B Optical Head, 900 - 1700 nm 306, 309
815Z2A Optical Head, 1900-1650 nm 306
81810S Digital IC Test System 320
82000 IC Evaluation System 526
82104A Card Reader (HP-41CV/CX) 694
82160A HP-IL Module (HP-41CV/CX) 694
82161A Digital Cassette Drive 694
82162A Thermal Printer/Plotter 694
82164A HP-IL/RS-232C Interface 695
82165A HP-IL/GPIO Interface 695
82169A HP-IL/HP-IB Interface 695
82180A Extended Functions/Memory Module 694
82181A Extended Memory Module 694
82182A Time Module 694
82183A Extended I/O Module 694
82240A Infrared Printer 694
82300B HP BASIC Langnage Proeessor 656
82301B HP BASIC SOftware 656
81303A 512K RAM Expausion Kit 656
81304B HP BASIC ROM 5.1 656
81305A RAM Expansion Board 656
81306A GP-IO Interface 656
81307A GP-IO Cable 656
81310A HP Pascal Langnage Processor System 656
813nA HP Pastal (Software OoIy) 656
813lZA HP BASIC/Pascal Right-to-Exec:ute 656
81313A Hierarchical Yde System 656
813140 Vec:tra ES/12 PC-3OS HP ML BASIC Controller 656
81314DX Model PC-308ML HP BASIC Controller 555
813150 Vec:tra ES/12 PC·308CL HP BASIC Controller 656
81315DX Model PC·308CL HP BASIC Controller 555
813160 Vec:tra CS PC-305M HP BASIC Controller 656
S2316DX Model PC-305M HP BASIC Controller 555
813170 Vec:tra CS PC-308ML HP BASIC Controller 656
82317DX Model PC-305ML HP BASIC Controller 555
81319D Vec:tra ES/l1 PC-308CM HP BASIC Controller 656
81318DX Model PC·3OSCM HP BASIC Controller 555

81328A Intelligent Graphi(li ControUer 653
82319A EGA Emulation Modide 653
82862K BASIC by Microsoft, Opt. 400 689
82863K REFLECTION 1™, Opt. 400 689
82866KD Localization, German-Opt. 400 689
82866KF Localization, French-Opt. 400 689
82866KZ Localization, Italian-Opt. 400 689
82867K YTERM 3278 Emulation. Opt. 630 689
82870K AdvanceMail, Opt. 400 689
81990A HP·IB Interface atad Command Library 664
83400A Lightwave Source 313
8340IA Lightwave Source 313
83410A Lightwave Receiver 313
83522A 0.01-2.4 GHz RF Plug-in 398, 402
83525A/B 0.01-8.4 GHz RF Plug.ins 398, 402
83540AjB 2-8.4 GHz RF Plug-ins 398, 402
83545A 5.9-12.4 GHz RF }>}ug·in 398, 402
83550A 8-20 GHz RF Plug-in 398, 402
83554A 26.5-40 GHz Millimeter-Wave

Source Module 403
83555A 33-50 GHz Millimeter-Wave

Source Module 403
83556A 40-60 GHz Millimeter-Wave

Source Module 403
83570A 18-26.5 GHz RF Plug-in 398. 402
83572A/B 26.5-40 GHz RF Plug-in 398. 402
83590A 2-20 GHz RF Plug..in 399
83592A/B/C 0.01-20 GHz RF Plug-in 399
83594A 2-26.5 GHz RF Phtg-in 399
83595A 0.01-26.5 GHz RFPlug-in 399
83596A 2.4-40 GHz RF Plug-In 398, 401
83597A 0.01-40 GHz RF Plug-In 398, 401
84811 A Peak Power Sensor 215
85014B Active Device Measurements Application Pac 252
85015B System Software fot HP 8756S and 8757S 228
85016B Transmission Line Test Software 228
8S020A/B RF Directional Bridges 222
85022A System Cable Kit.. 224

:~~~~,~~~~.~:.~.~~.~.r.~~~~~~.~~~~.~~.:::::::::::::::::::::::::::::::::~i~
85Q25A/B/D/E AC/DC Detectors 222
85025C Detector Adapter 222
85026A Waveguide Detecto~ 222
85027A/B/C/D/E Microwave Directional Bridges 222
85028A Directivttx Verification Kits 224
85029B 7mm Venfication Kit 246
85031B APe-7 Calibration Kit for HP 8753A 245
85032B 50 nType-N Calibration Kit 246
85033C 3.5mm Calibration Kit 246, 313
85036B 75 UType-N Calibration Kit.. 246
85041A Transistor Text Fixture Kit... 252
85043B Systems Cabinet 245
85044A/B Transmission/Reflection Test Sets 244
85046A/B S-Parameter 'rest Sets for HP 8753B 244
85047A 6-GHz S-Parameter Test Set for 8753B 245
850SOB/C/D 7mm Calibration Kits 253
85051B 7mm Verification Kit 253
85052B/D 3.5mm Calibratioll Kits 253
85053B 3.5mm Verification Kit 253
85054B Type N Calibration Kit 253
85055AType N Verification Kit 253
8.5100A LO/IF Kit 251
85130BAda.pter Set 254
85130D Adapter Set 254
85131C/D/E/F 3.5mm Cables 254
85132C/0/E/F 7mm Cables 254
85138AjB 2.4mm 50 nTerminations 333
85140A/B 2.4mm Short Circuits 333
85141AjB 2.4mm Open Circuits 333
8S1SOA Microwave Design System (CAE) 631
85 15 IA Microwave Linear Simulator (CAE) 631
85152A Microwave Artwork Generator (CAE) 631
85153A GDS-Il Translator 631
851SOA + 240 Intro to HP M.ierowave Design System 761
85150A + 42A 8S150A Microwave Design System

Installation Senice 764
85160A Measurement Automation Software 246
85161A Measurement Automation Software 249
85162A Measurement Automation Software 248
85620A Mass Memory Module 141
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tor .
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nitoring Soft .
iver Functions .
EMI Measuremen
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lug·in : ..
,IC RF Plug'ms : .

.i·6.5 GHz RF Plug·m ..

.9·9 GHz RF Plug.in .
9'12.4 GHz RF Plu~-in ..
12.4 GHz RF Plug-tn .
5·\8.6 GHz RF Plug·in .
.4·18 GHz RF Plug·in .
15.5 GHz RF Plug·in .
22 GHz RF Plug·in .

F Plug-ins ..
oMHz RF Section .
MHz RF Section .
MHz RF Section ..

Section ..
Modulation Sectio
Modulation Secti

ulation Section .....
Modulation Sectio

ency Extension Unit...
nJet Automatic Doeu

nJet PC Interface K
nJet PS/2 Model 30
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isc/Tape Interface ..
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-11 ..
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Series 800 Softw

850 Link .
850 .

etwork Services/l000 .
I • \.Mbyte Doublesided

2·Mbyte Doublesided
Chairs .
Tables .
Cabinets .
Work StatiODS ..
Tables ..

Repeater Kit .
A Cross·Reference Utility
HP FORTRAN 77/HP·
HP Pascal/HP·UX ..
HP Simplex (Kanji Font) ..
Starbase Graphics Library ..

GP, Starbase Gra
pment System Bun
Language I/O (

ay Developer Pack.
oday Run Time Envir

2A ALLBASEIHP·UX, HPt
HP FORTRAN 77/HP· ..
HP Pascal/HP·UX ..
IR Starbase Graphics Lib .
DGL/AGP, Starbase Gra
Development System Bun
16-User HP·UX License .
32-User HP-UX License ..
64-User Hp·UX License .
Unlimited HP·UX Licens

92459A ALLBASE/HP·UX, HPt



98548A Monochrome Graphics Board (1280xI024) 649, 650
98549A Color Graphics Board (1024x768) 649, 650
98550A Color Graphics Board (1280 x 1024) 649, 650
98556A 2D Integer-Based Graphics Accelerator 649, 650
98561A Model 310 647
98563A Model 318M Monochrome Workstation 648
98564A Model 319<:+ 648
98S67A Rackmount Kit for HP 35731A 649
98567B Rackmount Kit for HP 35741A 649
98568A Eight-Slot I/O Expander 649
98569A Rackmount Kit for S300 SPU 649
98570A DIO-II Expander 649
98579A Model 360 647
98579B Model 370 647
98580A Model 310M Measurement Automatiun Workstation 648
!J8S80B Model 310 Controller 555
98580S Model 330MMA Monochrome Instrument Controller 648
98581A Model31OC Low-Cost Color Workstation 648
9858IB Model 310 Color Controller 555
985818 ModeI33OCMA Color Instrument ControUer 555, 648
98580W Model360MMA UP BASIC Controller 555
.98580WX Model 360 MMAX UP BASIC/UX

Controller 555
98581W Model 360 CMA Color HP BASIC Controller 555
98581WX Model 360 CMAX UP BASIC/UX Controller 555
98587T Model 360 TurboSRX 648
98587W Model 360SRX 648

,98588G Model 37OCH 647
985888 Mode133OCH Color Workstation 648
98588W Model36OCH 648
'.98589G Model 370MH 647
985898 Model 330M Monochrome Workstation 648
98589W Model36OMH UP-UX System 648
.98595A + 42A HP-UX Application Execution

Environment Installation 764
.985971.. HP-UX Programming Environment.. 659
985978 + 42A HP-UX Programming Environment

Installation 764
98598L HP-UX FORTRAN 77 Compiler 659
98599L HP-UX Pascal Compiler 659
98603A/B BASIC 5.1 Language System 659
98604A HPL 2.0 Language System 659
98613B RAM-Based BASIC 4.0 Language System 659
98614A RAM-Based HPL 2.1 Language System 659
98615C RAM-Based Pascal 3.1 Language System 659
98616A RAM-Based BASIC 5.1 Language System 659
98617A RAM-Based Pascal 3.2 Language System 659
98618A BASIC 5.0/5.1 Compiler 659
98620B DMA Controller 668
98622A GPIO Interface 668
98623A BCD Interface 668
98624A HP-IB Interface 664, 668
98625B High-Speed Disc Interface 668
98626A/44A Serial Interface, RS-232C 662, 668
98627A RGB Color Video Interface 668
98628A Datacomm Interface 662. 668
98630A Breadboard Interface 668
98633A HP 6944A Multiprogrammer Interface 668

98635A Floating Point Math Board 668
98640A ADC 668

lA RJE Interface 662. 668
2A RS-232C MUX Interface 662, 664, 668
3A HP LAN/300 Link 662, 664, 668
6A VMEbus Interface 668

9 7A PC Instruments Interface 668
9 KS Graphics Library (Series 300) 651
98674Aj98522A Starbase Display List 651
98678A HP Common LISP I Media/Manuals 666
98678L UP Common LISP I Licensc-to-Use 666
98683X DGL Skeleton Device Handler 651
98688A UP Common LISP II Media/Manuals 666
98 Common LISP II Liceose-to-Usc 666
986 rogrammable Datacomm Interface 662, 664, 668
9669 rogrammable Datacomm Interface 662, 664, 668
9872 D Display Controller (1280 x 1024) 644, 649, 650
98721A 3D GraphICS Accelerator 644, 649, 650
98722A 8-Plane Frame Bulfer Memory 644, 650
9872SA Interface to Connect 98720A 668
98726A Interface to Connect 98730A 668
98730A 3D DIsplay Controller (1280 x 1024) 649, 650
98732A 3D Graphics Aceelerator 649, 650
98751A 19-Inch Color Monitor (1024 x 768) 649, 653
98752A 19-Inch Color Monitor (1280 x 1024) 649
9 SA 16-Inch Color Monitor (1024 x 768) 649, 653

6A 17-Inch Monochrome Monitor (1024 x 768) 649
A 19-inch Monochrome Monitor (1280 x 1024) 649

98789A 16-Inch Color Monitor (1280 x 1024) 649
98'791 B HP 2392A/VTloo l'erminal Emulator 662, 664
98819A HP TechWriter Software 635
.9885SA HP 5080 Emulator 662

05096,.\ SA/SD for Test. Measurement Software 761
0960-0054 SMA-Female Short (50 Ohm) 345
0960-0055 SMA-Male Short (50 Ohm) 345
1250-XXXX Series Adapters and Connectors 740
1250-1530 N(m) Short 345
1250·1531 N(f) Short 345
1251-2277 Dual Banana Plug to BNC Female 740
1251-2816 Dual Banana Plug (for Cable) 740
1460-XXXX Series Cabinet Parts 751
1490-XXXX Series Slide Kits. Casters 752
1494-XXXX Series Slide Kits 750
504o-XXXX Series Rack Frames 752
5060-XXXX Control Panel Covers 752
5060-XXXX Filler Panels 752
5060-XXXX Rack Adapter Frames 752
5060-XXXX Rack Mounting Kits 752
5060-XXXX Series RackingAccessories, Covers : 753
500Z.XXXX Series System II Cabinet Parts 748, 749
8120-XXXX Cables and Adapters 740
9211-XXXX Series Operating Cases 746
9211-XXXX Series Transit Cases 742
11000-60001 Dual Banana-Dual Banana Cable 740
11001-60001 Dual Banana-BiNC Cable 740
1l65Z.60001 BiNC (m) 5O-obm Termination 345

El



BGENERAL INDEX

General-Purpose Electronic Measl.lrement
Amplifiers ;.. 406
Automatic Test Systems 612
Board Test Systems ; 546
Component Measurement 278
Computer-Aided Test 582
Data Analyzers/Generators 316
Digital Circuit Testers 272
Digital IC Tester ,; 320, 526
Electronic Counters 176
Electronic Loads 448
Frequency & Time Standards ,484
Frequency & Time Interval Analyzers , 191
Frequency Synthesizers 356, 410
Function Generators 378, 410
HP-IB 556
Impedance Analyzers ,278
LCR Meters 278
Lightwave Test 302
Logic Analyzers 256,621
Modulation Domain Analyzers 191
Multimeters 92
Network Analyzers 216
Oscilloscopes , , 54
Plotters : 84, 720
Power Supplies 446
Pulse Generators ; 432
Recorders. Printers 84, 716
Semiconductor Testers ·, 320, 524
Signal Analyzers 108
Signal Sources 316, 356, 392, 410, 432
Support 756
Waveform Analyzers 68
Waveform Synthesizers 378, 410

CAT/HP-IB
Automatic Test Systems 612
Board Test Systems 546
Computer-Aided Test 582
Computer Peripherals 706
Controllers 552
Data Acquisition Systems : 564
DigitalIC & Circuit Testers 272, 320,526
Electronic Counters 17ti
Electronic Loads 448
HP-IB Cables 5til
HP-IB Extenders 563
flP-IB Overview 556
Lightwave Test 302
Multimeters 92
Multiprogrammers 593
Network Analyzers 216
Noise Figure Meter ; 328
Oscilloscopes 54
Plotters & Recorders 84, 720
Power Meters 208
Power Supplies 446
Semiconductor Testers 320, 524
Signal Analyzers 108
Signal Sources 316, 356, 392, 410, 432
Support 756
Switches, Switch Driver ;336. 339
Telecommunications Test ; 494
Transceiver Test 324
Waveform Analyzers 68

Telecommunications & Data Communications
Amplifiers 406
Communications Board Test System 546
Data Generators 316
Data & Voice Testing 516
Data Communications Test 511
Digital Communications Measurements 494
Digital Radio Testing 501, 507
Frequency Synthesizers 356, 410
Lightwave Test 302
Microwave Counters 178, 191
Microwave Radio Testing 494
Microwave Test Equipment 191, 332
Network Analyzers 216
Noise Figure Meter 328
Operational Support Systems 510
Optical TDR 310
PCM Testing 494
Plotters 84.720
Power Meters 208
Private VF Circuit Testing 516
.Protocol Analyzers 511
Pulse Generators 432
Radio & FDM Carrier Testing 324, 501, 510
Signal Analyzers 108
Signal Sources 316, 356, 392,410.432
Support 756
Telecommunications Test 494
Transceiver Test 324

RF & Microwave Measurement
Amplifiers 406
Automatic Test Systems 612
Coaxial Test Equipment 332
Digital Radio Testing 501
Electronic Counters 176
Frequency Synthesizers 356, 392, 410
Microwave Counters 178, 191
Microwave Design System (CAE) 631
Microwave Link Analyzers 507
Microwave Semiconductors 675
Microwave Test Equipment 332
Millimeter-Wave Equipment 332, 392-403
Modulation Domain Analyzers 191
Network Analyzers 216
Noise Figure Meter 328
Oscilloscopes 54
Plotters 84, 720
Power Meters 208
RF Impedance Analyzer : 284
Signal Analyzers 108
Signal Generators 356
Support : 756
Sweep Oscillators 392
Time Domain Reflectometry 66
Transceiver Test Equipment 324
Waveform Analyzers 68
Waveguide Test Equipment 332



Data Acquisition & Cnotroi
Automatic Test Systems 612
Board Test Systems 546
Component Testers 278
Computers 552, 638
Computer-Aided Test 582
Data Acquisition Systems 564
Digital Circuit Testers 272
Digital IC Tester 320, 526
Disc Drives 708
Electronic Counters 176
Fourier Analyzers 146
Hammers & Accelerometers 581
HP-IB 556
HP-IB Extenders 563
Multimeters 92
Muitiprogralllmers 593
Recorders, Plotters, & Printers 78, 84, 716, 720
Signal Analyzers 108
Semiconductor Testers 320, 524
Support 756
Switches 583
Temperature Transducers 580
Waveform Analyzers 68

Computers, Periphe'·~ls lit Calculators
AI Workstations 666
BASIC Controllers 656
Business Computers 682, 696
Calculators 692
Computers 552, 619, 638, 682, 696
Data Acquisition Systems 564
Digitizing Tablet 714
Drafting Plotters 724
Electrostatic Plotter 730
Engineering Workstations 619, 638
Furniture 734
HP-IB 556
HP-IB Extenders 563
IBM PC Compatible Computers 656, 684, 688, 696, 701
Mass Storage 708
Modems 707
Multiprogrammers 593
Networking 660, 663, 701
Network Testing 511
Peripherals 84,667, 706
Personal Computers 656, 682
Portable Computers 657, 682, 688
Precision Architecture Computers 640, 698
Printers 716
Supplies & Accessories 766
Support 756
Technical Computers 619, 638
Terminals 691
Terminals, Rugged 706

CAE/CAD
Digital IC Prototype Verilication 526
Digital Oscilloscopes 54
Drafting Plotters 724
Electronic Design System (CAE) 627
Electrostatic Plotters 730
Engineering Graphics System 634
Fourier Analyzers 146
Logic Analyzers 256,621
ME/CAD Systems 636
Microprocessor Development Systems 621
Microwave Design System (CAE) 631
Overview 616
Personal Computers 656, 682
Plotters 84, 720
Printed Circuit Design System 632
Printers 716
Programmable Logic Device Design System 630
Signal Analyzers 108
Support 756
Third-Party Software 620
Workstations 619, 638

Logic & Processor-Based Circuit Analysis
Board Test Systems 546
Data Generators/Analyzers 316
Digital Circuit Testers 272
Digital IC Tester 320. 526
IC Troubleshooters 272
Logic Analyzers 256,621
Microprocessor Development Systems 621
Plotters 84, 720
Signature Analyzers 272
Support 756

Other Products
Adapters 740
Analytical Instruments for Chemistry 676
Cabinet Accessories 748
Cabinets 754
Cables 561,740
Digital Education Products 275
Dimensional Measurement.. 350
Frequency & Time Standards 484
Laser Interferometers 350
Medical Instrumentation 678
Microwave Semiconductors 675
Operating Cases 746
Optoelectronic Devices 674
Pressure & Temperature 352
Support 756
Transit Cases 742
X-Ray Systems 680





ANALYZERS RS

Oscilloscopes & W zers..... 54
Plotters & Recorders 84
Digital Muilimeters 82
Signal Analyzers ...... 108
Electronic Counters 1'8
Power Meiers .................•............................. 208
Network Analyzers 2'16
Logic Analyzers ....•............•..•,...................... 216
Digital Circuit Testers 272
Component Measurement 278

Hewlett-Packard offers a wide variety of test and
measurement products t receive a signal, ana-
lyze it and display the re s. Included in this cat-
egory are products ran ing from digital
multimeters, counters, and tizing oscilloscopes
to network and spectrum ers. They are used
in both standalone an m applications.



OSCILLOSCOPES & WAVEFORM ANALYZE,F;S
HP Digitizing Oscilloscopes

The HP 54100 and HP 54200 Series Digitizing Oscilloscopes ... combining high
bandwidth with high digitizing rates makes these general-purpose oscilloscopes useful
for both analog and digital measurements.

Choose the RIght Scope for Your
Application

Selecting a digitizing oscilloscope is simi
lar to selecting a conventional one; it involves
asking whether the instrument can capture
the waveform of interest, and, after storage,
whether the data can be recalled and ana
lyzed in the desired way.

Selection Criteria
Digitizing rate: for single-shot transient

capture, digitizing rate is the key criteria for
determining whether the oscilloscope can
capture a one-time event. It is suggested that
your scope have a digitizing rate of at least
two and a half to four times the bandwidth of
the waveform you wish to capture for single
shot measurements. For repetitive
waveforms, some scopes use repetitive sam
pling, for which digitizing rate is a less im-

portant criterion than bandwidth and verti
cal resolution.

Bandwidth: bandwidth is another funda
mental selection criterion. It affects the accu
racy of amplitude and timing measurements.
The bandwidth of an oscilloscope should ex
ceed that of the signal; how much it exceeds
it depends on the measurement accuracy
needed. In general, the instrument's
bandwidth should be three times the highest
frequency component of the signal.

For pulse applications, the rise time is re
lated to the maximum frequency content by:

frequency = 0.35/rise time
This guideline suggests that you should
choose an oscilloscope with a rise time less
than one-third the rise time of your signals.

Resolution: voltage resolution and timing
resolution are also important criteria when
choosing an oscilloscope. Your particular ap
plication helps determine how much resolu
tion you need. For single-shot acquisition,
there is an inherent trade-off between timing
resolution and vertical resolution. Obtaining
higher vertical resolution means sacrificing
digitizing rate.

The timing resolution of the scope is more
important to the digital designer who mea
sures propagation delay and setup and hold
times.

If, however, the signal being measured is a
complex, modulated-analog signal where fre
quency-domain analysis is desired in addition
to time-domain analysis, then increased volt
age resolution results in greater signal-to
noise measurement capability. A guideline is
6 dB signal-to-noise measurement capability
per bit of resolution (ten bits gives you 60
dB). Bits of resolution are related to percent
age resolution by:

%= 100/2n
where n is the number of bits.
Memory: the fourth selection criterion is the
memory length of the oscilloscope. Memory
length simply describes how long an event
(i.e., how many samples can be captured, al
though there are a variety of techniques to
capture long waveforms or non-continuous
events using burst timebase or adaptive sam
ple rate.

The HP 5180/83 Series Precision Digitizing Oscilloscopes ... exceptional resolution and dynamic range plus built-in analysis features
allow complete characterization of complex modulated signals.



Digl~ .!~ SYQra.gF:

• Bright, stable display of low duty-cycle signals.
• Retain waveforms as long as desired for worst-case analysis.
• Fade-free, non-blooming display.
• Store as many waveforms as needed for comparison or reference.
• Make measurements after signal is acquired. This is especially use

ful on single-shot signals or infrequent error conditions.
• Waveform data available over the HP-IB.
• Signal averaging for noise rejection and increased resolution.

Autmnalic Me2lSUr~'m(,;lh
• Automatic edge finders save time, eliminate uncertainty, and re

duce operator error in time-interval measurements.
• Measure pulse parameters automatically, without a controller.
• Markers indicate where the measurement was made, providing

confidence in measurement results.

Pn·-tri9gf~r IJlsplzy
• Find causes of events.
• Displayed time can be any time before or after the trigger, and is

not limited to one screen width before the trigger. Time intervals
can be measured with a resolution of parts per million, before and
after the trigger.

St()n~~ ~"'I;Y;.lt:tt(..nns ior C :J. in';" ,\;~~n .;:,nd Hefer~::-nL;;

• Pixel memories for overlaying multiple waveforms.
• Waveform memories for measurements and comparison of stored

signals.

Easv" to"US/2
• Pressing the Autoscale button automatically sets up the time base,

sensitivity, offset, and trigger for a stable display over a wide range
of input signals.

• Save up to ten front panel setups in non-volatile memory; simplify a
sequence of repeated measurements quickly.

• Instant hardcopy with either a pen plotter or a graphics printer
eliminates time-consuming, expensive photography.

• ECL and TTL presets scale the vertical gain, offset, and trigger
levels for the selected logic family. This saves time in setting up for
a measurement.

Triggering on Complex DL3ital Waveforms
• Logic pattern triggering allows you to trigger on the complex

events found in typical digital systems.
• Trigger holdoff can be specified by events or by time for stable trig

gering on long, complex sequences of events.
• Independent trigger threshold adjustments for each channel. No

need to reset the trigger level each time you switch from one trigger
source to another.

Simplified Programming
• Simple, logical, structured programming mnemonics make pro

grams easy to edit, easy to understand, and easy to modify for new
applications.

• Measurement-oriented, English-like mnemonics.

Document Results
Active as welt as stored waveforms, setup conditions, and measure

ment results can be printed or plotted for instant, low-cost documen
tation. HP printers provide report-quality hardcopy for articles or
printed reports at minimal cost, and without the delay of photograph
ic reproduction.

Color as a Measurement Tei,,1
The addition of color to an oscilloscope can make productivity im

provements in applications performed manually as well as those in
volving automated measurements. Color can be combined with
intensity, line types, and modulation to create easier, faster measure
ments with fewer errors than with a monochrome oscilloscope.

The HP 54110jllIDjl12Djl20T can display a high-resolution,
flicker-free color representation of rapidly changing data. With the
nine-inch raster display, the user can work with as many as nine col
ors at one time, selecting these nine from a total of 4096 available. For
convenience, a default nine-color palette was designed to provide opti
mum viewing for users in standard laboratory environments.

Adding color to an instrument such as an oscilloscope aids the user
in four ways:
• it helps in differentiating between overlapping, superimposed, or

similar waveforms;
• it helps in associating displayed information with corresponding

data or waveforms;
• it can be used to emphasize displayed information; and
• thc user can choose colors and their use to compensate for color

blindness, ambient conditions, or special test requirements.

B



OSCILLOSCOPES & WAVEFORM ANJ\L'VZf::~l
HP Digitizh'llg Oscilloscopes (cont'd)

54100AjO
HP Model # 54200AjO 54201AjO 54501A &541100 541110 541120

Bandwidth
·Repetltlve 50 MHz 300 MHz 100 MHz 1GHz 500 MHz 100 MHz
-5lngle-shot 50 MHz 50 MHz 1MHz·· 4 MHz·· 250 MHz 100 MHz

Time N/A 200ps 1ns 100 ps 100 ps 300 ps
Interval 2 ns 2 ns 100 ns 300 ps 300 ps 300 ps
~ccuracY

Channels 2 2 4 (2t2) 2 2 4

tlIgltlzlngRate 200Msa/s 200Msa/s 10 Msa/s 40 Msa/s 1Gsa/s 400Msa/s

MemoryjOhannel lk sa lk sa 500 sa (display) lk sa Bk sa 64k sa
1Ksa (HP-IB)

Vertical 6 bits, B 6 bits, B Bbits, 10 bits 7 bits, 10 Bbits to 25 MHz 6 bits
Resolution with avg with avg with averaging with avg 7 bits to 100MHz

6 bits to 500 MHz

Input Voltage Cant. Var. Cant, Var. Continously variable 7 ranges Cant. Var Cant. Var
Ranges 40mV-40V 40mV-16V 40mV-40V BOmV-BV BmV-40V 40mV-40V

full scale full scale full scale full scale full scale full scale

Input Coupling 1MA lac,dc IM,50, 1Mn, ac, dc 50, 10K aC,dc, aC,dc,
aC,dc internal 1M pods 50,IM 50,IM

internal internal internal

Effective Bits - - - - 5.5-72 5.0-5.5

Pulse Parameter yes yes yes yes yes yes
Measurements

Waveform Math - AtB, A-B, AtB, A-B, AtB,A-B AtB, A-B AtB, A-B
AxB, AvsB, AvsB, Invert Invert

Invert, magnify Invert

Othe.r Analysis Accumulate, Accumulate, Infinite Infinite Infinite Infinite
Functions Envelope, Envelope, Persistence, Pers. Pers. Pers.

Averaging Averaging Averaging, Avg., Avg. Avg.
Envelope Magnify

Waveform 4 Waveforms 4 Waveforms 2 Pixel, 2 Pixel, 2 Pixel 2 Pixel
Storage 4 Waveforms, 4 Waveform 4 Repet. 4 Repet

Wft Wft
4 SS 4 SS
Wft Wft

Trigger • • •
Enhancements 27 bit state 27Bit state Edge, Pattern, Edge, Pattern Edge, Pattern Edge, Pattern

Trigger, Trigger, State, Digital State, Digital State, Digital State, Digital
Missing/ Missing/Extra Delay by Event Delay by Event Delay by Event Delay by Event

Bit, Digital bit, Digital and Time, and Time, and Time, and Time
Delay Delay Time-Qualified Time Qualified Time Qualified Time Qualified

Pattern Pattern Pattern

Tlmebase Dual Timebase
Enhancements Windowing

Instant Hardcopy HP Printers HP Graphic HP Printers
&Disc Si!pport HP Plotters Printers HP Plotters

Other - - Measurement Color Color Color
Statistics, Display & Display & Display &

Measurement Color Color Color
Limit Test, Hardcopy Hardcopy Hardcopy

Price $59001 laSOO $7900/9800 $3465 (List) $1:, geo $2c ,..;~;.'''j
$i7,6C\J
$21,10:'

Page Reference 58 COL 58 60 62 63 65

• D Models only
•• 10 pts per period without reconstruction



Compare the Features ...
Whether you need pinpoint vertical resolution or lightning-fast sig

nal capture, Hewlett-Packards's digitizing oscilloscopes provide a
powerful set of features and capabilities in an easy-to-use interface.

Here's a look at how the various models compare in terms of fea
tures, capabilities, and price.

16500A Mainframe
54120T with 15530Aj16531A 5180TjU 5183TjU 5185T 70700A

20 GHz 100 MHz 10 MHz 1MHz 110 MHz 10 MHz
N/A 100 MHz 10 MHz 1MHz 110 MHz 10 MHz

10 ps 1 ns 50 ns 250 ns 4 ns 50 ns
N/A 1 ns 50 ns 250 ns 4 ns 50 ns

4 2-8 2/4 2/4 2 1-8

N/A 400 Msals 20 MSa/s 4 MSa/s 250 MSals 20 MSals

lK sa 4K sa 8k sa 64k sa 64k sa 256 ksa
256k sa option

12 bits, 14 6 bits, 8 bits 10 bits 12 bits 8 bits 10 bits
bits with avg with averaging

Cont. Var continuously var. 7 ranges 9 ranges 9 ranges 4 ranges
8mV-640mV 4Q mV-16V 100 mV·I0V 100 mV-50V 50mV-20V 600 mV-20V

full scale full scale full scale full scale full scale full scale

50 ohm ac, dc ac, dc, 1M ac, dc ac, de ac, dc 1 Megohm,
50 ohm, 1 Mohm 50 aux. ch. 1 Mohm 50 ohm dc 50 ohm

1 Mohm

7.8 eff bits 10.0 eff bits 6.8 eff bits 7.0 eff bits
60 dB 72 dB 48 dB

yes yes yes yes yes yes

AtS, A-B, AtB,A-B AtS, A-B, Integration, Differentiation AtB, A-S, AOS
AvsS, Invert, A.S, AtConst., A-Const., A·Const Avs B, Invert

Only, Max, Min

Infinite Infinite persist., Event crossings, Event crossing, Event crossing Averaging, Magnify, FFT
Persistence, averaging MiniMax hold, MiniMax Hold, MiniMax Hold Random Event Capture
Averaging, FFT, FFT, FFT,

Histograms, Voltmeter, Voltmeter, Voltmeter,
TOR, TOT Freq counter Freq counter, Freq counter 4 Waveforms

Inverse ASR

2 Pixel, store to built-in 250-lk Wfm to optional built-in Floppy Disc
4 Waveform disc

Edge, edge, pattern, Digital Trigger Digital Trig, Var Sens, Interpolated digital trigger,
Delay by delay by event, Variable sensi- Var sens, Bi·trig, Edge, Level, Range

Time immediate tivity, Si-trigger, Si·trig, poslneg,
Trig Out Dropout Trig, Dropout

High Freq Trig, trig,
Delay Trigger Delay trig

Trig Out Trig Out
dual timebase External External Encode

External Encode, External Timebase
Encode External Gated Timebase

Timebase

HP Printers HP printers HP 9122 Discs and HP plotters HP Plotters
HP Plotters Paintjet" HP Printers

2 built-in
diSC drives

Color Display logic analysis, Optional Built-In Floppy Disc Modular
high speed timing,
pattern generation

Price $27,850 $12,700 to $24.700 ~36,3001 ~21 ,9001 $44.000 $7500/Channel plus
$59,900 $32,900 Mainframe

66 258 74 73 71 122



OSCILLOSCOPES & WAVEFORM ANAL~''fZEBS
200 MegasampleiSecond Digitizing Oscilloscopes
Models 54200A/D, 54201A/D

• Dual 200 rnegas;;jrnp!l-is!~c')nd digitizers, allowing
50 MHz single-shot cap,ur.~

• Pre-trigger viewing
• Automatic w:wetorrn rneaslir lments

• Up to 2' ,;harmeIJf 'no" ,ring
• Infinite 'iariaiJ1e P'?i s:;::.l en
• Instant ildrdcopy ,)utpU!

• 300 Iv: HZ repetitive bafldwid~:l

(HP 54201!\/D or,J/)

HP 54200A/D
• Dual 200 megasample/second digitizers
• 50 MHz bandwidth
• Pre-trigger display
• Auto-scaling of input signal
• Automatic measurements of waveform parameters
• Infinite persistence display, plus envelope and average display

modes
The HP 54200D model adds:

• Up to 27 channels of state triggering
• Missing bit triggering mode
• Extra bit triggering mode

HP 54201A/D
• 300 MHz repetitive bandwidth
• Dual 200 megasample/second digitizers
• 50 MHz single-shot bandwidth
• Pre-trigger display
• Auto-scaling of input signal
• Automatic measurements of waveform parameters
• Infinite persistence display, plus envelope and average display

modes
The HP 542010 model adds:

• Up to 27 channels of state triggering
• Missing bit triggering mode
• Extra bit triggering mode

Simplify Waveform Capture and Analysis

Easy ins>rument St!tup
• Pressing the Auto-Scale button automatically provides a scaled

display of a wide range of input signals.
• Save and recall your front panel setups for quick return to

previous measurements.
• ECL and TTL preset keys automatically set up vertical range,

offset, and trigger levels for viewing digital signals.
• Input and memory labels aid in signal and setup identification.
• "Configuration" menu gives instrument status in a single display

to aid in instrument setup and measurement documentation.
• Built-in 50 ohm switchable inputs eliminate the need for external

termination devices (HP 54201A/D only).

Digital StOi'8~le
• Bright, fade-free, non-blooming displays.
• Waveforms can be stored for comparison or analysis. Stored

waveforms can be displayed concurrently with live waveforms
and can be output directly to a printer or plotter.

• Time/voltage cursors enable measurements on or between live
and stored waveforms.

• Average mode improves signal-to-noise ratio on repetitive signals.
• Envelope mode saves maximum and minimum values of repetitive

events for worst-case analysis.
• Accumulate mode displays multi-valued waveforms.
• Connect-the-dots mode aids signal interpretation (HP

5420IA/D).



Specifications

•Specifications apply within ±10° C of auto-calibration temperature.
•• Dual-cursor specs apply for measurements made on the same or simultaneously-acquired
waveforms.
'''Provides 10:1, lMO input at HP 10017A or HP 10018A probe tip.
Notes: specifications apply after a 30-minute warmup period. Single-.sho1 reconstruction uncer
tainty equals ± 1ns (applies for time ranges of 50 ns through 21'5).

Ch~in"lC;~
.;

i'?lr':i1

, Y~;'!Ic.;;:d HP 54200A/D HP 54201A/D
Acqul.ition Real-time Re.l·time RepetltiYe
Method .ampllng .ampling .ampling
Bandwidth
(-3 dB)
dc-coupled dc - 50 MHz dc - 50 MHz dc - 300 MHz
ac·coupled 10Hz-50 MHz 10 Hz - 50 MHz 10 Hz - 300 MHz
Tran.ition Time 7 ns 7 ns 1.2 ns
(10-90%, calculated
from: bandwidth x
trans. time =0.35)
Range (Is cali- 40 mV to 40 V 40 mV to 16 V
brated with 2-digit
resolution)
Gain Ac:c:uracy ±2% of full-scale'
AID Conyer.ion ±1.6% oftull-scale
(ADC) Accuracy
Dc Off.et Ace.
Chan. Range
40 mV to 390 mV ±I% (offset) ±5mV
400 mV to 40 V ±1%(offset) ±50mV
40 mV to 790 mV ±l%oj offset ±5mV
800 mV to 16 V ±1%of offset ±100mV
Voltage Meas.
Accuracy (de)
Single cursor Gain accuracy + AOC accuracy + offset accuracy
(X or 0)
Dual cursor Gain accuracy +2 (ADC accuracy)
(X to 0 on same
waveform)
Input Coupling ac, dc
Input Resist. I Mil I MIl; 500 dc coupling
(Nominal)
Input Cap. 14 pF 10 pF
(Nominal)

Maximum Sa'e ±40V (dc+pk ac) I Mil: ±40V (dc+peak ac)
Input Voltage 500: 5Vrms or ±40V (dc + peak ac), whichever

is less
Input (dc+pk ac)
Operating Range
Channel range
40 mV to 390 mV ±2 V
400 mV to 40 V ±20 V
40 mV to 16 V ±I vertical range from center
Dc Offset Channel Offset Offset Channel Offset Offset
Rangel Range Range Res. Range Range Res.
resolution

40 mY! ±2 V -1.2 mV 40 mY! ±1.5V 1mV
390 mV 790mV
400 mY! ±20 V -12 mV 800 mV/ ±30 V 20 mV
40V 16 V

Orden!", 1!'lI01ma1ion
HP 54200'.4. 50 MHz digitizing oscilloscope

Opt W30 Service Extension
HP 54200D 50 MHz, logic triggering digitizing
oscilloscope

Opt W30 Service Extension
HP S4201A 300 MHz digitizing oscilloscope

Opt W30 Service Extension
HP 542010 300 MHz, logic triggering digitizing
oscilloscope

Opt W30 Service Extension

Price
S\9'i0

Sl20
\, 10.100

$200
S7950

$300
S99'i0

SJW

Time Base
(Horizontal) HP 54200A/D HP 54201A/D

AcqUisition Real-lime Real-time Repetitlye
Method sampling sampling sampling

Range 50 ns - 10 s full-scale 10 ns - 20 #s
(10 div.), 1-2-5 fulI'scale
sequence

Time Base ±2 ns or ±0.2% of time range, whichever is greater" ±200 ps or ±2% of
Accuracy time range, which-
single/duai ever is greaterU

cursors

Time Pre-trigger Post·trigger Time Pre-trigger Post·
Range Range Range Range Range trigger

Range

50 ns to up to up to Real·time Sampling Mode
Delay (Time 5#s 5#s I ms 50 ns to up to at leastOffset) 5#s 10~s 200
Pre/Post·trigger screen
range dia.

10#s to up to up to 10 #s to up to at least
lOs I screen 260 screen lOs 2 screen 200

diameter diameters diameters screen
diameters

Repetitive Sampling Mode

IOns to up to at ieast
20#s 2 screen 200

diameters screen
diameters

Pre/Post· Adjustable in steps of 0.1 (coarse) and Adjustable in steps of 0.1 (coarse) and
trigger 0.004 (fine) screen diameters, or the 0.001 (fine) screen diameters, or the
re.olutlon LSB digit, whichever is greater. LSB digit, whichever is greater.

Trigger
(Analog) HP54200A/D HP54201A/D

AcqUisition Real-time Real·time Repetitive
Method sampling sampling sampling

Sources Chan. I, chan. 2, Chan. I, External trigger input
external trig. input chan. 2

Sensitivity 118 of tull-scale 118 of 500:60 mV - 250 MHz
(de - 50 MHz) full-scale .2MO:IV (dc/

(dc-250MHz) 100 MHz)'"

Trig. Range
Chan. range
40 mV - 390mV ±2 V
400 mV -40 V ±20 V
4OmV-16V ±1.5 xfs ±2 V

Resolution
Chan. range
40 mV - 390 mV -2.4 mV
400 mV - 40V -24 mV
4OmV-16V .02 xfs 20 mV

LeyelAcc.
Chan. range
40 mV - 390 mV ±2% ±5 mV
400 mV- 40 V ±2% ±50 mV
40 mV -790 mV ±'3% ±5 mV
800 mV - 16 V ±3% ±IOO mV ±3% ±30 mV

External
Trig. Input HP54200A/D HP54201A/D

Acquisition Real-time Real-time Repetitiye
Method sampling sampling sampling

Input Resist.
(Nominal) I MO 500 .2M 0'"

Input
Coupling ac, dc dc dc
Maximum ±40V (dc+peak ac) 5 Vrms or ±40V
Safe ±40V (dc+pk (dc +
Input ac), which- peak ac)
Voltage ever is less.

Input Oper. Same as chan. I ±5 V(dc + peak ac)
Range and chan. 2inputs.



BOSCILLOSCOPES & WAVEFORM ANALYZERS
Digitizing Oscilloscopes
Model 54501A

• 100 MHz Bandwidth
• 4 Channels
• FUlly Programmable
• 16 Automatic Pulse Parameter Measurements

• Dual Time Base Windowing
• Automatic Limit Testing
• Three-year Warranty
• $3,465 List Price

e
The HP 54501A Digitizing Oscilloscope Brings You
Affordable Digitizing Performance.

Get the Digitizing Advantage
The HP 5450lA is a full-featured, 100 MHz, four-channel digitiz

ing oscilloscope with features and functions that were previously
available only on considerably higher priced instruments. Like the
HP 54100 and 54200-series digitizing oscilloscopes, this instrument
includes all of HP's digitizing advantages, such as Autoscale, push
button hardcopy output to HP graphics printers, 16 automatic mea
surements, non-volatile setup and waveform memories, and full HP
IB programmability.

Affordable Automation
The HP 54501A's fully-programmable setup and data acquisition

capabilities can be used with your HP Vectra, IBM, or other compati
ble personal computer. The oscilloscope's built-in HP-IB interface, its
simplified, self-documenting programming language and high data
throughput rate provide a modestly-priced, yet powerful automated
test system.

Easy to Use
The Model 54501 A is the easiest-to-use digitizing oscilloscope HP

has ever offered. It has a new, simplified user interface that makes
front-panel adjustments intuitive and straightforward. Adjustments
are made with a single front-panel knob or numeric keypad. Auto
matic measurements, hardcopy output or instrument setup are per
formed with a single keystroke.

Advanced Logic and TV Triggering
HP's advanced logic triggering is a standard feature on the HP

5450 IA. Use it to trigger on a wide variety of user-specified condi
tions. Trigger on Edge, Pattern, State or Trigger-after-delay to cap
ture such elusive events as timing violations or transient bus
phenomena. Trigger on glitches as narrow as 7 ns.

Select line and field for a variety of video waveforms. The Model
54501 A makes it easy to focus on the video information you need to
capture.

Measurement Limit Test
The HP 5450lA can automatically characterize a circuit or device

over temperature or time - without human supervision. Specify up
per and lower limits for any three of the instrument's automatic mea
surements, and leave it running unattended. If a measurement
exceeds the pre-defined limits, the current waveform, measurements
and other display data can be automatically stored or transferred to
an external printer or controller.

The instrument can automatically calculate maximum, minimum,
average and most-recent values for all measurements, making device
or circuit characterization even more accurate.

Dual Time Base Windowing
Dual time base windowing lets you zoom in on fine details of the

waveform you are measuring. Similar to the dual-delayed sweep fea
ture found on some analog oscilloscopes, dual time base windowing
gives you a time-expanded view of a smaller portion that is defined by
you with the instrument's easy-to-use cursors.

Lightweight and Portable
The HP 54501 A weighs only 22 lbs., and is easily transported. Its

small size allows it to fit easily in the trunk of a car, making it ideal for
field applications. An optional soft carrying case is also available, as
well as a sturdy transit case for safe shipment of the instrument.
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-$200

$3,465
$250

$75

Available Delay
40 x (sjdiv)

I s
10,000 x (sjdiv)

-40 x (sjdiv)
-200 IJ,S

-10,000 x (sjdiv)

10 us - 5 s
20 ns - 5 IJ,S

2 ns - 10 ns

Delay Range (pre-trigger)

Triggering
Trigger Sensitivity

5mV jdiv dc-20MHz, 0.1 x full-scale
20MHz-I00MHz, 0.25 x full-scale

All Other dc-20MHz, 0.05 x Full-scale
20MHz-100MHz, 0.125 x full-scale

Trigger Pulse Width 7 ns
(minimum)
Trigger Level Range ± 6 div from center
(Specifications valid for temperature range ± 100 C From calibra
tion temperature with 8 averages selected and channel (s) in sensi
tivity range 1, 2 or 5)

Ordering Information
The HP 5450lA digitizing oscilloscope comes complete with two

HP 10432A 10:1 10 MQ probes, an Operating and Programming
Manual, a Service Manual, one miniature-probe-to-BNC male
adapter, a power cord and a three-year warranty.
HP 54501A Digitizing Oscilloscope

Opt 908 Rackmount Kit (5061-6175)
Opt 910 Onc additional OperatingjProgramming

manual (54501-90901) and one additional
Service manual (54501-90902)

Opt 090 Delete Probes

Horizontal (Time)
Time Base Range Minimum 2 nsjdiv

Maximum 5 sjdiv
Time Base Accuracy .005%
Maximum Time Base
Resolution 100 ps
Delta t Accuracy 1 ns ± (5E-5) x delta t ± .02 x (tjdiv)

Delta-t accuracy for dual-cursor, single-channel
measurement, or for channel-to-channel mea
surement after visual time null calibration has
been performed.

Delay Range (post-trigger) Time Base Setting
50 ms - 5 s

1001J,s-20ms
2 ns - 50 IJ,s

Vertical Gain
Accuracy (de) ± 1.5%
Vertical Resolution ± 0.4% - 8 bit AjD

(Since expansion is used for 5 mV jdiv range,
AjD resolution is 7 bits 0.8% in that range.)
± 0.1 % - 10 bits via HP-IB (with averaging)

Maximum Sample Rate 10 Megasamplesjsecond
Memory Depth 501 points (display)

1024 points (via HP-IB)
For single-shot via HP-lB, maximum memory depth is 501 points.
For 2nsjdiv time base range, memory depth is 200 points.
For 5nsjdiv time base range, maximum memory depth via HP-IB is
501 points.
Input RC (nominal) I M Q, 16 pF
Input Coupling ac, dc
Max Input Voltage ± 250 V DC + peak AC « 10KHz)
Offset Range Sensitivity range Available offset

5 - 50 mV jdiv ±2V
0.1 - 1 Vjdiv ±20V
1 - 5 Vjdiv ±200V

Offset Accuracy + 2% of offset ± 0.2 X (V jdiv)
± 0.075 divisionjt. 0 C from calibration
temperature

Dynamic Range ± 16 divisions from center
Operating range for dc + peak AC input.
Channel-to-channel 40 dB dc to 20 MHz
Isolation 30 dB 20 MHz to 100 MHz
(with channels at equal sensitivity)
Voltage Measurement Accuracy

Single Cursor Gain Accuracy + offset accuracy +AjD resolution
Dual Cursor Gain Accuracy + (2 x AjD resolution)
(single channel)

Risetime = _-"0,,,.3::..:5,--_
bandwidth

Number Of Channels 4 (2+2)
(Channels 2 and 3 are limited attenuator in
puts, optimized for digital signals.)

Simultaneous Channels 2+2
Channels I and 4 are acquired simulta
neously. If four channels are used, data is
acquired alternately by channels I and 4,
then 2 and 3.

Vertical Sensitivity Maximum 5 mV jdiv
Minimum 5 Vjdiv

ac-coupled:
Repetitive 10 Hz to 100MHz (~3dB)

Single Shot 10 Hz to I MHz (Based on 10 points per period of
input signal.)

Risetime: 3.5 ns
(calculated from

HP 54501A Specifications
Vertical (Voltage)

Bandwidth
dc-coupled:

Repetitive dc to 100 MHz (-3dB)
Single Shot dc to I MHz

(Based on 10 points per period of input signal.)



OSCllLOSC()PES & WAVEFORM ANALYZEHS
Digitizing OscilioSCOfK-S
Models 54100A/D, 54110D

• 1 GHz band",n,Ph
• ,Ado pulse p.);arnder i:\,-"j ti!'1e interval measurements
• Di'Jital stOia ,t:

• Available W:tll CO:Jf Gr '!IY:, ;CiJrc-ne rjlspidv

• Pre-trigger viewing
• Logic tn~~gerjng (:Apabdlt'~

HP54110D

541100 (8.75") and have all of the same measurement features and
specifications. The HP 54100A has one external trigger input, while
the HP 541000 and HP 541100 have two.

HP 54100A/D and HP 54110D
As the speeds of analog and digital logic continue to increase, board

and system designers need to pay even closer attention to high-fre
quency and transmission-line characteristics of their circuits. Design
requirements are rigorous. Subnanosecond technology creates narrow
and elusive pulses.

HIgh Bandwif'll/-:
The HP 54100/ II 0 unite a powerful I GHz bandwidth with a ran

dom repetitive sampling technique for viewing rarely occurring nar
row waveforms. These oscilloscopes have 0.002% time base accuracy,
50 ps aperture jitter, and lOps resolution for confident measurements
of critical timing parameters in high-speed circuitry.

With random repetitive sampling, you can capture waveforms that
occur thousands of screen diameters before the trigger event. This
gives an effective memory depth of millions of bytes for finding causes
of failures that occur long before the trigger.

OrderinCl Informatwn
HP 54100A IGHz Digitizing Oscilloscope

Opt W30 Service Extension
HP 54100D IGHz Digitizing Oscilloscope

Opt W30 Service Extension
HP 54110D IGHz Digitizing Oscilloscope

with color display
Opt W30 Service Extension

Input Pods and ProD",';
HP 5400lA I GHz miniature active probe pod
HP 54002A 50 ohm BNC input pod
HP 54003A I-megohm, 10:1 probe pod

·n!)
~, "'Ii

',(HI

l)l)

Price
f, <"

; -;!;

i'iigh ResolutE,,1
Analyze pertubations within a waveform with high resolution.

With vertical magnification and waveform averaging, small signal de
tails can be viewed and measured with 10 bits of effective resolution.

Flexib1<..! Ana~,-sis

Only the HP 54100A/D and HP 541100 allow the display of ei
ther vertical channel versus the other. The I GHz bandwidth makes
this feature valuable in measuring high-speed I-V device characteris
tics and transfer functions high-speed converters.

The HP 54100AlD
When a monochrome display is preferred, for example in a totally

automatic test application, choose the HP 54100A or HP 541000
oscilloscope. These units require less rack height (7") than the HP

A Chok~ f)f Input POQS and ;:,'~,bw;

The HP 54100/ II 0 inputs are configured with removable pods that
can be chosen according to the application. Pods can be changed
quickly and easily, and they occupy a minimum of storage space.
• 50 ohm inputs and probes for a wide variety of environments, with

out the expense of amplifier plug-ins.
• I GHz miniature active probes for densely packed, high-speed log

ic circuits.
• I Mohm probes for circuits sensitive to resistive loading.
• 50 ohm BNC inputs for measurements where terminated lines are

important.
• 100: I probes for extended dynamic range.

For more information on the HP 54100/IIO's probing system,
please refer to page 80.



• 2 Giqasample/secon.J,:)w' channel when USb'j NiH1 HP 541'14A

• 500 MHz repetitive ;)anriw\dH.
• 8k memory depth
• PaintJet color hardLCiC", C.itP~it

The HP 541110 features a 1 gigasample/second digitizing rate and a 500 MHz bandwidth.

B

HP 54111 D: liigh-speed General-Purpose S(;OP~

The HP 541110 is a 1 gigasample/second, two channel (2
gigasample/second one channel when used with HP 54114A 2
gigasample/second test set) digitizing oscilloscope with a memory
depth of 8k samples per channel. The HP 541110 retains all of the
key features and user friendliness of the HP 54100/110 oscillo
scopes . . . such as automatic measurements, autoscaling, cursors,
and a color display. Plus, the HP 541110 adds features necessary for
controlling and managing the added memory depth, such as scroll,
zoom, and memory bar.
Key Contributions
• 2 gigasamples/second digitizing rate (maximum)
• 500 MHz bandwidth
• 8k memory per channel
• Up to eight bits of vertical resolution with bandwidth limits
• Two channels of simultaneous capture at up to 1 GSa/s
• Pre-trigger information
• Automatic measurements
• Fully HP-IB programmable
• Advanced Logic triggering capabilities
• Instant hardcopy output
General-purpose to Special Applications

With a 2 gigasample/second digitizing rate, the HP 541110 gives
you the fastest sampling rate available in a general-purpose digitizing
oscilloscope. However, the HP 541110 is much more than an instru
ment for capturing fast single-shot transients. With random repetitive
sampling, this instrument provides a bandwidth of 500 MHz for high
speed circuit design and test.

In addition to its single-shot and repetitive capabilities, the HP
54111 0 provides flexible input coupling with a side dynamic range
for viewing and analyzing a variety of signals. Use this scope for just
about any general-purpose application from very slow to very high
speed repetitive or non-repetitive waveforms.
Memory Bar Simplifies Data Viewing

The HP 541110 provides 8k samples of memory per channel. This
results in 16 screens of waveform information in each real-time or

single-shot acquisition cycle. To simplify management ofall this data,
the HP 541110 displays a memory bar. The memory bar is displayed
along the top edge of the graticule and shows the portion of memory
being viewed relative to the entire memory record. In addition, the
trigger point is also shown along the memory bar.
Ultra High Digitizing Rate

No longer do you need a manual analog storage oscilloscope to cap
ture high-speed single-shot phenomena found in:
• high-speed pulse analysis
• nuclear test studies
• plasma discharge
• high voltage arcing
• high frequency bursts

All these single-shot events can be captured easily at 2 GSa/s, with
4 /LS of data stored for review and analysis.
High-speed ECl Design

Non-repetitive glitches appearing on the clock signal can be cap
tured easily with the 500 MHz single-shot performance of the HP
541110 with the HP 54114A two gigasample/second test set. Four
/LS of pre-trigger data is invaluable for determining the cause of the
glitch.
High-speed Semiconductor Design

Single-shot performance of 500 MHz permits you to measure the
outputs from latches (Le., one-time events for multiple clock periods
in EeL circuits).
laser and High Energy Research

Photo detector pulses can be measured via single-shot capture us
ing the 2 GHz sampling rate and built-in automatic measurements.
Infinite persistence can also be used to show and measure maximum
variations of the waveform to the 500 MHz bandwidth.

The HP 541110's two simultaneous 1 gigasamplejsecond channels
give you the single-shot performance of the most advanced analog
storage oscilloscopes, but with all the advantages and ease of use of a
digitizing oscilloscope. And with a staggered over-sampling tech
nique, the HP 54111 D provides this single-shot performance with up
to eight bits of non-blooming vertical resolution.



Digitizing tJ~:;ei~i(j'~;';OP"~S(confd)
Models 54100A/D, 54110D

'OPES & WAVEFORM ANALYZERS

Input Coupling: acjdcjdc-50 ohmsjGnd
Input Impedance: I Mohm at 6.5 pF or 50 ohm (dc)
Maximum Safe Input Voltage: ±40 V at I Mohm (dc + peak ac), 5
V rms at 50 ohms

Horizontal (Time)
Digitizing Rate: I gigasamplesjsecond to 50 samplesjsecond
Deflection Factor: 500 psjdiv to I sjdiv
Memory Depth Per Channel: 8k (8 JJ.S at I gigasamplejsecond),
single-shot only.
Pre-trigger Delay Range: -8 JJ.S at timebase settings 50 usjdiv and
less, increasing to -160 seconds at I sjdiv.
Post-trigger Delay Range: .16 seconds at timebase settings .5
JJ.sjdiv and less, increasing to 10k seconds at I sjdiv.

With its 1 gigasample/second digitizing rate, the HP 541110
was able to capture this laser pulse single-shot.

Data Communications
Combine I gigasamplejsecond digitizing rate with eight kbytes of

memory depth per channel, and you have an invaluable tool for ana
lyzing high-speed serial waveforms such as data communications or
radar testing.
High Bandwidth Applications

Not only is the HP 54111 D digitizing oscilloscope useful for single
shot phenomena, but it also samples repetitively, giving you 500 MHz
bandwidth with high signal fidelity. Use this scope for just about any
general-purpose application from very slow to very high-speed repeti
tive or non-repetitive waveforms.
Computer-aided Test

The HP 54111 D has many features that make it an excellent tool in
computer-aided test. Its repetitive bandwidth and digitizing rate al
low it to cover a wide range of automatic measurement applications.
In addition, this instrument has many features that enhance test
throughput time, such as built-in automatic measurements, fast ac
quisition cycles, and deep memory.
Input Range and Conditioning

The HP 54111 D has the widest input dynamic range and coupling
capabilities of any of our digitizing oscilloscopes. The input sensitivity
can be set from I mVjdiv to 5 Vjdiv. In addition, all input coupling is
internal and programmable. The selections include: ac, dc, I meg
ohm, 50 ohms, and GND. These input signal conditioning features
make the HP 54111 D more general-purpose for the circuit designer
and test engineer.

•Bandwidth for settings 1mYIdiv to 4.9 mY Idiv is reduced to 150 MHz.
• 'When calibrated to probe tip using front panel calibration source. Applies to major ranges (5

mY Idiv, 10 mYIdiv, 20 myIdiv, 50 mYIdiv, 100 mYIdiv, 200 mYIdlv, 500 mYIdlv, 1YIdiv, and
2 YIdiv). All continuous settings between these ranges are ± 3% of full-scale.

•• , Applies to settings 5 mYIdiv and above.
#RawData

HP 54 -111 D ~;per;il'~cah<;ns

Vertical (Voltage)
Channels: 2

$480

$1625

Price
$26,900

Ordering Inf'Jrmation
HP 54111D I gigasamplejsecond digitizing
oscilloscope
Option 114
Adds HP 54114A 2 gigasamplejsecond test set
Opt W30 Service Extension500 MHz

700 ps
6 bits, 8
bits with
averaging

RepetitiveSingle-shot
one channel
with HP 54114A
500 MHz
700 ps
8 bits/50 MHz
7 bits/200 MHz
6 bits/500 MHZ#

two channel

250 MHz
1.4 ns
8 bits/25 MHz,
7 bits/IOO MHz
6 bits/250 MHz

Gain Accuracy: ±2% of full-scale**
Dc Offset Accuracy: ± 1.5% of setting

Measurement Accuracy
Single data point: ±gain acc ± offset acc ± resolution
Between data points on the same waveform: ±gain acc ±2 x
resolution

Dc Offset Range: ±200 mV (I mV jdiv to 4.9 mVjdiv)
±I V (5 mVjdivto 49 mVjdiv)
± 10 V (50 mV jdiv to .49 Vjdiv)
± 100 V (.5 Vjdiv to 5 Vjdiv)

Bandwidth
Transition Time
Resolution/BW
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Horizontal (Time)
DigitiZing Rate: 400 Megasamples/second to 50 samples/second.
Memory Depth Per Channel: selectable either 64k or 8k in single
shot only.
Pre-trigger Delay Range: -160 iLsec at timebase settings of 125
ns/div and less, increasing to -1200 seconds at I second/div.
Post-trigger Delay Range: .16 sec at timebase settings .5 /Lsec/div
and less, increasing to 10,000 seconds at 1 s/div.

Gain Accuracy: ±2% of full-scale"
Dc Offset Accuracy: ± 1.5% of setting
Measurement Accuracy
single data point: ±gain acc±otfset acc±resolution.
between data points on same wavcform: ±gain ace ±2 x resolution.
Dc Offset Range: ±1 V (5 mV /div to 49 mV/div)

±IO V (50 mV/div to.49 V/div)
±40 V (.5 V/div to 5 V/div)

Input Coupling: ac/dc/dc-50 ohms
Input Impedance: I Mohms at 6.5 pf or 50 ohms
Maximum Sate Input Voltage: ±40 V at I Mohm (dc + peak ae)

5 V rms at 50 ohms
• When calibrated to probe tip using front panel calibration source. Applies to major ranges

(5 mY, 10 mY, 20 mY, 50 mY, 100 mY, 200 mY, 500 mY. 1 V and 2 V). All continuous settings
between these ranges are ~3% of full scale.

Repetitive
dc to 100 MHz
10 Hz to 100 MHz
3.5 ns (nominal)

I
6 bits, 8 bits
with averaging

±500 ps ±.002% of reading
±l ns ±.002% of reading

5 mV/div to 5 V/div continuous

6 bits

Single·shot
de to 100 MHz
10 Hz to 100 MHz
3.5 ns (nominal)

Time
Measurement
Accuracy

single channel
dual channel

HP 541120 Spe;~!hc<ltiOl1

Vertical (Voltage)
Channels: 4
BandWidth

dc-coupled
ac-coupled

Transition Time
(10% to 90%)

Deflection Factor
(full scale~8 div)
Resolution

Key G,:.n(:rihutiom;
• 400 megasamples per second digitizing rate
• 100 MHz repetitive and single-shot bandwidth
• 64k memory per channel
• Four channels of simultaneous capture at the full digitizing rate
• 160 iLS of pre- or post-trigger information minimum
• Automatic measurements
• Fully programmable
• Advanced Logic triggering capabilities
• Instant hardcopy output

HP 541120

HP 541120: Four Channel Deep Memory Scope
The HP 541120 is a 400 megasample per second, four channel

digitizing oscilloscope with 64k samples of memory depth per chan
nel. The HP 541120 retains all the key features and the user friendli
ness of the HP 54100 series scopes. These features include automatic
measurements, autoscaling, cursors, functional color display, scroll,
zoom, and memory bar.

Automatic Tesl Envin"n'·,·,,'!.1
The English-like commands and logical structure of HPOL (Hew

lett-Packard Oscilloscope Language) make programming the 54100
series scopes in computer aided test a much easier task. The learning
curve is greatly reduccd.

The four channels, built-in automatic measurements and very deep
mcmory of the 541120 improve the throughput of ATE systems. Oa
ta that used to take many acquisitions passes can now be captured in
one.

Triggering
Sources: internal chan. 1,2,3,4 and external input.
Sensitivity

Internal: 0.1 of full-scale
External: 10mV (I: I )

Trigger level range:
Internal: ± 3 x full scale
External: ±5 V (1:1)

External trigger input
Input resistance: 200k ohms
Maximum input sale voltage: ±40 V dc + peak ac.
Input operating range: ±5 V (I: I) dc + peak ac.

Gen+;·rE~~ ~'~urpose ~;~p,~,~;o

The fully programmable input impedance and coupling of the four
channels allow the user to choose I megohm impedance AC or DC
coupled or 50 ohm DC coupled on each channel.

Orderlllg Inrolm"I,,::rn
HP 54112D 4 channel 64k memory/channel digitizing
oscilloscope.

Opt W30 Service Extension

~n:1'.'"

<:,'(JU
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HP 54120T, HP 54118A ~~rr;n:~

HP 54120T-20 GHz Bandwidth,
10 ps Time Interval Accuracy

The HP 54120T Digitizing Oscilloscope combines a 20 GHz
bandwidth, a time domain reflectometer, four input channels and su
perb stability in an easy-to-use, fully-programmable instrument.
Whether your application involves high-speed device and circuit
characterization, microwave and RF measurements, or high-speed
datacom analysis, this new instrument will give you a new confidence
in state-of-the-art measurements.

• dc-20 GHz bandwidth
• 17.5 ps risetime
• lOps time interval accuracy
• 0.25 ps time interval resolution
• 10 ps/div-l s/div timebase
• 0.4% vertical accuracy
• 32 J.LV resolution
• 1 mV/div-80 mV/div vertical sensitivity
• Automatic pulse-parameter measurements
• Fully programmable
• Pushbutton hardcopy documentation
• Four input channels
• Step generator with 35 ps risetime and 1% flatness
• Reflection (TDR)/Transmission (TOT) normalization I

• Time and voltage histograms

P"t< ,: :, " .'\ i ·f

The HP 54120T's 0.25 ps time interval resolution and 10 ps time
interval accuracy reduce the scope's contribution to errors in digital
timing measurements in semi-conductors and computers.

Tru*.'" :~"'~" -~~-;<~i.~8t /-lt~ hQ HP ,-':-'~/i'~ iB.t

Triggc1
The HP 54118A 500 MHz to 18 GHz trigger makes event trigger

ing at microwave frequencies a reality. No longer are you restricted to
the use of countdown synchronizers to use your oscilloscope up to 18
GHz. Trigger on the carrier of a pulsed RF signal, CW signals with a
large noise component or the output of a microwave component and
make measurements that till now were not possible.

Probe The Inaccessible-The HP 54006A
Resistive Divider Probe Kit

The HP 54006A, 10: 1 500 ohm and 20: I I kohm, 6 GHz resistive
divider probe kit gives access to signal points that previously avoided
inspection. Now designers can see what the waveform looks like at the
input to a GaAs gate, instead of having to settle for what it looks like
at the end of a 50 ohm cable.

Precision Low-loss Measurements
The HP 54007A Accessory Kit

The HP 54007A Accessory Kit provides an assortment of parts
with APC-3.5 connectors for low loss measurements. This kit is high
ly recommended for low loss reflection/transmission measurements.
The kit includes low loss 50 ohm coaxial cables, coaxial shorts, coaxi
al 50 ohm terminations, 7.5 cm airline, 6 dB and 40 dB attenuators,
and a power splitter.

1. Normalization utilizes the Bracewell transform which is under license from Stanford University.
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Time and Voltage histograms, which quantify jitter and noise mea
surements, characterize the eye pattern in data communications ap
plications. Eye height and width, location of the one or zero, are all
easily found with histograms.

Timebase (Horizontal)

Scale Factor
(Full-scale is 10 divisions)

Minimum
Maximum

10 ps/div
1s/div

Ehn1~n';;;7::(: ;+f:nCC~V,)ri; ':'~"~; ':n
Ringing and waveform distortion can be eliminated by using time

domain reflectometry to locate and remove discontinuities in trans
mission line systems.

Delay
(Time offset relative to trigger)

Minimum
Maximum

16 ns
1000 screen diameters or

10 seconds, whichever is
smaller.

HP 541201 Speci'iie;'.\,on~'

Channels (Vertical)

<50 mV pop (-22 dBm)
<500 mV p.p (-2 dBm)
<l V pop (+4 dBm)
50 ohms
25 Vdc, 4 Vpop ac (+4 dBm)
oVto 2 Vpop (+10 dBm)
oVto 2VPOp (+10 dBm)
50 us to 200 us

10 ps ± 0.1 %of reading

0.25 ps or 0.02 division,
whichever is larger

HP 54118A Trigger Input
Sensitivity

500 MHz to 2 GHz
2 GHz to 12.4 GHz
12.4 GHz to 18 GHz

Nominal Impedance
Maximum Safe Input
Trigger Level
Arming Level
Hold Off

Time Interval ReSOlution

Time Interval Accuracy
(Dual marker
measurement)

~ 28.2 ps

de to 12.4 GHz

12.4 GHz Bandwidth
Mode (average or
persistence modes)

~17.5ps,

Chs 2,3,4
~ 19.4 ps, Ch 1

de to 20 GHz.
Chs 2, 3, &4
(Ch 1 is -3.5 dB
@20 GHz)
de to 18 GHz, Ch 1

20 GHz Bandwidth
Mode (average mode
only)

Transition Time
(10% to 90%)
(calculated from
Tr=.35/BW)

Bandwidth
(-3 dB)

"The risetime of the generator is less than 35 ps, as calculated by (Tr system) • 2=(Tr genera
tor)·2 +(Tr scope)· 2

Step generator levels
Low OV±2mV OV=/-2mV
High +200 mV ± 2 mV +200 mV ± 2 mV

Channel offset: ± 500 mV

50 ohms

Ordering ink,rrp,,:, ,n ~',.

HP 54120T 20 GHz Digitizing Oscilloscope
The HP 54120T 20 GHz Digitizing Oscilloscope consists of an HP

54l20A Digitizing Oscilloscope Mainframe and an HP 5412lA Four
Channel Test Set. The HP 54l20T may be ordered or the HP 54120A
and HP 54121A may be ordered separately. Only one HP 54121A
may be connected to an HP 54120A mainframe at a time.

HP 54120T Digitizing Oscilloscope
Opt W30 Service Extension
Opt 090 Delete RF Accessories
Opt 908 Rackmount Kit

HP 54120A includes:
Color mainframe, interface cable, operating and programming

manual for the HP 54120A and HP 5412lA, and a U.S. power cord.

HP 54120A Digitizing Oscilloscope
Opt W30 Service Extension
Opt 908 Rackmount Kit

HP 54121A includes:
Four vertical channels; switchable step generator; and a trigger in

put; five adapters, APC-3.5 (f-f); five coaxial shorts, SMA (m); one
anti-static mat with wrist strap; and RF accessories. RF accessories
include: Five 20 dB attenuators, APC-3.5 (f-m); three 50 ohm cables,
SMA (m-m); two SMA (m) to BNC (f) adapters; one 50 ohm termi
nation, SMA (m); One 50 ohm termination, SMA (f); One coaxial
short, SMA (f).

HP 54121A Four Channel Test Set
Opt W30 Service Extension
Opt 090 Delete RF Accessories
Opt 908 Rackmount Kit

HP 54118A 500 MHz to 18 GHz Trigger includes:
External input cable for connecting HP 54118A to the trigger in

put of HP 54121 A 4-channeltest set, RF accessories to view the trig
ger signal, two APC 3.5 adapters (f-f) and two SMA shorts (M).

HP 54118A 500 MHz to 18 GHz Trigger
Opt 090 Deletes RF accessories
Opt 908 Rackmount Kit (5061-9672)
Opt 910 One additional manual
Opt W30 Two additional years of

return-to-HP service

Accessories
HP 54006A 6 GHz resistive divider probe kit
HP 54007A Accessory kit

~O.I%

Adjustable: allowable
values based on
timebase setting
Minimum: 10 ps or

0.8 xTime/div,
whichever is
greater

Maximum: 5 xTime/div

Normalized
Characteristics

Average mode: ± 0.8% of full-scale
Persistence

mode: ±08% of full-scale
±3.0% of reading

± 2 Vde + ac peak, (16 dBm)

Four
± 320 mV relative to channel offset

Average mode: ± 0.4% of full-scale ± 2 mV
Persistence

mode: ± 0.4% of full-scale ± 2 mV
± 3.0% of (reading ch offset)

~ 1%after 1 ns
from edge:
~ +5%, -2% to I ns
from edge

~ 5% for 30 ps risetime
3.5 mm (m)

~ 45 pst

Combined Oscilloscope
and TOR Performance

Flatness

Risetime

TDR System

de Difference
Voltage Accuracy
Using Two Voltage
Markers On The
Same Channel

Programmable dc
Offset

dc Accuracy,
Single Voltage
Marker

Inputs:
Number
Dynamic Range
Maximum Safe

Input voltage
Nominal

Impedance
Percent

Reflection
Connectors
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HP 5183T (5183U, 4 channels-not
shown), see page 72 for more informa
tion.

HP 5185T, see page 70 for more informa
tion.

~~
SYSTEMS

HP 5180U (5180T, 2 channels-not
shown), see page 74 for more informa
tion.

Precision Digitizing Oscilloscope
The oscilloscope has been one of the fundamental engineering tools

for many decades. It is a general purpose instrument, which provides
the same measurement answers as racks of instrumentation. Voltage,
frequency, phase and many more parameters can be measured using
an oscilloscope, but it usually involves laborious human intervention
to count graticules and interpret data. Also, until the storage scope,
most transient measurements could not be performed.

With the advent of digitizing oscilloscopes, the tedium involved in
taking data from a waveform has been vanquished. The production
line no longer needs the single, dedicated instruments, customized to
take a voltage or time measurement. The digitizing scope can "cap
ture" the waveform, and preprocess the signal to provide single num
ber answers so that the technician or computer can make simple "go"
or "no go" decisions. Waveforms can be stored enabling characteriza
tion and correlation between runs,

Accuracy unrealized by oscilloscopes is obtained by this new series
of precision digitizing oscilloscopes. Measurements with standard an
alog oscilloscopes produce approximately 30 dB of dynamic range;
the HP SI83T/U, SI80T/U, and SI8ST precision digitizing oscillo
scopes have 72 dB, 60 dB, and 48dB of dynamic range respectively.

Built-in Analysis Package
HP precision digitizing oscilloscopes provide many analysis fea

tures. These features give the designer or technician the information
he needs in real time without resorting to the use of sophisticated ex
ternal software to manipulate the data.

These oscilloscopes provide pulse measurements according to the
IEEE-194 standard. The designers can also define their own pulse
characterization environment. Risetime or fall time are provided with
the touch of a finger in the analysis menu. Positive and negative

pulse widths along with duty cycle and amplitude are other statistics
available. Also included at a single touch are overshoot and under
shoot.

Reai ~- ~!~';ver:£,,'(>n Dc"rnair:,
With the introduction of the precision digitizing oscilloscope, the

designer can now do some frequency domain analysis with the same
instrument that does the time domain analysis. Both domains can be
observed and characterized simultaneously~ An FFT is performed on
the time record using either a Hann, Uniform, Flat Top or user de
fined window. The magnitude and the phase spectrums can then be
computed and displayed independently using the flexibility of the in
struments.

Wir'J:~: i{J " 1,l}h:~ ~;, iH:'tC a if:: ~H i~ ~,;:

Two waveforms can be manipulated mathematically by adding,
subtracting or multiplying them together. This gives the designer the
ability to experiment quickly with modulation, performing experi
ments on raw data before breadboarding is done. Afterwards, the da
ta can be gathered from the actual circuit and compared against the
theoretical data. All this is accomplished without the aid of external
computational equipment.

Incoming signals, or waveforms in memory can be integrated or
differentiated, resulting in a waveform that lets the designer bypass
special purpose hardware or computer programming. The DC drift of
a circuit is easily quantifiable using integration in the analysis feature
set. High frequency components of a signal are easily identifiable by
integrating an incoming signal and placing it either underneath the
signal, or combining the two traces into one display.

Waveform Reconstruction means Readable
Displays

A cornmon complaint when using digitizing oscilloscopes, is that the rep
resentation of the data is not always optimum. The following two figures
show the same waveform; the top waveform has used the waveform re
construction algorithm, built into the HP Sl83TIU, 5l80TIU, and 5l85T,
and the bottom waveform shows the data with the recon-



struction feature turned off. The top graph is also the representation
that would be viewed on a storage oscilloscope.
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Reconstruction gives designers a truer representation of the data,
allowing them to continue thinking in the analog time domain.

Flexibility in Data Presentation
These digitizing oscilloscopes are extremely friendly as bench top

instruments. One to four traces can be displayed, with the designer
determining what the traces consist of and how they are displayed. As
with analog oscilloscopes, continuous or single-shot waveforms can be
displayed. Here the similarity with analog scopes ends; the precision
digitizing oscilloscope can also display waveforms stored in memory,
or signals that have been processed using the analysis functions inside
the scope. These oscilloscopes can display analyzed data and the orig
inal measurement continuously as the signals are digitized. Once the
waveform has been digitized, the display can be manipulated by
zooming in on an interesting section, or changing the gain and offset
to show more fine details.

Permanent Copies of Waveforms
The HP 5183T/U, 5180T/U, and 5185T provide two ways tocre

ate permanent copies of waveforms or processed signals. With the

optional internal floppy disc, up to 250 IK records can be stored. In
addition to storing captured and processed waveforms, the entire
state of the instrument can be stored so that complex series of instru
ment setups can be recalled at a touch, leaving the designer or techni
cian to concentrate on the device under test, and not setting up
instruments. The waveforms are formatted in Hewlett-Packard's LIF
directory, permitting the recorded disc to be used with any of the HP
9000 series 200 and 300 computers. In addition to storing the binary
waveform, each file is time stamped.

Hardcopies of the display can also be created without the aid of a
controller. This series of precision digitizing oscilloscopes operates
most HP plotters (see the data sheet for a complete list of the sup
ported plotters).

Precision Measurements with Cursors
Two cursors are provided for making accurate measurements. A

reference level, settable by the operator, is used to make voltage mea
surements; timing measurements are taken with respect to the trigger
point. The difference between two cursors is also available for voltage,
timing, frequency and decibels. Measurements using the delta cursors
feature can be made on a single trace, or between two different traces
being displayed.

Quick timing, frequency, voltage and power analysis can be accom
plished using a single cursor. Once the cursor is placed on the desired
waveform, the minimum and maximum can be determined with a sin
gle touch. A single keystroke places the cursor on the next minimum,
maximum, or zero crossing which reveals waveform details without
the user having to perform a tedious search.

Battery Backed up Instrument Settings
Four instrument settings may be stored, but five can be recalled.

The fifth memory location contains the instrument environment that
was present before the last recall, which means that a complex instru
ment setting won't be overwritten by accident. This gives the designer
or technician the ability to determine the exact instrument settings,
and then auto-sequence through five different test setups. The ram
that stores the front panel settings along with the internal clock is
backed up by a lithium battery.

,- Common Analysis Features ,

Pulse characterization
Rise time, fall time, baseline, topline
+ width, - width, overshoot, period
frequency and duty cycle

Voltmeter
Peak to peak, rms and period rms

Frequency Domain
Power spectrum, phase spectrum and magnitude spectrum
Available windows
Uniform, Hann and Flat Top

Waveform math
Add, subtract and multiply

Calculus
Integrate and differentiate

Frequency Counter
Average frequency and event crossing

Miscellaneous functions
Minimum hold, maximum hold and extract

Cursor functions
Waveform maximum, waveform minimum, next maximum,
next minimum, next crossing, next positive crossing and next
negative crossing

Display functions
X zoom, X position, Y gain, Y offset,
reconstruction and dot or line mode

Plotting
Plot waveforms with most HP plotters

Mass storage
Using 3.5 inch floppy discs, when option 035 is installed

See next two peges for more information on the HP 5185A!T,
See pages 72 end 73 for more information on the 5183A/T/U,
See page 74 and 75 for more information on the HP 5180T/U.
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cilloscope (cont'd)

1 KHz 10 KHz 100 KHz 1 MHz 10 MHz 100 MHz

FREQUENCY (Hz)

The spectrum plot shows that the error as the frequency goes
up is due to the roll-off in the signal conditioning.
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HP 5185T

High-speed Precision Digitizing Oscilloscope
The HP 5l85T provides uncompromised voltage resolution along

with its high digitizing speed. In-depth dual domain analysis is now
possible at 110 MHz bandwidth. The HP 5l85T is one of HP's most
powerful single-shot measurement tools because the power of a high
speed waveform recorder (the HP 5l85A) is coupled with the multi
talented display section. The display section consists of a high-quality
2048 X 2048-point vector display, a precision analysis package, and a
flexible user and computer interface.
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Increasing the number of periods for the frequency counter
function improves the resolution. Option 010 ensures that
todays measurements match tomorrows because of the best
aging rate available in a digitizing oscilloscope.

The periodic-rms voltage function ensures that you take the rms
voltage of full periods only.

("i:,J" ~-!. "~:f~..f.

The HP 5l85T emulates a rack of instrumentation because of the
built-in analysis package (see the previous page for a list of the analy
sis functions). The HP 5l85T can emulate a spectrum analyzer, a
voltmeter, and a frequency counter for the analysis of single-shot or
repetitive signals. Real-time analysis is possible as with dedicated in
struments, but one of the real strengths of the precision digitizing os
cilloscope, is that it can do post-processing and delimited analysis.

The three graphs show a sample of the measurement characteris
tics that are in the datasheet. Since the HP 5l85T supports delimited
analysis, the characteristics for the voltmeter and the frequency
counter are graphed as a function of the number of periods.

(>a~::hli''!{~''ll ?:si ::.~.~'L:-:;:~j'e -s> ~nals

Triggering on the correct signal is one of the more important fea
tures that must be considered when purchasing an oscilloscope. With
the correct trigger, less memory is needed because you can trigger on
exactly the event of interest. Otherwise, you must record much more
than you need and hope the event is buried in your recording. The HP
5l85T provides flexible triggering via variable sensitivity (hysteresis),
delay trigger, bi-trigger, posneg trigger, drop-out trigger, and pre
and post-triggering.

H," Dr' \")i':! [ \k,',
O~njk . COp,,"

HP builds the HP 5l85T with a separate high performance ADC
(analog-to-digital-converters) for each of the two channels, allowing
simultaneous two channel recording at the maximum speed. The two
ADCs are bipolar flash converters, which provide a lower noise-floor
than CCDs (charge-coupled-devices), a commonly used technology
for high-speed ADCs. The 8-bit ADCs ensures 48 dB' of dynamic
range, and HP specifications guarantee its usefulness.

Recording high-fidelity information at a 250 Msample/sec rate is a
key performance specification for the HP 5185T, but this would be
useless if signal conditioning was ignored. The HP 5l85T provides
nine ranges that can optimize your signal whether it's 50 mV or 20 V
peak-to-peak. Standard scope features are supplied, such as
lMfl/50fl termination and ac/dc coupling, along with uncommon
features such as the wideband input and switchable 6-pole anti-alias
filter.

'Resolution can be determined as approximately 6 dB/bit. See page 71 for specifications and ordering information.
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HP 5185A

HP 5185A Waveform Recorder
For those applications that require high timing resolution coupled

with the 48 db of dynamic range of the HP 5185T, but not the charac
terized analysis, real time control or custom display, the HP 5185A is
the optimum solution. The HP 5185A is not a stand-alone instru
ment, but functions as a digitizing front end to a computer.

Pcwerlu? Data .AcqiJisilion 'J'lith HP BASIC
The interface language of choice with instrumentation is HP BA

SIC because of rapid program development and easy control of com
plex instruments. The HP 5185A comes standard with BASIC
software drivers for the HP 9000 series 200/300 computers to create
an unparalleled data acquisition system. Raw data is transferred
across the HP-IB bus at rates of 300 kbytes/ second when the DMA
card is installed in the computer.

lowt,r GU5t Solutions "lith PC;,
When system throughput is not the critical factor, and an installed

software base must be used for analysis, an IBM-PC compatible, such
as the HP Vectra, can control the HP 5185A. This is accomplished
with the standard software drivers when the PC has the HP 82300A
BASIC language processor card installed.

HP 5185A/T Condensed Specifications1

Internal reference:
Timebase reference= 10 MHz.
Aging rate= ±3 x 10-6/year after 10 days power.
Temperature= ±5 x 10-6,0 to 50°C.

External reference input: I, 2, 5, or 10 MHz.
External encode: variable from dc to 250 MHz. External encode sig
nal can be divided down using internal timebase divide chain.
Gated timebase: Either the internal timebase or the external encode
can be gated on and off with the external trigger.

HP 5185T Condensed Specifications1

Measurement Control
Triggering: Auto, normal, single, and manual.
Enhancements: Capture, auto-advance, and loop-advance.
Averaging: Average from I to 100 records.

Memory
Standard: 65,536 samples per channel.
Record size: Ik samples to 64k samples in powers of two.

Timebase
High stability frequency reference (Option 010)

Timebase reference: lO MHz
Aging rate: 2 x IO-J /year after 10 days of power.
Temperature: 7 x 10-9,0 to 50°C.

,>,-1,),(j(l(}

Price
,,1! .U()O

Chamw; land 2 inpt!t5
Input attenuator ranges: + 50 mV to ± 20 V (full scale).
Input offset voltage: ± 1.35V below I V range, ± 20 V on the I V
range and above.
Input Bandwidth (-3 dB): > 110 MHz (nominal 125 MHz), with
anti-alias filter (6-pole) <70 MHz (nominal 60 MHz).
Input impedance (nominal): 1 MQ switchable 15 pf or 50 Q.
Input coupling: ac, dc.
Damage level (50 Q input): 5 Vdc or rms all ranges.

(1 MQ input): ± 30 Vdc all ranges, 6.6 Vrms for input ranges below
I volt, 30 Vrms for input ranges I volt and above.

Dynamk Pc·'wrmancelf'w Calibration
Harmonic and spurious distortion: -46 dBc @ 5 MHz,

-36 dBc @ 50 MHz.
Effective bits: 6.8 bits @ 5 MHz,

6.5 bits @ 50 MHz.

Trig!~<=i"lr.q

Internal trigger: level and sensitivity selectable over input voltage
range.
External trigger: level selectable over ± 2.5 V.
External source: + and -.
Internal source: channel l, channel 2, delay.
Settable: level, hysteresis, position, drop-out delay, delay from exter
nal trigger.
Internal slope: ±, bi-trigger, posneg, and dropout.
Trigger position: -99% to > 1600% of record length.

Timebas,",
Internal timebase: 250 MHz internal timebase allows sample inter
vals of 4 ns, and 8 ns to 490 us in 8 ns multiples.

HP 5185A1

Operating System Environment
BASIC software drivers operate under BASIC 4.0 on the HP 9000

series 200/300, and HP Vectra with HP 82300A.

Measurement Control
Triggering: Single and auto.
Sweep delay: 10-2 seconds to 105 seconds (time until a trigger is
forced for auto-trigger).

Memory
Standard: 65,536 samples per channel.
Record size: 64 samples to 64k samples per channel.

Ordering Information
HP 5185A Waveform Recorder 2-channel (includes an
interconnect cable, software for control and data trans
fer on the HP series 200 and 300 computers, and one
day of consulting). Requires host computer for opera-
tion.
Option for the HP 5185A

Option W30 Two additional years of "return to HP"
service and support

HP 5185T Digitizing Oscilloscope 2-channel (includes
waveform analyzer, 2-channe\ recorder section, charac
terized analysis package, interconnect cables, and one
day of consulting).
Options for the HP 5185T

Opt 010 Oven Oscillator
Opt 035 Floppy Disc Drive add
Opt W30 Two additional years of "return to HP" ,idd
service and support

'See the HP 5185AIT Datasheet (Pub 02-5952-7883) tor more intormation.
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Precision Digitizing Oscilloscope
Model 5183T/U

• Differential inputs
• Adaptive Sample Rate
• Dropout trigger

DESIC,rw[) FOR

• 256K word per channel optional memory
• Complete calibration to probe tip
• Configurable as two or four channels

SYSTEMS

HP 5183T

• :

Unbeatable measurement resolution
&accuracy

The HP 5183TjU provides many features unavailable from any
other digitizing oscilloscope. Trigger features allow data acquisition
that was previously either impossible, or required complex external
trigger circuitry. The optional 512K word memory allows long con
tinuous records to be acquired. In one channel operation, channel one
can be configured to have 512K samples with option 512 installed.
Adaptive Sample Rate gives the benefit of catching glitches that
would ordinarily escape detection. The burst timebase feature allows
samples to be gathered in packets of samples as small as 1 sample per
trigger point. Calibration is now possible out to the probe tip provid
ing greater absolute accuracy.

Enhanced trigger capability
As with the other Hewlett-Packard waveform recorders, post- and

pre-triggering are available. This permits viewing of the trigger point,
the events leading up to the trigger point, or events that occur long
after the trigger has occured. Dropout trigger provides the capability
to trigger on the absence of a signal. This means that the
HP 5183TjU can be used to monitor a signal source such as a power
main. The recorder can be configured with auto advance to capture
up to 256 IK records showing dropouts, when Option 512 is installed.

Delay trigger is used in the following manner. A trigger event oc
curs at the external trigger input. Then, when a user defined delay
elapses, the recorder will wait for the proper internal trigger and re
cord in the operator defined environment. This can be used for record
ing signals such as a specific sector on a magnetic disc, using the index
pulse as the external trigger, and the approximate delay to the proper
sector.

Trigger-on-all allows the trigger circuitry to be or'ed together in
ternally. This trigger scheme is also available in four channel opera
tion, with two recorder sections being used together. This allows the
designer to set up triggering conditions for the channels, and which
ever event occurs first, will cause synchronous triggering and sam
pling in all channels.

High frequency trigger will cause the recorder to trigger on a glitch
of sufficient amplitude or other large high frequency components in
the waveform. This is only available with the optional Adaptive Sam
ple Rate.

ASR (Adaptive Sample Rate - Option 301)
ASR provides rapid sampling only when it is needed, conserving

memory where possible. With this option, the recorder samples at a
slow speed until high-frequency energy is detected. When this occurs,
the timebase switches to a higher speed to capture the high-frequency
signal, returning to the slower speed when the high-frequency compo
nent ceases. For some signals, particularly those with low duty cycles,
the maximum effective memory length can be increased (by a factor
approaching 64) to approximately 30 million words.

HP 5183T/U Specifications*
Channel 1 and 2 inputs
Maximum sensitivity (nominal): 50 /lV.
Input attenuator ranges: ±100 mV to ±50 V (full scale).
Input offset voltage: ±200% of input attenuator range.
Input bandwidth (nominal): (-1 dB) 1 MHz, (-2 dB) 3 MHz with

filter (10 pole), (-4 dB) I MHz, (-65 dB) 3 MHz.
Input impedance (nominal): 1 Mfl in parallel with 45 pF.
CMRR at 10 kHz: 60 dB on 100 mV to I V ranges.
Damage level: ±5 V (dc plus peak ac) on 100 mV to 1 V ranges.

400% of range (dc plus peak ac) on 2 V to 50 V ranges.

Dynamic performance after calibration
Harmonic and spurious distortion: ~ -65 dBc.
Effective bits: 10.0 at 95% of full scale range.

Triggering
Internal trigger: level and sensitivity selectable over input voltage

range.
External trigger: level selectable over ±5 V range, in mV increments.
Internal source: channell, channel 2, drop-out, delay, trigger-on-all,

or high frequency trigger (with Option 30 I).
Measurement control: auto, normal, single, manual trigger.
Settable: level, hysteresis, position, drop out delay, delay from exter-

nal trigger (sequential trigger).
Slope: +, -, or bi-trigger (internal only).
Trigger position: - 100% to + 6400% of record length

Timebase
Internal timebase: 4 MHz reference, sample intervals are between

250 ns and 4 s, in 250 ns increments.
Aging rate: ±3 x 10-6 jyear after 10 days of power.
Temperature: ±2 x 10-5,0 to 50 C.
External timebase: I, 4 or 10 MHz. .
External encode: I/lHz to 2.1 MHz or 1.9 MHz to 4 MHz.
Option 010

Timebase: 4 MHz is locked to high-stability 10 MHz reference.
Aging rate: 2 x 10-7 jyear after 10 days of power.
Temperature: 7 x 10-9

, 0 to 50°C.

Memory
Size: 64k words per channel standard. With Option 512 installed,

256k words per channel, also configurable as a single 512k word
record for channell.

Segmentation: memory can be configured as a single 131,072 word
record for channel A, or between 1 to 64 equal length records for
channel A and B.
When Option 512 is installed, memory can be configured as a sin
gle 524,288 word record for channel A, or between I and 256 equal
length records for channel A and B.

ASR (Adaptive Sample Rate): Slows timebase by a I :64 rate when
high frequency energy is not present; Option 30I.

'See HP 5183T/U Data Sheel for more informalion. See page 73 for ordering information.
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• 72 dB of dynamic range for analysis
• New high measurement throughput BASIC driver software
• Systems of up to 64 channels
• Adaptive sample rate

Settable: level, hysteresis, position.
Slope: +,-, or bi-trigger (internal only).
Trigger position: -100% to +6400% of record length.

Time Base
Internal time base: 4 MHz internal time base allows sample rates
between 250 ns and 4 s, in 250 ns increments.
External time base: 1,4 or 10 MHz.
External encode: I /lHz to 2.1 MHz or 1.9 MHz to 4 MHz.

Memory
Size: 64k words per channel standard. With Option 512 installed,
256k words per channel, also configurable as a single 512k word re
cord for channell.

HP 5183A Waveform Recorder

High Throughput for Automated Measurements
For those applications that require the superb fidelity of the HP

5183T, but not the analysis, display or real time control, the HP
5183A is an excellent solution. The HP 5183A is not a stand-alone
instrument, but functions as a digitizing front end to a computer.
New HP BASIC driver software, optimized for speed, helps to set up,
take measurements, and transfer data at high speeds to an HP 9000
Series 200/300 workstation or HP Vectra PC. The HP 5183A's auto
advance feature can yield up to 70 measurements (I K words) per sec
ond with re-arm time as short as 13 ms.

HP 5183A Condensed Specifications·

Channel 1 and 2 inputs
Maximum sensitivity (nominal): 50 /lV.
Input attenuator ranges: ± 100 mV to ± 50 V (full scale).
Input offset voltage: ± 200% of input attenuator range.
Input bandwidth (nominal): (-1 dB) 1 MHz, (-2 dB) 3 MHz with
filter (10 pole), (-4 dB) I MHz, (-65 dB) 3 MHz.
Input impedance (nominal): 1Mfl in parallel with 45 pF.
CMRR at 10 kHz: 60 dB on 100 mV to I V ranges.
Damage level: ± 5 V (dc plus peak ac) on 100 mV to I V ranges.
400% of range (dc plus peak ac) on 2 V to 50 V ranges.

Dynamic Performance at 1 MHz Signal Input after
Calibration
Harmonic and spurious distortion: :<=65 dBc.
Effective bits: 10.0 at 95% of full scale range.

Triggering Characteristics
Internal trigger: level and sensitivity selectable over input voltage
range.
External trigger: level selectable over ± 5V range, in mV increments.
Internal source: Channell, Channel 2.
Measurement control: auto, normal, single, manual trigger.
'See HP 5183A Recorder Data Sheet (PUb 5952~7933D) for more information.

Ordering Information
HP 5183A""Waveform Recorder 2-Channel (includes
an interconnect cable and software for control and data
transfer on the HP 200 and 300 series computers).
Requires host computer for operation.
HP 5183T Digitizing Oscilloscope 2-Channel (includes
waveform analyzer, 2-channel recorder section, and
interconnect cables)
HP 5183U Digitizing Oscilloscope 4-Channel includes
waveform analyzer, 2 two-channel recorder sections,
and interconnect cables.
Options for HP 5183A/5183T

Opt 301 Adaptive Sample Rate
Opt 512 512K Word Memory

Options for HP 5183T
Opt 010 Oven Oscillator
Opt 035 Floppy Disc Drive

Options for HP 5183U
Opt 010 Oven Oscillator
Opt 035 Floppy Disc Drive
Opt 301 Adaptive Sample Rate
Opt 512 512K Word Memory

Price
$12.500

$21,900

$32,900

(·$3,100
+$5,200

HI,200
+$1,000

H1,200
HLOOO
H6,200
$10,400



OSCILLOSCOPES & WAVEFORM ANALYZERS
Digitizing Oscilloscope and Waveform Recorder/Measurement System
Models 5180T/U, 5180A, 5180S, 51800A

• High quality display
• Built-in analysis provides answer and raw data
• Utilizes the HP 5180A for quality digitization

HP 5180T (HP 5180U not shown)

HP 5180T/U

Automatic Analysis
The HP 5180T/U delivers answers normally associated with other

instruments such as time interval counters, voltmeters, spectrum ana
lyzers, and storage oscilloscopes. Unlike other instruments, these dig
itizing oscilloscopes require only one waveform capture to get results.
After you capture your signal, you can view it as you would with a
storage oscilloscope; you can zoom in to view details, analyze pulses,
view its frequency spectrum, and measure its rms or peak-to-peak
amplitude - all using the same signal.

Dynamic Performance
Dynamic (ac) performance can mean the difference between just

looking at a waveform or completely analyzing it. To help you ana
lyze your signals thoroughly, the HP 5180T/U provides 10-bit resolu
tion for waveform data while delivering fully specified, high-fidelity
dynamic performance.

Automatic Setup
The display provides many convenient features that enhance the

system's waveform capture. For example, the AUTOSCOPE func
tion acquires repetitive waveforms and automatically sets the input
amplifier, trigger level, and time base to the appropriate values for
optimum signal viewing. Existing front-panel settings are automati
cally saved in non-volatile RAM when AUTOSCOPE is pressed. You
can also save up to four additional front-panel setups for recall at your
convenience. An optional built-in floppy disc, which is compatible
with those for the HP 9000 Series 200 and 300 Computers, lets you
store both front-panel settings and captured waveforms. See page 75
for condensed specifications and ordering information.

• 16K memory records up to 32 waveforms
• High-speed signal acquisition
• Accurately digitizes transient signals
• Up to 1 million words/s data transfer

HP 5180A

HP 5180A

High Quality Samples Every 50 Nanoseconds
Signal processing requires high quality input data. Hewlett-Pack

ard's 5180A Waveform Recorder digitizes and stores single-shot or
repetitive signals. Voltage waveforms are digitized at sampling rates
up to 20 M sa/s (50 ns/sample). Each voltage sample is encoded into
a IO-bit word and stored into the memory. These precise voltages
(and times) can be read from the front panel with cursors.

Excellent dynamic performance (please read HP Product Note
5180-2) means the ADC does not break up for higher input frequen
cies. Therefore, your signal is accurately represented for analysis
(and replay; see the next pages for description of the HP 5182A
Waveform Recorder/Generator).
Accurately Digitize Transients - The shape of fast attack and decay
single-shot waveforms is preserved because the higher frequency
components are accurately digitized. The digital trigger is precisely
settable ensuring reliable triggering with no drift. Selectable hystere
sis eliminates false triggering due to noise.

View Single-shot or Repetitive Signals QUickly
The HP 5180A controls external XYZ displays and hardcopy de

vices to show the contents of memory records without the need for a
computer. Zoom and Gain features expand displayed waveforms hor
izontally or vertically to look in detail at a selected portion of a
waveform. Dual trace capability puts two waveforms on an external
display for visual comparison. Digital plotters and printers are con
trolled by HP-IB. There are two methods of transferring data from
the HP 5180A to a computer for analysis: HP-IB and DMA. Direct
Memory Access (DMA) can transfer data at a rate up to I million
words/second, depending on the computer.

The HP 5180A can begin recording a signal at one sampling rate
and then switch to another. The switch point is selectable. Set one
timebase at a faster sample rate to record more detail, and set the
other at a slower rate to conserve memory space. Two transients may
be recorded simultaneously using the HP 5180A's input CHOP
mode.

The HP 5180A is fully programmable over HP-IB for automated
operations. See page 75 for condensed specifications and ordering in
formation.



+$360

+$1,000

'559.900

$5,500
$180
$230
$220
$220

$1,320
$36.300

Price

$23,650
':"./e

Ordering Information
HP 5180A Waveform Recorder
UP 5180S Waveform Measurement System

To ensure coordination of shipments and com
patability of instruments, computers and software, use
the system model number when ordering the individual
components, including peripherals such as printers and
plotters. Obtain an HP 51800A Data Sheet and HP
51 80S Ordering Guide from your local sales office. See
page 771.
UP 51800A Waveform Measurement Library
UP 5180T Digitizing Oscilloscope (2 Channel) in
cludes waveform analyzer, two-channel recorder sec
tion, and interconnect cables
HP 5180U Digitizing Oscilloscope (4 Channel) in
cludes waveform analyzer, 2 two-channel recorder sec
tions, and interconnect cables
Accessories for HP 5180A
UP 108718 Service Kit
UP 10873A Rack Mount Kit
UP 10874A Slide Mount Kit
UP 10875A 4.8 m DMA Cable
UP 108758 1.0 m DMA Cable
Options for HP 5180A

Opt 910 Additional Manuals
Option for HP 5180T/U

Opt 035 Floppy Disc
Accessories for HP 5180U
UP 1008A Testmobile $970

Opt 006 Storage Shelf and Lower Cabinet +$270
To ensure coordination of shipments and compatability of instru

ments and perhipherals such as printers, plotters, and disc drives, it is
important that you request the appropriate Data Sheets and Ordering
Guides from your local sales office.

General
Operating temperature: O°C to 55°C.
Power requirements: 100/120/220/240 volts +5%, -10%; 48 to 66
Hz. Max power dissipation 500 VA.
Weight: 22 kg (48Ib) net; 25 kg (53Ib) shipping.
Size: 142 mm H x 426 mm W x 574 mm D (5'/8" x 163/." x 23").

Outputs
XVZ CRT monitor outputs: X, Y deflection voltages (NOMINAL)
-I to OV into 50 n. X requires I MHz bandwidth input; Y requires 5
MHz bandwidth input. Z voltage (NOMINAL) is 0 to 2 V into I kn
(0 to I V into 50 n), selectable positive or negative going blanking
pulse. Z requires 1.25 MHz bandwidth input.
HP-IB: all front panel function values selectable via HP-IB. Data I/O
in ASCII or binary; maximum 3 Kbyte/second rate, depending on
controller. "Talk only" to HP-GL plotters available even if no con
troller is used.
DMA: direct memory access allows fast parallel data transfer; maxi
mum 1M word/second, depending on controller.

• Increase test design productivity
• Choose standard measurements
• Add custom tests

Memory
Size: 16,384 10-bit words.
Segmentation: memory may be divided into I, 2, 4, 8, 16, or 32
equal-length records.

HP 51808

Channel A and B Inputs
Maximum sensitivity: 200 IJ,V.
Input attenuator range: ± 100 mV to ± 10 V (full scale).
Input offset voltage: ± selected Voltage Range.
Amplifier bandwidth (-3 dB): dc to 40 MHz (dc coupling).

10Hz to 40 MHz (ac coupling).
Input impedance (NOMINAL): I Mn 1140 pF (10 V range).

I Mn II 35 pF (other ranges).
Damage level: ± 12 V above I kHz.

Dynamic Performance (at 1 MHz)
Harmonic and spurious distortion: -50 dBc
Effective bits: 7.8

Triggering
Internal trigger: level and sensitivity selectable over input voltage
range.
External trigger: level selectable over ±2.5 V range.
Trigger position: -100% to +9999% of memory.

Timebase
Internal timebase: 20 MHz internal timebase allows sample rates
between 50 ns and 50 ms in a 1-2-5 sequence.
External timebase: external timebase signals between I MHz and
20 MHz may be used. Internal divide ratio between I and 10" in a I,
2, 5 sequence.

HP 5180A/T/U Specifications
See HP 5180A Waveform Recorder or HP 5180 T/V Digitizing Os
cilloscope Data Sheet (Pub 5952-7722D & 5952-7835D) for more
information.

Automatic Time Domain Measurements
Make time domain measurements on single-shot or repetitive

waveforms with the HP Model 51800A Waveform Measurement Li
brary. The library is a collection of programs designed to make mea
surements on signals captured by the HP 5180A Waveform Recorder
and HP 5182A Waveform Recorder/Generator. Instruments are
controlled by sub-programs. All you do is chain them together to
make the measurements you need.

Realize the Power of a Waveform Recorder by
Interfacing it to an HP Series 200 or 300 Technical
Computer

The HP 5180S Waveform Measurement System allows you to con
figure a computer-controlled system based on the HP 5180A
Waveform Controller. Because the signal has been digitized and
stored, it can now be sent to a computer for analysis and then to a disc
for permanent storage. Frequency, Period, Pulse Width, Rise/Fall
Time, Volts rms and Volts POp are some of the many standard mea
surement programs.

HP 51805 and HP 51800A

• Automatic measurements
• Universal measurement solutions
• Modular software



OSCILLOSCOPES & WAVEFORM ANALYZERS
Waveform Recorder/Generator, 20 MHz, 10 Bits, 16K Word Memory
Model 5182A

• 16K nonvolatile waveform memory
• Fully programmable via HP-IB
• Quickly transfer waveforms to/from computer

• Easily simulate complex, real signals
• Record single-shot, replay repetitively

~
:tSIGNEDfU'. :
SYSTEMS

A Waveform Recorder/Generator is a High Speed
Digital "Tape" Recorder .

The "tape" is silicon memory. At 20 M samples per second, It can
store 819 /loS, 819 seconds at 20 samples per second. This digitized
waveform can be played back once, or over and over again with no
time gap. For example, you can accurately store 16 separate lines of
video, or a single sector of data from a floppy disc drive. The video
signal can generate color bar patterns to test video circuits. The disc
signal can be used to test read-recovery circuits.

Generator Section Specifications
For accessories and specifications of the recorder section, please see

page 75.
Peak output voltage (for full-scale waveform) into 50 ohms

Vernier Range Vernier
Range Min Max Step Size

5.12V 520mV 5.12V 40mV
512 mV 52 mV 512 mV 4 mV
51.2mV 5.2mV 51.2mV OAmV

Max. output voltage into open circuit: 10 V (NOMINAL).

Output offset: -5.12 V to +5.11 V in 10 mV steps into 50 ohms.

AC Performance: Noise: -65 dBc.

Harmonic distortion (de to 1 MHz): -48 dBc.

Spurious (sample rate related): -40 dBc TYPICAL.

Output risetime: 100 ns max. (10% to 90%).

Amplifier bandwidth (-3dB): 10 MHz (NOMINAL)

DC performance (10 bits resolution per sample)

Differential nonlinearity: < I LSB (Monotonic).

Integral nonlinearity: <3 LSB.

Offset accuracy: 100 mV (20-30°C).

Absolute accuracy: I% of p-p full scale range (20-30°C).

Internal trigger: Output automatically triggered when armed.

External trigger: Slope, level, hysteresis, width, impedance, coup
ling and maximum input same as for Recorder. (See page 75).

Insertion delay: 250 ns max.

Time base modes

Main only: Available in Single, Auto, and Normal Sweep Arm
modes.

Mixed (main, delay): Available in Single and Normal Sweep
Arm modes.

Memory size: 16384 10-bit words; Segmentation: 1,2,4,8,16 or 32
equal length blocks. Generation: Data may be generated from any
memory block. Within anyone block, a portion of the waveform may
be generated by setting the starting point and stopping point. An even
number of points is always output.
Sync output: Voltage: 0 to -0.75 V NOMINAL into 50 ohms, Pulse
Width: One sample interval with the falling (first) edge active (or
approximately 100 /los when the sync pulse is past the stop position,
and Sweep Arm is Single or Normal). Position: Settable from first
point in the record to the last point. If the sync position is set outside
the limits of the Start and Stop Position markers, the output record is
extended to include the Sync Position by assigning a dc voltage (equal
to the nearest Start/Stop Position marker) to the waveform between
the Start/Stop Position marker and the sync position.

Ordering Information
HP 5182A Waveform Recorder/Generator $27,500

GENERATOR

ReplayCapture

WAVEFORM RECORDER

Duplicate Infrequent Waveforms Whenever You Need
Them

Get an "instant replay" of your single shot signal when you buy a
HP 5182A Waveform Recorder/Generator. Also create repetitive
signals by playing back a single recording over and over again with no
time gap between replays.

Now you can test your circuits with the actual signal you record
rather than a theoretical one. "What if' testing can be done by ad
ding a computer to modify and store the waveforms. An HP Series
200/300 Technical Computer, HP 9111A Graphics Tablet and an
HP 5182A comprise the HP 5182S Waveform Generation System.

Capture and Save in the Field, Replay on the Bench
Continuous (battery backed up) waveform memory allows you to

record up to 32 waveforms on site. Remove the power and carry the
HP 5l82A back to the lab. Now you can play them back to test your
circuits or for further analysis. Attach the HP 5182A to an HP Series
200/300 Technical Computer and you can store the waveforms on
disc, process them further and modify them for "what if' testing.

Simulate Expensive, Single-Shot Experiments
Some experiments can be very time consuming and expensive to

repeat, for example: biomedical experiments, measurements of explo
sions, and propagation experiments such as radar and sonar. With the
HP 5l82A you can capture the signal accurately, when it occurs.
Then, switch to generator mode, and you're ready to replay it, any
time you need it.

A sync pulse is generated once per playback cycle for synchro
nizing other equipment.
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7Waveform Generation System

Models 51825, 51820A

• Save time storing and recalling waveforms
• Quickly modify and utilize waveforms
• Save time when generating arbitrary waveforms
• No programming necessary

The 5182S waveform capture and playback system.

Save Time Generating Specialized Waveforms
The HP 51820A Software is a powerful set of tools for creating

specialized waveforms. Modify captured waveforms or define new
ones with the HP 46087A graphics tablet (part of the HP 5182S sys
tem). Simply press a SOFTKEY to send waveforms to the HP 5182A
for replay or disc for storage. Since the HP 51820A is a complete
package (no programming is required), you are productive immedi
ately.

The software is driven by a main menu and three submenus: draw,
process and I/O. Because it's only two levels deep, you won't get lost
in multiple levels of menus.

This signal was recorded from a floppy disc read head.

Combined with noise generated from built-in function ...

It is used to test the sensitivity of read recovery circuits.

Waveform Capture, Modification and Playback
Modify waveforms you've captured and play them back into the

device you are testing. Rather than waiting for a glitch to occur ran
domly, you can draw one and see the circuit response immediately.

Waveforms can also be modified by processing. Simple functions
like offset and gain are built into the SOFTKEY MENU. There are
also SOFTKEYS for adding or multiplying two waveforms together.

More complicated processing like calculus and convolution can be
accomplished by modifying the user-equation subroutines. Four
SOFTKEYS are reserved for your own equations. The Software
comes with the equations programmed to generate sine waves, trian
gle waves, square waves and random noise.

Arbitrary Waveform Generation
There are three ways to create the waveforms you need. You can

recall waveforms from the library, including sine waves, square
waves, SIN (X)/X. Gaussian pulses, exponentials and more. You can
calculate waveform samples with equations. Third, you can draw or
trace waveforms with the graphics tablet. Choose the method that
will get you the signal you need in the shortest time.

Ordering Information Price
HP 51828 Waveform Generation System N/C

To ensure coordination of shipments and compatability of instru
ments, computers and software, use the system model number when
ordering individual components including peripherals such as printers
and plotters. Obtain HP 51820A and HP 51800A Data Sheets and a
HP 5182S Ordering Guide from your local sales office. See page 771.
HP 51820A Waveform Generation Software $1,200



OSCILLOSCOPES & WAVEFORM ANALYZERS
Three-Channel Recorder to 3 kHz, 12 Bits, 33.3 kHz Sample Rate
Model7090A

• DC to 3 kHz bandwidth, 33.3 KHz sampling rate
• 3 Channels with simultaneous sampling
• 12-bit resolution, 1 k buffer/channel

• 6 trigger modes with up to 100% pre-trigger capture
• Full HP-IB programmability
• Annotation of set-up and trigger conditions and data

points

The HP 7090A is designed for low-frequency «3 kHz) measure
ment, analysis, and documentation. The HP 7090A merges several
technologies - waveform recording, digital plotting, analog recording,
and automated measurement - to provide a powerful solution to a
broad range of measurement applications. It significantly increases
the ability to measure and display low-frequency phenomena and
substantially improves real-time recording and digital plotting ... all
in one low-cost system.
Signal Capture

Simultaneous sampling on each of three channels, 12-bit resolu
tion, bandwidth of dc to 3 kHz (33.3 k samp1es/s maximum), and
1000 word memory per channel allow high resolution measurement,
storage, and display.
Flexible Triggering

The HP 7090A has six trigger modes which allow virtually any
signal change to initiate signal capture, even decaying repetitive sig
nals such as faults in a power line voltage, or in a transducer's carrier.
Combined with pre-trigger capability, these trigger modes make the
HP 7090A ideal for turn-on/off characterization, fault monitoring
and mechanical motion analysis.
A System Component

All panel functions are programmable via the HP-IB interface. Da
ta can be transferred from the internal 1 k-buffers or streamed in real
time from the analog-to-digital converters at up to 500 points/s. In
addition, the menu-driven HP 17090B Measurement Graphics Soft
ware package is available for HP 9000 Series 200 computers (BASIC
3.0 only). The software allows easy data manipulation, storage and
retrieval, and system integration.
Versatile Capabilities

Uniquely, the HP 7090A is also a high performance analog/digital
plotter. It is ideal for a graphics dump from a smart instrument or as
part of an HP-IB system; you can also use the HP 7090A to take an
X-Y dump from an analog instrument. With the HP 7090A, hand
annotation is unnecessary. The 7090A annotates setup conditions,
date and time, selected data points from memory, and trigger infor
mation. It draws user-defined axes and grids, eliminating the need for

pre-printed graph paper. The HP 7090A even lets you plot overhead
transparencies for technical presentations using your current spread
sheet/graphics software.

Applications
Capturing Low Frequency Electrical Transients: General diagnos
tic monitoring (such as looking for relative timing sequences) and
fault monitoring (capturing pre-trigger data for intermittent failure
analysis) are natural applications for the HP 7090A.
Measuring Phase Relationships: The simultaneous sampling on all
channels is ideal for measuring current/voltage phase relationships in
power systems.
Analog Instrument/Digital System Link: The HP 7090A can inte
grate an analog instrument into an HP-IB system; the HP 7090A,
with a controller can digitize output voltages from analog instruments
for HP-IB system data entry.
Mechanical and Electromechanical Testing: Applications in
which transducers convert velocity, acceleration, force, temperature
or torque to voltage are a good fit for the HP 7090A. These applica
tions have a maximum output frequency below 3 kHz. The HP
7090A's flexible trigger capabilities make it useful for one-shot elec
tromechanical events such as clutch and mechanism engagements
Electromechanical Control Systems: The HP 7090A can measure
the response of a system to a stimulus; a typical use would be exciting
the system with a step function and using the measured response to
determine damping ratio and the natural frequency of the control sys
tem.
Material Testing: The HP 7090A can record classic stress-strain
curves, particularly those obtained from destructive testing. The data
is stored in a buffer, so even though the sample has been destroyed,
the data can be viewed and rescaled in several different ways.
Automatic Test: When linked to an HP 9000 Series 200 computer,
the HP 7090A is a good, inexpensive learning tool for small compa
nies considering automatic test systems. Applications include envi
ronmental and production line testing and proof of performance
records.



I Memory required after loading BAS IC and all necessary binary fJ.!es. With
minimum RAM, short delays will be encountered when software subsystems
are swapped in memory.

2Applicable when equipped with an HP 98203A1B Keyboard.
3Applicable when equipped with BASIC 4.03 and an HP 98203C Keyboard.
The HP 220 may also be used with BASIC 4.0 and an HP 98203A1B
Keyboard.

4BASIC 4.03 is required when the computer is equipped with an HP 98203C
Keyboard.

5The HP 46083A Knob is required when the computer is equipped with
either an HP 46020A or 4602IA Keyboard.

6The HP 98546A Display O>mpatibiliry Interface is required when the
computer is equipped with a single-plane monochrome bit-mapped display.

Summary of HP 7090A Specifications·
Inputs

Number of channels: 3
Input alternator range: ±5 mV to ±IOO V (full scale)
Input offset voltage: ±2 full scale or ±IOO V maximum
Amplifier bandwidth (2 3 dB): dt to 3 kHz for all full scale ranges
2 20 mV, 2.6 kHz for all full scale ranges :0; 20 mV
Input impedance: I Mohm, shunted by 45 pf (Nominal)
CMRR: 140 dBdc; 100 dBac @ 60 Hz with I kohm unbalance in
LOW terminal and most sensitive range (at 25°C)

Dynamic Performance
Slewing speed (Nominal)

Direct mode: 127 cmls (50 in/s)
Plotting mode: 75 cmls (30 in/s)

Acceleration (Nominal): 2 g (;onstant
Peak capture: 250 I/-S at fastest timebase range

Triggering
Internal trigger:

Inside or outside window
Above or below level, selectable over the full-scale range in 1.0%
increments (Nominal)
Source: channel I

External trigger:
BNC connector, TTL level or contact closure to ground

Manual trigger:
Available from front panel controls

Display: Up to 100% pre-trigger; up to 24 hour post-trigger delay
after trigger before measurement start

Timebase
Range:

Buffer mode: 30 milliseconds to 24 hours
Direct record mode: 1 second to 24 hours

Accuracy: ±O.I %
Memory

Size: I K per channel
Resolution: 12 bits

•Refer to page 87 for complete specifications.

~ Fast-Ship product-see page 766

Price
$80~

$90~

$700
$700

$5.200

Binary
500ls
333/s
167 Is
167 Is

ASCII
167 Is
143/s

59/ s
59/s

Ordering Information
HP 10833A HP-IB (IEEE-488) I-meter cable
HP 10833B HP-IB (IEEE-488) 2-meter cable
HP 17090 Measurement Graphics Software AlBIC

Option 630 (3.5 in. disc size)
Option 655 (5.25 in. disc size)

HP 7090A Measurement Plotting System

I channel
I channel plus trigger
3 channels
3 cha nnels plus trigger

Writing System
6-pen carousel with automatic pen capping
Fiber-tip pens for paper or transparencies

Supplemental Characteristics
Analog to Digital

Maximum sampling rate: 33.3 k samplesls
Maximum streaming rate over HP-IB:

HP 17090 Operating
Available Memory)

Applicable
Version System Minimum Optimum HP 9000 Models

A BASIC 2.0 235K 470K HP 216
HP 226
HP 236
HP 220'

B BASIC 3.0 216K 433K HP 216
HP226
HP 236
HP 2202

C BASIC 245K 470K HP 216
4.0/4.03 HP 2173

HP226
HP 236
HP 2203

HP 2373

Series 3004,5,6

System Requirements

The following table lists the operating system, memory,
and equipment that are needed to use the software with the
HP 7090.

Measurement Graphics Software
HP 17090 Measurement Graphics Software is designed to access

the full capabilities of the HP 7090A Measurement Plotting System
and integrate it into computer system applications. This software is
compatible with properly configured Series 200 and Series 300 com
puters. The computer system must have ten softkeys, a knob, and sep
arate displays for alpha characters and graphics. The main user
interface with this software is through 10 softkeys on the computer's
keyboard and a knob.
Program Capabilities: There are six main functional areas of Mea
surement Graphics Software: measurement setup, measurement, dis
play, annotation, storage and retrieval, and data manipulation.

Measurement Graphics Software helps you use the HP 7090A's
features easily and efficiently, and it provides storage, annotation and
data transformation capabilities not available on the HP 7090A Unit
alone.
Friendly, Menu-drifen Interface: Each menu allows the user to view
several parameters simultaneously. Series 200 and 300 softkeys and
cursor-control knob minimize keyboard input, and the "help" softkey
displays the available choices and ranges for each parameter setting.
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Probe Multiplexer
HP 54300A, HP 54001A, HP 54002A, and HP 54003A

• Expand Input Capability Of SOil Instrumentation
• Your choice SOil, 10kll & 1 Mil Input Pods

• Fully HP-IB Programmable, Plus Convenient Front
panel Control

• Internal Non-volatile Memory

HP 54)OOA

Your
50 fllnput
Ted Imtrumenl

Front Panel
0'
IEEE-488 Control

Inlernal
Switch
Sequencli'

I
Memory

~ JI '- ----'

2 Different High Impedance
High 8.tndwidth Probes

The HP 54300A's configurable inputs and HP-IB program
mability make it a powerful addition to your bench or ATE sys
tem.

HP 54002A SOil BNC Pod
This pod should be used with terminated 501l systems. Output from

the multiplexer using this pod is <2 dB down at > 1 GHz. The
54002A is also useful with divider probes such as the HP 10020A.

HP 54001A 1 GHz Active Mini-probe Pod
This pod, with its built-in probe, offers I GHz bandwidth with

IOkll/2 pF input loading. It uses HP's mini-tip probe for easy access
in compact circuits, and features both high-bandwidth and high-im
pedance at the probe tip. This probe is ideal for making high-speed
logic measurements, where high bandwidth is needed and probe ca
pacitance is a significant factor in loading the test circuit.

~
"O""H"'Y. :
SYSTEMS

The HP 54300A probe multiplexer expands the input capability
of the HP 54100AlD digitizing oscilloscope, or any 501l input in
strument, simplifying delicate high-frequency connections.

For information on other probes and probing accessories, please refer
to the section on the HP 54100/110 digitizing oscilloscope, page 62.

HP 54003A 300 MHz 1 Mil Probe Pod
This pod, with a 10:1 detachable mini-tip probe, has 1 Mil resistive

and 8 pF capacitive loading. It is valuable when resistance is a more
significant loading factor than capacitance, such as in operational
amplifier measurements. If desired, the probe may be removed from
its pod to provide a 1 Mil approximately 10 pF BNC input.

Fully Programmable For Automated Testing
All functions that can be control1ed from the HP 54300A front

panel can also be controlled over the HP-IB. Simple, English-like
commands are used with an optional format that is compatible with
the command language of the HP 3488A switch/control unit.

The HP 54300A command set is simple, but complete. Even infor
mation such as the type of input pod that is being used or the total
number of switch closures that have occurred on a given switch pole
may be obtained over the bus. This information is useful in determin
ing whether the correct pods have been inserted for a particular auto
matic program, or to indicate when switch replacement is due. The
HP 54300A is a powerful complement to other HP programmable
instruments and HP computers for automated testing of high
frequency circuits.

The Multi-input Tool For son Instrumentation
The HP 54300A is a programmable, dual eight-to-one probe multi

plexer designed to expand the input capability of instrumentation
with 501l inputs. The unique strength of this multiplexer is its con
figurability. The user may select from three different input pods: two
high-frequency, high-impedence probes, or a 501l BNC input for ter
minated line applications.

The HP 54300A features full HP-IB programmability as wel1 as
simple front-panel control. It has internal non-volatile memory for
storing lists of switching steps. Switch lists can be advanced step-by
step from a front-panel button, over the HP-IB (i.e., IEEE-488) or for
data logging applications, through a TTL pulse entered at the rear
panel.

Automate Complex Measurements
The HP 54300A is ideal for delicate situations where high frequen

cy connections must be maintained and probes cannot be convenient
ly moved from one connection to another. Complex measurements
can be automated by using the multiplexer's 16 inputs, switching one
or two of them at a time into the test instrument, under computer
control. In situations requiring more than 16 inputs, HP 54300A mul
tiplexers may be cascaded in series to give a total of 128 inputs.

Your Choice Of Inputs
Configurable input is one of the HP 54300A's strongest contribu

tions. It accepts all of the input pods designed for the HP 54100/ II 0
I GHz digitizing oscilloscope.

Ordering Information
HP 54300A dual 8:1 probe multiplexer
Includes one operating and programming manual.
Each HP 54300 accepts up to 16 input pods in any com
bination. Pods must be ordered separately.
Opt. 908 Rackmount flange kit
HP 54001A I GHz miniature active probe pod
HP 54002A 501l BNC input pod
HP 54003A IMil 10: I probe pod

Price
$7900

$35
$765
$130
$665
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A New Family of Miniature Oscilloscope Probes

• Modular construction
• Improved electrical performance
• New accessories

The HP 10400A Miniature Probe Family
The HP 10400A miniature probe family offers modular construc

tion, improved reliability, and superior electrical performance over
our previous mini-probes. Modular construction allows individual re
placement of probe tips, cables, and chassis assemblies cutting down
on probe replacement and repair costs. Improved cable and strain re
lief design increase reliability. Electrical performance is also im
proved by reducing the probe shunt capacitance and increasing the
input resistance that load the circuit under test.

The HP 10400A mini-probe family also features new accessories
(see below) including a new ground lead utilizing a ferrite bead for
reduced ringing on pulse tops, and a new IC grabber that allows easy
connection of a single probe to many IC packages without fear of
shorting adjacent pins.

OSCILLOSCOPE/MINIATURE PROBE COMPATIBILITY AND PROBE CHARACTERISTICS
Approx Overall Approx Compensates

HP Oscilloscope/ HP Probe Length in Division Input Shunt Oscilloscope Max
Logic Analyzer Model No. Metres (tt) Ratio R Capacitance Input de Volts Price

Same as 10431A but
without probe indent lO430A 1m (3.3) 10:1 10MIl 65 pF IMil 6-9 pF 450 $115
541110,541120 lO431A* 1m (3.3) 10:1 10MIl 65 pF IMIl 6-9 pF 450 $120
1631A/O, 1715/22125/26/27
1805/09,542001201,54501,
5185 lO432Au 1m (3.3) 10:1 10MIl 7.5 pF IMil 10-16 pF 450 $105
1631A/O, 16530/31,5185
54003A, 54200/201, 54501 lO433A 2m (6.6) 10:1 10MIl 10 pF IMllIO-16 pF 450 $105
1740/41/42/43/44/45/46 lO434A 1m (3.3) 10:1 10M Il 8 pF IMIl 18-22 pF 450 $105
1631A/D, 1715/22/25/26/27
1805/09,542001201,5185 lO435A 1m (3.3) 10:1 IMil 75 pF IMil 10-16 pF 450 $115
1740/41/42/43/44/45/46 lO436A 2m (6.6) 10:1 10Mll 11 pF IMllI8-22 pF 450 $110
For oscilloscopes
with 50 Il inputs lO437A 2m (6.6) I: I 501l $80
All scopes with high Zinputs lO438A 1m (3.3) 1:1 40 pF 450 $85
(may reduce bandwidth) lO439A 2m (6.6) 1:1 64 pF 450 $90
1631A/D, 1715/22125/26/27
1805/09, 1950A, 541120t
54003A, 5411lDt, 542001201 t lO440A 2m (6.6) 100:1 10MIl 2.5 pF IMll6-14 pF 450 $115

Note 1: Maximum input vollage may be limited by scope input maximum voltage.
.. Has probe identification pin.
"The 54201A/D can use the HP 10432A or HP 10435A probes tor the vertical inputs but the HP 10435A probe must be used tor trigger inputs.
tFor vertical inputs only

~ Fast ship product see page 766

HP 10400A Family Accessories
Each 10400A family probe is shipped with one general purpose

grabber, one IC grabber, and one ground lead. An accessory package
is also included which contains 4 grounding spanners (for close
grounds at the probe tip), I probe barrel insulator, I adjustment
screwdriver, and 8 colored cable markers.

The photo at left illustrates use of the IC grabber. This device fits
DIPs with 0.1 inch pin spacing (standard) and up to 0.9 inch package
width. It is handy for connecting the mini-probe tip to a single DIP
pin. Construction prevents shorting adjacent pins during hook-up.
For applications where several adjacent DIP pins must be probed, the
10024A accessory can be used (see next page).
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HP 10002A 1000V 50:1 Voltage Divider Probe
The HP 10002A voltage divider probe is a general purpose probe

for use with instruments that have a bandwidth of less than 40 MHz
with an input impedance of I megohm shunted by approximately 15
to 55 pF. The probe is rated at 1000V peak.

HP 10020A Resistive Divider Probe Kit
The HP 10020A Resistive Divider Kit is a signal probing system

for measuring fast transition signals in high impedance systems. It is
designed for use with 50 ohm input oscilloscopes, but may be used
with other than 50 ohm systems if a 50 ohm feed through termination
(HP 10100C) is used. The extremely low input RC of the 10020A
provides high fidelity measurements of fast transition signals.

HP 10020A Resistive Dividers
Division Input R* Division Max V.. Input C

Ratio (ohms) Accuracy (rms) (pr)

1:1 50 - 6 -
5:1 250 ±3% 9 <0.7

10:1 500 ±3% 12 <0.7

20:1 1000 ±3% 15 <0.7

50:1 2500 ±3% 25 <0.7

100:1 5000 ±3% 35 <0.7

'When terminated in 50 ohms.
*. Limited by power dissipation of resistive element.

HP 1122A Probe Power Supply
The HP 1122A is a regulated power supply that provides all power

requirements for simultaneous operation of up to four active probes.

HP 1122A Specifications
Probe driving capability: up to four HP active probes.
Power output: -12.6 V and +15 V, ±3%.
Power input: 115 V or 230 V ± I0%,48 to 440 Hz, 40 W (with four
probes).
Weight: net, 2.7 kg (6 lb); shipping 3.6 kg (8 Ib).

Probe length (overall): 1.2 m (4 ft).
Weight: net, 0.45 kg (lIb); shipping, 1.4 kg (3 lb).
Accessories supplied: blocking capacitor, BNC adapter tip, 6-32
adapter tip, alligator tip, probe handle, cable assy's 5.1 cm (2 in) &
15.2 cm (6 in) ground, spanner tip, insulating caps, colored sleeves.

HP 1124A 100 MHz Active Divider Probe
The HP 1124A active divider probe provides high voltage, general

purpose probing capabilities for instruments having 50 ohm inputs
without selectable high impedance inputs. This 10 Mohm 10 pF probe
allows direct measurements of 100 V, in the 100:1 division ratio
mode, from dc to 100 MHz. In the 10:1 division ratio mode, input
voltage range is ± I0 V. Power is supplied by instruments with probe
power jacks or the HP 1122A probe power supply.

HP 1250-1737 PC Board Mini Probe Socket
The HP 1250-1737 PC board mini probe socket is ideal for

breadboard circuit applications where it is desireable to make a relia
ble circuit connection between the mini probe tip and a test circuit
(Soldering the tip itself into place is not recommended.) The HP
1250-1737 is also useful in production PC board applications as an
oscilloscope test point. The probe plugs into the socket parallel to the
PC board.

HP 1250-1918 PC Board Vertical Mini Probe Socket
The HP 1250-1918 is similar to the 1250-1737 (above) except that

it is designed for attaching the probe vertically to the board rather
than horizontally.

HP 1124A Specifications
(Measured when connected to a 50 ohm load)
Bandwidth: (measured from a terminated 50 ohm source) dc-cou
pled, dc to 100 MHz; ac-coupled, 2 Hz to 100 MHz.
Pulse response: (measured from a terminated 50 ohm source) transi
tion time, <3.5 ns; perturbations, 5% p-p. Measured with pulse transi
tion time of > 2.5 ns.
Attenuation ratio: 10:1 ±5%; 100:1 ±5%.
Dynamic range: xlO, ±IO V; xlOO, ±IOO V.
Input RC: 10 Mohm shunted by "'" 10 pF.
Maximum safe input
dc-coupled: xlO, ±300 V (dc + peak ac) :'0100 MHz; xIOO, ±500 V
(dc + peak ac) :'0100 MHz.
ac-coupled: xlO, ±300 V (dc + peak ac) :'0100 MHz; dc component
must not exceed ±200 V; xIOO, ±500 V (dc + peak ac) :'0100 MHz;
dc component must not exceed ±200 V.
Accessories supplied: one 20.3 cm (8 in) ground lead, one retractable
hook tip, and two probe tip insulating caps.
Power: supplied by instruments with probe power jacks or the HP
1122A proble power supply.
Weight: net, 0.2 kg (5 oz); shipping, 0.91 kg (2Ib).
Length: 1.5 m (5 ft) overall.

Standard Probe Tip Adapters
HP 10229A hook tip adapter: retractable pincer tip provides firm
connection to circuit nodes. Recommended accessory for HP 10020A
resistive divider kit.

Probe Accessories
Terminations
HP 10100C: 50 ohm ± I% BNC male to BNC female feedthrough
termination.

HP 10024A IC Test Clip
The HP 10024A IC test clip provides easy probing of dual in-line

packages and includes four insulated circuit interface pins. Addition
al circuit interface pins are available (see Ordering Information) in
packages of twelve pins. Each pin has a tip on each end so that probes
such as those on HP logic analyzers can be connected for fast, func
tional checks of circuit operation.

$1350
$20.00
$40.00

Prilce
$1235.00

$675
$8.75

$20.00
$39.00

Ordering Information
HP 1122A probe power supply
HP 1250-1737 PC board mini probe socket
HP 1250-1918 PC board mini probe socket (vertical)
HP 10024A IC test clip (with 4 circuit interface pins)
HP 10024-69501 interface pin kit for HP 10024A; in
cludes 12 interface pins.
HP 1250-1454 BNC-to-mini probe adapter
HP 10229A retractable hook tip adapter
HP 10100C 50 ohm feedthrough termination

Price
$230
$495
$350

Ordering Information
HP 10002A 1000V 50:1 Voltage Divider Probe
HP 10020A resistive divider probe kit
HP 1124A 100 MHz active probe



Testmobiles
The new low-priced HP 1180A Scope cart is now available for HP

5450lA, HP 542XX Digitizing Oscilloscopes and HP 163X, HP
165X Logic Analyzers. A quick-connect strap enables users to easily
remove or replace the scope on the cart. The large casters give excel
lent stability and smooth maneuverability. The top shelf tilt angle is
adjustable to optimize the oscilloscope's viewing angle. The back of
the cart has power cord storage and mounting provisions for a five
outlet U.S. power strip (not included, order part number HP
92199B).

Testmobile Specifications
HP lO08A HP 1180A

Height 930 mm (36.6 in) 890 mm (35.0 in)

Overall width 759 mm (29.8 in) 475 mm (18.7 in)

Width of tray 473 mm (18.6 in) 456 mm (18.0 in)

Tilt tray angle ±30' +30'

Weight I net 13 kg (28 Ib) 22 kg (48 Ib)

I shipping 22 kg (48lb) 30 kg (66 Ib)

Max load on 45 kg (100 Ib 20.5 kg (45 Ib)
tilt tray

Max load see option 006 25 kg (55 Ib)
below tilt tray description

HP 1133A Tv/Video Sync Pod
• Clamped or unclamped video output.
• Trigger output for line and frame.
• For most standard broadcast composite video systems
• Compatible with most analog & digitizing scopes

B

.... -----_._---_......

Opt 008: storage cabinet with
shelf on top and drawer in
lower position; load limit 18
(40 Ib) each on shelf and
in cabinet, 11 kg (25 Ib)
in drawer.

HP 1180A: New low-priced
testmobile for the HP 54501A, HP
542XX, HP 163X, and HP 165X.

The HP 1133A TV/Video Sync Pod is an accessory that provides
users with TV sync triggering for most analog or digitizing oscillo
scopes. It features clamped or undamped video outputs that can be
viewed on the oscilloscope's vertical channels and trigger outputs that
can synchronize the oscilloscope to video frame and individual lines.

The pod itself is packaged in a case approximately 14x14x4.5 cm
(5.5x5.5x1.75R

) and is powered by a separate ac power module. The
pod features a loop-thm input (two female BNC) which can be driven
from a 75 ohm source, or for probing high impedance circuits, from a
1-10 megohm probe. The loop-thm feature allows 75 ohm signal to be
looped through the TV/Video pod then connected to a video monitor
or other 75 ohm device. Clamped or unclamped video outputs are
designed to drive a high impedance probe (1-10 megohm) connected
to the oscilloscope input.

The HP 1133A is compatible with broadcast standards M, N, C, B.
G, H, I, D, K, Kl, and L systems.

Characteristics
Video input: AC coupled with an RC of 1 megohm shunted by ap
proximately 10 pF.
Bandwidth: Approximately 10 MHz
Maximum input voltage: 40 Volts (DC plus peak AC)
Frame output is phase locked to the leading edge of the third field
synchronizing pulse on field one, to the leading edge of the second
pulse on field two. Frame output goes high on field one, and low on
field two.

A switch is provided for positive or negative sync pulse polarity.
A gain control is provided to adjust for signal amplitude at BNC

input.
Gain from input BNC to unclamped output is approximately 2.5 to

50.

Ordering Information
HP 1180A Testmobile
HP 1008A Testmobile
HP 1008A Opt 006 Added shelf and cabinet for 1008A
HP 921998 U.S. Power Strip for HP 1180A
W Fast-ship product - see page 766.

$290.00W
$970.00
$270.00
$36.00W

Ordering Information
Note: The 1133A must be ordered with a power supply option.
HP 1133A TV/Video Sync Pod $275.00

Opt ABA Power supply for U.S.A., 120V, nema 515P N/C
plug
Opt ABB Power supply for Europe, 220V CEE7-VII N/C
plug
Opt ABJ Power supply for Japan, 100V nema 515P N/C
plug
Opt ABU Power supply for United Kingdom, 240V N /C
BS1363 plug



PLOTTERS & RECORDERS
Measurement Plotting System
Model7090A

• Floating and guarded inputs
• DC to 3 kHz bandwidth, 33.3 kHz sampling rate
• 3 channels with simultaneous sampling

• 12-bit resolution, 1 k buffer/channel
• 6 trigger modes with up to 100% pre-trigger capture
• Full programmability and data transfer over HP-IB

HP 7090A

The HP 7090A is designed for low-frequency « 3 kHz) measure
ment, analysis, and documentation. The 7090A merges several tech
nologies - waveform recording, digital plotting, analog recording, and
automated measurement - to provide a powerful solution to a broad
range of measurement applications. It significantly increases the abil
ity to measure and display low-frequency phenomena and substan
tially improves real-time recording and digital plotting ... all in one
low-cost system.

Signal Capture
Simultaneous sampling on each of three channels, 12-bit resolu

tion, bandwidth of dc to 3 kHz (33.3 k samples/s maximum), and
1000 word memory per channel allow high resolution measurement,
storage, and display.

Flexible Triggering
The HP 7090A has six trigger modes which allow virtually any

signal change to initiate signal capture, even decaying repetitive sig
nals such as faults in a power line voltage, or in a transducer's carrier.
Combined with pre-trigger capability, these trigger modes make the
HP 7090A Measurement Plotting System ideal for turn-on/off char
acterization, fault monitoring and mechanical motion analysis.

A System Component
All panel functions are programmable via the HP-IB interface. Da

ta can be transferred from the internal I k-buffers or streamed in real
time from the analog-to-digital converters at up to 500 points/so In
addition, the menu-driven HP 17090B Measurement Graphics Soft
ware package is available for HP 9000 Series 200 computers

(BASIC 3.0 only). The software allows easy data manipulation, stor
age and retrieval, and system integration.

Versatile Capabilities
As the name implies, the HP 7090A Measurement Plotting System

is also a high performance digital plotter. It is ideal for a graphics
dump from a smart instrument (e.g. from an HP 8569B Spectrum
Analyzer) or as part of an HP-IB system; you can also use the HP
7090A to take an X-V dump from an analog instrument (e.g. from an
HP 141 T Spectrum Analyzer System). With the HP 7090A, hand
annotation is unnecessary. The 7090A annotates setup conditions,
date and time, selected data points from memory, and trigger infor
mation. It draws user-defined axes and grids, eliminating the need for
pre-printed graph paper. The HP 7090A even lets you plot overhead
transparencies for technical presentations.

Applications
Analog Recording: Electrical, chemical, mechanical and medical
fields all benefit from recording real-time X-Y and Y-T relationships.
As an analog recorder, the HP 7090A has sensitivity to 5 mV full
scale and 41,000 calibrated ranges for easy and quick calibration to
measurement units. The HP 7090A's superior dynamic performance
and high sensitivity provide users the versatility and accuracy re
quired in laboratory environments.
Capturing Low Frequency Electrical Transients: General diagnostic
monitoring (such as looking for relative timing sequences) and fault
monitoring (capturing pre-trigger data for intermittent



failure analysis) are natural applications for the HP 7090A.
Measuring Phase Relationships: The simultaneous sampling on all
channels is ideal for measuring current/voltage phase relationships in
power systems.
Analog Instrument/Digital System Link: The HP 7090A can inte
grate an analog instrument into an HP-IB system; the HP 7090A,
with a controller can digitize output voltages from analog instruments
for HP-IB system data entry.
Mechanical and Electromechanical Testing: Applications in which
transducers convert velocity, acceleration, force, temperature or tor
que to voltage are a good fit for the HP 7090A. These applications
have a maximum output frequency below 3 kHz. The HP 7090A's
flexible trigger capabilities make it useful for one-shot elec
tromechanical events such as clutch and mechanism engagements.
Electromechanical Control Systems: The HP 7090A can measure the
response of a system to a stimulus; a typical use would be exciting the
system with a step function and using the measured response to deter
mine damping ratio and the natural frequency of the control system.
Material Testing: The HP 7090A can record classic stress-strain
curves, particularly those obtained from destructive testing. The data
is stored in a buffer, so even though the sample has been destroyed,
the data can be viewed and rescaled in several different ways.
Automatic Test: When linked to an HP 9000 Series 200 computer,
the HP 7090A is a good, inexpensive learning tool for small compa
nies considering automatic test systems. Applications include envi
ronmental and production line testing and proof of performance
records.

Measurement Graphics Software
HP 17090 Measurement Graphics Software is designed to access

the full capabilities of the HP 7090A Measurement Plotting System
and integrate it into computer system applications. This software is
compatible with properly configured Series 200 and Series 300 com
puters. The computer system must have ten softkeys, a knob, and sep
arate displays for alpha characters and graphics. The main user
interface with this software is through 10 softkeys on the computer's
keyboard and a knob.
Program Capabilities: There are six main functional areas of Mea
surement Graphics Software:
• measurement setup • annotation
• measurement • storage and retrieval
• display • data manipulation

Measurement Graphics Software helps you use the HP 7090A's
features easily and efficiently, and it provides storage, annotation and
data transformation capabilities not available on the HP 7090A unit
alone.
Friendly, Menu-driven Interface: Each menu allows the user to view
several parameters simultaneously. Series 200 and 300 softkeys and
cursor-control knob minimize keyboard input, and the "help" softkey
displays the available choices and ranges for each parameter setting.

System Requirements
The following table lists the operating system, memory, and equip

ment that are needed to use the software with the HP 7090.

HP 17090 Operating Available Memory' Applicable
Version System Minimum Optimum HP 9000 Modell

A BASIC 2.0 235K 470K HP 216
HP 226
HP 236
HP 220'

B BASIC 3.0 216K 433K HP 216
HP 226
HP 236
HP 220'

C BASIC 245K 470K HP 216
4.0/4.03 HP 217'

HP 226
HP 236
HP 220'
HP 237'
Series 300'"

, Memory required after loading BASIC and all necessary binary files. With minimum RAM, short
delays will be encountered when softwere SUbsystems are swapped in memory.

'Applicable when equipped with an HP 98203A1B Keyboard.
'Applicable when equipped with BASIC 4.03 and an HP 98203C Keyboard. The HP 220 may also
be used with BASIC 4.0 and an HP 98203A1B Keyboard.

• BASIC 4.03 is required when the computer is eqUipped with an HP 98203C Keyboard.
• The HP 46083A Knob is required when the computer is equipped with either an HP 46020A or
46021A Keyboard.

• The HP 98546A Display Compatibility Interface is reqUired when the computer is equipped with a
single-plane monochrome bit-mapped display.

B

INPUTS
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EXlernal System
(eg., Seriu200 wilh 11090A SollwareJ

Possible data flow paths for the HP 7090A Measurement Plot
ting System.



PLOTTERS & RECORDERS
Measurement Plotting System (cont'd)
Model7090A

HP 7090A Panel Controls

Annotation capability eliminates errors from
./hand annotation, and creates accurate

./ hardcopy records.

/ Easy-to-read controls provide accurate feed-
/ back of recording conditions.

Controls allow the easy selection and move
./ment of pens. Scaling capability allows you

./ to design graphs to fit custom formats.

Ten thousand possible ranges eliminate/
guessing about exact set-up parameters.
Ability to store set-up conditions decreases
set-up time for repeated experiments.

Multiple trigger modes make viewing tran-/
sient and pre-trigger data easy; eliminates
the search through strip chart/oscillographic
output for an event.

External connectors provide flexibility for
/ configuring experiments to meet your varied

/' measurement needs.

Three output channels allow you to measure /
and view low-frequency phenomena at a
much lower cost than a traditional waveform
recorder.

Data display capability allows you to scan /'"
the buffer, displaying current values on LCD
or labeling data points on graph.



167/s
167/s

59/s
59/s

I channel
I channel plus

trigger
3 channels
3 channels plus

trigger
Functions: second, minute, hour, day,
year
Controls: front-panel set, battery
(lithium) backup
Accuracy: ±4 sec/day @ 25 C
Operating temperature: 0-55 C
Source: 100, 120, 220, 240 Vac
-\0%, +5%
Frequency: 48-66 Hz
Consumption: 140 W
Height: 205.5 mm (8.1 in.)
Weight: 575.0 (22.6 in.)
Depth: 465.0 (18.3 in.)
Net: 15.7 kg (34.51bs)
Shipping: 23.6 kg (18.3 Ibs)

Spanish/Latin America
Front-panel controls: PI, P2; pen
position cursors; pen selection
Interface modes (user selectable):
listen only; listen/talk
Types: paper, overhead transparency
film
Sizes (switch-selectable): M/A (210
x 297 mm, 8.5 x II in.); A3/B (297 x
420 mm, II x 17 in.)
HP-1B control of all recorder and
plotter functions
Software lockable front panel
Allows use of X-Y oscilloscope to
preview buffer contents
Connectors: 2 BNC, vertical and
horizontal
Output: -\0 V to 10 V (0 V
corresponds to origin on chart);
refreshed every 15 ms
Resolution: IO-bit
Allows panel display of de voltage
levels on selected channel input
Sampling rate: I/sec (NOMINAL)
Allows cursor to move pen along
plotted buffer data on selected
channel, value shown on display, and
coordinate pair can be printed at
selected points.
BNC connector, TTL level or contact
closure to ground
Max. sampling rate: 33.3 k samples/s
Max. streaming rate over HP-IB:

ASCII Binary
167/s 500/s
143/s 333/s

Weight

Real-time Clock

Environmental
Power Requirement

External Pen Lift Control

Size

Analog-to-digital

Pen Position
Data Display

Digital Voltmeter
(DVM) Mode

Media

Programming

Scope Output

Accessories Supplied Part Number
Interfacing and Programming Manual 07090-90001
Operator's Manual 07090-90002
Pocket Guide 07090-90004

An assortment of pens and media are also shipped with each HP 7090A unit
sold. Paper size and power cord are determined by destination.

I second to 24 hours
3,700
±O.I%

Inside or outside window to capture
decaying repeti tive signals, inside
resets with each reverse transition;
Above or below level, selectable over
the full-scale range in 1.0% of range
increments (NOMINAL);
Source, channel 1
BNC connector, TTL level or contact
closure to ground
Available from front-panel controls
Up to \00% pre-trigger capture, up to
24 hour post-trigger delay before
measurement start

30 milliseconds to 24 hours
4,700

127 cm/s (50 in./s)
75 cm/s (30 in./s)
2 g constant
3 kHz for all full scale ranges
:::: 20 mV
2.6 kHz for all full-scale ranges
<20mV
250 /lS at fastest timebase range

\000 words
12-bits

±0.012% of range/degree C
increases from ±0.012% or
range /degree C @ 500 mV to
±0.044% of range/degree C @ 5 mV
±0.01% of reading/degree C

±0.15% of range
increases from ±0.15% of range
@ 500 mV to ±0.26% of range @ 5
mV
±0.055% of reading

External Trigger

Manual Trigger
Display

Reading inaccuracy
Temperature coefficient

Constant inaccuracy
I V to 100 V range
5 mV to 500 V range

Peak capture
Memory per Cbannel

Size
Resolution

Trigger Cbaracteristics
Internal Trigger

3
ftoa ting, guarded
5 mV to 100 V full scale
41,000
±2 full scale or ±100 V maximum
approximately 5% or range steps
I Mohm, shunted by 45 pf (Nominal)
200 V, de or peak
10 kohm
140 dB de; 100 dB ac @ 60 Hz with
I kohm unbalance in LOW terminal
and most sensitive range (at 25 C)

Electrical accuracy (@ 25 C, ± I scale offset maximum):
Constant inaccuracy

I V to \00 V range
5 mV to 500 mV range

Reading inaccuracy
Timebase

Buffer mode
Range
Number of ranges

Direct mode
Range
Number of ranges

Accuracy
Dynamic Performance

Slewing Speed (Nominal)
Direct mode
Plotting mode

Acceleration (Nominal)
Bandwidth (::::3dB)

Specifications
Inputs

Number of channels
Type of input
Sensitivity
Sensitivity ranges
Zero offset
Zero offset ranges
Input impedence
Maximum input voltage
Maximum source resistance
Common mode rejection ratio

Supplemental Characteristics
Writing System 6-pen carousel with automatic pen

capping
Fiber-tip pens for paper or
transparencies

Digital Plotting Intelligence: over 40 HP-GL
instructions; five built in character
sets including ANSI ASCII, HP
9825, French/German, Scandinavian,

Ordering Information
HP \0833A or 45529A HP-IB (IEEE-488) I-meter cable
HP 10833B or 45529B HP-IB (IEEE-488) 2-meter cable
HP 7090A Measurement Plotting System

Option 910 (duplicate set of manuals)
HP 17090A/B/C Measurement Graphics Software

Option 630 (3.5 in. disc size)
Option 655 (5.25 in. disc size)

Price
$80.00
$90.00

$5200.00
$100.00

$700.00
$700.00



BPLOTTERS & RECORDERS
RecorderIPlotter Selection Guide

The following pages list recommended graphics output devices for over 100 HP instruments. HP instruments designed with microprocessors can
control plotting from front-panel buttons or menu-driven softkeys. If your instrument has this capability, it will be listed with a "direct to plotter"
output capability.

Other HP instruments require the appropriate controller and software in order to send graphics output to the plotter. These devices are indicated
by "indirect to plotter" output capability. If the system includes or requires a particular controller, that controller is indicated. Voltage and penlift
for instruments with analog output are also listed.

(To order the ColorPro plotter ask for the HP 7440A.)

X·Y Recorder Outputs Recom·
Plotter mended

HP Instrument Output Capability' Software Support Yoltage PenUlt HP Models

PC Instruments Indirect to plotter Data Aquisition 7475A
Software: HP 150. ColorPro

HP 14855A; IBM PC.
HP 14856A

141T Spectrum Analyzer System Direct to recorder X-5 to 5 V YES 7090A
YO to -.8 V (14 Vpen up, 0 Vpen down)

415E SWR Meter Direct to recorder YO to I V NO 7090A

432AjBjC 436Aj438A Power Meters Direct to recorder YO to 1V NO 7090A

853A Spectrum Analyzer Display Direct to recorder Front-panel controls X-5 to 5 V YES 7090A
graticule and/or trace YO to .8 V (15 Vpen up. 0 Vpen down) 7475A

(no annotation) 7550A
Direct to plotter (lO) ColorPro

l040A UVIVIS lC Detector Indirect to plotter HP 1040A opt 631 7475A
software available 7550A

ColorPro

1090A liquid Chromatograph Indirect to plotter. HP software included 7475A
System includes HP 85B 7550A

ColorPro

3046AjBjS Selective level Measuring Indirect to plotter Customer software required 7090A
Systems 7475A

ColorPro

3047AjS Spectrum Analyzer Systems Indirect to plotter HP software included with 7475A
3047S 7550A

3054AjCjDljS Data Acquisition Systems Indirect to plotter Customer software required for 7475
3054C/Dl 7550

ColorPro

3314A Function Generator Direct to recorder X~5 to 5V YES 7090A

3325A Synthesizer/Function Generator Direct to recorder X0 to 10 V YES 7090A
TTl

3326A Two Channel Synthesizer Direct to recorder X0 to 10 V YES·TTl 7090A

3335A Synthesizer/level Generator Direct to recorder XOto lOV NO 7090A

3336AjBjC Synthesizer/level Generator Direct to recorder X0 to 10 V YES-TTl 7090A

3350Aj3357AjB lab Automation System Indirect to plotter. HP 19135C CPlOT/3350 software 7475A
System includes HP 1000 available 7550A

3421A Data Acquisition/ Control Unit Indirect to plotter Customer software required 7475A
ColorPro

3497AjS Data Acquisition/ Control Indirect to plotter Customer software required 7475A
System ColorPro

3561Aj62Aj65S Dynamic Signal Analyzer Direct to plotter (05) Front-panel control duplicates screen 7090A
or image to plotter. Software similar to 7475A

indirect to plotter 3577. also adds annotation 7550A
ColorPro

3575A Gain/Phase Meter Direct to recorder VI 10 mV/degree NO 7090A
Y2 10 mY/dB

3577A Network Analyzer Direct to plotter (lO) Front-panel control duplicates screen 7090A
or image to plotter. Menu-driven software 7475A

indirect to plotter provides selectable graticule, trace, 7550A
annotation, pen number, line type. ColorPro

3580A Spectrum Analyzer Direct to recorder X0 to 5 V YES 7090A
YO to 5V Contact closure to ground

dUring sweep

3581A Wave Analyzer Direct to recorder X0 to 5 V YES 7090A
3581C Selective Voltmeter YO to 5 V Contact closure to ground

during sweep

3582AjS Spectrum Analyzer Direct to recorder Customer software required X0 to 5.25 V YES 7090A
YO to 525 V Contact closure during sweep 7475A

Indirect to plotter ColorPro

•"Indirect to plotter" requires an appropriate controller and so"ware. "Direct to plotter" may require an address of 05 or LO (listen only).
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""Indirect to plotter" requires an appropriate controller and software. "Direct to plotter" may require an address of 05 or LO (listen only).

x-v Recorder Outputs Recom-
Plotter mended

HP Instrument Output Capability' Software Support Voltage Penlilt HP Modell

3585A Spectrum Analyzer Direct to recorder liP software available X0 to 10 V VES 7090A
YO to 10 V TIL 7475A

Indirect to plotter ColorPro

3586A/B/C Selective Level Meter Indirect to plotter Customer software required 7475A
ColorPro

37085 Noise and Inteference Test System Indirect to plotter liP software available 7475A
(HP 37080 AlB/C/R) 7090A

ColorPro

3712A MLA Receiver Direct to recorder X-5 to 5 V YES 7090A
Y -5 to 5 V

3770B Telephone Analyzer Direct to recorder (Special X0 to 5 V NO 7090A
graph paper available) Y -5 to 5 V

3776A/B PCM Terminal Test Set Direct to recorder 7090A
or 7475A

Direct to plotter (LO) 7550A
ColorPro

3780A Error Measuring Set Direct to recorder YOto 1mA NO 7090A
into 10Kohm max

3852A Data Acquisition/Control Unit Indirect to plotter liP 44458A software available 7475A

4061A/5 Semiconductor Component Test System Indirect to plotter HP software included with 7475A
4061S ColorPro

4062B/5 Semiconductor Parametric Test System Indirect to plotter Customer software required 7475A
ColorPro

4063A/5 Semiconductor Indirect 'to plotter HP software ,ncluded 7475A
Parametric Analysis System 7550A

ColorPro

4064A/5 DLTS Analysis Indirect to plotter HP software included 7475A
System 7550A

ColorPro

4140B pA Meter/DC Voltage Source Direct to recorder Customer software required X-10 to 10 V YES 7090A
Y-5t05V 7475A

Indirect to plotter ColorPro

4145A Semiconductor Parameter Analyzer Direct to piotter (LO) Front·panel controls select 7475A
trace and/or graticule, fixed 7550A
characters ColorPro

4191A RF ImBedance Analyzer Direct to recorder Customer sottware required X0 to I V NO 7090A
(with Option 04) Yl 0 to 1V 7475A

Y20tolV ColorPro
(Option 004 not required) Indirect to plotter

4192A LF Impedance Analyzer Direct to recorder Customer software required X-I to I V YES 7Q90A
Y-1 to I V TIL 7475A

Indirect to plotter (low level at pen down) ColorPro

4193A Vector Impedance Meter Direct to recorder Customer software required X0 to 1V YES 7090A
Yl 0 to 1V 7475A

Indirect to plotter Y2 -1 to 1V ColorPro

4194A Impedance Direct to plotter Front·panel control 7475A
Galn·Phase Analyzer duplicates screen ,mage 7550A

to plotter. Graticule, ColorPro
traces are selectable

4280A I MHz C Meter/C·V Piotter Direct to recorder HP software avaiiable X-10 to 10 V YES 7090A
Y-IOto 10V 7475A

Indirect to plotter ColorPro

5180A Waveform Recorder Direct to recorder Front panel controls provide X -I to 0 V YES 7090A
5182A Waveform Recorder Generator fixed graticule, trace, Y-1 to 0 V (0 Vand 5 V) 7475A

Direct to plotter (LO) annotatton; 51800A Wavetorm 7550A
or Measurement Library also

Indirect to plotter available.

5180T/U Direct to plotter Front panel controls provide 7090A
5183T/U Waveform Recorders Indirect to plotter ~~~r aS~~~1~~~~'W~,~~~i~race, 7475A

7550A
measurement library also ColorPro
available.

5390A Frequency Stability Analyzer Indirect to plotter HP software provides gratlcule, 7475A
trace, and characters

54100A/0 Direct to plotter 7090A
541100 6 Hz Digitizing OsCilloscope 7475A
54200A/0. 7550A
54201A/0 DigitiZing Oscilloscope ColorPro

5427A Digital Vibration Test Control System Direct to plotter (05) Front·panel controls select 7090A
flxed·formal gratlcule, trace, 7475A

I
and/or characters 7550A

552865/885 Dimensional Metrology Analysis Systems
Sy;~~~ef~c\~~~~ii85

Menu·driven sottware provides 7475A
~~~~f~;~~lt,;~t;e~~~aB\:ticule ColorPro

trace, title block, and vertical
scale

I5965A Infrared Detector Indirect to plotter HP 59965A software available 7475A
for serres 300. 7550A

ColorPro



PLOTTERS & RECORDERS
Recorder/Plotter Selection Guide (cont'd)

"'Indirect to plotter" reqUIres an appropnate controller and software. "Direct to ploller may reqUIre an address of 05 or LO (listen only).

X-Y Recorder Outputs Recom·
Plotter mended

HP Instrument Output Capability' Software 5upport Voltage Penlilt HP Models

5987A/59708/95C/87A/88A GCMS Systems Indirect to plotter. System 59872A software available 7475A
includes HP 1000, Series 200 or 7550A

Series 300. ColorPro

69015 Measurement and Analysis System Direct to plotter (05) Menu-driven software provides 7475A
fixed-format plots with graticule
and characters, selectable trace

69408/42A Multiprogrammers Indirect to plotter Customer software required 7475A
ColorPro

69425 Computer Aided Test System Indirect to plotter Customer software required 7475A
ColorPro

6944A/5 MUltiprogrammer Indirect to plotter Customer software required 7475A
ColorPro

71000 Series Modular Direct to plotter 7475A
Spectrum Analyzers 7550A

ColorPro

8116A Pulse/Function Generator Direct to recorder XOtolOV YES 7090A
(with Option 001) (1.5 Vldecade) TIL

8165A Programmable Signal Source Direct to recorder X0 to 2.99 V NO 7090A
(with Option 002) (1 V/decade)

8340A Synthesized Sweeper Direct to recorder XOtolOV YES 7090A

83508 Sweep Oscillator Direct to recorder XOtolOV YES 7090A

8405A Vector Voltmeter Direct to recorder YI 0 to 1V NO 7090A
Y2 -5 to 5 V

84108 Network Analyzer System - The following plug-ins are part of the 84108 system:
... - - - - .... - - - _ .... - -- - - ... - - - - -" - - - - - _ .. -. - - _ ..... - - - - -'" - - - - - - -'" - - - - - - _. _ .. - - - - - _ ....... - -- - - - - - ... - _.

8412A Phase-Magnitude Display Direct to recorder Y1 50 mVld8 NO 7090A
Y2 10 mV/degree

-'" - - - - _ .. - - - - _ ... - - - - _ ... -- - - _ ... - - - - - _ ... - -- .... - - - - _ ..... -- - _ ... - - - - - - - _ .. - -- - - - - -". - - - - - - _ .. - . _ ... --

8414A Polar Display Direct to recorder X-25 to 2.5 V NO 7090A
Y-2.5 to 2.5 V

84088/5 Automatic Network Analyzer Indirect to plotter HP software duplicates screen 7475A
image onto plotter 7550A

ColorPro

8450/51A/52A Diode Array Spectrophotometers Direct to plotter Selectable graticule, trace, and 7475A
characters 7550A

8452A Diode Array Spectrophotometer Direct to plotter Selectable graticule, trace, and 7475A
characters. 7550A

ColorPro

8505A Network Analyzer Direct to recorder HP software provides gratlcule, X0 to 75 V YES 7090A
trace, and characters Y-1.25 to 1.25V 200 mA current sink 7475A

Indirect to plotter 7550A
ColorPro

85070/5 Automatic RF Network Analyzer System Indirect to plotter HP software provides gratlcule, 7475A
trace, and characters 7550A

ColorPro

8510A Network Analyzer Direct to plotter Front-panel controls 7475A
select ~ratlcule, trace 7550A
charac ers, pen and quadrant ColorPro

8557A/588/59A Spectrum Analyzers Direct to recorder X-5 to 5 V YES 7090A
YO to .8 V (15 Vpen up, 0 Vpen down) 7475A

With 853A Display Direct to plotter (With 853A and 180 malntrames)

8565A Spectrum Analyzer Direct to recorder X-5 to 5 V YES 7090A
YO to .8 V (15 Vpen up, 0 Vpen down) ColorPro

85668/5/688/5 Spectrum Analyzers Direct to recorder HP 85862/63 software X0 to 10 V YES 7090A
packages available YOtolOV (15 Vpen up, 0 Vpen down) 7475A

Direct to plotter ColorPro

85698/8570A Spectrum Analyzers Direct to recorder Front-panel controls select X-5 to 5V YES 7090A
graticule, trace, and/or YO to .8 V (15 Vpen up, 0 Vpen down) 7475A

Direct to plotter characters 7550A
ColorPro

8620C Sweep Oscillator Direct to recorder X0 to 10 V YES 7090A
(5 Vpen up)

8642A/8 Synthesized Signal Generator Direct to recorder X0 to 10 V YES-TIL 7090A

8660C Synthesized Signal Generator Direct to recorder X0 to 8 V YES 7090A
(with Option H24)

8662A/63A/738/C/0 Synthesized Signal Generators Direct to recorder XOtolOV YES-TIL 7090A

8683A/8/0/84A/8/0 Signal Generators Direct to recorder X0 to 10 V NO 7090A

"



x-v Recorder Outputs Recom·
Plotter mended

HP Instrument Output Capability' Software Support Voltage Penlift HP Models

8750A Storage-Normalizer Direct to recorder X0 to I V YES 7090A
Y-4t04V (open collector driver, 20 Vmax)

8753A Network Analyzer Direct to plotter 7475A
7550A
7090A

ColorPro

8754A Network Analyzer Direct to recorder XO to I V YES 7090A
V-4 to .4 V (5 Vpen up, 0 Vpen down)

8755S Scalar Network Analyzer System Direct to recorder V-4t04V YES 7090A
X0 to 10 V (open collector driver, 20 Vmax)

8757AjS Automatic Scalar Network Analyzer Direct to plotter HP 8757A has softkeys 7090A
with custom plot capability. 7475A
HP 8757S has menu-drIVen 7550A
software, ColorPro

8756AjS Automatic Scalar Network Analyzer Direct to plotter 8756A provides menU-driven 7475A
softkeys, 8756S has menu- 7550A
driven software to select ColorPro
graticule, trace, and/or
characters ~ev. I does not
Include 755 Ain ID table

8900CjD Peak Power Meter Direct to recorder YO to 1V NO 7090A

89038 Audio Analyzer Direct to recorder Customer software required" XOto 10V YES 7090A
VOto 10V 7475A

Indirect to plotter ColorPro

8953AjS Transceiver Test System Indirect to plotter Customer sottware required' 7475A
ColorPro

8955AjS Rf Test System Indirect to plotter Customer software required' 7475A

89708 Noise figure Meter Direct to recorder Special functions X0 to 6 V YES 7090A
control plotter V0 to 6 V TIL 7475A

Direct to plotter ColorPro

•"Indirect to plotter" requires an aprop"ate controller and software. "Direct to plotter" may require an address of 05 or LO (hsten only),



DIGITAL MULTIMETERS

Optimize Measurements for Your
Application Needs

Hewlett-Packard offers multimeters for
HP-lB, rack-and-stack test systems to satisfy
a wide range of measurement requirements.
Your selection depends primarily on the ac
curacy you need. In many cases, these mul
timeters are significantly faster than other
solutions at the accuracy needed.

All these system multimeter solutions pro
vide measurements of DC and AC voltage,
resistance, and DC and AC current. Low
cost frequency and period measurements are
also available.

In addition to computer-aided test, the
HP 3458A multimeter has the accuracy to
address metrology/standards lab applica
tions, and the digitizing speed to address

high-resolution digitizing. The HP 3457A
multimeter handles most application needs in
computer-aided test systems. For low-cost
HP-lB systems, the 31/> to 51/>-digit HP
3478A satisfies many measurement require
ments without putting a big dent in your in
strumentation budget.

Increase Test Throughput
Increase your test capacity by reducing the

time for each test.
In most system applications, interactions

with the computer and other HP-lB instru
ments have just as much impact on test
throughput as reading rates of the multime
ter. Most functional tests are a series of tests
that require function changes, and voltage or

resistance range changes. Also, transfer rates
of data must be fast to reduce traffic on HP
lB. With all these factors taken into consid
eration, you will find that the HP 3458A
multimeter increases your test capacity with
out having to increase the number of test sys
tems.

HP multimeters also provide math, stor
age of entire test sequences, reading memory,
interrupts, and limit testing to increase test
throughput. Finally, HP's system multime
ters have a "Voltmeter Complete" pulse out
put to increment channels on external
scanners or switches, without the delay of a
computer command. Flexible triggering
gives you the ability to ensure that measure
ments are properly synchronized with the de
vice under test.



3458A 3457A 3478A 3468A/B
HPModel page 94 97 100 104

DC VOLTAGE
Accuracy

I Yr Best Full Scale
(parts per million) 5.1 27 197 200

(Opt 002)
Resolution (nanovolts) 10 10 100 1000
Maximum Reading Rate

at 5Ih digits
(readings per second) 50,000 360 4.4

Maximum Range (volts) 1000 1000 300 300
(HP 44497A)

RESISTANCE
Accuracy

I Yr Best Full Scale
(parts per million) 10.5 52 167 ISO

Resolution (microhms) 10 10 100 1000

AC VOLTAGE
Bandwidth I Hz to 10 MHz 20 Hz to 1MHz 20 Hz to 300 kHz 20 Hz to 300 kHz

FUNCTIONS DC &AC V, 2- and 4-w DC &AC V, 2- and 4-w DC &AC V, 2- and 4- DC &AC V, 2- and 4-
n, OHset-compensated n, Ofjset-compensated wll, DC &AC I, & HP-IB wll, DC &AC I and HP-
n, DC &AC I, n, OC &AC I, IL
Frequency, Period, Frequency, Period,
Math, Test Math, Test sequence
sequence storage, storage, I kbyte
Ratio, 20 kbytes reading memory, & HP-
reading memory, HP-IB
Digitizing, &Hp·IB

OPTIONS Opt 001 Op1700 OptW30 Opt 001
Expanded reading CIIL 3 yr hardware Rechargeable battery
memory to 148 OplW30 support Opt W30
kbytes, 3 yr hardware 3 yr hardware

Opt 002 support support
High stability 44497A
(4 ppm/yr), 1000 Vattenuatar

Opt 005 44491A
Waveform analysis Armature relay
library mux

Opt W30 44492A
3 yr hardware Reed relay mux
support

BASE PRICE $5900 $2950 $995 $750

Increase Up-time
Hewlett-Packard's quality philosophy fo

cuses on continuous process improvement.
Although we continue to improve, perfection
is the goal. To achieve this goal, we apply sci
entific methods and data to all processes,
where everything is considered a process.

This philosophy requires participation by
everyone working together toward a common
goal. Improvements in quality result from
better designs and careful attention to im
provements in production. The anticipated
result is that we continue to satisfy our cus
tomers by exceeding their needs and expecta
tions.

HP's field-proven multimeters are already
living up to such ideals. In keeping with
precedents set by the HP 3468A/B and
HP 3478A, the HP 3457A and 3458A mul
timeters include quality and reliability with
the performance you need. As one way of
demonstrating this reliability, HP offers
three years of hardware support as an option,
at a surprisingly low incremental price.
Whether you take advantage of this option or
not, you can expect HP reliability that keeps
your test system up and running for a long
time.

SYSTEMDMMs BENCH DMMs



8 DIGITAL MULTIMETERS
A System Multimeter with Both High Speed and High Accuracy
Model 3458A

e

Model 3458A

The HP 3458A multimeter shatters long-standing performance
barriers of speed and accuracy on the production test floor, in R&D,
and in the calibration lab. The HP 3458A is simply the fastest, most
flexible, and most accurate multimeter ever offered by Hewlett
Packard. In your system or on the bench, the HP 3458A saves you
time and money with unprecedented test system throughput and ac
curacy, seven function measurement flexibility, and low cost of own
ership.

Select a reading rate of 100,000 readings per second for maximal
test throughput. Or achieve highest levels of precision with up to
8'/2 digits of measurement resolution and 0.1 part per million transfer
accuracy. Add to this, programming compatibility through the Hew
lett-Packard Multimeter Language (HPML) and the HP 3458A's
simplicity of operation and you have the ideal multimeter for your
most demanding applications.

High Test System Throughput

Faster Testing
• Up to 100,000 readings/sec
• Internal test setups> 200/sec
• Programmable integration times from

500 ns to I sec

Greater Test Yield
• More accuracy for tighter test margins
• Up to 81/2 digits resolution

Longer Up-Time
• Two-source (lOV, 100kr!) calibration,

including ac
• Self-adjusting, self-verfying auto-cali

bration for all functions and ranges, in
cluding ac

de Volts
• 5 ranges: 0.1 V to 1000 V
• 8'/2 to 41j2 digit resolution
• Up to 100,000 readings/sec (4'/2 digits)
• Maximum sensitivity: 10 nV
• 0.6 ppm 24 hour accuracy
• 8 ppm (4 ppm optional)/year voltage

reference stability

Ohms
• 9 ranges: lOr! to IGr!
• Two-wire and four-wire Ohms with off-

set compensation
• Up to 50,000 readings/sec (5'/2 digits)
• Maximum Sensitivity: 10).Ll!
• 2.2 ppm 24 hour accuracy

High Resolution Digitizing

Greater Waveform
Resolution and Accuracy
• 16 bits at 100,000 samples/sec
• 18 bits at 50,000 samples/sec
• 12 MHz bandwidth
• Timing resolution to IOns
• Less than 100 ps time jitter
• Over 75,000 reading internal memory

Flexible Digitizing Software
• Powerful, easy-to-use analysis software

for HP 9000 Series 200/300 Com
puters

• Subprograms for waveform acquisi
tion, data transfer, FIT, 1FT, and data
presentation

HP 3458A Multimeter Performance Features

ac Volts
• 6 ranges: 10 mV to 1000 V
• I Hz to 10 MHz bandwidth
• Up to 50 readings/sec with all readings to

specified accuracy
• Choice of sampling or analog true rms

techniques
• 100 ppm best accuracy

dc Current
• 8 ranges: 100 nA to I A
• Up to 3,500 readings/sec (5'/2 digits)
• Maximum sensitivity: I pA
• 13 ppm 24 hour accuracy

Calibration Lab Precision

Superb Transfer Measurements
• 8'/2 digits resolution
• 0.1 ppm de Volts linearity
• 0.1 ppm de Volts transfer capability
• 0.01 ppm rms internal noise

Extraordinary Accuracy
• 0.6 ppm for 24 hours in de Volts
• 2.2 ppm for 24 hours in Ohms
• 100 ppm mid-band ac Volts
• 8 ppm (4 ppm optional) per year volt

age reference stability

ac Current
• 5 ranges: 100).LA to I A
• 10 Hz to 100 kHz bandwidth
• Up to 50 readings/sec
• 500 ppm 24 hour accuracy

Frequency and Period
• Voltage or current ranges
• Frequency: 1 Hz to 10 MHz
• Period: 100 ns to I sec
• 0.01 % accuracy
• ac or de coupled
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DC Voltage Accuracy Transfer Accuracy
1 Year 10 Min Tref ±0.5°C

Maximum Input (ppm of Reading (ppm of Reading
Range Full Scale Resolution Impedance + ppm of Range) Conditions +ppm of Range) Conditions

100 • Specifications for NPLC 100 • NPlC = 100
mV 120.00000 10 nV 10 Gn 9 + 10 within 24 hours and ±1 °C of last 0.5 + 0.5 • Following 4 hour warm-up. Full

ACAl; TCAl +5°C scale to 10% of full scale.
• For High stability (Option 002) • Measurements on the 1000 V

1V 120000000 10 nV 10 Gn 8 + 1 subtract 15 ppm of Reading 0.3 + 0.1 range are within 5% of the initial
from 90 day, and 4 ppm of measurement value and following
Reading from 1 or 2 year measurement setting.

10 V 120000000 100 nV 10 Gn 8 + 0.2 accuracy. 0.05 + 0.05 • Tref is the starting ambient
• Add 2 ppm of reading additional temperature.

error for HP factory traceability • Measurements are made on a
100 V 120.000000 1~V 10Mn±1% 10 + 0.3 of 10 Vde to US NBS. 0.5 + 0.1 fixed range using accepted

Traceability error is the absolute metrology practices.
error relative to National

1000 V 1050.00000 10 ~V 10Mn±1% 10 + 0.1 Standards associated with the 15 + 0.05
source of last external
calibration.

Noise Rejection (dB)'
AC NMR2 AC ECMR DC ECMR

'Applies for 1 kll unbalance in the LO lead and ±0.1% of the line frequency currently set lor
LFREQ.
'For line frequency ± 1%. ACNMR is 40 dB tor NPLC 21. or 80 dB tor NPLC 2 100. For line fre
quency ±5%. ACNMR is 65 dB for NPLC ,,100.

Maximum Input

'Two-Wire Ohms Accuracy
Add 250 Mil to the four-wire ohms accuracy.

140
140
140
140
140

±1200Vpk
±350 Vpk
±1000Vpk

Non·Destructive

Conditions

• NPLC 200: OCOMP ON
• Within 24 hours and

±1°Cof last ACAL; Teal
±5°C.

• Add 3 ppm of reading
additional error for HP
factory traceability of 10
kn to US NBS.
Traceability is the
absolute error relative to
National Standards
associated with the
source of last external
calibration.

90
150
150
160
170

Rated Input

±1000Vpk
±100Vpk
±500 Vpk

15 +5
12 +5
10 +0.5
10 +0.5
10 +0.5
15 +2
50 + 10
500 + 10
0.5% + 10

Accuracy
Four·Wire Ohms'

o
60
60
70
80

One Year
(ppm of Reading +ppm of Range)Range

Ion
lOon
1 kll
10 kll
100 k!J
1 Mil
10 Mil
100 Mn
1Gil

Resistance

HI to LO
LO to Guard
Guard to Earth

NPlC <1
NPLC ;>1
NPlC ;>10
NPlC ;>100
NPlC = 1000



DIGITAL MULTIMETERS
A System Multimeter with Both High Speed and Accuracy (Cont'd)
Model 3458A

AC Voltage Accuracy
(Synchronously Sub-sampled
Mode)

24 hr to 2 Year
40 Hz to
1 kHz

Maximum Input (% of Reading +
Range Full Scale Resolution Impedance %of Range) Conditions

• Specifications apply
10 mV 12.00000 10 nV I MU ±15% with 0.02 + 0.011 full scale to 10% of

<140 pF full scale, DC <10%

100 120.0000 100 nV I MU ±15% With 0.007 +0.002
of AC, sine wave
input, crest factor =

mV <140 pF 1.4. Within 24 hours
1V 1.200000 I ~V I MU ±15% with 0.007 + 0002 and ±I'C of last

<140 pF ACAL.
• Peak (AC + DC) input

10V 12.00000 10 ~V I MU ±2% With 0.007 + 0.002 limited to 5xfull
<140 pF scale for all ranges in

100 V 1200000 100 ~V I MU ±2% with 0.02 + 0.002 ACV function.
<140 pF • Add 2ppm of reading

addifional error for
1000 V 1050000 I mV 1 MG ±2% With 0.04 + 0.002 HP factory

<140 pF traceability of 10 V
DC to US NBS.

Maximum Input
Rated Input Non-Destructive

HI to LO ±IOOOVpk ±1200 V pk
LO to Guard ±200 V pk ±350 V pk
Guard to Earth ±500 V pk ±1000 V pk
Volt-Hz Product I x 10'

Front/Rear Panel Description
Display
• Bright, easy-to-read, vacuum flourescent display
• 16 character alpha-numeric display to easily read data, messages,

and commands
Standard Function/Range Keys
• Simple to use, for bench measurements of deY, acY, Ohms, current

frequency and period
• Select autorange or manual ranging
Menu Command Keys
• Immediate access to eight common commands
• Shifted keys allow simple access to complete command menu
Numeric/User Keys
• Numeric entry for constants and measurement parameters
• Shifted keys (£0 through f9) access up to ten user-defined setups,
Volts/Ohms/Ratio Terminals
• Gold-plated tellurium copper for minimum thermal emf
• 2-wire or 4-wire Ohms measurements
• dc/de or ac/dc ratio inputs
Current Measurement Terminals
• Easy fuse replacement with fuseholder built into terminal
Guard Terminal and Switch
• For maximum common mode noise rejection
Front-Rear Terminal Switch
• Position selects front or rear measurement terminals

Throughput
Maximum Reading Rates
• 100,000 readings/sec at 41/2 digits (16 bits)
• 50,000 readings/sec at 51/2 digits
• 6,000 readings/sec at 61/2 digits
• 60 read ings/ sec at 7'/2 digi ts
• 6 readings/sec at 81/2 digits

Measurement System Speed
• 100,000 readings/sec over HP-1B or with internal memory
• 110 autoranges/sec
• 200 function or range changes/sec
• Post-processed math from internal memory

External Output
• Programmable TTL output pulse with

5 modes for flexible system interface
• Defaults to a voltmeter complete pulse

External Trigger Input

Ordering Information
HP 3458A Multimeter (with HP-IB, 20k bytes reading
memory, and 8 ppm stability)
Option 001 Extended Reading Memory (Expands total
to l48k bytes)
Option 002 High Stability (4 ppm/year) Reference
Option 005 Waveform Analysis Library for HP Series
300 Computers with BASIC 4.0 or greater
Option W30 Two additional years Return-to-HP hard
ware support
Option 907 Front Handle Kit
Option 908 Rack Flange Kit
Option 909 Rack Flange Kit (with handles)

Price
$5900

$500

5800
$400

$160

$51
$3]
$73



DIGITAL MULTIMETERS B
3112 to 6112 Digit DMM with Extended Resolution to 7112 Digits 97

HP Model 3457A

• Over 1350 Readings/sec at 3112 Digits
• Seven Functions-DCV, ACV, DCI, ACI, Ohms,

Frequency and Period

HP 3457A

Description
The HP 3457A has seven functions with 31/2 to 61/2 digits of resolu

tion extendable to 71/2 digits at reading rates from I reading every 2
seconds to 1350 rds/s and basic DC volts accuracy as good as 5 ppm.
In addition, the input of the HP 3457A can be expanded up to ten
channels with either of the optional plug-in multiplexer assemblies.
On the bench, the front panel operation is extremely flexible and com
prehensive. In systems, the Hewlett-Packard Interface Bus (HP-IB)
is standard.

Powerful Measurement Management
The HP 3457A combines superb analog measuring capability with

equally powerful measurement management. More than 1000 read
ings or whole measurement sequences can be stored in the HP 3457A
for convenient and fast measurement throughput. The present dmm
setup can be stored in the non-volatile state memory for convenient
reconfiguration of the dmm.

Additional power from math functions can be obtained by using
PASS/FAIL limit testing, NULL, SCALE, THERMISTOR
linearization, and others. The power of total electronic calibration,
including AC volts, makes it easy to maintain instrument perform
ance.

System Features
Keeping with HP's long tradition of systems oriented digital mul

timeters, the HP 3457A has all the systems features you've come to
expect plus more to make interfacing to your computer even easi
er-features like flexible formatting of ASCII, 16 bit binary, or 32 bit
binary data and buffer memory so that you can take measurements
with the HP 3457A at its highest speed. In addition, you'll find the
VOLTMETER COMPLETE output and EXTERNAL TRIGGER
input signals ideal for synchronizing other instrumentation with the
HP 3457A. Finally, programmable front-rear terminal switching lets
you measure two separate inputs without a scanner.

Hewlett-Packard Multimeter Language (HPML)
Another first for the HP 3457A DMM is an easy-to-use dmm lan

guage-HPML. Designed so that software written for today's mul
timeter will fit tomorrow's, HPML only asks you to define the
parameters necessary to accomplish your measurement. For example,
if you want to make a measurement on a 9 volt DC signal with 0.0 I%
resolution, the command sequence is "DCV,9,.01".

• Three Plug-in Multiplexer Options
• DC Sensitivity to 10 Nanovolts
• Outstanding Combination of Performance and Price

Control Interface Intermediate Language (CIIL)
With Option 700, the HP 3457A responds to standardized DMM

CIIL commands via HP-IB. Physically and functionally identical to
the standard HP 3457A, Option 700 adds the CIIL command set
with a built-in Test Module Adapter (TMA) to the DMM's standard
HPML. The HP 3457A is further enhanced by adding the functions
of AC and DC current measurement through CIlL through HP-IB.

Three Rear Panel Plug-In Options
Either one of three different optional assemblies may be used with

the HP 3457A for different measurement capabilities. Using the mul
tiplexer assemblies will enable up to ten signal channels to be scanned
either sequentially or randomly. All of the functional capability of
fered through the normal front and rear input terminals is available
for multiple inputs. Using the high voltage assembly allows single
channel measurement of either AC or DC voltages at the rear panel.

For measurement flexibility, the HP 44491A Armature Relay
Multiplexer Assembly offers eight two-wire channels and two cur
rent/actuator channels. Under software control, the eight two-wire
channels can be reconfigured to four 4-wire ohm channels. The two
current channels offer automatic make-before-break switching so
that the path for current as high as 1.5 A is never broken. In addition,
these two channels can be used as external device actuator channels.
Each channel can switch up to 150 V. The general purpose multiplex
er can close a channel and make a measurement at a maximum rate of
33 channels per second.

For higher speed scanning, the HP 44492A Reed Relay Multiplex
er Assembly offers ten two-wire channels. The HP 44492A is useful
for switching dcV, acV, ac+dcV, two wire ohms, frequency and peri
od measurement signals with a maximum amplitude of 125 V. The
Reed Relay Multiplexer can close a relay and make a measurement at
a maximum rate of 300 channels per second.

For measurement of voltages up to 1414 V peak, the HP 44497A
High Voltage Assembly offers a 1000: 1 attenuator input (channel I)
for the high voltage measurements. In addition, the other rear termi
nal input (channel 0) can be utilized to perform conventional VDC,
VAC, Two-wire and Four-wire Ohms, Period, Frequency, DCI, and
ACI measurements. Using the HP 44497A with HP 3457A in the 61/2
digit mode will yield a resolution of I mV for a 1000 V input. Imple
menting the MATH Scale function will have the HP 3457A LCD
display the measurement results in the correct units of kilovolts.



DIGITAL MULTIMETERS
3112 to 6112 Digit DMM with Extended Resolution to 7112 Digits (cont'd)
HP Model 3457A

Abbreviated Technical Specifications
90 day, Tcal ± 5 deg. C

DC Voltage
Best 6'/. Digit Accuracy'

± (" Rdg +Cnts)

Range Maximum " of Count Error Input
Reading Reading Resistance

30 mv 30.03000 mV 0.0040 365 10 GO
300 mv ooסס.303 mV 0.0025 39 lOGO
3.0 V OOסס3.03 V 0.0017 6 lOGO
30.0 V OOסס30.3 V 0.0035 19 10 MO
300.0 V OOסס.303 V 0.0050 6 10 MO

1. After 1 hr warm-up, integration time 100 PLC. Teal is the temper
ature of the calibration environment between 18 and 28 deg C.

DC Current
Best 6'/. Digit Accuracy'

± (" Rdg +Cnts)

Range Maximum " of Count Error Input
Reading Reading Resistance

300 IlA 303.00001lA 0.02 104 ooסס1

3 mA 3.030000 mA 0.02 104 1000
30 mA 30.30000 mA 0.02 104 100
300 mA ooסס.303 mA 0.07 204 10
1.0A 1.o00ooo A 0.07 604 0.10

1. After I hr warm-up, integration time 100 PLC. Teal is the temper
ature of the calibration environment between 18 and 28 deg C.

Resistance (2 and 4 wire ohms)2
Best 61/0 Digit Accuracy'

± (" Rdg +Cnts)

Range Maximum "of Count Current
Reading Reading Error Output

30 Ohm OOסס30.3 Ohm 0.0065 315 I mA
300 Ohm OOסס.303 Ohm 0.0045 34 I mA
3 kOhm ooסס3.03 kOhm 0.0035 6 I mA
30 kOhm ooסס30.3 kOhm 0.0035 6 lOOIlA
300 kOhm ooסס.303 kOhm 0.0040 7 10 IlA
3 MOhm ooסס3.03 MOhm 0.0055 12 lIlA
30 MOhm OOסס30,3 MOhm 0.0250 80 lOOnA
300 MOhm' ooסס.303 MOhm 1.6 1000 lOOnA
3.0 GOhm' ooסס3.03 GOhm 16.0 1000 l00nA

I. After I hr warm up, integration time 100 PLC. Teal is the temper
ature of the calibration environment between 18 and 28 deg C.

2. For two-wire ohms, add 200m Ohms to count error specifications.
3. For two-wire ohms only, Accuracy is specified following autocal

(ACAL), under stable conditions (± 1 deg C).
Maximum Reading Rates (DCY, DCI, and Resistance up to 30
kOhm)2

Readings per Second-60Hz (50Hz)

Power line Maximum # Auto Zero Auto Zero NMR
Cycles' of Digits On 011

.0005 3'/' 300 1350 0
.005 4'/' 280 1250 0

.1 51/, 140 (128) 360 (312) 0
1.0 6'/' 26 (22) 53 (45) GOdS
10 7'h' 2,5 (2.0) 4.8 (4.0) 80dS
100 7'h' .25 (0.2) 0.5 (0.4) 90dS

I. Using Math HIRES mode.
2. Reading rates are specified with zero delay, fixed range, display

off, and front panel off. The output is to internal reading memory
using single integer format and internal timer.

3. Integration Time in Power Line Cycles (PLC).
Common Mode Rejection (dB): (l kOhm unbalance in low lead)
DC ECMR 140 dB; AC ECMR: <I PLC, 76 dB; AC ECMR > 1
PLC 156 dB, for 50, 60 Hz ±.08%.

True RMS ACV and (AC+DC)V
Bandwidth: 20 Hz to I MHz
Crest Factor: 3.5 to 1 at full scale
Common Mode Rejection: (l kOhm unbalance in LO): >76 dB, DC
to 60 Hz
Accuracy: (90 day)

Accuracy specified for sine wave inputs, > 10% of range. DC com
ponent <10% of AC component after 1 hr warm-up and within one
week of autocaI. Integration time = 10 PLC. AC Band set to <400
Hz. DC coupled mode requires 2 hour warm-up

(100 Hz to 20 kHz) Best 5'/. Digit Accuracy
± (" Rdg +Cnts)

AC Coupled DC Coupled
Range Maximum " of Count " of Count Input

Reading Reading Error Reading Error Impedance
30mV 32.50000mV 0.13 116 0.17 364 IMOhm ±1%
300mV 325,OOOOmV 0.13 116 0.17 364 shunted by
3.0V OOסס3.25 V 0.13 116 0.17 364 <90p!
30.V ooסס325 V 0.13 116 0.17 364
300V OOסס.303 V 019 116 0.23 364

True RMS ACI and (AC+DC)I
Bandwidth: 20 Hz to 100 kHz Crest Factor: 3.5 to full scale
Accuracy: (90 day)

Accuracy specified for sine wave inputs, > 10% of range. DC com
ponent < 10% of AC component after I hr warm-up and within one
week of autocaI. Integration time = 10 PLC. AC Band set to <400
Hz DC coupled mode requires 2 hour warm-up

(100 Hz to 20 kHz) Best 5'/0 Digit Accuracy
±(" Rdg +Cnts)

AC Coupled DC Coupled
Range Maximum "of Count "of Count

Reading Reading Error Reading Error

30mA 32.50000mA 0.25 290 0.3 1600
300mA 325.0000mA 0.25 290 0.3 1600
1.0A 1.o00ooo A 0.35 290 0.4 1600

Reading Rates (ACY and ACI)'
Readings per Second .60 Hz (50 Hz)

Power line Maximum # Input <400 Hz Input >400 Hz
Cycles of Digits (Slow Response) (Fast Response)

.0005 3'/' I 9.5
.005 4'/' I 9.5

.1 5'/' 1(1) 9.25 (9.2)
1 6'/' I (1) 7.25 (6.9)

10 6'/' 0.7 (0.65) 2.0 (1.7)
100 6'/' 0.2 (0.17) 0.25 (0.2)

I. Reading rates are specified with preprogrammed delays, fixed
range, and Auto Zero on.

Frequency and Period: Measures the frequency or period of the
ac component of the ac or de coupled voltage or current input. The
counter uses a reciprocal counting technique to give constant resolu
tion independent of input frequency.
Input Impedance: Refer to AC voltage and current specifications.
Frequency Range: 10 Hz to 1.5 MHz (voltage input)

10 Hz to 100 KHz (current input)
Period Range: .1 s to 667 ns (voltage input)

.1 s to 3.33 us (current input)
Sensitivity: 10 mY or 100 IJ,A (sinewave)
Triggering: Triggers and counts on zero crossings
Accuracy: (l year)

Frequency Period ±" of Reading

10 Hz to 400 Hz .1 sto ,025 s 0,05
400 Hz to 1.5 MHz .025 sto 667 ns 0.01

Maximum Reading Rate: 2.0 rdgs/s for integration time of 1 PLC,
AC Band >400 Hz, delay zero and math off, and fixed range.

Memory: 2139 available bytes that can be partitioned into 3 seg
ments, one devoted to storing measurements, one devoted to storing
measurement subprograms, and one devoted to storing instrument
states.
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Math Functions: The HP 3457A performs the following math
functions on the measurements-NULL, SCALE, OFFSET, RMS
FILTER, SINGLE POLE FILTER, THERMISTOR
LINEARIZATION, DB, DBM, % ERROR, PASS?FAIL LIMIT
TESTING, and STATISTICS. Two math functions may be used at
one time.

DC 0.030% of reading
20 Hz - I KHz 2.8% of reading
I KHz - 10 KHz 10.0% of reading
Note: One year accuracy applies to Tcal ±5%, NPLC=I or

greater. Specifications are for low-to-earth voltage less than 0.1 times
the High-to-Earth voltage.

HP 44492A Reed Relay Multiplexer Assembly Input Characteris
tics: Ten two-wire reed relay channels. Maximum voltage (terminal
to-terminal or terminal-to-chassis) - 125 V peak. Thermal offset - 3
/lV. Closed channel resistance (end of relay life) - <4 Ohms. Specified
for <100 kHz ac volts and frequency operation. Maximum switching
and measurement speed - 300 channels/second.

$63

$27W
$80W
$90W

$110
$80

$230
$63

Price
$2950

$470
$470
$390

$40
$990

$51
$32
$75

W Fast Ship Product-see page 767.

Model 3457A Multimeter
*HP 44491A Armature Relay Multiplexer Assembly
*HP 44492A Reed Relay Multiplexer Assembly
*HP 44497A High Voltage Attenuator Assembly
Option 401: Side Handle Kit (P/N 5061-1171)
Option 700: CIIL Language
Option 907: Front Handle Kit (P/N 5061-1170)
Option 908: Rack Flange Kit (P/N 5061-1168)
Option 909: Rack Flange and Front Handle Kit (P/N
5061-1169)
Option 910: Extra Operating and Service Manual
Option W30: Two years of additional hardware support
Accessories:
UP 44490A Rack Slide Kit for 30 inch depth racks
UP 44493A Screw Terminal Connector for HP 44491A
includes strain relief and housing
UP 44494A Screw Terminal Connector for HP 44492A
includes strain relief and housing
UP 34118A Test Lead Kit
UP 34301A RF Detector Probe, 100 KHz to 700 MHz
UP 34300A 40 Kv ac/dc Probe. dc to 300 Hz
UP 34119A High Voltage Probe, 1000:1, AC & DC
Voltage Divider for up to SOOOV $130 W
UP 44414A: Four Thermistor Pack $63 W
'Plug-in options may be ordered and shipped separately without a HP 3457A mainframe. Unless
otherwise specified, lhe optional plug-in accessories will be shipped with the HP 3457A main
frame.
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Plug-in Options
HP 44491A Armature Relay Multiplexer Assembly Input Charac
teristics: Eight two-wire armature relay channels and two cur
rent/actuator channels. Maximum voltage (terminal-to-terminal or
terminal to chassis) 250 Vrms. Maximum current (per channel) -1.0
A DC or AC. Thermal Offset - 3/l V. Closed channel resistance (end
of relay life) - <2 Ohms. Maximum switching and measurement
speed - 33 channels/second.

HP 44497A High Voltage Attenuator Assembly Input Character
istics: Two relay channels, channel I devoted to high voltage mea
surements. Maximum High-to-Low voltage of 1000 Volts DC or AC
rms. Maximum Low-to-Earth voltage of 350 V Peak Non-destructive
Overload voltage of 1700 V Peak, 1200 Volts DC. Attenuator accura
cy to be added to HP 3457A range and function accuracy for total
accuracy.

General Specifications
Operating Temperature: 0 to 55 0 C
Warmup Time: one hour to all specifications except where noted
Humidity Range: 95% R.H., 0 to 40 0 C
Storage Temperature: -40 to +75 0 C
Power: 100/120/220/240 V ±IO%, 48 Hz - 66 Hz, 220 V, ±lO%,
48 Hz to 66 Hz. Fused at .2A (liS V) or 0.08 A (230 V). dO VA.
Size: 89 mm H (without removable feet) x.425mm W x 292mm D
(3.5" x 16.75" x 11.5"). Height (with removable feet): 100 mm (4").
Allow 76mm (3") additional depth for wiring.
Net Weight: 5.05 kgm (ll.l Ibs)
Shipping Weight: 9.3 kgm (20.5 Ibs)



BDIGITAL MULTIMETERS
Low Cost 31/2 to 51/2 Digit HP-IB Multimeter
Model 3478A

• 5 measurement functions
• Up to 90 readings/s

• Electronic calibration
• 100 nanovolt resolution

··SYSTEMS

HP 3478A

~~~

fj'jJ~~

Description
The HP 3478A is a low cost, full function, reliable DMM for sys

tem measurements. Selectable 3'h to 5\12 digit resolution and 5
autoranging functions offer flexibility in automated testing. The HP
3478A measures dcV, true rms acV, 2- and 4-wire resistance, and dc
and ac current. Simple, fast electronic calibration eliminates all ad
justments to provide a lower cost of ownership.

Low Cost of Ownership
The combination of an extremely reliable DMM with complete

electronic calibration and self-test gives you low cost of ownership.
The proven reliability of the HP 3478A is so good that Hewlett-Pack
ard offers you two additional years of hardware service (Option W30)
for less than four percent of the purchase price of the DMM.

Performance
Selectable speed and resolution provide the right capability for

your measurement. The HP 3478A can perform production tests or
acquire experimental data at 90 readings/s with 3'/2 digit resolution,
or take 35 readings/s with 130 dB of noise rejection using 4\12 digits.
The 51h digit mode offers 100 nVdc and 100 /Lfl resolution for precise
measurements. True rms with 300 kHz bandwidth and 4:1 crest fac
tor provides reliable measurements of ac signals. Fast autoranging
makes the first reading useful and accurate.

Designed for Systems
Switchable front/rear inputs permit flexible system connections.

The Voltmeter Complete output and External Trigger input allow
synchronization of the HP 3478A with a scanner for fast multiplexed
measurements without the delay of software commands. The test pro
gram can write prompt messages or results on the alphanumeric dis
play. The operator can respond by pressing the HP 3478A's SRQ key
to interrupt the controller and start the next test. Built-in self-test
capability assures proper operation.

Electronic Calibration
Complete calibration of the HP 3478A is accomplished without

any internal adjustment or removing the instrument's covers. Either
manually, from the front panel, or automatically over HP-IB, calibra
tion is fast and easy. Connect your standards to the HP 3478A and,
during calibration, the calibration constants are stored in the HP

3478A's non-volatile memory. The result is less calibration error and
lower calibration costs.

Specifications

DC Voltage

Input Characteristics

Maximum
Reading Resolution

Range (5\\ digit) 5% digit 4% digit 3\\ digit

30mV .30.3099 mV 100 nV 1~V 10 ~V
300 mV .303.099 mV 1~V 10 ~V 100 ~V

3 V ±3.03099 V 10 ~V 100 ~V I mV
30 V ±30.3099 V 100 ~V 1 mV 10 mV

300 V .303.099 V 1mV 10 mV 100 mV

Input resistance: 30 mY, 300 mY, 3 V ranges: > IOID fl
30 V, 300 V ranges: 10 Mfl ± I%

Maximum input voltage (non-destructive): Hi to Lo: 303 Vrms or
450 V peak; Hi or Lo to Earth Ground: ±500 V peak

Measurement accuracy: ±(% of reading + number of counts).
Auto zero ON.

5'/0 Digit Mode

TCal' ±l'C TCal' .5 'C
Range 24 Hour 90 Day 1 Year
30 mV 0025 +40 00275 +40 0.035 +40

300 mV 0.004 + 4 0005 + 5 0.007 + 5
3 V 0.003 + 2 0.004 + 2 0.006 + 2

30 V 0.004 + 3 0.005 + 4 0.007 + 4
300 V 0.004 + 2 0005 + 2 0.007 + 2

'TCal is Ihe temperalure of the environment where the HP 3478A was calibrated. Calibration
shouid be performed with the temperature of the environment between 20'C and 30' C. 24 hour
accuracy relative to calibration standards.

4'1. and 3'12 digit mode: accuracy is the same as 5\12 digit mode for %
of reading; use 1 count for number of counts on all ranges except 30
mY, use 4 counts.
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Maximum burden atfull scale: I V (3 A range), O. I V (0.3 A range)

AC Current (true rms responding)
Input Characteristics

Maximum input: (non-destructive): 3 A from <250 V source; fuse
protected.
Measurement accuracy: ±(% of reading + number of counts).
Auto zero ON. 5Vz digit display. Accuracy is specified for sinewave
inputs only, > 10% of full scale.
1 Year TCal* ±5°C

MaXimum burden at full scale: I V RMS (3A range)

Maximum input (non-destructive): 3 A from <250 V source: fuse
protected.
Measurement accuracy: ±(% of reading + number of counts).
Auto zero ON 5Vz digit display

.
Ranges

Frequency 300 mA 3A
20-50 Hz 1.54+ 163 2.24 + 163
50-1 kHz 0.81 + 163 1.50+ 163

1k·IO kHz 0.72 + 163 1.42 + 163
10 k·20 kHz 0.86 +163 1.56 + 163

DC Current
Input Characteristics

Maximum
ResolutionReading

Range (5Y, Digit) 5\\ Digit I 4% Digit 3\\ Digit
300 mA 303.099 mA 1~A I 10~ 100 ~

3 A 3.03099 A 10 ~A 100 ~A 1mA

TCal ' ± 5'C
Range 90 Days 1 Year

300mA 0.11 +40 0.15 +40
3A(<1 A) 0.14 + 6 0.17 + 6
3A(>1 A) 1.0 + 30 1.0 +30

Measurement accuracy: ±(% of reading + number of counts).
Auto zero ON 5Vz digit display 4-wire ohms

Maximum
ResolutionReading

Range (5\\ Digit) 5% Digit I 4% Digit I 3% Digit
300 mA ± 303.099 mA 1~ I 10~ 100 ~

3 A ± 3.03099 A 10 ~A 100 ~A I mA

TCal ' ± PC TCal ' ± 5'C
Range 24 Hour 90 Day 1Year

30 Q 0.023 +35 0.027 +41 0.034 +41
300 Q 0.0045 + 4 0012 + 5 0.017 + 5

3 k-300 kQ 0.0035 + 2 0.01l + 2 0016 + 2
3 MQ 00052 + 2 0.011 + 2 0.016 + 2

30 MQ 0.036 + 2 0066 + 2 0.078 + 2

°CT1Y

Input impedance: I MQ ± 1% shunted by <60 pF
Maximum Input Voltage (non-destructive):
Hi to Low: 303 Vrms or 450 V peak
Hi or Lo to Earth Ground: ±500 V peak
Measurement accuracy: ±(% of reading + number of counts).
Auto zero ON. 5\/2 digit display. Accuracy is specified for sinewave
inputs only, > 10% full scale.

ear, I Cal* ±5
Ranges

Frequency 300 mY 3Y,30 Y 300 Y
20-50 Hz 114 + 163 114 + 102 118+ 102
50-100 Hz 0.46 + 163 0.46 + 103 0.50 +102

100 Hz-20 kHz 0.20 +120 0.20 + 70 0.24 + 70
20-50 kHz 0.38 + 205 026 + 140 0.42 +140
50-100 kHz 1.20 +840 0.87 + 780 098 + 780
100-300 kHz 10.1 +3720 (30 Vrange only)

AC Voltage (true rms)
Input Characteristics

Maximum Reading Rates (readings/s )

Noise rejection: in dB with I kQ imbalance in Lo lead. AC rejection
for 50, 60 Hz ± 0.1%. Auto zero ON.

Maximum
ResolutionReading

Range (5\\ Digit) 5\\ Digit 4\\ Digit 3\\ Digit
300 mV 303.099 mV 1~V 10 ~V 100 ~V

3 V 3.03099 V 10 ~V 100 ~V 1mV
30 V 30.3099 V 100 ~V 1mV 10 mV

300 V 303.009 V I mV 10 mV 100 mV

Line Auto Zero Resolution
Frequency and Display 3\\ digits 4'/. digits 5\\ digits

Off 90 35 4.4
60 Hz On 60 20 2.3

Off 85 30 3.7
50 Hz On 50 17 1.9

Temperature coefficient: 0° to 55°C, 5'/2 digits, auto zero ON. ±(%
of reading + number of counts)/"C

Range Temperature Coefficient
30 mY 0.0028 + 5.0

300 mY 0.0005 +0.5
3 Y 0.0004 +005

30 Y 0.0006 +05
300 Y 00004 +005

AC AC DC
Display NMR ECMR CMR

5\\ digits 80 150 140
4\\ digits 59 130 140
3\\ digits 0 70 140

Price

$995

$35
$51W
$54W
$22

Crest factor: >4:1 at full scale
Common mode rejection: with I kQ imbalance in Lo lead, >70 dB,
at 60 Hz
Maximum reading rates: 3\/2 or 4\/2 digits, 1.4 readings / s; 5\/z digits,
1.0 readings/so First reading is correct within 70 counts of final value
when triggered coincident with step input. Add 0.6 seconds for each
range change.

Resistance (2-wire Q, 4-wire Q)
Input Characteristics

Maximum
Reading Resolution

Range (5\\ Digit) 5\\ Digit 4\\ Digit 3\\ Digit
30 Q 30.3099 Q 100 ~Q I mQ 10 mQ

300 Q 303.099 Q 1mQ 10mQ 100 mQ
3 kQ 3.03099 kQ 10 mQ 100 mQ 1 Q

30 kQ 30.3099 kQ 100 mQ I Q 10 Q
300 kQ 303099 kQ 1 Q 10 Q 100 Q

3 MQ 3.03099 MQ 10 Q 100 Q I kQ
30 MQ 30.3099 MQ 100 Q 1 kQ 10 kQ

Input protection (non destructive): Hi to Lo: ±350 V peak; Hi or Lo
to Earth Ground: ±500 V peak.

General
Operating temperature: 0 to 55°C
Humidity range: 95% R.H., 0 to 40°C
Power: ac line 48 to 440 Hz; 86 to 250 V, 25 VA max.
Size: 102 mm H x 215 mm W x 356 mm D (4" x 8" x 14");
3\/2 in. H without feet.
Weight: 3 kg (6.5 Ib)
HP-IB Interface Functions: SH I, AH I, TS, TEO, L4, LEO, SR I,
RLl, PPO, DCI, DTl, CO

Ordering Information
Choose one N/C power option:
Opt 315: 100 V, 50 Hz; Opt 335: 220 V, 50 Hz
Opt 316: 100 V, 60 Hz; Opt 336: 220 V, 60 Hz
Opt 325: 120 V, 50 Hz; Opt 345: 240 V, 50 Hz
Opt 326: 120 V, 60 Hz; Opt 346: 240 V, 60 Hz
Opt W30: Three year extended hardware support
Opt 907: Front Handle Kit (HP P/N 5061-0088)
Opt 908: Rack Mount Kit (HP PIN 5061-0072)
Opt 910: Extra Manuals (HP P/N 03478-90005 and

(HP P/N 03478-90006)

HP 3478A Multimeter

W Fast Ship Product-see page 767.



DIGITAL MULTIMETERS
61/2 to 31/2 Digit HP-IB DMM with High Stability
Model 3456A

• Up to 330 readings per second
• 100 nanovolt resolution

• 100 micro-ohm to 1.0 gigaohm

Specifications

DC Voltage

Description
This fully guarded, integrating Digital Multimeter is designed for

bench or systems. The HP Model 3456A measures DC, true RMS
AC voltage and resistance,

Measurement speed and accuracy can be enhanced for a specific
application, using the HP 3456A's selectable integration time (up to
100 power line cycles), An operator can select up to 330 read
ings/second for high speed bursts or one reading every fifteen minutes
for periodic measurements, Resolution of 100 nanovolts at 48 read
ings/second (6 1/2 digits) to 10 microvolt resolution at 330 readings per
second (3112 or 4112 digits) can be selected,

With good repeatability and 100 nanovolt sensitivity, accuracy on
the ten volt range is ±0.0008% +2 counts over a 24-hour period at
23°C ±1 °C.

Four full-scale, true RMS AC voltage ranges are provided, with
reading speeds up to 12 readings per second over a 10 Hz to 250 kHz
frequency range, Best accuracy is 0,05%. Crest factor is greater than
seven at full scale,

With the HP 3456A's program memory and reading storage capa
bility, the HP 3456A can take measurements and store them while a
computer performs some other task,

Another system feature of the HP 3456A is its hardware scanner
advance capability for scanned or multiplexed system applications,
As soon as the HP 3456A's measurement cycle is complete, a TTL
signal is available to trigger a variety of switching instruments,

90 days: 23°C ± 5°C

CURRENT
THROUGH
UNKNOWN4'12 digit

RESOLUTION
5'12 digit6'12 digitRANGE

24 hour: 23°C ±l°C 90 days: 23'C ±5°C

RANGE 6% digit (~10 PLC) 6\\ digit (1 PLC) 6\\ digit (>10 PLC) 6\\ digit (1 PLC)

1000 0.003 +24 0.003 +32 0.004 +24 0.004 +32

I kO 0.002 + 4 0.003 + 5 0.003 + 4 0.004 + 5

10 kO 0.002 + 4 0.003 + 5 0.003 + 4 0.004 + 5

100 kO 0.002 + 2 0.003 + 3 0.003 + 2 0.004 + 3

1MO 0.006 + 2 0.006 + 3 0.007 + 2 0.007 + 3

10 MO 0.041 + 2 0.041 + 3 0.042 + 2 0.042 + 3

100 MO 1.3 + 1 1.3 + I 1.8 + I 1.8 + 1
I GO 11+ 1 11+ I 16 + I 16 + I

100 0 119.9990 lOOjl!l I mO 10 mO I mA

I kO 1199.990 I mO 10 mO 100 mO I mA

10 kO 11.9999 kO 10 mO 100 mO 10 100 ,JA

100 kO 119.999 kO 100 mO 10 100 50,JA
I MO 1199.99 kO 10 100 1000 5,JA

10 MO 11.9999 MO 100 1000 lkO 500 nA
100 MO 119.999 MO 1000 I kO 10 kO <500 nA'

1GO 1000.00 MO I kO 10 kO 100 kO ~500 nA'
'Ohms source IS a 500 nA current source In parallel With a 10 Mil resistance.

Measurement accuracy: ± (% of reading + number of counts)

Integration Time Frequency In Hz

In Power Line Filter Off.... 40().20k 20k to 50k 50k to lOOk 'lOOk to 250k
Cycles 10 to 20 20 to 30 3().20k 20k to 50k 50k to lOOk 'lOOk to 250k
>1- (6 Oigit)' .47 +450 .35 +500 .07 +730 .17 +1700 .55 ± 2900 5.0 +6500
.1- (5 Digit) .48 + 90 .36 + 53 .08 + 73 .18 + 173 .56 + 293 5.0 + 653
01- (4 Digit) .56 + 10 .41 + 7 .13+ 9 .23 + 19 .61+ 31 5.1+ 67

..
'FrequenCies> 100 kHz are specified for 1.0 V and 10 V ranges only.
'Integration Time in Power Line Cycles (PLC). For 5'/' digits, multiply counts by 0.1. For 4'/' digits,
multiply counts by 0.01.

Resistance (2 Wfl, 4 Wfl, 2 WOCfl, 4 WOCfl)
MAXIMUM
READING
(5'12 digit)

.'..•..'.·.·a·.·.,ii~.t:Wiii,.:.·.·-
JlJ ~"" ~~'; ,~'"m

+/ ! -, :: 'I {I - -)

'., ' '" '\l\

= ~,"

Measurement accuracy: ± (% of reading + number of counts).

Measurement accuracy: ±(% of reading + number of counts).

(
Input Voltage )'

'Add .02 % to %of reading.
1000

LOV 1.19999 V I #V 10 #V lOO#V I MO ±.5% ±1000 V

10.0 V 11.9999 V 10 #V 100 #V 1mV shunted by peak
<90 pF (700 Vrms)

100.00 V 119.999 V 100 #V I mV 10mV 10" VHZ
1000.0 V 700.00 V 1mV 10 mV 100 mV

50 Hz50 Hz 60 Hz

RATES(rdgs/second)
Auto Zero Auto Zero

OFF ON
60 Hz

INTEGRATION
TIME IN POWER
LINE CYCLES (PLC)

0.01 (4V, digit) 330 290 210 180

0.10 (5V, digit) 210 180 120 100

1.00 (6V, digit) 48 40 25 20

10.00 (6% digit) 5.8 4.8 2.9 2.4

100.00 (6V, digit) .57 .47 .29 .24

Memory
Reading store: Store up to 350 readings.
Program memory: can execute an internal program which controls
instrument configuration and measurement sequence.

General
Operating temperature: 0 to 50°C
Humidity Range: 95% R.H., 0 to 40°C
Power: 100/120/220/240 V +5%, -10%,48 Hz to 400 Hz line oper
ation, 45 VA max.
Size: 88.9 mm H x 425.5 mm W x 527.1 mm D (3112" x 163/." X 20l/.")

Weight: net, 10.49 kg (23.13 lb.); shipping, 13.35 kg (29.38 lb.)
Ordering Information Price
Opt 050: Noise rejection for 50 Hz N/C
Opt 060: Noise rejection for 60 Hz N/C
Opt W30: 3 year hardware support +$120
HP 3456A Digital Voltmeter $4600

Ratio
Type: DC/DC, AC/DC, or (AC + DC)/DC
Method: 4-wire with Volts Lo input common

Ratio = Signal Voltage
Ref. Hi Voltage-Ref. Lo Voltage

Reading Rate

MAXIMUM
INPUT

VOLTAGE

MAXIMUM
RESOLUTION INPUT INPUT

6'/, digit 5'/, digit 4'/, digit RESISTANCE VOLTAGE

MAXIMUM
READING RESOLUTION INPUT
(5\\ digit) 6\\ digit 5\\ digit 4\\ digit IMPEDANCE

MAXIMUM
READING

RANGE (5'/, digit)

RANGE

AC RMS Voltage (AC, AC + DC)

24 hour: 23'C ±1'C 90 days: 23'C ±5'C 1year: 23'C ±5'C

6\\ digit I 6\\ digit 6\\ digit I 6\\ digit 6\\ digit ,I 6\\ digit
RANGE (210 PLC) (1 PLC) (210 PLC) (1 PLC) (>=10 PLC) (1 PLC)

0.1 V .0022 +24 0.0024 +32 0.0026 +24 0.0027 +32 0.0034 +24 0.0035 +32

LOV 0.0009 + 4 0.0012 + 5 0.0016 + 4 0.0017 + 5 0.0024 + 4 0.0025 + 5

10.0V 0.0008 + 2 0.0011 + 3 0.0015 + 2 0.0016 + 3 0.0023 + 2 0.0024 + 3

100.0 V 0.0011 + 3 0.0014 + 4 0.0018 + 3 0.0019 + 4 0.0026 + 3 0.0027 + 4

1000.0 V' 0.0011 + 2 0.0013 + 3 0.0016 + 2 0.0017 + 3 0.0024 + 2 0.0025 + 3

0.1 V .119999 V 100 nV I #V 10#V >1010 0 ±1000 V

LOV 1.19999 V 1#V 10 #V 100 #V >10 '0 0 peak

10.OV 11.9999 V 10 #V 100 #V 1mV >10'0 0

100.0 V 119.999 V 100 #V I mV 10mV 10 MO ±.5%

1000.0 V 1000.00 V 1mV 10 mV 100 mV 10 MO ±.5%



• 5'12I6%-Digit DVM with Auto Cal
• High Speed 3% Digit System Voltmeter

DIGITAL MULTIMETERS 8
~ System Digital Multimeters 103
~ Model 3437A,3455A

HP 3455A

frequencies above 300 Hz. (Readings/second given for 60 Hz opera
tion and high resolution off.)

Performance
DC measurements can be made with up to IILV sensitivity. Ohms

measurements are made with either a 2-wire and 4-wire mode. The
High Resolution (6V2-digit) mode gives dc and ohms measurements
with greater than I part per million resolution. The standard true rms
ac to dc converter measures sinusoid and complex signals with crest
factors up to 7:1 at full scale from 30 Hz to I MHz.

Specifications

DC Voltage
Accuracy ± (% of reading + counts)

24 hrs: 23'C ± I 'C

Range 24 Hrs. 90 Days

I V 0.003 +4 0006 +4
10 V 0.002 +3 0005 +3
100 & 1000 V 0.004 +3 0.007 +3

Maximum Reading Rates for Remote Operations. (Rdgs/s)

Resistance
Accuracy ± (% of reading + counts) 4-wire kfl

General
Power: 100 V, 120 V, 240 V +5% -10%,48-400 Hz; <60 VA.
Size: 88.9 H x 425.5 W x 527.1 mm D (3.5" x 16.75" x 20.75").
Weight: net, 9.38 kg (20.7Ib); shipping, 11.8 kg (26 Ib).

Function 50 Hz 60 Hz

DCV 22 24

Ohms 11 12

ACV (rms) 1.1 13
Fast ACV (rms) 12 13

Price
less $100

$5950HP 3455A Digital Voltmeter

Options
001: average converter

24 hours: 23'C ± I 'C

Range 24 Hours 90 Days

I kP. 00025 +4 0.0035 +5
10 kg 00045 +4 00060 +5
100 kg 00020 +5 00035 +6
1000 kn 00120 +4 00135 +5
10,000 kg 01000 +4 01000 +5

300 Hz to
Fast ACV 20 kHz

20 kHz 100 kHz 250 kHz 500 kHz
30 Hz to to to to to

ACV 20 kHz 100 kHz 250 kHz 500 kHz 1 MHz

90 days
23'C ± 5'C 005 +50 050 +100 2.00 +250 500 +500 6.00 +3100

Input resistance: 0.1 V through 10 V range: > 10 10 ohms. 100 V and
1000 V range: 10 megohm ±O.I % with Auto Cal. "off."
Maximum Input Voltage: High to low input terminals: ± 1000 V
peak; Guard to chassis~ ±500 V peak; Guard to low terminal: ±200
V peak.
NMR at 50 or 60 Hz ±0.1%: >60 dB.
ECMR with 1 kfl Unbalance in Lo at DC: > 160dB;

AC Voltage (rms converter)
Input Impedance

Front terminals: 2 Mfl ± I% shunted by less than 105 pf.
Rear terminals: 2 Mfl ± I% shunted by less than 90 pf.

Maximum Input Voltage
High to low terminals: ± 1400 volts peak; 107 VHz max.
Guard to chassis: ±500 V peak; Guard to low terminal: ±200 V
peak.
Crest factor: 7:1 at full scale.

Accuracy: [± % of reading + counts] (ac coupled)

HP 3455A Description
Hewlett-Packard's 3455A Digital Voltmeter is a 5V2- or 6~-digit

integrating voltmeter for bench or systems applications. The standard
instrument measures dc volts, ac volts, and resistancc. HP-IB and au
to or manual ranging are also standard.

Measuring Speed
The HP 3455A is fully guarded and has greater than 60 dB normal

mode noise rejection at reading rates of up to 24 readings per second
on all dc ranges. Ohms reading rates are up to 12 readings/second
and an ac fast mode gives reading rates of up to 13 readings/second at

HP 3437A Description
The Hewlett-Packard 3437A System Voltmeter is designed for sys

tems. It is a 3V2-digit, high-speed dc voltmeter with sample and hold.
The standard unit measures dc volts, provides trigger delay, burst
reading capability and Hewlett-Packard Interface Bus (HP-IB).

There are three dc floating input ranges: 0.1 V, I.OV and 10.OV full
scale with a maximum display of "1998." Sample and Hold allow the
HP 3437A to be an instantaneous reading voltmeter. The trigger de
lay can be set from O.IILs to 1.0 second and the number of readings
can be set from 0 to 9999 readings.

Performance
Static Accuracy (90 days, 23°C ±5°C)

10 V range: ±(0.05% of reading + 1.6 counts).
Static accuracy temperature coefficient (0° C-50° C):

±(0.002% reading +0.05 counts) rc.
Input Characteristics
10 V range: R = I Mfl ±20%; C<75 pF.
Maximum input voltage high to low on all ranges: <±30 V peak.
Maximum voltage low to chassis: ±42 V peak.
Maximum reading rate (remote, N Rdgs. >1, and a zero delay
listener)

ASCII: 3600 readings/so
Packed: 5700 readings/so

Input Bandwidth (3 dB)
1 V and 10 V range: 1.0 MHz.

General
Operating temperature: 0 to 55°C.
Storage temperature: -40°C to 75°C.
Humidity range: <95% R.H., O°C to 40°C.
Power: 100 V, 120 V, 220 V, 240 V +5%, -10%,48 Hz to 440 Hz
line operation, <42 VA.
Size: 88.9 mm H x 212.7 mm W x 527.1 mm D (3\12" x 8%" x 20314").
Weight: net, 5.6 kg (l21b 4 oz). Shipping, 7.6 kg (l6lb 12 oz).

HP 3437A System Voltmeter $3600
Option W30: extended warranty $95
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High Performance 51/2 to 31/2 Digit Bench DMM
HP Models 3468A1B

• Five functions • Electronic calibration • 5'12 to 3'12 digits

HP 3468A1B

Description
The HP Models 3468A/B are autoranging 5\12 to 3Y2 digit DMMs,

with the five functions of dc volts, true RMS ac volts, 2- and 4-wire
ohms, dc current and true RMS ac current. They are low-cost, highly
reliable DMMs which can be completely calibrated electronically, ei
ther manually from the front panel or remotely in an automatic cali
bration system. Remote calibration is made possible by the built-in
HP-IL (Hewlett-Packard Interface Loop) interface which provides
complete programmability of functions, ranges and modifiers.

The HP 3468A comes in a streamlined portable package with a
handle for convenient carrying, whereas the HP 3468B comes in a
plastic system case for easy rack mounting. Both are available with a
rechargeable battery and battery charging circuitry for portable mea
surements.

High Performance
The HP 3468A/B have 5 functions with selectable 5'h, 4'/2 or 3Y2

digit resolution. DC and true RMS ac voltage measurements are pro
vided from 0.3 volt full scale range with I J.I.V sensitivity up to 300
volts. The bandwidth of the true RMS ac converter is from 20 Hz to
100 kHz on all ranges and up to 300 kHz on the 30 V range. Either 2
or 4-wire ohms measurements can be selected with a maximum range
of 30 Mf!. Both dc and true RMS ac current capability is provided up
to 3 A. All functions on the HP 3468A/B incorporate fast autorang
ing. The HP 3468A/B use an integrating analog to digital conversion
technique for high noise rejection. The selectable 3V2, 4Y2 or 5Y2 digits
of resolution allows flexibility for choosing speed or noise rejection.

Electronic Calibration
Complete calibration of the HP 3468A/B is done electronically,

either manually from the front panel or remotely in an automatic cali
bration system. There are no internal adjustments necessary. Com
plete calibration of all functions is done without removal of the
instrument's covers, thus saving valuable time and reducing cost. The
calibration procedure for the HP 3468A/B involves connecting a cali
bration standard to the input, then pressing three keystrokes to store
one calibration constant in CMOS RAM for each range and function.
When the HP 3468A/B make a measurement, each reading is cor
rected according to the calibration constants that have been stored.

The internal CMOS RAM used in the HP 3468A/B is powered by a
lithium battery to create a non-volatile memory capable of holding
the calibration constants for more than ten years.

HP-IL
The HP Models 3468A/B are fully programmable with HP-IL, a

two-wire serial interface, and the HP-41 C/CV handheld calculators.
HP-IL provides automatic measurements and adds computational
power to these bench DMMs.

Battery
The optional battery pack includes a rechargeable battery and the

battery charger circuitry for up to five hours of continuous measure
ments.

DC Voltage
Input Characteristics

Maximum
Reading Resolution

Range (5\> digit) 5'12 digit 4'12 digit 3\1, digit

0.3 V .0.301000 V 1~V 10 ~V 100 ~V

3V • 3.01000 V 10 ~V 100 ~V 1 mV
30 V • 30.1000 V 100 ~V 1 mV 10 mV

300 V • 301.000 V 1 mV 10 mV 100 mV

Input resistance: 0.3 V, 3 V ranges: > IOlD f!
30 V, 300 V ranges: 10 Mf! ±I%

Maximum Input Voltage (non-destructive)
Hi to Lo: 301 Vrms or 450 V peak
Hi or Lo to Earth Ground: ±500 V peak

Measurement accuracy: ±(% of reading + number of counts).
Auto zero ON. 5Y2 digits.

TCaI'±l'C TCal'±5'C

Range 24 Hour 90 Day 1 Year

0.3 V 0.005 +4 0009 +5 0.02 +5
3 V 00035 +2 0.0072 +2 0.0181 +2

30 V 0.005 +3 0.009 +3 0.02 +3
300 V 0.0055 +2 0009 +2 002 +2

'TCal is the temperature of the environment where the 3468A1B was calibrated. Calibration
should be performed with the temperature of the environment between 20°C and 30°C.



B
Temperature coefficient: O°C to 55°C, 5V2 digits, auto zero ON.
± (% of reading + number of counts);CC.

DC Current
Input Characteristics

Range
0.3 V, 30 V
3 V, 300 V

Temperature Coefficient

0.0008 + 0.5
0.0007 + .05

Maximum
Reading Resolution

Range (5'/, digit) 5,/, digit I 4'/, digit I 3\\ digit

3A ± 3.01000 A 10~ I 100 ~A I 1 mA

AC Current (true RMS responding)
Input Characteristics

Maximum input (non-destructive): 3 A from <250 V source; fuse
protected.
Measurement accuracy: ±(% of reading + number of counts). Auto
zero ON. 5V2 digit display.

Maximum
Reading Resolution

Range (5'/, digit) 5';' digit I 4';' digit I 3\\ digit

.3 A 0.301000 A 1~A I 10~

I
100 ~A

3A 3.01000 A 10 ~A l00~ 1 mA

$55

$40

$52

$25

$765W

$155

at no

Price
$765W

$87.50

Configuration: order one power and frequency option
charge from below.
Opt 315: 100 V, 50 Hz; Opt 335: 220 V, 50 Hz
Opt 316: 100 V, 60 Hz; Opt 336: 220 V, 60 Hz
Opt 325: 120 V, 50 Hz; Opt 345: 240 V, 50 Hz
Opt 326: 120 V, 60 Hz; Opt 346: 240 V, 60 Hz
Ordering Information
HP 3468A DMM in Streamlined Portable Case with
HP-IL and test probes.
HP 3468B DMM in Rack and Stack Case with HP-IL
and test probes.
Options and Accessories
HP 3468A/B Option W30, add 3 year Extended Hard
ware Support
HP 3468A/B Option 00], add Rechargeable Battery
Pack
HP 3468B Option 40], add Side Handle Kit
(HP PIN 5061-1171)
HP 3468B Option 907, add Front Handle Kit
(HP PIN 5061-1170)
HP 3468B Option 908, add Rack Mount Kit for a
Single Instrument (HP P/N 5060-0 l73)
HP P/N 5060-0] 74 Rack Mount Kit for rack mounting
two instruments side-by-side
~ Fast-Ship product - See page 767

General Information
Operating temperature: 0 to 55°C
Humidity range: 95% R.H., 0 to 40°C
Power: AC line 4S to 440 Hz, 86 to 250 V, (see configuration)
Battery: (Opt 00 I) Rechargeable lead-acid; minimum continuous op
eration for 5 hours at 25°C; recharge time is 16 hours with HP
3468A/B off and 36 hours with HP 3468A/B on.
Size: HP 3468A: 98.4 mm H x 238.1 mm W x 276.2 mm D (3.88 in.
H x 9.38 in. W x 10.88 in. D). 3468B: 89 mm H x 213 mm W x 275
mm D (without feet), 3.5 in. H x 8.38 in. W x 10.83 in. D.
Weight: HP 3468A/B-2.1 kg (4.63 lb); HP 3468A/B with Opt
001-3.1 kg (6.83Ib).

Ranges

Frequency O.H H
20·50 Hz 1.77 +163 2.5 +163
50·1 kHz 1.1 +163 1.8 +163
1 k·IO kHz 1.0 +163 1.7 +163
10 k·20 kHz 114 + 163 1.84+ 163

Maximum input (non-destructive): 3 A from <250 V source; fuse
protected.
Measurement accuracy: ±(% of reading + number of counts). Auto
zero ON. 5V2 digit display. Accuracy specified for sinewave inputs
only, > 10% of full scale.
1 Year, TCal ±5°C

TCal ±5'C
Range 90 Days I I Year

3 A, d Ainput 0.14 + 6 I 0.17 + 6
3 A, >1 Ainput l.0 + 30 l.0 + 30

Ranges
Frequency 0.3V 3 V, 30 V 300 V
20·50 Hz 1.14 + 163 1.14 + 102 1.18+ 102
50-100 Hz 0.46 + 163 0.46 + 103 05 + 102
100 Hz·20 kHz 0.29 +163 0.26 + 102 0.33 +102
20·50 kHz 0.56 +247 0.41 + 180 0.55 + 180
50-100 kHz 1.74 +882 105 + 825 126 +825

100 k·300 kHz 101 +3720
(30 Vrange only)

1 Year, TCal ±5°C

Input impedance: I Mfl ± J% shunted by <60 pF.
Maximum input Yoltage (non-destructive): 301 Vrms or 450 V peak.
Measurement accuracy: ±(% of reading + number of counts) Auto
zero ON. 51f2 digit display. Accuracy is specified for sinewave inputs
only, > 10% of full scale.

Maximum open circuit Yoltage: 6.5 V

Crest factor: >4: I at full scale.

AC Voltage (true RMS responding)
Input Characteristics

Maximum
Reading Resolution

Range (5\\ digit) 5\\ digit 4\\ digit 3\\ digit
0.3 V 0.301000 V 1 ~V 10 ~V 100 ~V

3V 3.01000 V 10 ~V 100 ~V I mV
30 V 30.1000 V 100 ~V 1 mV 10 mV

300 V 301.000 V I mV 10 mV 100 mV

Current Through Unknown

Input protection (non-destructive): cL 350 V peak.
Measurement accuracy: ±(% of reading + number of counts). Auto
zero ON. 5'12 digit display. 4-wire ohms.

TCaI'±1 'C TCal' ±5'C
Range 24 Hour 90 Day I Year
300 il .0045 +4 .012 +4 .017 +5
3 kil-300 kil .0035 + 2 .011 + 2 016 +2
3 Mil .0052 +2 .011 +2 .016 +2
30 MU 036 +2 .066 +2 078 +2

Input Characteristics

Maximum reading rate with HP-41CV: 2 readings/second.

Maximum
ResolutionReading

Range (5\\ digit) 5\\ digit 4\\ digit 3\\ digit

300 il 301.000 il 1 mil 10 mil 100 mU
3kil 3.01000 kil 10 mil 100 mil 1 il

30 kil 30.\000 kn 100 mil I il 10 U
300 kil 301.000 kil 1 il 10 il 100 il

3 Mil 3.01000 Mil 10 il 100 il Ikn
30 Mil 30.1000 Mil 100 il I kil 10 kil

Noise rejection: in dB, with I kfl imbalance in Lo lead. AC rejection
for 50, 60 Hz ±O.I%. Auto zero ON.

Resistance (2-wire fl, 4-wire fl)

AC AC DC
Display NMR ECMR CMR
5\\ digits 80 150 140
4'h digits 59 130 140
3\\ digits 0 70 140



DIGITAL MULTIMETERS
Bench, General Purpose and Wide Bandwidth
HP Models 3466A/3400A

ACI
Range Frequency Accuracy: 1 year.

15 to 30 deg.C
±(% readina + # counts)

200 !LA to 200 rnA 20 to 30 Hz 2.0 + 50
30 Hz to 10 kHz 0.9 + 35

2000 rnA 20 to 30 Hz 2.0 + 50
30 Hz to 10 kHz 1.2 + 20

5% 0.75% 2% 3% 5%

AC to DC converter accuracy: % of full scale (20 to 30 deg. C)

10 Hz 50 Hz 1 MHz 2 MHz 3 MHz 10 MHz

Specifications
Voltage Range: I mV to 300 V full scale, 12 ranges.
dB Range: -72 to + 52 dBm (0 dBm = I mW into 600 Ohm).
Frequency range: 10 Hz to 10 MHz.
Response: responds the rms value (heating value) of the input signal
for all waveforms.
Meter accuracy: % of full scale (20 to 30 deg. C)*

HP Model 3400A
The HP 3400A is a true rms analog voltmeter. Six-decade frequen

cy coverage makes the HP 3400A extremely flexible for audio and RF
measurements up to 10 MH z and permits the measurement of broad
band noise and fast risetime pulses.

Pulses or other non-sinusoids with crest factors up to 10:1 can be
measured full scale. Plots of measured data and higher resolution
measurements can be produced by connecting a dmm to the conve
nient rear-panel dc output which produces a linear 0 to I volt output
proportional to the meter deflection.

$1850

-$10

$1290W

Price
~$75

10 MHz

5%

3MHz

3%

2 MHz

2%

1 MHz

1%

50 Hz

5%

HP 3400A RMS Voltmeter

10 Hz

• TC: 0.1% from 0 to 20 and 30 to 55 deg.C

Crest Factor: (ratio of peak to rms amplitude of input signal): 10: I at
full scale.
Input impedance: from 0.001 to 0.3V range: 10 MOhm shunted by
<50 pF. 1.0 to 300 V range. 10 MOhm shunted by < 20 pF, ac cou
pled input.
Output: negative I V dc into open circuit at full scale deflection, pro
portional to meter deflection from 10 to 100% of full scale. I rnA
maximum; nominal source impedance is 1 kOhm. Output noise is
<lmV rms.
Accessories furnished: 10110A adapter, BNC to dual banana jack.

Ordering Information Price
HP 3400A Opt. 001 expands the dB scale by placing it $42
on the top of the meter.

Rear terminals in parallel with front terminals and
linear log scale uppermost on the meter face are availa
ble on special order.

Ordering Information
HP 3466A Opt. 001, streamlined portable case, ac line
power only
HP 3466A Opt. 002, Rack and Stack case, ac line pow
er only. (Rack mount kit not included.)

HP 3466A Digital Multimeter. Standard configur
ation in a streamlined portable case with handle, ac line
power, batteries and charger, and test leads.
'& Fast-Ship product. See page 767.

Range Accuracy: 1 year. 15 to 30 deg. C
± (% reading + # countsf

200 uA, 2mA, 20mA 0.07 + 2

200 rnA 0.15 + 2

2000 rnA 0.5 +2

Input Protection: 250V or 350V (de + peak ac).
Range Accuracy: 1 year. 15 to 30 deg. C

±(% of readina + # counts)
20 to 200 Ohm 0.08 + 2

2 kOhm to 200 kOhm 0.03 + 1
2000 kOhm 0.04 + I

20 MOhm 0.15 + I

HP3400A

Current
Maximum Input: current: 2 A (fused protected). Voltage: 250 V
DCI

Maximum input: (ac+dc)V:± 1200 Vdc, 1700 V (dc + peak ac);
acV: ±600 V dC,1700V(peak ac + dc); 107 volt-Hz max.
Crest Factor: 4: I at full scale.

Resistance
Ranges: 20 Ohm to 20 MOhm in 7 ranges

AC V (true-rms respondina, true-rms calibrated)
Frequency Accuracy: 1 year. 15 to 30 deg. C
Range ±(% of reading + # counts)
20t030Hz 2 + 50
30 to 50 Hz I + 30
50 Hz to 10 kHz 0.3 + 20
10t020kHz I + 40
20 to 100 kHz 2 + ISO

Range Maximum Accuracl: 1 year. 15 to 30 deg. C
Display ±(% 0 readina + # of counts)

20mV ±19.999 0.05 +3
200mV ±199.99 0.04 +2
2V ± 1.9999 0.03 + 1
20 V ±19.999 0.03 + I
200 V ±199.99 0.035 + I
1200 V ±1199.9 0.035 + I, <700 V input
1200 V ±1199.9 0.055 + I > 700 V inout

Specifications

Voltage
DCV

HP Model 3466A
The HP 3466A is a 4 1/2digit autoranging multimeter offering six

functions ACV, DCV, ACI, DCI, Ohms, and Diode Test. ACV and
ACI measurements are true rms with selectable ac or dc coupling.
Available with rechargeable batteries or ac power only, it offers I
!Lvolt and 1 mOhm sensitivity with zero adjustment on the lowest
ranges to compensate for external offsets.
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DMM Accessories

Probes, Test Leads

HP 34303A

HP 34302A

PM

HP 34301A

HP 11060A

HP 11059A

HP 11059A Kelvin Probe Set
Works with any dmm with 4-wire ohms. Circuit connection is per

formed with two gold-plated flat tweezers with special gripping sur
faces to ensure precise contact to the components being measured. An
alligator clip and lead are provided for either grounding or guarding.
Instrument connection is through banana plugs. Not to be used over
42 volts peak.

HP 34303A Temperature Probe
Temperature measurements are read directly in degrees C or F on

dmm's having a minimum input impedance of 10 k Q. The probe is a
temperature-to-voltage transducer with a forward-biased diode pro
viding calibrated linear output. A standard dual banana plug output
connector provides universal connection to dmm's. A 9 volt battery is
required for operation and is not included.
Temperature Range: -58° to 302 OF;

_50° to 150°C
Output: 10 mVr Cor ° F
Resolution: 0.01 °c or OF
Accuracy: ±3.0°F;±1.7°C

HP 34301A RF Detector Probe
This probe detects high frequency signals for voltage measure

ments. The probe can be used with any dmm having a 10m Q input.
Bandwidth: 100 kHz - 700 MHz
Accuracy: 100 kHz - 500 MHz, ± I dB

100 kHz -700 MHz, ±3 dB
Input Capacitance: approx. 5 pF
Maximum ac Input: 50 Vrms
Transfer Ration: I Vdc output for I Vrms input

HP 34302A Clamp-on AC/DC Current Probe
A clamp-on probe used for measuring ground currents, power sup

ply ripple, or current distribution in systems. This probe allows you to
measure ac, dc and ac+dc currents without breaking the circuit.
Ranges: ± 10 A dc or 10 A ac

± 100 A dc or 100 A ac
Frequency Response: dc to I kHz
Recommended Load: > 3.0 k Q
Rated Output: ± 1.0 V dc at 10 A

± 1.0 V dc at 100 A
Aperture Size: 19 mm
Accuracy: ±2% or rated output

HP 34300A 40 kV AC/DC High Voltage Probe
A probe for use with any dmm having an input resistance of 10M Q.

Maximum input (at sea level): 40 kV (dc + peak ac), derated 1% of
voltage rating per 100 meters in rise from sea level.
Voltage Division Ratio: 1000: I
Bandwidth: dc to 300 Hz
Input Resistance: I G Q
Division Ratio Accuracy: ±2%

HP 11060A Surface Mount Device Test Probe
Designed for SMD testing, this probe provides an easy method to

access and measure SMD resistive networks. Not to be used over 42
volts peak.

Ordering Information
HP 11002A Test Lead
HP 11003A Test Lead
HP 11053A Low Thermal Lug-Lug Jumper Set
HP 11058A Low Thermal Banana-Banana Jumper Set
HP 11059A Kelvin Probe Set
HP 11060A Surface Mount Device Test Probe
HP 11062A Kelvin Clip Set
HP 11096B High Frequency Probe
HP 11174A Low Thermal Lug-Banana Jumper Set
HP 34110A Carrying Case for '/2 Rack Size Instru-

ments
HP 34111A DC High Voltage Probe
HP 34118A Test Lead Kit
HP 34119A High Voltage Probe
HP 34300A 40 kV AC/DC High Voltage Probe
HP 34301A RF Detector Probe
HP 34302A Clamp-on AC/DC Current Probe
HP 34303A Temperature Probe
W Fast ship product. See page 767.

Price
$20W
$20W
$29W
$29W

$135W
$24W
$26W

$225
$29~

$75

$225
$27W

$130W
$90W
$80W
$250~

$120W



BSIGNAL ANALYZERS
Wave, Distortion, Modulation, Spectrum, and Fourier Analyzers

Signal Analyzers
Several different types of signal analyzers

provide frequency domain measurement ca
pability. Spectrum analyzers, distortion ana
lyzers, audio analyzers, modulation
analyzers, and measuring receivers are all of
fered by HP. Each of these instruments has
capabilities that make it the preferred instru
ment for particular measurement applica
tions.

The spectrum analyzer is a swept-tuned,
superheterodyne receiver that provides a
CRT display of amplitude versus frequency.
It is essentially a frequency-selective, peak
responding voltmeter calibrated to display
the RMS value of a sine wave. The spectrum
analyzer can show the individual frequency
components that make up a complex signal.
(It does not provide phase information about
a signal, however). The swept receiver tech
nique used in Hewlett-Packard spectrum an
alyzers enables frequency domain
measurements to be made over a large dy
namic range and a wide frequency range of 5
Hz to 325 GHz.

The Fourier analyzer uses digital sampling
and mathematical transformation techniques
to form a Fourier spectrum of a signal. This

method is presently useful for measuring sig
nals from a few ILHz to 100 kHz and provides
frequency, amplitude, and phase informa
tion. Like the spectrum analyzer, all infor
mation is presented on a CRT display. With
its real-time signal analysis capability, the
Fourier analyzer is able to capture periodic
as well as random and transient events.

The wave analyzer uses a tunable filter,
which can be visualized as a movable fre
quency window, to measure both the ampli
tude and frequency of individual spectral
components. This measurement technique
essentially makes the instrument a frequency
selective voltmeter. The wave analyzer em
ploys meters and digital displays to show
both the amplitude and frequency of the sig
nal within the window. HP wave analyzers
provide accurate results from 15 Hz to 32.5
MHz.

Distortion analyzers and audio analyzers
employ broadband detectors and notch filters
to measure signal properties such as total
harmonic distortion. These tunable filters en
able the analyzer to selectively display the
level and frequency of harmonic and distor
tion products. Measurement results are
shown on a meter or digital display. Audio
analyzers include a signal source, making

possible measurements such as SINAD that
include signal and distortion levels. The fre
quency range covered by HP distortion and
audio analyzers extends from 5 Hz to 600
kHz.

Modulation analyzers are designed to cap
ture and analyze a fundamental signal and
its entire modulation envelope. These analyz
ers use independent AM and FM detection
circuits for simultaneous analysis of complex
modulated signals. When a modulation ana
lyzer is combined with a measuring receiver,
accurate measurements of frequency, power,
and modulation characteristics can be made
on signals from 150 kHz to 26.5 GHz. All
measurement results are presented on a digi
tal display.

Spectrum Analyzers
Spectrum analyzers take advantage of the

freq uency-conversion properties of the
swept-tuned heterodyne receiver to make sig
nificant contributions to frequency-domain
signal analysis. The following are some of the
measurements that can be made with spec
trum analyzers:
I) Absolute and relative frequency.
2) Absolute and relative amplitude.



3) Noise.
4) Distortion products.
5) AM, FM & pulsed RF modulation.
6) Stimulus response.
7) Electromagnetic compatibility (EMC).

Wave Analyzers/SLMs
Wave analyzers are known by several dif

ferent names: frequency selective voltmeters,
carrier frequency voltmeters, and selective
level meters. A wave analyzer can be thought
of as a finite bandwidth filter which can be
tuned throughout a particular frequency
range. Signals will be selectively measured as
they are isolated within the bandwidth of the
filter. For a particular signal, the wave ana
lyzer will indicate both its frequency and am
plitude.

The uses of wave analyzers can be catego
rized into three broad areas: (I) amplitude
measurement of a single component of a
complex frequency system, (2) amplitude
measurement in the presence of noise and
interfering signals, and (3) measurement of
signal energy appearing in a specified, well
defined bandwidth.

Wave analyzers are most commonly used
in communication systems and have input
configurations and measurement bandwidths
optimized for these applications. Both bal
anced and unbalanced inputs are available
and impedances range from 50 Ohms to 600
Ohms.

Fourier analyzers are especially useful on
low frequency signals (<100 kHz) or where
very fast measurements are desired. They
can improve measurement speed by a factor
of 10 to 100 and allow accurate measure
ments on frequencies as low as a few
microHertz. Signal components as closely
spaced as 20 microHertz can be clearly re
solved and accurately measured.

Since both magnitude and phase of each
frequency component are measured, the
Fourier analyzer can measure the statistical
properties of signals or the joint properties or
relationships of two or more signals. Applica
tions include acoustic, modal, vibration or ro
tating machine analysis. In addition, various
types of modulation can be detected and
measured.

Simultaneous measurement of magnitude
and phase on two or more channels provides
high quality network measurements. Trans
fer functions or frequency response can be
easily measured and the use of band-limited
or band-translated random noise as the stim
ulus allows the entire frequency span of in
terest to be measured at once. Measurement
of the coherence function can provide an in
dication of the validity of many network
measurements.

Distortion. Audio Analyzers
The Hewlett-Packard distortion and audio

analyzers consist of a narrow band rejection
filter and broadband detector. Before the
fundamental is rejected, the analyzer first
measures the amplitude of the fundamental,
all the harmonic components, and noise.
Then the rejection filter is employed to re
move the fundamental. The ratio of the two
measurements is total harmonic distortion
plus noise.

Fourier Analyzers
Fourier analyzers offer fast, high-resolu

tion spectrum and network analyp;~. Unlike
conventional swept analyzers, Fourier-based
analyzers can measure dynamic signals be
cause they measure all frequencies simulta
neously, not one at a time.

Fourier analyzers characterize signals us
ing digital signal processing techniques based
on the Discrete Fourier Transform. For a
complete description of these techniques, see
Application Note 243, "The Fundamentals
of Signal Analysis."

These measurements are possible because
spectrum analyzers have the following char
acteristics:
I) Broad frequency coverage from 5 Hz to
325 GHz.
2) Wide amplitude range from -138 dBm to
+30 dBm.
3) Excellent sensitivity for low-signal detec
tion.
4) Excellent frequency stability.
5) High resolution of frequency and ampli
tude.

These capabilities allow spectrum analyz
ers to provide frequency-domain signal anal
ysis for numerous applications, including the
manufacture and maintenance of microwave
communication links, radar, telecom equip
ment, CATV systems, and broadcast equip
ment; EMI diagnostic testing; and signal
surveillance.

In addition to the swept-tuned frequency
mode, spectrum analyzers can also be used in
the fixed-tuned mode (zero span) to provide
time-domain measurement capability much
Iike that of an oscilloscope.

With the addition of desktop technical
computers, the capability of spectrum ana
lyzers can be greatly enhanced. Computers
can be used to directly control the operation
of spectrum analyzers over HP-IB. Com
puters can also be used to develop download
able programs (DLPs) for those spectrum
analyzers with the capability to store such
programs in non-volatile memory. These cus
tom measurement routines are then as easy
to use as any of the standard instrument fea
tures.

In addition, spectrum analyzers with HP
IB capability can directly control a plotter or
printer, enabling a hard copy of the CRT dis
play to be made without the use of a comput
er. Application areas that require accurate,
high speed, repetitive routines; physical sepa
ration of the operator and the analyzer; unat
tended operation or operation by personnel
with limited technical skills-all are candi
dates for automation.

Areas that benefit significantly from auto
mated spectrum analysis include
I) EMC testing,
2) frequency spectrum monitoring,
3) production testing of RF or microwave
components, subsystems, or systems, and
4) remote site testing.

The basic measurement capabilities of the
spectrum analyzer, combined with its ability
to automate and to interface with other HP
IB instruments and peripherals, make this in
strument ideal for many general-purpose and
specialized applications.
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SIGNAL ANALYZERS
Wave, Distortion, Modulation, Spectrum and Fourier Analyzers (cont'd)

AUdio Analyzers
The audio analyzer performs several basic

low frequency measurements in addition to
distortion, making it a general purpose audio
test set. The audio analyzer includes the
SINAD function for testing mobile radio re
ceiver sensitivity. It contains a low distortion
audio oscillator for stimulus response testing
in combination with its distortion analyzer. It
contains a true rms voltmeter and dc voltme
ter for accurate measurement of complex
waveform levels. Swept ac level and swept
distortion measurements can be made using
the internal source and rms voltmeter. A re
ciprocal frequency counter is also included
that continuously counts the frequency of the
input signal.

True Harmonic Distortion
Measurements

Computer-controlled spectrum analyzers
provide a rapid means of measuring true har
monic distortion levels. The fundamental and
its harmonic components are rapidly mea
sured one at a time and the distortion is com
puted and either stored or printed.

Modulation Analyzersl
Measuring Receivers

A modulation analyzer is a preCISIOn re
ceiver designed to detect the entire modula
tion envelope of a signal under test. It can

measure and display the carrier characteris
tics of RF frequency and power as well as
AM, FM and phase modulation characteris
tics such as AM depth, peak deviation,
residual modulation, and various ratios asso
ciated with them. The modulation analyzer
faithfully recovers the actual modulation sig
nal for further analysis such as distortion
testing.

In addition to all the capabilities of the
modulation analyzer, the measuring receiver
can measure power down to -127 dBm.
With very high accuracy, the measuring re
ceiver can look at signals up to millimeter
wave frequencies. This makes it ideal for
calibration of signal generators and attenu
ators.

Microwave Modulation Analyzers
Most modern microwave communication

and radarJEW system designs are now turn
ing to the use of complex modulations to im
prove performance and make them less
susceptible to dense signal environments.
This typically involves the use of quadrature
or "vector" modulation formats, such as
QPSK, l6QAM, etc., in the case of commu
nication systems and complex, coded formats
in the case of radarJEW systems.

In all of these receivers, the signal process
ing is not handled in the traditional one-

channel, amplitude-only mode, but instead is
demodulated into in-phase and quadrature
signals that provide dynamic phase and
amplitude information about the carrier's
modulation, and thus enhance system per
formance.

The high bandwidth requirements of those
modulations combined with the need to mea
sure and characterize both the amplitude and
phase of the signals has led to the introduc
tion of the HP 8980A Vector Analyzer. Both
instruments contain a matched dual channel,
sampling oscilloscope with dc to 350 MHz
baseband capability. Powerful measurement
routines and tailored screens make modula
tion measurements simple and fast. Routines
will measure such parameters as quadrature
error, lock angle, constellation closure, gain
matching, and dc offsets.

The H P 8981 A contains an internal IjQ
demodulator which takes an IF signal from
50 MHz to 200 MHz and demodulates it into
I and Q signals for display and analysis. A
user-configured down-converter can be used
for analyzing microwave signals. Extensive
application information is available. Ask for
Application Notes 343-2, 343-3, and 343-4,
as well as related data sheets and product
notes.

Amplitude Bandwidths

Frequency Calibration
Range Range Min Max HP Model Description HP Companion Instruments Page

0.02 Hz-40 MHz oto -170 dBc 0.01 Hz 30 kHz 3048A Phase Noise 8662A18663A Synthesized Signal Generator 160
(Offset from Carrier) Measurement System 8642A1B Stnthesized Signal Generator

5 MHz to 18 GHz 11729 Carner Noise Test Set
(Carrier Range)
5 Hz-50 kHz -150 to +30 dBm I Hz 300 Hz 3580A Spectrum Analyzer 145

20 Hz to 40.1 MHz -137 dB to +30 dBm 3 Hz 30 kHz 3585B Spectrum Analyzer 112

10 kHz-1.5 GHz -113 to +30 dBm I kHz 3 MHz 8590A Spectrum Analyzer 8444 Opt. 059 Tracking Generator 134

50 kHz-22 GHz -109 dBm to +30 dBm I kHz 3 MHz 8592A Spectrum Analyzer 137

100 Hz-1.5 GHz -135 dBm to +30 dBm 10 Hz 3 MHz 8568B Spectrum Analyzer and 8444A Opt. 059 Trackin~ Generator 123
8568S Spectrum Analyzer 85650A QuaSi-Peak Adapter, 85 65A RF Preselector 124

10 kHz-1.5 GHz -115 dBm to +30 dBm I kHz 3 MHz 8567A Spectrum Analyzer 85650A Quasi-Peak Adapter, 85865A RF Preselector 123

100 Hz29 GHz -134 dBm to +30 dBm 10 Hz 3 MHz 71100A Modular Spectrum Analyzer
70300A Tracki'if. Generator, 70310A PreciSion Frequency

eference, 70700A Digitizer 117

I kHz-26.5 GHz' -121 to +30 dBm 100 Hz 2 MHz 8562A1B Spectrum 85629A Test and Adjustment Module 139
(Extendable to 325 GHz) Analyzer 85620A Mass Memory Module

100 Hz-22 GHz' -134 dBm to +30 dBm 10 Hz 3 MHz 8566B Spectrum Analyzer and 85650A ~uasi-Peak Adapter. 85865A RF Preselector 123
(Extendable to 325 GHz) 8566S Spectrum Analyzer I 970K/AlQ/UNIW Harmonic Mixers 124

50 Hz-26.5 GHz -132 dBm to +30 dBm 10 Hz 3 MHz 71200A Modular Spectrum Analyzer 70300A Tracking Generator 117

50 kHz-26.5 GHz -130 to +30 dBm 10 Hz 300 MHz 7120lA Modular 70300A Tracking Generator. 117
Spectrum Analyzer 70310A Precision Frequency Reference.

70700A Digitizer

100 Hz-22 GHz -138 to +30 dBm 10 Hz 3 MHz 71210A Modular 70300A Tracking Generator, 117
Spectrum Analyzer 70700A Digitizer

18 GHz-110 GHz -130 dBm to -I dBm 10 Hz 3 MHz 71300A Modular 11970K/AlQ/UNIW 117
(Extendable from Spectrum Analyzer Harmonic Mixers, 70310A PreCision Frequency Reference.
2.7 to 325 GHz) 70700A Digitizer

100 kHz-22 GHz -60 to +15 dBm 10 Hz 3 MHz 7l400A Lightwave 70300 Tracking Generator 314
Optical Spectrum Analyzer I I980A Interferometer

100 kHz-2.9 GHz -60 to +15 dBm 10 Hz 3 MHz 71401A Lightwave 70300 Tracking Generator 314
Optical Spectrum Analyzer 11980A Interferometer

Signal Analyzers Selection Guide
Spectrum Analyzers

NOTE 1: Frequency range extendable to 110 GHz through lhe use of the HP 11970 series Harmonic Mixers_ For higher frequency coverage. other external mixers are commercially available.



8Modulation Analyzers/Measuring Receivers

Frllquency Modulation Amplitude Audio Frequency Count HP Model PageRange Measurements Measurement + Distortion Measurement NumberRange

de to 350 MHz Baseband 5mV to 5V No 8980A 163
AM,~M

de to 350 MHz Baseband 5mV to 5V No 8981A 16250 to 200 Mhz IF -5 to -20 dBm
150 kHz~1300 MHz AM, FM, ~M +30 to 0 dBm No 890lA 166
150 kHz~1300 MHz AM, FM, ~M +30 to -20 dBm Yes 8901B 166
150 kHz-1300 MHz AM, FM, ~M +30 to -127 dBm Yes 8902A 168

150kHz- AM, FM, ~M +30 to -100 dBm Yes 89025 17218 GHz or 26,5 GHz

Dynamic Signal Analyzers
Number Of Resolution

Frequency Input Points
Range Channels Max HP Model No, Special Features Page

,02 Hz to 2 256 3582A Spectrum Oi~tal Averaging 146
25,6 kHz Analyzer Co erence function

Internal noise source

11&f~A~0
I 401 3561A Dynamic 1/3 and 1/1 octave analysis 147

Signal Analyzer Internal mass storage
~ectral map di~lay

aveform recor Ing
Internal noise source

64 ~Hz to 2 801 3562A Dynamic Data throughput to diSC 150
100 kHz Signal Analyzer Internal Sine, noise sources

Waveform recording
Curve fitter
Demodulation
Autosequence programming

488 ~Hz to 2 401 35660A Dynamic Internal disc drive 153
1024 kHz Signal Analyzer Waveform recording

Internal sine, noise sources
Pass/fail limit testing

61 ~Hz to 1-63 3200 35655 Signal HP VISTA Signal Processing 157
51.2 kHz ProcesSing Software runs on Hp·UX

System Flexible system confi~uration
Multiple I~ut, Multip e
Output, ( IMO)
responsemeasurements
Data throughput to diSC

Distortion/Audio Analyzers
Fundamental
Frllquency Minimum Auto Set Auto True AM Internal

Range Distortion level Nulling RMS Detector Filters HP Model No, Source Hp·IB Page
5 Hz 0,03% · · · 334A 174
to

600 kHz (-70 d8) · · · 334A Opt 002 174
10 Hz-110 kHz 0,0018% . · · · · 339A . 174(-95 dB)
20 Hz-lOa kHz 0,01% . · · Note I · 8903B' . . 164(-80 dB)
20 Hz-lOa kHz 0,01% , · · Note I · 8903E" . 164(-BOdB)

"The HP 89038 also performs Frequency Count, SlgnallNOIse, SINAD, watts, aelde voltage measurements.
NOTE 1: The HP 8901A Modulation Analyzer (page 166) provides complete demodulation of AM, FM, and 0M signals, ""The HP 8903E also performs Frequency Count, SINAD,
and aeldc voltage measurements,

Wave Analyzers/Selective Level Meters
Dynamic Range

Frequency Selective Freq, Type of Modes of HP Model
Range Bandpass Absolute Relative Readouts Inputs Type of Outputs Operation Number Page

3 Hz 01 ~V-300 V >85 dB 5·place Banana Jacks ree: 5Vfull scale, with AFC, normal, 3581A1 175
10 Hz full scale digital pen lift BFO 3581C 505

15 Hz to 50 kHz 30 Hz BFO, Local Oscillator,
100 Hz tuning loudspeaker, and
300 Hz headphone jack

50 Hz to 20 Hz -130 >80 dB LED, 50175 n, BNC Tracking Generator Wideband 3586C 115
32,5 MHz 400 Hz to 0,1 Hz 600 nBanana Audio/Loud Speaker Selective (3336C') 419

3100 Hz +20 dBm Resolution Jacks 1MHz Ref. USB/LSB
50 Hz to 20 Hz -130 >70 dB LED 75 nBNCIWECO Tracking Generator Wideband 3586A1B 502
32.5 MHz 400 Hz to 0,1 Hz 124 QWECO Audio/Loud Speaker Selective (3336A1B') 502

1740/2000 Hz +20 dBm ReSolution 135 QWECO I MHz Ref, SSB (3335A) 418
O~tional 150 nSiemens
300Hz 600 nWECO/

WTD Siemens
"TraCking SyntheSIzers,

Carrier Phase Noise Analysis
Frllquency HP Model Maximum Sensitivir dBc/Hz

Range Number (depends on o"set method) Functions Available Page
5 MHz·18 GHz 3048A -170 dBc/Hz FUlly documented Software with 160

Phase Noise (Requires external reference rrecifled Phase Detector,
Measurement System source of eqUivalent requenc~ Discriminator,

performance) AM and Two ort Measurements
5 MHz·18 GHz 11729C -126 dBcIHz Phase Detector Mode 161

Carrier Noise (Including HP 8662A Reterence Fre~uency Discriminator Mode
Test Set Source) AM oise Option, Pulsed Carner



BSIGNAL ANALYZERS
20 Hz to 40 MHz Spectrum Analyzer
Model 35858

• 80-100 dB dynamic range
• ± 0.25 dB typical level accuracy
• NEW - Automatic limit testing

• 50, 75, 1M 11 inputs
• 3 Hz resolution bandwidth
• NEW - Direct plotter/printer interface

DESIGNED FOR. ..
SYSTEMS

Uncompromising Baseband Signal Analysis
The HP 3585B Spectrum Analyzer delivers high performance

where it counts-at baseband frequencies. With unmatched accura
cy, resolution, and dynamic range, the HP 3585B is HP's best solu
tion for signal analysis at the critical frequencies comprising voice,
picture, or digital information.

In today's high speed, high density information processing systems,
maintaining the integrity of data signals requires more measurement
performance than ever before. The HP 3585B provides 80-100 dB of
spurious-free dynamic range, a sharp 3 Hz resolution bandwidth, and
a 20 Hz-40.1 MHz frequency range to easily cover most information
bandwidths. Fully synthesized tuning (including sweeps) and typical
amplitude accuracy to ±0.25 dB are unique in this frequency range
and ensure complete measurement confidence.

Measurement performance is critically important at baseband fre
quencies, because signal degradation occurring here is typically not
recoverable elsewhere in the system. As a result, test requirements for
baseband signals and circuits often demand a level of performance
that only a high-performance, low-frequency signal analyzer such as
the HP 3585B can provide.

Carefully Chosen Features for Better Measurements
Measurements are faster and easier with the HP 3585B's opti

mized feature set. The automatic limit test function checks all 1000
measurement points against user-defined upper and lower limits in a
fraction of a second. Pass/fail results are shown in the display and are
available over HP-IB for improved productivity in automated appli
cations.

The automatic peak search and signal track functions speed signal
identification and analysis and make examination of drifting signals
more convenient. In addition to locating the strongest signal in a dis
play, the peak search function can also find successively smaller sig
nals, or search to the right or left for peaks above a user-defined
threshold.

Fast, Flexible Frequency Sweeps
Well-designed filters and a phase-continuous, synthesized local os

cillator team up with exceptional dynamic range to give the

HP 3585B very fast measurement speeds. A 40 MHz sweep using the
30 kHz resolution bandwidth takes only 200 milliseconds, fast enough
for high resolution spectrum surveillance. A I MHz sweep using a
I kHz bandwidth takes only 2 seconds, yet yields an average noise
floor of - 85 dBc.

Powerful Marker Functions
The tunable marker readout of frequency and amplitude can be

expressed as an absolute or relative (offset) value. For offset measure
ments, a reference point is selected and all measurements are dis
played relative to this value. Offset measurements are especially
useful when comparing various spectral component levels to a carrier
in modulation analysis or when determining signal-to-noise ratio.

With a single keystroke the marker value can be entered as the
center frequency, reference level, frequency span, or center frequency
step size. This improves accuracy and efficiency in manual testing and
reduces setup errors.

The built-in frequency counter provides additional accuracy when
measuring the frequency of a signal in the display. Results are provid
ed in 0.3 seconds to 0.1 Hz resolution. Since the counter function is
combined with the selectivity of the analyzer, it is possible to accu
rately measure small signals in the vicinity of much larger ones.

For noise measurements, the noise level marker function displays
averaged RMS noise density at the marker position, normalized to a
standard I Hz bandwidth and corrected for the analyzer's character
istics. This function can be combined with the relative measurement
mode for fast, easy signal-to-noise ratio measurements.

Measurement Hard Copy
Transferring a complete display to a printer or plotter is as easy as

pressing a button. The HP 3585B directly controls HP-GL-compati
ble HP-IB plotters and graphics printers such as the HP Thinkjet.

Tracking Generator
The standard 50 n tracking generator covers the full 40 MHz fre

quency range of the HP 3585B to provide easy scalar (amplitude
only) network analysis. The signal is fully synthesized in CW mea
surements and sweeps and level is adjustable from 0 dBm to -II dBm
on the front panel.
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Flexible Inputs with Autoranging

50,75 and 1M Q input impedances are all standard and are elec
tronically selectable to match your system. For sensitive circuits, the
50 Q and 1M Q inputs and provided probe power offer maximum com
patibility with a variety of passive and active probes.

With input autoranging, the HP 3585B automatically chooses the
optimum input range for maximum dynamic range and lowest distor
tion. This eliminates the need to manually adjust attenuation and
IF gain.

Noise Level Measurements
The HP 3585B makes fully calibrated noise level measurements

automatically. Just select the frequency and press the Noise Level
key. The HP 3585B calculates averaged RMS noise density and dis
plays the results normalized to a I Hz bandwidth. Its extremely low
internal noise level makes repeatable, accurate measurements possi
ble below -137 dBm. For convenience the marker can provide both
absolute and relative (signal-to-noise) measurements directly.

REF 5. (I dBm OFF'SET 3 540 000.0 HZ
10 dB/DlV FlANGE 5 0 dBm -75 :3 dB

SPAN !!IOO 000. (I Hz

ST ". (I SEC
CENTER to 000 000. (I Hz:

RBW " KHz vew 3 KHz

Jl \It
~. T,.

.,. 1"1

REF -1!1.D dBrn OFFSET 100 000.0 Hz
to dB/OIV RANGE -1!!1. (I dBm -102 dB (1Hz)

Specifications
Specifications describe the HP 3585B's warranted performance

over the temperature range O°C to 55°C except where noted. Supple
mental characteristics are intended to provide information useful in
applying the instrument by describing typical, but non-warranted
performance. They are described as "typical" or "approximate" and
apply over the temperature range 25 ±5°C.

Frequency
Measurement range: Specifications apply 20 Hz-40.1 MHz
Startlstop, center, manual frequency range: 0 Hz-40.1 MHz
Accuracy: (same as frequency ref. accuracy)
Frequency span: 0 Hz-40.1 MHz
Frequency reference accuracy: ± I xI0-7/ mo. of frequency
Marker frequency:

Readout accuracy: ±0.2% of frequency span ± resolution
bandwidth
Counter accuracy: ±0.3 Hz ± I xI0-7/mo. of counted frequency
for a signal 20 dB greater than other signals and noise in the select
ed resolution bandwidth.
Resolution: 0.1 Hz

Resolution bandwidth:
Bandwidth: 3 Hz-30 kHz (3 dB bandwidth) in 1,3, 10 sequence.
Selectivity: 60 dB/3 dB <11:1

Video bandwidth: I Hz-30 kHz in 1,3,10 sequence

STO'" 12 000 000.0 Hz
vew 10 KHz ST 2.8 SEC

T .0 z
RBW :3 KHz:

I
l......

'"'"
, I

ST"'R H

Distortion Measurements
The HP 3585B's dynamic range, resolution and level accuracy

make harmonic and intermodulation distortion measurements a
straightforward task. The peak search function quickly locates the
fundamental and each distortion product, and the automatic limit test
function can be used for immediate pass/fail results. Resolve and
measure closely-spaced intermodulation products with resolution
bandwidths as narrow as 3 Hz. The fully synthesized local oscillator
provides the frequency accuracy and stability necessary to make de
pendable measurements on closely-spaced signals, and to measure
distortion products directly with the narrowest bandwidths.

Network Analysis
Using the HP 3585B's built-in synthesized tracking generator,

gain, loss and frequency response measurements are dependable and
automatic. Superb amplitude accuracy, resolution and flatness con
tribute to high quality measurements. The HP 3585B has multiple
input impedances to match the network under test and a broad selec
tion of receiver bandwidths to provide the best balance of measure
ment speed and dynamic range. use the limit test function to save
analysis time and effort with its immediate, automatic pass/fail re
sults. For narrowband devices such as crystal filters the synthesized
local oscillator yields stable, repeatable measurements. For devices
such as mixers that perform frequency conversion, swept measure
ments can be synchronized with separate sources for complete char
acterization in one pass.

Compatibility
HP protects your investment in measurement solutions with the

HP 3585B as a direct replacement for the HP 3585A in virtually ev
ery application. The HP 3585B meets all HP 3585A specifications
and uses an expanded version of the HP 3585A programming codes.
Physical dimensions are identical and inputs and outputs are in the
same location, serving the same functions.

REF .0 dBm
10 dB/DIV

DFFSET i.5 gOO, (I Hz
(I dBIlI -so () dB,..........
I \

II \

/ \
/ \..

CENTER 10 700 000. (I HZ
RBW 300 Hz: vaw t KHz

SPAN 100 000. (I HZ.
ST 1.8 SEC

Amplitude:
Display scale: 10 vertical division graticule with reference level
(O dB) at top graticule line
Calibration: 1,2,5, 10 dB/division
Measurement range:

50175 Q inputs: -137 dBm to + 30 dBm or equivalent level in dBV
or volts
1M n input: 31 nVrms to 7.08 Vrms

Input range settings: Autoranging, -25 dBm to +30 dBm in 5 dB
steps



BSIGNAL ANALYZERS
20 Hz to 40 MHz Spectrum Analyzer (cont'd)
Model 3585B

Reference level:
Range: -100 dB to +10 dB (relative to input range)
Accuracy: 50/75 0 input (using I or 2 dB/div., measured at manual
frequency or with sweep rate reduced by a factor of 4):

±OA dB ±0.7 dB ±1.5 dB

Typical accuracy, +10 dB to -50 dB: ±0.25 dB For 5 or 10 dB/div.
add 0.1 dB to the figures above
For 1M fl input: Add to above specification ±0.7 dB for 20 Hz-IO
MHz; ±I.5 dB for 10 MHz-40.1 MHz

Amplitude Accuracy:
Accuracy note: Measurement accuracy is determined by the sum of
reference level accuracy. amplitude linearity (if the signal is not at
the reference level) and frequency response across the measurement
span (if the signal is not at the center or manual frequency). In mea
surements where the signal is at the reference level and/or at the cen
ter or manual frequency, the amplitude linearity and/or flatness
uncertainties will not apply.

Tracking Generator:
Level: 0 dBm to -II dBm, manual control from front panel
Frequency accuracy: ±I Hz relative to analyzer tuning
Frequency response: ±0.7 dB; Typically: ±0.5 dB
Impedance: 50 fl, > 14 dB return loss

8ndwktth

DO Hz
30Hz

10Hz
3 H,

30 kHz

10kHz
3kHz
1 kHz

300Hz

40 MHz100 kHz10kHz1 kHz
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=+;_ I :~8
(lOOk, -1(4)

(:lOk. -108)

(~1)(10.-"')

(20,'~ 1100"116)(~115)(1k,~

m

~-.::: -127
1

---.: -132

t=
-137

I
10 Hz

110

·130

·14<)

·100
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1M fl input: Below 500 kHz add 12 dB to above

Average noise level:
50175 fl input:

Sweep:
Modes: Continuous, single, manual (CW, direct or knob entry)
Trigger: Free run, external, line
Time: 0.2s to 200s/Hz of frequency span, excluding calibration cy
cles (autocalibration may be disabled)

-90 dB
!

-70 dB
!

-50 dB
!

+10 dB
!

Typical linearity, 0 dB to -20 dB: ±0.2 dB

Amplitude linearity, 50175 fl input (relative to reference
level):

Frequency response, 50175 fl input (relative to center fre
quency): ±0.5 dB
Typical frequency response: ±0.3 dB
For 1M fl input: Add to above specification ±0.7 dB for 20 Hz
10 MHz, ±I.5 dB for 10 MHz-40.I MHz
Marker amplitUde:

Accuracy:
Center or manual frequency at the reference level: Use reference

level accuracy from + 30 dBm to -115 dBm; add amplitude lineari
ty below -115 dBm.

Anywhere on screen: Add amplitude linearity and frequency re
sponse. (Same as display accuracy)

±0.6 dB

Signal Outputs:
Frequency reference: 10.00 MHz ±lxlO -7/mo., + 10 dBm into 50
fl
IF: 350 kHz, -II dBV to -15 dBV at the reference level
Video: 10V at the reference level
Probe power: +15 VDC, -13 VDC; 150 rnA max., suitable for HP
active probes
HP-IB Interface Functions: SHI AHI T5 L4 SRI RLI PPO DCI
DTI CO EI

Signal Inputs:
50175 fl: >26 dB return loss, BNC connectors
1M fl: ±3% shunted by <30 pF, BNC connector
Max. input level:

50/75 fl: 13V peak AC plus DC, relay protected for overloads to
42V peak.
1M fl: 42V peak AC plus DC (derated by factor of two for each
octave above 5 MHz)

External trigger: Negative-going TTL level or contact closure initi
ates sweep
External frequency reference: 10 MHz or subharmonic to I MHz,
odBm minimum level

-80 dB -95 dB
! I

±1.0 dB ±2.0 dB

-50 dB
!

±0.3 dB

odB -20 dB
! !

General Information:
Environmental:
Temperature, operating: O°C to 55°C
Humidity: <95% RH
Warm up time: 20 min. at ambient room temperature
Power:
115V (+11%-25%), 48-440 Hz
230V (+11% -18%), 48-66 Hz
180 W, 3A max.
Weight:
36.7 kG (81 lb.)
Dimensions: 22.9 cm (9")H x 42.6 cm (l6.75")W x 63.5 cm (25")D

Dynamic Range:
Spurious responses: (image, out-of-band, and harmonic distortion)

50175 fl input: <-80 dB relative to a single signal at or below the
input range setting.
Typical performance: -84 dB - (1 dB/dB below input range set
ting)
Example: For a -8 dBm signal on the 0 dBm input range, the spuri
ous responses would be -92 dB.
1M fl input: <-80 dB, except 2nd harmonic distortion <-70 dB

Intermodulation distortion:
50175 fl input: ~ <-80 dB relative to the larger of two signals,
each ~6 dB below input range setting except 2nd order 1M
from 10 MHz to 40 MHz <-70 dB
1M fl input: <-70 dB for 2nd order, <-80 dB for 3rd order

Residual responses (no signal at input): <-120 dBm using 
25 dBm range, or 95 dB below input range setting
Residual phase noise (Typical at 40 MHz, -10 dBm input):
5 kHz offset: -112 dBc/Hz
100 kHz offset: -120 dBc/Hz

Ordering information:
HP 3585B spectrum analyzer

Option W30 2 years extended warranty
Option 907 Front handle kit
Option 908 Rack flange kit
Option 909 Combined rack flange/handle kit
Option 910 Additional set of manuals

Price
$24,200

$550
$77
$41

$107
$204
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50 Hz to 32.5 MHz Selective Level Meter 115

Model 3586C

* 20 Hz & 400 Hz BW below -90 dBm

Amplitude
Measurement range: +20 to -120 dBm.
Amplitude resolution: .01 dB.
Level accuracy: 10 dB auto range, low distortion mode, after cali
bration, signal at ±1 Hz from center frequency.

HP 3586C Specifications (abbreviated)

Frequency
Frequency range: 50/75 fl unbalanced input, 50 Hz to 32.5 MHz;
600 fl Balanced Input, 50 Hz to 108 kHz.
Frequency resolution: 0.1 Hz.
Center frequency accuracy: ± I x 1O-5/year, (±2 x 10 -7/year with
option 004).
Counter accuracy: ± 1.0 Hz in addition to center frequency accuracy
for signals within the 60 dB bandwidth of the IF filter chosen or
greater than -100 dBm (largest signal is measured).

Selectivity
3 dB bandwidth,* ±IO%: 20 Hz, 400 Hz, 3100 Hz.
*Naise bandwidth is the same as the 3 dB bandwidth

60dB bandwidth: 3100 Hz BW, ±1850 Hz; 400 Hz BW, ±1100Hz;
20 Hz BW, ±90 Hz.
Passband flatness ±0.3 dB.

32 MHz

±2.0 dB

10 MHz

±1.0 dB

20kHz

±2.0 db

200Hz

Mating
Impedance Frequency Connector Return loss

50/75 ohms unbalanced 50 Hz to 32.5 MHz BNC 30dB
600 ohms balanced 50 Hz to 108 kHz Dual Banana Plug

0.75 inch Spacing 25dB

Frequency Bandwidth Noise level

100 kHz to 325 MHz
3100 -114 dBm

20 Hz, 400 Hz -120 dBm

2kHz to 100 kHz All -105 dBm

Balance: 600 H; 40 dB.
Demodulated Audio Output

Output level: 0 dBm into a 600 flload.

Auxiliary Signal Inputs/Outputs
Tracking output: 0 dBm rear panel tracking output.
Ext. reference input: 10 MHz -:- N, where N = 1,2,3 ... 10.
Reference output: 10 MHz at 8 dBm output (also 10 MHz oven
oscillator on instruments with option 004).
Probe power: Front panel de output for HP active high impedance
accessory probes, (+15, -12 Vdc).
Additional outputs: Audio, phase jitter and meter output.

Options
Option 004: High stability frequency reference: 10 MHz oven sta
bilized reference oscillator improves frequency stability to ±2 x
1O-7/year.

General
Operating Environment
Temperature: 0° to 55°C.
Relative humidity: 95%, 0° to 40°C.
Altitude: :S 15,000 ft., :S4600 metres.
Storage environment temperature: -40°C to 75°C.
Storage altitude: :S50,000 ft., :s 15,240 metres.
Power; 100/120/220/240 V, +5%, -10%, 48 to 66 Hz, 150 VA.
Weight: 23 kg. (50 lb) net; 30 kg. (65 lb) shipping.
Size: 177 mm H x 425.5 mm W x 475.5 mm D (7" x 16.75" x 16.75").

Ordering Information Price
UP 3S86C Selective Level Meter* $10,900

Opt 004: High Stability Frequency Reference $750
Opt 907: Front Panel Handles $66
Opt 908: Rack Flange Kit $36
Opt 909: Rack Flange & Handle Combination Kit $92
Opt W30: Extended Warranty $310

Accessories
UP 1124A: High Impedance Probe $350
*HP-IB cables not supplied. See page 561.

Dynamic Range
Spurious Responses
-110 dBm maximum or the following, whichever is greater:

Image rejection (100-132 MHz): -80 dBc.
IF rejection: 15625 Hz, -80 dBc; 50 MHz, -60 dBc.
Spurious signals: > 1600 Hz offset, >-80 dBc; 300 Hz to 1600
Hz, >-75 dBc.
Residual spurious: -110 dBm maximum; <350 Hz, -95 dBm.

Distortion
Harmonic distortion: - 75 dB below full scale, low distortion mode,
above 4 kHz.
Intermodulation distortion: Two-tone second and third order, sep
aration 7 kHz to 1 MHz, 78 dB below full scale. Either tone ::-.10
MHz, -70 dB.

Noise Floor (full scale setting -35 to -120 dBm)

The noise floor for full scale settings of -30 to +25 dBm will be 75 dB
below full scale for >100 kHz, or 55 dB below full scale for <100
kHz.

Signal Inputs

Wideband power accuracy: After calibration, 100 dB range, aver
age on, -45 to + 20 dBm.

- .75 dB

:t .35 dB

600 H Input

dBm
+20 "T""'"------.,

-ao*~-----l

~ .75 dB
-100..L....-----l

20 KHz 18 MHz 32.5 MHz 100 Hz 108 KHz

'" .95 dB

50/75 fllnputs
dBm

+20 T"""'---r---~--.........
, .40 dB T .20 dB I::+: .25 dB

-ao* r----+----..L.----I

-100.L---........---------l
200 Hz

HP 3586C

DESCRIPTION
The HP 3586C Selective Level Meter is designed for general pur

pose wave analysis applications in the design, manufacture, and
maintenence of electronic systems. It's companion products, the HP
3586A and HP 3586B are optimized for measurements in Frequency
Division Multiplex (FDM) systems. The HP 3586C is fully HP-IB
programmable and covers the frequency range of 50Hz to 32.5 MHz,
allowing measurement of audio, sonar and other low frequency sys
tems, as well as high frequency communications and subsystems. In
put impedances of 50, 75, and 600 Ohms are provided with 10kOm
bridging for maximum measurement flexibility in a wide variety of
applications. Signal levels are measured with up to ±0.2 dB accuracy
down to -80 dBm with 0.01 dB resolution and bandwidth choices of
20, 400, or 3100 Hz. The built-in counter and narrow resolution
bandwidths allow harmonic and intermodulation measurements to be
made with ease. Frequency can be set or measured with 0.1 Hz reso
lution and ±XI0-5 stability (±2XI0-7 optional).

Also included is a tracking output for frequency response measure
ments of high-Q filters and other selective networks
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HP 70000 Modular Measurement System

New products for
• lightwave signal analysis
• dramatic increases in sensitivity

• swept scalar analysis to 18 GHz
• scalar/spectrum analysis
• tracking preselection to 26.5 GHz

HP 71400A

~
ESiGNED~OR. :

SYSTEMS

HP 70620A HP 71100XL

Measure Lightwave Signals Modulated on 1200 to 1600
nm Wavelength Carriers

The first commercially-available receiver for measuring wide
bandwidth modulated light is also part of the HP 70000 modular
measurement system. The HP 71400A lightwave signal analyzer has
a receiver bandwidth of 100 kHz to 22 GHz; sensitivity of -60 dBm
(optical); and full calibration at 1300 nm and 1550 nm. See page 314
for more detailed information.

Improve Modular Spectrum Analyzer Sensitivity 20 to
25 dB

The HP 70620 preamplifier provides a 2 to 22 GHz low noise, high
gain amplification stage for the front-end of any HP 70000 micro
wave spectrum analyzer. Receiver-quality noise figure of 10 dB (typi
cal) is obtained by combining the preamplifier with the HP 71210A
microwave spectrum analyzer. This corresponds to a sensitivity of ap
proximately -154 dBm from 2 to 22 GHz-a 21 dB improvement.
Such outstanding sensitivity enables you to detect and analyze ex
tremely low level signals. Use this module with any of the other modu
lar microwave spectrum analyzers for sensitivity improvements
ranging from 20 to 25 dB.

Also, if you currently use narrow bandwidths to measure low level
signals, the preamplifier can dramatically speed up these measure
ments. By improving sensitivity more than 20 dB, it allows you to use
a bandwidth 100 times wider and sweeptimes up to 10,000 times fast
er. And, the spectrum analyzer reference level is automatically ad
justed to compensate for preamplifier gain. See page 123.

Make Swept Scalar Analysis Measurements to 18 GHz
The HP 7030lA microwave tracking generator covers 2.7 to 18

GHz for swept scalar analysis with greater than 120 dB dynamic
range. The y.-width module has many applications in microwave and
lightwave stimulus-response measurements.

The HP 7030lA extends stimulus-response measurement capabil
ity to 18 GHz with any HP 70000 microwave preselected spectrum
analyzer. An output signal (with maximum leveled power output of
greater than -2 dBm) tracks the analyzer's tuning to well within 10
Hz to give the best resolution and dynamic range for measuring nar
rowband or high rejection devices. Teamed with the HP 70300A RF
tracking generator, the microwave generator's output becomes a

tracking source for complete coverage from 10 MHz to 18 GHz. It
can also be used in conjunction with the HP 71400A lightwave signal
analyzer to measure frequency response of laser systems.

Combine High Performance Scalar and Spectrum
Analyzer

The HP 71100XL scalar j spectrum analyzer provides high per
formance scalar and spectrum analysis from 100 Hz to 2.9 GHz. It
combines the HP 711 OOA option 002 RF spectrum analyzer, the com
panion HP 70300A tracking generator, and a new set of download
able programs (DLPs) that simplify your component testing. The
DLPs add a scalar measurement personality to the softkey menus to
simplify many transmission and reflection measurements. This makes
it easy to take advantage of the full performance of the system; for
example, to make measurements with > 125 dB dynamic range on a
150 dB display. The softkey menus also guide you through other sca
lar measurement routines such as openjshortjthru calibration, pass
fail testing, and shape factor measurement.

A dual display mode makes it easy to check oscillators for close-in
parasitics oscillations while you monitor harmonics. Spectrum analy
sis routines such as harmonic measurement and spurious signal
search are also available. Since the system is modular, the frequency
range for spectrum analysis can easily be extended to 26.5 GHz by
selecting options that substitute any of the microwave spectrum ana
lyzer input modules for the standard 2.9 GHz input module. See page
119.

Extend Microwave Preselection to 26.5 GHz
Tracking preselection is now available in the modular spectrum an

alyzers for applications to 26.5 GHz. Preselection eliminates confus
ing multiple responses that are products of any multi-band spectrum
analyzer. With preselection, there is a one-to-one correspondence be
tween displayed signals and input signals, making it much easier to
interpret the display. Also, because the signal identification process is
eliminated, faster measurements are often possible.

The HP 70601A preselector module adds 26.5 GHz preselection to
the new HP 7120lA option 001 microwave spectrum analyzer. You
can also add this preselector to an HP 71200A or 71200A option 001
microwave spectrum analyzer, or to an HP 70905B RF module for
extended performance up to 26.5 GHz. See page 123.
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Modular Spectrum Analyzers
The HP 70000 Modular Measurement System offers state-of-the

art spectrum analysis capability with all the benefits of modularity.

HP 70000 Modular Measurement System
The modular architecture of the HP 70000 system has been opti

mized for test instrumentation. A rugged, reliable mainframe and
two high-performance display /control units form the core of the HP
70000 Modular Measurement System. These system components
combine with an expanding variety of modules to create the measure
ment system that's right for your application. The HP 70000 Modu
lar Measurement System is an open system into which you can design
and develop modular instrumentation that is not currently available.
To aid in the development of custom modules, HP 70000 module de
velopment design guides and part kits are available. As your needs
change or as new modules are developed, you can expand or upgrade
your system economically by simply adding new or different modules.

You can choose from six standard, factory configured spectrum an
alyzer systems or fashion your own custom system from available sys
tem components. Either way, a factory assembled and tested system
will be delivered ready for use. You can also order individual system
components, including mainframes and displays.

The six standard HP 70000 Modular Spectrum Analyzers cover
frequency ranges from RF to millimeter. In addition, two versions of
a lightwave signal analyzer are now available. (See pages 121 and
314-315 for configurations and specifications.) Options can be added
to modify your system or extend warranty.

Custom systems give you the flexibility to configure just the capa
bility you need. The basic elements required to construct a spectrum
analyzer are a display, an HP 70900A Local Oscillator, an RF or
external mixer interface module, and an IF section. For certain auto
mated systems a display may not be required.

Expand Your Measurement Capabilities
A growing variety of new modules makes it easy to increase or

modify your measurement capability. Improve sensitivity by adding

the HP 70620A preamplifier module to any of the four microwave
spectrum analyzers. Stimulus-response measurements can be made
with the addition of the HP 7030lA Microwave Tracking Generator.
Automatic signal monitoring/surveillance capability can be obtained
by using a controller and the HP 858658 Signal Monitoring Soft
ware. (See page 129 for details.) You can increase frequency accura
cy with the addition of the HP 70310A Precision Frequency
Reference or add the HP 70700A Digitizer to enhance spectrum ana
lyzer time domain measurements or provide a stand-alone, program
mable waveform recorder. Additional mainframes can be added as
your system expands, with system control residing in a single display.

Create Custom Softkeys
Specific measurement routines can be created as downloadable

programs (DLPs) and stored in the HP 70000 Modular Spectrum
Analyzers. These custom routines (DLPs) become as easy to retrieve
and use as any other function of the analyzer. Using custom DLPs
that are executable with a single softkey, you can make the analyzer
more efficient for a specific measurement requirement.

Product Support
In addition to the standard one-year, return-to-HP warranty, an

optional two-year warranty is offered on every standard or custom
system, for total coverage of three years. A one-year standard and
two-year optional warranty is also offered on all system components
purchased individually.

The HP 11990A software package provides complete electrical test
capability to data sheet specifications and is available for any stand
ard system.

A one-day, lab-intensive HP 70000 user's course is offered to help
you use the HP 70000 more effectively and more efficiently. You will
learn how to connect and configure modules, become familiar with
the menus that control system operation, and learn how to use some of
the unique features of the HP 70000 system. (See page 119.)
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The seven "firmkeys" on the left allow quick access to all the
functions in the MENU.
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Easy to Use

An improved user interface makes the spectrum analyzer much
easier to use. Casual users can now get started making measurements
in seconds. Experienced users also prefer the new menus because they
can access their favorite functions more quickly.

The secret is in how the menus are organized. Measurement func
tions are grouped together, each with its own firmkey on the left side
of the display. The firmkeys never change so you can access them at
any time. Pressing a firmkey activiates the most commonly used
softkey function. For example, placing a marker on the highest peak
now takes only one keystroke compared to four keystrokes previously.
And you'll always know which function is active because it is high
lighted in inverse video. Finally, special panning modes make it easier
than ever to change center frequency or span using the rotary knob.

The new user interface can be retrofitted to older units as a
firmware upgrade.

Just the Capability You Need - Expand at Any Time!
The HP modular spectrum analyzer family lets you choose the

right capability for any application without paying for features you
don't need. Choose from any of five RF sections or an external mixing
module and mixers for frequency coverage, from two IF sections for
frequency resolution, and from two display/control units. As your
needs change, expand measurement capability by adding modules in
stead of replacing your entire system. To meet your long-term mea
surement needs, powerful new modules are added every year. With its
easy system-upgrade path the HP 70000 eliminates many of the hid
den costs of replacing an instrument, such as operator and service
technician retraining, reprogramming, documentation, and installa
tion time.

UieH
8and

A single display can control multiple instruments separated by
more than 500 meters.

A one-button solution can be created to execute a complex
measurement routine such as spur searching.

Downloadable Programming
One-button measurement routines make the system easy for any

one to operate. To use the downloadable programming capability of
the HP 70000, a measurement routine is created on a computer and
downloaded into the non-volatile memory of the spectrum analyzer,
where it can then be executed either manually or remotely.

Any function of the spectrum analyzer can be used in a download
able program (DLP). And you can place the DLP under the control of
a specific softkey, which can be labelled for identification.

A 0 LP for spur searching appears in the plot at right. This pro
gram directs the analyzer to make the calculations, take measure
ments, and display the results in a usable form. Store these in the
USER menu and you create your own softkey-driven test system for
the bench.

Multi-System Control and Management
Many instruments (up to 255 modules) can be configured in the

same modular measurement system. System architecture manages
communication between modules. Instrument control is handled over
HP-lB when no display is present; adding a display allows you to con
trol the instruments in the system manually. Up to four instruments
can be displayed simultaneously while all instruments are making
measurements. For example, four multi-channel digitizers or spec
trum analyzers can be viewed at the same time using the "window
ing" functions found in the DISPLAY hardkey menu.

This flexibility is unsurpassed in the microwave instrument indus
try.

EX I1 Find

rn>~~~-,SpursI USER IR T I
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HP 70000 Standard Spectrum Analyzer Systems
Five standard, factory-configured systems are offered in RF, mi

crowave, and millimeter frequency ranges. Each system is completely
assembled and tested at the factory, and is shipped ready to use. A
one-year, return-to-HP warranty is included with any standard or
custom system. See page 121 for specification summaries.

f-$40

+$35

$690
$950
$780
$950
$950
$730

$0

+$450
+$200
+$250

$300
$300
$300
$300
$300

$0
$1,000

+$750

+$1850

+$4,390

+$2,950

-$800

+$1,800

+$1,800

+$4,000

The HP 70000 Modular Spectrum Analyzer User's Course is a
one-day, hands-on, lab-intensive training class. It is taught by HP
system engineers on a consulting basis. Contact your local sales of
fice for more information.

System Support Options
Option W30 provides an additional, two year return-to
HP warranty:
HP 7IlOOA Option W30
HP 7IlOOXL Option W30
HP 71200A Option W30
HP 71201A Option W30
HP 71210A Option W30
HP 7l300A Option W30

HP 70000 Custom Spectrum Analyzer Systems
Custom systems can be made up in several ways. You can choose

to start with a standard system and then add modules, accessories,
and options as desired. You can also build a system by selecting
system components individually.

Factory-configured, custom systems can be ordered using the
HP 71000S product number. This product number ensures factory
assembly and test, and delivery of a system ready to use. System
automation can be added under the HP 71000S product number
with the selection of series 200 or 300 computers and peripherals.
When individual modules are ordered, all necessary cables are in
cluded to allow connection into any system configuration. An or
dering guide is available from your local HP sales office.

The HP I 1990A System Performance Test Software
Package provides complete test capability of system
specifications (Use of external test equipment re
quired):
HP 11990A

Option 001 (Required for any HP 70000 System both
31/1" disks and 5'/4" disks supplied)
Option 100 For HP 71 100A
Option 200 For HP 71200A
Option 201 For HP 71201A
Option 210 For HP 71210A
Option 300 For HP 71300A

System Options
Except as noted, the options below apply to all standard
systems.

Option 001 Delete HP 70905A RF Section, add HP
70906A RF Section (HP 71200A only)
Option 001 Delete HP 70905Bj70600A, add HP
70906B RF Section (50 KHz - 26.5 GHz) and HP
7060lA Preselector (to 26.5 GHz) (HP 7120lA on
ly)
Option 002 Delete HP 70205A Graphics Display,
add HP 70206A System Graphics Display (all mod
els except HP 71210A)
Option 003 Add HP Precision Frequency Reference
Module (HP 71100XL only)
Option 004 Add HP 70903A IF Section (all models
except HP 71210A)
Option 005 Delete HP 70902A IF Section, add HP
70903A IF Section (all models except HP 71210A)
Option 400 Add 400 Hz Power Line Frequency Op
eration to the mainframe
Option 401 Add 400 Hz Power Line Frequency Op
eration to the mainframe and HP 70206A System
Graphics Display
Option 655 Delete 3'/1" Operation Verification soft
ware disks, add 51/4" disks
Option 908 Rack Flange Kit for mainframe or HP
70206A Display without handles
Option 913 Rack Flange Kit for mainframe or HP
70206A Display with handles
Option 010 Rack Mount Slide Kit for mainframe
Option 011 Rack Mount Slide Kit for display
Option 910 Extra Manual Set

$36,530

$72,890

$47,940

$38,550

$47,890

Price
$35,740HP 71100A RF Spectrum Analyzer

System Components (7/8 mainframe occupied)
HP 70001A Mainframe
HP 70205A Graphics Display
HP 70900A Local Oscillator
HP 70902A IF Section
HP 70904A RF Section
HP 71100XL RF Scalar/Spectrum Analyzer System
Components (6/8mainframe occupied)
HP 70001A Mainframe
HP 70206A System Graphics Display
HP 70300A Tracking Generator
HP 70900A Local Oscillator
HP 70902A IF Section
HP 70904A RF Section
HP 70900-60121 System Software
HP 71200A Microwave Spectrum Analyzer
System Components (7/8 mainframe occupied)
HP 70001A Mainframe
HP 70205A Graphics Display
HP 70900A Local Oscillator
HP 70902A IF Section
HP 70905A RF Section
HP 71201A Microwave Spectrum Analyzer
System Components (8/8 mainframe occupied)
HP 70001A Mainframe
HP 70205A Graphics Display
HP 70900A Local Oscillator
HP 70902A IF Section
HP 70905B RF Section
HP 70600A Preselector
HP 71210A Microwave Spectrum Analyzer
System Components (7/8 mainframe occupied)
HP 70001A Mainframe
HP 70206A System Graphics Display
HP 70900A Local Oscillator
HP 70902A IF Section
HP 70903A IF Section
HP 70908A RF Section
HP 70310A Precision Frequency Reference
HP 71300A Millimeter Spectrum Analyzer
System Components (7/8 mainframe occupied)
HP 7000lA Mainframe
HP 70205A Graphics Display
HP 70900A Local Oscillator
HP 70902A IF Section
HP 70907A External Mixer Interface
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HP 70000 Modular Measurement System (cont'd)

SipeCI Icatlon ummary

HP 71100A' HP71200A
Frequency Range 100 Hz - 2.9 GHz 50 kHz - 22 GHz
tunable in <I Hz increments 50 kHz - 26.5 GHz (Opt. 001)
Total Amplitude Range -134 to +30 dBm -132 to +30 dBm

Displayed Mg. Noise Level (dBm) 10 kHz <-85 I MHz <-118
(10 Hz Res. BW, 0 dB attn at three I MHz <-118 I GHz <-129
freQuencies) I GHz <-134 10 GHz <-125

Frequency Response 100 Hz - 2.5 GHz ±I dB 50 kHz - 2.9 GHz ±2.3 dB
(10 dB input attn) 100 Hz - 2.9 GHz ±1.5 dB 2.7 GHz - 12.7 GHz ±1.5 dB
Scale Fidelity
(Log, 10 Hz Res BW, 0-90 dB) ±0.5 dB ±0.5 dB
Frequency Accuracy
After cal ±IO kHz (±17 Hz)' ±IO kHz (±17 Hz)'
One year after cal ±13 kHz (±117 Hz)' ±13 kHz (±117 Hz)2
(At I GHz, 0 Hz Span, 0-55'C)
Resolution Bandwidths (-3 dB) 10 Hz - 300 kHz 10 Hz . 300 kHz
adjustable in 1,3,10 sequence 10 Hz - 3 MHz (opt. 004) 10 Hz -3 MHz (Opt. 004)
& 10% increments (except 3 kHz· 10kHz)
Phase Noise
I GHz, 30 kHz offset -97 dBc/Hz -97 dBc/Hz
Dynamic Range (@ I GHz)
2nd Harmonic Distortion <-70 dBc <-70 dBc
Third Order Intermod Distortion <-70 dBc <-74 dBc
Frequency Span· Range I Hz to 2.9 GHz and zero span I Hz to 22/26.5 GHz and zero span
(adj - 0.5% of displayed span)

50 msec to 1,000 sec; or 15 msec to 335 sec in swept freq. mode &80 /,sec to 335 sec in
Sweep Time fixed freQ. mode (0 span) with HP 70700A
Weight kg (Ib) 30.9 (68.1) 30.6 (67.5)

HP 70000 S

'HP 71100XL SpeClflcalIons are the same as those for the HP 71100A and 70300A.
'with HP 70310A Precision Frequency Reference

General Specifications
Environmental

Temperature: Operation 0 to +55 0 C; Storage -40 to +75 0 C
Humidity: Operation 0 to 95% Relative Humidity at 40 0 C
EMI: Conducted & radiated interference is within the requirements
of MIL-STD-46IB, RE02/part7, CISPR pub. II, and FTZ
526/1979

Power Requirements
HP 70001A Mainframe: 100, 120,220, or 240 VAC (± 10%) 47-66
Hz or 400 Hz with option 400; 570 VA, 310 W
Modules: All power supplied by mainframe
HP 70206A Display: 100, 120,220, or 240 VAC (±10%) 47-66 Hz
or 400 Hz with option 401

Warm-up Time
One hour from cold start (0-55 0 C)

Size in mm (inches)
HP 70001A Mainframe: 177.0 (6.97) H, 425.4 (16.75) W, 526.0
(20.7) L
HP 70206A Display: 177.0 (6.97) H, 425.4 (16.75) W, 502.0
(19.75) L

Available System Inputs/Outputs (F=front panel, R=rear
panel)

HP 70205A & 70206A Displays: Composite video out (BNC R)
HP 70900A LO Section: 300 MHz Cal out (BNC F), 100 MHz
Ext Freq Ref in (SMB R), Sweep out (SMB R), Tune+Span out
(SMB R), HSWP out/in (SMB R)
HP 70902A IF Section: Aux video out (BNC F), 3 MHz IF out
(BNC F), 21.4 MHz Aux IF out (SMB R). 3 MHz limited IF out
(SMB R)
HP 70903A IF Section: Aux video out (BNC F), 21.4 MHz IF out
(BNC F), 21.4 MHz Log IF out (SMB R)
HP 70904A RF Section: RF in (Type N F), 1st LO aux out (SMA
R), Probe power out (F)
HP 70905A RF Section: RF in (Type N F), 321.4 MHz IF in/out
(SMB R), 1st LO aux out (SMA R)
HP 709058 RF Section: 321.4 MHz IF in/out (SMB R), 1st LO
aux out (SMA R)



HP 70000 Specification Summary (cont)

HP 71201A HP 71210A HP71300A

50 kHz - 22GHz 100 Hz - 22 GHz 18-110 GHz wlHP 11970 mixers
50 kHz - 26.5GHz (Opt. 001) 2.7-325 GHz w/other mixers
-130 to +30 dBm -138 to +30 dBm -130 to -I dBm

bypass/filtered with HP 11970 mixers
1 MHz <-117/<-111 1 MHz - 10 MHz <-118 18-40 GHz <-128
I GHz <-127/<-119 10 MHz - 2 GHz <-138 33-60 GHz <-124
10 GHz <-121/<-109 2 GHz - 22 GHz <-133 50-75 GHz <-112

bypass/filtered with HP 11970 mixers
50 kHz - 2.9 GHz ±2.6/±2.8 dB 100 Hz - 2.9 GHz ±1.5 dB 18 GHz - 60 GHz ±2.3 dB
2.7 GHz - 12.7 GHz ±2.0/±2.3 dB 2.7 GHz - 22 GHz ±2.0 dB 50 GHz - 75 GHz ±2.5 dB

±0.5 dB ±0.5 dB ±0.5 dB
At 100 GHz

±10 kHz (±17 Hz)· ±17 Hz ±I MHz (±710 Hz)'
±13 kHz (±117 Hz)· ±117 Hz ±1.3 MHz (±107 kHz)·

10 Hz - 300 kHz 10 Hz - 3 MHz 10 Hz - 300 kHz
10 Hz - 3 MHz (opt. 004) 10 Hz - 3 MHz (Opt. 004)

18 - 26.5 GHz
-97 dBc/Hz -97 dBc/Hz -81 dBc/Hz

bypass/filtered
<-70/<-76 dBc <-70 dBc depends on external
<-74/<-66 dBc <-70 dBc mixer used

1 Hz to 22 GHz Plus 0 Hz 1 Hz to 22 GHz Plus 0 Hz 1 Hz to 1101325 GHz Plus 0 Hz

50 msec to 1,000 sec; or 15 msec to 335 sec in swept freq. mode & 80 Ilsec to 335 sec in fixed freq. mode (0 span) with HP 70700A
30.2 (66.6) 50.1 (110) 30.5 (67.2)
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Available System Inputs/Outputs (con't)
HP 70906ARF Section: RF in (APC-3.5 F), 321.4 MHz IF in/out
(SMB R), 1st LO aux out (SMA R)
HP 70908A RF Section: RF in (Type N F), 321.4 MHz IF out
(SMB R), 1st LO aux out (SMA R), 21.4 MHz out (SMB R)
HP 70907A EMIM: IF in (SMA F), LO out (SMA F), Mixer bias
out (SMA F), 1st LO aux out (SMA R), 300 MHz 2nd LO in/out
(SMB R)
HP 70600A Preselector: RF in (Type N F), Tune+Span in (SMB
R)
HP 70300A Tracking Generator: RF out (Type N F), Ext ALC in
(BNC F), AM in (BNC F), 300 MHz out (SMB R), 21.4 MHz
in/out (SMB R), 1st LO aux out (SMA R)
HP 70310A PFR: Ext Ref in (SMB R), 10 MHz & 100 MHz Ref
out (SMB R); Distrb. Amps in/out (SMB R) - optional
HP 70700A Digitizer: Video in (BNC F), Video in (SMB R), Sync
out (SMB R)
HP 70301A Tracking Generator: Ext ALC in (BNC F), 300 MHz
out (SMB R) 0-2.9 GHz in (SMA F).

Accessory Module Specification Summaries
HP 70300A Tracking Generator

Frequency Range: 20 Hz - 2.9 GHz swept and CW
Resolution: < I Hz
Output Amplitude: -10 dBm to -91 dBm
Level Flatness: ±O.S dB from 10 MHz - 2.9 GHz (relative to 300
MHz); -0.7dB, + 1.2 dB from 20 Hz· 10 MHz (relative to I MHz)
AM Rates: Internal, 400 Hz & 1 kHz; External, 20 Hz - 20 kHz

HP 70301A Tracking Generator:
Frequency Range: 2.7 GHz to 18 GHz swept and CWo
Resolution: I Hz
Output Amplitude: -2 dBm to -66 dBm
Level Flatness: ±1.0 dB

HP 70310A Precision Frequency Reference
Aging: <SXIO-IO/day (7-day average); <lXIO- 7/year
Temperature Stability: <7X 10-9 over 0 to 55° C
Frequency Range: 5 MHz to 300 MHz
Input Range: -4 to +4 dBm
Output: Leveled to 0 dBm (typical)
Output Power 10 MHz & 100 MHz: 0 dBm (typical)
Input Reference Power at 1,2,5, or 10 MHz: -5 to +21 dBm

HP 70310A Option 001 Precision Distribution Amplifiers
Two Amplifiers each with 3 outputs
HP 70700A Digitizer

Maximum Sampling Rate: 20 MSa/sec
Amplitude Resolution: 10 bits
Waveform memory: 2S6K 10-bit words
Gain Accuracy: ± I %
Offset Accuracy: ± 1%
Input Voltage Ranges: ±O.3V, ±I V, ±3V, ±IOV



BSIGNAL ANALYZERS
HP 70000 Modular Measurement System (cont'd)

Components
(See page 119 for standard HP 70000 modular spectrum analyzer

systems.)

HP 70001A System Mainframe
Provides all necessary power, cooling, digital inter

face, and EMI shielding for any width module. Fits any
standard EIA rack and holds a maximum of eight 1/8
width modules. Modules are automatically connected
to power, digital interface, and forced-air cooling.
HP 70206A System Graphics Display

A full-width, stand-alone, menu-driven interface for
the HP 70000 system. Presents measurement results
and configuration information with high-resolution
graphic, trace, text, and marker capability. Includes a
9-inch CRT, data and control keys, and an analog con
trol knob. Can be stacked or racked with the HP
7000lA mainframe or located up to 30m or more away
from the analyzer.
HP 70205A Graphics Display

All the capability of the HP 70206A system graphics
display in a J/8-width module.
HP 70900A Local Oscillator

This z/8-width module provides a swept LO signal of
3.0 to 6.6 GHz, processes video signals, and acts as
master controller for the spectrum analyzer. Contains
the system firmware to control and coordinate measure
ments and to output data. Has a minimum 32K bytes of
memory for DLPs.
HP 70902A IF Section (Res 8W lO Hz - 300 kHz)
HP 70903A IF Section (Res 8W 100 kHz - 3 MHz)

These 1/8-width modules process a 21.4 MHz IF sig
nal received from an RF or external mixer interface
module. Contain resolution bandwidth filters, log am
plifiers, detection circuitry, and video filters. Used to
gether, provide res BWs of 10 Hz to 3 MHz.
HP 70904A RF Section (lOO Hz - 2.9 GHz)
HP 70905A RF Section (50 kHz - 22 GHz)
HP 70905B RF Section (50 kHz - 22 GHz, no attenu
ator)
HP 70906A RF Section (50 kHz - 26.5 GHz)
HP 709068 RF Section (50 kHz - 26.5 GHz, no attenu
ator)

These are 1/8-width front-end modules for RF and mi
crowave spectrum analyzer systems. Convert incoming
RF signal to a 21.4 MHz IF. The HP 70905B and
70906B do not have input attenuators and are intended
for use with HP 70600A/70601A preselectors.
HP 70907A External Mixer lnterface

This V8-width module provides the interface between
external mixers and spectrum analyzer systems. Con
tains an LO amplifier, mixer bias supply, and down
conversion circuitry to convert the 321.4 MHz input IF
to a 21.4 MHz IF signal. Frequency range is 18 GHz to
110 GHz using HP 11970 mixers, and 2.7 GHz to 325
GHz using mixers from other manufacturers.
HP 70908A RF Section (100 Hz - 22 GHz)

This z/.-width front-end module provides state-of
the-art tracking preselection from 2.7 to 22 GHz. Uses
fundamental mixing from 100 Hz to 22 GHz for sensi
tivity <-133 dBm from 2-22 GHz.
HP 70600A Preselector (2.7 GHz - 22 GHz)
HP 70601A Preselector (2.7 GHz - 26.5 GHz)

These I/s-width modules can be used with the HP
70905A/B and 70906A/B RF sections. Provide track
ing preselection from 2.7 GHz to either 22 or 26.5 GHz.
Low pass filtering is used below 2.9 GHz, and
preselectors can be bypassed if desired.
HP 70620A Preamplifier

This V.-width module covers 2 to 22 GHz. Minim~m
small-signal gain is >22 dB; typically >29 dB. NOise
figure is < II dB; typically <9 dB. Flatness is ± 1.8 dB.
Sends calibration data to a microwave spectrum ana
lyzer to compensate for preamp gain and flatness.

Price
$5,500

$7,000

$5,000

$14,700

$4,100
$2,950

$7,890
$10,700
$9,750

$12,500
$11,500

$8,680

$35,900

$10,350
$12,600

$10,500

HP 70300A Tracking Generator
A '/8-width module whose output signal tracks the

tuned frequency of the spectrum analyzer. Makes stim
ulus-response measurements with a dynamic range of
125 dB in conjunction with an HP 70000 spectrum ana
lyzer. Frequency range is 20 Hz to 2.9 GHz.
HP 70301A Microwave Tracking Generator

A 'I8-width module whose output signal tracks the
tuned frequency of the spectrum analyzer over a 2.7 to
18 GHz frequency range. When used with the HP
7l210A spectrum analyzer, stimulus-response mea
surements can be made over a 120 dB dynamic range.
Use with the HP 70300A RF tracking generator to pro
vide a tracking signal from the output over a 10 MHz to
18 GHz range.
HP 70310A Precision Frequency Reference

Option 001 Add Distribution Amplifier
Option 002 Delete Ovenized Oscillator and External
Power Pak
This 1/8-width module supplies precise reference sig

nals at 10 and 100 MHz. Signals are phase-locked to an
internal ovenized oscillator, improving system frequen
cy reference accuracy after one year from 3 to 0.1 ppm.
External reference input allows the use of house stand
ards or other external references at 1,2, 5, or 10 MHz.

Option 001 adds two distribution amplifiers, each
with three outputs and one input. Option 002 deletes
the ovenized oscillator and external power pak but re
tains the external reference input capability.
HP 70700A Digitizer

This I/.-width module adds precision digitizing capa
bility to HP 70000 instruments. Improves analyzer
ability to characterize signals in the time domain. Has a
sampling rate of 20M-sample/sec, 10 bits/sample, and
256K words of memory.

Digitizing rate improved by a factor of 1000 allows
faster start-to-stop frequency sweeps and better resolu
tion of signals such as pulsed RF. Sweep times as fast as
80 usec can be made in zero span (time domain).

Can also be used as a stand-alone, programmable
waveform recorder, transient analyzer, or digitizing os
cilloscope. For multi-channel applications, up to eight
digitizer modules will operate synchronously in a single
HP 7000 IA mainframe.
HP 70100A Power Meter

Option 003 Move Ref. Oscillator to Rear Panel
A full-feature, single-channel power meter in a 1/8

width module. Fully compatible with HP 8480 series
power sensors. See page 210.
HP 70591A 1/8-width Module Part Kit
HP 70592A z/s-width Module Part Kit
HP 70593A 'Is-width Module Part Kit
HP 70594A "Is-width Module Part Kit
HP 70595A Module Development Design Guides
HP 70596A Module Communication Design Guides

Module Part Kits and Module Design Guides provide
information and hardware to aid you in the design and
fabrication of modules to meet your specific needs.
HP 70900-60121 Scalar/Spectrum Analyzer Personal
ity

Adds scalar measurement personality to an HP
711 OOA system that also includes an HP 70300A track
ing generator. Useful measurement routines include
pass-fail and open/short/ thru calibration testing; dual
displays, shape factor, and 150 dB display. On 31/z" or
51z" discs for HP series 200/300 controllers with BA
SIC 3.0,4.0, or 5.0 (included in HP 71100XL system).
HP 11970 Harmonic Mixers (See page 143.)

$10,350

TBA

$4,930
+$1,530
-$2,450

$7,650

$2,500
$0

$750
$800

$1400
$2.500

$600
$600

$250



• 100 Hz to 325 GHz coverage with synthesizer accuracy
• 10 kHz to 1.5 GHz coverage at a lower price
• 100 Hz to 1.5 GHz coverage with counter accuracy

SIGNAL ANALYZERS B
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Models 85668, 8567A & 85688

• 2 to 22 GHz preselected range
• Trace markers with amplitude and frequency readout
• 16K bytes of user RAM for trace data or custom rou

tines

HP 85668 HP 85688

The HP 8566B, HP 8567 A, and HP 8568B are high-performance
spectrum analyzers for bench and ATE system use. The HP 8566B is
the highest performance analyzer of the three, with extendable fre
quency range from 100 Hz to 325 GHz. The HP 8567A is identical to
the HP 8568B in many respects, but has reduced performance in
some areas and a lower price. See pages 124, 126, and 128 for specifi
cation summaries on all three analyzers.

Each analyzer is designed around its own internal bus and con
trolled by its own microcomputer to yield significant improvements in
operational and data processing features, as well as flexibility under
computer control. Each analyzer has 16K bytes of user RAM for
storing trace data, instrument states, or custom downloadable pro
grams (DLPs).

Performance
The exceptional frequency stability of both the HP 8566B and the

HP 8568B makes measurements with 10 Hz resolution bandwidths
possible. This narrow resolution bandwidth yields sensitivities to
-135 dBm in both instruments. Excellent frequency stability, sensi
tivity, and frequency-reference accuracy combine to allow very accu
rate measurement of small signals in the presence of large ones.

For applications that don't require the high performance of the HP
8568B, the HP 8567A offers the same speed, versatility, and auto
matic operation capability at a lower price. Resolution bandwidths as
narrow as I kHz yield sensitivities as low as -115 dBm.

Usability
The instrument control settings are conveniently notated on the

CRT for easy reference. Functions are activated by pressing a front
panel key, then selecting the function value using the knob, step keys,
or numeric keyboard. To maintain a calibrated display, certain func
tions are automatically coupled in the analyzer. For example, resolu
tion bandwidth, video bandwidth, and sweeptime are automatically
adjusted by the instrument when the frequency span is reduced.

Up to four tunable display markers are available to aid in measur
ing and analyzing signals. Two markers can be used to make relative
measurements by displaying their amplitude and frequency differ
ence. Marker information allows you to step between evenly spaced
portions of a spectral display (such as signal harmonics) or "zoom-in"
on a selected portion of the spectrum.

Analyzer control settings can also be saved in the non-volatile
memory of the analyzer. Different operators can recall these settings
to make consistent, repea table measurements.

Versatile CRT Display and Plotting Capabilities
All displayed information resides in the analyzer's digital memory,

which refreshes the CRTat a flicker-free rate. Multiple traces can be
displayed to measure residual FM or drift, or to conduct real-time
surveillance over a wide frequency range.

By adding an HP-IB plotter, a hardcopy of all information on the
display of the analyzer can be made for analysis, documenta tion, or
presentation. Plots can be produced directly or with the aid of a con
troller.

Custom Programming of Softkeys
Custom measurement routines can be created to meet your specific

requirements. These programs can be created on an external control
ler or from the front-panel controls of the instrument and then stored
in the non-volatile memory of the analyzer. Custom programming al
lows you to create complex measurement routines that can be stored
and executed using a single softkey. This capability makes the analyz
er a custom instrument that is more efficient for your specific tasks.



BSIGNAL ANALYZERS
Spectrum Analyzers, 100 Hz to 325 GHz (cont'd)
Models 85668, 8567A & 85688

Specification Summary
85668 8567A 85688

Frequency Range lOOHz-22GHz IOkHz-1500MHz lOOHz-1500MHz
18.6·1I0GHz w/HP1I970 Mixers
1IQ-325GHz w/other mixers

Tolal Amplitude Range -134 to +30dBm -115 to +30dBm -135 to +3OdBm
Displayed Ave Noise Level (dBm) IMHz-2.5GHz <-134 50kHz·IMHz <-92' 500Hz-IMHz <-112

(10Hz Res BW, OdB attn) 2-5.8GHz <-132 IMHz-1500MHz <-115' IMHz-1500MHz <-135
5.8-12.5GHz <-125
12.5-18.6GHz <-119
18.6·22GHz <-114

Frequency Accuracy ±267Hz ±15kHz ±267Hz
One year after cal
(At IGHz, OHz Span 5-55'C)

Resolution Bandwidths (-3dB) 10Hz to 3MHz 1kHz to 3MHz 10Hz to 3MHz
adj in 1,3,10 sequence

Frequency Response 2-12.5GHz +1.7dB IOkHz-500MHz ±ldB lOOHz-500MHz ±ldB
(IOdB input attn) 12.5-2OGHz ±22dB lOOHz-lSOOMHz ±1.5dB

Weight 50kg (1l2 Ib) 45kg (100 Ib) 45kg (100 Ib)

Price $57,650 $27.550 $35,300
1kHz Res BW

HP 85665

HP 8566S, 8567S & 8568S
The HP 8566S, 8567S, and 8568S Automatic Spectrum Analyzers

are systems based upon the HP 8566B, 8567A and 8568B Spectrum
Analyzers. Each system has an HP 9000 Series 200 or 300 Desktop
Computer with system software available in BASTC language. A
wide variety of compatible HP-TB printers and plotters can be used to
tailor the system to your specific needs. Operator training is also
available for the HP 8566S and 8568S systems. This intensive hands
on course will teach you the basic programming techniques needed
for remote operation of these two spectrum analyzer systems.

The system software comes on a 5'/4-inch disk (3'/z-inch also availa
ble) for use with HP Series 200 or 300 computers. Also included is a
manual which provides extensive documentation and line-by-line an
notation of each program.

System Software
System software is available for the HP 8566B, 8567A, and 8568B

in BASIC. This software package provides the system programmer
with high-level routines to aid in the development of custom programs
for specific measurement applications. Capabilities include automatic
computation and setting of analyzer functions to insure optimum
measurement performance.

Ordering Information
HP 8566S (HP 8566B based system)
HP 8567S (HP 8567A based system)
HP 8568S (HP 8568B based system)
HP 85668A Operation Training Course
HP 85863B System Software for HP 8566B, 8567A and 8568B

For complete details on prices, options, and ordering information
contact your local HP sales office.



• 100 Hz to 22 GHz, external mixing to 325 GHz
• Synthesizer frequency accuracy
• Direct plot capability
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Model 8566B

• Expanded firmware feature set
• Enhanced signal-processing power
• 16K bytes of user RAM

HP 85668 G»
ESIGNEDFOR. :

SYSTEMS

The HP 8566B Microwave Spectrum Analyzer is a high-perform
ance instrument, ideal for bench or ATE applications. The frequency
range of 100 Hz to 22 GHz, using internal mixing, can be extended to
110 GHz with HP 11970 external mixers (see page 143), or to 325
GHz with mixers from other suppliers. A synthesized local oscillator
produces counter-like accuracy at microwave and millimeter-wave
frequencies. A 10-Hz resolution bandwidth and excellent frequency
stability allow difficult measurements such as line-related sideband
characterization at 22 GHz.

The HP 8566B offers 16K bytes of RAM for user-defined routines,
which can be developed for complex measurements that are made
routinely. Using the downloadable programming capability of the HP
8566B, measurement routines can be created on a computer and then
downloaded into the non-volatile memory of the analyzer. Custom
routines can also be defined and saved using the front-panel controls
of the analyzer.

The ability to create and store downloadable programs (DLPs)
makes the instrument more efficient for your specific measurement
tasks. Custom DLPs can be executed via the HP-IB or user-defined
front panel softkeys. Instrument settings can also be saved for future
recall to insure that repeatable measurements can be made by differ
ent operators. You can control other HP-IB devices such as plotters,
printers, signal generators, and power meters with user-defined
softkeys on the HP 8566B. And CRT information can be plotted di
rectly without the use of a controller.

All HP 8566B functions are remotely programmable via HP-IB.
Many high-level functions are available that produce results instead
of just more data. This enables the controller to move on to other
tasks, thereby reducing the total execution time. Friendly program
ming codes and easily recognizable mnemonics facilitate learning the
analyzer's language.

A unique, integrated preselector/mixer provides high sensitivity
with preselection from 2 GHz to 22 GHz. Coupled functions insure
that a calibrated display and a specific input-mixer-drive level are
maintained. Functions can be uncoupled and set manually if you
wish.

Automatic spectrum analyzer systems can be purchased via the HP
8566S model number. Systems are designed around the HP 8566B
analyzer, HP 9000 Series 200 or 300 Desktop Computers, and a vari
ety of peripherals and software packages. System software is availa
ble for the HP 8566B in BASIC language for maximum flexibility.
Automated signal monitoring and surveillance capabilities can be
added with the HP 85865B Signal Monitoring Software. (See page
129 for details.) Operator training is available through the HP
85668A Spectrum Analyzer Operator Course. This four-day, hands
on course teaches programming techniques for remote operation of
the spectrum analyzer. (See Customer Education for course details.)



BSIGNAL ANALYZERS
Spectrum Analyzer, 100 Hz to 325 GHz (cont'd)
Model 85668

Inputs
RF in (Type N), Ext Freq Ref in, Ext Sweep Trig in
Quasi-Peak: Video in, IF in

Outputs
Cal out, 1st La out, IF out, Sweep + Tune out, Display X, Y, Z out,
Horiz Sweep out, Video out, PenliEt out, 21.4 MHz IF out, Freq Ref,
10MHz
Quasi-Peak: Video out, IF out

Sweeptime
Zero Span: I j.Lsec to 1500 seconds
Swept: 20 msec to 1500 seconds
Accuracy: ±IO% :::: 200 second sweeptimes; ±30% > 200 second
sweeptimes
Trigger: Free run, line, video, external, continuous, and single

General Specifications
Environmental

Temperature: Operation; 0 to 55° C Storage; -40 to +75° C
Humidity: Operating < 95% RH, 0 to 40° C
EMI: Conducted and radiated interference is within the require
ments of MIL- STD-46IB, CE03/part 2, and RE02/part 7, and
the requirements of CISPR pub. II, and FTZ 526/1979

Power Requirements: 100, 120,220, or 240 VAC (+5%, -10%), 50
to 60 Hz or 400 Hz with Option 400
Warm-up Time Operation: 30 minutes from cold start (0 to 55° C)

Frequency Reference: frequency within I x 10-8 of final stab fre
quency within 30 minutes

Size (w/out handles), mm (inches): 279.2 (II) H, 425.5 (16.75)
W, 598.5 (23.56) L
Weight: 50 kg (112 Ib)

+$450
+$65

+$70
+$350

+$200
$0
$0
$0

$4,500

Price
$57,650

+$250
+$400
+$950

+$2,000

$0

Ordering Information
HP 8566B Spectrum Analyzer

Option 016: Installed EMI receiver functions
Option 400: 400 Hz power-line frequency operation
Option W30: Two additional years return-to-HP war
ranty
Option 462: Impulse bandwidths for EMI measure
ments
Option 655: 5.25" operation verification disks instead
of 3.5" disks
Option 010: Rack mount slide kit
Option 908: Rack flange kit (instrument wlout han
dles)
Option 913: Rack flange kit (instrument w/handles)
Option 910: Extra operating and test and adjustment
manuals
Option 915: Troubleshooting and repair manual
Option 031: German operating manual
Option 080: Information card in Japanese
Option 081: Information card in French
Option E69: Internal MATE test module adapter

HP 85668 Specification Summary
Frequency
Frequency Range: 100 Hz to 22 GHz with internal mixer; extend
able to 110 GHz with HP 11970 external mixers and to 325 GHz with
mixers from other suppliers
Frequency Span: 0 to 2.5 GHz, 2 to 22 GHz, plus 0 Hz (zero span)
Frequency Reference Accuracy: Aging rate; < I X 1O-9/day, < 2.5
X 1O-7/year
Temperature Stability: < 7 X 10-9,0 to 55° C
Resolution Bandwidth: 3 dB bandwidths of 10Hz to 3 MHz in a I,
3, 10 sequence
Bandwidth Selectivity, 60 dBI 3 dB ratio: < II: I, 30 Hz to 3 kHz;
< 13:1,10 kHz & 30 kHz; < 15:1,100 kHz to 3 MHz
Bandwidth Shape: synchronously tuned, 4- or 5-pole filters, approxi
mately Gaussian shape
Video Bandwidth: I Hz to 3 MHz in a I, 3, 10 sequence
Residual FM (typical peak to peak, fundamental mixing mode):
< 0.2 Hz, frequency span < 5 kHz; < 5 Hz, frequency span < 100
kHz; < 200 Hz, frequency span < 5MHz
Drift (typical, after one hour warm-up at stabilized temperature):
< 10 Hz/minute of sweeptime, frequency span:::: 100 kHz; < 500
Hz/minute of sweep time, frequency span 100 kHz to 5 MHz, < 5
kHz/minute of sweeptime, frequency span ~ 5 MHz

Spectral Purity
Noise sidebands (center frequency 100 Hz to 5.8 GHz): 320 Hz
offset, < -80 dBc/Hz; I kHz offset, < -85 dBc/Hz; 10 kHz offset,
< -90 dBc/Hz; 100 kHz offset, < -105 dBc/Hz

Amplitude
Amplitude Range (dBm): -134 to +30, I MHz-2.5 GHz; -132 to
+ 30,2-5.8 GHz; -125 to + 30,5.8-12.5 GHz; -119 to +30,12.5-18.6
GHz; -114 to +30,18.6-22 GHz
Log Display Range: I, 2, 5, or 10 dB/ division for 10, 20, 50, & 90 dB
displays, respectively
Scale Fidelity: ±O.I dB/dB over 0 to 80 dB display; <±1.0 dB max
over 0 to 80 dB display; < ± 1.5 dB max over 0 to 90 dB display
Calibrator Uncertainty: ±0.3 dB
Frequency Response (10 dB input allen): 100 Hz to 2.5 GHz,
±0.6 dB; 2 to 12.5 GHz, ±1.7 dB; 12.5 to 20 GHz, ±2.2 dB; 20 to 22
GHz, ±3.0dB
Dynamic Range

Spurious Responses: < -70 dBc for mixer levels:::: -40 dBm
Second Harmonic Distortion

Unpreselected, mixer levels:::: -40 dBm: < -70 dBc, 100 Hz to
2.5 GHz; < -80 dBc, 50 to 700 MHz.
Preselected, mixer levels:::: -10 dBm: < -100 dBc, 2 to 22
GHz

Third Order Intercept (TOI): > +5 dBm, 100 Hz to 5 MHz; > +7
dBm, 5 MHz to 5.8 GHz; > +5 dBm, 5.8 to 18.6 GHz
Image Responses: < -70 dBc, 100 Hz to 18.6 GHz; < -60 dBc,
18.6 to 22 GHz
Multiple Responses: < -70 dBc, 100 Hz to 22 GHz
Out-Of-Band Responses: < -60 dBc, 2 to 22 GHz
Residual Responses (0 dB input allen, no input signal): < -100
dBm, 100 Hz to 5.8 GHz; < -95 dBm, 5.8 to 12.5 GHz; < -85
dBm, 12.5 to 18.6 GHz; < -80 dBm, 18.6 to 22 GHz
Gain Compression (:::: -5 dBm at mixer): < 1.0 dB, 100 Hz to 22
GHz
Displayed Average Noise Level (0 dB input allen, 10 Hz Res
BW)

Unpreselected: < -95 dBm, 100 Hz to 50 kHz; < -112 dBm, 50
kHz to I MHz; < -134 dBm. I MHz to 2.5 GHz
Preselected: < -132 dBm, 2 to 5.8 GHz; < -125,5.8 to 12.5
GHz; < -119 dBm, 12.5 to 18.6 GHz; < -114 dBm, 18.6 to 22
GHz



• 100 Hz or 10 kHz to 1500 MHz frequency range
• Powerful firmware feature set
• Direct plot capability
• 16K bytes of user RAM for custom routines

HP 85688
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Models 85688 &8567A

• Powerful signal- and trace-processing functions
• EMI measurement capability
• Stimulus-response test capability
• Frequency counter accuracy

HP 8567A

~
ESIGNEOFOR. .·SYSTEMS

The HP 8568B and HP 8567A RF Spectrum Analyzers offer a
choice in high performance instruments for bench and ATE use. The
HP 8568B covers the 100 Hz to 1500 MHz frequency range while the
HP 8567A goes from 10kHz to 1500 MHz. The HP 8568B has supe
rior performance in several areas, including better frequency accura
cy, narrower resolution bandwidths, and greater sensitivity (see
following page for specification summary). If the higher performance
of the HP 8568B is not required, the HP 8567 A offers the same pow
erful feature set and capabilities at a very cost-effective price.

Both instruments offer 16K bytes of RAM for custom user-defined
measurement routines. Custom measurement programs can be creat
ed, either on an external controller or using the front-panel controls of
the spectrum analyzer, and then stored in the non-volatile memory of
the instrument. These stored programs can be executed with a single
softkey, making them as easy to use as any other function of the ana
lyzer. This capability facilitates customization of either the HP
8568B or the HP 8567A to better suit your particular measurement
requirements. In addition, instrument control settings can also be
saved for future recall, to insure repeatable measurements even by
different operators.

The HP 8568B and 8567A fit into many RF application areas in
cluding EMI testing, component stimulus-response testing, and
broadband signal surveillance. Add the HP 85650A Quasi-Peak
Adapter, HP 85685A RF Preselector, and HP EMI Measurement
Software for complete CISPR and MIL-STD EMI measurement ca
pability. (See page 130 for EMI system details.) Stimulus-response
measurement capability can be obtained at a minimal cost with the
addition of the HP 8444A Option 059 Tracking Generator. If you
need automatic broadband surveillance capability, use the HP
85865B Signal Monitoring Software with either analyzer. (See page
129 for Signal Monitoring System details.)

Automatic spectrum analyzer systems can be purchased via the HP
8568S or 8567S model numbers. Systems are designed around the
HP 8568B or the HP 8567A RF Spectrum Analyzers, HP 9000 Se
ries 200 or 300 Desktop Computers, and a variety of peripherals and
software packages. System software is available in BASIC language
for maximum flexibility. (See page 124 for details and ordering infor
mation on automatic systems.) Operator training is also available for
HP 8568B-based systems. The four-day HP 85668A Spectrum Ana
lyzer Operator Course is designed to teach you programming tech
niques for remote operation of the HP 8568B. (See Customer
Education for course details.)



BSIGNAL ANALYZERS
Spectrum Analyzers, 100 Hz to 1500 MHz (cont'd)
Models 85688 & 8567A

Specification Summary

FREQUENCY 85688 8567A
Frequency Range 100Hz - 15OOMHz· DC coupled 10kHz - 1500MHz

100kHz - 1500MHz - AC coupled

Frequency Span 100Hz to 1500MHz + zero span 100Hz to 1500MHz + zero span
Frequency Reference Accuracy

Aging Rate <2.5 x 1O-'/year <5 x 10-'Iyear
Temperature Stability <7 x 10 '(0-55'C) <l x 10 ' (5-55'C)

Resolution Bandwidth (-3dB) 10Hz - 3MHz in 1,3,10 sequence 1kHz - 3MHz in 1,3,10 sequence 1Hz-3MHz in 1,3,10 sequence

Video Bandwidth 1Hz - 3MHz in l.3.10 sequence 1Hz - 3MHz in 1,3,10 sequence

Residual FM (pk to pk, <lookHz span) <3Hz (Res BW <30Hz) <100Hz (Res BW 1kHz)

Drift (per minute of sweeptime)
(after one hour warm-up) <lOHz (freq span <100kHz) <looHz (freq span <100kHz)

Phase Noise (30kHz offset. I Hz Res BW) -107dBc -105dBc

AMPLITUDE
Amplitude Range -135 to +3OdBm -115 to +30dBm

Log Display Range 1,2,5, or 10dB/div lor 1.2,5, or 10dB/div for
10,20,50 or 90dB display 10,20,50 or 90dB display

Scale Fidelity - incremental ±O.1dB/dB; 0-90dB ±O.ldB/dB; 0-80dB

cumulative (20-30'C) S± 1.0dB; 0-80dB >±1.0dB; 0-80dB
<±1.5dB; 0-9OdB <±1.5dB; 0-90dB

Calibrator Uncertainty ±O.3dB ±O.3dB

Frequency Response (input atten >10dB) ±1.5dB, 100Hz - 1500MHz ±ldB, 10kHz - 1500MHz

Spurious Responses (<-40dBm at mixer) <-70dBc (<lOMHz input sig) <-70dBc
<-75dBc (>IOMHz input sig)

Second Harmonic Distortion <-70dBc (sig ~10MHz) <-70dBc (sig ~ 10MHz)
(-3OdBm at mixer) <-60dBc (sig <lOMHz) <-60dBc (sig < 1OMHz)

Third Order Intercept (Tal) +10dBm (sig > 1OMHz) +10dBm (sig >10MHz)

Residual Responses (at I MHz) <-105dBm <-IOOdBm
(OdB attn, no input signal)

Gain Compression «10dBm at mixer) <0.5dB <l.OdB

Displayed Average Noise Level <-1I2dBm, 5OOHz-1 MHz (10Hz Res BW) <-92dBm, 50kHz-IMHz (1kHz Res BW)
(OdB attn, I Hz Video BW) <-135dBm, >IMHz(lOHz Res BWl <-115dBm, >IMHz (1kHz Res BW)

Sweeptime - Zero Span 1~ sec to 1500 sec 1~ sec to 1500 sec

Swept 20 msec to 1500 sec 20 msec to 1500 sec

General Specifications (Pertain to both 85688 and
8567A unless noted)
Environmental

Temperature: Operation, 8568B, 0 to 55° C; 8567A, 5° to 55° C
Storage, _40° to +75° C
EMI: Conducted and radiated interference is within the require
ments of MIL-STD-461B, CE03/part 2 and RE02/part 7, and the
requirements of CISPR pub. 11 and FTZ 526/1979

Power Requirements: 100,120,220, or 240 VAC (+ 5%, - 10%),
50-60 Hz or 400 Hz with Option 400
Warm-up Time

Operation: 30 minutes from cold start
Frequency Reference

85688: frequency within 1 X 10-8 of final stab freq within 30 min
utes
8567A: frequency within 5 X 10-5 of final stab freq within 30 min
utes

Size (w/out handles), mm (inches): 279.2 (11) H, 425.5 (16.75)
W, 558.8 (22) L
Weight: 45 kg (100 Ib)

Inputs
RF in (Type N), RF in (BNC, 8568B only), Ext Freq Ref in, Ext
Sweep Trig in
Quasi-Peak: Video in, IF in

Outputs
Cal out, Display X, Y, & Z out, Horiz Sweep out, Video out, Penlift
out, 21.4 MHz IF, 1st LO, Freq Ref, Probe Power out (8568B only)
Quasi-Peak: Video out, IF out

Ordering Information
HP 85688 Spectrum Analyzer
HP 8567A Spectrum Analyzer

Option 001: 75 ohm (BNC) RF input
Option 016: Installed EMI receiver functions
Option 044: Add HP 8444A Opt 059 Tracking Gen
erator (8567 A only)
Option W30: Two additional years return-to-HP war
ranty

8568B
8567A

Option 400: 400 Hz power line frequency operation
8568B
8567A

Option 655: 5.25" operation verification disks instead
of 3.5" disks
Option 010: Rack mount slide kit
Option 908: Rack flange kit (instrument w/ out han
dles)

8568B
8567A

Option 913: Rack flange kit (instrument w/handles)
8568B
8567A

Option 910: Extra operating and test and adjustment
manuals
Option 915: Troubleshooting and repair manual

8568B
8567A

Option 462: Impulse bandwidths for EMI measure
ments (8568B only)
Option 080: 8568B information card in Japanese
Option 081: 8568B information card in French

Price
$35,300
$27,550

+$200
+$250

+$4,760

+$690
+$540

+$400
+$700

$0

+$450

+$65
+$150

+$70
+$150
+$350

+$200
+$220

+$2,000

$0
$0
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Model 858658

Automates the HP 8566B, 8567A, 8568B, 71000 Modular Series, and 8562A Portable Spectrum Analyzers for
• Operator-controlled or unattended long-term signal monitoring
• Broadband surveillance and signal intelligence
• Communication system testing and maintenance

DESIGNED fOR..
SYSTEMS

Typical system configuration using HP 858658 Signal Monitoring Software

Powerful Graphics
Powerful display formats transform your system's console into an

effective tool to analyze and manipulate data. View multiple
bands-up to four at one time-in the frequency as well as the time
domain. A "parameter summary" displays such measured signal pa
rameters as pulse width, modulation format, pulse repetition interval,
amplitude, and frequency. For a time profile of a particular band, use
the three dimensional "raster" display of frequency, amplitude, and
time. The "histogram" options provide information on band usage,
and the "timegram" reports signal data as a function of time. The
"timegram summary" displays statistics on percent occupancy, maxi
mum frequency and amplitude, and average message length of
two-way communication signals at specific frequencies. Transfer all
display formats directly to an HP-IB plotter or printer for customized
hard-copy output. Or, use remote capability to transfer graphic and
alpha information from multiple systems to a single hub via RS-232.

The HP 85865B Signal Monitoring Software, written in Pascal 3.2,
requires an HP high performance spectrum analyzer and a compati
ble computer. For pulse analysis, a waveform recorder must be added
to the system, and it is recommended that your computer contain at
least 3 Mbytes of memory. Contact your nearest HP field representa
tive for a complete list of accessories, including mass-storage devices,
printers, and plotters. Hardware can be ordered as a single shipment
using the "S" system. See page 124.

Increase the power and flexibility of your HP 8566B, 8567A,
8568B, 71000 Modular Series, or 8562A Portable Spectrum Analyz
er for signal monitoring and broadband surveillance. The HP 85865B
Signal Monitoring Software automates your system for site surveil
lance applications and long-term attended or unattended monitoring
operations. Menu options allow you to store command sequences and
set the time of program execution. Monitor up to 128 frequency
bands of interest and measure percent occupancy using the software's
frequency histogram display. A multiband display option lets you
view up to 16 selected bands at one time and you can easily obtain
hard copy of statistical information on band usage and transmission
length using your system's printer or plotter. Signal data, collected
continuously or at intervals over long periods of time, are stored with
dale and time included to provide comprehensive reports on ambient
signal activity.

Diverse Applications
The HP 85865B Signal Monitoring Software offers advantages in

areas requiring long-term monitoring of signal environments. For ex
ample, to maintain quality over the lifetime of a communication sys
tem, the program provides information on current band usage for
management of the frequency spectrum, and on signal parameters to
assure that transmissions meet specified tolerances. A "task
scheduler" directs the spectrum analyzer to execute a file of com
mands at a given time, enabling completely automatic, unattended
testing. Large blocks of data are stored and retrieved easily with a
Hewlett-Packard Winchester disc drive.

For surveillance operations, the software's run-mode options per
mit the spectrum analyzer to automatically "search" a defined band,
tune to a signal, measure frequency and amplitude, and determine
modulation format. Data can be reported selectively: set an "alarm"
to notify you when signals meet pre-determined characteristics, or
construct a "signal mask" to prevent unwanted signals from being
reported. Adding an HP 70700A Digitizer or an HP 54100 or 54200
Digitizing Oscilloscope lets you measure pulse parameters including
pulse width, pulse repetition interval, peak power, and average power
for use in radar detection and system testing.

Ordering Information
HP 858658 Signal Monitoring Software

Option 630 (3 1/2 inch discs)
Option 700 (V. inch tape cartridge)
Remote Options:
Option 001 (3'/2 inch discs)
Option 701 (1/. inch tape cartridge)

Price

$5500
$5500

+$2200
+$2200



BSIGNAL ANALYZERS
CISPR EMI Receivers, 9kHz to 1.5GHz
Models 8573A, 8574A

• Meets CISPR Publication 16* requirements
• Performs VDE, FCC, VCCI Compliance Tests

• Makes diagnostic EMI measurements
• Automates VDE, FCC, VCCI and MIL-STD EMI tests

Typical HP 8573A Configuration with additional Controller and optional accessories.

~
'i::~IUf.l.:UF0Fi. ..
SYSTEMS

'CISPR Publication 16 is the Comite International Special des Perturbations Radioelectrlque
specification for radio interference measuring apparatus and measurement methods.

accessories, and peripherals. You can write your own programs or
elect HP software: the HP 85864C EMI Measurement software or
HP 85870A Open-Site EMI Measurement System Software. Both
feature easy-to-use menu structures that lead you through EMI mea
surements from initial setup to final results. Choose from libraries of
FCC, and VDE emission tests, or design your own. Results can be
annotated and notes generated as part of your test documentation,
and subroutines can be added to the software for automatic control of
your EMI accessories.

EMI accessories available for FCC, VDE, VCCI and MIL-STD
tests feature a LISN for commercial conducted measurements and
current probes for MIL-STD conducted emission requirements.
Transducer kits contain magnetic and electric field antennas for radi
ated emission testing from 9 kHz to 18 GHz. Other EMI accessories
include preamplifiers, printers, plotters, and a system cabinet. See
page 133.

The HP 8573A and 8574A EMI Receivers are designed for making
fast, accurate EMI measurements. With improvcd sensitivity and
overload protection, these powerful receivers meet CISPR Publica
tion 16* recommendations as well as requirements of the FCC, VDE,
and VCCI. And, because a versatile HP 8567A or 8568B Spectrum
Analyzer forms the heart of each system, full EMI diagnostic capa
bilities aid you throughout a product's evolution, from design stages
to completion of final commercial and MIL-STD qualification tests.

CISPR/EMI Receiver Features and More
To meet CISPR Publication 16 specifications, the HP 85650A

Quasi-Peak Adapter provides the CISPR EMI Receivers with re
quired bandwidths and quasi-peak detection. Each system comes with
the HP 85867A EMI Receiver Functions, a set of downloaded pro
grams that make possible speedy "one-button" manual quasi-peak
measurements. The HP 85685A RF Preselector adds input overload
protection and increased measurement sensitivity, and its built-in ab
solute amplitude calibration ensures ±2dB amplitude accuracy. The
preselector automatically tracks the spectrum analyzcr during manu
al and remote operation. A low-frequency RF input withstands large
impulses and Line Impedance Stabilization Network (LISN) tran
sients. Both the low-frequency and high-frequency inputs allow the
use of CISPR calibration pulses.

Automatic Control for Remote Operations
The HP 8573A and 85741\ CISPR EMI Receivers let you auto

mate emission measurements via the HP-IB for conducted or radi
ated tests using a variety of compatible system controllers, EMI

Ordering Information
HP 8573A CISPR EMI Receiver
HP 8574A CISPR EMI Receiver
Option 001 HP 85900 System Cabinet (includes Op
tion913)
Option 908 Rack mounting kit without handles
Option 910 Extra set of operating manuals
Option 913 Rack mounting kit with handles

Price
$53,700
$61.465

+ $2,850

+ $122.50
+ $410
+ $135



SIGNAL ANALYZERS B
EM. Measurement Software 131

Models 85864C, 85870A, 85874A

• Begin testing at system turn-on
• Test to standard or internal limits
• Automatically correct data for transducer and system

gain/loss

updateable variable fields for the date and time of test, equipment
name and serial number, or any other information. Ambient, suspect,
or final signal lists and log frequency plots of the final data can be
integrated with your text for concise, professional-looking reports. A
library is provided to store these report formats. CRT data and signal
lists can also be sent to a printer or plotter from virtually any point in
the software.

HP 85864C EMI Measurement Software
The HP 85864C EMI Measurement Software is a general-purpose

program for making automatic commercial and military emission
measurements using an HP 85668, 8567A, or 85688 Spectrum Ana
lyzer. The friendly menu structure of the program leads you through
an EMf measurement from initial setup to the final plotting of the
test results. The HP 85864C has an easy start-up procedure, so you
are "ready to run" even if you have never programmed before.

$0
$7140
$7140

Price
$0

$3150
$3150

$0
$5100
$5100

HP 85668, 8567 A, 8568B
HP 85685A
HP 85650A
HP 8573A, 8574A
HP 9000 Series 300 Model 310, 319,
320, 330, 350
HP 9000 Series 200 Model 216,236
2 Mbytes
HP 9122C, 9153C
HP 7440A, 7475A, 7550A
HP 2225A: 22278, LaserJet Series II,
Deskjet
HP 986208
HP 98635A
HP 50962A

DMA Controller
Floating Point Card
SRM Interface
•Minimum equipment required

Memory Requirements·
Mass Storage"
Plotters
Printers

Ordering Information
HP 85864C EMf Measurement Software

Opt. 630 3'/2-inch media
Opt. 655 5\4-inch media

HP 85870A OEMS Software
Opt. 630 3\l2-inch media
Opt. 655 51/4-inch media

HP 85874A Bundled EMf Software
Includes HP 85864C and 85870A
Opt. 630 3\l2-inch media
Opt. 655 5'f4-inch media

Compatibility
The HP 85864C and 85870A are compatible with the following

equipment:
Spectrum Analyzer"
RF Preselector
Quasi-Peak Adapter
EMI Receiver
Computer"

Automate MIL-STD and commercial EMI
measurements

The HP 85864C EMI Measurement Software automates military
and commercial EMI emission measurements. It is designed to auto
mate EMI measurements made in a shielded enclosure. The HP
85864C takes advantage of the spectrum analyzer's ability to quickly
measure wide frequency spans and locate EMI "hot spots" using peak
detection. For commercial measurements, quasi-peak data need be
taken only at these "hot spots." Save time and effort in your MIL
STD measurements by letting the software take narrowband and
broadband data in the same test.

Design your own tests
Design your own tests or choose from the examples given in the

software. These examples reside in the test library and include MIL
STD, FCC, and VDE/FTZ emission tests. Transducer factors, test
limits, and receiver parameters are easily changed and stored in li
braries. Once your test is designed, it is stored away and can be exe
cuted repeatedly at the push of a key.

Identify and maximize EUT emissions
With a complete ambient list and a remote AC power switch, the

software can automatically turn on the EUT and find suspect emis
sions, even in the presence of impulsive or noisy environments. The
EMC engineer or technician can then select from a number of fea
tures such as Tune & Listen, EUT On/Off, and Zoom Local to deter
mine which signals are coming from the EUT. Confirmed emissions
are assigned to a final list of signals. Each emission's amplitude is
then determined by automatically controlling a turntable and anten
na mast using a signal characterization routine of your choice. EUT
emissions can be manually maximized using the SfG PEAK function,
which controls an HP-I8 antenna mast and turntable or allows manu
al positioning. The OEMS software records information on each sig
nal such as frequency and amplitude deviation from the limit, as well
as the antenna height, turntable position, and user comments.

Generate complete reports in desired formats
Complete measurement results are documented in the format of

your choice using the OEMS Software Report Generator. You can
design your own test report using combinations of fixed text and

HP 85870A Open-Site EMI Measurement
System Software

The HP 85870A Open-site EMI Measurement System (OEMS)
Software is specially designed to automate and simplify commercial
EMI, radiated-emission compliance measurements. EMI measure
ments made at open sites, due to ambient signals present in the mea
surement environment, are inherently more complex than
measurements made in shielded enclosures. The HP 85870A helps
EMI engineers and technicians quickly obtain repeatable, accurate,
and completely documented measurement results using the HP
8573A and 8574A EMI Receivers.

Identify and record ambients
The OEMS Software allows you to identify and categorize

ambients by automatically (or manually) generating a list of the fre
quencies and amplitudes of ambient signals that are present when the
equipment under test (EUT) is off. The ambient list is incorporated
into a user-defined frequency-band table, which allows you to seg
ment the entire range of interest and categorize the ambients in each
band. For example, you can specify and label the 6-meter ham, FM
radio, and land mobile bands in the frequency-band table. Methods
are provided to generate and maintain complex ambient signal lists
for repeated use. The spectrum analyzer screen is marked where the
ambient signals occur for simplified identification of suspect EUT
emissions.

• Locate EMI "hot spots" quickly
• Increase EMI measurement repeatability
• Utilize powerful analysis aids
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RF Preselector, 20 Hz to 2 GHz/Quasi-Peak Adapter
Models 85685A, 85650A

• Automatic filter tracking
• Input overload protection
• Low system noise

HP 85685A

• Quasi-peak detection
• CISPR-specified bandwidths
• Bypass for regular spectrum analyzer operation

HP 85650A

'CISPR Publication 16 is the Comite International Special des Perturbations Radioelectrique
specification for radio interference measuring apparatus and measurement methods.

A bypass switch enables the spectrum analyzer to bypass the quasi
peak adapter, and a Normal mode allows use of the three CISPR
bandwidths whether or not the quasi-peak detector is being used. The
HP 85650A is fully programmable over the HP-IB for automated
measurements, and it has both an internal speaker and an audio out
put jack (for external headphones) for monitoring signals.

HP 85867A EMI Receiver Functions
This set of softkey programs simplifies commercial EMI measure

ments performed manually using HP EMI receiver/spectrum analyz
ers (see page 130). An external computer is not needed after the
softkeys are downloaded into spectrum analyzer non-volatile RAM.
You can select a CISPR* band, make automatic quasi-peak measure·
ments at up to six discrete frequencies, and directly print or plot mea
surement data using front-panel softkeys.

Features of the EMI Receiver Functions include a quasi-peak
softkey that automatically chooses resolution bandwidths, video
bandwidths, CISPR bandwidths, and sweeptimes for fast, accurate
quasi-peak measurements. Up to six quasi-peak markers and numeric
values can be displayed at the same time. This lets you simultaneously
view a wide frequency span and the quasi-peak values of up to six
signals. A numeric keypad overlay for the spectrum analyzer is in
cluded to help you select the right softkey, and a help function gives
the purpose of each softkey. Spectrum analyzer options are available
for factory installation of this product.

HP 85685A RF Preselector
The HP 85685A RF Preselector makes a multi-purpose test receiv

er of an HP 8566B, 8567A, or 8568B Spectrum Analyzer. In addition
to an instrument for general-purpose spectrum analysis, you now
have a test receiver for specialized applications. The RF preselector,
with tracking filters and preamplifiers covering the 20 Hz to 2 GHz
range, improves spectrum analyzer measurement sensitivity while
providing overload protection from out-of-band signals. The resulting
test receiver system operating in the presence of high-level interfer
ence, has a measurement range 30 dB greater than that of a spectrum
analyzer alone.

The test receiver/spectrum analyzer measures signals within the
preselector filter passband and rejects out-of-band interference by 40
dB. This enables low-level signals to be monitored in the presence of
high-level ambients. The preselector decreases input overload from
out-of-band signals, thereby increasing the range for measuring low
level signals. Fast, wideband measurements mean a reduction in mea
surement time.

Combining the HP 85685A RF Preselector with an HP 8566B,
8567A, or 8568B Spectrum Analyzer and the HP 85650A Quasi
Peak Adapter gives you an EMI receiver that meets the recommenda
tions of CISPR Publication 16*.

The RF preselector adds the measurement sensitivity and overload
protection needed for FCC and VDE radiated emission testing at
open sites. For commercial and MIL-STD conducted EMI tests, the
low-frequency input withstands large impulses and Line Impedance
Stabilization Network (LISN) transients. A built-in calibrator en
sures ±2.0 dB absolute-amplitude accuracy as required by the FCC
and VDE, and a convenient linearity check tests for system overload.

Operating the test receiver is easy. Use only the spectrum analyzer
controls-the RF preselector automatically adjusts input-filter track
ing, and the spectrum analyzer reports preselector operating condi
tions on the CRT. The receiver system is fully HP-IB programmable,
and the HP 85685A comes equipped with the hardware needed to
connect it to any compatible spectrum analyzer.

HP 85650A auasi-peak Adapter
The HP 85650A Quasi-peak Adapter works with the HP 8566B,

8567A, and 8568B Spectrum Analyzers and with the 85685A RF
Preselector to complete an EMI test receiver system. The quasi-peak
adapter adds the special bandwidth filters and quasi-peak detection
capability specified in CISPR Publication 16*. These bandwidth fil
ters (200 Hz, 9 kHz, and 120 kHz) have 6 dB resolution and may be
selected using either peak or quasi-peak detection.

Ordering Information
UP 8S68SA RF Preselector

Option 010, Rack mount slide kit
Option 908, Rack flange kit without handles
Option 910, Extra manual
Option 913, Rack flange kit with handles

UP 8S6S0A Quasi-peak Adapter
Option 908, Rack flange kit without handles
Option 910, Extra manual
Option 913, Rack flange kit with handles

UP 8S867A EMI Receiver Functions
Option 630 3 I/z-inch media
Option 655 5 I/z-inch media

Price
$2 J,000.00

add $385.00
add $32.50
add $50.00
add $35.00

$5,200.00
add $25.00
add $10.00
add $30.00

$250.00
$250.00
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Impulse Bandwidth/Close-field EMC Analyzer and Probes/EMI Accessories l::J

HP 85668/688 Option 462
Option 462 for HP 8566B and 8568B spectrum analyzers provides

impulse bandwidths for making MIL-STD and DEF STAN EMI
measurements. Standard HP 8566B and 8568B models have 12 reso
lution bandwidth filters (10 Hz to 3 MHz in a I, 3, 10 sequence)
specified in terms of their 3 dB bandwidth. Option 462 modifies the I
kHz to 3 MHz resolution bandwidth filters to correspond to their im
pulse bandwidth instead.

In addition to enhancing instrument capability for MIL-STD
46IA/B/C and 462 EMI measurements, spectrum analyzers with
Option 462 can still make all commercial EMI and general-purpose
measurements. Option 462 spectrum analyzers are compatible with
the HP 85650A Quasi-peak Adapter, HP 85685A RF Preselector,
HP 85864C EMI Measurement Software, HP 85870A Open-site
Measurement Software and the HP 85867A EMI Receiver Functions
program. Existing HP 8566B and 8568B spectrum analyzers can be
modified to include Option 462. For more information, contact your
local sales office.

HP 8590A Option H51 Close-Field EMC Analyzer
This portable spectrum analyzer, with built-in EMI personality,

provides a powerful and cost-efficient tool for EMI troubleshooting.
The HP 8590A Option H51 Close-Field EMC Analyzer is calibrated
for use with the HP 11945A Close-Field Probe Set while retaining the
functionality of a 9 KHz to 1.5 GHz spectrum analyzer. In addition,
the HP 8590A Option H51 has special EMI bandwidths and auto
matic analysis routines available to help designers locate, character
ize, and fix EMI troubled areas.

A high-pass filter and a 10 dB attenuator are incorporated into the
HP 11947A Transient Limiter, which is capable of withstanding in
puts as high as 10 kW for 10 /Lsec, or 2.5 W of average power. The
built-in high pass filter helps reduce 60 Hz line feedthrough that
might impede conducted emission measurements.

Price

$450

$620
$620
$375

$7,995
$600
$560

Price
$2,000
$1,110
$2,460

$11,165
$11,165

EMI Accessories
Turntable for Radiated Emission Testing

Equipment Testing Turntable with HP-IB control.
HP 85685A Option K40: 50-60 Hz, 100-120 volts
HP 85685A Option K41: 50-60 Hz, 220-240 volts

Tower for Radiated Emission Testing.
Antenna Positioning Tower with HP-IB and polarization control.

HP 85685A Option K42: 50-60 Hz, 100-120 volts $17,175
HP 85685A Option K43: 50-60 Hz, 220-240 volts $17,175

Ordering Information
DP 85668/688 Option 462
DP 11945A Close-field Probe Set

Option E51 adds preamplifier, accessory-carrying
bag, and 36-inch, Type N cable

DP 11941A Close-field Probe (9 kHz-30 MHz)
DP 11940A Close-field Probe (30 MHz-l GHz)

Option 001 Rotary Joint
HP 8590A Spectrum Analyzer

Option 021 HP-IB Interface
Option H51 adds EMC personality, EMC
bandwidths, and N-Type input connector

HP 11947A Transient Limiter

HP 11947A Transient Limiter
The model HP 11947A Transient Limiter protects a spectrum ana

lyzer input from the damage caused by high level transients from line
impedance stabilization networks (LISNs) during EMI testing for
conducted emissions.

HP 11940A and 11941A Close-field Probes
These small, hand-held electromagnetic-field sensors are used with

a spectrum analyzer for EMI diagnostic and troubleshooting applica
tions. A dual-loop configuration and balun structure enable them to
make repeatable, absolute magnetic-field measurements. The HP
11941 A operates from 9 kHz to 30 MHz; the HP 11940A, from 30
MHz to 1 GHz.

Designed to measure radiation from surface currents, slots, and
cables, these probes are ideal for diagnostic testing of printed circuit
boards, cabling, and shielded enclosures. Five antenna factor points
appear on the back of each probe for calculating absolute magnetic
field strength (dBuA/m) from the spectrum analyzer's dBuY read
ing.

Double-shielded cables and adapters are included with the HP
11945A Close-field Probe Set, which includes both probes. Option
E51 adds the HP 8447F Option H64 Preamplifier and a convenient
carrying bag.

Recommended EMI Transducer Kits
Commercial

Test Freq. Range Transducer Kit Price
9kHz-30 MHz HP 11965A (100-120 volt) $2,150

Opt. 001 (220-240 volt) N/C
Radiated Opt. 002 Tripod 695

Opt. 003 BNC cable, 25 1t. 140
VDE 0871 9 kHz-I GHz HP 11965B (100-120 volt) $5085FCC
Part 15J Opt. 001 (220-240 volt) N/C

Opt. 002 Tripod 695
Opt. 003 BNC cable, 25 ft. 140
Opt. 004 Type Ncable, 25 ft. 170

Conducted 10 kHz-30 MHz HP 11965C (USN) $1,525
FCC Radiated 30 MHz-l GHz HP 119650 $2,935

Part 15J Opt. 001 Tripod 695
(only) Opt. 002 8NC cable, 25 ft. 140

Opt. 003 Type Ncable, 25 ft. 170

HP85685A Opt. K09 Dipole antennas $2,360

Conducted 10 kHz-30 MHz HP 11965C (USN) $1,525

MIL·STD

Test Freq. Range Transducer Kit Price

HP 11965M (Circularly polarized) $4,645
14 kHz-I GHz or

HP 11965N (Linearly polarized) 4.835
Radiated

RE-D2 Opt. 001 (220-240 volt) N/C
Opt. 002 Tripod 695
Opt. 003 BNC cable, 10m 140
Opt. 004 Type Ncable, 10m 170

MIL-STD HP 85685A Opt. K22 $10 100
461A1B/C (Circularly polarized antenna)

462 1-10 GHz or
HP 85685A Opt. K23 (Linearly
polarized antenna) 11.480

Conducted
CE-03 10 kHz-50 MHz HP 11965R (Current Probe) $1585



BSIGNAL ANALYZERS
Spectrum Analyzer, 10 kHz to 1.8 GHz
Model 8590A

• Lightweight and portable
• Programmable via HP-IB, HP-IL, or RS232C
• Direct printer and plotter output

• Accessory for battery operation
• Optional CATV functions and 75-11 input
• Optional EMC functions

HP 8590A

HP 8590A Portable RF Spectrum Analyzer
This compact, portable RF spectrum analyzer offers many features

of a high-performance model for a low, affordable price. With a wide
frequency range (10 kHz to 1.5 GHz or optional 1.8 GHz), large am
plitude range (-115 dBm to +30 dBm), and 50- or optional 75 fl
input, the HP 8590A has the versatility to make most RF signal mea
surements. Over 100 functions can be programmed from an optional
computer interface, and many accessories are available to expand ba
sic spectrum analyzer capabilities.

Automatic Control
Three computer-interface options are available to automate the

spectrum analyzer's many functions: HP-IB 1, HP-IU, and RS232C.
Even without a computer, the interface will send display data to a
printer or plotter.

Portability and Performance
With this analyzer you can get the same quality test results in the

field that you get in the factory. The analyzer weighs only 30 pounds
and has a "briefcase" handle to make carrying easy. When no AC
power is available, the analyzer can be run for about two hours from
the HP 8590lA Portable AC Power Source (see page 136).

Add-on Features
The portable spectrum analyzer is compatible with accessories

such as computers, multi-pen plotters, a video monitor, and more.
The HP 8444A Tracking Generator turns the HP 8590A into a stim
ulus-response system that makes frequency-response and insertion
loss measurements on RF components. The HP 10855A Preamplifier

improves the analyzer's noise performance when low-level signals are
measured, and a family of close-field probes is available for EMI test
ing. The HP ThinkJet Printer makes permanent records of test results
displayed by the analyzer.

HP 8590A Option H18 1790 MHz Operation
Option H 18 extends the upper limit of the HP 8590A's frequency

range to 1790 MHz.

HP 8590A Option H50 CATV Functions
This option adds a set of nine functions to simplify cable TV test

ing: channel selection, carrier level, carrier-to-noise, power line hum,
crossmodulation, composite triple beat, modulation depth, system
frequency response, and save/recall traces. A 75-fl input (no-cost Op
tion 001) minimizes mismatch loss in cable testing. All of the spec
trum analysis capability of the standard HP 8590A is retained.

HP 8590A Option H51 EMC Functions
Find EMT "hot spots" in your new-product designs quickly and

easily by using the HP 8590A Option H5l Close-Field EMC Analyz
er and HP 11945A Close-Field Probe Set. The field strength is mea
sured directly at the probe tip in dB/lA/m, and antenna factors for
the probe are automatically applied. A special function accessed with
a key helps you to discriminate between narrowband and broadband
signals. For more information, see page 133.
'HP-IB is Hewlett-Packard's hardware. software. documentation, and support for IEEE-488 and
IEC-625 worldwide standards for interfacing instruments.
'HP-IL is the Hewlett-Packard Interface Loop for serial-inlerfacing instrument systems.



HP 8590A Specifications

Frequency
Frequency range: 10kHz to 1.5 G Hz with 4-digit resolution

10kHz to 1.79 GHz with Opt. HI8
I MHz to 1.5 GHz with Opt. 001

Readout accuracy: < ±(5 MHz + I% of span) (50-fl termination
on 1st LO Out)

Frequency stability
Drift: <50 kHz/5 min. after 2-hour warmup and 5 min. after setting
center frequency
Signal track: signal held at display center compensates for drift
Noise sidebands: <-65 dBc at 30 kHz offset (I kHz RBW, 30 Hz
VBW)

Frequency span range: zero and 50 kHz to 1.5 GHz with 4-digit
resolution

Readout accuracy: <±3% of indicated frequency span
Bandwidth Characterstics3(-3 dB)

Resolution BW (RBW): I kHz to 3 MHz in 1,3 sequence (Gaussian
shape)
Video BW (VBW): 30 Hz to 3 MHz in 1,3 sequence

Sweeptime range: 20 ms to 100 s
Readout accuracy: ± I 0% of indicated setting

Amplitude
Amplitude range (1 MHz to 1.3 GHZ)3

50-fl calibration: -liS dBm to +30 dBm
75-fl calibration (Opt. 001): -60 dBmV to +72 dBmV
Readout resolution (with markers): <0.05 dB for log scale;
<0.05% of Ref. Level for linear scale
Amplitude units: dBm, dBmV, dBuV, volt, watt
Amplitude scale: 1-20 dB/div. in I dB steps and linear

Maximum input power: +30 dBm (I W) continuous; 0 V dc
Maximum dynamic range: 70 dB for on-screen viewing; 70 dB for
signal-to-distortion; 105 dB for IF compression-to-noise
Displayed average noise: 1 MHz to 1.3 GHz (0 dB input attenua
tion, I kHz RBW, 30 Hz VBW)3

50-fl calibration: <-lIS dBm
75-fl calibration (Opt. 001): <-60 dBmV

Gain compression: <1 dB for -10 dBm total power at input mixer
Spurious responses

Second Harmonic: < -70 dBc for -45 dBm at input mixer, input
>5 MHz3

Third-order intermod.: <-70 dBc for two -30 dBm signals at in
put mixer, >50 kHz signal separation
Residual responses: <-95 dBm for no input signal (0 dB input
atten. and 50-fl termination on RF Input and 1st LO Out)

Input/Output Characteristics
Front-panel connectors

RF input: 50-fl BNC (standard); 75-fl BNC (Opt. 001)
Probe power output: + IS V, -12.6 V, GNO, ISO rnA max.
Cal output

50-fl BNC (standard): -20 dBm, 299.9 MHz
75-fl BNC (Opt. 001): +28.75 dBmV, 299.9 MHz
1st LO output: 50-fl BNC, + 10 dBm, 2.05 to 3.55 GHz

Rear-panel connectors
Aux video output: 50-fl BNC, 0 to I V
Monitor output: 50-fl BNC, NTSC format, 19.2 kHz horiz. sync.
High sweep In/Out: BNC, high TTL = sweep, low TTL = retrace
Sweep output: BNC, 5 k-fl, 0 to + 10 V ramp
Aux IF output: 50-fl BNC, -10 to -60 dBm, 21.4 MHz
Ext. trigger input: BNC, TTL levels, positive edge trigger
Interface connector: HP-IB (Opt. 021), HP-IL (Opt. 022), or
RS232C (Opt. 023)

HP-IB codes: SHI, AHI, T6, L4, SRI, RLl, PPO, OCI, OTI,
CI, C2, C3, C28

General
Temperature: 0° to 55°C operating; -40° to +75°C storage

Temperature stability: 2 hours after storage at a constant temp.
between 0° and +55°C and 30 minutes after analyzer turn-on at
the same constant temperature

EMI compatibility3: CISPR pub. II (1985) and FTZ 526/527/79
Audible noise: <37.5 dBA pressure and <5.0 Bels power (ISO
OP7779)
Power requirements: 86-127 or 195-253 V RMS; 47-66 Hz; 120 VA
max.
Weight (characteristic): 13.5 kg (29.8 Ib)
Size (characteristic): 213 mm (8.4") H X 366 mm (14.4") W X 460
mm (l8.1") 0
Warranty': One year limited warranty for materials and workman
ship

Recommended Accessories
HP 2225A/B/D ThinkJet Printer
HP 7440A ColorPro Plotter
HP 8444A Opt. 059 Tracking Generator
HP 82913A Monitor
HP 85901A AC Power Source
HP 10855A Broadband Preamplifier
HP 11945A Close-Field Probe Set
HP 11867A RF Limiter
HP 11694A 50-75fl Matching Transformer
Rack Slide: PIN 1494-0060 (for HP 8590A Options 908/909)

B

'Refer to Installation Manual (08590-90003) and Operation Manual (08590-90005) for more in
formation.

Amplitude Accuracy
Frequency response

Absolute variation: < ± 1.5 dB referenced to Cal Out signal (10 dB
allen.)
Peak variation (flatness): < ± I dB referenced to mid-point be
tween highest and lowest peak excursions

Calibrator accuracy (for 299.9 MHz ± 300 kHz Cal Out signal)
50-fl calibration: <± I dB for -20 dBm level
75-fl calibration (Opt. 001): <± I dB for +28.75 dBmV level

Reference level setting (log scale)
0-60 dB atten.: < ± 1.75 dB for + 30 to -120 dBm range
10 dB atten: <± 1.25 dB for 0 to -120 dBm range; <±0.5 dB for 0
to -59 dBm range

Resolution BW SWitching: <±0.25 dB for 3 kHz to 3 MHz RBW
range
Log scale switching: no significant error for 1-20 dB/div. scale
range
Log scale fidelity: < ±O.I dB/dB change over 70 dB range with
±0.75 dB max. over -60 dB range from Ref. Level; ± 1.0 dB max.
over - 70 dB range from Ref. Level
Linear scale fidelity: <±3% of Reference Level setting

Ordering Information
HP 8590A Portable RF Spectrum Analyzer

Option 001: 75-fl Input Impedance
Option 021: HP-IB Interface
Option 022: HP-IL Interface
Option 023: RS232C Interface
Option 040: Front Panel Cover
Option 908: Rack Mount Without Handles
Option 909: Rack Mount With Handles
Option 910: Extra Operating and Installation
Manuals
Option 915: Support Manual and Extra Operating
and Installation Manuals
Option H18: 1790 MHz Operation
Option H50: CATV Functions and Front Panel Cover
Option HS1: Close-Field EMC Analyzer
Option W30: Additional Two Years of HP Service

Price
$7995

$0
$600
$600
$600
$200
$250
$300
$24

$110

$350
$500
$560
$190



BSIGNAL ANALYZERS
Portable AC Power Source
Model 85901A

• 200 Watts Continuous
• 115 Vrms or 230 Vrms
• Internal 17AH Battery

e

HP 85901A

Remote Power Where You Need It
Take the guesswork out of field measurements! Use your test equip

ment with the HP 8590lA Portable AC Power Source to provide the
power you need. The power source is small and has briefcase handle
that makes it easy to carry. It fits into tight spots, even under an air
line seat. You can use it as a stand-alone battery or connect it to an
external 12 Vdc source for even longer operating times.

• Built-In Charger
• Lightweight and Portable
• Small With Briefcase-style Handle

Frequency: 47 to 66 Hz
Power Consumption: 122 VA Maximum
Output

Voltage: 135 or 270 Vpeak +5% Rectangular Waveform with 25%
Dead Zone (115 or 230 Vrms ±5%)
Frequency: 60 Hz ±O.I %, Crystal Ref
Max, Power: 200 Watts Continuous
Connectors: Two CEE22- V type; female

'Shell/ife of battery decreases with either extended operation or storage at higher than 40°C.
'Battery cyclic life (charging-discharging) is nominally more than 200 cycles.

General Specifications
Environmental

Temperature1

Operating: 0° to 55°C
Storage: With Battery -20° to 40°C, without Battery _40° to
70°C

EMI
Conducted VDE 0871 Level B
Radiated VDE 0871 Level B

Battery2

Type: Sealed Lead Acid
Voltage: 12 Vdc (Nominal)
Capacity: 17 AMP-HR (Nominal)

Mechanical (Nominal)
Dimensions: 337(W) x 125(H) x 461(D) mm
Weight: (With Battery) 14.2 Kg (31.3 Ibs.); (Without Battery) 8.0
Kg (17.7 lbs.)
Shipping Weight: 16.3 Kg (36.0 lbs.)

Easy to Use
Just plug your piece of test equipment into the HP 8590lA AC

Power Source and turn them both on. You'll get more than an hour of
operation at 100 Watts continuous load. When the battery charge
gets low, the power source automatically shuts off. This prevents any
deep discharge battery degradation. You can charge the battery in six
hours or less.

Designed for Reliability
No compromises were made in designing the HP 8590lA Portable

AC Power Source. Portable and reliable, its gel-cell battery, control
circuitry, and charger all fit into a briefcase-sized package similar to
our HP 8590A Portable Spectrum Analyzer. The internal battery, in
its own rugged box, is accessible through a front panel door and can
be replaced by removing just two screws.

Built-in Protection
The HP 8590lA AC Power Source protects itself and your test

equipment. It has over-voltage, short-circuit, and over-load protec
tion on the inverter output. The power source also has over-voltage
protection on the inverter input and over-charge and over-discharge
protection for the internal battery.

Specifications
Input

Inverter Voltage: 10.8 to 14.5 Vdc
Charger

Voltage: 90 to 250 Vac Auto Selected

Ordering Information
HP 8590A AC Power Source
Extra HP Power Cord Adapter
8120-5220 (For Powering HP Instruments)
General Purpose Power Cord Adapters
(For connecting country specific line cords)
European 8120-5210
USA 8120-5211
UK 8120-5212

Price
$980

$15

$50
$50
$50



• Built-in 100 MHz comb generator
• Programmable via HP-IB, RS232C, or HP-IL
• Direct printer and plotter output

e

HP 8592A

SIGNAL ANALYZERS 8
Spectrum Analyzer, 50 kHz to 22 GHz 137

Model 8592A

• Internal preselection, 2.75 to 22 GHz
• Personalities-Digital Radio and CATV
• Optional 25 GHz operation

HP 8592A Portable Microwave Spectrum Analyzer
Never before could you get so much from a portable microwave

spectrum analyzer for so small an investment. The HP 8592A is load
ed with features and benefits that don't just help you make measure
ments, but help you make them more easily and more conveniently.
The analyzer's wide frequency range (50 kHz to 22 GHz) and ampli
tude range (-109 dBm to +30 dBm) enable you to make almost any
RF and microwave measurement.

An the internal preselector eliminates the worry about identifying
signals that exist with unpreselected microwave analyzers. A built-in
comb generator significantly improves frequency accuracy, especially
in the upper frequency range. And if you want programmability, this
analyzer's got it. Over 100 different functions are programmable over
three different interfaces, allowing you to use a wide variety of com
puters. Whether your needs are in the field or in the factory, the HP
8592A has so much to offer that you can't afford to bc without it.

It's Easy-Just Push a Button and Turn the Knob
Unquestionably the HP 8592A is one of the easiest spectrum ana

lyzers you'll ever operate whether you are an experienced or a first
time. user. Simply use the spectrum analyzer's three main control keys
and Its data-entry knob or key pad to measure any signal. The analyz
er automatically adjusts internal parameters such as resolution
bandwidth, video bandwidth, sweep time, IF gain, and input attenua
tion. You won't waste any time figuring out its operation.

F:~quently-used functions are built into dedicated keys, and for
additIOnal measurement capability, display-menu softkeys give you
nearly 100 more analysis and measurement functions. Easy-to
read control settings surround the graticule, and you can add a 50
character label at the top of the screen to identify traces and to get
hardcopy data using HP printers and plotters.

Powerful New Functions
Many functions previously available only in our high-performance

spectrum analyzers are available in our portable analyzers, including

the HP 8592A. With markers, the analyzer will automatically indi
cate the signal amplitude and frequency, sparing you from visually
interpolating between graticule lines. Trace functions offer a multi
tude of display manipulations. You can store and rccall up to nine
different analyzer settings and five trace displays in non-volatile
memory. The CORRECT TO COMB function can be used to get
±2.7 MHz frequency accuracy at 22 GHz, and even better accuracy
at lower frequencies and smaller spans. Just temporarily connect the
built-in, 100 MHz comb generator, press the CORRECT TO COMB
softkey, and use the markers to read the corrected frequency. Special
functions perform complex measurements such as percent AM, 99%
power bandwidth, and 3- or 6-dB points. The FFT (Fast Fourier
Transform) function measures AM sidebands such as power-line
hum, even though the sidebands may be less than the minimum reso
lution bandwidth of I kHz.

Lightweight and Portable
Weighing only 15 kg (33Ib), the HP 8592A does what you need at

any location. Its small, compact size and light weight make it ideal for
moving between lab benches or transporting to remote sites. Like oth
er portable HP analyzers, it fits under an airplane seat.

HP 8592A Option H25 25 GHz Operation
Option H25 extends the upper limit of the HP 8592A's frequency

range to 25 GHz.

HP 8592A Option H50 CATV Functions
Similar to HP 8590A Option H50 (see page 134).

HP 8592A Option H52 Digital Radio
This option adds functions and capability for making easy mea

surements on digital radio signals. A compare-to-mask function
makes a mean power measurement and then compares the result to
the mask. The mask can be any of 4 agency masks or of 12 user creat
ed masks. Mean power level, recording transient occurrences, and
frequency response are also single-button measurements. All tests can
be recorded with a hardcopy output.



BSIGNAL ANALYZERS
Spectrum Analyzer, 50 kHz to 22 GHz (cont'd)
Model 8592A

Specifications

Frequency
Frequency Range: 50 kHz - 22 GHz

Band N
o 1- 50 kHz - 2.9 GHz
I 1- 2.75 GHz - 6.2 GHz
2 2- 6.0 GHz - 12.8 GHz
3 3- 12.4GHz-19.4GHz
4 4- 19.1 GHz - 22 GHz

Frequency Readout Accuracy: ±(2% of span + 5 MHz) for center
frequency S 2.75 GHz; ±(2% of span + 0.2% of center frequency)
for center frequency> 2.75 GHz
Frequency Readout Accuracy with CORRECT TO COMB
function:
± (2% of separation between signal and nearest reference frequency
+ 0.5% of span + 0.007% of reference frequency) for spans> 17
MHz and S 400 MHz and no change in center frequency or span

Frequency Stability
Drift (n~minal): <60·N kHz / 5 minutes, after 2-hour warm-up
and 5 mmutes after setting center frequency
Noise Sidebands: <-65 dBc/kHz for (50 kHz-6.2 GHz), >30
kHz offset, I kHz RBW, 30 Hz VBW

Frequency Span Range: zero span, 0 -2.9 GHz, 2.75 - 22 GHz
Readout Accur~c~: <±2% ?f indicated setting for spans > 17
MHz; <±5% of mdlcated settmg for spans S 17 MHz
Bandwidth: -3 dB nominal
Resolution: I kHz - 3 MHz in I 3 sequence
Video: 30 Hz - 3 MHz in 1.3 sequence

Sweep Time Range: 20 ms - 100 s
Readout Accuracy: <±IO% of indicated setting

Comb Generator: 100 MHz Fundamental Frequency
Frequency Accuracy: ± 0.007%

Amplitude
Amplitude Range: -109 dBm to +30 dBm

Readout Resolution (With Markers): <0.05 dB for log scale;
0.05% of ref. level for linear scale
Amplitude Units: dBm, dBmV, dBuV volts and watts
Amplitude Scale: log( 1-20 dB/div. in'l dB ~teps) and linear

Maximum Safe Input Level
Average Continous Power: +30 dBm (I watt,7.IVrms)
DC: 0 volts
Peak Pulse Power: +50 dBm (lOOW) for <10 usec pulse width
< I% duty cycle '

Max~mu~ Dynamic Range: 70 dB on-screen viewing; 70 dB signal
to- distortIOn
Displayed Average Noise:
-90 dBm - 0.00038% of center frequency (50 kHz -5 MHz)
-109 dBm (5 MHz-2.9 GHz)
-105 dBm (2.75-6.2 GHz)
-99 dBm (6.0-12.8 GHz)
-92 dBm (12.4-19.4 GHz)
-87 dBm (19.1-22 GHz)
for 0 dB atten., I kHz RBW, 30 Hz VBW
Gain .Compression: <0.5 dB for -4 dBm total power at input mixer
Spurious Responses

Second Harmonic: <-70 dBc (10 MHz-2.9 GHz); <-100 dBc'
(>2.75 GHz for -40 dBm total power at input mixer
Third ~rder Inter~od.: <-;-70 d~c (10 MHz-22 GHz) for two -30
dBm Signals at the mput mixer WIth > 50 kHz spacing
Residual Responses: <-95 dBm (5 MHz-2.9 GHz);<-90 dBm
(2.75-6.2 GHz) for 0 dB atten. and 50 n termination on input
Image, Multiple, and Out-of-Band Responses: <- 70 dBc (50
kHz-2.9 GHz) applied freq. SIO GHz;<-70 dBc (2.75 GHz
22GHz) applied freq. SI8 GHz;<-60 dBc (2.75 GHz-22 GHz)
applied freq. 522 GHz

Peak Variation:
(Flatness)

Amplitude Accuracy
Frequency Response

Absolute Variation:

$64

$2,500
$590
$750
$250
$399

Price
$17,000

$600
$600
$600
$200
$250
$300

$69

Ordering Information
HP 8592A Portable Microwave Spectrum Analyzer

Option 021: HP-IB Interface
Option 022: HP-IL Interface
Option 023: RS232C Interface
Option 040: Front Panel Cover
Option 908: Rack Mount without Handles
Option 909: Rack Mount with Handles
Option 910: Extra Operating and Installation
Manuals
Option 915: Support Manual and Extra Operating
and Installation Manuals
Option H25: 25 GHz upper frequency extension
Option H50: CATV personality
Option H52: Digital radio personality
Option K08: Soft Carrying Case
Option W30: Additional Two Years of HP Service

'May be below the displayed average noise.
'Refer to Inslallalion Manual (08592-90003) and Operation Manual (08592-90005) for more infor
mation.

Recommended Accessories
HP 2225A/B/D Thinkjet Printer
HP 11694A 50-75 n Matching Transformer
HP 85901A Portable Battery Pack

Input/Output Characteristics
Front Panel Connectors

Input: son Type N
Cal Output: son BNC, -20 dBm, 299.9 MHz
1st LO Output: son SMA, 3.0 - 6.66 GHz
100 MHz Comb Out: son SMA, 100 MHz ±0.OO7%

Rear Panel Connectors
Aux Video Out: son BNC, 0-1 V
Monitor Out: son BNC, NTSC Format, 19.2 kHZ horizontal
synch.
High Sweep In/Out: BNC, high TTL = sweep, low TTL = retrace
Sweep Output: BNC, sK n, 0 to + 10 V ramp
Aux IF Output: son BNC, -10 to -60 dBm, 21.4 MHz
Ext. Trigger Input: BNC, TTL levels, positive edge trigger
Interface Connector: HP-IB(Opt. 021), HP-IL(Opt. 022) RS-
232(Opt.023) ,
HP-IB Codes: SHI,AHI,T6,L4,SRI,RLI,PPO,DCI CI C2 C3 &C28 ' , , ,

<±2.0 dB 50 kHz-2.9 GHz
<±2.0 dB 2.75-6.2 GHz
<±3.5 dB 6.0-12.8 GHz
<±4.0 dB 12.4-19.4 GHz
< ±S.O dB 19.1 -22 GHz
for 10 dB atten., presel peak, Ref. to
Cal Out signal, including
bandswitching uncertainty
<±1.0 dB 50 kHz-2.9 GHz
<± I.S dB 2.75-6.2 GHz
<±2.0 dB 6.0-12.8 GHz
<±2.0 dB 12.4-19.4 GHz
<±2.0 dB 19.1-22 GHz
Ref. to midpoint between highest and
lowest peak excursions

Calibrator Accuracy: 299.9 MHz ±300kHz; -20dBm ±I dB
Reference Level Setting: <±1.S dB for + 30 to -120 dBm (0-60 dB
atten.); <±1.0dB forOto -120 dBm (10 dB atten.); <±O.S dB forO
to -59 dBm (10 dB atten.)
Resolution BW Switching: < ±0.25 dB for 3 kHz to 3 MHz
Log Scale Switching: No significant error for 1-20 dB/div. scale
range
Log Scale Fidelity: <±O.I dB/dB change over 70 dB range;±0.75
dB max. over -60 dB range from Ref. Level
Linear Accuracy: <±3% of Reference Level setting
Input Atten Step Accuracy: <±O.S dB; S 60 dB atten.

(@300 MHz)2 <±0.75 dB; 5 70 dB atten.

General Characteristics
Temperature: 0 to +55 C operating; -40 to + 75 C storage

Temperature Stability: 2 hours after storage at a constant temper
ature after turn-on at the same constant temperature.

EMI Compatibility2: CISPR pub. 11(1985) and FTZ 526/527/79
Audible Noise: <37.5 dBA pressure and <5.0 Bels power (ISO
DP7779)
Power Requirements: 86-127 or 195-253 V RMS' 47-66 Hz'< 160
VA ' ,
Weight/Size: 15 kg (33 Ibs) 213mm(8.4H)H X 366mm(l4.4H)W X
460mm(18.IH)D
Warranty2: One year limited warranty for materials and workman
ship



• Synthesized tuning
• Frequency counter
• Factory adjusted preselector
• AM/FM demodulators
• Portable AC Power Source

SIGNAL ANALYZERS B
spectrum Analyzers, 1 kHz to 325 GHz 139

Models 8561'!\, 8562A1B

• Mass Memory Module
• Test and Adjustment Module
• One Year Calibration Cycle
• MIL-T-28800C Rugged
• Lightweight and Portable

HP 8562A

The HP 8561A and 8562A/B spectrum analyzers put high-per
formance, synthesized technology into a lightweight, portable pack
age. Ruggedized to military specifications, these analyzers arc
engineered to survive harsh field conditions. They perform a wide va
riety of jobs from communication-system and component testing to
radar and millimeter measurements. These models are packed with
advanced HP technology and HP-IB is standard.

The Choice is Yours
The HP 8562A has a frequency range of 1 kHz to 22 GHz with

microwave preselection that can be extended up to 26.5 GHz with
option 026. External mixers extend the range to 325 GHz. The HP
8562B covers the same frequency range as the HP 8562A but without
preselection. Satisfy your RF measurement needs by using the eco
nomical HP 8561 A which has a frequency range of I kHz to 6.5 GHz
with preselection from 2.75 GHz to 6.5 GHz.

Use Them Anywhere
The compact size and shape of the HP 856lA and 8562A/B makes

them easy to transport to remote sites. They even slide under an air
plane seat. Of course, these portable analyzers also make good sense
in the laboratory and on the production line. They fit easily onto
crowded work benches or instrument racks. And if there's no room on
your bench, they will operate upright on the floor.

Rugged and Dependable
The HP 8561A and 8562A/B are built to perform in adverse condi

tions. They have been ruggedized to meet MIL-T-28800C require
ments for temperature, pulse shock, and transit drop. These analyzers
withstand 30 g's of shock, so there is no need to worry if they arc
knocked around. Climate isn't a problem either-these models warm
up in five minutes in ambient temperatures from -IDOC to +55°C.

A removable impact cover fits over the front panel for maximum
protection during transit. Inside the cover there are several conve
nient compartments for small accessories like adapters, BNC cables,
and external mixers. You'll find a handy, pocket-size operating guide
there too.

Ease of Use
For over 20 years, Hewlett-Packard has been designing spectrum

analyzers that are easy for both new and experienced operators to use.
The HP 856lA and 8562A/B represent the fifth generation of spec
trum analyzers. Their front panels are clean, uncluttered, and inviting
to use. Dedicated keys with large, easy-to-read lettering provide the
basic tune, zoom, and measure steps. They allow fast access to fre
quently used functions such as markers, save/recall. and direct print
er/plotter output. You may never require more, but if you need it,
additional capacity is available using softkeys.

The Portable Spectrum Analyzers meet MIL-T-28800C stand
ards for ruggedness.



SIGNAL ANALYZERS
Spectrum Analyzers, 1 kHz to 325 GHz (cont'd)
Models 8561A, 8562A1B

Communication Measurements
The portable spectrum analyzers are ideal tools for bench measure

ments and field maintenance of digital radios, CATV/Broadcast
measurements, terrestrial point-to-point microwave link mainte
nance, troubleshooting the interference problems of devices and sys
tems, and measuring low level signals in the presence of high level
ambients. Eliminate external mixers to analyze K-band signals by us
ing the HP 8562A/Option 026, preselected to 26.5 GHz. Use the HP
8561A to measure the higher harmonics of mobile/cellular radios
and other RF devices without the added expense of buying a micro
wave spectrum analyzer. The built-in AM/FM demodulator/speaker
indicates over-modulation, clipping, synch buzz, and troublesome
"birdies." The built-in frequency counter accurately measures the
frequency of the carrier. Direct carrier-to-noise measurement can be
made with delta markers and noise normalization. Use the MAX
HOLD function to capture elusive transient signals.

Component Testing
Fast, accurate, synthesized tuning allows high-speed measurement

of mixing-product suppression. Excellent intermodulation distortion
and sensitivity improve dynamic range for distortion measurements.

The 8562A/B are ideal choices for stimulus response measure
ments. They provide up to 118 dB dynamic range and offset tracking
capability when synthesized sources are used for stepped distortion
and stepped conversion-loss measurements.

The HP 8561A and 8562A/B spectrum analyzers are valuable
tools for electromagnetic compatibility (EMC) design and trouble
shooting. In conjunction with the HP I I945A Close-Field Probe Set,
these analyzers can be used to localize sources of high emissions and
to evaluate shielding effectiveness.

Radar Measurements
Some analyzers with digital displays have difficulty capturing

short-duration radar pulses. With such analyzers it is not certain
whether variations from sweep to sweep are due to equipment under
test or to the analyzer itself. The HP 8561A and 8562A/B have a
digitization uncertainty specification of ± I .25 dB and typical
repeatability of 0.2 dB. Users can be sure that observed amplitude
variations-those caused by magnetron moding, misfiring, or rotary
joint problems-are due to the equipment under test, not the analyz
er.

Millimeter Measurements
The HP 8562A/B, used with the HP 11970 series of external mix

ers (18 to liD GHz), offer excellent specified performance for sensi
tivity, flatness, and absolute amplitude accuracy. Each mixer is
individually calibrated and provided with conversion loss data, which
can be entered into the analyzer directly. No costly LO amplifier is

required. These analyzers also supply the bias required for other ex
ternal mixers operating up to 325 GHz.

Automatic Measurements
The HP 8561A and 8562A/B reflect HP's commitment to auto

mated testing. Synthesized performance, low temperature rise, and
an 8.75-inch rackmount option make the HP portable spectrum ana
lyzers ideal for automatic measurements. Use them in the field and
factory as your standard spectrum analyzers to save development
time, documentation effort, and internal training. Their one-year cali
bration interval reduces downtime, and the continuously self-aligning
IF ensures measurements you can rely on:;·

The compact size and direct printer/plotter output of the porta
ble spectrum analyzers are convenient for bench and produc
tion applications.



Mass Memory Module
A companion Mass Memory Module, the HP 85620A, plugs onto

the rear panel. Use 128K bytes of built-in, battery-backed RAM of
the HP 85620A to store at least 10 downloadable programs (DLPs)
or more than 100 traces. This module has the capability to generate
"smart" limit lines to track the analyzers' settings and automatically
adjust to the changes. With the built-in clock, auto-save, and auto
execute capabilities of the Mass Memory Module, the HP 8561A and
8562A/B can automatically make measurements at specified times or
when specific frequency /amplitude criteria are met.

The HP 85620A Mass Memory Module provides the analyzers
with built-in computer capability.

Test and Adjustment Module
The HP 85629B Test and Adjustment Module or "TAM" is a new

approach to servicing spectrum analyzcrs. It plugs onto the rear panel
of the HP 8561A and 8562A/B and performs high level diagnostics,
self tests, and much more. The TAM is a must for anyone doing his
own repair. And one module can service multiple spectrum analyzers.
Detect Fault

Automatic Fault Isolation makes functionality checks of the CPU,
ADC, IF, LO, and RF sections. Just connect the CAL OUTPUT,
press a few keys, and many failures can be isolated to a single board
within minutes. No external test equipment is required.
Find Fault

Manual probe troubleshooting using the TAM's 8-input voltmeter
and the twenty-six 16-pin tcst connectors spread throughout the ana
lyzer lets you make more than 1000 measurements, isolating the
faulty board or component quickly, without racks of equipment.
Readjustment

Once you've repaired the analyzer, readjustment is fast and accu
rate because the TAM controls both internal analyzer settings and
external test equipment. For example, the TAM performs the fre
quency-response adjustment in 10 minutes. The same adjustment
performed manually takes an hour. After readjustment, use the
TAM's functional tests for immediatc confidence that the repair was
completed successfully.

Specifications
Frequency
Frequency Range: I kHz to 6.5 GHz (HP 8561A)

I kHz to 22 GHz (HP 8562A/B)
I kHz to 26.5 GHz (Opt. 026)
(325 GHz with external mixers)

Harmonic mode (n) Center frequency
I I kHz· 2.9 GHz
1 2.75 GHz . 6.46 GHz
2 5.86 GHz . 13.0 GHz
3 12.4 GHz . 19.7 GHz
4 19l GHz· 22.0 GHz
4 19 GHz . 26.5 GHz (Opt. 026)

Frequency Readout Accuracy: Start, Center, Stop, or Marker:
±(freq readout X freq reference accuracy + 5% of span + 15% of res
BW + 250 Hz)
Counter Resolution: 10 Hz - I MHz (selectable)
Counter Accuracy: ±(marker freq x freq reference accuracy + 50
Hz X n + 2 LSD) for S/N~25 dB
Delta Counter Accuracy: ±(delta freq x freq reference accuracy +
100 Hz X n + 2 LSD) for S/N~25 dB
Frequency Reference Accuracy: <4 X 1O-6/year (includes aging,
temperature drift, settability)
Frequency Stability

Residual FM: <50 Hz X n pop in 0.1 sec (zero span)
Spectral Purity

Noise Sidebands: «-100 + 20 Log n) dBc/Hz at 30 kHz offset
Frequency Span

Range: 0 Hz, 2.5 kHz x n to 19.25 GHz
2.5 kHz x n to 23.75 GHz (Opt. 026)

Accuracy: < 5%
Resolution Bandwidth (-3 dB)

Range: 100 Hz - I MHz in a 1,3,10 sequence and 2 MHz
Accuracy: ±30% 100 Hz, ±IO% 300 Hz to 300 kHz, ±25% I MHz
and 2 MHz
Selectivity: < 15: I (-60 dB/-3 dB)
Shape: Synchronously-tuned, 4-pole filter

Video Bandwidth
Range: I Hz· 3 MHz in a 1,3,10 sequence

Amplitude Range
Amplitude Range: + 30 dBm to displayed average noise level
Maximum Safe Input

Average Continuous Power: + 30 dBm (1 Watt) with input atten
~IO dB
Peak Pulse Power: +50 dBm (100 Watt) with input atten ~30 dB
for < 10 usec pulse width and < I % duty cycle
DC: 0 Volts

Display Range
Display: 10 X 10 Division Graticule
Calibration: Log 10,5,2 and 1dB per division, Linear 10% of Refer
ence Level/division

Reference Level Range: Log, -120 to +30 dBm in 0.1 dB steps;
linear 2.2 uVolts to 7.07 Volts in 1% steps
Input Attenuation Range: 0 to 70 dB in 10 dB steps

Dynamic Range
Maximum Dynamic Range

Compression to Noise: 118 dB
Signal to Distortion:

Harmonic: ~2.9 GHz: 100 dB (77.5 dB unpreselected), <2.9
GHz: 77.5 dB
Intermodulation: 86 dB

Displayed Average Noise Level: With 100 Hz res BW, 0 dB Input
Attenuator, I Hz video filter: -90 dBm, 10 kHz; -100 dBm, 100
kHz; -120 dBm, I MHz to 2.9 GHz; -121 dBm, 2.75 GHz to 6.46
GHz; -110 dBm, 5.86 GHz to 13.0 GHz; -lOS dBm, 12.4 GHz to
19.7 GHz; -100 dBm, 19.1 GHz to 22.0 GHz; -100 dBm, 19.1 GHz
to 26.5 GHz (Option 026)
1 dB Gain Compression: -3 dBm at input mixer above 10 MHz
Spurious Responses: Signals generated by the analyzer due to input
signals. For mixer level <-40dBm: all harmonic and intermodulation
distortion >60 dB! below input signal.

Second Harmonic Distortion: for mixer level =-40 dBm: <-72
dBc, 10 MHz to 2.9 GHz; <-60 dBc (8562B only) above 2.75
GHz. For mixer level =-10 dBm: < -100 dBc (8562B unspecified)
above 2.75 GHz.

'to 6.46 GHz 8561A/8562A. to 2.9 GHz 85628

B



BSIGNAL ANALYZERS
Spectrum Analyzers, 1 kHz to 325 GHz (cont'd)
Models 8561A, 8562A1B

Demodulation
Modulation Type: AM and FM
Audio Output: Speaker and phone jack with volume control

Sweep
Sweep Time

Range: 50 usec to 60 sec for zero span, 50 msec to 100 sec for span
~2.5 kHz

Sweep Trigger: Free Run, Line, Single, Video, External

Third Order Intermodulation Distortion: for mixer level
<-30dBm: <-70 dBc, 10 MHz to 2.9 GHz; <-75 dBc above 2.75
GHz.
Image, Multiple, and Out-o'-Band Responses: <- 70 dBc, 10
MHz - 22 GHz (8562B unspecified); <-60 dBc, 10 MHz - 22 GHz
(8562B unspecified)
Residual Responses: No signal at input, 0 dB input atten. <-90
dBm, 200 kHz to 6.46 GHz.

$980

$620

$560
$700

$15
$245

$250
$300
$165
$275

$2,000
$2,000

$95

Price
$28,000
$35,000
$31,000

$800
$3,000

General Specifications
Environmental

Military Specification: Meets MIL-T-28800C, Type III, Class 3,
Style C.
Calibration Interval: I year
Warmup: 5 minutes from ambient conditions
Temperature: Operating: _10° to +55°C. Non-operating: _62°
to +85°C
Humidity: 95% @ 40°C for 5 days
Altitude: Operating: 15,000 ft. Non-operating: 50,000 ft.
Rain Resistance: Drip-proof at 16 liters/hour /square foot
Vibration: 5-15 Hz: 0.059 inch pop excursion; 15-25 Hz: 0.039 inch
pop excursion; 25-55 Hz: 0.020 inch pop excursion
Pulse Shock: half sine: 30 g's for II ms duration
Transit Drop: 8-inch drop on 6 faces and 8 corners
Electromagnetic Compatibility: Conducted and radiated interfer
ence is in compliance with CISPR publication II (1985) and FTZ
526/527/79. Meets MIL-STD-46IB, Part 4, with the exceptions
shown below.

Conducted Emissions. CEOI (Narrowband): 1 kHz to 15 kHz
only. CE03 (Narrowband): Full limits. CE03 (Broadband): 20 dB
relaxation from 15 kHz to 100 kHz.
Conducted Susceptibility. CSOI: Full limits (limited to 36 Hz
for HP 8562B). CS02: Full limits. CS06: Full limits.
Radiated Emissions. REOl: IS dB relaxation to 28 kHz, and ex
ceptioned from 28 kHz to 50 kHz. RE02: Full limits < I GHz.
Radiated Susceptibility. RSOI: Full limits. RS02: Exceptioned.
RS03: Limited to IV/meter from 14 kHz to I GHz, with 20 dB
relaxation at IF frequencies.

Power Requirements
115 VAC operation: Voltage: 90 - 140 V RMS; Current: 3.2 A
RMS MAX; Frequency: 47 - 440 Hz
230 VAC operation: Voltage: 180 - 250 V RMS; Current: 1.8 A
RMS Max; Frequency: 47 - 66 Hz

Maximum Power Dissipation: 180 Watts
Nominal Audible Noise: 5.0 Bels power at room temperature (ISO
DP7779)
Nominal Weight: 856IA/8562A: 20 kg (44Ibs.); 8562B: 19 kg (41.8
Ibs.)
Dimensions: 163 mm high X 325 mm wide X 427 mm deep (nomi
nal, without handle, feet, or cover).

Ordering Information
HP 8561A Spectrum Analyzer
HP 8562A Spectrum Analyzer
HP 8562B Spectrum Analyzer

Option 00 I: Second IF Output
Option 026: Extended Frequency Coverage
(HP 8562A only)
Option 908: Rackmount Kit with flanges
Option 909: Rackmount Kit with handles and flanges
Option 910: Extra Manual Set
Option 915: Technical Reference Manual
Option 916: Extra Pocket Operating
Guide (English)
Option K08: Soft Carrying Case

HP 8561A Option W30:
Additional Two Years of HP Service

HP 8562A Option W30:
2 additional years Return-to-HP Service

HP 8562B Option W30:
2 additional years Return-to-HP Service

HP 85620A Mass Memory Module
HP 85629B Test and Adjustment Module
HP 85700A 32 K Byte RAM Memory Card
HP 85710A Digital Radio Personality
HP 8590lA Portable AC Power Source
Product Support Kit P/N 08562-60021

HP 8561A and 8562A/B +22C I year Return-to-HP
CAL
HP 8561A and 8562A/B +22X I year Return-to-HP
MIL-STDCAL

) 10 dB

Inputs & Outputs
Front Panel Connectors

RF Input: Precision type N female, nominal impedance 50 12
VSWR: <1.5:1 for <2.9 GHz and ~IO dB Input Attenuation
(nominal); <2.3:1 for >2.9GHz and ~ 10 dB Input Attenuation
(nominal); <3.0:1 for 0 dB Input Attenuation (nominal)
LO Emission Level (average): With 10 dB input atten. <-80
dBm (856IA/8562A nominal), <-10 dBm (8562B nominal)

Second IF Input: SMA female, nominal frequency: 310.7 MHz;
NF: 7 dB (nominal); Gain Compression: -20 dBm (nominal)
First LO Output: SMA female, nominal impedance: 50 ohm; nomi
nal frequency range: 3.0000 - 6.8107 GHz; amplitude +16.5 dBm
±2 dB (20°-30°C)
Calibrator Output: BNC female, nominal impedance: 50 ohm

Rear Panel Connectors
10 MHz Reference (Input/Output): BNC female, nominal impe
dance: 50 ohm; nominal input range: -2 to + IO dBm
Video Output: BNC female, nominal impedance: 50 ohms (DC
coupled)
LO Sweep/0.5 V per GHz Output: Shared BNC female, nominal
impedance: 2K ohm (DC coupled); nominal LO sweep output: 0 to
+ 1OV (no load)
External Trigger Input: BNC female, nominal impedance: > 10K
ohm; trigger level: rising edge of TTL level
HP-IB: Interface Functions: SHI, AHl, T6, L4, SRI, RLl, PPO,
DCI, DTI. CO, E1. Direct plotter outputs: HP 7225A, 7440A,
7470A, 7475A, 7550A. 9872A/B/C/T. Printer: HP 3630A
Paintjet; HP 2225A Thinkjet; other printers with IEEE 488 inter
face may work.

Calibrator Accuracy: ±0.3 dB
IF Gain Uncertainty: ± I dB for 0 dBm to -80 dBm reference level
Scale Fidelity: 0.4 dB/4 dB to a maximum of ± 1.5 dB over 0 to 90
<iB range. Linear: ±3% of Reference Level
Input Attenuator Switching Accuracy: With 20 to 70 dB settings
referenced to 10 dB. 1kHz - 2.9 GHz ±0.6 dB/lOdB step, 1.8 dB max
Resolution Bandwidth Switching Uncertainty: ±0.5 dB reference
to 300 kHz BW
Pulse Digitizalion Uncertainty: Pulse response mode,
PRF> 720/sweeptime. Log (peak to peak): 1.25 (RBW :<::; IMHz), 3
dB (RBW=2MHz) dB; Linear (peak to peak): 4% of ref level, (RBW
:<::; I MHz), 12% of ref level, nominal standard deviation: 0.2 dB

Amplitude Accuracy
F R (flreauency esponse atness: attenuatIOn.

Frequency Range 8561A18582A 8582B
I kHz· 2.9 GHz ±1.0 dB ±1.0 dB
2.75 - 6.46 GHz ±1.5 dB ±1.0 dB
5.86 - 13.0 GHz ±2.0 dB ±1.5 dB
12.4· 19.7 GHz ±3.0 dB ±1.5 dB
19.1 - 22.0 GHz ±3.0 dB ±2.0 dB
19.1 - 26.5 GHz (Opt. 026) ±3.0 dB
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Models 11970 Series and 11971 Series

• Low conversion loss
• Individually amplitude calibrated

HP 11970A

HP 11970 and 11971: Exceptional Performance
The HP 11970 and \1971 senes of waveguide Mixers are general

purpose harmonic mixers employing state-of-the-art, dual diode de
sign to achieve flat frequency response and low conversion loss. These
mixers are available in six bands from 18 GHz through 110 GHz.

• No bias or tuning adjustments
• High 100 mW safe input level

HP Frequency LO Harm. Conversion Noise Freq.' Gain
Model Range Number Loss (dB) Level (dB) Response Compresaion

1kHz (RBw) (dB) (dBm)

11970K 18-26.5 6+ 24 -110 ±1.9 -3
11970A 26.5-40 8+ 26 -108 ±1.9 -5
11970Q 33·50 10+ 28 -104 ±1.9 -7
11970U 40·60 10+ 28 -104 ±1.9 -7
11970V 50-75 14+ 40 -92 ±2.1 -3
11970W 75-110 18+ 46 -85 ±3.0 -I
1197lK 18·26.5 6+ 24 -110 ±2.1 -3
11971A 265-40 10+ 28 -106 ±2.1 -7
11971Q 33-50 16+ 40 -92 ±2.3 -3
11971U 40-60 16+ 40 -92 ±2.3 -3
11971V 50-75' 16+ 42 -89 ±2.5 -3

HP 11970A

$4285

$580

Price
$1650
$1700
$1850
$3405

add $2050
add $1850

$2050
$2500
$2850
$1650
$1700
$1850
$3405
$2050
$2500
$450

'Frequency response of the mixers is reduced by 1dB for LO range of 14 to 18 dBm.
'The HP 11975A Amplifier can be used to provide sufficient LO pow..- to the mixers.

Ordering Information
HP 1197(J1{ 18 to 26.5 GHz Mixer
HP 11970A 26.5 to 40 GHz Mixer
HP 11970Q 33 to 50 GHz Mixer
HP 11970T 18 to 40 GHz Mixers and Case
Opt 001: Adds 40 to 60 GHz Mixer to 11970T
Opt 002: Adds 33 to 50 GHz Mixer to 11970T
HP 11970U 40 to 60 GHz Mixer
HP 11970V 50 to 75 GHz Mixer
HP 11970W 75 to 110 GHz Mixer
HP 11971K 18 to 26.5 GHz
HP 11971A 26.5 to 40 GHz
HP 11971Q 33 to 50 GHz
HP 11971T 18 to 40 GHz Mixer Set and Case
HP 11971U 40 to 60 GHz
liP 11971V 50 to 75 GHz
Opt 009: Mixer Connection Set contains three I meter
low-loss SMA cables, a wrench, and an allen driver for
use with any of the mixers listed above. Space is provided
in carrying case for cables and tools.
HP 11969A Carrying Case for one to five mixers, SMA
cables and tools
HP 11975A 2 to 8 GHz Amplifier

Harmonic Mixer Selection Guide

Extends Spectrum Analysis Frequency
The HP I 1970 and 11971 series Harmonic Mixers extend the fre

quency range of the HP 8562A/B, 8566B, and 70000 series micro
wave Spectrum Analyzer. The HP 11975A Amplifier provides the
optimum LO power to the mixers when the HP 8566B Spectrum An
alyzer is used.

Easy to Use
Tile excellent frequency response and low conversion loss of the HP

11970 and 11971 series Harmonic Mixers are achieved without exter
nal de bias or tuning stubs. Manual operation as well as computer
controlled operation of hardware is simplified because no mixer bias
or tuning adjustments are required.

HP 11970 and 11971 Series Specifications
IF range: DC to 1300 MHz
LO amplitude range: +14 to +18 dBm, + 16 dBm optimum
Calibration accuracy: ±2.0dB with optimum LO amplitude
Typical RF input SWR: <2.2:1
Bias requirements: None
Typical odd order harmonic suppression: >20dB
Maximum CW RF input level: +20 dBm (100 mW)
Maximum peak pulse power: 24 dBm (250 mW) with < I usee pulse
(avg. Power: +20 dBm)
Environmental: Meets MIL-T-28800C, Type III, Class 3, Style C.
IFILO connectors: SMA female
LO Range: HP 11970 Series, 3.0 to 6.1 GHz

HP 11971 Series, 2.0 to 4.5 GHz

HP Spectrum HP Compatible HP LO Drive
Analyzer Mixer Series Amplifier

8562A/B 11970 Not required
8566B 11970 11975A'
70000 11970 70907A
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SIGNAL ANALYZERS
Spectrum Analyzer Accessories
Models 8406A, 8447 Series, 8449, 8721A, 11693A, 11694A, 11867A, 11940A, 11947A, 11975A, 85901A

e
e
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HP 85901A HP 11940A HP 8721A

HP 85901A AC Power Source
Hewlett-Packard's first portable battery pack for test instruments

provides 200 watts of continuous power using an internal battery, ex
ternal battery, or other 12 Vdc source. See page 136.

HP 8447 Series Amplifier (9 kHz to 1300 MHz)
These amplifiers feature low noise and wide bandwidths. They are

ideal for improving spectrum analyzer sensitivity and noise figure
while providing input isolation. Broad frequency coverage, flat fre
quency response, and low distortion assure accurate measurements.
See page 409.

HP 11975A Amplifier (2 to 8 GHz)
Used in stimulus-response systems, this amplifier allows a wide va

riety of sources to be leveled to ±ldB and amplitude calibrated up to
+ 16 dBm. As a preamplifier, its small signal gain varies between 9
and 15 dB depending upon frequency. For measurements above 18
GHz, it amplifies the local oscillator signal from a spectrum or net
work analyzer. See page 407.

HP 8449A Preamplifier (2 to 22 GHz)
This high gain, low noise preamplifier increases the sensitivity of

any microwave spectrum analyzer for detection and analysis of very
low level signals. The improved sensitivity can also dramatically re
duce measurement time. See page 407.

HP 8721A Directional Bridge (100 kHz to 100 MHz)
Used in return-loss measurements made with a swept source such

as a tracking generator and spectrum analyzer. 6 dB insertion loss
and 6 dB coupled to auxiliary arm. Frequency response is ± 0.5 dB
(0.1 to 110 MHz); directivity >40 dB (1 to 110 MHz); load-part re
turn loss <0.03; maximum input power +20 dBm. 5012 with 7512
option.

HP 11940A and 11941A Close-field Probes
These small, hand-held, electromagnetic-field sensors are used with

a spectrum analyzer for EMI diagnostic and troubleshooting applica
tions. Make repeatable, absolute magnetic-field measurements from
9 KHz to 1 GHz. See page 133.

HP 85024A High Frequency Probe
Makes in-circuit measurements easy. Input capacitance of only

0.7pF shunted by 1 M n resistance permits high frequency probing
without adverse loading of the circuit under test. Excellent frequency
response and unity gain guarantee highly accurate swept measure
ments. High sensitivity and low distortion levels allow measurements
taking advantage of full analyzer dynamic range. Directly compatible
with many HP RF spectrum and network analyzers. See page 246.

HP 11867A and 11693A Limiters
Protect the input circuits of spectrum analyzers, counters, amplifi

ers, and other instruments from high power levels with minimal effect
on measurement performance. The HP 11867A RF limiter (dc to
1800 MHz) reflects signals up to 10 watts average power and 100
watts peak power. Insertion loss is less than 0.75 dB. The HP 11693A
microwave limiter (0.1 to 12.4 GHz, useable to 18 GHz) guards
against input signals over 1 milliwatt up to 1 watt average power and
IOwatts peak power.

HP 11947A Transient Limiter
Protects a spectrum analyzer or receiver from the damage caused

by high level transients from line-impedance-stabilization networks
(LISNs) during EMI testing for conducted emissions. See page 133.

HP 11694A 75 Q Matching Transformer (3 to 500
MHz)

Allow measurements in 75 n systems while retaining amplitude
calibration with a 50 n spectrum analyzer input. VSWRs less than
1.2; insertion loss is less than 0.75 dB. See options 001 and 002 for 75

sions of the HP 8590A spectrum analyzer.

Order Information
UP 85901A Portable AC Power Source
UP 8447A 0.1 to 400 MHz Preamplifier
UP 8447D 0.1 to 1300 MHz Preamplifier
UP 8447E 0.1 to 1300 MHz Power Amplifier
UP 8447F 0.1 to 1300 MHz Preamplifier and Power
Amplifier
Option U64 9 kHz to 1.3 GHz Preamplifier
UP 1l975A 2 to 8 GHz Amplifier
UP 8449A 2 to 22 GHz Preamplifier
UP 1l867A RF Limiter
UP 1l693A Microwave Limiter
UP 1l694A 75 12 Matching Transformer
UP 8721A Directional Bridge
UP 1l940A Close-field Probe
UP 1l941A Close-field Probe
UP 1l945A Close-field Probe Set
UP 1l947A Transient Limiter
UP 85024A Uigh Frequency Probe

Price
$980

$1,300
51,400
51.600
$2.400

$0
$4,500
57,500

$450
5500
5205
$325
$620
$620

$1,110
$450

$1.900
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Model 3580A

AmplitUde Characteristics
Overall Instrument Range

Linear: 20 V -100 nV full scale
Log: +30 dBm or dB V;

-150 dBm or dB V

Price
$8,400

$700
$260
$335
$350

±39'0
±59'0

±IO%
±39'0

±59'0
±IO%
±29'0
±39'0

LinearLog

±ldB
±I dB

±.3 dB
±.5 dB

±.5 dB
± I dB
±2dB
±.3 dB

Amplitude Accuracy
Frequency response:

20 Hz-20 kHz
5 Hz-50 kHz

Switching bctwcen bandwidths (25°C):
3 Hz-300 Hz
I Hz-300 Hz

Amplitude display
Input attcnuator
Amplitude reference level:

(IF attcnuator)
Most sensitive range
All other ranges
Dynamic range: 80 dB
IF feedthru: Input level> 10 V, -60 dB; < 10 V, -70 dB.
Spurious responses: >80 dB below input reference level.
Smoothing: 3 positions, rolloff is a function of bandwidth.
Overload indicator: This LED indicator warns of possible input am
plifier overloading. Without this indication it would be possible to in
troduce spurious responses without knowing it.

Sweep Characteristics
Scan width: 50 Hz to 50 kHz.
Log sweep: 20 Hz to 43 kHz ±20% after 3 sweeps.
Sweep times: 0.1 s to 2000 s.
Rep: Repetitive sweeps over the specified band.
Reset: Resets to the beginning of the sweep--used to adjust start or
center frequency.
Manual: In combination with the concentric knob, manual sweep ful
ly duplicates the span of the electronic sweep.
Adaptive sweep: When in adaptive sweep below the threshold level,
scan speed is 20 to 25 times faster. Threshold is adjustable to cover
0-60% of screen. Signals greater than about 6 dB above threshold are
detected and swept slowly.
Sweep error light: This LED indicates a sweep that is too fast to
capture full response. When the light is on, response can be >5% low
er than it should.
Zero scan: To look at the time varying signal at the center or start
frequency within the bandwidth selected, the zero scan is used.

Output Characteristics
Tracking generator output: (Also known as BFa or tracking oscil
lator output).
Range: 0 to I V rms into 600 I!.
Frequency response: ±39'0, 5 Hz to 50 kHz.
Impedance: 600~.
Total harmonic and spurious content: 40 dB below I volt signal
level.
X-V Recorder Analog Outputs

Vertical: 0 to +5 V ±2.59'0.
Horizontal: 0 to +5 V ±2.5%.
Impedance: I kl!.
Pen lift: Contact closure to ground during sweep.

Recommended Accessory: HP 7090A Measurement Plotting Sys
tem.
Size: 203.2mm H x 285.8mm W x 412.8mm D (8" x I ]If,," X 16'4").
Weight: Net, 12.25 kg (27 lb); HP 3580A Opt 001: net, 15.88 kg (35
Ib).
Temperature range: O°C to 55°C.
Power: 100 V, 120 V, 220 V, or 240 V +5% - 10%; 48 to 440 Hz; 35
VA max.
Opt 001 battery: 5 hours from full charge. 14 hours to fully recharge.
The internal battery is protected from deep discharge by an automat
ic turn off. Useful life of batteries is over 100 cycles.

Ordering Information
HP 3580A Spectrum Analyzer
Opt 001: Internal Rechargeable Battery
Opt 002: Balanced Input
Opt 003: Rack Mount
Opt W30: Extended Warranty

Digital Frequency Display
The display provides I Hz resolution for setting analysis range and

for determining tuned frequency. In the automatic sweep modes, the
sweep start or center frequency is displayed. In the manual sweep
mode, actual tuned frequency is indicated. This mode effectively pro
vides a cursor function for easy and accurate determination of the
frequency at any point on the screen.

1 Hz Bandwidth
Resolution bandwidths as narrow as I Hz are available to expose

and measure closely-spaced spectral components like 50-60 Hz pow
er line sidebands or low-rate modulation. This resolution is available
at all frequencies.

Digital Storage for Spectra Comparison
Digital storage makes it possible to store one or two traces. When

two are stored, both may be simultaneously displayed for easy com
parison.

Specifications

Frequency Characteristics
Range: 5 Hz to 50 kHz.
Digital Frequency Display
Resolution: I Hz.
Accuracy: ±3.5 Hz, 0 to 55°C.
Typical stability: ± 10 Hz/hr after I hour; ±5 Hz/" C.

Bandwidths: I Hz
(accuracy ±15%) r-_(.;...25_'_C±_5_C)'----'-__,,--'-__-'--_--'-__r-_--I
Shape factor: 10 8

Out of range blank: If controls are set so portions of displayed signal
lie below 0 Hz or above 50 kHz, the baseline is displayed.

Description
Hewlett-Packard's 3580A Spectrum Analyzer is a low frequency

high performance analyzer. Its I Hz bandwidth allows the user to
examine noise and extraneous signal content close in to a signal of
interest.

For low frequency applications where sweep speeds can be slow and
time-consuming, a special feature, adaptive sweep, allows the user to
set a threshold above which only the spectra of interest are observed.
In this mode, the CRT is rapidly swept. When a signal is encountered,
the sweep slows down to reproduce full response. A factor of ten speed
gain is possible.

Digital storage is another important feature which enhances the
display for slowly swept low frequency signals. The analyzed signals
are digitized and stored in memory. Trace information is then read
from memory at a rate appropriate for obtaining an analog-like dis
play.



HP 3582A

HP 3582A Specifications
Frequency
Range: 0.02 Hz to 25.5 kHz
Spans: I Hz to 25 kHz in a 1-2.5-5-10 sequence.
Accuracy: ±0.003% of display center frequency.
Resolution: 0.4% of the frequency span for single channel or 0.8% of
the frequency span for dual channels.

Amplitude
Display Modes

Log: 10 dB/division or 2 dB/division.
Linear: constant voltage/division.

Measurement Range
Log: +30 dBV to -120 dBV noise floor.
Linear: +30 V to IIlV noise floor.

Dynamic range: 70 dB.
DC response: Adjustable to >40 dB below maximum input level.
Accuracy

Accuracy at the ±0.5 dB
Passband Center
Flat top filter: +0, -0.1 dB
Hanning filter: +0, -1.5 dB
Uniform filter: +0, -4.0 dB
Note: Overall accuracy is the sum of the accuracy at the passband

center plus the selected filter accuracy.
Resolution

Log: 0.1 dB.
Linear: 3 digits.

~
ESIGNEOFOR. :

SYSTEMS

From the HP-IB it is a simple matter to command the HP 3582A to
output results, as well. Not only can the various control settings be
retrieved, but numeric marker data can be extracted. More impor
tantly, the full display can be read in ASCII format along with com
plete annotation.

Phase Spectrum Measurement
Most spectrum analyzers can measure only the amplitude spec

trum of a signal, yet complete characterization in the frequency do
main also requires phase information. The advanced digital signal
processing techniques incorporated in the HP 3582A provides direct
measurement of phase spectra.

Real Time Measurement Speed
and Wide Dynamic Range

In high volume testing or in applications requiring substantial on
line tuning, long measurement times are both expensive and inconve
nient. Since the HP 3582A uses an advanced microcomputer to exe
cute the FFT, it can perform equivalent measurements as much as
one to two orders of magnitude faster than a swept analyzer. For a
spectrum analyzer to provide useful information about low level com
ponents in the presence of a large signal, it must offer wide dynamic
range. The HP 3582A dynamic range is specified as 70 dB-more than
adequate for most applications.

Description
The HP 3582A offers outstanding value in a dual-channel, real

time spectrum analyzer that solves bench and systems measurement
problems in the frequency range of 0.02 Hz to 25.599 kHz. Sophisti
cated LSI digital filtering combined with microcomputer execution of
the Fast Fourier Transform (FFT) provides exceptional measure
ment capability and performance.

Exceptional Frequency Resolution And Coverage
Unlike conventional dynamic signal analysis which extends from

dc to some maximum frequency, the HP 3582A can "zoom in" to
analyze any selected band of frequencies with dramatically improved
resolution. The start or center frequency of the 5 Hz to 25 kHz band
analysis spans can be adjusted in I Hz increments to cover the entire
frequency range of the instrument. This provides resolution, repre
senting as much as a 5000 to I improvement over conventional "base
band" analysis. With frequency ranges from 25 kHz down to I Hz
full scale, the HP 3582A is extremely well suited to audio and sub
audio measurements.

SIGNAL ANALYZERS
Dual-Channel, Dynamic Signal Analyzer 0.02 Hz to 25.5 kHz
Model 3582A
• Transfer function magnitude and phase measurements
• Coherence function measurement
• Phase spectrum measurement
• Transient capture and frequency domain analysis
• Internal periodic and random noise source
• Band selectabe analysis for 0.02 Hz resolution

B

Transient Capture and Analysis
By using digital processing techniques, the HP 3582A can capture

and analyze transients as short as a few milliseconds. This means that
spectrum analysis and transfer function analysis are no longer limited
to stable, time invariant signals.

Phase
Display range: +200° to -200°.
Accuracy: ± 10°.
Resolution: I °.

Transfer Function Measurements
The HP 3582A directly measures the complete transfer function,

both magnitude and phase. With dual channels analysis of linear and
non-linear networks, respectively. In addition, the sources are band
limited to concentrate all stimulus energy in the analysis range.

The HP 3582A coherence function indicates the probability for
causality between the two input signals at each frequency. If the co
herence between input and measured output is low, the output signal
contains a large amount of energy that is not related to the input.
Thus, the transfer function measured at that frequency is not reliable.

Digital Averaging Capability
The RMS averaging mode takes the power average of 4 to 256 suc

cessive spectra in order to reduce the uncertainty' of the estimate of
random spectral components.

When a synchronizing trigger signal is available, the TIME aver
age can enhance the signal-to-noise ratio by as much as 24 dB. Since
it involves the averaging of successive time records before transfor
mation, it is also significantly faster than other types of averaging.

Transfer Function
Measurement Range

Log: + 160 dB full scale to -80 dB full scale.
Linear: 4 x 108 full scale to 4 x 10-8 full scale.

Phase display range: +200 degrees to -200 degrees.

Input
Impedance: 106 [l ±5% shunted by <60 pF from input high to low
(for less than 75% relative humidity).
Isolation: Input low may be floated up to 30V.
Coupling: Switch selection of ac or dc coupling. The low frequency
3 dB roll off is < I Hz.
Common Mode Rejection: >58 dB.

General
Power Requirements: 100, 120,220 or 240 volts (+5%, -10%); 48
66 Hz; less than 150 VA.
Dimensions

Size: 425.5 W x 552.5 D x 188 mmH (16.75" x 21.75" x 7.4").
Weight: Net, 24.5 kg (54 lb); shipping, 29 kg (63 lb).

Powerful HP-IB Capability
All major front panel controls are fully programmable via the

HP-IB.

Ordering Information
HP 3582A Spectrum Analyzer

Opt W30: Extended Warranty

Price
$12,800

$560
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• Spectrum and network analysis, waveform recording,
113 and 1/1 octave analysis

• High accuracy, ± 0.15dB
• 80 dB dynamic range and full alias protection
• High speed (7.5kHz Real Time Rate)
• Band selectable zoom analysis for 640 /lHz resolution

• Full CRT annotation and softkey ease-of-use
• Auto-ranging, auto-calibration, auto-scaling
• Internal non-volatile memory stores 2 traces and 6

states. Optional non-volatile memory stores 127 traces
and states.

HP 3561A

OFF

1-BAICl

Hl\AMONIC

Description
The HP 3561A is a versatile, single channel, real time spectrum

analyzer with applications in electronics, vibration analysis, and
acoustics. It is actually several instruments in one, operating in both
the frequency domain and the time domain. In the frequency domain
it serves as a spectrum analyzer with ± O.l5dB amplitude accuracy
and 2 degrees triggered phase accuracy. Utilizing the built-in track
ing noise source, it also can serve as a network analyzer. (Trace math
can be used when phase response or high accuracy is desired.) Digital
signal processing allows the HP 3561A to digitally synthesize '/l or '/'
octave filters, providing a high accuracy, drift free octave analyzer.
Operating in the time domain the HP 3561A can be used as a low
frequency digital storage oscilloscope. The HP 3561 A contains a 40k
sample time buffer and complete triggering flexibility, so waveform
recording is easy. Time or frequency measurements can be stored in
an optional non-volatile memory for later analysis. Annotated
hardcopy is easily obtained by pressing "plot" ... the HP 3561 A will
control HP-GL plotters and raster dump printers directly. All of these
capabilities in one portable instrument make the HP 3561A a power
ful addition to any bench, and with a standard HP-IB interface, the
HP 3561A makes an excellent systems instrument as well.

Spectrum Analysis
The HP 3561 A offers swept analyzer performance with FFT speed.

Up to two orders of magnitude speed improvement can be realized,
especially in measurements requiring I Hz or better frequency resolu
tion. The HP 3561A delivers 158 dB of automatically calibrated mea
surement range,from +27 dBY (22.4 volts RMS) to -131 dBY (0.28
microvolts RMS). Dynamic range is 80 dB, and amplitude accuracy
is ± 0.15 dB on the +27 dBY to -40 dBV ranges (± 0.25 dB on the
-41 dBY to -51 dBY ranges). Signals can be read in RMS volts,
volts squared, milliwatts, dBY, dBm (with user-selected impedance),
and user-defined engineering units. Band, harmonic and sideband
power can be computed directly using the built-in special marker

functions. Frequencies spaced as narrow as 640 f-LHz can be resolved
throughout the 100 kHz range, with frequency accuracy == 0.003% of
display center frequency. Phase spectra relative to a trigger signal can
be measured with up to 2 degrees phase accuracy, useful for machin
ery balancing.
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Harmonic marker function computes total harmonic distortion
(THD) directly in dB or percent.

Network Analysis
A band-limited, band-translated noise source allows the HP 3561 A

to make amplitude and phase frequency response measurements. To
make a network measurement, connect the internal noise source to
the device under test, adjust the source amplitude, and measure the
input spectrum. Store the input spectrum in memory and measure the
response spectrum. A simple trace math operation produces the de
sired frequency response. Amplitude resolution is 0.01 dB and phase
resolution is 0.1 degree.
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Figure 3: Up to 40,000 samples of a transient waveform can be cap
tured, with analysis in either the time domain or the frequency do
main.
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Figure 5: Spectral maps greatly reduce the time required to analyze
changes in up to 60 successive measurements.
Internal Mass Storage

The standard HP 3561 A contains 2 traces and 6 setup states of nonvola
tile memory. When more storage is required, such as when you wish to
store a 40,OOO-sample waveform captured in waveform recording mode,
the "non-volatile memory" option can be installed. This memory allows
you to store any combination of 127 traces and states internally. Data
stored in internal memory can be transferred via HP-IB to a computer for
further analysis or archiving.

bandwidth proportional to center frequency. The advantage of the digital
technique is better stability and accuracy - there are no analog compo
nents to drift, age, or respond to temperature. A built-in hardware A
weight filter can be switched in for acoustic signals where the effects of the
human ear must be taken into account.
Digital Averaging

Digital averaging is provided for improving a measurement in the pres
ence of noise. RMS, RMS exponential, time and peak averaging are pro
vided. Automatic overload signal rejection can be invoked to prevent an
otherwise valid reading from being contaminated by one overloaded spec
trum. A fast average display mode can be selected which speeds up the
averaging process by turning off the display refresh during intermediate
averages. This can result in a factor of 3 speed improvement over normal
averaging mode. Coupled with its high real time rate, the HP 356lA can
make averaged measurements in the same amount of time it formerly took
to make an unaveraged measurement!
Flexible Display Formats and Complete Annotation

Display a single trace, two traces in upperIlower format, or two traces
overlaid in frontl back format. When several traces must be viewed at once,
use the "spectral map" format which can display up to 60 separate traces
stacked onto one display. Choose log or linear frequency spacing and log or
linear amplitude units. Define your own units, give them a name, and the
analyzer will read out in your units! Each trace is completely annotated and
can be labelled with your own alphanumeric trace label. A view state dis
play function is provided to quickly give you a summary of the analyzer's
current setup state.
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Figure 2: Network amplitude and phase response are measured us
ing the unique internal noise source and trace math.

Waveform Recording
A high linearity 13 bit analog-to-digital converter makes the HP 3561 A

a natural for waveform recording. Forty-three sample rates ranging from
256 kHz to 0.026 Hz can be selected. Ifother sample rates are required, the
analyzer can be made to sample on an external TTL clock signal. Up to 40k
samples of time data can be stored internally in buffer memory, with com
plete trigger control. Trigger on an analog level with positive or negative
slope and variable level. In either mode you can specify pre- or post-trigger
values from 40k samples pre-trigger to I023k samples of post-trigger de
lay. Data collected in the time domain is easily analyzed in the frequency
domain, making the HP 3561A extremely useful in analyzing transients
and other non-steady-state signals.

Figure 4: The combination of octave and narrowband analysis
makes the HP 3561A a powerful instrument for noise and vibration
analysis.

113 and 1/1 Octave Analysis
Octave analysis is often used in acoustic and vibration work for analyz

ing signals that are "proportional bandwidth". That is, they exhibit
bandwidths that are proportional to their center frequencies. The HP
3561 A digitally synthesizes a series of parallel bandpass filters, each with

Figure 6: Traces and setups are stored in non-volatile memory by
file name. The memory catalog makes recall of stored files easy.
Annotated Hardcopy

You can obtain fast hardcopy of any display just by pressing the plot
button. The HP 3561A controls HP-GL plotters and HP raster dump
printers directly. A "marker plot" key allows you to annotate severalloca
tions on a plot with amplitude and frequency, or amplitude and time. Sim
ply tune the cursor to the point of interest, press marker plot and the
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analyzer annotates the location of interest. Do this as many times as
you wish for complete, accurate documentation of measurements.

Figure 7: Plots of the view state display provide qUick
hard copy of instrument setup for complete measurement
documentation.

Volatile
40 time records

+27 to -40 dBV input ranges
-41 to -51 dBV input ranges

Standard:
Optional:

Display
General: Magnitude, phase, time and math traces may be select
ed. Units available are; Horizontal: Hz, seconds, RPM, orders;
linear or log spacing. Vertical: dBV, dBm (selectable Z), volts,
volts squared, and user-defined units.
Scale: Linear or log magnitude scales may be selected. Full scale,
dB/division, and degrees/division are user definable. Center scale
user definable in phase or time traces.
Math: Arithmetic operations can be performed on new or recalled
frequency spectra. Add, subtract, multiply, divide, integrate, dif
ferentiate and user-defined constants are provided. I/BW is pro
vided for Power Spectral Density (PSD) computations.

Internal Memory
Non-volatile
2 traces, 6 states
Traces + states + (J+ 2·
time capture records)= 127 40 time records

Dynamic range: 80 dB.
Accuracy at the
Passband
Center:

Phase
Accuracy: ±2 degrees, dc-1O kHz; ± 10 degrees, 10-100 kHz
(signals no more than 40 dB below full range).
Resolution: 0.1 degree.

Input
Impedance: IXI06 ohms ± 5% shunted by 95 pF maximum.
Isolation: Input low may be connected to chassis ground or floated
up to 30 volts RMS (42 volts peak) above ground.
Coupling: Signal by be ac or de coupled. Low frequency 3-dB
point < 1 Hz in ac mode.
A-weighting: Hardware A-weighting filter conforms to ANSI
standard S1.4-1971 (RI976).
ICP current: Nominal 4 mA current source provided, compatible
with integrated circuit piezoelectric accelerometers.

Output
Source: Band-limited, band-translated, psuedo-random, random,
or impulse, or TTL "synch" signals are available on rear panel.
Level is selectable between 0.7 and 0.007 volts RMS, nominal.
Impedance 50U ±5U.
Print/Plot: Controls HP-GL plotters and HP raster dump print
ers directly.

± 0.15 dB
± 0.25 dB

Flat Top window: +0, -0.01 dB
Hann window: +0, -1.5 dB
Uniform window: +0, -4.0 dB
Note: Overall accuracy is the sum of the accuracy at the passband
center plus the selected window accuracy.
Resolution
Log: 0.01 dB.
Linear: 4 digits.
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Figure 8: The marker plot function prints x and y marker val
ues for any number of points on the plot.

Other Features
In most noise and vibration measurements, a transducer is used

to convert the physical phenomena to voltage. These transducers
generally require some type of signal conditioning. The HP 3561A
contains an internal power supply for ICP type (integrated circuit
piezoelectric) transducers. This eliminates an extra piece of equip
ment, which enhances portability and saves money. Trace math
operations are provided that allow you to manipulate traces like
numbers on a calculator. This is useful for converting units, com
pensating for systematic errors, and displaying spectra as a per
centage of some reference value.

Price

$11,200
$1,550

$170

Ordering Information

HP 3561A Dynamic Signal Analyzer
Opt 001 Extended Non-volatile Memory
Opt W30 Extended Warranty

Marker
Single, relative, harmonic, sideband, and power cursors are pro
vided. THD can be calculated from up to 20 harmonics. Sideband
power relative to specified carrier can be calculated from up to 10
sidebands. MKR to peak, MKR to center, MKR to full scale and
marker peak track are provided.

General
Power: 100/120 Vac +5%, -10%, 48-440 Hz; 220/240 Vac
+5%, -10%,48-66 Hz.
Weight: IS kg (33Ib) net, 21.6 kg (47.5Ib) shipping.
Dimensions: 335 mm W x 595 mm 0 x 197 mm H (13.2" x 23.4"
x 7.8")
*HP-IB Interface Functions: Implementation of IEEE Std. 488
1978 SHI, AHI, TS, TEO, L4, LEO, SRI, RLl, PPO, DCI, DTI.
CO.

Uniform
0.22%

Hann
0.36%

Flat Top
0.90%

Amplitude
Measurement Range: +27 to -120dBV noise floor (22.4 VRMS
to IJLV noise floor.) Input range is selected in I-dB steps from +27
to -51 dRV. Optimum range is determined automatically in the
autorange mode.

HP 3561A Specifications

Frequency
Range: 0.000125 Hz to 100 kHz.
Spans: 0.01024 Hz to 100 kHz in a 1,2,2.5,5, 10 sequence. Oth
er spans are available but are too numerous to list here.
Accuracy: ± 0.003% of display center frequency.
Resolution: 0.25% of frequency span.
Window: Flat Top, Hann, Uniform, and Exponential.
Bandwidth

3 dB Bandwidth
(% of frequency span)
Real Time Bandwidth: (Typical) Single display, 3.0 kHz. Fast
average display, 7.5 kHz.



BSIGNAL ANALYZERS
Dual-Channel, Dynamic Signal Analyzer 64 j,lHz to 100 kHz
Model 3562A

• Network, spectrum, waveform and transient analysis
• Linear, logarithmic and swept sine measurement

modes
• 10 kHz real time rate
• 80 dB dynamic range with full alias protection

• High accuracy (±0.15 dB)
• High resolution (801 Lines)
• Band selectable zoom analysis
• Direct control of disc drives and HP-GL plotters
• Fully Programmable

HP 3562A

network analysis, frequency response magnitude and phase, as well as
input and output power spectra, can be measured with 801 lines of
resolution. Accuracy for the frequency response magnitude and phase
is ± 0.1 dB and ± 0.5 0

•

Logarithmic Resolution uses the speed of Linear Resolution FFT
measurements to create frequency responses similar to a log-sweep
swept sine test. Linear Resolution points are combined internally
(rather than just reformatted), on the fly, to create 80-point-per-dec
ade measurements over I to 5 decades. Start and stop frequencies can
be selected in a 1-2-5 sequence from 0.1 Hz to 100 kHz (for a 0.1 Hz
start frequency the maximum stop frequency is 10 kHz- 5 decades).

The Swept Sine mode reconfigures the HP 3562A as a powerful
swept sine frequency response analyzer. The source can generate lin
ear or logarithmic sweeps with increasing or decreasing frequency;
user-selectable sweep rate and resolution are also standard source
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The HP 3562A Dynamic Signal Analyzer is well suited for the de
sign test and analysis of electronics, mechanical systems, and elec
tromechanical control systems. With two input channels, a dc-to-l 00
kHz frequency range, 150 dB measurement range and 80 dB dynamic
range, this FFT-based analyzer offers the versatility and performance
needed to make even the most difficult network, spectrum, and
waveform measurements -- in both the time and frequency domains.

The two high performance input channels and a built-in signal
source (noise and sine signals) address network analysis needs on the
bench or in a test system. Zoom analysis with frequency resolution up
to 25.6 Hz plus a powerful AM, FM and PM demodulation function
makes the Hp 3562A a versatile spectrum analyzer. For transient or
waveform analysis, signals can be sampled, digitized then stored in
internal memory, or sent via HP-IB to an external disc drive (without
a computer). Then stored waveforms can be recalled and analyzed in
the time, frequency and amplitude domains (baseband and zoom
analysis).

In addition, features such as vector averaging, Waveform Math, a
40-polej40-zero Curve Fitter, and Frequency Response Synthesis of
fer a full range of analysis and design capabilities. The HP 3562A is
fully programmable both through its own built in Auto Sequence pro
gramming capability, or with computers over the HP-IB bus. If
hardcopy results or storage of data is required, the HP 3562A can
control digital plotters and external disc drives directly via HP-lB.

Network Analysis
Accurate, high resolution frequency response measurements of

electronic and mechanical systems can be performed with Linear
Resolution FIT, Logarithmic Resolution and Swept Sine analysis. A
built-in signal source provides a variety of random noise and sinewave
signals to meet the requirements of the system under test.

Linear Resolution is the measurement technique common to all
Dynamic Signal Analyzers. In the HP 3562A, 2048-point time
records are Fourier-transformed into 801-line frequency spectra. For
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Hardcopy and Mass Storage with PIt-j1ers and Disc
Drives

To speed and simplify documentation of results, direct control of
plotters and disc drives via HP-IB is a standard feature in the HP
3562A. Literally anything displayed on the analyzer screen can be
plotted or saved on disc: measurement results, setup state tables, syn
thesis tables, curve fit tables and Auto Sequence or Auto Math pro
gram listings. Plotting is enhanced with user-selectable line types,
pens and paging controls. For mass storage operations, files can be
given 8-letter user-defined names; and disc catalog can be recalled
and displayed to show file name, type (data, setup, etc.) and date and
time of storage.

Data Throughput to a Disc Drive
When access to prototypes is limited, make your test time more

efficient with the Time Throughput capability: through direct control
of external disc drives, the HP 3562A can store time data directly to
disc without a computer. Set up a measurement and specify the quan
tity of single- or dual-channel data to be conected. Time data will be
sampled, digitized and stored on disc for later analysis as individual
time records or as baseband and zoom frequency spectra.

stored in internal memory (single-channel Time Capture) or on disc
in an external disc drive (single- or dual-channel Time Throughput).
Data can be recalled for time domain analysis as single time records
or as a compressed display of up to 10 time records (Time Capture
mode). Data can also be recalled for baseband and zoom analysis in
the frequency domain, with vector averaging if needed.

A complete array of triggering capabilities are included to enhance
both waveform recording modes. Pre- and post-trigger delays can be
specified to capture the rising edge of a transient or to compensate for
delays in the system under test.
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functions. Input channel functions include user-selectable averaging
and integration time; automatic input ranging can be activated to
provide over 130 dB of dynamic range for measurements of high per
formance systems.

Spectrum Analysis
On-line analysis of distortion, drift, modulation and phase noise

can benefit from the speed and accuracy of the HP 3562A. High reso
lution measurements are typically 100 times faster than tuned spec
trum analyzers - and, since the HP 3562A is an FFT-based
analyzer, you can see transient events that a tuned analyzer would
probably miss.

X=361.87 mS 6><=42. 188m

HP 3562A Specifications
Frequency
Measurement Range: 64 JLHz to 100 kHz, both channels, single- or
dual-channel operation.
Accuracy: ± 0.004% of frequency reading.
Resolution: Span/800, both channels, single- or dual-channel opera
tion.
Spans: Baseband Zoom
Number of spans 66 64
Min span 10.24 mHz 20.48 mHz
Max span 100 kHz 100 kHz
Time record (seconds) 800/span 800/span
Window Functions: Hann, Flat Top, Uniform, Force, Exponential,
and User Defined.
Window Parameters: FIat Top Hann Uniform
3 dB BW (% of span) 0.45% 0.18% 0.12%
Typical Real Time Bandwidth: 10kHz single-channel, 5 kHz dual
channel, with fast averaging on.

Automation for Improved Productivity
Versatile automation capabilities and a wide range of response

only or stimulus/response measurement functions in the HP 3562A
help you create productive solutions for your automated testing
needs. As a stand-alone solution, the analyzer can "learn" a series of
keystrokes and then perform them on command (Auto Sequence pro
gramming). Up to five Auto Sequence programs can be stored inter
nally, with additional programs stored in an external disc drive.

For networked HP-IB systems, the HP 3562A provides complete
HP-IB programmability. Custom display graphics and messages can
be created through direct programming of the high resolution vector
display - user-defined softkey menus can also be created to simplify
interactive testing. Rear-panel outputs for large screen displays are
also standard.
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Waveform and Transient Analysis
Perform complete analysis of waveforms and transients in the time

and frequency domains. Sampled and digitized waveforms can be

The HP 3562A is essentially a dual-channel spectrum analyzer
which provides resolution to 25.6 JLHz anywhere within the dc-to-IOO
kHz measurement range. Single channel accuracy is ± 0.15 dB with
80 dB of dynamic range. Modulation analysis can be performed on
either or both channels with harmonic and sideband markers as well
as with the built-in demodulation capability: zoom measurements can
be AM, FM or PM demodulated with carrier frequencies up to 99.9
kHz.
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SIGNAL ANALYZERS
Dual-Channel, Dynamic Signal Analyzer 64 /-iHz to 100 kHz (cont'd)
Model 3562A

Accessories Supplied
Operating, Programming and Service Manuals.

HP-IB
Implementation of IEEE Std 488-1978.
HP-IB Interface Functions1: SHI AHI T5 TEO L4 LEO SRI RLI.
PPO DCI DTl CO. Supports the 91XX and 794X families ofHP disc.
drives, as well as Hewlett-Packard Graphic Language (HP-GL) digi
tal plotters.

Trigger Delay
Pre-Trigger: The measurement can be based on data from I to 4096
samples (1/2048 to 2 time records) prior to trigger conditions being
met. Resolution is I sample (1/2048 of a time record).
Post-Trigger: The measurement is initiated from I to 65 536 samples
(1/2048 to 32 time records) after the trigger conditions are met. Res
olution is I sample (1/2048 of a time record).

Price
$25,500

$77
$41

$102
$179

less $100
$530

-60dB
-40 dB

Accessories Available
Transit Case for one HP 3562A: HP PIN 9211-2663.

Ordering Information
HP 3562A Dynamic Signal Analyzer

Opt 907: Front Handle Kit
Opt 908: Rack Mount Kit
Opt 909: Rack Mount and Front Handle Kit
Opt 910: Extra Operating Manuals
Opt 914: Delete Service Manuals
Opt W30: Extended Warranty

'For more on these codes refer to the HP-IB section of this catalog.

General
Specifications apply within 5°C and 2 hours of last internal cali

bration.
Ambient temperature: 0° to 55° C.
Relative Humidity: :0: 95% at 40° C.
Altitude::o: 4,572 m (15,000 ft.).
Storage
Temperature: _40° to + 75° C.
Altitude: <:; 15,240m (50,000 ft).
Power:
115 VAC + 10%, -25%, 48 to 66 Hz.
230 VAC +10%, -15%, 48 to 66 Hz.
450 VA maximum.
Weight:
26 kg (56 Ib) net.
35 kg (77 Ib) shipping.
Dimensions:
222 mm (8.75 in) high.
426 mm (16.75 in) wide.
578 mm (22.75 in) deep.

Source
Source Types: Band limited, band translated random noise, burst
random, sine chirp, and burst chirp, as well as fixed sine and swept
sine signals are available from the front panel Source output. DC Off
set is also user-selectable.
Output Impedance: 50 fl ± 5 fl.
Output Level: between -10 and + 10 V peak (ac + dc) into a:::: 10
kfl, < 1000 pF load. Maximum current = 20 rnA.
AC Level: ± 5 V peak (:::: 10k fl, < I000 pF load).
DC Offset: ± 10 V peak in 100 mV steps. Residual offset at 0 V offset
:0: 10 mY.
% In-Band Energy (I kHz span, 5 kHz center frquency).
Random Noise: 70%.
Sine Chirp: 85%.
Accuracy and Purity: Fixed or Swept Sine.
Flatness: ± I dB.
Distortion (Including subharmonics):
dc to 10 kHz.
10 kHz to 100 kHz.

Amplitude
Accuracy (Linear Resolution)

Defined as Full Scale Accuracy at any of the 800 calculated fre
quency points. Overall accuracy is the sum of absolute accuracy, win
dow flatness and noise level.
Absolute Accuracy

Single Channel (Channel I or Channel 2) ± 0.15 dB ± 0.015% of
input range (+27 dBV to -40 dBV).
± 0.25 dB ± 0.025% of input range (-41 dBV to -51 dBV).
Frequency Response Channel Match:
± 0.1 dB, ± 0.5 degree.
Window Flatness
Flat Top: +0, -0.01 dB.
Hann: +0, -1.5 dB.
Uniform: +0, -4.0.
Noise Floor: (Flat top window, 50 fl source, 50 fl input termination).
20 Hz to I kHz (I kHz span) <-126 dBV (-134 dBV/vBz).
I kHz to 100 kHz (100 kHz span) <-116 dBV (-144 dBV/vtlZ).
Dynamic Range: All distortion (intermodulation and harmonic),
spurious and alias products:::: 80 dB below full scale input range.

Phase
Accuracy: Single channel, referenced to the trigger point.
< 10 kHz ± 2.5°
10 kHz to 100 kHz ± 12.0°

Inputs
Input Impedance: I M fl ± 5% shunted by 100 pF maximum.
Input Coupling: The inputs may be ac or dc coupled; ac rolloff is < 3
dB at I Hz.
Crosstalk: -140 dB (50 fl source, 50 fl input termination, input con
nectors shielded).

oHz to 66 Hz 80 dB
66 Hz to 500 Hz 65 dB

Common Mode Voltage: DC to 500 Hz.
Input Range (dBV rms) Maximum (ac + dc)
+27 to -12 ±42.0 Vpeak
-13 to -51 ±18.0 Vpeak*
*For the -43 to -51 dBV input ranges, common mode signal levels
cannot exceed ± 18 Vpeak or (Input Range) + (Common Mode Re
jection), whichever is the lesser level.

Common Mode Voltage: 500 Hz to 100kHz. The ac part of the
signal is limited to 42 Vpeak or (Input Range) + (IOdB), whichever is
the lesser level.

Common Mode Distortion: For the levels specified, distortion of
common moue signals will be less than the level of the rejected com
mon mode signal.
External Trigger Input Impedance: Typically 50 kfl ± 5%.
External Sampling Input: TTL compatible input for signals :0: 256
kHz (nominal maximum sample rate).
External Reference Input
Input Frequencies: I, 2, 5 or 10 MHz ± 0.0 I%.
AmplitUde Range: 0 dBm to +20 dBm (50 fl).

Trigger
Trigger Modes: Free Run, Input Channel I, Input Channel 2, Source
and External Trigger. Free Run applies to all Measurement Modes;
Input Channel I, Input Channel 2, Source and External Trigger ap
ply to the Linear Resolution, Time Capture and Time Throughput
measurement modes.
Trigger Conditions
Free Run: A new measurement is initiated by the completion of the
previous measurement.
Input: A new measurement is initiated when the input signal to either
Channel I or Channel 2 meets the specified trigger conditions. Trig
ger Level range is ± 100% of Full Scale Input Range; Trigger Level is
user-selected in steps proportional to the input range.

Source: Measurements are synchronized with the periodic signal
types (burst random, sine chirp and burst chirp).
External: A new measurement is initiated by a signal applied to the
front panel External Trigger input. Trigger Level range is ± 10 V
peak; Trigger Level is user selected in 80 mV steps.
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Model 35660A

• Network and spectrum analysis
• 102.4 kHz single channel measurements
• 51.2 kHz dual channel measurements
• 401 line resolution

• 70 dB dynamic range
• ± 0.5 dB amplitude accuracy
• ± 0.4 dB and ± 1.0 degree channel match
• Frequency accuracy of ± 30 ppm

e
HP 35660A

The HP 35660A Dynamic Signal Analyzer is an FFf-based instru
ment that provides spectrum and network measurements in electron
ics, mechanical test, acoustics, and other low frequency application
areas. The analyzer also offers built-in test and automation features,
traditionally available only with a computer. These features include
an internal programming language (HP 35680A Instrument BA
SIC), a built in disc drive, limit testing and data tables. With automa
tion built in, the HP 35660A can save you both time and money.

The HP 35660A performs spectrum analysis from 488 ILHz to
102.4 kHz and network analysis from 244 ILHz to 51.2 kHz. The FFf
provides 40 I lines of resolution in both one- and two-channel modes.
Complete alias protection and digital zoom ensure high resolution mea
surements with warranted accuracy. Measurements include linear

RERL-TIME AVG COMPLETE

ill ~larKer X: 56 Hz
-57.5

dBVrms

eJlIiI!!
dB

I d i v

-97,5 :
Start: 13 Hz
Spectrum Chan 1

y: -75. "-186 d£,Vrm:s

Stop: 1. 6 kHz
RMS' 30

rUIG~

UPPE R!
'cOWER

FROMT!
BACK

SETUP
STATE

TReE GRID
I!IlI!OF F

TRACE
T I HE

DATA LBL
I!IlI!OFF

DT SP BLMK
OM!1IIIiI

spectrum, power spectrum, frequency response, gain/phase, group
delay, time history, and power spectral density. A built-in 3.5 inch
disc drive, compatible with HP Series 200/300 workstations, stores
traces, tables, states, and application programs.

Electrical Spectrum Analysis
The HP 35660A is typically 10 to 100 times faster than swept spec

trum analyzers for equivalent meas~rements, and provides higher res
olution (244 ILHz throughout the 102.4 kHz frequency range). This
speed and resolution contribute to the quality of HP 35660A tests for
distortion, spur level, frequency drift, intermodulation, and other sig
nal parameters. Amplitude accuracy of ± 0.5 dB and frequency accu
racy of ± 30 ppm guarantee precision in tests of such devices as
headsets, modems, telephone components, speakers, transducers, and
electrical motors.

Electrical Network Analysis
With two input channels and a built-in source, the HP 35660A can

quickly measure the response of low-frequency filters and networks.
Source signals provided are random noise, periodic chirp, and fixed
sine. Periodic chirp is useful for testing non-linear responses such as
output clipping of amplifiers. Random noise is ideal to get a linear
approximation of a non-linear network. Fixed sine lets you test re
sponse at a specific frequency.

The HP 35660A is also a good choice for low-frequency transmis
sion measurements in telecommunications and other areas. To ensure
highly accurate magnitude and phase measurements, the HP 35660A
offers ± 0.4 dB gain and ± 1.0 degree input channel phase match. For
custom analysis of these measurements, the HP 35660A provides
waveform math, including conjugation, FFf, inverse FFf, square
root, and frequency domain integration and differentiation.



BSIGNAL ANALYZERS
Dual-Channel, Dynamic Signal Analyzer 244 ~Hz to 102.4 kHz (cont'd)
Model 35660A

Machinery Vibration
The HP 35660A is an excellent fit for applications that require vi

bration monitoring at full load. With the analyzer's built-in limit ta
bles, users can implement vibration and health monitoring of engines,
machine tools, and other equipment, without an external computer
and without programming. The analyzer's internal disc drive makes it
easy to record, store, and recall limits for production or maintenance
testing.

Acoustics
Another major application area for the HP 35660A is acoustics

and noise measurements. This includes testing for room and device
responses, noise identification and level, and underwater acoustic
tests such as sono-buoy and sonar transducer testing. Acoustic inten
sity measurements are available with third party software.

Structural Analysis
The HP 35660A uses force and exponential windows to perform

frequency response testing of mechanical devices and structures.
Using HP Instrument BASIC, the analyzer can simplify data collec
tion for your modal surveys. For complete modal analysis, you can
choose from several third party modal packages.
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Limit and Data tables for fast, consistent results
Spectrum and network analyzers are frequently used to test signals

and device response against certain specifications. The HP 35660A
improves this process by providing built-in limit testing. A limit line
defines acceptable minimum and maximum values at specific X-axis
points (in both time and frequency domains). Users can specify an
upper and lower limit for every point in the trace, as well as specifying
acceptable bands and slopes. During a test, the HP 35660A checks
the trace level against the limit lines, then displays PASS or FAIL on
the screen. Limit testing is especially powerful when used with HP
Instrument BASIC. For example, a program can quickly pull limit
lines off disc and use them as a reference against a series of traces.
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Data tables are another key feature of the HP 35660A. A data
table eliminates the need to move markers along a trace to read multi
ple values. This is particularly useful for such applications as noise
level monitoring at multiple frequencies. Enter up to 400 X-axis loca
tions in a data table, and the HP 35660A fills in the table with a Y
axis value for each X entry. You can display, print, or store a complet
ed table. For repeated measurements, you can create a unique table
for each test and quickly recall each table from disc.

In addition to data tables and limit testing, the analyzer includes
extensive markers to highlight harmonics and sidebands and to search
for minimum, maximum, and target values.

1..1

HP-IB System Control
When used with HP Instrument BASIC, the HP 35660A can serve

as a test system controller. A system might include peripherals such
as hard discs, printers and plotters, as well as other instruments such
as switch matrices, voltmeters and signal generators. You can auto
mate smaller systems without the cost of an external computer, while
conserving rack or bench space.



Written in HP Instrument BASIC, the Analysis Pack provides sev
eral ready-to-use application tests, including distortion testing, filter
parameter testing, and modulation and peak analysis. The Analysis
Pack shows how easy it is to customize tests and provides a set of
tested, documented routines you can re-use in your own custom appli
cations.

HP 35680A Instrument BASIC
To simplify automation and test analysis, the HP 35660A includes

a powerful new feature: a subset of HP Series 200/300 BASIC run
ning inside the analyzer. HP 35680A Instrument BASIC adds deci
sion-making, branching, I/O including control of other instruments,
and custom user interfaces. HP Instrument BASIC is fully syntax
compatible with HP BASIC, so current HP workstation owners can
easily merge the HP 35660A and HP Instrument BASIC into their
test systems.

Choose R Function
Prog: 35681A

.'"."......",.... Stat.: RUNNING

ABORT

Frequency
Measurement Range: Channel I: 488 I-lHz to 102.4 kHz, single
channel mode. Channell and 2: 244 I-lHz to 51.2 kHz, dual channel
mode.
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Accuracy: ± 0.003% of frequency reading

Resolution: Span/400, both channels, single or dual channel opera
tion.

A Language for Programmers and Non-Programmers
With over 150 BASIC commands, HP Instrument BASIC is a

powerful tool for programmers. But it also includes a feature that
makes it easy for non-programmers to automate analyzer functions.
Keystroke recording automatically creates a program as the user
makes measurements from the front panel. An entire test sequence
can be recorded and saved with no programming required.

Users can write or modify HP Instrument BASIC programs from
the front panel using a built-in text editor. The editor includes a series
of softkeys labeled with keywords, punctuation, and math symbols
frequently used in HP BASIC.

Spans:

#of spans available
min span
max span
time record length

Single Channel

20 (x2 sequence)
195.3 mHz
102.4 kHz
4OO/span

Dual Channel

20 (x2 sequence)
97.6 mHz
51.2 kHz
400/span

Window Functions: Flat Top, Hann, Uniform, Force, ExponentialWorkstation Compatibility
HP Instrument BASIC programs can be developed on an HP Se

ries 200/300 BASIC workstation and then transferred to the analyz
er via a 3.5 inch floppy disc (files must be saved in HP's LIF format).
Programs developed on the HP 35660A will also run on a worksta
tion. If desired, the analyzer portion of a computer-aided test (CAT)
can be created with keystroke recording, then merged with the main
program written on an external computer. The HP 35660A is also
fully HP-IB programmable from an external computer, using any
language you choose.

Window Shape Parameters:
Noise
Equiv. BW -3dB BW
(% of span) (% of span)

Uniform 0.25 0.25
Hann 0.375 037
FlatTop 0.955 0.9
'relative to analyzer's 401 calculated frequency points

Shape Factor
(-60dB BW/
-3dB BW)

716
9.1
2.6

Window
Flatness
(dB)'

+0, -4.0
to, -1.5
±0.OO5

Typical Realtime Bandwidth: (random noise source off)
Single Channel Dual ChannelCustom solutions with the HP 35660A

Applications that involve long and repetitive testing can benefit sig
nificantly from custom solutions available with the HP 35660A. For
example, in a production environment, HP Instrument BASIC pro
grams can automatically recall test setups and prompt a technician
for date, time, and other important information. Limit testing can
quickly indicate the presence of spurs or undesired harmonics. Opera
tor interaction is further reduced with routines that automatically
catalog results to a printer/plotter or to disc.

The HP 35681A Analysis Pack provides examples of how to cus
tomize the HP 35660A for specific applications. The Analysis Pack is
a set of network and spectrum application programs that enhance the
power of the HP 35660A analyzer.

Averaging Off
Fast Averaging

800 Hz 400 Hz
3.2 kHz 1.6 kHz
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$75
$150
$200
$500
$250

Price
$12.500

$1500
-$100

$85

Amplitude
Input Range: The calibrated input range is +27 dBV (31.7 Vpk) to
-51 dBV (3.99 mVpk). Range is adjustable in 2 dB increments.

Dynamic Range: All distortion (intermodulation and harmonic)
spurious and alias products < -70 dB relative to full scale input
range.

Noise: (-51 dBV range, Rs = 50 ohms, 16 RMS Averages)
160 Hz to 1.28 kHz < -130 dBV Isqrt Hz (.316/LV Isqrt Hz)
1.28 kHz to 102.4 kHz < -140 dBVIsqrt Hz (.100 /LV Isqrt Hz)

Common Mode Rejection: (Frequency <= I kHz)
-51 to -II dBV Ranges >80 dB (typical)
(3.99 mVpk to 399 mVpk)
-9 to +9 dBV Ranges >60 dB (typical)
(502 mVpk to 3.99 Vpk)
+ 11 to +27 dBV Ranges >40 dB (typical)
(5.02 Vpk to 31.7 Vpk)

Crosstalk: < -130 dB relative to the transmitting signal, or < -70
dB relative to the receiving channel range, whichever is greater. (Re
ceiving channel input termination = 50 Q)

Absolute Amplitude Accuracy: ± 0.5 dB ± 0.03 % of input range
(488 /LHz to 102.4 kHz, DC coupled)

Phase
Single Channel Phase Accuracy:
488 /LHz to 10.24 kHz ± 4.0 degrees
(relative to external trigger, 16 vector averages, DC coupled, ampli
tude :s -50 dB relative to full scale)

Frequency Response
Gain Accuracy: ± 0.4 dB

Phase Accuracy: 488 /LHz to 10.24 kHz ± I degree
10.24 kHz to 51.2 kHz ± 1.8 degree

(DC coupled, 16 RMS averages, 488 /LHz to 51.2 kHz, Chi range =
Ch2 Range, full scale periodic chirp input, Uniform window)

Inputs
Connection: Grounded or Floating

Input Impedance: I MQ ± 10% shunted by < 100 pF.
Low to chassis in floating mode:
1 MQ shunted by < 0.01 /LF (Typical)
Low to chassis in grounded mode: 50 Q
(Typical)

Input Coupling: AC or DC coupling;
AC roll-off is < 3 dB at 1 Hz

Common Mode Range: (floating mode)
± 4V peak

Trigger
Internal: Positive or negative slope

Level: ± 100% of input range

External: TTL, positive or negative slope

Source
Source types: Random, periodic chirp, fixed sine

Output Impedance: < 5 Q

Max. Output Level: ± 5 Vpk

Maximum current: ± 20 rnA

Maximum capacitive load: 1000 pF

Sine:
Frequency range: 15.63 mHz to 102.4 kHz
Amplitude Accuracy: ± 4% Vpk (at I kHz, Vpk = .IV to 5V)
Flatness: ± 1.0 dB (relative to 1 kHz, Vpk= .1 V to 5V)
Harmonic, subharmonic, and other spurious responses:
488 /LHz to 10 kHz:< - 60 dB relative to source level
10 kHz to 102.4 kHz: < - 40 dB relative to source level
(Vpk= 0.1 V to 5V)
Residual DC offset: ± 8.0 mY, ± 6.0% Vpk

Random:
Flatness: < 5.0 dB (typical)
(passband, relative to minimum amplitude in the frequency domain,
Vpk = .1 V to 5V, full span)

General
Power: 90 - 132 VAC, 48 to 440 Hz

198 - 264 VAC, 48 to 66 Hz
280 VA maximum

Weight: 22 kg (47 lbs) net
24 kg (52 Ibs) shipping

Dimensions: 222mm (8.75") high
425.5mm (16.75") wide
538mm (21.19") deep

HP-IB
Implementation of IEEE Std 488.1 and 488.2
SHI AHI T6 TEO L4 LEO SRI RLl PPO DCI DTI Cl,C2,C3,CI2
E2

Compatible Peripherals
Disc Drives: HP SS/80 Protocol Disc Drives (These include the
9122C,D,S; 9133D,H,L; and HP 9153A,C)

Plotters: Hewlett-Packard Graphics Language (HP-GL) digital
plotters

Printers: HP-IB printers, alpha and raster dumps.

Ordering Information
UP 35660A Dynamic Signal Analyzer

Option 001 Add 2 Mbyte RAM
Option 002 Delete disc drive
Option 908 Rack mount kit
Option 910 Extra Operating Manual Set

and HP-IB Programming Reference
Option 915 Service Manual and Kit
Option W30 2 Years Additional Hardware Service

UP 35680A Instrument BASIC
UP 35681A Analysis Pack

Accessories Supplied
Operating and Programming Manuals, HP 35660A performance
tests

Accessories Available
Transit case for the HP 35660A HP PIN 9211-2663
So" Sided Carrying Case for the HP 35660A HP PIN 35660
60001
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Model 3565S

• Time and Frequency Domain Analysis
• Advanced Multiple Input, MUltiple Output (MIMO) Mea

surements
• Built-in Charge or ICP Signal Conditioning
• Expandable from 2 to 62 Input Channels

The HP 3565S Signal Processing System consists of measurement
hardware, HP VISTA Signal Processing software (HP 35630A), and
a Series 300 computer equipped with the HP-UX operating system.
The system provides signal acquisition and analysis from 64 uHz to
51.2 kHz for structural, vibration, and acoustic applications. The
modular architecture of the HP 3565S makes system configuration
and expansion easy. Beginning with a basic two channel system, add
either Input or Source modules to provide up to 62 channels of data
collection. HP VISTA signal processing software performs the ad
vanced algorithms and data management required to quickly set up
measurements and analyze signals. HP VISTA also provides a com
plete user interface to the 3565S measurement hardware based on
windows and pop-up menus. Program interaction through an HP
HIL mouse gives quick access to measurement results.

Two optional software products, HP SINE (35631A) and HP Mo
dal Data Manager (35632A) further enhance the HP 3565S system.
HP SINE adds a swept sine stimulus, normal mode testing, and sine
reduction capability. Modal Data Manager provides a method of
linking measured data to third party modal analysis solutions. Both
software packages require HP VISTA.

• Direct ADC Throughput to Disc
• Applications in Acoustics, Vibration Analysis and

Structural Testing
• Linear and Log Swept Sine up to 51.2 kHz
• Links to Modal Analysis Software

Structural testing
With 3200 lines of resolution and zoom measurements on all chan

nels, the HP 3565S system has no parallel in the area of high quality
structural test. The system offers 62 module slots which house any
combination of excitation and response channels. For tests that are
sensitive to non-linear distortion, the 3565S provides a random noise
source. To quantify non-Iinearities in a system, you can use the swept
sine stimulus available with HP SINE software.

The 3565S's ability to provide a number of multiple input, multiple
output (MIMO) combinations means you obtain a consistent set of
frequency response functions. Since energy is input into the structure
at more than one location, closely spaced modes or actual repeated
roots can be isolated from frequency response functions. 3565S
MIMO measurements also benefit from system speed. For example, a
50 response, 4 excitation measurement with 800 lines of resolution
achieves 500 avg/hour with a HP 9000 Series 350 workstation.
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Combined with the measurement hardware, HP VISTA offers the
most advanced multiple-input multiple-output (MIMO) measure
ments available today. Measurements range from 61 force channels
one response channel, to one force channel-61 response channels.
MIMO configurations can be set up with simultaneous zoom on each
input channel and up to 3200 lines of resolution.
• Measurements: Time record, linear spectrum, auto power spec

trum, cross power spectrum, frequency response function, power
spectral density and coherence (ordinary, multiple, and partial)

• Frequency Spans: 19 baseband spans from 195 mHz to 51.2 kHz in
x2 steps.

• Windows: Hanning, flat top, force and response, exponential, P301,
P310, and user-specified

• Absolute amplitude accuracy (calibrated system): ± 0.15 dB ±
0.015% of full scale (+32 to -48 dBVp ranges)

• Cross-channel accuracy (calibrated system): ± 0.1 dB, ±.5 degrees
• Realtime bandwidth: I channel active: 12.8 kHz

7 channels active: 1.6 kHz
(Above rates apply with 1024 complex block size, stable mean av
erage, input monitor inactive, frequency response measurement in
active, fast averaging.)

• Throughput rates to selected HP Drives:
HP7936A (308 Mbytes)or 7937A (571 Mbytes) disc drive: s 675
Kbytes/sec
HP 7957A (81 Mbytes) or 7958A (130 Mbytes) disc drive: s 625
Kbytes/sec

HP SINE - HP 35631A
With HP SINE it is now possible to make swept sine measurements

with the HP3565S system. Frequency response functions (FRF) can
be computed for acoustic devices as well as structures. A powerful
autogain routine also permits non-linear behavior to be characterized
in structures by maintaining a constant excitation level during the
sweep. Several FRFs can be compared at incremental force levels to
provide a clear indication of nonlinearities. With HP SINE up to 60
channels of data can be acquired with a minimum resolution of
15.625 mHz. An autoresolution feature saves test time by providing
fine resolution where it is needed, such as at resonant peaks, and
coarser resolution where it is not.
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Environmental Testing
For environmental test labs, HP VISTA can accurately measure

PSD and overall Grms for up to 62 accelerometers. Signals can either
be digitized in real time and stored on a throughput disc for later
processing, or results can be computed on-line for confirmation of ex
citation levels during the test. HP SINE has the unique ability to lock
onto a swept sine excitation signal and compute sinusoidal amplitude,
transmissibility and relative phase, and total harmonic distortion for
all measurement channels.

Vibration testing
High speed multi-channel throughput to disc is an important asset

in vibration testing. With the 3565S, 40 channels of data can be
throughput to disc when measurement span is set to 3200 Hz. With 5
channels of throughput, realtime bandwidth can be up to 25.6 kHz.
Throughput rates are as high as 675 Kbytes per second for 7936 (308
Mbyte) and 7937 (571 Mbyte) disc drives.

Because vibration spectra often include closely spaced frequency
components, the 3565S system's high resolution and 80 dB of dynam
ic range are a tremendous asset in vibration testing. Frequency do
main resolution choices range from 400 to 3200 lines on every
channel-regardless of channel count. Each 3565S input channel has
its own anti-alias filter, digital filter, ranging amplifier and transducer
amplifier. This guarantees 80 dB of dynamic range on each channel
with no need to keep track of various gain/stage settings. Each input
module also includes transucer signal conditioning (charge or ICP) to
reduce signal conditioning costs. Use HP VISTA's autozero capabil
ity to null stray accelerometer DC offset without turning a knob.

Acoustic testing
Acoustic applications include calibration of transducers and fre

quency response testing of such devices as loudspeakers, microphones
and telephone headsets. In addition to flatness and phase response,
HP VISTA together with HP SINE automatically computes total
harmonic distortion (THD) versus frequency with a specifiable num
ber of harmonics. Or, for noise control applications, use HP VISTA's
multi-channel cross spectrum capability. By attaching high quality
microphones to the input channels, you can get cross power spectrum
results that indicate sound intensity and direction at each test point.

HP VISTA Signal Processing Software - HP 35630A
HP VISTA provides both complete control of the 3565S measure

ment hardware and advanced analysis of measured signals in the time
and frequency domains. Detailed frequency domain signal character
ization is available by processing time data directly from the input
modules, or from time data stored on an ADC throughput disc. Cor
rection algorithms based on measurement hardware calibrations en
hance the accuracy of amplitude, gain, and phase measurements to
provide high quality signal analysis and network characterization.
HP VISTA's open file structure also provides users with data files in a
format suitable for custom analysis.



Modal Data Manager - HP 35632A
Modal Data Manager is a software product that couples HP 3565S

files to third party modal solutions. It enhances the measured data by
adding to it a measurement name, transducer orientation, and sign
and spatial geometry coordinates. Combined with third party modal
analysis software, the HP 3565S offers users a total solution in the
area of structural test.

• Block Size: Power of 2 block sizes of 512 to 4096 complex or 1024
to 8192 real are selectable in HP VISTA.

• Internal FFT computation time: 1024-point complex transform
(800 lines) in approximately 67 ms with 80 dB dynamic range
(nominal, includes windowing).

• Maximum Throughput Rate to Disc: 675 Kbytes/second

El

Source Module - HP 35653A
The 35653A Source module provides the excitation signals neces

sary to stimulate devices under test. Random noise and fixed sine
wave signals are available in both continuous and burst formats.
When more than one Source module is installed in a system, the ran
dom noise outputs are uncorrelated to support advanced measure
ments such as multiple input, multiple output (MIMO) testing. The
system calibration signal is also provided by this module.
• Signal Types: Random, Burst Random, Fixed Sine, Gated Sine,

Variable Pulse
• AC Output Level: 1.26 mVp (-58 dBVp) to 10.00 Vp (+20 dBVp)

in 0.375 dB steps

51.2 kHz Input Module - HP 35652A
The 35652A Input module digitizes signals at a 262 kHz sample

rate. A 51.2 kHz anti-alias filter, digital filtering, and hardware zoom
provide the necessary components for fast, flexible and accurate fre
quency domain analysis. A built-in 4 rnA current source and charge
amplifier provide complete signal conditioning for voltage, charge,
and ICP-type transducers. This module also supports features such as
auto-ranging, overload detection, and DC offset subtraction to ensure
high quality results.
• Full Scale Voltage Range: 1.26 mVp (-58 dBVp) to 39.8 Vp (+ 32

dBVp) in increasing steps of 25% (2 dB)
• Full Scale Charge Range: -18 dBpCp to + 72 dBpCp in 2 dB steps
• Effective Sample Rates (using internal sample clock): from 0.5 Hz

to 262 kHz in x2 steps (all sampling frequencies between 0.5 and
131 kHz inclusive are fully alias protected and are supported by
HP VISTA to provide frequency spans from 195 mHz to 51.2
kHz).

• Dynamic Range: <-80 dB relative to full scale (Rs=50 ohms,
Cs=IOOOpF, 16 averages, internal sampling)

Hardware flexibility
Based around the 35650A Mainframe, the HP 3565S measure

ment hardware allows you to purchase the hardware you need today
without limiting future expansion. Providing power, cooling, and ac
cess to system buses, each mainframe will accommodate up to eight
system modules. If more than eight modules are required, up to eight
mainframes can be interconnected to provide up to 64 system slots.
After making large channel count measurements, mainframes and
modules can be distributed into smaller systems for optimum use of
the measurement hardware.

Mainframe - HP 35650A
The 35650A mainframe houses the system modules and provides

power and cooling in addition to triggering and sampling synchroni
zation. A mainframe can support up to eight modules and up to eight
mainframes can be connected together to provide 64 system slots.
Each system requires at least one 35650A Mainframe, one 35651A
HP-IB/Signal Processor module, two 35652A 51.2 kHz Input mod
ules and one 35653A Source module. Any remaining slots can be fill
ed with either Source or Input modules.

HP-IB/Signal Processing Module - HP 35651A
The 35651A HP-IB/Signal Processor Module is the heart of the

measurement hardware. This single module controls and manages all
modules on the system bus and is also the link between the measure
ment hardware and the Series 300 computer. Dedicated processors
within 35651A can be programmed from the system computer to per
form basic signal processing functions such as windowing and fast
Fourier transforms. This provides high speed signal processing and
allows the system computer to focus on management, advanced
processing and display of the data provided by the hardware. The
35651A can also control disc drives directly, allowing ADC
throughput of sampled data from Input modules at rates in excess of
675 Kbytes per second (Note: this module supports complete HP-IB
programming of all system modules and limited programming of its
internal signal processors. An optional HP-IB programming manual
provides example programs demonstrating how this measurement
hardware can be used in an HP BASIC environment for integration
into existing measurement systems or for custom development of fo
cused measurement/analysis solutions.)

Ordering/Configuration Information
Bundled Systems
74791S 4-Channel 3565S System (includes: 1 Main
frame, I HP-IB/Signal Processing Module, 4 Input
Modules, I Source Module and HP VISTA)
74792S 8-Channel 3565S System (includes: 2 Main
frames, I HP-IB/Signal Processing Module, 8 Input
Modules, I Source Module and HP VISTA)
74791S 16-Channel 3565S System (includes: 3 Main
frames, 1 HP-IB Signal Processing Module, 14 Input
Modules, I Source Module and HP VISTA)
35633A Software Bundle (includes: HP SINE, HP
MDM, and HP VISTA)
Measurement Hardware
HP 35650A Mainframe
HP 35651A HP-IB Signal Processing Module
HP 35652A Input Module
HP 35653A Source Module
HP 35605A 720 mm Rack
HP 35606A 1600 mm Rack
Software
HP 35630A HP VISTA Signal Processing Software
HP 35631A HP Sine
HP 35632A Modal Data Manager (MDM)

Price

$28,100

$43,950

$72,650

$12,000

$3010
$3315
$3210
$1785
$1530
$2040

$7140
$5000
$2500
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• Carrier frequency range from 5 MHz to beyond 18
GHz

• Spurs separated from noise spectra
• Optimization for several measurement techniques

Specifications Summary
Sensitivity:

The system's sensitivity is a function of the measurement technique
that is used. The following graph indicates the sensitivity of the sys
tem as limited by its own internally-generated noise for a signal under
test of +15 dBm. Also plotted is the phase noise that would limit the
measurement sensitivity for a I GHz signal using HP signal genera
tors as reference sources.
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Ordering Information
UP 3048A Phase Noise Measurement System

Includes the UP 11848A Phase Noise Interface,
UP 3561A Dynamic Signal Analyzer, measurement
software and operator training

Reference oscillator options:
Opt 001 Adds HP 8662A Opt. 003 Synthesized Sig- + $35,635

nal Generator (0.01 to 1280 MHz)
Opt 002 Adds HP 8663A Opt. 003 Synthesized Sig- + $49.225

nal Generator (0.01 to 2560 MHz)
Opt 003 Adds HP 11729C Carrier Noise Test Set (5 + $22,980

MHz to 18 GHz)
Opt 005 Adds HP 8642A Opt. 001 Synthesized Sig- + $26.160

nal Generator (0.1 to 1057 MHz)
Opt 006 Adds HP 8642B Opt. 001 Synthesized Sig- + $35,265

nal Generator (0.1 to 2114 MHz)
System Computer: HP 98580B Opt. ABA and
Opt. 008 Desktop Computer with 3 megabytes of mem
ory and HP-HIL knob.

For full details on available system options and ordering informa
tion, see the HP 3048A Phase Noise Measurement System Technical
Data (5953-8462).

Carrier Frequency Range
Internal Mixer: 5 MHz to 1.6 GHz, optional to 18 GHz.
External (user-supplied) Mixer: The frequency range of the carrier
is limited only by the frequency range of the external mixer or the
frequency discriminator that is used.
Offset Frequency Range: 0.01 Hz to 100 kHz, extended to 40 MHz
with an optional spectrum analyzer such as the HP 3585A.
Amplitude Accuracy: ±2 dB to I MHz offset; ±4 dB for offsets
greater than 1 MHz. This accuracy is verified by the system at the
time of the measurement. The system advises the user of any potential
accuracy degradations detected during measurement set-up.

HP 3048A Phase Noise Measurement System controlled by an
HP 985808 Desktop Computer.

The HP 3048A Phase Noise Measurement System uses the power
of a flexible software program to automate the measurement of the
phase noise of a carrier signal. The basic HP 3048A system includes
the HP 11848A Phase Noise Interface containing the phase detectors
and phase lock loop circuitry, the HP 3561A Dynamic Signal Analyz
er, measurement software, and a comprehensive operator training
course that teaches measurement procedures. Using an HP 98580B
Desktop Computer, this basic system will measure carrier frequencies
from 5 MHz to 1.6 GHz (to 18 GHz with option 201) and character
ize the demodulated phase noise over an offset range of 0.01 Hz to
100 kHz. Adding other HP spectrum analyzers such as the HP
8566A/B, 8567A/B, 8568A/B, 8562A/B, 3585A/B, or 71000S,
provide automated measurements to offsets of 40 MHz. A variety of
signal generators such as the HP 8662A, 8663A, or 8642A/B can
also be added to the system to provide a low-noise reference signal up
to a frequency of 2.56 GHz. Adding an HP 11729C Carrier Noise
Test Set in combination with an HP 8662A or HP 8663A provides a
low-noise reference signal for measuring carrier signals up to 18
GHz.

The HP 3048A system software uses the HP ll848A interface to
demodulate the phase noise of a carrier in the frequency range of 5
MHz to 18 GHz (and beyond with external, user-supplied mixers)
and measures the resulting baseband signal with the analyzers. Mea
surement menus allow the operator to specify the measurement to be
made and the system software controls the measurement process, in
cluding the calibration of the system. Several output formats are
available to the user, including plots of the single sideband phase
noise power of a signal, integrated noise power, or the calculated Al
len variance. A real-time measurement mode is available to monitor
the level of phase noise and discrete spurs as changes are made to the
device under test.

As measured by the HP 3048A, the term "phase noise" includes all
forms of a signal's frequency and phase instabilities. Randomly oc
curring frequency and phase noise modulation, as well as discrete
sidebands resulting from power-line phase modulation and phase jit
ter, are detected and accurately measured. Coherent signals are dis
played at the power level that was detected while random phase
signals are normalized for a I Hz bandwidth. The HP 3048A system
is optimized for several measurement techniques that are chosen
based on the stability and tuning capability of the signal to be mea
sured and the availability of comparable reference oscillators. The
two primary techniques for demodulating the phase noise of a signal
use either a phase detector or a frequency discriminator.

Calibrated, Automated Phase Noise Measurements with
• Specified amplitude accuracy of ±2 dB
• Offset frequency range of 0.01 Hz to 40 MHz
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Model 11729C

• 10 MHz to 18 GHz
• Phase noise and AM noise measurements
• Low system noise floor

HP 11729C Carrier Noise Test Set
Versatile Phase and AM Noise Measurements

The HP 11729C, combined with an HP 8662A Synthesized Signal
Generator and a baseband spectrum analyzer, provides a broadband
measurement system for phase noise and AM noise measurements on
microwave oscillators, 10 MHz to 18 GHz. The HP 11729C may be
ordered with either full frequency coverage, or in a number of bands
to specifically match the application. The HP 11729C supports both
the phase detector and frequency discriminator phase noise measure
ment techniques, as well as AM noise measurements, at offsets from
the carrier < I Hz to 10 MHz. The HP 11729C also supports pulsed
AM and phase noise measurements.

The HP 11729C Carrier Noise Test Set is a fully programmable
instrument. All functions can be automatically controlled via the HP
Interface Bus. With an appropriate programmable baseband spec
trum analyzer, the HP 11729C can be integrated into your own auto
matic system. By adding the HP 11729C and an HP 8662A or HP
8663A to the HP 3048A Phase Noise Measurement System, specified
phase noise measurements can be made to 18 GHz with a state-of
the-art noise floor.

Abbreviated HP 11729C/8662A Specifications
Frequency range: 10 MHz to 18 GHz in 8 bands.
Absolute system noise floor, phase detector method:

System noise is specified only when the HP 11729C is used with an
HP 8662A or HP 8663A Option 003. See the HP I 1729C data sheet
for more information.

Test Signal Requirements
Amplitude: +7 dBm minimum to + 18 dBm maximum (typically use
able to -IS dBm with noise floor degradation).

HP 11729C Outputs
IF output

Bandwidth: 5 to 1280 MHz.
Level: +7 dBm minimum.

Noise spectrum outputs
1) Noise spectrum output < 1 MHz: dc coupled, 600n nominal.
2) Noise spectrum output < 10 MHz: 10 Hz to 10 MHz, son nominal,
nominal 40 dB of gain over < I MHz output.
3) Auxiliary noise spectrum output: dc coupled, 6000 nominal.

Phase Lock Loop Function
Frequency control outputs

To crystal oscillator: ± 1OV.
To dc FM: ±1 V.

Lock bandwidth factor: nominal I, 10, 100, Ik, 10k selectable.

Remote Programming
All front panel functions are HP-IB programmable. In addition,

the HP 11729C can output current settings and out-of-Iock indica
tion.

Complete carrier noise characterization system can be assem
bled from standard instruments.

HP 8662A
Synthesized Signal
Generator Opt 003

Noise Spectrum
Output

5 to
1280
MHz

HP 8566B
Spectrum Analyzer

AM Noise Detection (Option 130)
Frequency: 10 MHz to 18 GHz.
Input level: 0 dBm minimum to + 18 dBm maximum.
AM noise floor (at +10 dBm input level, dBc/Hz):

Offset
from Carrier Typical Specified

(Hz)

Ik -147 -138
10k -152 -145

lOOk -161 -155
1M -165 -160

Figure 1. Typical HP 11729C/8662A and HP 11729C self-oscil
lator mode system sensitivity using the phase detector and fre
quency discriminator methods at X-Band. Typical HP 11729C
residual noise.

Price
$23,980

-$8,500
-$8,500
-$8,500
-$8,500
-$8,500
-$8,500
-$8,500
+$1,750

+$500
+$55
+$35
+$80

+$35

Ordering Information
HP 11729C Carrier Noise Test Set (10 MHz to 18
GHz)
Note: Each of options 003 to 027 (only one may be or
dered) also includes 0.005 to 1.28 GHz coverage

Opt 003 (1.28 to 3.2 GHz)
Opt 007 (3.2 to 5.76 GHz)
Opt OIl (5.76 to 8.32 GHz)
Opt 015 (8.32 to 10.88 GHz)
Opt 019 (10.88 to 13.44 GHz)
Opt 023 (13.44 to 16.0 GHz)
Opt 027 (16.0 to 18.0 GHz)
Opt 130 AM noise detection
Opt 140 Rear panel connectors
Opt 907 Front panel handle kit (5061-9688)
Opt 908 Rack mounting flange kit (5061-9674)
Opt 909 Front panel handle plus rack mounting
flange kit (5061-9675)
Opt 910 2 sets operation and service manuals (11729
90017)

General
Operating temperature range: 0 0 to +55°C.
Power: 100, 120,220,240 V, +5%, -10%; 48 t066 Hz; <75 VA max.
Weight: net, 10.4 kg (23Ib); shipping, 13.6 kg (30 lb).
Size: 425 W x 99 H x 551 mm D (21.7" x 16.8" x 3.9").1 MW x 3'/2
H x 20 D System II module.

-20,--........1::""l--......,.--......--'"'T""--.......--r----,
-40

.~
II:

.Ii
~ -60
u_
S ~ -80r--~"":

.~ ~ -100r---;---+~
z~

~ -120

if -140/-----,..:

~ -160
~,--*---;=----;:'::--"""":":::--""':"::::::---:,~M~......,,:::!OM

Typical System Noise
The HP 11729C/8662A combination includes the critical low

noise microwave reference signal (which determines the system noise
floor). The HP I 1729C also features a new Surface-Acoustic-Wave
(SAW) filter which can be configured into an internal SAW oscilla
tor. This built-in oscillator allows the HP 11729C to be used as a 10w
cost frequency discriminator system for measurements on free
running oscillators. This discriminator mode uses the HP 11729C in a
"stand-alone" configuration, combined with a simple length of exter
nal delay line (such as RG 223 cable) and an available baseband ana
lyzer.
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Vector Modulation Analysis, dc-350MHz, 50-200MHz
Models 8980A and 8981A

HP 8980A & HP 8981A
• Analyzes coherent phase and amplitude modulation.
• 350 MHz 0 VS. I bandwidth.
• Markers for measuring phase, amplitude, and time.
• 12 bit digitizing for HP-IB measurements.

HP 8981A adds built-in I/O demodulator with:
• 50 - 200 MHz mOdulated IF input frequency range.
• 100 MHz baseband bandwidth with external I/O filters

and 35 MHz with internal filters.
• Automatic internal/external demodulator calibration.

What is a Vector Analyzer or
Vector ModUlation Analyzer?

The HP 8980A Vector Analyzer is a calibrated baseband analyzer
which connects to the I and Q outputs of your receiver's demodulator.
The HP 898lA Vector Modulation Analyzer includes the same base
band analyzer, but adds a vector demodulator for IF measurements
as well. It connects to the IF output of your transmitter and to the
coherent reference. Both the instruments measure signal magnitude
and phase of standard digital communication and radar signals. The
instruments perform constellation analysis of quadrature error, lock
angle error and closure. The design provides for quick, visual, intui
tive measurements as well as giving quantitative data about a signal's
modulation. These features allow a user to quickly identify problem
sources and measure their magnitude.

HP 8981A

HP 8981A rear panel contains the IF and coherent carrier inputs and
ports for adding external I/Q filters.
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The HP 8980A and HP 898lA analyze a signal's modulation in
receivers using I/Q channels. The HP 8980A displays the I and Q
analog baseband signals either on a vector diagram (Q versus I) or
versus time. The HP 8981A, being a superset of the HP 8980A, also
analyzes the analog I and Q signals, but because it contains a built in
demodulator it can also take the IF signal and the coherent reference
inputs. This gives the user flexibility to examine the changes in modu
lation down through the receiver chain and isolate fault areas quickly.

The HP 898lA contains internal 35MHz baseband I and Q filters.
If the user desires to use their own filters, ports are provided on the
back panel for them. The user can then switch between using the in
ternal or external filters.

For Advanced Receiver Design
The HP 8980A/81A contains powerful aids which allow a user to

make precise measurements on today's advanced digital communica
tion and radar receivers. Communications advances, such as spectral
ly efficient, digital microwave radios, dictate new standards for
performance testing and new methods for looking at signals. Tradi
tionally tests have been made using an oscilloscope with eye dia
grams. The HP 8980A/81A takes this testing one step further and
provides, in addition to eye diagrams, wide-band Q vs. I diagrams.
Many measurement features have been tailored for automatic radio
testing, such as constellation analysis of common modulation formats
and built in phase/magnitude markers.

Testing advanced radars largely consists of digitizing the I and Q
channels and having a computer analyze the signals. The HP
8980A/8981 A, with its real-time visual display of phase and magni
tude, allows a user to make and view the measurements on the screen.
Phase slopes and transients can be easily seen and quantified. The
effects of adjustments on the receiver will be immediately seen, thus
greatly reducing test and alignment time. The many standard fea
tures provide versatile and convenient measurements, allowing a user
to isolate the source of errors instead of just making go/no go tests.

Demodulator Correction (HP 8981A only)
A powerful routine in the HP 8981 A measures and corrects

demodulator errors. This routine measures the internal demodu
lator's or an external demodulator's quadrature error, I/Q gain im
balance, and DC offsets. The display and digitized outputs can then
be automatically adjusted to correct for these errors.



SIGNAL ANALYZERS 8
Vector Modulation Analysis 163

Models 8980A and 8981A

Digital Communication Signals

I. A simple coherent radar pulse displayed on a vector diagram.
The phase transients at turn on and off, which can cause unwanted
doppler shifts, are readily seen. The delta phase and magnitude mark
ers easily qualify these shifts. A phasecoded pulse, such as a Barker
code, can be displayed and the phase slopes can be measured.

2. If the pulse "on state" is aligned with the I axis, then I versus
time wilJ approximate the magnitude versus time of the pulse and the
Q channel will approximate the incidental phase modulation of the
pulse.

3. By using the vector display, signal phase and magnitude can be
seen and measured. Here a pulse was passed through an amplifier and
the phase and magnitude were marked. Then another amplifier of the
same model was tested. The delta markers now indicate a phase dif
ference of 3.2 degrees and a magnitude difference of .32 dB between
the amplifiers. Thus different components can be matched to an origi
nal reference.

4. A demodulated SAW chirp signal on a vector display. The spi
ral effect is created by a phase change caused by the frequency ramp
and the magnitude of the pulse sloping slowly up and down with co
sine weighting. $2,995

Price
$19,700
$29,000

$65
$35
$90
$45
$30

$0

Ordering Information

HP 8980A Vector Analyzer
HP 8981A Vector Modulation Analyzer
Option 907: Front handle kit
Option 908: Rack flange kit
Option 909: Rack flange and front handle kit
Option 915: Add service manual
Option 916: Add extra operating manual
Option W03: 90 day on-site warranty conversion
(where available)
Option W30: 2 additional years of return to HP service
HP lS980A $400, HP 8981A $600
HP 1I748A Active probe system

HP 8980A and HP 8981A Specifications
I and 0 Channels

Bandwidth (-3dB): 350 MHz dc coupled; approximately I kHz to
350 MHz, ac coupled.
Deflection Factor Range: 5 mV /div to I V/div, continuously ad
justable; full scale in 10 divisions.
DC Vector Accuracy Using Internal ADC: ± I % of full scale (or
2mV if greater) ± I% of offset.
Maximum DC Coupled Input Voltage: ±5V peak.
Maximum AC Coupled Input Voltage: ±25 V dc; ±5 V peak ac.
Transition Time (10% to 90%): Ins.
1-0 Crosstalk: -60 dB or I% of full-scale peak, whichever is
greater, dc to 350 MHz.
Input Termination: 50 ohms or 75 ohms.
Input Coupling: each channel independently: ac, dc, or ground (in
put disconnected).

Timing
Acquisition Method: repetitive sampling.
Time per Division Range: 500 ps/div to 2 ms/div, continuously
adjustable.
Delay I &0 Range: 0 to 100 divisions for specified performance, 20
ms maximum.
Time/Division Accuracy: ±3%.

Triggering
Trigger Sources: selectable from external, internal I, internal Q, or
LINE.
External Trigger Terminations: selectable 50 or 75 ohms.

ECl: 50 ohms or 75 ohms to -2V.
GND: 50 ohms or 75 ohms to gnd.

Internal I or 0 Trigger levels: selectable ac or dc internal coup
ling. Adjustable internal trigger levels.
Gate Operation: a rear panel input. Gate blanks the display and
disables measurements asynchronously with the trigger rate.
Minimum Gate Pulse Width: 100 ns (on or off).
DigitiZing Resolution: 12 bits.

Environment
Operating Temp.: 0 0 C to + 55 0 C (+32 to + 131 0 F).
Non-operating Temp.: -40 0 C to +75 0 C (-4 to +167 0 F).
Operating Humidity: up to 95% relative humidity at +40 0 C.

Power Requirements
Voltage: 100, 120, 220, 240 Vac, -10% to + 10%; 48-66 Hz.
Power: 245 watts, 320 VA maximum.

Dimensions: Package is 5'/4 inch rack height, one module width 23D
HP System II cabinet.
Weight: net approximately 20kg (45 Ibs), shipping approximately 24
kg (53 Ibs).

HP 8981A Demod Mode Specifications
Modulated IF Input Frequency Range: 50 MHz to 200 MHz.
Modulated IF Input level Range: -5 dBm to -20 dBm.
Coherent Reference Input Frequency Range: 50 MHz to 200
MHz.
Coherent Reference Input level Range: + I0 dBm to -20 dBm.
Baseband Bandwidth (3 dB): 100 MHz with external filters. Sup
plemental characteristic of 35 MHz with internal filters.
Corrected Vector dc accuracy at 70 MHz: (typical from 50 to 200
MHz) <2% of full scale IF input.
Supplemental Characteristics
Ouadrature Error: Corrected: <±S deg. Uncorrected: <±I O.

110 Gain Imbalance (dc to 10 kHz): Corrected: <±O.I dB. Uncor
rected: <±0.2S dB.

I. ConstelJation display of a 64 QAM signal. The signal is dis
played Q versus I only at the time defined by the time marker, so you
can mimic the effects of a digital microwave radio's "slicer" circuits.
This display readily shows different types of distortion. The constelJa
tion analysis routine digitizes the signal and calculates I & Q closure,
lock angle error, and quadrature error. The error values are displayed
at the bottom of the screen. This analysis can be performed for
QPSK, 9PRS, 16QAM, 25QAM, 256QAM, 49QAM, 49QPR, &
81 QPR signals.

2. The I and Q channels displayed versus time here show the eye
diagrams of thc I and Q channels. By using the time and delta time
markers the differential delay can be adjusted and measured. Also the
point of maximum eye opening can be determined.

3. A vector display of a QPSK signal shows the transactions be
tween the states whereas the constellation display shows only the
states. The vector display is excellent for seeing how the phase and
amplitude changes during transitions.

4. 3D display of a QPSK signal. Useful for visual, intuitive analy
sis of Q vs. I vs. time waveforms. The waveform can be rotated about
any of the three axes.

Radar Signals



BSIGNAL ANALYZERS
Audio Analyzer, 20 Hz to 100 kHz; Distortion Analyzer, 20 Hz to 100 kHz
Models 89038, 8903E

• Measures distortion, SINAD, signal-to-noise
• Measures true-RMS ac volts, dc volts, frequency
• Low-distortion programmable source
• RMS, average and quasi-peak detection

• Measures distortion, SINAD
• Measures true-RMS ac volts, dc volts, frequency
• RMS, average and quasi-peak detection

HP 8903EHP 8903B

Source Specifications (HP 89038 only)
Frequency
Range: 20 Hz to 100 kHz.
Resolution: 0.3%.
Accuracy: 0.3% of setting.

Output Level
Range: 0.6 mV to 6V open circuit.
Resolution: 0.3% or better.
Accuracy (open circuit): 2% of setting 60 mV to 6V, 20 Hz to 50
kHz; 3% of setting 6 mV to 6V, 20 Hz to 100 kHz; 5% of setting 0.6
mV to 6 mY, 20 Hz to 100 kHz.

20kHz5 kHz2 kHz50Hz

~source and Analyzer
~

..-.-.- -'-'-'-'1:~aIYZer O:IY

200 Hz 500 Hz

FREQUENCY

Typical residual THD + noise of source and analyzer combined
(source voltage set to 1.5V, 80 kHz BW). Dashed line represents
typical residual THD + noise for the analyzer only.

Signal-to-Noise
Frequency range: 50 Hz to 100 kHz.
Display range: 0 to 99.99 dB.
Accuracy: ±l dB.
Input voltage range: 50 mV to 300V.
Residual noise (the higher of): -85 dB or 17 /LV, 80 kHz BW; -70
dB or 50 /LV, 500 kHz BW.

W -75
(/)

6 -80Z

."c -80
ttl

iii -70
~

B -85

f=
cr: -90

2
(/) -95
Ci
<i. -100

:l
0-105
iii
~ -110

20 Hz

HP 89038 and HP 8903E Specifications

System Specifications
(HP 8903B only, source and analyzer combined)

Distortion
Residual Distortion and Noise (the higher of):

80 kHz BW: -80 dB (0.01%) or 17 /LV, 20 Hz to 20 kHz.
500 kHz BW: -70 dB (0.032%) or 50 /LV, 20 Hz to 50 kHz.

-65 dB (0.056%) or 50 /LV, 50 kHz to 100 kHz.

Low Frequency Applications
The HP 8903B/E have many features which make difficult audio

measurements easy. These include flexible data display formats, a se
lectable balanced or unbalanced input, plug-in filters, and automatic
notch filter tuning. With the ratio key, you can establish a reference in
% or dB and directly make frequency response and 3 dB bandwidth
measurements without computation. A fully balanced analyzer input
allows testing of bridged power amplifiers found in many radios and
car stereos as well as professional balanced audio equipment.

With two internal plug-in filter slots and six optional filters to
choose from, we simplify your audio measurements by providing the
filter networks required by international standards. (See the next
page for a complete list of filters.) The HP 8903B and HP 8903E both
use true-RMS detection (for all signals with crest factor 3) for accu
rate measurement of complex waveforms and noise. Average and
quasi-peak detectors are also available. (Quasi-peak is selectable only
via HP-IB on the HP 8903E.) Accurate distortion measurements typ
ically can be made down to less than -90 dB (0.003%) from 20 Hz to
20 kHz.

For receiver testing, both instruments have a tunable SINAD
notch filter. On the HP 8903B, the filter is automatically tuned to the
source frequency. With the HP 8903E, a front-panel key allows the
operator to lock the notch filter at any given input frequency.

HP 89038 Audio Analyzer and
HP 8903E Distortion Analyzer

The HP 8903B Audio Analyzer and HP 8903E Distortion Analyz
er provide unparalleled versatility and performance for audio mea
surements from 20 Hz to 100 kHz. The HP 8903B combines the
functionality of a low-distortion audio source, high-performance dis
tortion analyzer, frequency counter, ac voltmeter, de voltmeter and
SINAD meter into one compact package. With microprocessor con
trol of source and analyzer, the HP 8903B can perform stimulus
response measurements, such as signal-to-noise ratio and swept dis
tortion, automatically with no additional equipment. The HP 8903E
Distortion Analyzer is the analyzer portion of the HP 8903B Audio
Analyzer. (The HP 8903E has no source.)

For ease of use, most measurements on the HP 8903B and HP
8903E are made with only one or two keystrokes. Both instruments
automatically tune and autorange for maximum accuracy and resolu
tion. For quick identification of input signals, the analyzer counts and
displays the input frequency in all ac measurement modes.



General
Temperature: operating, O°C to 55°C; storage, -55°C to 75°C.
Power: 100, 120,220, or 240V (+5, -10%); 48-66 Hz. 100 or 120V
+5, -10%); 48-440 Hz. 100 VA maximum.
Weight: HP 8903B: net 12.3 kg (27 lb.); shipping 16.4 kg (36 lb.) HP
8903E: net 11.8 kg (26 lb.); shipping 15.9 kg (35 lb.)
Dimensions: 146 mm H x 425 mm W x 462 mm D. (5.75 x 16.8 x
18.2 in.)

Internal Plug-in Filter Options
Both the HP 8903B and HP 8903E have TWO internal plug-in

filter slots, each of which will accept one of six optional filters. The
standard HP 8903B and HP 8903E come with 30 kHz and 80 kHz
low-pass filters, but with NO PLUG-IN FILTERS. The appropriate
filter options must be ORDERED for the analyzers to have any of the
filters listed below. Each filter option has TWO option numbers: the
010 series for the left filter slot and the 050 series for the right filter
slot. Each filter option ordered (maximum of two) adds additional
cost to the instrument.

Analyzer Input
Input type: Balanced (full differential).
Input impedance: 100 kn ± I % shunted by <300 pF, each side to
ground. (In dc-level mode the input resistance is 101 kn ±1 %).
Max input (maximum peak input voltage, any combination of
ac/dc):
HP 8903B: 425 volts peak, applied differentially or between either
input to ground.
HP 8903E: 42 volts peak, Low side to ground.

425 volts peak, differentially or High side to ground.
CMRR: >60 dB, 20 Hz to 1 kHz, Yin <2V; >45 dB, 20 Hz to I kHz;
>30 dB, 20 Hz to 20 kHz.

+ $131.50

+ $130

$4200
+ $210
+ $298

Price

$5950
+ $100
+ $285

+ $120

+ $80

+ $210
+ $210
+ $210
+ $210
+ $210
+ $210

+ $55
+ $33.50
+ $82.50

Right slot
050
051
052
053
054
055

Option Numbers
Filter Position

Left Slot
010
011
012
013
014
015

Options for both HP 89038 and HP 8903E
Opt 010 or 050 400 Hz High-Pass filter
Opt 011 or 051 CCITT Weighting filter
Opt 012 or 052 CCIR Weighting filter
Opt 013 or 053 C-Message Weighting filter
Opt 014 or 054 CCIR/ARM Weighting filter
Opt 015 or 055 "A" Weighting filter
Opt 907 Front handle kit (5061-9689)
Opt 908 Rack mounting flange kit (5061-9677)
Opt 909 Front panel handle plus rack flange kit
(5061-9683)

UP 8903E Distortion Analyzer
Opt 001 RF connectors on rear panel only
Opt 910 2 sets of operation/calibration (08903
90053) and service manuals (08903-90065)
Opt 915 Service manual (08903-90065) supplied with
instrument
Opt W30 2 years additional hardware service

Ordering Information

Analyzer Mainframes
UP 8903B Audio Analyzer

Opt 001 RF connectors on rear panel only
Opt 910 2 sets of operation/calibrati0n (08903
90079) and service manuals (08903-90062)
Opt 915 Service manual (08903-90062) supplied with
instrument
Opt W30 2 years additional hardware service

Filters

400 Hz High-Pass
ccm Weighting Filter
CCIR Weighting Filter
C-MESSAGE Weighting Filter
CCIR/ARM Weighting Filter
"A" Weighting Filter

AC Level
Full range display: 300.0V, 30.00V, 3.000V, .3000V, 30.00 mY,
3.000 mY, 0.3000 mY.
Overrange: 33%, except on 300V range.
Accuracy: ±2%, 50 mV to 300V, 20 Hz to 20 kHz; ±4%, 0.3 mV to
50 mV, 20 Hz to 100kHz; ±4%, 50 mV to 3OOV, 20 kHz to 100 kHz.
Supplemental Characteristics

AC converter: true-rms responding for signals with crest factor up
to 3, rms-calibrated average detection and quasi-peak.
3 dB measurement bandwidth: >500 kHz.

SINAD
Fundamental frequency range: 20 Hz to 100 kHz.
Display range: 0 to 99.99 dB.
Residual distortion and noise: same as listed under Distortion.
Accuracy: ±I dB, 20 Hz to 20 kHz; ±2 dB, 20 kHz to 100 kHz.
Input voltage range: 50 mV to 300V.
Supplemental Characteristics

Detection: true rms or rms-calibrated average.
Tuning: HP 8903B: notch filter is tuned to the internal source fre
quency. HP 8903E: notch filter is tuned to the counted input fre
quency. Notch filter hold function available on front panel.

Standard Audio Filters
30 kHz Low-Pass Filter

3 dB cutoff frequency: 30 kHz ±2 kHz.
RolloH: third-order Butterworth; 18 dB/octave or 60 dB/decade.

80 kHz Low-Pass Filter
3 dB cutoH frequency: 80 kHz ±4 kHz.
RolloH: third-order Butterworth; 18 dB/octave or 60 dB/decade.

Frequency Measurement
Measurement range: 20 Hz to 150 kHz. (20 Hz to 100 kHz in dis
tortion and SINAD modes.)
Resolution: 5 digits (0.01 Hz for input frequencies <100 Hz).
Accuracy: ±(0.004% + I digit).
Sensitivity: 50 mV in distortion and SINAD modes, 5.0 mV in ac
level and signal-to-noise (HP 8903B only) modes.

DC Level
Full range display: 300.0V, 48.00V, 16.00V, 4.0ooV.
Overrange: 33%, except on 300V range.
Accuracy: ± 1.0% of reading, 600 mV to 300V.

±6 mY, Yin <600 mY.

HP 89038 and HP 8903E
Analyzer Specifications

Distortion
Fundamental frequency range: 20 Hz to 100 kHz.
Display range: 0.001 % to 100% (-99.99 to 0 dB).
Accuracy: ± 1 dB, 20 Hz to 20 kHz; ±2 dB, 20 kHz to 100 kHz.
Input voltage range: 50 mV to 300V.
Residual distortion and noise (the higher of):

80 kHz BW: -80 dB (0.01 %) or 15 /JV, 20 Hz to 20 kHz.
500 kHz BW: -70 dB (0.032%) or 45 /JV, 20 Hz to 50 kHz.

-65 dB (0.056%) or 45 /JV, 50 kHz to 100 kHz.
Supplemental Characteristics

3 dB measurement bandwidth: 10Hz to 500 kHz.
Detection: true rms or rms calibrated average.

Flatness (1 kHz reference): ±0.7% (±0.06 dB), 20 Hz to 20 kHz;
±2.5% (±0.22 dB), 20 Hz to 100 kHz.
Distortion and noise (the higher of):

80 kHz BW: -80 dB (0.01%) or 15/JV, 20 Hz to 20 kHz.
500 kHz BW: -70 dB (0.032%) or 38/JV, 20 Hz to 50 kHz.

-65 dB (0.056%) or 38/JV, 50 kHz to 100 kHz.
Impedance: 600n ±I% or 50n ±2%, Front panel selectable. (HP-IB
programmable.)
Sweep mode: log sweep with up to 500 points per decade or 255
points total between entered start and stop frequencies.



BSIGNAL ANALYZERS
Modulation Analyzer, 150 kHz to 1300 MHz
Models 8901A, 89018

• Measures AM and FM to 1% accuracy
• Measures RF frequency
• Measures RF power
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HP 8901A and HP 89018 Modulation Analyzers
The HP 890lA and HP 890lB modulation analyzers combine the

capabilities of several RF instruments to give complete, accurate
characterization of modulated signals in the ISO kHz to 1300 MHz
frequency range. Both instruments very accurately measure modula
tion and recover the modulation signal. They determine RF frequen
cy and measure RF power. The major additional capabilities of the
HP 890lB are its improved power meter accuracy, its ability to use
external power sensors, to make adjacent channel power measure
ments or carrier noise measurements (with options 030-037) and its
ability to count audio frequencies and measure distortion on 400 Hz
and I kHz signals. Both instruments are fully automatic and make all
major measurements with the push of a key or under HP-IB control.

Transmitter Testing
The HP 8901 AlB has the features required to perform standard

transmitter measurements. It measures transmitter power, counts
frequency, and measures the signal modulation very accurately. The
HP 8901 B also characterizes the demodulated audio signal's frequen
cy, level, and distortion. With Option 030 the HP 890lB can quickly
and accurately make adjacent channel power measurements to CEPT
standards.

RF Signal Characterization
The HP 890lA/B is an excellent lab & production tool for accu

rately characterizing RF signals.
Use the HP 890lA/B to make accurate AM/~M and FMI AM

conversion measurements of phase and amplitude sensitive devices
such as bandpass filters and multiple channel receivers. Excellent iso
lation between AM and FM make it simple to separate the AM and
~M of AM stereo, incidental AM of FM transmitters and the AM,
FM, and ~M components of complex signals.

Automatic Test Systems
The HP 8901 AlB is an important component of automatic RF test

systems. All functions are fully automatic and easily programmed.
With these measurements combined into one instrument, interfacing
requirements, hardware costs, and software development time are re
duced.

HP 8901A and HP 89018 Specifications

RF Input
Frequency range: 150 kHz to 1300 MHz
Operating level: 12 mVrms to 7 Vrms.
Input impedance: son nominal.
Tuning: manual frequency entry, automatic, or track.
Acquisition time (automatic operation): ~ 1.5 seconds.
Maximum safe input level (typical): 35 Vrms (25W for source
SWR <4), ac; 40V, dc.

Frequency Modulation
Rates: 20 Hz to 200 kHz.
Deviations: 400 kHz.

Accuracy:
±2% of reading ± 1 digit, 20 Hz to 10 kHzratcs, 250 kHz to 10 MHz.
± I% of reading ± I digit, 50 Hz to 100 kHz rates, 10 MHz to 1300
MHz.

Demodulated output distortion: <0.1 % THD.
AM rejection (for 50% AM at 400 Hz and 1 kHz rates): <20 Hz
peak deviation measured in a 50 Hz to 3 kHz BW.
Residual FM (50 Hz to 3 kHz BW): <8 Hz rms @ 1300 MHz, de
creasing linearly with frequency to < I Hz rms for 100 MHz and be
low.

Maximum deviation resolution: I Hz.
Stereo separation (50 Hz to 15 kHz): >47 dB typical.

Phase Modulation
Carrier frequency: 10 MHz to 1300 MHz.
Rates: 200 Hz to 20 kHz; typically usable from 20 Hz to 100 kHz
with degraded performance.
Deviation: to 400 radians.
Maximum deviation resolution: 0.001 radian.
Accuracy: ±3% of reading ± I digit.
Demodulated output distortion: <0.1% THD.
AM rejection (for 50% AM at 1 kHz rate): <0.03 radian peak devia
tion (50 Hz to 3 kHz BW).

Amplitude Modulation
Rates: 20 Hz to 100 kHz.
Depth: to 99%.
Accuracy:
±2% of reading ± 1 digit, 50 Hz to 10 kHz rates, 150 kHz to 10 MHz.
± 1% of reading ± I digit, 50 Hz to 50 kHz rates, 10 MHz to 1300
MHz.
Flatness (variation in indicated AM depth lor constant depth on
input signal): ±0.3% of reading ± I digit.
Demodulated output distortion: <0.3% THD.
FM rejection (at 400 Hz and 1 kHz rates, 50 Hz to 3 kHz BW):
<0.2% AM.
Residual AM (50 Hz to 3 kHz BW): <0.01 % rms.
Maximum depth resolution: 0.01 %.

Frequency Counter
Range: ISO kHz to 1300 MHz.
Accuracy: ±3 counts of least significant digit ± reference accuracy.
Internal reference:
Frequency: 10 MHz.
Aging rate: <1xI0-6/month (optional: IxlO-9/day).
Maximum resolution:
HP 8901A: 10Hz for frequencies <1 GHz; 100 Hz for frequencies
~l GHz.
HP 8901B: 1 Hz.

HP 8901A RF Level (Peak Voltage Responding, RMS Sine
Wave Power Calibrated)
Range: I mW to IW.
Instrumentation accuracy: ± 1.5 dB; 0.7 dB typical.
SWR: S 1.3, 150 kHz to 650 MHz; S 1.5,650 MHz to 1300 MHz.
Maximum resolution: 0.001 mW for levels <0.01 W.



HP 89018 RF Level (True RMS)
Frequency range with HP 11722A: 100 kHz to 2.6 GHz.
Power range: -20 dBm to +30 dBm.
RF range-to-range change error:
±0.02 dB/RF range change from reference range.
Input SWR: < 1.15, using HP 11722A Sensor Module.
Zero set (digital settability of zero):
±0.5% ±I digit of full scale on lowest range.
Decrease by a factor of 10 for each high range.
RF power resolution:
0.1 % of full scale in watts or volts mode.
0.001 in dBm or dB relative mode.

8

HP 11715A AM/FM Test Source
The HP 11715A AM/FM Test Source provides very flat, wide

bandwidth, and low distortion amplitude or frequency modulated RF
signals. Designed primarily for performance tests and adjustments of
the HP 8901A/B Modulation Analyzer and HP 8902A Measuring
Receiver, it will also serve as a high quality modulated test oscillator
where its frequency ranges apply.

The major components of the HP 11715A are a low-noise voltage
controlled oscillator (VCO), two digital dividers, and a double-bal
anced mixer. The VCO is the primary signal source, with a typical
frequency range of 330 to 470 MHz at the FM OUTPUT. FM is
produced by directly coupling the external modulation source to the
VCO's tune input, providing very wide bandwidth modulation with
low phase shift. This design also ensures very little incidental AM.

The HP 11715A can also be used in conjunction with an
HP 8901A/B and an HP 8902A as a calibrated signal source for spe
cial applications. In particular, the U.S. commercial FM broadcast
band of 88 to 108 MHz is covered by the FM -:- 4 OUTPUT of the
HP 11715A.

HP 11715A Specifications

FM Outputs
Frequency range:
11 to 13.5 MHz, AM FM -:- 32 output.
88 to 108 MHz, FM -:- 4 output.
352 to 432 MHz, FM output.
Peak deviation:
> 12.5 kHz, 11 to 13.15 MHz carrier.
> 100 kHz, 88 to 108 MHz carrier.
>400 kHz, 352 to 432 MHz carrier.
Distortion:
<0.025% THD ( <-72 dB) for

HP 89018 Selective Power Measurements (Options
030-037)
Frequency range: 10 MHz to 1.3 GHz.
Carrier power range: + 30 dBm to -20 dBm, 12.5, 25 and 30 kHz
filters; +30 dBm to -10 dBm, Carrier Noise Filter.
Dynamic range: 115 dB.
Carrier rejection (temp. ~35° C): >90 dB, for offsets ~1 channel
spacing or 5 kHz, whichever is larger.
Relative accuracy: ±0.5 dB, levels ~-95 dBc or levels ~-129

dBc/Hz.

Power Reference
Power output: 1.00 mW. Factory set to ±0.7%, traceable to the U.S.
National Bureau of Standards.
Accuracy: ±1.2% worst case (±0.9% rss) for one year (O°C to
55°C).

Audio Filters
High pass (3 dB cutoff frequency): 50 Hz and 300 Hz
Low pass (3 dB cutoff frequency except> 20 kHz filter): 3 kHz, 15
kHz, >20 kHz.
De-emphasis filters: 25 itS, 50 itS, 75 itS, and 750 itS.

Calibrators (Standard HP 89018, Option 010
HP 8901A)
AM calibrator depth and accuracy: 33.33% depth, nominal; inter
nally calibrated to an accuracy of ±O.I %.
FM calibrator deviation and accuracy: 34 kHz peak deviation,
nominal; internally calibrated to an accuracy of ±O.I %.

General Characteristics
Operating temperature range: 0° to 55°C.
Power requirements: 100, 120,220, or 240V (+5%, -10%);
48-66 Hz; 200 VA max.
Weight: HP 8901A-net 20 kg (44Ib), shipping 25 kg (55 lb);
HP 8901 B-net 23 kg (52Ib), shipping 31 kg (69 Ib).
Size: HP 8901 A, 190 mm H x 425 mm W x 468 mm D (7.5 in. x 16.8
in. x 18.4 in.); HP 8901B, 190 mm H x 425 mm W x 551 mm D (7.5
in. x 16.8 in. x 21.7 in.)

HP 11715A

Opt 910 2 sets of operation/calibration (08901
90113) and service manuals (08901-90114)
Opt 915 Service manual (08901-90114) supplied
with instrument
Opt W30 2 years additional hardware service

+$360

+$150

+$260

$0
$0
$0
$0

+$650
+$80

Price
$9,900
+$110
+$800
+$425
+$280

+$200
$14,000

+$225
+$775
+$400
+$300

Price
$2,650

+$24

Flatness:
±O.I %, dc to 100 kHz rates.
±0.25%, dc to 200 kHz rates.
Stereo separation (88 to 108 MHz carrier, 75 kHz peak deviation,
1 kHz rate): >60 dB typical.

AM Output
Frequency range (AM FM -:- 32 output): 11 to 13.5 MHz.
Depth: to 99%.
Distortion:
<0.05% THD « -66 dB), 50% AM, 20 Hz to 100 kHz rates.
<0.1% THD «-60 dB), 95% AM, 20 Hz to 100 kHz rates.
Flatness: ±O.I %, 50 Hz to 50 kHz rates;
±0.25%, 20 Hz to 100 kHz rates.
Linearity: ±O.l %, <95% AM; ±0.2%, <99%.

Ordering Information
HP 1I715A AM/FM Test Source

Opt 910 2 sets of operating and service manuals
(11715-90004)

Carrier frequency Peak deviation Modulation rate

12.5 MHz 12.5 kHz <10 kHz

100 MHz 100 kHz <100 kHz

400 MHz 400 kHz <100 kHz

Ordering Information
UP 890lA Modulation Analyzer

Opt 001 RF connectors on rear panel only
Opt 002 Ix1O-9/day internal reference
Opt 003 Connections for external local oscillator
Opt 004 Operation from 48 to 440 Hz power
(Temp. <40°C)
Opt 010 AM and FM calibrators
Opt 910 2 sets of operating (08901-90031) and serv
ice manuals (08901-90032)
Opt W30 2 years additional hardware service

HP 89018 Modulation Analyzer
Opt 001 RF connectors on rear panel only
Opt 002 I x10-9/ day internal reference
Opt 003 Connections for external local oscillator
Opt 004 Operation from 48 to 440 Hz power
(Temp. <40°C)
Opt 021 Add HP 11722A Sensor Module +$2,147
Opt 030 High selectivity (select only 2 filter options) +$2,550
(Options 032-037 require Option 030; Option 030 includes
Option 003 connections for external local oscillators.)
Opt 032 12.5 kHz filter
Opt 033 20.0/25.0 kHz filter
Opt 035 Cellular Radio Filter
Opt 037 Carrier Noise Filter



BSIGNAL ANALYZERS
Measuring Receiver, 150 kHz to 1300 MHz
Model 8902A

• RF power: digital power meter accuracy
• Tuned RF level: 0 dBm to -127 dBm dynamic range
• Carrier Noise: AM and phase noise measurements to

-140 dBc/Hz

• AM and FM, 1% accuracy; 0M, 3% accuracy
• RF frequency: 1 Hz resolution
• Audio: frequency, level and distortion

HP 8902A

HP 8902A Measuring Receiver
The HP 8902A Measuring Receiver combines six precise measure

ment functions into one fully automatic, HP-IB programmable in
strument. It accurately measures RF power, tuned RF level, carrier
noise/adjacent channel power, modulation and RF frequency, and
characterizes audio signals. For precise signal analysis, the HP
8902A Measuring Receiver provides the performance you need.

Metrology and Calibration
The HP 8902A Measuring Receiver makes signal generator and

attenuator calibration easier than ever before. As the main compo
nent in the HP 8902AT Attenuator Calibration System and the HP
8902SG Signal Generator Test System, the HP 8902A provides ex
ceptional accuracy, wide dynamic range and a broad range of mea
surements.

The HP 8902A quickly and accurately measures your signal gener
ator's RF frequency, RF level flatness, output level accuracy to -127
dBm, AM and FM with 1% accuracy, incidental and residual AM,
FM and phase modulation, carrier noise down to -140 dBc/Hz and
characterizes the demodulated audio signals.

For attenuator calibration and other relative measurements, the
HP 8902A gives you the accuracy and dynamic range you need. Op
tion 050 gives ±(0.015 dB + 0.005 dB/IO dB) relative power accura
cy to test attenuators to the most stringent specifications.

RF Signal Characterization
The HP 8902A Measuring Receiver is an excellent lab and produc

tion tool for accurately characterizing RF signals from 150 kHz to
1300 MHz.

Level measurements down to -127 dBm with superb accuracy
make the HP 8902A ideal for testing devices such as antennas, mul
tiplexers, log/linear amplifiers, filters and mixers. Unlike diode detec
tors, the HP 8902A's power meter accurately measures signals with
harmonics and spurious.

The HP 8902A makes accurate AM to ~M and FM to AM conver
sion measurements of phase and amplitude sensitive devices such as
bandpass filters and multiple channel receivers. Excellent isolation
between AM and FM makes it simple to separate the AM and ~M of
AM stereo, incidental AM of FM transmitters and the AM, FM and
~M components of complex signals.

Automatic Test Systems
The HP 8902A is an important component of automatic RF test

systems. All functions - power, level, frequency count, carrier noise,
modulation, audio analysis - are fully automatic and easily
programmed. With these measurements combined into one instru
ment, interfacing requirements, hardware costs, and software devel
opment time are reduced.

HP 8902A Specifications
RF Power (With HP 11722A Sensor Module)
Range: + 30 dBm (l W) to - 20 dBm (l0 JLW).
Frequency range: 0.1 MHz to 2.6 GHz.
Linearity: ±0.02 dB (within range) ±0.02 dB per range change from
reference range ± I count LSD.
Input SWR: <1.15.

Tuned RF Level
Range: 0 dBm to -127 dBm.
Frequency range: 2.5 MHz to 1300 MHz.
Relative accuracy: ±0.02 dB ± 0.02 dB per IF range change ±0.04
dB per RF range change ± I digit.
Worst case cumulative relative power accuracy (with Opt
050)1.2:

±0.005 dB/IO dB step (0 to -100 dBm).
±0.050 dB/IO dB step (-100 to -120 dBm).
±0.015 dB ±I digit.

Selective Power Measurements (Carrier Noise, Options
030-037)
Frequency range: 10 MHz to 1300 MHz.
Carrier power range:

+30 dBm to -20 dBm; 12.5 kHz, 25 kHz and 30 kHz filters.
+30 dBm to -10 dBm; Carrier Noise filter.

Relative measurement accuracy:
±0.5 dB; levels> -95 dBc; 12.5 kHz, 25 kHz and 30 kHz filters.
±0.5 dB; levels> -129 dBc/Hz; Carrier Noise filter.

Filter bandwidths: 2.5 kHz, Carrier Noise filter; 8.0 kHz, 12.5 kHz
filter; 16.0 kHz, 25 kHz filter; 30.0 kHz, Cellular Radio filter.

RF Frequency
Range: 150 kHz to 1300 MHz.
Maximum resolution: I Hz.

AmplitUde Modulation
Rates: 20 Hz to 100 kHz.
Depths: to 99%.
Accuracy: ± 1% of reading ± I digit, for rates 50 Hz to 50 kHz and
depths ~5%.

Frequency Modulation
Rates: 20 Hz to 200 kHz.
Deviations: to 400 kHz.
Accuracy: ± I% of reading ± I digit, for rates 50 Hz to 100 kHz.

Phase Modulation
Rates: 200 Hz to 20 kHz.
Deviations: to 400 radians.
Accuracy: ±3% of reading ± I digit.

Audio Level, Frequency and Distortion Capability
Audio Level

Accuracy: ±4% of reading, 100 mV to 3V.
Audio Frequency

Display resolution: 6 digits, to 250 kHz.
Audio Distortion

Accuracy: ± I dB, 400 Hz and I kHz.

'Specifications are warranted when using a Hewlett·Packard synthesized source with less than
100 Hz peak residual FM measured In a 3 kHz post detection bandwidth over a 3D-second period.
'Accuracy specifications do not include mismatch uncertainty.



Measuring Receiver,~!~~~~d~e~~~~~i~nRK~ 1,691
Models 8902A, 11722A, 11812A

HP 11812A Verification Kit
The HP 11812A Verification Kit is available to verify the perform

anceofthe HP 8902A Option 050 tuned RF level function to ±(0.015
dB + 0.010 dB/10 dB step). The kit consists of a step attenuator, two
10 dB pads semi-permanently attached, a cable, and a case.

HP 11812A Specifications
Frequency: 30 MHz.
HP 11812A accuracy: ±(0.003 dB + 0.003 dB/I0 dB step).
Option 050 worst case cumulative tuned RF level accuracy veri
fied with the HP 11812A:
±0.010 dB/lO dB step (0 to -100 dBm)
±0.050 dB/ 10 dB step (-100 to -120 dBm)
±0.015 dB ±l digit.

Cal Factor Uncertainty
Frequency RSS Uncertainty Wont Case Uncertainty

0,1 MHz 0.7% 1.6%
0,3 MHz 0.7% 1.6%
1.0 MHz 0,8% 1.7%
3,0 MHz 0,8% 1.7%

10,0 MHz 0,9% 2,0%
30,0 MHz 09% 2,0%
50,0 MHz 0,0% (ref.) 00% (ref.)

100,0 MHz l.l% 2,2%
3000 MHz l.l% 2,2%

1000,0 MHz l.l% 2,2%
2600,0 MHz 1.2% 2.3%

HP 11722A Specifications
Frequency range: 100 kHz to 2.6 GHz,
Power range: + 30 dBm (J watt) to -20 dBm (10 J.LW).
Input SWR (connected to an HP 8901 B or 8902A): < 1.15, for RF
power measurements.
Power sensor linearity: +2%, -4%; +30dBm to +20 dBm. Negligi
ble deviation, levels <+20 dBm.
Calibration factors: Each HP 11722A Sensor Module is individually
calibrated. The calibration factors are printed on the HP 11722A
Sensor Module for easy reference.

HP 11722A

HP 11722A Sensor Module
The HP 11722A Sensor Module was designed for use with the HP

8901B Modulation Analyzer and HP 8902A Measuring Receiver.
The HP 11722A contains a silicon monolithic thermocouple as a pow
er sensing element.

With the HP 11722A Sensor Module, you get all the performance
of the HP 8901B or HP 8902A, plus superb power measurement ac
curacy, at a single connector. You can characterize a signal without
switching back and forth between the power sensor and the analyzer's
RF input.

Each HP 11722A Sensor Module is individually calibrated, trace
able to the U.S. National Bureau of Standards. The calibration fac
tors are printed on the sensor module for easy reference. Enter these
factors into the HP 890lB or HP 8902A's non-volatile memory and
the instrument automatically compensates for the power sensor's effi
ciency and mismatch loss at each frequency.

+ $150

Price
$23,900
+ $225

+$775
+ $400
+ $300

$0
$0
$0
$0

+ $3,600
+ $65
I $35
+ $90

+ $360

+ $2,147
+$2,550

Ordering Information
UP 8902A Measuring Receiver

Opt 001 Rear panel instead of front panel connections
for input, modulation output, and calibrators
Opt 002 Ix I0-9/day internal reference oscillator
Opt 003 RF connectors on rear panel only
Opt 004 Operation from 48 Hz to 400 Hz power line
(temp. <40°C)
Opt 021 Add HP 11722A Sensor Module
Opt 030 High selectivity (select only two filter op
tions)

(Options 032-037 require Option 030. Option 030
includes Option 003 connections for external local
oscillator.)

Opt 032 12.5 kHz Filter
Opt 033 25.0 kHz Filter
Opt 035 Cellular Radio Filter
Opt 037 Carrier Noise Filter
Opt 050 Increased power measurement accuracy
Opt 907 Front panel handle kit (5061-9690)
Opt 908 Rack mounting flange kit (5061-9678)
Opt 909 Front panel handle plus rack mounting
flange kit (5061-9684)
Opt 910 2 sets operation/calibration (08902-90029)
and service manuals (08902-90031)
Opt 915 Service manual supplied with instrument
(08902-90031 )

Ordering Information
HP 11812A Verification Kit

Price
$2,050

Ordering Information
UP 11722A Sensor Module

Opt 910 Additional operating and service manual

Price
$2,150
+ $10



BSIGNAL ANALYZERS
Attenuator Calibration System
Models 8902AT, 11806B, 11823A/B/C

• Exceptional accuracy: ±0.015 dB ±0.005 dB/10 dB
• 100 dB dynamic range

• Tests fixed, manual, and programmable attenuators
• 10 MHz to 26.5 GHz

e
HP 8902AT

Attenuation Accuracy:1

HP 8902AT Specifications
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Dynamic Range:
+10 dBm to -117 dBm, 10 MHz to 1300 MHz,
odBm to -100 dBm, 1300 MHz to 18 GHz,
odBm to -95 dBm, 18 GHz to 26.5 GHz.

Accessory Kits
The HP 8902AT Attenuator Calibration System includes an at

tenuator accessory kit and an SWR accessory kit. The HP 11823A/B
Attenuator Accessory Kit includes 10 dB matching attenuators and
adapters to test attenuators with Type-N, APC-3.5, and APC-7 con
nectors. The HP 11823C SWR Accessory Kit includes precision
SWR bridges, opens, shorts, and terminations.

HP 8902AT Attenuator Calibration System
The HP 8902AT offers the total solution for attenuator calibration.

It is configured for optimal performance from 10 MHz to 18 GHz.
Option 026 extends the superb performance to 26.5 GHz. The HP
8902AT combines the exceptional accuracy of the HP 8902A Option
050 with the HP 11806B Attenuator Test Software to give you pre
cise results with the speed of automation.

The HP 8902AT minimizes measurement uncertainty by specify
ing 0.005 dB/lO dB attenuation accuracy, monitoring the output
power of the attenuator source, and automatically adjusting for any
amplitude instabilities. This provides you with state-of-the-art accu
racy, simply and repeatably.

The HP 8902AT includes the HP 11806B Attenuator Test Soft
ware, HP 8902A Option 050 Measuring Receiver, HP I 1793A Mi
crowave Converter, local oscillator, attenuator source, power splitter,
power sensor, attenuator accessory kit, and SWR accessory kit. For a
detailed list of equipment see the HP 8902S Ordering Guide.

For optimal dynamiC range the attenuator source level can be
Iflcreased to ·11 dBm and smaller matching attenuators can be used
This results In an additional 0 1 dB uncertainty for frequencies
1300 MHz to 265 GHz

HP 118068 Attenuator Test Software
The HP 11806B provides the efficiency and repeatability of auto

mation for attenuator calibration. By entering a table of frequencies,
levels and specification limits, you can test any RF or microwave at
tenuator - fixed, manual or programmable· quickly and accurately.

The HP 11806B offers flexibility and ease of use with user-select
able averaging, various output formats, and flexible hardware con
figurations. With additional features such as statistical analysis,
multiple test frequencies, and supporting multiple attenuator sources
the HP I 1806B is the ideal software pac for all your attenuator cali
bration needs.

Software Support
Two levels of software support services are available for the HP

11806B Signal Generator Performance Test Software; Software Ma
terial Subscription (SMS) and Software Notification Service (SNS).

SMS guarantees that software upgrades are provided on a timely
basis as improvements to the software are made. Software Status Bul
letins and Software Release Bulletins are also provided with SMS.

SNS provides information about software improvements with Soft
ware Status Bulletins and Software Release Bulletins.

Ordering Information
UP 8902AT Attenuator Calibration System

Opt 026 26.5 GHz coverage

UP 11806B Attenuator Test Software
HP 11806B + S4S Software material subscription
HP 11806B + NOO Software notification service

HP 11823A Attenuator Accessory Kit
UP 11823B Attenuator Accessory Kit
UP 11823C SWR Accessory Kit

'Accuracy specifications do not include mismatch uncertainty.

Price
$117,000
+$44,000

$3,000
$15/month

$5/month

$5,500
$6,500

$19,500



• Frequency coverage to 26,5 GHz
• Powerful software offers simple test modifications

e

HP 8902SG

HP 8902SG Signal Generator Test System
The HP 8902SG Signal Generator Test System provides a versatile

and powerful solution for testing RF and microwave signal genera
tors, System hardware provides accurate measurements and complete
automation; the dedicated software adds flexibility, speed, and ease
of-use,

The standard system includes the HP 8902A Measuring Receiver,
the HP 8903B Audio Analyzer, an HP 8562B Spectrum Analyzer,
and the HP 3488A Switch Control Unit to provide complete automa
tion, The HP 11808A Signal Generator Performance Test Software
is included, as are all cables and adapters required to complete the
system. Options 018 and 026 add the HP 11793A Microwave Con
verter and a synthesized local oscillator to extend measurement capa
bilities to microwave frequencies,

Many common signal generator performance tests can be run with
the 8902SG. Tests such as Output Level Accuracy, Output Flatness,
AM and FM Accuracy are but a few of those available. The system
can be expanded to offer additional tests such as Pulse Rise/Fall time
and third order intermodulation distortion, The system software is
easily updated to reflect changes in the test equipment used,
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Models 8902SG, 11808A

• Fully automated system: more thorough testing in less
time

• Fast, accurate, and repeatable mp.asun:~ments

Amplitude Modulation
Rates: 20 Hz to 100 kHz,
Depths: to 99%.
Accuracy: ±1% of reading ±I digit, for rates 50 Hz to 50 kHz and
depths 25%.

Frequency ModUlation
Rates: 20 Hz to 200 kHz,
Deviations: to 400 kHz.
Accuracy: ± I% of reading ± 1 digit, rates 50 Hz to 100 kHz.

Phase Modulation
Rates: 200 Hz to 20 kHz,
Deviations: to 400 radians,
Accuracy: ±3% of reading ± I digit.

Audio Source
Frequency range: 20 Hz to 100 kHz.
Frequency accuracy: 0.3% of setting,

Audio Analyzer
Distortion frequency range: 20 Hz to 100 kHz fundamentals,
Distortion accuracy: ± I dB, 20 Hz to 20 kHz,

General
Temperature: Operating, O°C to 55°C; Storage, -25°C to 75°C.
Power: 100,120,220, or 240V (+5%,-10%); 48-66 Hz,

HP 11808A Signal Generator Performance Test
Software

The HP 11808A software provides 29 common performance tests
for RF and microwave signal generators, The software is structured
so that tests are defined by data files; data files for HP signal genera
tors are included with the software - others can be created easily
through simple screen entries.

The software supports the equipment in the HP 8902SG configura
tions, as well as other types such as digital scopes, digital voltmeters,
and function generators, Instruments in the system can be indicated
quickly in the program through the use of soft-keys and the configura
tion can be stored for later use.

Software Support
Two levels of software support services are available for the HP

11808A Signal Generator Performance Test Software; Software Ma
terial Subscription (SMS) and Software Notification Service (SNS),

SMS guarantees that software upgrades are provided on a timely
basis as improvements to the software are made, Software Status Bul
letins and Software Release Bulletins are also provided with SMS.

SNS provides information about software improvements with Soft
ware Status Bulletins and Software Release Bulletins,

HP 8902SG Specifications

RF Frequency
Range: 150 kHz to 1300 MHz, standard system,

150kHzto 18GHz,OptOI8,
150 kHz to 26,5 GHz, Opt 026,

RF Power
Range: + 30 dBm to -20 dBm, standard system,

+30 dBm to -20 dBm, options 018 and 026.
Frequency range: 100 kHz to 2600 MHz, standard system,

50 MHz to 18 GHz, Option 018,
50 MHz to 26,5 GHz, Option 026,

Tuned RF Level
Frequency range: 2.5 MHz to 1300 MHz, standard system,

2.5 MHz to 18 GHz, Option 018,
2,5 M Hz to 26,5 G Hz, Option 026,

Range: +10 dBm to -117 dBm, 2,5 MHz to 1300 MHz,
a dBm to -loa dBm, 1300 MHz to 18 GHz (Options 018 &
026),
odBm to -95 dBm, 18 GHz to 26,5 GHz, (Option 026),

Relative accuracy: ±0,02 dB ±0,02 dB per IF range change ±0.04
dB per RF range change ± 1 digit.

Ordering Information
HP 8902SG Signal Generator Test System

Opt 018 extension to 18 GHz operation
Opt 026 extension to 26,5 GHz operation

HP 11808A Signal Generator Performance Test Soft
ware

Opt 9102 sets of operating manual (11808-90001)
11808A+S45 Software Material Subscription
1l808A+NOO Software Notification Service

Price
$76.000

+$36.000
+$60.000

$5,500

+$95
$15/mo

$5/mo



SIGNAL ANALYZERS
150 kHz to 26.5 GHz
Models 89025, 11792A, 11793A, 11794A

• RF power: digital power meter accuracy
• Tuned RF level: 0 dBrn to -100 dBm dynamic range
• AM and FM: 1% accuracy, ,I,M: 3% accuracy

w.-..r..

HP 89028

HP 89025 Measurement System
The HP 8902S Measurement System extends the superb measure

ment performance of the HP 8902A Measuring Receiver to micro
wave frequencies. The frequency is extended by adding an
HP 11793A Microwave Converter and a local oscillator. With the
HP 11792A Sensor Module the system delivers the accuracy and res
olution of a high performance power meter to 26.5 GHz from + 30
dBm to -100 dBm. It accurately measures AM, FM, and ~M (in
cluding residuals and incidentals) with a single keystroke. Adding op
tions 030-037 to the HP 8902A extends the system's capability to
include carrier noise measurements. The HP 8902S counts signals to
26.5 GHz with 10 Hz resolution and excellent long-term frequency
stability.

The HP 8902S provides flexibility in specifying a solution that
meets your exact needs. It can be configured for attenuator calibra
tion, signal generator performance testing, and general signal charac
terization. For dedicated, preconfigured systems the HP 8902AT
Attenuator Calibration System and the HP 8902SG Signal Genera
tor Test System are available.

System Software
Under the control of the HP 11794A Software Pac, the HP 8902S

Measurement System functions as a single instrument. You select the
frequency and measurement from the front panel of the HP 8902A.
The software then calculates and sets the local oscillator frequency,
then releases the HP 8902A to make the measurement and display
the results.

For a fully automated system the HP 8902S is supported by the HP
11806B Attenuator Test Software and HP 11808A Signal Generator
Performance Test Software.

HP 11793A Microwave Converter
The HP 11793A Microwave Converter down converts microwave

signals to the frequency range of the HP 8902A Measuring Receiver.
For signals above 1.3 GHz, the HP 11793A routes the signal through
its internal mixer. Below 1.3 GHz, signals are routed directly to the
input of the HP 8902A.

The HP 11793A requires +8 dBm leveled output from the local
oscillator. For LOs with insufficient power above 18 GHz, the HP
11793A offers an optional 18 to 26.5 GHz amplifier.

HP 11792A Sensor Module (50 MHz to 26.5 GHz)
The HP 11792A Sensor Module gives you all the performance of

the HP 8902S system, plus superb power measurement accuracy, at a
single connector. You can characterize a signal without manually
switching between the power sensor and the receiver input.

Each HP 11792A Sensor Module is individually calibrated, tracea
ble to the U.S. National Bureau of Standards. The calibration factors
are printed on the sensor module for easy reference. Enter these fac
tors into the HP 8902A's non-volatile memory and the instrument
automatically compensates for the power sensor's efficiency and mis
match loss at each frequency.

• Carrier Noise (AM and phase noise measurements):
±O.5 dB accuracy

• RF frequency: 10 Hz resolution
• Audio: frequency, level and distortion

HP 89025 Specifications

RF Power (with HP 11792A Sensor Module)
Range: +30 dBm (I W) to -20 dBm (10 !-,W).
Frequency range: 50 MHz to 26.5 GHz.
Linearity: ±0.02 dB (within range) ±0.02 dB per range change from
reference range ± I digit.
Input SWR: < 1.10, fe :0;2.0 GHz.

< 1.28,2.0 GHz de :0; 18 GHz.
< lAO, 18.0 GHz de :0;26.5 GHz.

Tuned RF Levell
Frequency range2: 2.5 MHz to 26.5 GHz.
Dynamic range:

+ 10 dBm to -117 dBm, 2.5 MHz :o;fe :0; 1300 MHz.
odBm to -100 dBm, 1300 MHz de :0; 18.0 GHz.
odBm to -95 dBm, 18.0 GHz « :0;26.5 GHz.

Relative accuracy: ±0.02 dB ±0.02 dB per IF range change ±0.04
dB per RF range change ± I digit.

RF Frequency
Range2: 150 kHz to 26.5 GHz.
Maximum resolution: 10 Hz.
Time base aging rate: <5xIO- 10 jday, for HP 8672A, HP
8673BjDjE; <1xI0-9 jday, for HP 8340AjB, HP 8341AjB.

Amplitude Modulation
Frequency range2: 150 kHz to 26.5 GHz.
Rates: 20 Hz to 100 kHz.
Depths: to 99%.
Accuracy: ± I% of reading ± I digit, for rates 50 Hz to 50 kHz and
depths 2:5%.

Frequency Modulation
Frequency range2: 150 kHz to 26.5 GHz.
Rates: 20 Hz to 200 kHz.
Deviations: to 400 kHz.
Accuracy: ± I% of reading ± I digit, for rates 50 Hz to 100 kHz.

Phase Modulation
Frequency range2: 150 kHz to 26.5 GHz.
Rates: 200 Hz to 20 kHz.
Deviations: to 400 radians.
Accuracy: ±3% of reading ± I digit.

General
Temperature: Operating, 15° C to 35° C; storage, _25° C to 60° C.
Power: 100,120,220, or 240V (+5%, -10%); 48-66 Hz; 1300 VA
maximum (worst case).
Weight: Net 122.3 kg (270 Ib); shipping, 153.3 kg (338.3 Ib) worst
case.

Ordering Information
HP 8902S Measurement System

For complete ordering information, see the "HP 8902S Measure
ment System Ordering Information" guide, or call your HP sales of
fice.
HP 11794A Software Pac $250

,An HP 11722A Sensor Module may be used with the HP 89025 to make tuned RF level measure
ments from 2.5 MHz to 1300 MHz at levels from 0 dBm to -127 dBm.
'Frequency range may be limited by the frequency range of the LO.



• Ultra low distortion measurements
• Built-in low distortion oscillator
• Automatic
• True RMS detection

HP 339A

Description
Hewlett-Packard's Model 339A Distortion Measurement Set is an

ultra low distortion measuring system complete with total harmonic
distortion (THD) analyzer, true-rms voltmeter, and sinewave oscilla
tor. This small, lightweight bench measurement set allows you to
make THD distortion measurements as low as 0.0018% over a 10Hz
to 110 kHz frequency band including harmonics to 330 kHz.

For fast and easy THD measurements the built-in tracking oscilla
tor in HP's 339A saves test time because you tune one instrument
instead of two. Frequency and level measurements are easy to do with
HP's 339A's voltmeter, which offers you a I mV to 300 V measure
ment range. The Relative Level mode has been included to further
simplify frequency response measurements. Just set a 0 dBm refer
ence at any frequency from 10 Hz to 110 kHz. Gain measurements
can be read directly from the easy-to-read meter.

Operation Simplicity
Automatic frequency tuning and set-level features allow you to

make rapid, error free THD measurements. The HP 339A's built-in
tracking oscillator eliminates the need to find the fundamental fre
quency and tune the analyzer for a null. Just select your oscillator
frequency and the rest is automatic. Automatic set-level saves time by
automatically setting 0 dB (100%) reference in the distortion measur
ing mode. Front panel directional indicators light when the input
range setting is improper insuring accurate and repeatable measure
ments. Automatic set-level also greatly simplifies measurements
where distortion as a function of level (SINAD', for example) is de
sired. Without this feature, measurements are very time consuming
and tedious.

When an external stimulus is used, analyzer tuning is simplified by
directional indicator lights for reaching the fundamental null quickly
and easily.

1SINAO is a sensitivity measurement computed from the ratio of signal plus noise and distortion
to noise and distortion.
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Model 339A

Specifications

Distortion
Fundamental frequency range: 10 Hz to IlO kHz continuous fre
quency coverage in 4 decade ranges with 2-digit resolution. Distortion
analyzer and oscillator are simultaneously tuned.
Distortion measurement range: 0.0 I% full scale to 100% full scale
(-80 dB to 0 dB) in 9 ranges.
Detection and meter indication: True rms detection for waveforms
with crest factor :0:3. Meter reads dB and % THD (Total Harmonic
Distortion). Meter response can be changed from NORMAL to VU
ballistics with a front panel switch.
Distortion Measurement Accuracy

20 Hz to 20 kHz: ± I dB
10 Hz to 50 kHz: + I, -2 dB
50 kHz to 110 kHz: + 1.5, -4 dB

Note: The above specifications apply for harmonics :0:330 kHz.
Fundamental Rejection (3 V scale or above)

10 Hz to 20 kHz: > 100 dB
20 kHz to 50 kHz: > 90 dB
50 kHz to 110 kHz: > 83 dB

Distortion Introduced by Instrument (input> 1V rms)
10 Hz to 10 kHz: < -95 dB (0.0018%) THD
10 kHz to 20 kHz: < -92 dB (0.0035%) THD
20 kHz to 30 kHz: < -90 dB (0.0056%) THO
30 kHz to 50 kHz: < -85 dB (0.01 %) THD
50 kHz to 110 kHz: < -70 dB (0.032%) THO

Residual noise (Fundamental frequency settings < 20 kHz, 80 kHz
filter IN, source resistance ~ I k!1 shielded): < -92 dB referenced to
IV.
Input level for distortion measurements: 30 mV to 300 V rms (100
mV range minimum).
Input impedance: 100 k!1 ± I% shunted by < 100 pF input High to
Low.
Monitor: Provides scaled presentation of input signal after fundamen
tal is removed for further analysis using oscilloscope or low frequency
spectrum analyzer. Output voltage: IV rms ± 5% open circuit for full
scale meter indication, proportional to meter deflection. Output resis
tance: Ik!1 ± 5%.
Auto set level: No set level adjustment required. Distortion measure
ments are made directly over 10 dB range selected by input range
switch. Two LEO annunciators provide a fast visual indication to
change input range for valid distortion measurement. Correct range is
indicated when both annunciators are extinguished.
Automatic fine tuning: Using internal oscillator: No separate ana
lyzer tuning necessary when using internal oscillator as signal source.
Oscillator frequency controls simultaneously tune the analyzer. Us
ing external frequency source: two LEO annunciators provide a quick
visual indication for the operator to increase or decrease the frequen
cy. When the analyzer is rough tuned to within one least significant
digit of the fundamental frequency, the indicator lights are extin
guished and the HP 339A auto-null circuitry takes over to provide a
fast, accurate null without tedious operator tuning.
Input filters (usable on all functions): Low pass: 30 kHz -3 dB
point at 30 kHz, + 2.6 kHz, -3 kHz with 60 dB/decade rolloff. Pro
vides band limiting required by FCC for proof-of-performance broad
cast testing. 80 kHz -3 dB point at 80 kHz, + 7 kHz, -7.9 kHz with
60 dB/decade rolloff. Normally used with fundamental frequencies
< 20 kHz to reduce the effect of higher frequency noise present in the
measured signal. High Pass: 400 Hz - 3 dB point at 400 Hz, + 35 Hz,
-40 Hz with 60 dB/decade rolloff. Normally used with fundamental
frequencies> I kHz to reduce the effect of hum components in the
input signal.
DC isolation: Input low may be connected to chassis ground or float
ed to 30 V to reduce the effects of ground loops on the measurement.

Relative Input Level Mode
Provides a ratio measurement relative to an operator selected refer

ence level with readout directly in dBV or dBm (600Q). Voltage
range, frequency range, accuracy specifications, and monitor are the
same as in Voltmeter mode. (Accuracy is relative to 0 dB set level
input).

Oscillator
Frequency range: 10 Hz to 100 kHz in 4 overlapping decade ranges
with 2 digit resolution. Frequency vernier provides continuous fre
quency tuning between 2nd digit switch settings.



BSIGNAL ANALYZERS
Distortion Analyzers Set (cont'd)
Model 339A, 334A

$3,800
$280
$140

HP 334A

Range ±3% ±6% ±12%
100%-0.3% 10 Hz-I MHz 10 Hz-3 MHz

0.1% 30 Hz-3oo kHz 20 Hz-5oo kHz 10 Hz-GOO kHz

Price

$3,300
$25

$130
$150
$120

Ordering Information

HP 334A Distortion Analyzer
Opt 001: VU Characteristics
Opt 002: 30 kHz Low Pass Filter
Opt 003: (combined 001 and 002)
Opt W30: Extended Warranty

Fundamental rejection: > 80 dB
Residual distortion: > -70 dB (0.03%) from 5 Hz to 200 kHz; >
-64 dB (0.06%) from 200 kHz to 600 kHz. Meter indication is pro
portional to average value of a sine wave.
Frequency calibration accuracy: Better than ±5% from 5 Hz to
300 kHz. Better than ± 10% from 300 to 600 kHz.
Input impedence: Distortion mode: I Mn ±5% shunted by <70 pF.
DC isolation: Signal ground may be ±400 V dc from external chassis.
Voltmeter range: 300 p.V to 300 V rms full scale (13 ranges) 10 dB
per range. Average responding calibrated in rms.

Noise measurements: Voltmeter residual noise on the 300 p.V
range: <25 p.V rms, when terminated in 600 (shielded) ohms.
Output: 0.1 ±0.01 V rms open circuit.
Output impedance: 2 kn.
Automatic nulling mode: Set level: at least 0.2 V rms.
Frequency ranges: X I, manual null tuned to less than 3% set level:
total frequency hold-in ±0.5% about true manual null. XIO through
X10k, manual null tuned to less than 10% of set level; total frequency
hold-in ± I% about true manual null.
Automatic null accuracy: 5 Hz to 100 Hz: meter reading within 0 to
+ 3 dB of manual null. 100 Hz to 600 kHz: meter reading within 0 to
+ 1.5 dB of manual null.
High pass filter: 3 dB point at 400 Hz with 18 dB per octave roll off.
AM detector: 550 kHz to 65 MHz; 40 Vp-p max input.
Distortion introduced by detector: Carrier frequency: 550 kHz-I.6
MHz: <50 dB (0.3%) for 3-8 V rms carriers modulated 30%. 1.6
MHz-65 MHz: <40 dB (I %) for 3~8 V rms carriers modulated 30%.

General
Power: 100V/120V /220V /240V -10% +5%, 48-66 Hz.
Size: 426 mm W x 126 mm H x 337 mm 0 (16.75" x 5" x 13.25").
Weight: net 7.89 kg (17.75Ib). Shipping 10.35 kg (23Ib).

HP 334A Specifications
Input level for distortion measurements: 0.3 V rms for 100% set
level or 0.245 V for 0 dB set level (up to 300 V may be attenuated to
set level reference).

Harmonic Measurement Accuracy (full scale)

Fundamental Input Less Than 30 V

Description
Hewlett-Packard's model HP 334A Distortion Analyzer measures

total distortion down to 0.1 % full scale at any fundamental frequency
between 5 Hz and 600 kHz; harmonics are indicated up to 3 MHz.
Noise levels as low as 25 microvolts can be measured. The HP 334A
includes automatic fundamental nulling and amplitude modulation
detector. A Meter with VU ballistic characteristics and a 30 kHz low
pass filter are optional.

General
Power: 100/120/220/240 V + 5%, - 10% 48 Hz to 66 Hz line opera
tion, 200 rnA maximum.
Size: 146 mm H x 426 mm W x 375 mm 0 (5.75" x 16.75" x 14.75").
Weight: net 8.2 kg (18 lb). Shipping 11.3 kg (25Ib).

HP 339A Distortion Measurement Set
Option 001:
Option W30: Extended Warranty

AM Detector
Frequency range: Carrier frequencies: 550 kHz to 1.6 MHz. Modu
lation frequencies: 20 Hz to 20 kHz.
Distortion introduced by AM detector (with 30 kHz filter
switched IN): up to 85% Modulation: < -36 dB (1.6%) THO

85% to 95% Modulation: < -30 dB (3%) THO
Input level: Maximum: 60V peak. Modulation signal level: 2V rms

minimum; 10V rms maximum.

Monitor (with modulated RF carrier applied to AM detec
tor input).
Distortion mode: Provides scaled presentation of demodulated input
signal after fundamental is removed.
Voltmeter and relative input mode: Provides scaled presentation of
demodulated input signal. Output voltage and output resistance are
the same as in Distortion mode.

Output level: Variable from < I mV to > 3 V rms into 600 n with 10
dB/step Level control and> 10 dB Vernier adjustment. OSC Level
position on function switch allows a quick check of oscillator level
without disconnecting leads to device under test. Off position on Os
cillator Level control provides fast signal-to-noise measurement capa
bility. Oscillator output terminals remain terminated in 600n.
Frequency accuracy: ± 2% of selected frequency (with Frequency
Vernier in Cal position).
Level flatness: 20 Hz to 20 kHz: C; ± 0.1 dB

10HztollOkHz: <±0.2dB
Distortion (2: 600n load, C; 3Voutput)

10 Hz to 20 kHz: < -93 dB (0.0022%) THO
20 kHz to 30 kHz: < -85 dB (0.0056%) THO
30 kHz to 50 kHz: < -80 dB (0.01 %) THO
50 kHz to 80 kHz: < -70 dB (0.032%) THO
80 kHz to 110 kHz: < -65 dB (0.056%) THO

Output resistance: 600n ± 5%.

Voltmeter
Voltage range: I mV rms full scale to 300 V rms full scale (-60 dB
to + 50 dB full scale, meter calibrated in dBV and dBm into 600n).
Detection and meter indication: True rms detection for waveforms
with crest factor C; 3. Meter reads true rms volts, dBm into 600n, and
dBV.
Accuracy (% of range setting)
20 Hz to 20 kHz: ± 2%.
10 Hz to 110 kHz: ± 4%.
Frequency range: 10Hz to 110kHz.
Input impedance: 100 kn ± I% shunted by < 100 pF between input
High to Low.
Monitor: Provides scaled presentation of input signal for further anal
ysis using oscilloscope or low frequency spectrum analyzer. Output
voltage: IV rms ± 5% open circuit for full scale meter indication,
proportional to meter deflection. Output resistance: I kn ± 5%.

Option 001
Voltage range: 0.1 mV rms full scale to 300 V rms full scale (-80
dBV to +50 dBV full scale); (.1 mV and .3 mV ranges-external
source resistance must be < I0 kn).
Accuracy: 1 mV to 300 V Ranges

20 Hz to 20 kHz ±2%
10HztollOkHz

.1 mV and .3 mV Ranges
20 Hz to 20 kHz: ±2%
10 Hz to 30 kHz: ±4%
30 kHz to 80 kHz: +10/-30%

Noise Floor (600n source impedance)
30 kHz filter <6 p.V
80 kHz filter <8 p.V



SIGNAL ANALYZERS B
15 Hz to 50 kHz Wave Analyzer 175

Model 3581A

HP 3581A

Linear
±4%

$335
$36

$300

Price
$6,100

$700

Description
Hewlett-Packard's 3581A Wave Analyzer resolves and measures

the amplitude and frequency of spectral components. This instrument
offers accurate amplitude and good frequency resolution in the form
of a portable, easy-to-use measuring tool. Since not all signals origi
nate from a stable frequency source, the HP 3581A incorporates an
AFC circuit which locks to a drifting signal for stable, accurate mea
surements.

The HP 3581A has other important features that are necessary
when making measurements of small voltages from transducers and
harmonic signals. Its 30 nV sensitivity becomes important for these
measurements. Battery operation can be used to reduce the line relat
ed interference common in low level measurements so only the real
spectrum is measured.

Digital readout of tuned frequency is located above the analog
meter. It has been grouped with the meter for ease of reading. Resolu
tion of the digital readout is 1 Hz for any frequency between 15 Hz
and 50 kHz. Readout is updated five times per second so delay be
tween tuning and reading is minimized.

Four meter scales are used to provide a wide range of displays. Two
scales are used for linear voltage readings. Two log scales provide ei
ther a 90 dB or 10 dB display. In any case, the large meter with its
mirror backing can present readings in dBV, dBm or volts. A meter
was specifically chosen for amplitude display rather than digital read
out because it is easier to peak a meter reading and because it's much
easier to get a feel for noise or other amplitude variations by watching
the meter. The same voltage used to drive the meter is also available
on the rear panel for driving X-Y recorders.

Specifications
Frequency Characteristics
Range: 15 Hz to 50 kHz.
Display: 5 digit LED readout.
Resolution: 1Hz.
Accuracy: ±3 Hz., 0 to 55°C.
Typical stability: ± 10Hz/hour after I hour and ±5 Hz;C C.
Automatic frequency control (AFC) hold-in range: ±800 Hz.

Amplitude Characteristics
Instrument Range

Linear: 30 V to 100 nV full scale.
Log: +30 dBm or dBV to -70 dBm or dBV, full scale.

Amplitude Accuracy Log
Frequency response, -100.4 dB
15 Hz 50 kHz

Dynamic range: >80 dB.
Noise sidebands: Greater than 70 dB below CW signal. 10
bandwidths away from signal.
Spurious responses: >80 dB below input reference level.

Sweep Characteristics
Scan width: 50 Hz to 50 kHz, adjustable in a 1-2-5 sequence from 50
Hz to the fuJi frequency range.
Sweep error light: This LED indicates a sweep that is too fast to
capture full response. When the light is on, response will be lower
than it should be.
External trigger: A short to ground stops the normal sweep. Opening
the short then enables a sweep.

Input Characteristics
Impedance: I Mr!, 30 pF.
Maximum input level: 100 V rms, ±100 V de.

Output Characteristics
Tracking generator output: (Also known as BFO or tracking oscil
lator output).

Range: 0 to > I V rms into 600 fl.
Frequency response: ±3% 15 Hz to 50 kHz.

x-v Recorder Analog Outputs
Vertical: 0 to +5 V ±2.5%.
Horizontal: 0 to +5 V ±2.5%.
Impedance: I kfl.

Recommended Accessory: HP 7090A Measurement Plotting Sys
tem.
Pen lift: Contact closure to ground during sweep.
Restored output: Acts as a narrow band amplifier.

General
Power reqUirements: 100 V, 120 V, 220 V, or 240 V +5% -10%, 48
Hz to 440 Hz, 10 VA typical.
Size: 203.2 mmH x 285.8 mm W x 412.8 mmD (8" x 11W' x 16\/,,").
Weight: !l.5 kg (23 Ib). Opt 001: 13.5 kg (30 Ib).

Ordering Information
HP 3581A Wave Analyzer

Opt 001: Internal battery 12 hours from full charge.
Internal battery is protected from deep discharge by
an automatic turnoff. Useful battery life is over 100
cycles.
Opt 003: Rack Mount
Opt 910: Extra Manual
Opt W30: Extended Warranty



ELECTRONIC COUNTERS
General Information

HP offers a wide selection of counters to fit your particular frequency and time measurement needs.

Counters Provide Fast,
Inexpensive and Accurate Time
and Frequency Measurements

When you buy a counter from HP, you can
be sure you'll get the quality you need. HP
counters deliver:
• High measurement accuracy
• Fast system throughput/HP-IB capability
• Low cost of ownership
• Ease of use
• Data reduction on many models
• Triggering simplicity

A Wide Selection of Counters to
Meet your Needs

Basic Frequency Counters
• Frequency measurement up to 3 GHz
• Easy to use

Microwave and Millimeter CW Counters
• Measurements to 110 GHz
• MTBF's of over 20 years on the HP 5350

series (based on actual use)

Microwave and Millimeter Pulse
Counters
• Modular expandability via interchangea

ble heads

Basic Universal Counters
• HP value at a low price
• Time measurements down to 100 ns single

shot, ! ns repetitive
• Frequency measurements up to I GHz

Performance Universal Counters
• Designed for systems
• Time interval measurements down to 2 ns

single shot, 100 ps repetitive
• Frequency measurements up to 1.3 GHz

Precision Time Interval Products*
• NBS traceable time interval measure

ments
• Optimized for systems throughput
• For companion time synthesizer see page 445

Why Buy from HP?
• More people rely on HP counters than any

other brand.
• Specifications with wide guardbands give

you confidence in your measurements.
• Worldwide applications and service sup

port is available when you need it.
• High reliability translates to low cost of

ownership for you. Most HP counters have
an MTBF of 40,000 hours, over 20 years!

• Choose from the widest range of counters
available to get the performance you need.

• The HP 5371A Frequency and Time In
terval Analyzer is another example of
HP's commitment to better solutions for
your measurement problems.

For More Information
HP offers the most complete set of applica

tion and product notes available. This litera
ture will give you detailed information to
help you make your measurements with con
fidence every time. For more information, fill
out the card at the back of this catalog, or
call your local HP Sales Office listed in your
telephone directory. Ask for the electronic
instrument department.

Introducing Modulation Domain
Measurement and Analysis

A new domain of measurement and analy
sis is now available with the HP 5371A Fre
quency and Time Interval Analyzer. Where
oscilloscopes look at signal data in the Time
Domain and spectrum analyzers in the Fre
quency Domain, the HP 537lA adds the
missing dimension of Modulation to signal
analysis.

Now you can directly characterize varia
tions in frequency, phase and time interval as
a function of time up to 500 MHz with the
HP 5371A. The HP 5364A Microwave Mix
er /Detector allows you to downconvert the
same data in the 2 to 18 GHz frequency
range.

The HP 5371A also features built-in anal
ysis and display functions. You can directly
characterize FM on carriers or see the fre
quency or phase-coding profile of radar
pulses using the Time Variation display. For
timing analysis, use the histogram and statis
tics features.

Are you working on frequency-agile com
munications, jitter and wander in digital
communications, radar/EW systems, electri
cal/mechanical systems, serial data storage
retrieval, modulation analysis or basic re
search? Modulation Domain analysis can
give you new insight into your complex sig
nals. See page 191-194 for more information.



Counter Selection Guide

Frequency Frequency Frequency Single Shot Display Resolution Hp·IB Enhanced Capabilities Standard
Model A B C Time Interval Digits vs. Time sensitivity Readings/s Available Price Page

Basic Frequency Counters

5384A 10 Hz-lOO MHz 50 MHz-225 MHz II 9 digits/s 10 mV 4 Oven time base, battery $1500 187
5385A 10 Hz-IOO MHz 90 MHz-I GHz 11 9 digits/s 10 mV 4 Oven time base, battery $1800 187
5386A 10 Hz-lOO MHz 100 MHz-3 GHz 11 9 digits/s 15 mV 4 Oven time base $3400 187

Microwave And Millimeter CW Counters

5386A 10 Hz-IOO MHz 100 MHz-3 GHz 11 9 digits/s -23.5 dBm 4 Oven time base $3400 187
5340A 10 Hz-18 GHz 10 Hz-250 MHz 8 varies -35 dBm 10 Oven time base, limiter $16500 183
5342A 500 MHz-18 GHz 10 Hz-520 MHz II I Hzls -25 dBm 10 Oven time base, limiter, $7600 181

amplitude
5343A 500 MHz-26.5 GHz 10 Hz-520 MHz II I Hzls -33 dBm 10 Limiter, offset. totalize $9000 181
5350B 500 MHz-20 GHz 10 Hz-525 MHz 11 I Hzls -40 dBm to 120 Oven time base, limiter, $5200 178

math, fast acquisition
5351B 500 MHz-26.5 GHz 10 Hz-525 MHz 11 I Hzls -40 dBm to 120 Oven time base, limiter, $6300 178

math, fast acquisition
5352B 500 MHz-46 GHz 10 Hz-525 MHz 11 I Hzls -30 dBm to 120 Oven time base, math, fast $IOOOOt 178

acquisition
53560 36 GHz-110 GHz 11 <2 Hzls -20/-3 dBm to 9000 Frequency averaging $6000' 184

Microwave And Millimeter Pulse Counters

5355A 400 MHz-1.5 GHz 0-500 MHz 2ns II >8 digits/s -15 dBm to 9000 Frequency profile, pulse $6000' 184
width

5356A 1.5 GHz-18 GHz 400 MHz-1.5 GHz 0-500 MHz 2 ns II I Hzls -20/-15 dBm to 9000 Frequency profile, pulse $2000 184
width

5356B 1.5 GHz-26.5 GHz 400 MHz-1.5 GHz 0-500 MHz 2 ns 11 I Hzls -20/-15 dBm to 9000 Frequency profile, pulse $2200' 184
width

5356C 1.5 GHZ-40 GHz 400 MHz-1.5 GHz 0-500 MHz 2 ns II <2 Hzls -25/-10 dBm to 9000 Frequency profile, pulse $2800' 184
width

53560 36 GHz-IIO GHz 400 MHz-1.5 GHz 0-500 MHz 2 ns 11 dO Hzls -20/-5 dBm to 9000 Frequency profile, pulse $6600' 184
width

Basic Universal Counters

5314A 10 Hz-lOO MHz 100 ns 7 10 or I Hzls 25 mV Period, ratio, totalize, $600 207
battery

5315A .1 Hz-IOO MHz 50 MHz-I GHz 100 ns 8 7 digits/s 10 mV Period, ratio, totalize, $1250 204
battery, oven TB

5316B .1 Hz-lOO MHz 50 MHz-I GHz 100 ns 8 7 digits/s 10 mV 10 Oven time base $1475 204

Performance Universal Counters

5328B 0-100 MHz 90 MHz-1.3 GHz 10 ns 8 I Hzls 25 mV to 500 DVM, oven time base $5400 203
5334B .001 Hz-IOO MHz .001 Hz-lOO MHz 90 MHz-1.3 GHz 2 ns 9 9 digits/s 35 mV to 140 Auto pulse characterization $1950 198
5335A .002 Hz-200 MHz 150 MHz-1.3 GHz 2 ns 12 9 digits/s 25 mV 15 Auto pulse characterization, $4400 200

statistics, DVM
5345A 0-500 MHz (see 5355A, 2 ns 11 >9 digits/s 25 mV to 9000 External gate, frequency $10000 196

5356 AlB/C/O) average

Precision Time Interval Products

5370B \0-100 MHz I I I 20 ps I 16 1>11 digits/s I 35 mV I to BOOO I Statistics, external gate 1$11000 1189

HP 5363B Time Interval High Impedance Probes $4900 195

'needs 5345A, 5355A and mixers
tneeds Opt 005 for coverage to 46 GHz

Frequency and Time Interval Analyzer Selection Guide

Frequency Single Shot Analysis and Max. Continuous Memory Hp·IB Standard
Model Aand B Time Interval Res. Display Measurement Rate Size Results/s Price Page

537lA .125 Hz-500 MHz 150 ps rms Histogram 10xlO'samples/s 1000 to 20,000 $21,500 191
Time Variation
Event Timing
Numeric

Frequency extension for the HP 5371A $13000 191
5364A 2- 18 GHz



ELECTRONIC COUNTERS
Our Newest, High-Performance CW Microwave Frequency Counters
Models 53508, 53518, 53528

• Frequency cuverage from 10 Hz to 46 GHz, without an
external mixer

• 2.4 mm conneClOr available with Option 005
• Exceptional sensitivity to -40 dBm
• 1 GHz/second tracKing speed

• 60-millist:lcond alJquisitioll time
• 100 measurements/second over HP-IB in automatic

mode
• Two years of exterlded hardware support with Option

W30

The HP 53528, shown above, is a
member of the new HP 5350 CW
microwave counter family

e DESIGNED FOR
MATE

SYSTEMS

HP 53508/5351B/53528 Microwave Frequency
Counters

The HP 5350B/5351B/5352B are automatic CW Microwave Fre
quency Counters that measure to 20, 26.5, and 46 GHz respectively.
With resolution as fine as 1 Hz, these counters provide you with fast
and precise frequency measurements.

By integrating all microwave components onto a single hybrid
GaAs circuit, these counters offer you high performance at low prices.
Wide frequency coverage, exceptional sensitivity, fast tracking speed,
high measurement throughput, and wide FM tolerance are but a few
of the high-performance features that you get with these low-cost
counters.

With a built-in microprocessor, the HP 5350B/5351B/5352B also
have math capabilities such as measurement scaling and offset. These
functions are useful when you need indirect measurement results. Al
so, automatic amplitude discrimination automatically measures fre
quency of the highest-amplitude signal in a multi-signal environment.
Other convenience features include diagnostic routines that let you
perform tests on the counter for general information and trouble
shooting.

The HP 5350B/5351B/5352B are ideal components for test sys
tems. They are easy to program and their English-like commands
simplify systems integration by reducing your programming effort.
Their high measurement throughput also saves you money by reduc
ing test time. In automatic test systems, the programmable alphanu
meric liquid-crystal display (LCD) can serve as a message center; and
if operational security is a concern, keyboard and display lockout can
be activated. In noise-sensitive environments, you can put these coun
ters in the SLEEP mode to reduce kickback noise to as low as -70
dBm.

Direct Inputs to 46 GHz, Providing Low-cost Solutions
for your Expanding Needs

The HP 5350B/5351B/5352B provide a full range of high-per
formance, low-cost products to meet your expanding measurement
needs. The HP 5350B and HP 5351B measure frequency from 10 Hz
to 20 GHz and 26.5 GHz respectively. The HP 5352B, which extends
input capability to 40 GHz (46 GHz with Option 005), now lets you
make measurements in the millimeter-wave range directly - without
having to purchase expensive mixers.

Exceptional Sensitivity, Making Direct Measurement of
Low-Level Signals Possible

As these counters have input sensitivity to -40 dBm (-30 dBm for
HP 5352B), accurately measuring your low-energy signals becomes a
simple task. For example, you no longer need expensive microwave
amplifiers to make low-level measurements. Also, you no longer have
to worry about signal attenuation by the probe when you make fre
quency measurements at different nodes within your circuit. These
conveniences simplify measurements in applications such as receiver
front-end testing.
Reduced Acquisition Time, Significantly Improving Your
Measurement Throughput

With acquisition time reduced to 60 milliseconds in automatic,
fast-acquisition tracking mode (20 milliseconds in manual mode),
these high-speed microwave counters can significantly improve your
measurement throughput.

In bench-top applications, this high-speed throughput gives you
fast measurement response. The liquid-crystal display (LCD) will up
date measurements rapidly to shorten your evaluation time. For ap
plications that require fast measurement response to source tuning,
these counters are ideal solutions.

In systems environments, the counters' fast measurement
throughput also contributes to your overall system efficiency. Deliver
ing more than 100 measurements/second over HP-IB in automatic
mode, the counters' systems performance saves you money by reduc
ing test time.
1 GHz/second Tracking Speed. Accurately Measuring
Your Fast-Moving Signals

Fast acquisition also offers you fast tracking speed, With acquisi
tion time below 60 milliseconds, these counters can track source drift
to 1 GHz/second effortlessly. For example, in measuring the response
of a voltage-controlled oscillator (VCO) to voltage-source tuning,
these counters will track the changing frequency rapidly to measure
the transfer characteristics.
Option W30 Provides you with Convenient Service and
Support For the Second and Third Year of Ownership

In addition to the one-year service that HP normally provides for
all of its instruments, Option W30 gives you two additional years of
support at the time of purchase. This optional support reflects HP's
commitment to product reliability and customer satisfaction.



HP 53508/53518/53528 Specifications

Input 1
Frequency range: HP 5350B: 500 MHz to 20 GHz

HP 5351 B: 500 MHz to 26.5 GHz
HP 5352B: 500 MHz to 40 GHz
Option 005: 500 MHz to 46 GHz

Sensitivity, in dBm (specification/typical performance @ 25°C)
HP 5350B/5351B: 500 MHz to 12.4 GHz: -32/-40; Option 002:
-31/-39; Option 006: -29/-37.
HP 5350B/5351B: 12.4 GHz to 20 GHz: -27/-35; Option 002:
-25/ -33; Option 006: -23/-31.
HP ~351B: 20 GHz to 26.5 GHz: -16/-28; Option 002: -13/-25;
OptIOn 006: -11/-23.
HP 5352B: 500 MHz to 26.5 GHz: -25/ -30; 26.5 GHz to 46 GHz
linear decrease to -10/-15. '

Maximum input: + 7 dBm.
Damage level: +25 dBm; HP 5350B/5351B Option 006: 500 MHz
to 6 GHz + 39 dBm; 6 GHz to 18 GHz + 36 dBm; 18 GHz to 26.5
GHz + 34.8 dBm.
SWR (typical): 500 MHz to 10 GHz 2:1; Option 002/0062.5:1.

10 GHz to 26.5 GHz 3:1; Option 002/006 3.5:1.
26.5 GHz to 46 GHz 3.5:1.

Coupling: dc to 50Q termination, ac to instrument.
Connector:
Precision Type N female (HP 5350B)
APC-3.5 male with collar (HP 5351B/HP 5352A)
APC-2.4 male with collar (Option 005)
Accuracy: ± I LSD ± time-base error X frequency. (See Graphs 3 &
5).
Residual stability: when counter and source use common 10 MHz
time base or counter uses external higher stability time base, .3 LSD
rms typical for resolution I Hz - I kHz at 25°C; HP 5352B .7 LSD
typical 26.5 - 40 GHz; LSD = least significant digit.
Resolution: selectable I Hz to I MHz.
FM Tolerance (see Graph 2: FM Rate Tolerance)

Maximum deviation: Auto 20 MHz p-p (HP 5350B/HP 5351A)
12 MHz p-p (HP 5352B)
9 MHz p-p (Option 005)

Manual: 60 MHz p-p (HP 5350B/HP
5351B)
55 MHz p-p (HP 5352B)
55 MHz p-p (Option 005)

Maximum FM rate: 10 MHz.
Tracking Speed

Fast-acquisition track: I GHz/s.
Normal FM rate: I MHz/s.
Low FM rate: 80 kHz/so

AM t~lerance: any modulation index provided the minimum signal
level IS not less than the sensitivity specification.
Modes of Operation

Automatic: counter automatically acquires and displays highest
level signal within sensitivity range.
Manual: center frequency must be entered to within ± 20 MHz or
input frequency; ± 3 MHz worst case below 1 GHz; increases mea
surement and data output rate.

Automatic amplitude discrimination: automatically measures the
largest of a~1 signa~s ~resent, providing that signal is >6 dB (typical)
above any signal withm 500 MHz; >20 dB (typical) above any signal
within 500 MHz to 20 (46) GHz.
Acquisition time

Automatic mode: fast-acquisition track: <60 ms.
normal FM rate: < 125 ms.
low RM rate: < 1.25 s

Manual mode: < 20 ms.

TCXO Option 001 Option 010

Aging Rate 1X 10--' per month 5 X IO-<e per day 2 X10-' per year

Short Term I X 10-' per s I X IO-<e per s 1X 10->0 per s

Temperature 0 - 50 1X 10-' I X 10-' 1X 10-'

Line 10% change I X 10-' I X IO-<e I X 10->0

Warm up to 10 minutes 10 minutes
<5 X10-' @25'C

Figure 1. Time Base (10 MHz).

Input 2.
Frequency range: 10Hz to 525 MHz.
Mode of Operation
50 Q: 10 MHz to 525 MHz.
1M Q: 10 Hz to 80 MHz.
Sensitivity: full operating environment:
50 Q: 10 MHz to 525 MHz, 25 mV rms: 15 mV typical @ 25°C;
1M Q: 10 Hz to 80 MHz, 25 mV rms: 15 mV typical @ 25°C;
Gate Time = l/resolution: I ms minimum.
Resolution: selectable 1 Hz to I MHz.
High resolution: 1M Qmode: 0.001 Hz for <100 kHz input; 0.01 Hz
for <1 MHz input; 0.1 Hz for <10 MHz input; 1 Hz for> 10MHz
input: I second gate.
Accuracy: (See Graphs 4 & 5). ±l LSD

(
± 1.4 x Trigger Error(1) ± Time Base ) Fx requency

Gate Time
Impedance: selectable 1M Q nominal shunted by <70 pF or 50 Q
nominal.
Coupling: ac.
Connector: replaceable fuse, type BNC female.
Maximum input: 50 Q: + 10 dBm; 1M Q: I V rms.
Damage level: 50 Q or 1M Qdc - 5 kHz: 250 V (dc + ac peak); >5
kHz: 5.5 V rms (+ 28 dBm) + 1.25 X 106 V rms/FREQ.
Panel label: 5.5 V rms (+ 28 dBm).
Time base output: 10 MHz and I MHz, 2.4 V square wave AC cou
pled into 1k Q: 1.5V p-p into 50 Q; available from rear panel BNC
connectors whenever the instrument has AC power connected.
~xternal time base: 1,2,.5 or 10 MHz, 0.7 V min to 8 V max. p-p
sme wave or square wave mto > IK Q shunted by < 30 pF, via rear
panel BNC connector. External reference automatically selected
when signal is present.

General
Display: segmented 24-character alphanumeric LCD (backlighted).
Keyboard: set-up stored in STBY mode.
Self-check: tests for correct circuit operation.
Diagnostics: front-panel or HP-IB selectable, Display and Keyboard
Lockout, Service Diagnostics and User Information.
Data output: over HP-IB bus; varies with Frequency and Resolution.

Auto mode: >100 readings/s, 10 kHz resolution, no math func
tions, "DUMP" mode.
Manual mode: > 120 readings per second formatted at 10 kHz reso
lution, no math functions "DUMP MODE".

Math functions: result = measurement x scale + offset.
Offset: measurement is offset by entered value.
Scale: measurement is multiplied by entered value.
Smooth: displayed resolution is determined using exponential aver
aging; displays only stable digits.
Sample rate: variable from less than 50 ms between measurements
to HOLD, which holds the display indefinitely or until trigger occurs.
Display rate: 5/s, variable over HP-IB.
Overload indication: "OVRLOAD" A user message.
Sleep mode: input I emissions reduced to <-70 dBm typical when
sleep mode or input 2 is selected.
IF output: rear panel BNC provides 30 - 110 MHz down-converted
microwave signal at >-20 dBm into 50 Q, ac coupled.
HP-IB interface functions: functions and diagnostics are program
mable; address-set at front panel, default switches on rear panel;
teach/learn programming; IEEE 728 compatible command struc
ture; function subset SHI, AH1, T5, RF1, RLl, PPO, DC1, DTl, CO,
EI (see page 556).
Reset/local: returns to local control.
Operation temperature: 0° C to 50° C.
Power requirements: 100 VA max.
Line select: 100 V (90-105 VAC rms; 47.5 - 440 Hz).

115/120 V (104/126 VAC rms; 47.5 - 440 Hz).
220 V (198-231 VAC rms; 47.5 - 66 Hz).
230/240 V (207-252 VAC rms; 47.5 - 66 Hz).

Accessories furnished: power cord, manual.
Size: 33mmH X 407 mmW X 358 mmD (5\4 in. H X 16 in. W X 14
in. D)
Weight: 11 kg (24 Ib).

(1) Trigger Error Vet" +e n'_-,-__-,---:.- s rms

Input Slew Rate in Vis at Trigger Point
Where ej ~ effective rms noise of counter"s input channel (100 ~V typical)

en ~ rms noise of the input signal for a 500 MHz bandwidth



BELECTRONIC COUNTERS
Low-Cost, High-Performance CW Microwave Frequency Counters (cont'd)
Models 5350B, 5351B, 5352B
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Ordering Information
HP 53508 20 GHz Microwave Frequency Counter
HP 53518 26.5 GHz Microwave Frequency Counter
HP 53528 40 GHz Microwave Frequency Counter

Opt 001 Oven Time Base
Opt 002 Rear Panel Inputs (HP 5350B/5IBonly)
Opt 005 Frequency Extension to 46 GHz (HP 5352B
only)
Opt 006 Microwave Level Limiter (HP 5350B/51B
only)
Opt 010 High Stability Oven Time Base
Opt 700 MATE Programming
Opt 910 Additional Operating & Service Manual
Opt 908 Rack Mount Kit for use with front handles
removed
Opt 913 Rack Mount Kit for use with supplied front
handles
Opt W30 2-year extended hardware support
Additional Equipment Available:
Transit Case
Waveguide (3" straight) adapter WR28-APC3.5
Waveguide (3" straight) to coaxial adapter
WR42-APC3.5
Adapter - In series APC 3.5 Male to Male
Adapter - In series APC 3.5 Female to Female

Price
$5,200
$6,300

$10,000
+$750
+$300
$3900

+$550

Hl,500
$500
+$75
+$33

H35

+-$160

9211-2643
05356-20217
05356-20216

1250-1748
1250-1749



• Automatic measurements to 18 GHz/26.5 GHz
• Portability
• Wide FM tolerance
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HP 5342A

HP 5342A & 5343A Microwave Counters
Portability

The HP 5342A and HP 5343A Microwave Counters provide auto
matic frequency measurement to 18 or 26.5 GHz in highly portable
packages. The operating range of the HP 5342A can be extended to
24 GHz with Option 005.

Amplitude Measurements (Option 002, HP 5342A only)
Option 002 adds the ability to measure and display the power level

of the input in dBm. The II-digit LED display presents amplitude
measurement to 0.1 dBm resolution. Also, the same option extends
the instrument's dynamic range to enable frequency measurements to
+ 22 dBm.

FM Tolerance
Measuring a carrier frequency while it is being frequency modulat

ed has broad appeal in the communication industry and elsewhere.
Both the HP 5342A and HP 5343A can tolerate peak-to-peak FM
deviation to 50 MHz.

Digital-To-Analog Converter (Option 004)
Option 004 lets you convert any three consecutive displayed digits

(frequency or amplitude) into an analog voltage output on the rear
panel. This makes the monitoring of microwave-oscillator-frequency
drift easy to make with only a stripchart recorder.

Scaling and Offset Functions
The versatility of the microprocessor-controlled keyboard allows

you to perform math functions by means of a few key strokes. Fre
quency values to I Hz resolution can be added to or subtracted from
the measured frequency for IF offset application. The HP 5343A also
offers an mx ± b mode for both scaling and offset functions.

HP 5342A Specifications

Signal Input
Input 1
Frequency range: HP 5342A: 500 MHz to 18 GHz.

HP 5343A: 500 MHz to 26.5 GHz.
Sensitivity: HP 5342A: 500 MHz to 12.4 GHz: -25 dBm.

12.4 GHz to 18 GHz: -20 dBm.
HP 5343A: 500 MHz to 12.4 GHz: -33 dBm.

12.4 GHz to 18. GHz: -28 dBm.
18.0 GHz to 26.5 GHz: -23 dBm.

Maximum input: + 7 dBm (See Option 002, 003 for higher levels).
Impedance: 50, nominal.
Connector: HP 5342A: Precision Type N female.

HP 5343A: APC 3.5 male with collar.
Damage level: + 25 dBm, peak (See Option 006 for + 39 dBm protec
tion).

ELECTRONIC COUNTERS B
CW Microwave Frequency Counters 181

Models 5342A & 5343A

• Amplitude measurement in dBm (HP 5342A Option
002)

• High input sensitivity
• Digital-to-analog converter (Option 004)

HP 5343A

Coupling: dc to load, ac to instrument.
SWR: < 2:1,500 MHz-IO GHz.

< 3:1, IOGHz-18 GHz/26.5 GHz.
FM tolerance: switch selectable (rear panel)

Wide: 50 MHz p-p worst case.
Normal: 20 MHz p-p worst case.
Narrow: (HP 5343A only) 6 MHz p-p worst case.
For Modulation Rates from dc to 10 MHz.

AM tolerance: any modulation index provided the minimum signal
level is not less than the sensitivity specification.
Automatic amplitude discrimination: automatically measures the
largest of all signals present, providing that signal is 6 dB above any
signal within 500 MHz; 20 dB above any signal, 500 MHz-18 /26.5
GHz.
Modes of Operation

Automatic: counter automatically acquires and displays highest
level signal within sensitivity range.
Manual: center frequency entered to within ±40 MHz of true
value.

Acquisition Time
Automatic Mode

Narrow FM 200 ms worst case (HP 5343A only)
Normal FM 530 ms worst case
Wide FM 2.4 s worst case

Manual mode: 80 ms after frequency entered.
Input 2
Frequency range: 10 Hz to 520 MHz direct count.
Sensitivity: 50 Q: 10 Hz to 520 MHz: 25 mV rms. I M Q:
10 Hz to 25 MHz: 50 mV rms.
Impedance: selectable I MQ, <50 pF or 50 !1 nominal.
Coupling: ac.
Connector: type BNC female.
Maximum input 50 !1: 3.5 V rms (+24 dBm) or 5 V dc, fuse

protected
1 M!1: 200 V dc + 5 V rms.

Time Base
Crystal frequency: 10 MHz.
Stability

Aging rate: <I X 10-7/month.
Temperature: < ± I X 10-6 over the range OCC to 50c C.
Short term: < I X 10-9 for I second averaging time.
Line variation: < ± I X 10-7for 10% change from nominal.

Output frequency: 10 MHz, ?2.4 V square wave (TTL compatible)
1.5 p-p V into 50!1 available from rear panel BNC.
External time base: requires 10 MHz, 3.0 V p-p sine wave or square
wave into I k!1 via rear panel BNC connector. Switch selects either
internal or external time base.



BELECTRONIC COUNTERS
Automatic Microwave Counters
Models 5342A & 5343A

Selected Resolution (Hz)

Graph 1. Uncertainty due to selected resolution.

Graph 2. Uncertainty due to timebase error can be reduced by
calibrating the timebase more frequently, or by using a
timebase with a lower aging rate.

Sample rate: variable from less than 20 ms between measurements
to HOLD which holds display indefinitely.
IF out: rear panel BNC connector provides 25 MHz to 125 MHz out
put of down-converted microwave signal.
Powerrequirements: 100/120/220/240 V rms, +5%, -10%, 48-66
Hz; 100 VA max.
Weight: net 9.1 kg (20 lb). Shipping 12.7 kg (28 lb).
Size: 133 mmH x 213 W x498 mm D (5.25 in. Hx 8.38 in. W x 19.6
in. D).

Ordering Information
HP 5342A Frequency Counter
HP 5343A Frequency Counter
Options and Accessories (both models)

Opt 001 High Stability Time Base
Opt 002 Amplitude Measurement (HP 5342A Only)
Opt 003 Extended Dynamic Range (HP 5342A On-

ly)
Opt 004 Digital-To-Analog Converter
Opt 005 Frequency Extension to 24 GHz (HP 5342A

Only)
Opt 006 Limiter Input Protection (+39 dBm)
Opt 011 Digital Input/Output (HP-IB) (Cable Not

Inc!)
Opt 908 Rack Mounting Adapter Kit

HP K70-59992A: Rack Mounting Adapter Kit With
Slot for access to front connectors from rear.
HP 10842A: Extender Board Kit

lOG
18 GHz

26.5GHz

Price
$6900
$8200

$800

+ $500
+ $600
+ $550
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Optional Time Base (option 001)
Crystal frequency: 10 MHz.
Stability

Aging rate: <5 X 10-IO/day after 24-hour warmup.
Temperature: <7 X 10-9 over the range O°C to 50°C.
Short term: < I X 10-10 for I second averaging time.
Line variation: < I X 10-10 for 10% change from nominal.
Warm-up: <5 X 10-9 of final value 20 minutes after turn-on at
25°C. '

Amplitude Measurement (opt 002) (HP 5342A only)
Input 1
Frequency range: 500 MHz-18 GHz.
Dynamic range (frequency and level)

-22 dBm to +22 dBm 500 MHz to 12.4 GHz
-15 dBm to +22 dBm 12.4 GHz to 18 GHz

Maximum operating level: +22 dBm.
Damage level: + 25 dBm, peak.
Resolution: 0.1 dBm.
Accuracy: ± 1.5 dB (excluding mismatch uncertainty).
SWR: <2:1 (amplitude measurement).

<5:1 (frequency measurement).
Measurement time: 100 ms + frequency measurement time.
Display: simultaneously displays frequency to I MHz resolution and
level. (Option OIl provides full frequency resolution on HP-IB).
Input 2 (50 fl impedance only)
Frequency range: 10 MHz-520 MHz.
Dynamic range (frequency and level): -17 dBm to +20 dBm.
Damage level: +24 dBm.
Accuracy: ±1.5 dB (excluding mismatch uncertainty).
SWR: <1.8:1.
Measurement time: 100 ms + frequency measurement time.
Display: simultaneously displays frequency and input level.

Extended Dynamic Range (opt 003) (HP 5342A only)
Frequency range: 500 MHz to 18 GHz.
Sensitivity: 500 MHz to 12.4 GHz: -22 dBm.

12.4 GHz to 18 GHz: -15 dBm.
Maximum operating level: +22 dBm.
Dynamic range: 500 MHz to 12.4 GHz: 44 dB.

12.4 GHz to 18 GHz: 37 dB.
Damage level: +25 dBm, peak.
SWR: <5:1.

Microwave Limiter (option 006)
Input 1
Frequency range: HP 5342A: 500 MHz - 18 GHz.

HP 5343A: 500 MHz - 26.5 GHz.
Sensitivity: HP 5342A: 500 MHz - 12.4 GHz: - 21 dBm.

12.4GHz -18 GHz: - 15 dBm.
HP 5343A: 500 MHz - 12.4 GHz: -30 dBm.

12.4 GHz - 18 GHz: - 24 dBm.
18 GHz - 26.5 GHz: - 18 dBm.

Maximum operating level: + 7 dBm.
Damage level: 500 MHz - 6 GHz: +39 dBm (8W).

6 GHz - 18 GHz: +36 dBm (4W).
(HP 5343A only) 18 GHz - 26.5 GHz: +34.8 dBm (3W).

SWR: 2.5:1,500 MHz - 10 GHz.
3.5:1,10 GHz - 18 GHz/26.S GHz.

Note: Option 006 is incompatible with Option 002, Option 003, and
Option 005 for HP 5342A. Please consult factory special to
combine Options 005 and 006.

General
Accuracy: ±I LSD ± time-base error.
Resolution: front panel push buttons select I Hz to I MHz.
Display: II digit LED display sectionalized to read GHz. MHz.
kHz, and Hz.
Self-check: selected from front panel pushbuttons displays 75 MHz
for resolution chosen.
Frequency offset: selected from front panel pushbuttons. Displayed
frequency is offset by entered value to I Hz resolution.
Frequency multiply: (HP 5343A only) (mx ±b) measured data is
multiplied by any integer up to 99. Offset can then be added or sub
tracted. Front-panel selectable.
Totalize (HP 5343A only): input 2 can totalize at rates up to 520
MHz. Readout on the fly is controlled by front panel or HP-IB



• Single input 10 Hz to 18 GHz
• Automatic amplitude discrimination
• High sensitivity-35 dBm
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Model 5340A

• Optional extension to 23 GHz
• High AM and FM tolerance
• Exceptional reliability

HP 5340A

Time Base
Crystal frequency: 10 MHz.
Stability

Aging rate: <3 x 10-7 per month.
Short term: <5 x 10- 10 rms for I second averaging time.
Temperature: <±2 x 10-6 over the range ofOoe to 50°C.
Line variation: <± I X 10-7 for 10% line variation from nominal.

Output frequency: 10 MHz, 2.2.4 V square wave (TTL compatible)
available from rear panel BNC.
External time base: requires 10 MHz approximately 1.5 V p-p sine
wave or square wave into I kfl via rear panel BNC. Switch selects
either internal or external time base.
Optional time base (opt 001) aging rate: <5 x 10-10 per day after
24-hour warm-up for less than 24 hour off-time.

General
Accuracy: ±1 LSD ± time-base error.
Resolution: front-panel switch selects I Hz to I MHz.
Display: eight digit LED with positioned decimal point and appropri
ate measurement units of kHz, MHz, or GHz.
Self check: counts and displays 10 MHz for resolution chosen.
Sample rate: controls time between measurements. Continuously ad
justable from 50 ms typical to 5 seconds. HOLD position holds dis
play indefinitely. RESET button resets display to zero and activates a
new measurement.
HP-IB interface functions: SH I, AH I, T1, L2, SLl, RL2, PPO,
DCI, DTI, CO, EI (see page 556).
Operating temperature: O°C to 50°C.
Power: 115 V or 230 V +5%, -10%, 48-66 Hz, 100 VA.
Weight: net, 11.3 kg (25Ib). Shipping, 14.1 kg (31Ib).
Size: 88.2 mm H x 425 mm W x 467 mm 0 (3.47 in. x 16.75 in. x
18.39 in.).

HP 5340A Frequency Counter
The HP 5340A Frequency Counter is an easily used, versatile in

strument for direct measurement of frequencies from 10 Hz through
18 GHz via a single input connector.

The exceptional sensitivity of this instrument enhances measure
ment in the microwave field, where signals are commonly low-level
and connected via directional coupler or lossy devices.

Access to the HP Interface Bus via Option 011 provides a flexible
systems interface. The ability to program octave range through this
input reduces acquisition time to less than 40 ms (typical).

HP 5340A Specifications

Signal Input
Input 1
Range: 10 Hz to 18 GHz.
Symmetry: sinewave or squarewave input (40% duty factor, worst
case).
Sensitivity: -30 dBm, 10 Hz to 500 MHz; -35 dBm, 500 MHz to 10
GHz; -25 dBm, 10 to 18 GHz.
Dynamic range: 37 dB, 10 Hz to 500 MHz; 42 dB, 500 MHz to 10
GHz; 32 dB, 10 GHz to 18 GHz.
Impedance: 50 II.
VSWR: <2:1,10 Hz-12.4 GHz; <3:1,12.4-18 GHz.
Connector: precision Type N.
Coupling: dc to load, ac to instrument.
Damage level: + 30 dBm.

Total power (ac + dc) not to exceed I watt. See Option 006 for up to
+ 39 dBm protection.

Acquisition time: < 150 ms mean typical.
Input 2
Range: 10 Hz-250 MHz direct count.
Sensitivity: 50 mV rms. 150 mV pop pulses to 0.1 % duty factor; mini
mum pulse width 2 ns.
Impedance: 1 MU shunted by <25 pF.
Connector: type BNC female.
Coupling: ac.
Maximum input: 200 V rms, 10Hz to 100 Hz; 20 V rms, 100 Hz to
100 kHz; 2 V rms, 100 kHz to 250 MHz.
Automatic amplitude discrimination: automatically selects the
strongest of all signals present (within 250 MHz to 18 GHz phase
lock range), providing signal level is: 6 dB above any signal within 200
MHz; 10 dB above any signal within 500 MHz; 20 dB above any
signal, 250 MHz -18 GHz (typical performance).
Maximum AM modulation: any modulation index as long as the min
imum voltage of the signal is not less than the sensitivity specification.

Ordering Information
HP 5340A Frequency Counter

Opt 001 High Stability Time Base
Opt 002 Rear Panel Connectors
Opt 005 Frequency Extension to 23 GHz
Opt 006 Limiter Input Protection (+ 39 dBm)
Opt 011 Remote Programming-Digital Output
(HP-IB)
Opt 908 Rack Flange Kit

Price
$15,000
+ $750
+ $200
+ $600
+ $600
+ $550

+ $65



BELECTRONIC COUNTERS
Pulse and CW Microwave Frequency Counters
Models 5345A/5355A/5356A,B,C,D

• -25 dBm sensitivity
• 100 Hz measurement resolution
• 75 nanoseconds minimum pulse width

• 20 nanoseconds minimum external gate
• CHIRP profile or VCO post-tuning drift

Extending the frequency range of CW and pulse measurements to 100 GHz.
QD""':""'UC. :

SYSTEMS
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Pulse and CW Measurements to 110 GHz
HP 5355A Automatic Frequency Converter/5345A Counter, to

gether with the HP 5356A, 53568. 5356C, 5356D Frequency Con
verter Heads, provide pulse and CW frequency measurement
capability to 18,26.5,40, and 110 GHz respectively. The HP 5355A's
internal microprocessor controls the measurement algorithm, com
putes the input microwave frequency, and displays the result on the
HP 5345A with II digits of resolution.

Automatic Pulse Detection
This 110 GHz counter is a versatile tool for characterizing pulsed

signals. Internal pulse-detection circuitry (Figure I) can detect in
coming RF bursts as short as 75 nanoseconds and generate a mea
surement gate for the counter. With this internally-generated
detection gate, the counter can then measure the average frequency
of the RF burst.

Pulse Frequency Profiling
If there is FM on the burst carrier, the counter can also accept

external measurement gates as short as 20 nanoseconds (Figure 2) to
perform dynamic frequency profilings. This external gating capabil
ity is useful in applications such as radar CHIRP characterization.
(Figure 3) It can also help VCO manufacturers measure oscillator's
post-tuning drift (Figure 4).

CHIRP BURST

Figure 3. CHIRP radar characterization
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Figure 1. Automatic Pulse Detection
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Figure 2. External gates as short as 20 ns Figure 4. VCO post-tuning drift characterization
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Exceptional Resolution, High Accuracy

You can select the measurement gate time of this counter from 50
nanoseconds to 1000 seconds. Increasing the measurement gate time
increases the resolution of measurement results. In fact, this counter
can measure a 110 GHz signal with 100 Hz resolution and 3 kHz
accuracy in pulse mode. This performance improves to I Hz in CW
mode.

Even if your application requires narrow external gates, the
counter can still achieve fine resolution through an automatic fre
quency averaging scheme (Figure 5). When the measurement gate is
longer than the external gate, the counter will automatically take sev
eral measurements of the repetitive signal. It will then average the
results to yield better resolution. The measurement process is com
pletely automatic-making the counter easy to work with.

CW Mode

FM Tolerance

AM Tolerance

Mulhple Signal
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Figure 5. Frequency averaging to increase resolution

Sensitivity, FM Tolerance, Automatic Amplitude
Discrimination

HP's pulse counters have sensitivity performance to -25 dBm,
making measurement of low-level microwave and millimeter-wave
signals reliable and accurate. For signals with frequency modulation,
these counters also offer high peak-to-peak amplitude discrimination
automatically measures the signal with the highest amplitude.

-- ---

Accuracy +2 x lSD ~ I x 10-10 rms x FREQ + time base error x FREQ
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Systems Performance, 9000 Measurements/Second
These counters are fully programmable over HP-IB. Measurement

throughput of 9000 measurements/second saves you money by reduc
ing test time.
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::'::3 GHr from center frequency

( ~5345A G~Il!.Mf: )+ 75 ms
EXT GATE WIDTH x PRF

Performed dUling 10 con-;t'culive mea~uremenls when PULSE Mode is
any front when the EXTERNAL GATE 1'I"ldth

changes more \han rI External Gale is <100 /-'5

CD For (HP 5345 CATE TIME) 10 ms alld PULSE WIDTH 10 I"S. ust'

(3 7 \.··HP5345GAiETIM~-EXrGATE -i/'lorHI

For EXT GATE Signal,s [he HP 5355A. fhe EXT CATE WIDTH equals the
rnput PULSE WIDTH m"."\jl' C;I"".ILALI for the HP 5356A/B/C/0 mpul Jnc! equals
Input PULSE width minUS 65 ns for the HP 5355A 0_4-15 GHzlnpu\

Measurement Time AcqUISition Time
iTYPICAL) + Cahblation Time

+ HP 5345A SAMPLE RATE
+ HP 5]45A GATE liME or 100/-,5

IwhlcheverIS grealerj

EXT GATE WIDTH x PRF
+ 100 ms

Time + C~f1bralion Time
SAMPLE RATE + 60 ms

+ (J J1S + HP 5345A GAlE TIME)

EXl GATE WIDTH ~ PRF

50 Hi
500 Hz
2 MHz

75n)
20 ms

rlsealldfall
No ',',mitation for

cutoff)

20 ns

25 dB TYPICAL

50 Hz
500 Hz
2 MHz

I Hz -'- HP 5345A GATE TIME

c2 x LSD ±IOO Hz rms !

:!:. 2 x LSD ::.100 Hz rms ±

yo' HP53'45G'AT-E-TIME x £'iTGATE. TIME WIDTH) CD

, __ 0.4__ -I- 3 KHz
EXT GATE WlDTH
±Tlme base error x FREQ

100 ns (150 HP 5356D
with Opl

20 ms

15 mV p-p TYPICAL for rl
limes 10 liS for HP
HP 53560 (Waveguide

Accuracy

LSD DIsplayed

MaxJmum Video
Feed-Through

ResolutIOn

Minimum On/OFF
RATIO

Minimum EXT
GATE WIDTH

Pulse Repetiflon
rrequencyMIrI

MIrI: (HP 53560 onl'l)
Me>

Pufse Width Mm

Input Specifications (pulse and CW mode)

HP 5356A HP 5356B HP 5356C HP 5356D

Fr~q_u!ncy Ra_~g~ I SIB GHz ! 5265 GHz 15-40 CHz 36-110 GHz

S~nsllivl'Y

1)-12'1 GHz -20 dBm -20 dBm -25 dBm
124-18 GHI -15 dBm -15 dBm -20 d8m
18-265 CHz -15 c1Bm -20 dBIl'
265-34 GHz -15 dBm
34-40 CHz -10 dBm
36-50 CHz -20 dBm
40~60 GHz -15 dBm
50-75 GHz -10 dBm
75-95 GHz - 7 dBm
95-105 CHz - 5 dBm
105-110 GHz - 3 dBm

CD Max',mum Inpul
15-124 CHz +5 dBm +5 dBm + 5 dBm
\24-18 GHz +5 dBm +5 d8m ... 15 dBm
18-265 GHz +5 d8m "'15 dBm
265-40 GHz +15 dBm
36-110 GHI +5 dBm

CD Damage Level +25 dBm peak -25 dBm pfak +25 d8m peak +24 dBm peak
+2(\ d8m CW

Impfdance 50 i1 NOMINAL 50 !! NOMINAL 50 I! NOMINAL Waveguldl'

SWR !TYPICAl)
15-10 GHz < 21 21 <21
10-18 CHz II 31 II
18-265 GHz II II
265-34 GHI • II
34-40 GHz ·51
36-110 CHz ·31

Co~nfctor N Male SMA Male APC 35 Ma'ie Waveguide

HP 5356A/8 See Option 006 1m higher damage protecllol\ to + 39 dBm
15-6 CHI +0 dBm 1+5 dBm, lYPICAl)
6\24 GHz, +5 d8m



BELECTRONIC COUNTERS
Pulse and CW Microwave Frequency Counters (cont'd)
Models 5345A/5355A15356A,B,C,D

HP 5345A Gale Time

+$850

+$6521:

+$220
+$450

+$950
+$450

Price
$[0,000

$6,000
$2,000
$2,200
$2,800
$6,600

-$320
+$350
+$950

+$1.600

+$5,000

+$1,700
+$1.850
+$2.250
+$2,500

+$230

10 MHz2 kHz30 Hz

Figure 6 HP 53560 FM Tolerance

1 MHz

60 MHz

• Must be ordered with Opt 12 and an HP5355A

Ordering Information
HP 5345A Electronic Frequency Counter
HP 5355A Automatic Frequency Converter
HP 5356A 18 GHz Frequency Converter
HP 53568 26.5 GHz Frequency Converter
HP 5356C 40 GHz Frequency Converter
HP 53560 36-110 GHz Harmonic Mixer Driver
Options for HP 5345A

Opt 001 Room Temperature Time Base
Opt 010 HP-IB Talk Only
Opt 011 HP-IB includes remote programming
Opt 012 HP-IB similar to Opt 011, but also includes
slope and trigger level controls
Opt 700* Test Module Adapter (TMA) for MATE
System
Opt 908 Rack Flange Kit, HP 5060-8740

Options for HP 5356A
Opt 001 High Pass Filter
Opt 006 Limiter

Options for HP 53568
Opt 001 18-26.5 GHz Waveguide (WR-42)
Opt 006 Limiter

Option for HP 5356C
Opt 00126.5-40 GHz Waveguide (WR-28)

Options for HP 53560 (requires an HP 5355A with
SIN prefix greater than 2620 - xxxxx and one of the
following mixer options)
Opt 005 (two HP 5061-5458 parts) 2 cables to
connect HP 53560 to HP 1197Q/UIV or W
Opt 050 (HP 11970Q) 36-50 GHz Harmonic Mixer
Opt 060 (HP 11970U) 40-60 GHz Harmonic Mixer
Opt 075 (HP 11970V) 50-75 GHz Harmonic Mixer
Opt 110 (HP 11970W) 75-110 GHz Harmonic
Mixer
21: Fast-Ship Product - see page 766.

Input Specifications
5355A 0.4 - 1.6 GHz (condensed)
Sensitivity: -15 dBm.
Maximum input: +5 dBm.

Impedance: 50!l nominal.
Damage level: +24 dBm peak (fuse in BNC connector).
Pulse width: 150 ns to I s

Pulse repetition rate: 100 Hz to 2 MHz.

1001 lCD:l1

----t-- +--+--+-~

-_~-._+--.1--+- ---+---+-""'-----P-.""',---\--""'---l

HP 5345A Gate Time

10na SOn. 1 ". 10 ", 100 I'S
100n&

~-

t-- - - -

f-- ---e--- - -

h
.h~'

Opt. 001 RTXO, 1 year after calibration.

/' Opt 001 RTllOA aller calibration.

!/.;~ ~.
~

~ Standard high-stability oven, 1 year after calibration.

-

~
Standard high-stability oven, 6 months

after Ci'ibratiOn

i

10 kHz

10MH

100 kHz

100 MH r----,-,------,------~----;-----,-----,------r-~-~-~-~N-- 1+
~.. l" ~~: -+---+----++---+----+---1

"'"t
i

----1-, --+"''''''~f--__l_--l----I-_____j
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1 H,
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400 MHz 110 GHz

10 Hz

Graph 3. Uncertainty due to jitter (rms jitter) and gate error
(.04 )

± 3 kHz
EXT GATE WIDTH

100 Hz

Input Signal Frequency

Graph 2. Uncertainty, due to time-base error. Time-base error
can be reduced by calibrating the time base more frequently
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Graph 1. Uncertainty (2 x LSD) due to selected 5345A gate
time.



• Frequency measurements to 3 GHz (HP 5386A)
• Up to 11 digits of resolution, 9 digits per second
• -23.5 dBm sensitivity

ELECTRONIC COUNTERS 8
Low Cost Counters for Frequency Measurements 187

Models 5384A, 5385A, 5386A

• HP-IB standard
• Systems performance and portability

HP 5386A: 10 Hz to 3 GHz (pictured above).
HP 5385A: 10 Hz to 1 GHz (not shown).
HP 5384A: 10 Hz to 225 MHz (not shown).

HP 5384A/5385A/5386A Frequency Counters
The HP 5384A/85A/86A are HP's lowest priced system counters.

They provide outstanding measurement performance for bench, field,
and systems applications. Combining wide frequency range. high res
olution, high sensitivity, and HP-1B compatibility, these counters
compare with instruments which cost much more.
Portable: The half-rack-width package makes the HP
5384A/85A/86A portable and saves rack or bench space.
Versatile Display: The twelve-digit, liquid-crystal display has larger
characters than other LED displays and is easier to read in sunlight.
The added feature of remote display extends the usefulness of these
counters beyond that of simply making and displaying frequency
measurements. User-friendly messages, prompts and measurement
units can now be displayed.
Low Cost Of Ownership: Integrated design and extensive self-tests
result in greater reliability, easier serviceability, and ultimately lower
cost of ownership.

Performance
If your frequency measurement needs are below 3 GHz, the HP

5386A will provide you with the basic performance of traditional mi
crowave counters, at about half the price. The HP 5386A measures
frequencies from 10 Hz to 3 GHz with only two input ports, instead of
the three ports found with other counters. The high-frequency input
measures frequencies from 100 MHz to 3 GHz with -23.5 dBm sensi
tivity (10 mV rms). In addition, prescaling techniques offer peak-to
peak FM tolerance of at least 100 MHz for your communications
applications. You can select the number of digits displayed from 3-to
II to blank meaningless digits from an unstable signal source. The
HP 5386A also solves your systems problems with full remote
programmability (via HP-lB standard feature) and remote display
capabilities. The high-stability timebase option will lengthen the re
quired calibration period (for kHz accuracy at 3 GHz) from six
months to a full year.

Applications
The HP 5386A fits well in the following application areas for local

oscillator, IF, and radio transmitter frequency measurements:
• Military and private communications
• TACAN, DME, and Identify Friend or Foe
• Global Positioning System
• MDS Television

Condensed Specifications
Input Channel A (HP 5384A/85A186A): I M ohm / / 25 pF.

Range: 10Hz to 100 MHz.
Sensitivity: 15 mV rms sine wave 50 Hz (10Hz for HP 5386A) to
100 MHz; HP 5384A/85A Only: 25 mV rms sine wave 10 Hz to 50
Hz; 45 mV peak-to-peak 5 ns minimum pulse width.
Dynamic Range: 45 mV to 4 V peak-to-peak X attenuator setting.
Attenuator: XI or X20 nominal above 50 Hz input.
Low Pass Filter: 100 kHz nominal 3 dB point.
Manual Trigger Level: variable, -0.1 V to +0.1 V X attenuator.
Damage Level X1: 10 - 200 Hz 350 V (dc + ac peak).

0.2 - 420 kHz 170 V (dc + ac peak).
0.42 - 10 MHz (5 X 10' V rms Hz)/FREQ.
> 10 MHz 5 V rms.

X20: < I MHz, Same as XI: > I MHz, 50 V rms.
Input Channel B (HP 5384A): 50 ohm.

Range: 50 to 225 MHz.
Sensitivity: 10mV rms 50 to 200 MHz; 15 mV rms 200 to 225
MHz.
Dynamic Range: 10mV to I V rms.
Manual Attenuator: variable, XI to X5 (0 to 14 dB) nominal.
Damage Level: 350 V dc + 5 V rms ac.

Input Channel B (HP 5385A): 50 ohm, fused.
Range: 90 to 1000 MHz.
Sensitivity: 10 mV rms (- 27 dBm) 100-1000 MHz; 15 mV rms
(-33 dBm) 90 - 100 MHz.
Dynamic Range: 10 mV to 7 V rms (-27 to +30 dBm).
Manual Attenuator: variable, X I to X18 (0 to 25 dB) nominal.
Damage Level: ac > I MHz + 30 dBm (7 V rms).

ac < I MHz 2 V rms, dc ± 5 V.
Input Channel B (HP 5386A): 50 ohm nominal, VSWR 2.5, typical.

Range: 100 MHz to 3 GHz, prescaled.
Coupling: ac.
Sensitivity: 15 mV rms (-23.5 dBm).
Dynamic Range: 10 mV rms to.5 V rms (-23.5 dBm to +7 dBm).
Damage Level: ac: +27 dBm, dc: ± 5 V.

NOTE: Manual attenuator not active for channel B.

Frequency A and B
Range Channel A: 10 Hz - 100 MHz.
Range Channel B: (HP 5384A) 50 MHz - 225 MHz; (HP 5385A)
90 MHz - 1.0 GHz; (HP 5386A) 100 MHz - 3 GHz.
LSD Displayed: 10Hz to I nHz.
Accuracy: ± Resolution ± Timebase Error X Frequency (see Graphs
I and 3).
Period A

Range: IOns to 0.1 s.
LSD Displayed: .001 fs to 10 ns.
Accuracy: ± Resolution ± Timebase Error X Period (see Graphs 2
and 3).

Timebase
Standard HP 5384A: 10MHz.

Aging Rate: <3 X IO-'/mo.
Temperature: <5 X 10-6,0° to 50°C, ref. 25°C.
Line Voltage: < I X 10·' for ± 10% variation.

Standard HP 5385A186A, Option 001 (HP 5384A): TCXO, 10
MHz.

Aging Rate: <1 X IO-'/mo.
Temperature: <2 X 10-",0° to 40°C, ref. 25°C.
Line Voltage: <5 X 10-8 for ± 10% variation.

Oven Timebase (Option 004)
Frequency: 10 MHz.
Aging Rate: <3 X 1O-8 /mo. after 30 days continuous operation.
Temperature: <1 X 10-',0° to 50°C, ref. 25°C.
Line Voltage: <2 X 10-9 for ± 10% variation.
Battery Operation (HP 5384A/85A Only): the instrument operates
for 3 hours (typ.) with Option 004. In STBY, the oven will operate
continuously for 24 hours (typ.).



ELECTRONIC COUNTERS
Low Cost Counters for Frequency Measurements (cont'd)
Models 5384A, 5385A, 5386A

Graph 2. Period Resolution. Uncertainties which limit resolution
can be reduced by increasing the gate time, reducing the noise
on the input signal, or increasing the input signal amplitude.

Graph 1. Frequency Resolution. Uncertainties which limit reso
lution can be reduced by increasing the gate time, reducing the
noise on the input signal, or increasing the input signal ampli
tude.

General
Check: 10 MHz self-test.
Gate Times: 0.1, I, or 10 seconds (nominal).
Display: 12-digit alphanumeric liquid crystal.
Display Digits (variable): frequency 3 to 11; period 3 to 8.
Timebase Output: 10 MHz, 25 mV p-p (nominal) into 50 ohm.
External Timebase Input: 10 MHz, 0.5 V rms into 500 ohm; 15 V
(dc + ac peak) maximum.
Operating Temperature: 0° to 50° C.
Power Requirements

AC: selectable, 18 VA max. (30 VA max., HP 5386A) 115 V +
10%, -25%; 230 V + 10%, -15%: 48 - 66 Hz; 115 V ± 10%: 380
420 Hz.
DC: (HP 5384A/85A Only): 9 - 15 V dc, 1.0 A maximum.

Weight
HP 5384A/85A: net, 2.5 kg (4.5 Ib). Shipping, 4.5 kg (9 Ib).
HP 5386A: net, 3.5 kg (7.5 Ib). Shipping 5.5 kg (1IIb).
Size:

HP 5384A/85A: 212 mmW x 98 mmH x 276 mmD (8% in. x 3'l's in.
x 1O'Is in.); HP 5386A: 212.3 mmW x 88.1 mmH x 421.6 mmD (8'/3
in. x 3'/2 in. x 16V2 in.).

Battery Pack (Option 005 - HP 5384A/85A Only)
Battery Type: sealed lead-acid.
Capacity: 4 hours (typ.) at 25°C without Option 004.
Recharge Time: 16 hours (typ.) in the standby mode.
Battery Low Annunciator: enabled 20 minutes prior to instrument
shutdown nominally.
Battery Save Switch (rear panel): prevents discharge of interval
battery by the oven timebase, Option 004, during instrument standby
(STBY) .
Line Failure Protection: instrument automatically switches to bat
tery in case of line failure.
Weight: Option 005 adds 1.4 kg (3 Ib) to instrument weight.

I/O Interface
HP-IB Standard
Programmable Functions: Frequency A, Frequency B, Period A.
Programmable Controls: ATTN A, FILTER A, MAN LEVEL A,
MAN LEVEL A/B (HP 5384A/85A Only), Gate Time.
Display: Normal, Increment, Decrement (digits displayed); Remote,
Local; any 12-character message can be displayed on the LCD via a
system controller.
Data Output: output will be maximum resolution/gate time.
Format: 17 characters plus CR and LF.
Rate: 4 readings/s maximum at 0.1 s gate.
HP-IB Interface Functions: SH I, AH I, n, TEO, L4, LEO, SRI,
RLl, PPO, DCI, DTI, CO, EI (see page 556).
Talk Only: Set with address switch = 31.
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$3400
+ $550
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Ordering Information
HP 5384A Frequency Counter 225 MHz
HP 5385A Frequency Counter 1.0 GHz
HP 5386A Frequency Counter 3.0 GHz

Opt 004 High Stability Ovenized Timebase
Opt 910 Additional Operating/Service Manual

HP 5384A/85A Only:
Opt 001 High Stability TCXO (HP 5384A)*
Opt 005 Battery Pack

HP 5061-1171 Slide Handle Kit
HP 5060-0173 Rack Mount Kit (single)
HP 5060-0174 Rack Mount Kit (dual)
HP 34110A Vinyl Carrying/Operating Case

*TCXO timebase is standard with HP 5385A/86A
HP 5386A only:
Side Handle Kit: HP P/N 5061-9688
Rack Mount Kit (single), HP PIN 5061-9672
Rack Mount Kit (dual), HP PIN's 5061-9674 and

5061-9694
~ Fast-Ship product - see page 766.
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Graph 3. Frequency and Period Uncertainty due to Timebase
Error. Timebase error can be reduced by calibrating the
timebase more frequently, or by using a timebase with a better
aging rate.
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Model 53708

• 20 ps single shot LSD
• ± 100 ps accuracy achievable
• 8000 measurements/s possible

• Built-in statistics functions
• Positive, zero and negative time
• Frequency and period to 100 MHz

~
.ESIGf'E.Ur(1R. :
SYSTEMS

With the HP 53708, you can make high-precision, time-interval measurements at up to 8000
measurements/second, making it ideal for your production applications.

Increase Productivity with the HP 53708's
Precision and Measurement Speed
• IC Tester performance verification
• Fast IC characterization
• Disc drive manufacture
• Digital communications - jitter analysis
• Radar/laser ranging calibration
• Nuclear systems
• Calibration Labs

Use the full range of functions
Time Interval: you can get 20 ps single shot LSD on time intervals
from zero to 10 s, including negative time (where the STOP channel
event occurs before the START channel event).

Frequency: measure up to 100 MHz with II digits of resolution in
one second. Choose gate times down to one period: use one period
with average mode and access the powerful STATISTICS capabili
ties.

Period: measure period average from one to lOOk samples and use
STATISTICS.

Statistics: will reduce your external computations, reduce random
errors and improve measurement throughput.

Sample size: you can select I, 10, Ik, 10k or lOOk samples from the
front panel, or I to 16,777,215 samples over HP- lB. For the selected
sample size you can compute:

Mean
Standard Deviation
Minimum
Maximum

Select the time interval you want from complex waveforms:
use the extremely flexible arming and gating to select:
+TI or ± TI with internal arming, external arming - no hold-off, or
with external arming - external hold-off.

Program all major capabilities of the HP 5370B over HP-IB:
Data output rates:
• up to 8000 readings/second in fast binary mode - 125 JlS dead time.
• JO to 20 readings/second fully formatted - 330 JlS dead time.

Time Interval Measurement Characteristics
Range:
± TI: -10 to +10 seconds, including zero.
+TI: 10 ns to JO seconds.

Resolution: measurement resolution will depend on input signal
noise and slew rate. Refer to Graph 3 for characteristic curves.

Accuracy:
Time interval measurement accuracy is influenced by internal sys
tematic uncertainties, trigger level timing error for each trigger edge,
and timebase aging in addition to resolution or random uncertainties.
Graphs 1 and 2 show characteristic systematic uncertainties for the
HP 5370B. These uncertainties may be reduced to less than 10 ps by
calibration with the HP J06-59992A Time Interval Calibrator. Care
ful calibration and averaging will result in accuracies to ± 100 ps.

Frequency and Period Measurement Characteristics
Range:
Frequency: 0.1 Hz to 100 MHz
Period: JO ns to 10 seconds

Resolution: measurement resolution will depend on input signal
noise as well as measurement gate time. Refer to Graph 6 for charac
teristic curves.

Accuracy:
Accuracy is influenced by internal uncertainties, timebase aging, and
noise on the input signal. Graphs 4 and 5 show the contributions of
timebase aging and internal uncertainties to measurement accuracy.
Periodic timebase calibration will minimize uncertainty due to
timebase aging. Internal uncertainties and noise effects may be re
duced by selecting longer gate times, or averaging results.

~JJ!M~

The J06-59992A Time Interval Calibrator gives you the ability to
remove systematic errors from your measurement system, so
that the 53708 can measure with uncertainties of <± 100 ps.
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Graph 1. Trigger level timing error varies with input signal slew
rate. Uncertainty is associated with both start and stop edges.
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Graph 4. Time base crystal aging affects Frequency and Period
measurements. You can further reduce the uncertainty by using
an atomic frequency standard.
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Graph 2. Time base crystal aging affects a time interval or pulse
width measurement.
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Graph 3. Noise on the input signal will add uncertainty to a time
interval measurement. Averaging will reduce the effects of ran
dom noise.

Graph 5. Internal uncertainties affect Frequency and Period
measurements.
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Graph 6. Noise on the input signal will add uncertainty to a Fre
quency or Period measurement. Longer gate times and averag
ing will reduce the effects of random noise.

For more information . ..
Ask your local HP sales representative for the following literature for
more details on the HP 5370B Time Interval Counter and the HP
J06-59992A Time Interval Calibrator. See page 771 for your local
HP sales office.
HP 5370B Technical Data Sheet Literature Number 5952-7915
HP J06-59992A Technical Data Sheet

Literature Number 5952-7837
Product Note 53708-2 "Better than 100 ps Accuracy in HP 5370B
Time Interval Measurements Through Bias Error Reduction" Litera
ture Number 5952-7834.
Product Note 53708-3 "High Throughput Picosecond Characteri
zation of Pulse Parameters" Literature Number 5952-7769
Application Note 191-7 "High-Speed Timing Acquisition and Sta
tistical Jitter Analysis" Literature Number 5952-7908.

Ordering Information
HP 53708 Time Interval Counter

Opt 913 (5370B Rack Flange Kit - use with
supplied front handles)
Opt 908 (5370B Rack Flange Kit - without
supplied front handles)

HP 10870A HP 5370B Service Kit Accessory
HP J06-59992A Time Interval Calibrator

Price
$12,100

+ $30

+ $33

+$930
+ $3,000
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Model 5371A

• New solutions for jitter and timing measurements
• Characterizes frequency and phase changes vs time
• Built-in statistical and graphical analysis

• Extremely flexible triggering and arming for measuring
complex signals

• DC to 500 MHz frequency range with continuous mea
surement technology

The HP 5371A offers an entirely new approach to measuring complex signals: the Modulation Domain.

A New Way to Analyze Complex Signals . .. The
Modulation Domain

The HP 5371A Frequency and Time Interval Analyzer brings a
new way to view and analyze complex signals: the Modulation Do
Imain. The Modulation Domain is a view of frequency, phase, or time
linterval of a signal as a function of time. This powerful technique
Ilcomplements and extends the familiar Time and Frequency Domain
methods for analysis of complex signals. The figure below shows the
Irelationship between the three domains.
I Today's complex analog and digital modulations require the in
;sight offered by the Modulation Domain. Spread spectrum signals
I;such as agile carriers or chirped radar signals are easily studied as you
ban now view and analyze a picture of the modulation. Unintended
Imodulations such as frequency overshoot and timing jitter can also be
~nalyzed with the HP 5371A's powerful measurement capabilities.
I The HP 5371 A measures signals in the Modulation Domain direct
ly to 500 MHz with 10 digits of frequency resolution per second. Us
~ng the HP 5364A Microwave Mixer/Detector, you can realize the
penefits of Modulation Domain analysis at frequencies from 2 GHz to
18 GHz.

Continuous Measurement Technique
The HP 5371 A implements the Modulation Domain using a con

tinuous measurement technique. The HP 5371A count registers run
continuously, filling measurement memory directly for later process
ing. As a result, no data is lost between measurement samples and
continuous frequency profiles of signals may be generated with sam
pling intervals as short as 100 ns.

In a similar fashion, time interval measurements may be acquired
without missing data up to a 10 MHz rate. This data can be sorted
into a histogram for convenient jitter analysis. For statistical analysis
such as a histogram, the continuous measurement technique insures
that you don't miss critical data that can be crucial to accurate re
sults.

Analysis and Display
With its built-in analysis and display, the HP 5371A brings the

Modulation Domain to your bench or test rack just as the oscilloscope
and spectrum analyzer offer the Time and Frequency Domains. You
can view a Time Variation plot, such as frequency versus time, or time
interval versus time and use the cursor and zoom features to analyze
characteristics directly on the display. Histogram displays give statis
tical distribution information with mean and standard deviation val
ues for data between cursors.

Numeric displays let you examine a list of the continuous measure
ments acquired by the HP 5371A, or view a statistical summary in
cluding mean, standard deviation, minimum, maximum, variance,
rms, and also Allan Variance for frequency stability applications. All
results can be output directly to an HP-IB graphics printer or plotter
for hardcopy documentation.

Applying the Modulation Domain
Many signals used today have modulation characteristics which

must be analyzed in a single-shot fashion to completely understand
performance characteristics. These signals include agile carriers for
secure communications, timing jitter for data storage applications,
veo step response, and chirp linearity for radar systems. The follow
ing pages show the benefits of analyzing these signals in the Modula
tion Domain.
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A New Concept in Frequency and Timing Analysis (cont'd)
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Settling time and overshoot can be examined as well as the
modulation on the hopping carrier with the HP 5371A's Time
Variation display.
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A Histogram of compact disc pulse width measurements with
"Eight-to-Fourteen Modulation" coding can be used to statisti
cally analyze each distribution separately.

Agile Radio Characterization
Characterization of agile transmitters is difficult in the time do

main or the frequency domain. The pseudorandom selection of the
carrier means repetitive techniques are inadequate to properly char
acterize an agile radio's performance. "Golden receiver" or back-to
back testing where transmitters and receivers are tested in pairs gives
little quantitative information about the radio's performance.

The Modulation Domain provides a clear view of these agile sig
nals. Parameters such as dwell time, hop rate, and carrier settling
time can be obtained from the HP 5371A display. You can even ex
amine the modulation on top of the agile carrier by zooming in on any
hop. A histogram of frequencies is a clear measure of the random
usage of the frequency spectrum. "Flat" histogram characteristics in
dicate that channels are used with equal probability, providing the
highest resistance to jamming and communication security.

Combining the HP 5371 A with the HP 8645A Agile Signal Gener
ator (page 363), gives you the capability to test both the transmitter
and receiver portions of the agile transceiver. Ask for Application
Note 358-1, "Characterization of Frequency-Agile Signal Sources"
for more information on the use of the HP 5371 A to test these radios.

Jitter Analysis
Timing jitter is a critical parameter for high speed digital commu

nication systems, data storage devices, and precision mechanical sys
tems such as laser printers. For communication systems and
computer disk or tape drives, jitter can degrade error rate perform
ance. For laser printers, jitter in mirror positioning systems degrades
print resolution. The time interval measurement performance and
statistical analysis features of the HP 5371A provide an excellent
means of characterizing these effects.

For magnetic disk drives, the continuous measurement capability
of the HP 5371A can be used to separate read and write noise, timing
asymmetry, and peak shift. Application Note 358-3 "Time Domain
Characterization of Magnetic Disk Drives", describes techniques for
this analysis. Combining the HP 5371A with the HP 8770A Arbitra
ry Waveform Synthesizer (page 378) provides an excellent system to
characterize read channel electronics.

For jitter measurements in communications networks, ask for Ap
plication Note 358-2, "Jitter and Wander Analysis in Digital Com
munications". Jitter spectrum and data-clock jitter measurement
techniques are described as well as considerations for computer algo
rithms to derive these characteristics.
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Direct VCO Measurements
Voltage controlled oscillators are a key component in many elec

tronic systems. VCO switching and settling characteristics directly
effect total system performance. Switching and settling measure
ments have traditionally been made using descriminators and an os
cilloscope. The HP 5371A simplifies VCO characterization by
directly measuring the VCO output and displaying the step response.
Characteristics such as ringing and overshoot, settling time, and post
tuning drift can be directly quantified using the cursor and zoom fea
tures. Microwave VCO's operating between 2 and 18 GHz can be
measured using the HP 5364A Microwave Mixer/Detector with the
HP 5371A.

TIME VAR
Y Axis =
Delta ox'

X Axis •

: Frequency A
8.9998888 MHz to 18.218888 MHz

113.9718 usee,Y- 192.88888 KHz
I
I

o
32.2511 usee to 176.2291 usee

Analyze the settling time characteristics of a stepped veo in a
single shot with the HP 5371A Time Variation plot.



Chirp linearity characterization with the HP 5371A eliminates
cumbersome delay line discriminators, dramatically reducing
the measurement cost while enhancing precision.

: Frequency A
38.888888 MHz to 51.558888 MHz

12.2738 usee,y= 12.678888 MHz

Radar Chirp Linearity Analysis
Combining the HP 5364A Microwave Mixer/Detector with the

HP 537lA Frequency and Time Interval Analyzer and a suitable lo
cal oscillator gives you the capability to extend the Modulation Do
main to microwave frequencies.

The HP 5364A is designed to insure downconversion with minimal
distortion and group delay over its 500 MHz IF bandwidth. You may
choose to provide your own local oscillator, or use an HP source such
as the HP 867lA Synthesized CW Generator, HP 8673C Synthe
sized Signal Generator, or the HP 8673E Synthesized Signal Genera
tor. In addition to the IF channel, the HP 5364A provides a video
detector output to trigger the HP 5371A. The video output can also
be used directly to measure pulsewidth, rise and fall time, and
PRF/PRI.

Radar chirp linearity is easily characterized in the Modulation Do
main. The HP 5364A is used to downconvert the chirp to baseband,
maximizing measurement resolution. The frequency versus time dis
play of the HP 5371A quickly shows any deviation from linearity. For
more detailed analysis, the frequency data can be sent directly to a
computer for specific linearity calculations.

TIME VAR
Y Axis =
Delta :x=

X Axis 8 sec to 12.4826 usee

The HP 5364A Microwave Mixer/Detector brings the Modulation Domain to microwave signals.
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HP 5371A Performance Summary
Basic Performance
• Continuous measurements to a 10 MHz rate - DC to 500 MHz

frequency range
• -4.0 to +4.0 second time interval range, including 0 seconds
• 150 ps rms single-shot time interval resolution, 10 digits per second

frequency resolution
• I ns minimum input pulse width
• 2 mV trigger level resolution
• Auto-trigger capabilities
• Selection of input pods: 50 ohm, I Mohm, or 10 Kohm active

HP 5364A Microwave Mixer/Downconverter
Performance Summary
• 2 GHz to 18 GHz input frequency range
• 10 MHz to 500 MHz IF output range
• 2.2 GHz to 18 GHz local oscillator input range
• Built-in manual attenuator
• 73 dB RF input dynamic range for pulse signals, 53 dB for CW

signals
• APC 3.5(m) connectors for RF and La inputs
• <7.5 ns video output risetime
• Less than I ns group delay over 500 MHz IF output range

Arming and Triggering Capabilities
• Measurement holdoff by time, events, or signal edge
• Measurement sample by time, events, signal edge, cycle, or parity
• Arm on any of three input channels: External Arm, Input A, or

Input B

For detailed information, ask for the following literature:
HP 5371A Data Sheet/Brochure Literature Number 5952-7940
HP 5364A Data Sheet/Brochure Literature Number 5952-7946
HP 5371A Product Note/Specifications Guide (includes detailed
specifications for the HP 5371A) Literature Number 5952-7927
Application Note 358-1, "Characterization of Frequency-Agile
Signal Sources" Literature Number 5952-7924
Application Note 358-2, "Jitter and Wander Analysis in Digital
Communications" Literature Number 5952-7925
Application Note 358-3, "Time Domain Characterization of
Magnetic Disk Drives" Literature Number 5952-7928

Measurement Modes
Function

Frequency A*, B*
Frequency A&B, A+B, A-B,
B-A, A/B, B/A
Period A*, B*
Period A&B, A+B A-B, B-A,
A/B,B/A
Totalize A, B, A&B, A+B,
A-B, B-A, A/B, B/A
Time Interval A,B, A ~ B, B ~
A
Continuous Time Interval A *,
B*
± Time Interval A~B, B~A,

A,B
Rise and Fall Time At
Positive and Negative Pulse

Width At
Duty Cycle At

Phase A rei B, B rel A
Peak Amplitudes A, B

Range

125 mHz to 500 MHz
250 mHz to 500 MHz

2 ns to 8.0 seconds
2 ns to 4.0 seconds

oto 232 -I events, each channel

IOns to 8.0 seconds

100 ns to 8.0 seconds

-4.0 seconds to +4.0 seconds
including 0 seconds
I ns to 100 /LS (auto-trigger)
I ns to I ms (auto-trigger)

0% to 100% for pulse widths> I
ns and periods <1 ms (auto
trigger)
> ± 360 degrees
I kHz to 200 MHz, 200 mVpk-pk
to 2Vpk-pk

Ordering Information

HP 5371A Frequency and Time Interval
Analyzer
(Includes 2 HP 54002A 50 ohm input pods)
Opt 060 Rear Panel Inputs (50 ohm, BNC) for chan
nels A and B. 1M ohm BNC for External Arm. Pods
not useable with Opt 060. No pods supplied.
Opt W30 Two Additional Years of "Return-to-HP"
service and support

HP 5364A Microwave Mixer/Detector

Accessories
HP 54001A 1 GHz Miniature Active Probe/Pod (10: I,
10 kohm)
HP 54003A 1M ohm Pod (with 10:1 scope probe)
HP 54300A Pod Multiplexer
HP J06-59992A Time Interval Calibrator

Price

$21,500

No Charge

$400

$13,000

$765

$665
$7,900
$3,000

• Maximum sample rate lor lhese measurements is 10 MHz (100 ns). For all others, maximum
sample rate is 5 MHz (200 ns).

t Requires 8ns setup time between each measurement.

Analysis Features
• Time variation of measurements: frequency vs. time, time interval

vs. time, and phase vs. time
• Histogram
• Event timing
• Limit test
• Statistics: Mean, minimum, maximum, standard deviation, vari

ance rms
• Allan variance, root Allan variance

HP-IB Performance
• Up to 20,000 measurements per second throughput
• Three output formats: ASCII, floating point, or binary
• English-like HP-IB commands
• Full programmability
• Direct graphics output to printer or plotter.

Use the HP 5364A Microwave Mixer/Detector with the HP
5371A to measure the dynamic frequency characteristics of ra
dar and communication signals as well as YeO's operating be
tween 2 and 18 GHz.



• Precise trigger level setting
• Wide input dynamic range

ELECTRONIC COUNTERS
Accessories

Models 53638 & 10855A B

HP 53636 ~
E:S!GNEU'OR. :

SYSTEMS

HP 10855A

HP 53638 Time Interval Probes

Enhanced Counter Measurements
The HP 5363B provides the necessary input signal conditioning to

allow a universal counter to make highly accurate and repeatable
time interval measurements. Counters such as the HP 5345A, 5370B,
5335A, 5334A, 5334B, and 5328B when teamed up with the HP
5363B can now make more accurate rise time, fall time, slew rate,
propagation delay, and other complex measurements.

Dimensions: 88.1 H x 212 Wx 295 mm D (3.5 in. x 8.4 in. xl 1.6 in.).
Absolute Accuracy
± I ns ± START TLA + START NTE ± _ST_O_P_T_L_A_+_S_T_O_P_N_T_E

START slew rate STOP slew rate
where TLA denotes trigger accuracy and NTE denotes noise trigger
error.
Noise trigger error: V(l25 ).LV)' + eA volts where 125 ).LV is the
typical input noise on the HP 5363B and en is the input signal noise
for a 350 MHz bandwidth.

Accessories Available
HP 1082lA Probe Accessory Kit including 2 of each of the following:
HP 10229A Hook Tip; HP I0218A BNC to Probe Adapter; HP
IOIOOC 50 ohm Feedthrough termination; HP 1250-0655 BNC Tee
to Probe Adapter; and HP 8710-0661 HP Probe tips (extra).

HP 10855A 2-1300 MHz Preamp
The HP I0855A Preamp provides a minimum of 22 dB gain from 2

MHz to 1300 MHz to enhance measurements of very low-level sig
nals. The ± 1.5 dB flat response reduces distortion in non-sinusoidal
waveforms. The HP 10855A operates conveniently with a variety of
HP measuring instruments having probe power outlets, or will work
with the HP 1122A Probe Power Supply. The HP 5334A/5335A Op
tion 030 and HP 5328B Option 031 counters all measure frequency to
1300 MHz and are compatible for use with the HP 10855A.

HP 10855A Specifications
Frequency range: 2 MHz-1300 MHz.
Gain (minimum): 22 dB; 24 dB typical.
Gain flatness across full frequency range: ± 1.5 dB.
Noise figure: <8.5 dB typical.
Output power for I dB gain compression: 0 dBm.
Harmonic distortion: -30 dB for -15 dBm output, typical.
Output for <-66 dB harmonic distortion: -25 dBm, typical.
VSWR: <2.9, typical.
Impedance: 50 nnominal.
Reverse isolation: >45 dB.
Maximum input: 3.5 V rms (+24 dBm), fuse protected.

Wide Dynamic Range, Fine Trigger Level Settability
Greatly improved dynamic range allows the trigger point to be se

lected in 10 mV increments from -9.99 V to +9.99 V.

Minimized Circuit Loading
High impedance, low capacitance active probes minimize circuit

loading and pulse distortion. Each probe contains two measurement
channels, start and stop, so timing measurements on one waveform
are possible. As example, the input/output rise (propagation delay)
of a device can be measured between the probes.

Eliminate Systematic Timing Errors
Delays through probes, cables and inherent differential delays be

tween a counter's input channels limit the absolute accuracy of time
interval measurements.

A calibration procedure using the HP 5363B can equalize such sys
tematic delays to set the counter to read 0.0 ns. This is possible with
counters that can measure down to 0 ns like the HP 5370B, 5334A,
5334B, and 5335A. for counters with a minimum time interval speci
'Ification (HP 5345A and 5328B have 10 ns minimum capability), the
HP 5363B can add a fixed offset of 10 ns to permit measurements of
!zero time interval.

!condensed Specifications
,Operating range: ± 10 V.
,Minimum input voltage: ±IOO mV about trigger point.
,Damage level: ±30 V.
,Voltage resolution: 10 mY.
,Impedance: I M fl shunted by <20 pF.
,Effective bandwidth: 350 MHz (1 ns rise time).
,Minimum pulse width: 5 ns at ±IOO mV about trigger point.
,Output to counter: separate start/stop outputs; -0.5 V to +0.5 V
,into 50 fl, slew rate through zero volts exceeds 0.25 VIns.
,Delay compensation range: 2 ns adjustable about 0 ns or IOns.
,Power: 100, 120,220,240 Vac (+5-10%), 48-440 Hz; 40 VA max.
Iweight: net 3.0 kg (6.5 Ib). Shipping 5.5 kg (l2Ib).

Ordering Information
HP 53638 Time Interval Probes
HP 10855A 2-1300 MHz Preamp
HP 10821A Probe Accessory Kit
W Fast-Ship product - see page 766.

Price
$5400

$700W
$360



BELECTRONIC COUNTERS
Our Fastest Universal Systems Counter
Model 5345A

.500 MHz Direct Count, Conversion Plug-Ins
t0110GHz

.2 ns Single Shot Resolution, 2 ps Averaged

.25 mV Sensitivity to 500 MHz
• Up to 9000 readings/second over HP-IB

HP 5345A ~
_tSIG:-<I::L)FOR. ..
SYSTEMS

Versatile, High-Speed Measurement Power
- High resolution pulsed Frequency measurements and pulse profiling

to 110 GHz with the HP 5355A and HP 5356A/B/C/D.
- Rapid 2 ns resolution Time Interval measurements for jitter charac

terization.
- High throughput Frequency, Period, Radio, Totalize, and Scale

measurements to 500 MHz.

HP 5345A Condensed Specifications
Input Channels A and B
Range: 0 to 500 MHz dc coupled 50 Qand 1 MQ; 4 MHz to 500 MHz
ac coupled, 50 Q; 200 Hz to 500 MHz ac coupled, I MQ.
Impedance: selectable, I MQ shunted by less than 45 pF or 50 Q
(nominal).
Sensitivity (X1): 50Q, 25 mV rms sine wave and 75 mV pop pulse.
I MQ, 25 mV rms sine wave and 75mV pop pulse to 300 MHz; 50 mV
rms sine wave and 150 mV pop pulse to 500 MHz.
Trigger level: adjustable over ±2.0 V dc.
Output: rear-panel BNC connectors bring out CHAN A TRIG LEV
EL and CHAN B TRIG LEVEL for convenient DVM monitoring.
Common Input
Range: ac coupled 50 Q, 4 MHz to 400 MHz; ac coupled 1 MQ, 300
Hz to 400 MHz; dc coupled, 0 to 400 MHz.
Impedance: 50 Q remains 50 Q; I MQ becomes 500 kQ shunted by
<80 pF.
Sensitivity (X1): 50 Q, 50 mV rms sine wave and 150 mV pop pulse.
IMQ, 25 mV rms sine wave and 75 mV pop pulse to 50 MHz; 75 mV
rms sine wave and 150 mV pop pulse to 200 MHz; 120 mV rms sine
wave and 360 mV POp pulse to 400 MHz.

Frequency A
Range: 0.00005 Hz to 500 MHz.
Resolution: See Graph I.
Accuracy: ± Resolution ± Time-Base Error (Graph 2).

Period A
Range: 2 ns to 20,000 s.
Resolution and Accuracy: ~Freq [Per]/Freq (Graphs I and 2).
Time Interval/Time Interval Average

Range: 10 ns to 20,000 s.
Minimum Dead Time: IOns.
Trigger Pulse Width: I ns (typical) minimum width input at mini
mum voltage input.
Resolution

Time Interval: 2 ns ± Noise Trigger Error (Graph 3).
Time Interval Average: ± T.!. Resolution ± 2 picoseconds.

Vintervals averaged
Accuracy: ± Resolution ± Time Base Error (Graph 2) ± Trigger
Level Timing Error (Graph 4) ± 700 ps.

Ratio B/A
Range: both channels accept dc to 500 MHz.
LSD: Ratio/[Freq B x Gate Time].
Resolution and Accuracy: ± LSD ± [A Trigger Error (Graph
3)/Gate time] x Ratio.

Start/Stop
Range: both inputs dc to 500 MHz.
Modes: A, A ± B determined by rear-panel switch.

Scaling
Range: dc to 500 MHz.
Scaling Factor: selectable by GATE TIME setting. Scaling factor
equals GATE TIME setting/l0-9 seconds.
Input: input signal through channel A.
Output: output frequency equals input frequency divided by scaling
factor.

Time Base
Standard High Stability Oven
Frequency: 10 MHz.
Aging rate: <5 X 10- 10 per day.
Short term: < 1 X 10-(( for 1 s average.
Temperature: <7 X 10-9

, O°C to 55°C.
Opt 001

Frequency: 10 MHz.
Aging rate: <3 X 10-7 per month.
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+ $350
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Ordering Information
HP 5345A* Plug-In Counter

Opt 001 Room Temperature Time Base
Opt 010 HP-IB Talk Only
Opt 011 HP-IB includes remote programming
Opt 012 HP-IB similar to Opt 011, but also includes
slope and trigger level controls
Opt 908 Rack Flange Kit, HP 5060-8740

HP 10595A Board Extender Kit: for troubleshooting
~Fast-Ship product - see page 766.
·See page 184 for Microwave extensions.

Mode of Operation Readings per Second

Normal Operation (Max sample rate) 10

Externally armed 500

Externally gated 500

Computer dump 9.000

Overflow: asterisk is illuminated when display is overflowed.
Sample rate: continuously variable from <0.1 s to >5 s with front
panel control. In HOLD position the last reading is maintained until
the counter is reset.
External arm input: counter can be armed by a -1.0 V signal applied
to the rear panel 50 fl input.
External gate input: same conditions as for EXT ARM.
Gate output: > I V into 50 rl.
Operating temperature: O°C to 55°C.
Power requirements: 100/120/220/240 V rms +5% -10% 48 to 66
Hz, maximum power 250 VA.
Weight: 17 kg (37 Ib).
Size: 132.6 mmH x 425 mmW x 495 mmD (5.22 in x 16.75 in x 19.5
in).

General
Display: II-digit LED display and sign.
Gate time: 1000 s to 100 ns in decade steps; <50 ns in MIN position.
Measurement speed

Opt 001 (cont.)
Short term: <2 x 10-9 rms for I s.
Temperature: <2 x 10-6

, 25°C to 35°C.
<5 x 10-6, O°C to 55°C.

Line voltage: <1 X 10-8
, ±IO% from nominal.

External frequency standard input: input voltage> 1.0 V rms into I
HI required from source of 1,2,2.5,5 or 10 MHz ±5 X 10-8 (±5 X
10-6 for option 001).
Frequency standard output: > I V rms into 50 fl at 10.0 MHz sine
wave.

Graph 4, Trigger Level Timing Error: Affects the Start and Stop
points, total error is the larger of the two. Input calibration will
reduce this error.
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Graph 3, Input Noise Trigger Error: Noise on the input signal
affects both the Start and Stop points of all time interval mea
surements. Averaging will reduce this error.

Graph 2, Time-Base Error: Environment and aging of the crystal
affects all measurements. Frequent calibration and a better
time base will reduce this error.

Input Signal Frequency
(log scale)

100 ps 1----1---+-

Input Signal Frequency or Time
(log scale)

Graph 1, Frequency Resolution Error: Noise on the input signal
and internal uncertainties affect Frequency and Period mea
surements. Longer gate times will reduce this error. (For Period,
invert and find the ~F/F, then multiply by the Period. This yields
Period Uncertainty (~P).)



BELECTRONIC COUNTERS
100 MHz Universal Counters
Model 5334B

• Two matched 100 MHz input channels; optional C
Channel to 1.3 GHz

• 9 digits per second resolution from .001 Hz to 1.3 GHz
• 2 ns time interval resolution, 200 ps with averaging

• Automatic rise/fall time, pulse width and ac/dc voltage
measurements

• Complete HP-IB programmability standard
• MATE interface optional

HP 53348
:

SYSTEMS

DESIGNED FOR
MATE

SYSTEMS

Expanded Universal Counter Capability for Bench or
System
- Rise/Fall Time and Pulse Width measurements at the push of a

button.
- Measure the AC/DC voltage of the input signal.
- Offset, Normalize, and Average measurements for greater use abili-

ty of results.
- Auto Triggering and Auto Attenuation for user convenience.
As well as
- 100 MHz Frequency and Period measurements with resolution of9

digits per second of gate time.
- Time Interval and Time Interval Delay to 2 ns resolution, 200 ps

with averaging.
- Full HP-IB programmability standard with optional rear inputs for

system applications. Make up to 140 readings per second.
- 1.3 GHz C Channel, MATE Interface, and High Stability Oven

Time Base options.
- External Arming/Gating for synchronizing measurements to exter

nal events.

Condensed Specifications
Input Characteristics (channels A and B)
Range

DC coupled: 0 to 100 MHz.
AC coupled: I MI1, 30 Hz to 100 MHz; 5011, I MHz to 100 MHz.

Sensitivity
15 mV rms sine wave to 20 MHz, 35 mV rms sine wave to 100 MHz.
100 mV peak-to-peak at a minimum pulse width of 5 ns.
Dynamic Range (X1)
45 mV to 5 V peak-to-peak, to 20 MHz.
100 mV to 2.5 V peak-to-peak, to 100 MHz.
Trigger Level Range
Manual (auto trigger off): continuously adjustable over ±5.1 V (X
ATTN), displayed in 20 mV steps (X ATTN).
Preset: ~V NOMINAL in Sensitivity Mode.
Auto Trigger

DC coupled: 100 Hz to 100 MHz.
AC coupled: I MI1, 100 Hz to 100 MHz; 5011, I MHz to 100 MHz.

Trigger Slope: independent selection of + or - slope.
Impedance: I MI1 or 5011, NOMINAL, switch selectable.
Attenuator

Manual: X I or X 10 NOMINAL, switch selectable.
Auto: attenuator automatically switched when in Auto Trigger.

Low Pass Filter: 100 kHz NOMINAL, Channel A, switchable.
External Arm
Sensitivity: 500 mV peak-to-peak at Min. pulse width of 50 ns.
Signal Operating Range: -5 V dc to +5 V dc.
Slope: independent selection of START and STOP ARM slopes: +,
-, or OFF.
Frequency A and Frequency B
Range: .001 Hz to 100 MHz.
Resolution: See Graph I.

Accuracy: ± Resolution ± Time Base Error (Graph 2).
Period A
Range: 10 ns to 10] s (single gate), 10 s (100 GATE AVERAGE)
Resolution and Accuracy: ~FREQ [PER]/FREQ (Graph I and 2)
Time Interval A to B
Range: -I ns to 10] (single shot), 10 s (100 GATE AVERAGE).
LSD: I ns (100 ps using 100 GATE AVERAGE).
Resolution: ± LSD ± Noise Trigger Error (Graph 3) ± I ns rms.
Accuracy: ± Resolution ± Time Base Error (Graph 2) ± Trig Level
Timing Error (Graph 4) ± Trig Level Setting Error (Graph 5) ± 2 ns.
Time Interval Delay

Selectable delay can be inserted between START and STOP of
Time Interval A to B. Inputs during delay are ignored. Delay Range
is I ms to 99,999 s.
Ratio A/B
Range: .001 Hz to 100 MHz both channels.
LSD: 4 X RATIO/ [FREQ A X GATE TIME].
Resolution and Accuracy: ± LSD ± [B Trig Error (Graph
3)/GATE TIME].
Totalize
Range: 0 to 1012 -I.
Resolution and Accuracy: I count of input signal.
Pulse Width A
Range: 5 ns to 10 ms.
LSD, Resolution, Accuracy: same as Time Interval A to B except ±
2 ns in Accuracy deleted.
Rise/Fall Time A
Range: 30 ns to 10 ms.
Minimum Amplitude: 500 mV peak-to-peak.
Dynamic Range: 500 mV to 40 V peak-to-peak.
LSD, Resolution, Accuracy: same as Time Interval A to B.
AC/DC Voltage

Max. and Min. peaks or dc level of Channel A or Channel B input
are displayed.
Frequency Range: dc, 100 Hz to 20 MHz.
Dynamic Range: ~-40 V peak-to-peak; ±51 Vdc.
Resolution: X I: 20 mV X 10: 200 mV
Time Base
Frequency: 10 MHz.
Aging Rate: <3 X 10-7 per month.
Math

Display = (Measurement/Normalize) + Offset.
Entry Range: ± I X 10- 10 to ± 9.99999999999 X 109

•

Single Cycle: one measurement per push of RESET.
100 Gate Average: 100 measurements accumulated and average
value displayed. Adds one digit of resolution to measurements and
reduces resolution error by 10.
Hewlett-Packard Interface Bus
Programmable Controls: all front-panel controls and functions, ex
cept power on/stby switch.
Trigger Level: set Channel A or B in 20 mV steps (X ATTN).
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Graph 4, Trigger Level Timing Error: Affects the Start and Stop
points of all time-interval measurements. Total error is the larg
er of the two trigger point errors.
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Data Output
Normal Operation: ten readings/second, formatted.
High Speed Mode: up to 140 readings/second (55 readings/second
with Option 700), unformatted.
HP-IB Interface Functions: SHI, AHI, T5, TEO, L4, LEO, SRI,
RLI, PPO, DCI, CO, E2 (see page 556).

Input Signal Frequency
(log scale)

+5375

Price
$1950'li:
+$800
+$550
f-5125

Input Signal Slew Rate at Trigger Point
(log scale)
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100 ps

Graph 5, Trigger Level Setting Error: Affects both the Start and
Stop points of all time interval measurements.

Options
Option 010 High Stability Time Base (Oven)
Frequency: 10 MHz.
Aging Rate: 5 x IO- Io/day after 24-hour warm up.
Option 0301300 MHz C Channel
Range: 90 MHz to 1300 MHz.
Sensitivity: 15 mV rms (-23.5 dBm) sine wave, 90 MHz to 1000
MHz. 75 mV rms (-9.5 dBm) sine wave, 1000 MHz to 1300 MHz.
Resolution and Accuracy: same as Frequency A and B.
Option 700 Internal CIIL Interface (MATE)
Measurement Functions Provided:
Frequency A, B, and C; Period A, Time Interval A to B, Ratio A/B,
Totalize A, Rise/Fall Time A. Pulse Width A, Read Levels A and B
(AC/DC Voltage and Trigger).
Programmable Controls:
Channel A and B: Trigger Level, Auto Trigger, Coupling, Trigger,
Slope, Impedance, Attenuator, Common.
External Arm: External Arm Select, Slope.
General: Gate Time
Measurement Data Output Rate: 2.5 readings/second.

Ordering Information
HP 5334B Universal Counter

Opt 010 Oven Oscillator
Opt 030 Channel C
Opt 060 Rear Terminals

Channel A,B and ARM in parallel with front inputs.
Option 030 at rear panel only.

Opt 700 Internal MATE programming
'li: Fast-Ship product see page 766.
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Graph 2, Time Base Error: Crystal environment and aging af
fects all measurements.

Graph 3, Input Noise Trigger Error: Noise on the input signal
affects both the Start and Stop points of all time interval mea
surements.
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Input Signal Slew Rate at Trigger Point
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Graph 1, Frequency Resolution Error: Noise on the input signal
and internal uncertainties affect Frequency and Period mea
surements.



8 ELECTRONIC COUNTERS
Our Highest Performance Universal Systems Counter
Model 5335A

• A high performance 200 MHz/2 ns Universal Counter
• Built-in automatic rise time, duty cycle, pulse width,

slew rate and phase measurements

• Advanced automatic triggering capabilities
• HP-IB pius math and statistics functions standard

HP 5335A

Remarkable Automatic Measurement Power
The HP 5335A is an advanced universal counter with automatic

measurement power built in. Designed either for bench or systems
applications. the counter has 16 front-panel measurement functions,
plus four "phantom" functions, all automatically selected by push
button or by HP-IB. These twenty functions, plus greatly expanded
arming and triggering capability, make the HP 5335A a most power
ful universal counter. In addition, math and statistics features,
matched Channel A and B input amplifiers, and HP-IB are all includ
ed in the standard unit, making the HP 5335A easily the most ad
vanced universal counter available at its price.

Pulse Characterization Measurements
The HP 5335A possesses the expected universal measurements,

and does them better than ever before. Beyond the expected measure
ment set, the HP 5335A has the ability to automatically measure
waveform characteristics for various applications. Op amp character
ization is one area where a number of measurements are needed to
define the amplifier's performance. Using the HP 5335A and a signal
source, rise and fall times, output slew rate, and propagation times
can be measured with one test set-up. Also, duty cycle can be mea
sured to see the distortion on a square wave through the amplifier due
to different rising and falling slew rates. Phase measurements are also
push-button selectable and automatically performed by the counter.

Complete Triggering Capability
To get good measurement results, a counter must properly trigger

on the input signal. The HP 5335A employs both manual and auto
matic trigger modes to quickly and easily set the right trigger points.

Manual Triggering
The counter has a ±5 Vdc range to help reduce input attenuator

use for most input signals. including TTL.

Automatic Triggering
Two auto trigger modes help you trigger automatically. Just press

auto trig or select auto trig on the HP-IB and the counter automati
cally selects 10%-90% riseI fall time trigger points, 50% phase trigger
points, or the preset value of your choice. Then it tracks the signal's dc
offset continuously to stay on the right trigger point. Option 040 al
lows programmability of trigger levels via HP-IB.

Trigger Level DVM
Built into the basic counter. Just press TRG LVL to see both input

channel trigger levels displayed.

A Full Set of Universal Measurement Functions
In addition to waveform characterization features, the HP 5335A

has an extremely wide set of measurement functions covering fre
quency, time, events and volts. These functions let you characterize
signals quicker and more thoroughly than ever before possible.

Frequency
Frequency is the most common measurement performed by coun

ters. The HP 5335A measures to 200 MHz in Channel A, 100 MHz
in Channel B, and 1.3 GHz in its optional Channel C. Due to the
counter's advanced design and reciprocal measurement technique,
resolution is a constant 9 digits per second of gate time across its en
tire measurement range.

Time
In a universal counter, a time interval measurement equates to a

stopwatch measurement started and stopped by unique events. Preci
sion is dependent on the counter's circuitry.

To ensure precision, the HP 5335A has matched custom input am
plifiers to greatly reduce trigger errors that might be produced if the
start and stop signals were amplified differently. Further, the counter
employs an analog interpolation technique that turns its 10 MHz
clock into the equivalent of a I G Hz time base. The HP 5335A is thus
able to resolve single shot time interval measurements to better than 2
nanoseconds (100 ps with averaging). This analog interpolation elim
inates the need found in some counters for a phase-modulated Uit
tered) time base for time interval average measurements.

Math and Statistics
Averaging techniques are often used to extend the resolution of a

counter. For averaging, the HP 5335A provides sample sizes of N =
100 or N = 1,000. Best of all, averaging can be employed for all mea
surements except phase. In addition to mean, and selection of sample
size, the counter takes standard deviations of the current measure
ment for the sample size selected.

Math functions are another built-in feature that provide operator
convenience. These functions let you convert the display into direct
indications of parameters like flow, speed, pressure, and temperature.
Additionally, the counter remembers the offset, scale, and normalize
factors for each measurement function.



Condensed Specifications
Input Characteristics (channel A and B)

Range
DC coupled, 0 to 100 MHz.
AC I Mfl, 30 Hz to 100 MHz.
AC 50 fl, 200 kHz to 100 MHz.
NOTE: Channel A range 200 MHz when in Frequency A and Ratio modes.

Sensitivity (X1)
25 mV rms sinewave.
75 mV peak-to-peak pulse at minium pulse width of 5 ns.

Dynamic Range (X1)
75 mV to 5 V peak-to-peak, to 100 MHz.
75 mV to 2.5 V peak-to-peak, > 100 MHz.

Signal Operating Range (X1, DC)
-5 V dc to +5 V dc.

Trigger Level Range (X1)
Auto Trigger OFF

Preset: set to 0 V dc NOMINAL.
Adjustable: -5 V dc to +5 V dc.

Auto Trigger ON
Preset: set to nominal 50% point of input signal.
Adjustable: nominally between + and - peaks of input signal.

Auto Trigger (X1)
Range (50% duty cycle)

DC coupled, 30 Hz to 200 MHz.
AC I Mfl, 30 Hz to 200 MHz.
AC 50 fl, 200 kHz to 200 MHz.

Minimum signal: 100 mV rms.
Duty cycle range: 10% to 90%.
Response time: 3 seconds, typical.
NOTE: Auto Trigger requires a repetitive signal.

Coupling: ac or dc, switchable.
Impedance: 1 Mfl, nominal, shunted by <35 pF or 50 fl nominal,
switchable. In COMMON A, I Mfl is shunted by <50 pF.
Attenuator: XI or XIO nominal, switchable.
Slope: independent selection of + or - slope.
Channel input: SEPARATE Dr COMMON A, switchable.

Frequency A
Range: 0 to 200 MHz, prescaled by 2.

LSD Displayed

I ns

G T
· x FREQ. (e.g. 9 digits in a secDnd).

ate tme

Resolution

(2 LSD) X
Trigger ErrDr

± X ± 1.4 X FREQ.
Gate Time

Accuracy: ± (Resolution) ± (Time Base Error) X FREQ.

IPeriod A
IRange: 10 ns to 107 s.

LSD Displayed

I 1 ns
I
G

T' X PER. (e.g. 9 digits in a second).
I ate [me

IPeriod average: user selects MEAN function, and n 100, or

in.= 1.000.

ITlme Interval A-+B
,Range: 0 ns to 107 s.
,LSD displayed: I ns (100 ps using MEAN).
IResolution: ± (2 X LSD) ± (START Trigger Error) ± (STOP Trig
ger Error).
:Accuracy: ± (Resolution) ± (Time Base Error) X TI ± (Trigger
,Level Timing Error) ± (2 ns).
Gate mode: MIN only.
~ime internal average: user selects MEAN function, and n = 100, or
in = 1,000.

Time Interval Delay (holdoff)
Front panel Gate Adjust control inserts a variable delay between
START and enabling of STOP. Electrical inputs during delay are
ignored. Delay ranges are same as gate time ranges (l00 liS, to 4 s
NOMINAL) for gate modes of Fast, Norm, and Manual.

Inverse Time Interval A-+B
Range: 10-7 to 109 units/secDnd.
LSD Displayed, Resolution, and Accuracy are inverse of Time Inter
val A~B specifications.

Rise and Fall Time A
Range: 20 ns to 10 ms transition with 50 Hz tD 25 MHz repetitiDn
rates (50% duty cycle).
Minimum pulse height: 500 mV peak-to-peak.
Minimum pulse width: 20 ns.
Duty cycle range: 20% to 80%.
LSD Displayed and Resolution are same as Time Interval A~B
Specifications.

Pulse Width A
Range: 5 ns to 107 s.
Trigger point range: 40% to 60% of pulse height.
LSD Displayed and Resolution are same as Time Interval A~B spec
ifications.

Duty Cycle A
Range: I % to 99%,0 tD 100 MHz.
Trigger point range: 40% to 60% of pulse height.

I ns
LSD displayed: PER X 100%

NOTE: Constant duty cycle required during measurement.

Slew Rate A
Range: 50 V/s to 108 V/s slew rate with 50 Hz tD 25 MHz repetition
rates (50% duty cycle). Minimum Pulse Height, Width, and Duty
Cycle Range are same as Rise and Fall Time A.
Input mode: autDmatically set to COMMON A with 10% and 90%
trigger levels.

Ratio AlB
Range: Channel A, 0 tD 200 MHz (prescaled by 2).

Channel B, 0 tD 100 MHz.

RATIO
LSD displayed: where FREQ is higher

FREQ X Gate Time
frequency after prescaling.

Totalize A
Range: 0 tD 100 MHz.
LSD displayed: I count of input.
HP-IB output: at end of gate.

Manual
Count reset: via RESET key.
HP-IB output: tDtalize data Dn-the-fly sent if Cycle mDde set to Sin
gle. Input frequency range in this mDde is 0 to 50 Hz nominal.

Gated
Count reset: autDmatic after measurement.

Phase A Rei B
Range: -1800 to 3600, Range Hold off, or 00 to 3600, Range Hold
on, with signal repetition rates of 30 Hz to 1 MHz.
Minimum signal: 100 mV rms.
LSD displayed: 0.1 0 •

Gate Time
Range: 100 ns to 107 s.
LSD displayed: up to three digits with Ext. Arm Enable OFF, 100 ns
when ON. MIN Gate Mode display zero.



BELECTRONIC COUNTERS
Our Highest Performance Universal Systems Counter (cont'd)
Model 5335A

Price
$4400

+ $800
+ $550
+ $800
+ $800

+ $32
+ $65

Trigger Level
Range: XI, +5 to -5 V; XIO, +50 to -50 V.
Resolution: XI, 10 mY; XIO, 100 mY.
Accuracy (X1): ±20 mY, ±0.5% of reading.

Time Base
Standard Crystal
Frequency: 10 MHz.
Aging rate: <3 X 10-7/month.
Temperature: < 4 X 10-6,0 to 50°e.
Line voltage: < I X 10-7 for 10% change.
High stability crystal: see Option 0 IO.
External time base input: rear panel BNC accepts 5 or 10 MHz,
200 mV rms into I kl1; 5 V rms maximum.
Time base out: 10 MHz, > I V p-p into 5011 via rear panel.

Statistics
Sample size: selectable between either n = 100 or n = 1,000
samples.
Std. dev.: displays a standard deviation of selected sample size.
Mean: displays mean estimate of selected sample size.
Smooth: performs a weighted running average and truncates unsta
ble least significant digits from display.

Math
All measurement functions, with exception of GATE TIME, Totalize
in Scale Mode, and TRIG LVL, may be operated upon by Math func
tions. Offset, Normalize, and Scale may be used independently or to
gether as follows:

Measurement + Offset S I
Display = X ca e.

Normalize

Number value range: ±I X 10-9 to ± 9 X 109
.

Last display: causes value of previous display to Offset (negative
value), Normalize, or Scale all subsequent measurements.
Measurement t-1: causes each new measurement to be Offset (neg
ative value), Normalized, or Scaled by each immediately preceding
measurement.

Hewlett-Packard Interface Bus
Programmable controls: all measurement functions, Math, Statis
tics, Reset, Range Hold, Ext. Arm Enable/Slope, Check, Gate Adj.
(~ I ms to I s), Gate Open/Close (gate times to co), Gate Mode,
Cycle, Preset, Slope, Common A, Auto Trigger.
Special functions: FREQ B, PULSE B, TIME B~A, TOT A-B,
LEARN, MIN, MAX, all internal diagnostic routines.
Interface functions: SHI, AHI, TS, TEQ, L4, SLl, RLl, PPO,
DCI, DTl, CO, EI (see page 40.5).
Data output: fixed output format consisting of 19 characters plus CR
and LF output is typically 8 ms.
Option 040: adds complete systems programmability; see column at
right.

General
Gate: minimum, manual, or continuously variable (NORM/FAST)
via Gate Adj. control.

NORM: 20 ms to 4 s NOMINAL.
FAST: 100 /LS to 20 ms NOMINAL.
MIN: minimum gate time. Actual time depends on function.
MANUAL: each press opens or closes gate.

Cycle: determines delay between measurements.
NORM: no more than 4 readings per second, nominal.
MIN: updates display as rapidly as possible (~ 15 readings per sec
ond, depending on function).
SINGLE: one measurement taken with each press of button.

Arming: Ext. Arm Enable key allows rear panel input to determine
Start and/or Stop point of a measurement. External gate defined by
both Start and Stop armed. All measurements are armable except
Manual Totalize, Phase, and Trigger Level.

Start arm: + or - slope of arm input signal starts measurement.
Stop arm: + or - slope of arm input signal stops measurement.
When used, Start Arm must occur before Stop Arm.
Ext. arm input: rear panel BNC accepts TTL into 20 kIl. Mini
mum Start To Stop Time: 200 ns.

Trigger level out: dc output into I Mil via rear panel BNCs for
Channel A and B; not adjusted for attenuators.

Accuracy at dc (X1): ±15 mV ±0.5% of TRIG LVL reading.
Gate out: TTL level into 5011; goes low when gate open; rear panel
BNe.

Range hold: freezes decimal point and exponent of display.

Reset: starts a new measurement cycle when pressed.
Check: performs internal self test and lamp test.
Display: 12-digit LED display in engineering format; exponent range
of + 18 to -18.
Operating temperature: 0 to 50°e.
Power requirements: 100,120,220,240 VAC (+5%, -10%),48
66 Hz; 130 VA max.
Weight: net, 8.8 kg (19 Ib 8 oz). Shipping, 13.6 kg (30 Ib).
Dimensions: 425.5 mm W x 132.6 mm H x 345.4 mm D (163/. in. x
5Y. in. x 13'/2 in.), not including removable handles.

Options
Option 010: High Stability Time Base (oven)
Frequency: 10 MHz.
Aging rate: < 5 X 10-10/day after 24-hour warm up.
Short term: < I X 10- 1 rms for Is average.
Temperature: < 7 X I0-9

, 0 to 50° e.
Line voltage: < I X 10_10 for 10% change.
Warm-up: within 5 X 10-9 of final value in 20 minutes.

Option 020: DC Digital Voltmeter
Range: 4 digits, autoranging, autopolarity, in ±IO, ±IOO, ±1000 V
ranges.
Sensitivity: 100 /LV, I mY, 10 mY, 100 mV for ± 1 V, ±IO V, ±IOO
V, ±IOOO V readings.
LSD displayed: same as sensitivity.
Input type: floating pair.
Input impedance: 10 Mil ± 1%.

Option 030: 1.3 GHz C Channel
Input Characteristics
Range: 150 MHz to 1.3 GHz.
Sensitivity: 10 mV rms sinewave (-27 dBm) to I GHz. 100 mV rms
sinewave (-7 dBm) to 1.3 GHz.

Frequency C
Range: 150 MHz to 1.3 GHz, prescaled by 20. LSD Displayed, Res
olution, and Accuracy are same as Frequency A.

Ratio CIA
Range: channel A, 0 to 200 MHz.

channel C, 150 to 1300 MHz.

Option 040: Complete Systems Programmability
Adds remote selection of low pass filter, ac/dc coupling, XI-X 10 at
tenuation, dc trigger level and input impedance for both Channel A
and B.

Definitions
Duty cycle: percentage of time a signal is high or low. depending on
Slope A setting. Trigger point is high/low dividing point.

PULSE
DUTY CY = PER X 100%.

Slew rate: effective slope between 10% and 90% points of rising or
falling signal depending on Slope A setting.

VB-VA
SLEW =

TI

Phase: angle, with respect to B signal, between 50% points of channel
A and B signals, trigger slopes selected by Channel A and B slope
switches.

(TIl + Tl2) 360°
PHASE = 2 PER

TIl is time between 50% points of A then B signals using slopes de
fined during Phase measurement.

TI2 is time between 50% points of A then B signals using complement
slopes to TIl.

Front handles: supplied with instrument.

Ordering Information
HP 5335A Universal Counter

Opt 010 Oven Oscillator
Opt 020 DVM
Opt 030 C Channel
Opt 040 Expanded HP-IB Control
Opt 908 Rack Flange Kit for use without handles.
Opt 913 Rack Flange Kit for use with supplied front
handles.



• 100 MHz and 1300 MHz
• 10 ns Time Interval
• T.I. Averaging to 10 ps resolution

ELECTRONIC COUNTERS B
100 MHz Universal Counters 203

Model 5328B

• "Armed" measurements
• DVM option
• HP-IB Interface standard

HP 53288 QD
"L:>iGNED~UR. ..
SYSTEMS

Solid Universal Counter Performance for Bench or
System
- Frequency measurements to 100 MHz, 1.3 GHz optional.
- IOns Time Interval resolution, 10 ps with averaging.
- IOns Period resolution, I fs with averaging.
- ± 1000 V dc DVM and High Stability Oven Time Base options.
- HP-IB programming and External Arming standard.

Condensed Specifications
Input Characteristics
Sensitivity: 25 mV rms, to 40 MHz; 50 mV rms, 40 MHz-100 MHz.
Attenuators (nominal): X I, X I0 switch selectable.
Frequency A

Range: 0 to 100 MHz.
Period A

Range: 100 ns to 107s with resolution to IOns.
Period Average A

Range: 100 ns to 107s with resolution to I fs.
Time Interval A -> B

Range: 10 ns to 107s with resolution to 10 ns.
Time Interval Average A -> B

Range: 0.1 ns to I s with resolution to lOps.
Minimum Dead Time: 40 ns.

Ratio B/A
Range: Channel A, 0 to 10 MHz; Channel B, 0 to 100 MHz.

HP-IB Interface Bus
Programmable functions: Functions, resolution, sample rate, (max
imum or manual control), arming, display modes, measurement
modes, output mode, and reset commands. Trigger level, trigger
slope, input impedance, coupling, separate/common/check, invert A
and B, Trigger level is programmable in 10mV steps in xI; 100 mV in
x 10. Trigger level accuracy under remote control in xI: ±35 mV.
Interface functions: SHI, AHI, Tl, L2, SRI, RLl, PPO, DCI, DTl,
CO, EI. (See page 556).
Service request (SRQ): if enabled, indicates end of measurement.
Maximum data output rate: 500 readings/so

Power Requirements: 100/120/240 V rms, +5%, -10% (switch se
lectable), 48-66 Hz; 150 VA max.

Time Base Oscillators
Standard Crystal Oscillator
Frequency: 10 MHz.
Aging Rate: <3 x 1O-7/month.
Temperature: < 2.5 x 10-6, 0° to 50°C.
Line Voltage: < I x 10-7 for 10% change.

Option 010: Oven Oscillator
Frequency: 10 MHz.
Aging Rate: <5 x IO- IO/day after 24-hour warm-up.
Short Term: <1 x 10-10 rms/s.
Temperature: <7 x 10-9,0° to 50°C.
Line Voltage: < 5 x 10-9 for 10% variation.
Warm-Up: within 5 x 10-9 of final value in 20 minutes.

Option 021: High Performance Digital Voltmeter
Range: ± 10, ± 100, ± 1000 V dc and Autorange.
Sensitivity: 10 /LV, 100 /LV, I mY, 10 mY, 100 mV for measurement
times of 10 s, I s 0.1 s, 10 ms, I ms respectively.
Input: floating pair, 10 MQ nominal.
Maximum Input: hi to low: ± 1100 V all ranges; low to chassis
ground: ±500 V.
Trigger Level Measurements: 1 mV display resolution.

Option 031: 1300 MHz C-Channel
Input Characteristics

Sensitivity: 20 mV rms sine wave (- 21 dBm).
Maximum Input: 5 V rms, ± 5 Vdc, fuse protected.

Frequency C
Range: 90 MHz to 1300 MHz, prescaled by 4 with resolution to 0.1
Hz.

Ratio CIA
Range: channel A, 0 to 10 MHz; channel C, 90 to 1300 MHz
Attenuation: continuously variable for optimum noise suppression.

General
Display: 9-digit LED display.
Sample Rate: Variable from less than 2 ms between measurements
to HOLD, which holds display indefinitely.
Gate Output: rear panel output: TTL levels.
Time Base Output: rear panel output; TTL levels.
Operating Temperature: 0° to 50°C.

Ordering Information
HP 5328B Universal Counter

Opt 010 High Stability Time Base
Opt 021 High Performance DVM
Opt 031 1300 MHz Channel C
Opt 050 DVM and Channel C
Opt 908 No Handles Rack Flange Kit
Opt 913 With Handles Rack Flange Kit

Price
$5400
+$800
+$800

+$1100
+$1900

-"-$30
-"-$30



BELECTRONIC COUNTERS
Universal Counters
Models 5315A, 53168

• Frequency. period, ratio, and totalize to 100 MHz
• Portable, and HP-IB models
• 1 GHz capability available

HP 5315A

HP 5315A and HP 53168 Universal Counters

A Quiet Revolution in Capability ...
HP's economical HP 5315A and HP 5316B counters provide all

the universal counter capability you've come to expect at much higher
prices. That's because they use a unique custom circuit called the
MRC (Multiple Register Counter) which packs counting and com
puting power into this popular counter series. To a user, the differ
ences in operation from conventional direct models can be listed
quickly: low frequency resolution is an outstanding 7 digits per second
of gate time and reliability is extremely good due to the counter's low
chip count. Also, the continuously adjustable gate time allows auto
matic selection of sample size for easy trade-offs between measure
ment time and resolution.

Much of the counter's performance is based on reciprocal counting
techniques first pioneered in HP's high-performance HP 5360A com
puting counter, and the current HP 5345A Universal Counter. The
use of these techniques coupled with HP's MRC and a microproces
sor provides a quiet but powerful revolution in counter performance
within the HP 5315A and HP 53l6B. For example, this counter gives
you its fuIl7-digits/second resolution over the range from I Hz to 100
MHz. This, simply stated, shows the power of the MRC and recipro
cal counting.

High Performance, low Price
In addition to its economy, the MRC counter offers a full set of

universal counter measurements, and there are very few limitations to
this capability. Increased accuracy in low-cost portable and system
counters is also available with the oven oscillator option through im
proved temperature stability and lower aging rates.

Frequency to 100 MHz:, C-Channel to 1.0 GHz
The MRC counter measures frequency to 100 MHz. Additionally

the optional C-Channel measures to 1.0 GHz for both CW and pulsed
RF signals as narrow as 60 ms. The C-Channel option is particularly
useful in navigation and communications equipment testing due to
this pulsed RF measurement feature.

• Uses reciprocal technique for full low-frequency
resolution

• 100 ns time interval, 10 ps T.1. averaging
• Oven option for increased accuracy

HP 5316B

Time Interval to 100 ns, T.!. Averaging to 10 ps
The MRC counter provides three time measurement modes. Sin

gle-shot time interval allows measurements over a range of 100 ns to
100,000 seconds. This capability can be used to measure pulse width.
Time interval averaging provides greater resolution for repetitive
events. Finally, time interval delay avoids measurement of spurious
signals by holding off the counter's trigger point by a precise, opera
tor-selectable amount of time.

A Full Set of Measurements
Besides the frequency and time functions mentioned above, the

MRC counter has other measurement functions that make it a truly
impressive value:
Period A-allows single period measurements via Channel A.
Ratio AlB-allows frequencies to 100 MHz into both Channel A and
B.
A By B-totalizes the A input between 2 events on B channel.
Tolalize-a manually gated totalize mode of operation.

Input Signal Conditioning Versatility
A full complement of input signal conditioning controls are provid

ed for both channels. These include ± slope, ±2.5 Vdc trigger level,
and ac/dc coupling. Other controls are a Separate/Common switch,
and a 100 kHz low-pass filter for Channel A.

A Choice of Portable or System Models
HP 5315A: a portable, light-weight unit best suited for field applica
tions. This unit has a convenient carrying handle and optional battery
power is available for up to 4 hours continuous operation.

HP 5316B: this model possesses all the characteristics of the HP
5315A, and it has HP-IB capability built-in as standard equipment. It
has low RFI, it is rackable, and it is functionally identical to the HP
5315A. In addition to programmable measurement functions, the us
er can also select dc trigger level and ± slope under HP-IB control.
Channel A and B trigger levels are brought out to the front panel on
this unit for easy measurement with a DVM.



HP 5315A, 53168 Condensed Specifications

Input Characteristics (channel A and channel B)
Range: dc coupled, 0 to 100 MHz.

ac coupled, 30 Hz to 100 MHz.
Sensitivity: 10 mV rms sine wave to 10 MHz. 25 mV rms sine wave

to 100 MHz. 75 mV peak-to-peak pulse at minimum
pulse width of 5 ns.

Sensitivity can be varied continuously up to 500 mV rms NOMI
NAL by adjusting sensitivity control. In sensitivity mode, trigger lev
el is automatically set to 0 V NOMINAL.
Dynamic Range

30 mV to 5 V peak-to-peak, 0 to 10 MHz.
75 mV to 5 V peak-to-peak, 10 to 100 MHz.

Coupling: ac or dc, switchable.
Filter: low pass, switchable in or out of Channel A. 3 dB point of
100 kHz NOMINALLY.
Impedance: 1 Mfl NOMINAL shunted by less than 40 pF.
Signal operating range: +2.5 Vdc to -2.5 Vdc.
AUenuator: XI or X20 NOMINAL.
Trigger level: variable between +2.5 Vdc and -2.5 Vdc.
Slope: independent selection of + or - slope.
Common input: all specifications are the same for Common A except
the following:

Sensitivity: 20 mV rms sine wave to 10 MHz; 50 mV rms to 100
MHz; 150 mV peak-to-peak at a minimum pulse width of 5 ns.
Dynamic range: 60 mV to 5 V peak-to-peak to 10 MHz; 150 mV to
5V peak-to-peak, 10--100 MHz.
Impedance: 500 kfl NOMINAL shunted by less than 70 pF.

Frequency (channel A)
Range: 0.1 Hz to 100 MHz.
Resolution: See Graph I
Accuracy: ± Resolution ± Time Base Error (Graph 2)

Period
Range: IOns to 105 s.
Resolution: See Graph I
Accuracy: ± Resolution ± Time Base Error (Graph 2)

Time Interval
Range: 100 ns to 105 s.
LSD displayed: 100 ns.
Resolution: ± LSD ± Noise Trigger Error (Graph 3)
Accuracy: ± Resolution ± Time Base Error (Graph 2)

Time Interval Average
Range: 0 ns to 105 S. _

LSD displayed: 100 ns/vN, 10 ps maximum.
Number of intervals averaged (N): N = Gate Time x FREQ.
Minimum dead time (stop to start): 200 ns.
Resolution: ±LSD ± [Noise Trigger Error (Graph 3)]/vN
Accuracy: ± Resolution ± Time Base Error (Graph 2) ± 4 ns

Time Interval Delay (holdoff)
Front panel gate time knob inserts a variable delay of NOMINALLY
500 itS to 20 ms between START (Channel A) and enabling of STOP
(Channel B). Electrical inputs during delay time are ignored. Delay
time may be digitally measured by simultaneously pressing T.!. Aver
aging, T.!. Delay and blue key. Other specifications are identical to
Time Interval

Ratio
Range: 0.1 Hz to 100 MHz, both channels.
LSD: [(2.5 x Period A)/Gate Time] x Ratio.

Totalize
Manual
Range: 0 to 100 MHz.
A gated by B
Totalizes input A between two events of B. Instrument must be reset
to make new measurement. Gate opens on A slope, closes on B slope.
Range: 0 to 100 MHz.

General
Standard Time Base

Frequency: 10 MHz.
Aging rate: < 3X 1O-7/mo.
Temperature: ± 5 X 10-6,0° to 50°C.
Line voltage: <1 X 10-7 for a ± 10% variation.

Check: counts internal 10 MHz reference frequency.
Error light: LED warning light activated if logic error is found during
instrument turn-on self-check.
Display: 8-digit LED display, with engineering units annunciator.
Overflow: only frequency and totalize measurements will overflow. In
case of overflow, eight least significant digits will be displayed and
front panel overflow LED will be actuated. All other measurements
which would theoretically cause a display of more than 8 digits will
result in the display of the 8 most significant digits.
Gate time: continuously variable, NOMINALLY from 60 ms to
lOs or I period of the input, whichever is longer.
Sample rate: up to 7 readings per second NOMINAL except in time
interval mode, where it is continuously variable NOMINALLY from
250 ms to 10 s via Gate Time Control.
Operating temperature: 0° to 50°C.
Power requirements: 100, 120, 220, 240 V (+5%, -10%) 48-66 Hz;
15 VA maximum or 30 VA maximum (HP 5316B).
Weight: net, 2.2 kg (4 Ib 12 oz). Shipping, 4.1 kg (9Ib).
Dimensions: 238 mm W x 98 mm H x 276 mm D (9% in. x 3Y8 in. x
lOY, in.).

Additional HP 53168 Specifications
Rack and stack metal case with rear panel, switchable ac power line
module, Specifications same as HP 5315A except as follows:
Rack mount kit: HP 5061-9672 recommended.
Oscillator output: 10 MHz, 50 mV pop into 50 flload on rear panel.
External frequency standard input: 1,5, 10 MHz, 1 V rms into 500
fI, or rear panel.
Trigger level output: ±5%, ±15 mY, over ±2.0 Vdc range at front
panel connectors.
Dimensions: 212 mm W x 88 mm H x 415 mm D (8 3/8 in. x 3 1/2
in. x 16 1/2 in.).
Weight: net, 3.7 kg (8 Ib 2 oz). Shipping, 6.3 kg (14 Ib).

Hewlett-Packard Interface Bus
Programmable functions: Frequency A and C, Frequency A Armed
by B, Period A, Totalize A Gated by B, Ratio A/B, Time Interval
A_B, Time Interval Average A_B, Time Int. Delay, Read Gate
Time.
Programmable controls: Gate Time Command which sets long (60
ms to 10 s) or short (500 itS to 30 ms) range; Trigger Level Com
mands which set Channel A and/or B slope (±) and Channel A and/
or B trigger from - 2.50 Vdc to + 2.50 Vdc in steps of .01 V.
HP-IB Interface Functions: SHI, AH1, Tl, L2, SRI, RLl, PPO,
DCI, DTl, CO, EI (see page 556).

Options
Opt. 001: High Stability Time Base (TCXO).

Frequency: 10 MHz.
Aging rate: < I X 1O-7/mo.
Temperature: ± 1 X 10-6,0° to 40°C.
Line voltage: < 1 X 10-8 for ± 10% variation.

8



ELECTRONIC COUNTERS
Universal Counters (cont'd)
Models 5315A, 53168
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Graph 3. Input Noise Trigger Error: Noise on the input signal
affects both the Start and Stop points of all Time Interval mea
surements.

Graph 2. Timebase Error: Environment and aging of the crystal
affects all measurements.

Opt. 002: Battery (HP 53151\ only).
Type: rechargeable lead-acid (sealed).
Capacity: TYPICALLY 4 hours of continuous operation at 25°C.
Recharging time: TYPICALLY 16 hours to 98% of full charge,
instrument non-operating. Charging circuitry included with Op
tion. Batteries not charged during instrument operation.
Low voltage indicator: instrument turns itself off automatically
when low battery condition exists. Discharge LED flashes slowly
when this happens. Discharge LED is on whenever battery is sup
plying power to instrument. Charge LED indicates state of charge
of battery during charging only and is on whenever battery is
charged to 95% NOMINAL of capacity. Charge LED flashes when
90% NOMINAL of charge taken out is replaced. Charge LED is off
if charge is less than 70% NOMINAL of capacity.
Line failure protection: instrument automatically switches to bat
tery in case of line failure.
Weight: Opt 002 adds 1.4 kg (3 Ib) to weight of instrument.

Option 003: C Channel.

Input Characteristics
Range: 50 to 1000 MHz, prescaled by 10.
Sensitivity: 15 mV rms sinewave (-23.5 dBm) to 650 MHz. 75
mV rms sinewave (-9.5 dBm) to 1000 MHz. Sensitivity can be
decreased continuously by up to 20 dB NOMINAL, 50 to 500
MHz and 10 dB NOMINAL, 500 to 1000 MHz by adjusting sen
sitivity control. Trigger level is fixed at 0 V NOMINAL.

Dynamic range: 15 mV to I Vrms (36dB), 50t0650 MHz. 75 mV
to I V rms (20 dB), 650 to 1000 MHz.
Signal operating range: +5 Vdc to -5 Vdc.
Coupling: ac.
Impedance: 50 r! NOMINAL (VSWR, < 2.5:1 TYPICAL).
Damage level: ±8 V (dc + ac peak), fuse protected. Fuse located in
BNC connector.
Resolution and Accuracy: same as Frequency A.

Option 004: High Stability OVEN Time Base
(HP 5315A only).
Frequency: 10 MHz.
Aging rate: < 3 X 10-8

/ mo*.
Temperature: ±I X 10-7,0° to 50°C.
Line voltage: < I X 10-8, for a 10% variation.
Oven will operate continuously off of a fully charged battery for>
24 hours, typically, when in standby mode (no power applied, in
strument OFF, and Freq. A button depressed).

(HP5316B)
Frequency: 10 MHz.
Aging rate: <3 X 1O-8/mo.**
Temperature: ±2 X 10-8,0° to 50°C.
Line Voltage: < 1 X 10-9

, for a 10% variation.

* After 30 days continuous operation lac power applied, in OFF or ON position).
**After 30 days continuous operation. <5 X 10-'( mo" after 7 days continuous operation.

Ordering Information

N/C
N/C
N/C
N/C

Price

$1250W

$1475W

PriceHP 5316AHP 5315A

All HP 5315A orders must include one (I) of these
line power options:

Opt 100 90-105 VAC
Opt 120 108-126 VAC
Opt 220198-231 VAC
Opt 240 216-252 VAC

HP 5315A Universal Counter

HP 5316B Universal Counter

Opt 001 TCXO Time Base X X + $180

Opt 002 Battery Pack X T $300

Opt 003 C-Channel (10 GHz) X X T $400

Opt 004 High Stability Time Base X X +$600

1iii: Fast-Ship product-see page 766.
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Graph 1. Frequency Resolution Error: Noise on the input signal
and internal uncertainties affect Frequency and Period mea
surements. For Period, invert the period (P) of the input signal,
and find frequency uncertainty (~F). Period uncertainty (~P) =
(~F/F) x P.
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N/C
N/C

Price
$600W

+ $180
+ $180

• 100 MHz
• 100 ns time interval
• Portable

HP 5314A

HP 5314A Universal Counter
The HP 5314A Universal Counter combines excellent performance

and traditional HP quality at a very attractive price. This counter is
designed to deliver reliable, high quality operation in such areas as:
Production Test, Frequency Monitoring, Education. Training, Serv
ice and Calibration. Additionally, the optional battery (option 002)
makes the HP 5314A especially attractive for field and portable ap
plications.

Input Characteristics (channels A and B)
Range: CHANNEL A: 10 Hz to 10 MHz Direct.

I MHz to 100 MHz Prescaled.
CHANNEL B: 10 Hz to 2.5 MHz.

Sensitivity: CHANNEL A: 25 mV rms to 100 MHz.
75 mV peak-to-peak at minimum pulse
width of 5 ns (l00 MHz range).

CHANNEL B: 25 mV rms to 2.5 MHz.
75 mV peak-to-peak at minimum pulse
width of 200 ns.

Coupling: ac.
Impedance: I Mil NOMINAL shunted by less than 30 pF.
Attenuator: XI or X20 NOMINAL (A channel only).
Trigger level: continuously variable ± 350 mV times attenuator set
ting around average value of signal.
Slope: independent selection of + or - slope.
Channel input: selectable SEPARATE OR COMMON A.
Dynamic range: 75 mV pop to 4 V pop.

Frequency
Range: 10Hz to 10 MHz direct count.

I MHz to 100 MHz prescaled by 10.
Least significant digit (LSD) displayed: direct count 0.1 Hz, I Hz,
10 Hz switch selectable. Prescaled 10 Hz, 100 Hz, I kHz switch se
lectable.
Resolution: ± LSD.
Accuracy: ± LSD ± (time base error) x Freq.

Period
Range: 10 Hz to 2.5 MHz.

. 100 ns
LSD displayed:~ for N = I to 1000 in decade steps of N.

Resolution: ± LSD ± (1.4 x TRIGGER ERROR)
N

(I,::..:-.4.:....:.:..-x-=.T.:..:R-=.IG=-G=E:.:R-=E:.:.R.:..:R.:..:O:..:R::.!.)
Accuracy: ± LSD ± -

N

± (time base error) x Period.

ELECTRONIC COUNTERS 807
Low Cost Universal

Model 5314A

Time Interval
Range: 250 ns to I s.
LSD displayed: 100 ns.
Resolution: ± LSD ± START trigger error ± STOP trigger error.
Accuracy: ± LSD ± START trigger error

± STOP trigger error ± (time base error) x TI.
External arming required for START/STOP channels.

Ratio (A to B)
Range: 10 Hz to 10 MHz CHANNEL A.

10 Hz to 2.5 MHz CHANNEL B.
LSD displayed: I/N in decade steps of N for N = I to 1000.
Resolution: ± LSD ± (B trigger error x Frequency A)/N.
Accuracy: ± LSD ± (B trigger error x Frequency A)/N.

Totalize
Range: 10 Hz to 10 MHz.
Resolution: ± I count of input.
Totalize controlled by front panel switch.

General
Check: counts internal 10 MHz oscillator.
Display: 7 digit amber LED display with gate and overflow indica
tion.
Max sample rate: 5 readings per second.
Operating temperature: 0° to 50°C.
Power requirement: 115, +10%, -25%; 230 V, +9%, -17%;
48-66 Hz; 10 VA max.
Weight: 2.0 kg (4.4 lb).
Dimension: 238 mm W x 98 mm H x 276 mm D (93/8 in. x 3'/8 in. x
10'/8 in.).
Time Base
Frequency: 10 MHz.

Aging rate: < 3 parts in 107 per month.
Temperature:< ± I part in 10;,0 to 50°C.
Line voltage: < ± I part in 107 for ± 10% variation.

Options
Option 001 TCXO

Frequency: 10 MHz.
Aging rate: < I part in 107 per month.
Temperature: < ± I part in 106,0 to 40°C.
Line voltage: < ± I part in 108 for ± 10% variation.

Option 002 Battery
Type: rechargeable lead-acid (sealed).
Capacity: typically 8 hours of continuous operation at 25°C.
Recharging time: typically 16 hours to 98% of full charge, instru
ment non-operating. Charging circuitry included with option. Bat
teries not charged during instrument operation.
Battery voltage sensor: automatically shuts instrument off when
low battery condition exists.
Line failure protection: instrument automatically switches to bat
teries in case of line failure.
Weight: Option 002 adds typically 1.5 kg (3.3 Ib) to weight of in
strument.

Definitions
Resolution: smallest discernible change of measurement result due to
a minimum change in the input.
Accuracy: deviation from the actual value as fixed by universally ac
cepted standards of frequency and time.
Trigger error:

V(80/LV)2 + en
2

. . (rms)
mput slew rate at trIgger point (/LV Is).

Where en is the RMS noise of the input for a 100 MHz bandwidth in
CHANNEL A and 10 MHz bandwidth in CHANNEL B.

Ordering Information
HP 5314A 100 MHz/ 100 ns Universal Counter

Opt 001 High Stability Time Base
Opt 002 Battery

All orders must include one (I) of these line power options:
Opt 115 86-127 V
Opt 230 190-250 V

W Fast-Ship product - see page 766.



BPOWER METERS
Power Meter
Model 436A

HP 436A Specifications

~; 436A POWER METER
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• RANGE ~W RfM f

Frequency range: 100 kHz to 50 GHz, sensor dependent.
Power Range (display calibrated in watts, dBm, and dB relative to
reference power level). -70 to +44 dBm (100 pW to 25W), sensor
dependent.

$35
Add $25
Add $60

Price
$2900~

no charge

Less $75
Add $500

Ordering Information
HP 436A Power Meter
Option 003: Reference oscillator output on rear panel
only.
Option 004: Delete power sensor cable
Option 022: Digital input/output, fully compatible
with HP Interface Bus (HP-TB)
Option 908: Kit for rack mounting one HP 436A
Option 910: Extra operating and service manual
Option W30: Two additional years of return-to-HP
warranty

~ Fast-ship product - see page 766 of 88 catalog.

1 Specifications are for within range measurements. For range-ta-range accuracy add another
±O.02 dB.

Accessories
Furnished: HP 11730A, 1.5 m (5 ft) cable for power sensor; 2.3 m
(7.5 ft) power cable. Mains plug shipped to match destination re
quirements.
Available: To select non-standard lengths for power sensor cables,
select option 004 (delete sensor cables) and order as required from
HP I I 730A-F, power sensor cables. Lengths are available from 1.5
metres (5 ft) to 61 metres (200 ft). To rack mount one HP 436A by
itself, order HP 5061-9657 Rack Mount Adapter Kit.

Accuracy
Instrumentation

Watt mode: ±0.5%.
dBm mode: ±0.02 dB ±O.OOI dB;CC.
dB (REL) mode1

: ±0.02 dB ±O.OOI dB/ °C.
Zero: automatic, operated by a front-panel switch.
Zero set: ±0.5% of full scale on most sensitive range, typical; ±I
count on other ranges.
Zero carryover: ±0.2% of full scale when zeroed on the most sensi
tive range.
Power reference: internal 50 MHz oscillator with Type N female
connector on front panel (or rear panel, Option 003 only).
Power output: 1.0 mW. Factory set to ±0.7% traceable to the Na
tional Bureau of Standards.
Accuracy: ± 1.2% worst case (±0.9% rss) for one year.

Supplemental Characteristics
Recorder output: linearly proportional to indicated power with I volt
corresponding to full scale and 0.3 I6 volts to -5 dB; I krl output im
pedance, BNC connector.
Power consumption: 100, 120,220, or 240 V (+5%, -10%), 48 to
66 Hz, and 360 to 440 Hz; <20 V • A «23 V • A with option 022).
HP-IB Function codes: AH I, CO, DC2, DTO, LEO, PPO, RL2, SH I,
SRO, T3, TEO. (For more on these codes refer to the HP-lB section in
this catalog.)
Weight: net, 4.5 kg (10 Ib). Shipping, 5.5 kg (l2Ib).
Size: 134 H x 213 W x 279 mm D (5.2" x 8.4" x 11.0").

~
""'f"U". :

SYSTEMS

HP 436A

HP 436A Power Meter
The HP 436A Power Meter is a general purpose digital power

meter intended for manual and automatic RF and microwave power
measurements. It is compatible with the entire series of HP 8480
Power Sensors. Depending on which power sensor is used, the HP
436A can measure power from -70 dBm (100 pW) to +44 dBm
(25W) at frequencies up to 50 GHz.

The logically organized and uncluttered front panel, and the conve
nience of push-button operation and digital display make the HP
436A both easy to interpret and easy to use in any application. The
auto ranging capability allows for "hands-off" operation.

The HP 436A measures either absolute or relative power. It dis
plays absolute power in either watts or dBm, and relative power in dB.

The HP 436A Power Meter also features optional programmabili
ty; the Hewlett-Packard Interface Bus (HP-IB) interface is available.
This interface allows full remote control of all power meter functions
(CAL function can be programmed to either 100 percent or the CAL
factor which has been manually set on the front panel). This option
may be added by the user at a later time.

Average Power Measurements
At microwave frequencies, power is the best measure of signal

amplitude because, unlike voltage and current, power remains
constant along a lossless transmission line. For this reason, power
meters are almost indispensable for microwave measurements.
Typical applications include monitoring transmitter power levels,
calibrating signal generators, leveling signal sources, and measur
ing transmission characteristics of unknown devices.

To satisfy the requirements of this broad range of applications
Hewlett-Packard has developed a family of general purpose mi
crowave power meters and power sensors. The power sensors use a
diode, thermocouple, or thermistor as the power sensing element,
and it is important to understand the merits of each of these sen
sors before choosing a particular power meter.

Power Meters and Sensors
Hewlett-Packard makes six average-reading power meters. The
HP 438A is a dual channel power meter designed for ATE sys
tems applications. The 435B, 436A and 437B are analog and digi
tal meters, which are designed to operate with HP's line of

thermocouple and diode power sensors. The HP 432 power meters
are designed to operate with HP's line of thermistor mounts: the
HP 432A is an analog power meter, and the HP 432B is digital
with BCD output.

Thermocouple power sensors are generally preferred for mea
suring power because they exhibit lower SWR and wider dynamic
range than previously used thermistor elements. Low SWR is di
rectly responsible for superior accuracy since mismatch errors are
lower.
Literature

Application Note 64-1, Fundamentals of RF and Micro
wave Power Measurements, deals with the general theory of
microwave power measurements. It covers the basic principals
of measurement, calculation of measurement uncertainty,
traceability, etc.
Application Note 64-2, Extended Applications of Auto
matic Power Meters, discusses an automatic power meter
system for measuring attenuation, gain saturation and the cal
ibration factor of power sensors.
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Power Meter

Model HP 4378

e
HP 4378

-$75

+$25

$2500
$0

+$25
+$25
+$50

Accessories
Furnished: HP 11730A, !.Sm (5 ft.) cable for power sensors; 2.4m
(7.5 ft.) power cable. Main plug shipped to match destination re
quirements.
Available: To select non-standard lengths for power sensor cable, se
lect Option 004 (delete power sensor cable provided) and order as
required from HP 11730A-F power sensor cables (see page 210).
Lengths are available from 1.5 meters (5 ft.) to 61 meters (200 ft.).
To rack mount one HP 437B order part number 5060-0174.

HP 70100A Power Meter Module
(Modular Measurement System)

The HP 70100A is a full-feature single channel power meter mod
ule for the Modular Measurement System (see page 122). It has all
the capability of the HP 437B Power Meter in an 1/8th rack-width
module. The HP 70100A features the same modern and flexible fea
ture set as the HP 437B, the same state-of-the-art accuracy and is
also fully compatible with the HP 8480 series of power sensors.

Ordering Information Price
HP 437B Power Meter $2500~

Option 002: Supplies a parallel rear panel sensor input +$75
Option 003: Supplies a parallel rear panel sensor input +$75
and moves reference oscillator to rear panel
Option 004: Delete the HP 11730A sensor cable pro
vided
Option 401: Provides side-carrying handle and standoff
feet
Option 915: Service Manual
Option 916: Extra Operating Manual
Option W30: Two additional years of return-to-HP
warranty
HP 70100A Power Meter Module
Option 001: Moves reference oscillator from front to
rear panel
~ Fast-ship product - see page 766

Power Reference
Power Output: 1.00mW, Factory set to ±0.7% traceable to US Na
tional Bureau of Standards.
Accuracy: ± 1.2% worst case (±0.9% RSS) for one year.

General
Rear Panel Output: Analog 0-1 volt without digital filtering or Cal
Factor correction, 1 kohm output impedence, BNC connector.
Line Voltage: 100 and 120 Vac, +5%-10%, 48-66 Hz, 360-440 Hz;
220 and 240 Vac, +5%-10%, 48-66 Hz.
Power Requirement: 8 Watts maximum (10 VA max).
Weight: Net 2.6 kg (5.9Ibs); shipping 4.5 kg (10 lbs).
HP·IB Codes: SHI, AHI, T5, TEO, L4, LEO, SRI, RLl, PPI, DCI,
DTI, CO.
Dimensions: 88m H x 212mm W x 273mm D (3.46" H x 8.35" W x
10.75" D).

Accuracy
Instrumentation: ±0.02 dB or ±0.5%.
In REL mode: ±0.02 dB or ±0.5% within measurement range; ±0.04
dB or I% outside measurement range.
Zero Set: ±O.5% of full scale on most sensitive range.
EMI: Radiated and Conducted Emissions and Radiated and Conduct
ed Susceptibility are within the requirements of RE02, CE03,
RSO I/03 and CSO 1/03 called out in MIL-STD-46I C, and within the
requirements of VDE 0871 and CISPR Publication II.

HP 4378 Specifications:
Frequency Range: 100 kHz to 50 GHz, sensor dependent.
Power Range: - 70 to +44 dBm (lOOpW to 25W), sensor dependent.
Power Sensors: Compatible with all HP 8480 series Power Sensors.
Dynamic Range: 50 dB in 10 dB steps.
Display Units: Absolute: Watts, dBm.

Relative: percent, dB.
Resolution: Selectable resolution of 0.1,0.01 and 0.001 dB in loga
rithmic mode; or 1%,0.1% and 0.01 % of full scale in linear mode.

HP 4378 Power Meter
The HP 437B is a low-cost, high performance, single-channel,

programmable, average Power Meter compatible with the HP 8480
family of thermocouple and diode power sensors. Depending on which
Power Sensor is used, the HP 437B can measure from -70 dBm
(IOOpW) to +44 dBm (25W) at frequencies ranging from 100 KHz
to 50 GHz.

Designed for ATE systems and demanding benchtop measure
ments, the HP 437B Power Meter makes fast, accurate and reliable
average power measurements. Only 3'/2 inches high and half rack
wide, the HP 437B minimizes the use of critical rack space in ATE
systems. The advanced plastics technology used in the HP 437B cabi
net combines the light weight of plastic with the shielding effective
ness of metal, making the HP 437B the only power meter to meet
MIL-STD-46IC EMI specifications.

A modern and flexible feature set makes this meter easy to use in
any application:
• Automatic calibration and zeroing.
• Frequency entry instead of Cal Factor.
• Ten pre-loaded sensor Cal Factor versus frequency tables.
• Selectable resolution to 0.001 dB.
• Offset entry in dB.
• Duty cycle entry for a convenient peak power representation of the

measured average power.
• Ten store/recall registers.
• HP-IB is standard.

With a measurement speed twice as fast as that of the industry
standard HP 436A, powerful programming capability, state-of-the
art accuracy and exceptional reliability, the HP 437B lets you mea
sure your test signal with speed, precision and confidence.
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Power Meter
Model HP 438A

• Ideal for ATE applications
• Dual power sensors
• Innovative ratio & difference measurements

HP 438A

DESIGNED FOR

MATE
SYSTEMS

+1000
-$150

$25
+$100

Price
$5,100W
+$325

$85W
$95W

$130W
$190W
$250W
$400W

The HP 438A Power Meter is a dual channel power meter designed
specifically for ATE systems. The compact front panel is designed to
save space in rack mounted systems, while the dual channel design
allows simple measurements of the ratio and difference of power
levels from two separate sensors. Compatible with the HP 8480 series
of thermocouple and diode sensors, the power and frequency range of
the meter extends from -70 dBm to 44 dBm and from 100 kHz to 50
GHz.

Important measurement contributions are a programmable digital
filter for optimizing resolution and measurement speed, independent
offset (in dB) values for each channel, 0.001 dB resolution available,
and a power difference mode for displaying absorbed power in trans
mission lines. Up to 19 different operating states of the meter can be
stored into non-volatile memory for later recall.

The programmable digital averaging filter gives the user control
over the inherent tradeoff between speed and accuracy. The AUTO
filter mode is usually adequate for fully settled readings with 0.01 dB
resolution. Less digital averaging leads to faster but noisier readings,
if speed is the critical issue.

The Hewlett-Packard Interface Bus (HP-IB) capability is stand
ard on the HP 438A with programming codes printed on the front
panel for easy reference. For U.S. Air Force MATE (Modular Auto
matic Test Equipment) system applications, Option 700 provides the
HP 438A with the internal capability to be controlled by the MATE
language CIIL (Control Interface Intermediate Language). All mea
surement modes are programmable including zeroing, calibration,
and Cal Factor. Complete interrupt capability with flexible SRQ op
eration optimizes the efficiency of program execution in automatic
systems.

HP 438A Specifications
Frequency range: 100 kHz to 50 GHz (depending on power sensor
used).
Power range: -70 dBm to +44 dBm (100 pW to 25 W), sensor de
pendent. Uses HP 8480 series power sensors; see sensor specs for de
tails.
Operating temperature range: 0 -55°C.
Instrumentation Accuracy

Single channel, linear mode: ±0.5%.
Log mode: ±0.02 dB.
Dual channel, linear mode: ± 1%.
Log mode: ±0.04 dB.

Zeroing: automatic, ±0.5% full scale on most sensitive range.
Power Reference

Power output: 1.00 mW. Factory set to ±0.7%, traceable to the
U.S. National Bureau of Standards.
Accuracy: ±1.2% worst case (±0.9% rss) for I year.
Connector: front panel type N female (also on rear panel, Opt
002).

Meter Adjustments
Cal factor: values from I% to 150% in 0.1 % steps can be entered to
account for sensor frequency response. Sensor calibration: automatic
self calibration to 1.00 mW.

General
Display: four digit display (five digits in high resolution mode) with
20% over-range capability on all ranges. Annunciators to indicate
measurement mode, Cal Factor, offset value, fixed or automatic
range and filter values, and error conditions.
Recorder output: linearly proportional to power in watts. One volt
corresponds to full scale; Ikfl output impedance, BNC rear panel fe
male connector.
Line voltage: 100, 120, 220 or 240 Vac +5% -10%. 100 and 120
volts, 48 to 66 Hz and 300 to 440 Hz. 220 and 240 volts, 48 to 66 Hz
only.
Power requirements: 65 VA, 35 watts, maximum.
Weight: net, 5.9 kg (l3Ib). Shipping, 9.1 kg (20 Ib).
Dimensions: 89 mmH x 213 mmW x 418 mmD (3.5 x 8.4 x 16.8 in).
HP-IB interface codes: SHI, AHI, T5, TEO, L4, LEO, SRI, RU,
PPI, DCI, DTl, CO.
Accessories
Furnished: HP 11730A, 2 each, 1.5 metre (5 ft) power sensor cables.
Power cable, I each, 2.4 metres (7.5 ft). Mains plug matches destina
tion requirements.
Available: To select non-standard lengths for power sensor cables,
select option 004 (delete sensor cables) and order as required from
HP 11730A-F, power sensor cables. Lengths are available from 1.5
metres (5 ft) to 61 metres (200 ft).
HP 11730A-F Power Sensor Cables

The HP 11730 series power sensor cables are for use with the HP
435B, 436A, 437B and 438A power meters and the HP 8480 series
thermocouple and diode power sensors. These cables are designed to
reduce RFI effects on low power readings with an improved shielding
design in the cable itself. Cables may be ordered individually or in
pairs in any combination desired for single and dual channel measure
ments.

The HP 11730A cable is the standard cable for the HP 435B,
436A, 437B and 438A (2 cables shipped) meters. To order a non
standard cable, select Option 004 for the meter in question, and order
the desired cable from below.

Ordering Information
HP 438A Dual Channel Power Meter
Option 002: Rear panel sensor connectors (in parallel
with front panel) and additional reference oscillator
with rear panel output.
Option 700: Internal MATE programming
Option 004: Delete power sensor cables
Option 910: Additional manual
Option wao: Two additional years of return-to-HP
warranty
HP 11730A 1.5 metre (5 ft) sensor cable
HP 11730B 3.0 metre (10 ft) sensor cable
HP 11730C 6.1 metre (20 ft) sensor cable
HP 11730D 15.2 metre (50 ft) sensor cable
HP 11730E 30.5 metre (100 ft) sensor cable
HP 11730F 61.0 metre (200 ft) sensor cable
W Fast-ship product-see page 766.
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Power Meter, Range Calibrator 211

Models 4358, 11683A

+$25

+$100

Price
$900

$1500W

+$25
-$75

+S7.50
+$50

HP 11683A

Response Time (typical, measured at recorder output, 0 to
99% of reading):
Range I (most sensitive range) < 10.0 seconds
Range 2 <3.8 seconds
Range 3 < 1.3 seconds
Ranges 4 to 5 <500 milliseconds.
Cal factor: 16-position switch normalizes meter reading to account for
calibration factor; range 85% to 100% in I% steps.
Recorder output: linearly proportional to indicated power with 1 volt
corresponding to full scale: 1 kQ output impedance, BNC connector.
RF blanking output: provides a contact closure to ground. Used for
turning off RF input to sensor during auto-zeroing. BNC connector.
Cal adj: front-panel adjustment provides capability to adjust gain of
meter to match power sensor in use.
Power consumption: 110 or 120 V (+ 5%, -10%), 48 to 66 Hz and
360 to 440 Hz; also 220 or 240 V (+5%, -10%), 48 to 66 Hz only:
<20V. A.
Weight: net, 2.7 kg (5.91b). Shipping, 4.2 kg (9.2 Ib).
Size: 155 H x 130 W x 279 mm D (6.3" x 5.1" x II").
Accessories
Furnished: HP 11730A, 1.52 m (5 ft) cable for the power sensor; 2.3 m
(7.5 ft) power cable (mains plug shipped to match destination require
ments).
Available (See page 210).
To select non-standard lengths for power sensor cables, select option 004
(delete sensor cables) and order as required from HP 11730A-F, power
sensor cables. Lengths are available from 1.5 metres (5 ft) to 61 metres
(200 ft).

HP 11076A: Carrying case.
HP 5060-8762: Rack adapter frame (holds three instruments the
size of the HP 435B).

Combining Cases (See page 752).
HP 1051A: 286 mm (11.25 in.) deep.
HP 1052A: 416 mm (16.4 in.) deep.

These combining cases accept '/l-module Hewlett-Packard instruments
for bench use or rack mounting.
HP 11683A Range Calibrator
Calibration functions: outputs corresponding to meter readings of 3,
10.30, 100 and 300 J1.W; 1.3,10,30, and 100 mW.
Calibration uncertainty: ±0.25% in all ranges.
Power: 100, 120,220, or 240 Vac +5%, -10%,48 -440 Hz, less than 10
V. A.
Weight: net, 1.13 kg (2.5 lb). Shipping, 1.9 kg (4.21b).
Size: 89 H x 133 W x 216 mm D (3.5" x 5.25" x 8.5").
Ordering Information
HP 11683A Range Calibrator
HP 4358 Power Meter
HP 4358 Options
001: Rechargeable battery installed provides up to 16
hours of continuous operation
002: Input connector placed on rear panel in parallel
with front
003: Parallel sensor inputs front and rear panels,
reference oscillator output on rear panel.
004: Delete power sensor cable
910: Extra operating and service manual
W30: Two additional years of return-to-HP warranty
W Fast-Ship product-see page 766.

HP 4358 Specifications
Frequency range: 100 kHz to 50 GHz (depending on power sensor
used).
Temperature range: 0 -55°C.
Power Range (calibrated in watts and dB in 5 dB steps).

With HP 8481A, 8482A, 8483A, 8485A, R8486A or Q8486A:
-25 dBm (3 J1.W) to +20 dBm (100 mW) full scale.
With HP 84818 or 84828: +5 dBm (3 mW) to +44 dBm (25 W)
full scale.
With HP 8481H or 8482H: -5 dBm (0.3 mW) to +35 dBm (3 W)
full scale.
With HP 8484A: -65 dBm (300 pW) to -20 dBm (10 J1.W) full scale.

Accuracy
Instrumentation: ±J% of full scale on all ranges.
Zero: automatic, operated by front-panel switch.
Zero set: ±0.5% of full scale on most sensitive range, typical.
Zero carryover: ±0.5% of full scale when zeroed on the most sensitive
range.
Power reference: internal 50 MHz oscillator with Type N female
connector on front panel (or rear panel, Option 003 only).

Power output: 1.00 mW. Factory set to ±0.7% traceable to the Na
tional Bureau of Standards.
Accuracy: ±1.2% worst case (±0.9% rss) for one year.

Supplemental Characteristics
Noise (typical, at constant temperature, peak change over any one
minute interval): 20 pW (HP 8484A, R8486D, Q8486D); 40 nW (HP
8481A, 8482A, 8483A,8485A, R8486A, Q8486A, 8487A); 40 J1.W (HP
8481B, 8482B); 4 J1.W (HP 8481H, 8482H).
Drift (J hour, typical, at constant temperature after 24-hour warm-up):
40 pW (HP 8484A, R8486D, Q8486D); 15 nW (HP 8481A, 8482A,
8483A, 8485A, R8486A, Q8486A, 8487A); 15 J1.W (HP 8481B,
8482B); 1.5 J1.W (HP 848lH, 8482H).

HP 4358

HP 11683A Range Calibrator
The HP 11683A Calibrator is specifically designed for use with the

HP 435B, 436A, 437B and 438A Power Meters. It allows verification of
full-scale meter readings on all ranges, as well as meter tracking. Simply
connect the cable between the power meter and calibrator. The CAL
AD] control on the power meter is used to set the meter to full scale on
the 1 mW range. The calibrator and meter are then stepped through the
other ranges verifying accuracy within ± I % plus noise and drift. The
HP 11683A also has a polarity switch which tests the Auto-Zero circuit.

HP 4358 Power Meter
The HP 435B Power Meter is an analog power meter, compatible

with the entire series of HP 8480 Power Sensors. Depending on which
sensor is used, the HP 435B can measure power from -65 dBm to +44
dBm, full scale, at frequencies from 100 kHz to 50 GHz. This versatile
instrument also features < 1% instrumentation uncertainty, low noise
and drift, auto-zero, recorder output, optional battery operation, and
long cable options up to 61 m (200 ft).
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Power Sensors
Models 8481A/B, 8481H, 8482A1B, 8482H, 8483A, 8484A,
8485A/D, R/Q 8486A/D, 8487A, 11708A

HP 84818

HP 8480 Series Power Sensors
The HP 8480 series of Power Sensors have been designed for use

with the HP 4358, 436A, 437B and 438A Power Meters. They fea
ture wide frequency and power ranges in addition to very low SWR.

The power measurement range of these sensors is from 0.1 nW to
25 watts. With just three sensors a power measurement range of 114
dB can be achieved.

Wide Frequency Range for Many Applications
Power measurements can be made over a frequency range of 100

kHz to 50 GHz. The seven frequency ranges covered with these units
are 10 MHz to 18 GHz, 100 kHz to 4.2 GHz, and 50 MHz to 26.5
GHz, in 50 n sensors and 100 kHz to 2 GHz, with the 75-ohm sensor,
and 26.5 to 40 GHz and 33 to 50 GHz in Waveguide. The HP 8487A
covers the entire 50 MHz to 50 GHz frequency range.

Low SWR for Low Measurement Uncertainty
The HP 8481 /82/83/85A/86A/87 series of sensors use a silicon

monolithic thermocouple as the sensing element. The small physical
size of the thermocouple enables the sensors to have a very low SWR
even at 50 GHz. A low SWR reduces mismatch uncertainty error,
typically the largest single source of error in power measurements.
The HP 8484A, 8485D and R/Q8486D sensors use a diode detector
for higher sensitivity and low SWR.

Individually Calibrated for More Confidence in Results
Each sensor is individually calibrated, traceable to the National

Bureau of Standards. A control on the meter compensates for power
sensor Cal Factor at any frequency. A precise automatic network an
alyzer printout for Cal Factor and reflection coefficient is supplied
with all the sensors. This means you can significantly reduce mis
match uncertainty by calculating the mismatch error.

High Power Sensors to 25 Watts
The HP 8481 Band 8482B High Power Sensors both have a power

range of 1 mW to 25 watts. The HP 8481 B covers a frequency range
of 10 MHz to 18 GHz and the HP 8482B has a frequency range of
100 kHz to 4.2 GHz.

Previous methods of measuring high power levels usually required
adding a separate attenuator in front of a low power sensor. With the
HP 8481 /82B power sensors, the attenuator and sensor are combined
into one unit. This reduces mismatch uncertainty error and improves
accuracy by including the altenuator in the measured Calibration
Factor curves. In addition, light-weight, heat-dissipating fins on the
attenuator prevent burns.

Medium Power Sensors to 3 Watts
The HP 8481 H measures power from 100 jlW to 3 watts over a

frequency range of 10 MHz to 18 GHz. The HP 8482H measures
power from 10 jlW to 3 walts over a frequency range of 100 kHz to
4.2 GHz.

Standard Sensors to 100 mW
The HP 8481 A, 8482A, 8483A, 8485A and 8487A Power Sensors

all measure power over a range of 1 jlW to 100 mW. The HP 8481 A is
a 50-ohm sensor with a frequency range of 10 MHz to 18 GHz. The
HP 8482A is a 50-ohm sensor with a frequency range of 100 kHz to
4.2 GHz. The HP 8485A is a 50-ohm sensor with a frequency range
of 50 MHz to 26.5 GHz. The HP 8483A is a 75-ohm sensor and cov
ers a frequency range of 100 kHz to 2 GHz. The HP 8487A covers the
entire 50 MHz to 50 GHz frequency range using a single 2.4-mm
input connector.

High Sensitivity Sensors
The HP 8484A and HP 8485D measure power from 0.1 nW to 10

jlW over a frequency range of 10 MHz to 18 GHz and 50 MHz to
26.5 GHz respectively. They are furnished with the HP 11708A 50
MHz reference attenuator for precise calibration with 1 mW power
meter reference oscillator. Noise and drift have been reduced to less
than 5% of full scale on the 300 pW range (only 15 pW) when it is
used with the HP 4358 power meter. Noise and drift are even less
with the HP 436A, 437B and 438A power meters.

Millimeter-Wave Power Sensors
The HP R8486A and Q8486A Thermocouple Waveguide Power

Sensors measure true, average power from IjlW to 100 mW over the
frequency ranges of 26.5 to 40 GHz (R-band) and 33 to 50 GHz (Q
band). The HP R8486D and Q8486D diode Waveguide Power Sen
sors measure true average power from lOOpW to 1OjlW over the same
frequency bands.



HP 8480 Series Specifications
Size

HP mm(in.)
Model Shi~ping

(Nominal Fr~uency Power Maximum Power Maximum SWR Weitt RF
Impedance) Range Range Power Linearity2 (Reflection Coefficient) kg b) Connector Price

8481A 10 MHz-18 GHz 1~W 300 mW avg. +10 to +20 d8m 10 MHz - 30 MHz 1.40 ~O.l66l 30,38,105 N(m) $650
(50 II) to 15 W&eak +2, -4% 30 MHz - 50 MHz 118 0.083 (1.2,1.5,4.1)

100mW 30 W• ~s per pulse) 50 MHz· 2 GHz: 110 ( .048)
2 - 12.4 GHz: 1.18 (0.083j 0.5
12.4 - 18 GHz 1.28 (0.12 ) (I)

add
Option 001 APC-7 $25

84818 10 MHz-18 GHz I mW 0-35'C: +35 to +44 dBm 10 MHz· 2 GHz: 110 (0.048) 83, 114 ,248 N(m) $1500
(50 II) to 30 Wav~l ±4% 2-12.4 GHz: 118 (008~ (325,4.5,9.75)

25W 35'C-55 c: 12.4-18 GHz: 1.28 (0.12 )
25 Wavg. 15

(32)
10 MHz-58 GHz

500 Wpeak
5.8-18 GHz
125 Wpeak

500 W• ~s (per pulse)
8481H 10 MHz-18 GHz l00~W 3.5 Wavg. +25 to +35 dBm 10 MHz -8 GHz: 1.20 (0.091) 30,38,149 N(m) $825
(50 II) to 100 Wpeak ±5% 8-12.4 GHz: 1.25 (0.110) (1.2,1.5,5.9)

3W 100W • ~s (per pUlse) 12.4 - 18 GHz 1.30 (0.130)
0.5
(I)

8482A 100 kHz-4.2 GHz 10~W 300 mW avg. ... 10 to +20 dBm 100-300 kHz: 160 bo.231~ 30,38,105 N(m) $650
(50 II) to 15 W(peak +2, -4% 300 kHz -I MHz: 12 (0.0 1) (12, 15,4.1)

100 mW 30 W• ~s per pulse) 1MHz - 2GHz: 1.10 (0.048)
2-4.2 GHz: 1.30 (0.130) 05

(1)
84B2B 100 kHz-4.2 GHz 1 mW 0-35'C: +35 to +44 dBm 100 kHz - 2 GHz: 110 iO.048l 83, 114 ,248 N(m) $1440
(50 II) to 30 Wav~l ±4% 2 GHz - 42 GHz: 118 0.083 (32,4.5,9})

25W 35'C-55 C
25 Wavg. 1.5

(32)
500 Wpeak

500 W• ~s (per pulse)
8482H 100 kHz-4.2 GHz l00~W 35 Wavg. +25 to +35 dBm 100 kHz-4.2 GHz: 120 (0.091) 30,38,149 N(m) \800
(50 II) to 100 W&eak ±5% (1.2 , 15 , 5.9)

3W 100 W. ~s per pUlse)
05
(I)

8483Aj 100 kHz-2 GHz 10~W 300 mWavg. +10 to +20 dBm 100-600 kHz 180 ~028~ 30,38,105 N~m) $650
(7511) to 10 W(peak +2, -4% 600 kHz - 2 GHz: 1.1 (0.0 3) (12,15,4.1) 7 II

100 mW 30 W• ~s per pulse)
0.5
(1)

8484A4 10 MHz-18 GHz 0.1 nW 200 mW avg. -30 to -20 dBm 10-30 MHz: 1.40 ~.166~ 36,44,133 N(m) 1900
(50 II) to 200 mW peak ±1% 30 MHz - 4 GHz: 1.1 (0.0 0) (14,17,5.2)

IO~W 4-10 GHz: 120 (0.09~
10-15 GHz: 1.30 ~0.13l 05
15-18 GHz: 135 0.149 (I)

8485A 50 MHz-265 GHz I ~W 300 mW avg +10 to +20 dBm 50 MHz-100 MHz: 1.15 bo.07O) 30,38,95 APC-3.5(m) $950
(50 U) to 15 Wpeak +2, -4% 100 MHz-2 GHz: 110 ( .048) (1.2, 1.5 , 3.7)

100 mW 30 W. ~s (per pulse) 2-124 GHz: 115 (0.070?
12.4-18 GHz. 1.2010.09) 0.5
18-26.5 GHz. 1.25 0.111 (I)

8485D4 50MHz-26.5 GHz 100 pW 100 mW avg. -30 to -20 dBm 50 MHz - 4GHz: 1.15 (0.069) 30,38.102 APC-3.5(m) $1.350
(50 II) to 100 mW peak ±2% (O°C to 55°Cj 4-IB GHz: 1.22 (0.099) (1.2, 1.5,4.03)

IO~W ±1% 15' to 4O'C 18-26.5 GHz 1.29 (0127)
05

(1.0)
R84B6A 26.5-40 GHz I ~W 300 mW avg. +10 to +20 dBm 1.4 30,38,126 Waveguide $1900

(Waveguide) to 15 Wpeak +2, -4% (0.167) (1.2 x 15 x 50) Fla~e
100 mW 30W • ~s pulse UG-5 /U

04
(0.9)

Q8486A 33-50 GHz I~W 300 mW avg. +10 to +20 dBm 1.5 30,38 , 126 Waveguide $2250
(Waveguide) to 15 Wpeak +2, -4% (0.200) (1.2,1.5,50) Flan~e

100 mW 30W • ~s pulse UG-38 /U
0.4

(09)
R848604 26.5-40 GHz 100 pW 100 mW avg. -30 to -25 dBm 1.4 30,65,126 Waveguide $2500

(Waveguide) to 100 mW peak ±3% (0.167) (119,256,4.96) Flan~e
IO~W -25 to -20 dBm UG-59/U

±5% 0.66
(13)

$848604 33-50 GHz 100 pW 100 mW avg. -30 to -25 dBm 1.4 30,65, 126 Waveguide $3000
( aveguide) to 100 mW peak ±3% (0.167) (119,256,496) Flan~e

IO~W -25 to -20 dBm UG-38 /U
±5% 066

(1.3)
84B7A 50 MHz-50 GHz I ~W 300 mW avg. +10 to +20 dBm 50100 MHz: 115 (0.070) 30,38,94 2.4mm(m) $1.800
(5011) to 15 Wgeak +2, -4% 100 MHz - 2GHz: 1.10 (0.048) (119,1.5,3.70)

100mW 30 W.~ (per 2-12.4 GHz: 115 r07)
pulse) 12.4·18 GHz: 1.20 0.091j

18-26.5 GHz. 1.25 0.111 048
26.5-40 GHz. 1.30 0130 (107)
40-50 GHz: 1.50 ( .200)

'For pulses greater than 30 Wthe maximum average power IPa) is limited by the energy per pulse IE) in W• ~s according 10 Pa ~ 30-0.02E.
'Negligible deviation except for those power ranges noted.
'InclUdes HP 1250-0597 adapter from 7511 type Nto 50 Utype Nfor calibration.
'Includes HP ,1708A 30 dB altenuator for calibrating against a 0 dBm, 50 MHz power reference.

W Fast-Ship product-see page 766.



POWER METERS
Thermistor Power Meters & Power Meter Calibrator
Models 432A1B, 8477A

• Automatic zero
• High accuracy

• Recorder outputs, analog & digital
• Long cable options
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HP 432A1B Power Meters
High accuracy-no thermoelectric error: high accuracy over a
wide temperature range is featured on the HP 432 Power Meters. By
measuring the output voltage of the thermistor bridges, and comput
ing the corresponding power, even higher accuracy of ±0.2% ±0.5
/JW can be obtained.

Accuracy can be maintained on even the most sensitive range be
cause the error due to thermoelectric effect is reduced to a negligible
level.
Calibrated mounts: each thermistor mount is furnished with data
stating the Calibration Factor· and Effective Efficiency· at various
frequencies across the operating range. For easy and accurate power
measurements, the front panel of the HP 432 contains a calibration
factor control, calibrated in 1% steps from 88% to 100%, that com
pensates for losses in the mount and eliminates the need for calcula
tion.
Instrument type: automatic, self-balancing power meter for use with
temperature-compensated thermistor sensor.

·"Calibration Factor" and "Effective Efficiency" are figures of merit expressing the ratio 01 the
substituted signal measured by the power meter to the microwave power incident on and ab
sorbed by the sensOr,

BCD output: 8, 4,2, I code: "I" positive. TTL compatible logic. Op
erates with HP 5150A, Opt 002 (BCD) Digital Recorder. "Print"
and "Inhibit" lines available. (HP 432B only.)

Power Consumption
HP 432A: 115 or 230 Vac ± 10%, 50 to 400 Hz, 1.5 watts.
HP 432B: 115 or 230 Vac ± 10%, 50 to 400 Hz, 10 watts.

Weight
HP 432A: net, 2.3 kg (5.5 lb). Shipping, 4.6 kg (10 Ib).
HP 432B: net, 3 kg (6.5Ib). Shipping, 4.8 kg (10.5 Ib).
Size: 130 W x 155 H x 279 mm D (5.2Rx 6.1 RX II.OR).

HP 8477A Power Meter Calibrator
The HP 8477A Calibrator is specifically designed for use with the

HP 432 Power Meter. It allows you to verify full-scale meter readings
on all ranges, and meter tracking. Simply connect three cables be
tween the power meter and calibrator; no charts or additional instru
ments are required.
Power: 115 or 230 Vac ±IO%, 50 to 400 Hz, 3 watts.

Specifications (partial)
Power Range
HP 432A: seven ranges with full-scale readings of 10, 30, 100, and
300/JW, 1,3, and 10 mW; also calibrated in dBm from -20 dBm to
+ I0 dBm full scale in 5 dB steps.
HP 432B: four ranges with full-scale readings of 10 and 100 /JW, and
I and 10 mW.
Noise: less than 0.25% of full scale peak (typical).
Response time: at recorder output, 35 ms time constant (typical).
Fine zero: automatic, operated by front panel switch.
Zero carryover: less than 0.50% of full scale when zeroed on most
sensitive range.
Meter
HP 432A: taut-band suspension, individually calibrated, mirror
backed scales. Milliwatt scale more than 108 mm (4.25 in.) long.
HP 432B: three digits with one digit overrange. 20% overrange capa
bility on all ranges.
Calibration factor control: 13-position switch normalizes meter
reading to account for thermistor sensor calibration factor. Range
100% to 88% in 1% steps.
Thermistor sensor: thermistor sensors are required for operation of
the HP 432A/B. For microwave sensors HP 478B, 8478B and 486
series see page 215.
Recorder output: proportional to indicated power with 1 volt corre
sponding to full scale. I HI output impedance.

Ordering Information
HP 432A Power meter
HP 4328 Power meter

HP 432A1B Options
001: rechargeable battery installed, provides up to 20
hours continuous operation (HP 432A only)
002: input connector placed on rear panel in parallel
with front
003: input connector on rear panel only
009: 3.1 m (10 ft) cable for 110-11 or 200-11 sensor
010: 6.1 m (20 ft) cable for 100-11 or 200-11 sensor
011: 15.2 m (50 ft) cable for 100-11 or 200-11 sensor
012: 30.5 m (100 ft) cable for 100-11 or 200-11 sensor
013: 61 m (200 ft) cable for 100-11 or 200-11 sensor
100: 100 Vac operation, 48-66 Hz
910: extra operating and service manual
W30: Two additional years of return-to-HP warranty
HP 8477A Power Meter Calibrator

Price
$1450
$2200

+ $105

+ $25

+ $10
+ $30
+ $55

+ $105
+ $155
+ $260

no charge
+ $5

+ $50
$1100
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Models 478A, 84788, 486 Series, 8900C/D, 84811A

HP 478A HP 84788

HP 486 Series

Temperature Compensated Thermistor
Mounts

HP 89000HP 8900C

HP 8900C/D Peak Power Meters
The HP 8900C and 8900D Peak Power Meters directly display the

peak power of RF pulses over a 100 MHz to 18 GHz frequency range.
Measurements can be made on pulses with widths from I JLS (100 ns in
Compare mode) to CW, and repetition rates from 100 Hz (0 Hz in
Compare mode) to 100 kHz.

The HP 8900C is an economical analog meter calibrated in watts and
dBm. The analog display with its large, easy-to-read scale makes it sim
ple to peak or null pulsed power systems. The HP 8900D has a high
resolution 3\t2 digit digital display calibrated in watts. The direct reading
display and range annunciators make the digital version a good choice
for production and field applications where unambiguous or frequent
readings are required.

HP 84811A Peak Power Sensor Specifications
Power range: 0 to +20 dBm (I mW to 100 mW).
Frequency range: 100 MHz to 18 GHz.
SWR: 100 MHz to 12 GHz < 1.5. 12 GHz to 18 GHz < 2.0.
Maximum peak power: +24 dBm (250 mW) for 5 minutes.
Connector type: N (male).
Calibration: every 2 GHz from 2 to 10 GHz. Every 1 GHz from II to
18 GHz.
Operating temperature: 0 to +55°C.
Calibration accuracy: (+ 10 to +40°C), ±0.7 dB 0.1 to 12 GHz. ±1.0
dB to 18 GHz. o-lOoC and 40-55°C: add ±0.2 dB.

HP 8900C/D Peak Power Meters Specifications
Frequency range: 100 MHz to 18 GHz.
Dynamic range: 20 dB (0 to +20 dBm).

HP 8900C: 4 ranges of 3, 10, 30 and 100 m W full scale.
HP 89000: 2 ranges of 10 and 100 mW full scale.

Pulse ResponseDirect Mode
Pulse width: IlLS to CWo
Repetition rate: 100 Hz to 100 kHz.
Compare Mode
Pulse width: 100 ns (typical) limited by rise time specification.
Repetition rate: 0 to 100 kHz.
Rise time: 75 ns.
Fall time: 125 ns (as measured on video output).

Power consumption: 100 and 120 Vac +5, -10%, 48-66 Hz and
360-440 Hz' 220 and 240 Vac +5 10% 48 66 Hz, - , -

Meter Transfer Accuracy
Accuracy CW Pulse CW to Pulse

Direct ±O.2 dB ±0.35 dB ±0.2 dB
Compare ±O.2 dB ±0.25 dB ±0.1 dB

HP 486, 478,84788 Specifications

High efficiency and good RF match are characteristic of the HP 478A
and 8478B coaxial and 486A series waveguide Thermistor Mounts.
Used in conjunction with the HP 432 Power Meter they provide high
accuracy even in routine power measurements. These thermistor mounts
are temperature-compensated for low drift, even in the presence of ther
mal shocks, permitting measurement of microwave power as low as one
microwatt. Each mount contains data showing Calibration Factor and
Effective Efficiency at six frequencies, directly traceable to the National
Bureau of Standards at those frequencies where NBS provides calibra
tion service.

HP
Operating

Frequency Maximum Resistance
Model range, GHz SWR (Ohms) Price

478A 10 MHz to 1.75, 10 to 25 MHz 200 $435
10 GHz 1.3, 25 MHz 10 7 GHz

1.5, 7 to 10 GHz
8478BI 10 MHz to 1.75, 10 to 30 MHz 200 $600

18 GHz 1.35,30 to 100 MHz
1.1,0.1 to 1GHz

1.35, 1 to 12.4 GHz
1.6, 12.4 to 18 GHz

X486A 8.20 to 12.4 1.5 100 $570
P486A 12.4 to 18.0 1.5 100 $830
K486A2 180 to 265 2.0 200 $750
R486A2 26.5 to 40.0 2.0 200 $830

10ption 011: furnished with APC-? RF connector +$25
2Circular t1ange adapters:

K-band (UG-425/U) HP 1l515A $210
R-band (UG-381/U) HP 11516A $210

HP 84811A Peak Power Sensor
The HP 84811A Peak Power Sensor works with the HP 8900CjD

Peak Power Meters to measure the peak power of RF pulses. It is sup
plied with a 4 foot flexible cable to easily reach the pulse source being
measured. The HP 84811 A also conveniently detaches from the meter
for storage, recalibration or replacement.

Ordering Information
HP 8900C Analog peak power meter
HP 8900D Digital peak power meter
Option W30: Two additional years ofreturn-to-HP war
ranty (for HP 8900CjD)
HP 84811A Peak power sensor

W Fast-Ship prOduct-see page 766.

Price
$2300
$2700
+ $50

$850W



BNETWORK ANALYZERS
Complete Characterization of Linear Networks

Why Network Analysis?
Characterizing the behavior of linear net

works that will be stimulated by arbitrary
signals and interfaced with a variety of other
networks is a fundamental problem in both
synthesis and test processes. For example,
the engineer designing a multi-component
network must predict with some certainty the
final network performances from knowledge
of the individual components. Similarly, a
production manager must know allowable
tolerances on the products manufactured and
whether the final products meet the specified
tolerances. Network analysis offers a solution
to these problems through complete descrip
tion of linear network behavior in the fre
quency domain. Additionally, some network
analyzers offer the capability to transform
measurement data, taken in the frequency
domain, to the time domain providing fur
ther insight into the behavior of linear net
works.

Network analysis accomplishes the
description of both active and passive net
works by creating a data model of such com
ponent parameters as impedances and
transfer functions. However, these parame
ters not only vary as a function of frequency
but are also complex variables in that they
have both magnitude and phase. Swept net
work analyzers now measure magnitude and
phase (the total complex quantity) as a func
tion of frequency with less difficulty than
conventional CW measurements. Impedance
and transfer functions can then be conve
niently displayed on a swept CRT, as in Fig
ure I, X-V recorder, or peripherals such as a
printer and/or a plotter.

Thus, network analysis satisfies the engi
neering need to characterize the behavior of
linear networks quickly, accurately, and
completely over broad frequency ranges.
Hewlett-Packard manufactures a full line of
scalar network analyzers (magnitude only)
and vector network analyzers (both magni
tude and phase).

<l. \l~"'.N-';';'H'I<l GH, 5TAfH 7. 5<l~I<J,H'H'J~~ GYz
1 B. ('I<lI'l('l,Hllll"'" GHz STOP J \'l. 5eH'II;l~D(l~'('I GH,

Figure 1. 45 MHz to 18 GHz measure
ment of magnitude and phase in a single
sweep.

What Is Network Analysis?
Network analysis is the process of creating

a data model of the transfer and/or impe
dance characteristics of a linear network
through stimulus-response testing over the
frequency range of interest. All network ana
lyzers in the HP product line operate accord
ing to this definition.

At frequencies above I MHz lumped ele
ments actually become "circuits" consisting
of the basic elements plus parasitics like stray
capacitance, lead inductance, and unknown
absorptive losses. Since parasitics depend on
the individual device and its construction
they are almost impossible to predict. Above
I GHz component geometries are compara
ble to a signal wavelength, intensifying the
variance in circuit behavior due to device
construction.

Network analysis is generally limited to
the definition of linear networks. Since lin
earity constrains networks stimulated by a
sine wave to produce a sine wave output, sine
wave testing is an ideal method for charac
terizing magnitude and phase response as a
function of frequency. For non-linear mea
surements, refer to the sections on spectrum
analyzers, wave analyzers (signal analyzers)
and vector modulation products in this cata
log.

Network Analyzers
Hewlett-Packard network analyzers are

instruments that measure transfer and/or
impedance functions of linear networks
through sine wave testing. A network analyz
er system accomplishes these measurements
by configuring its various components
around the device under test. The first re
quirement of the measurement system is a
sine wave signal source to stimulate the de
vice under test. Since transfer and impedance
functions are ratios of various voltages and
currents, a means of separating the appropri
ate signals from the measurement ports of
the device under test is required. Finally, the
network analyzer itself must detect the sepa
rated signals, form the desired signal ratios,
and display the results.

.,,~~.~~l" "...,
"l0z~0~~~ CCf-l,

Figure 2. Input impedance of microcircuit
amplifier is read directly with Smith Chart
overlay for Polar Display.

Signal Sources and Signal
Separation

In the general case, any sine wave source
meeting the network analyzer's specifications
can be used to stimulate the device under test.
If the analyzer is capable of swept measure-
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All network analyzer phase measurements
are relative measurements with the reference
channel signal considered to have zero phase.
The analyzer then measures the phase differ
ence of the test channel with respect to the
reference channel.

Phase information complements amplitude
data in the measurement of low frequency
parameters. Phase is more sensitive to
network behavior and it is a required compo
nent of complex impedance and transfer
functions.

Figure 3. Simultaneous measurement of
transmission response and passband re
flection coefficient.Broadband and Narrowband

Detection
After the desired signals have been ob

tained from the test set they must be detected
by the network analyzer; HP network ana
lyzers can use one of two detection methods.
Broadband detection accepts the full fre
quency spectrum of the input signal while
narrowband detection involves tuned receiv
ers that convert CW or swept RF signals to a
constant IF signal. There are certain advan
tages to each detection scheme.

Scalar analyzers usually employ broad
band detection techniques. Broadband detec
tion reduces instrument cost by eliminating
the IF section required by narrowband ana
lyzers but sacrifices noise and harmonic re
jection. However, noise is not a factor in
many applications. Finally, broadband sys
tems can make measurements where the in
put and output signals are not of the same
frequency, as in the measurement of the in
sertion loss of mixers and frequency dou
blers. Narrowband systems cannot make
these measurements.

Vector network analyzers normally em
ploy narrowband detection techniques. Nar
rowband detection makes a more sensitive
low noise detection of the constant IF possi
ble. This allows increased accuracy and dy
namic range for frequency selective
measurements (as compared to broadband
systems).

ments, great economies in time can be
achieved by stimulating the device under test
with a sweep oscillator or synthesized sweep
er. This allows quick and easy characteriza
tion of devices over broad frequency ranges.

At high frequencies the problem of signal
separation usually involves traveling waves
on transmission lines and becomes corre
spondingly more difficult. Hewlett-Packard
manufactures test sets applicable for sepa
rating the appropriate traveling waves in a
variety of high frequency measurements.

Signa! Processing and ni'iplay
Once the RF has been detected, the net

work analyzer must process the detected sig
nals and display the measured quantities. All
HP network analyzers are multi-channel re
ceivers utilizing a reference channel and at
least one test channel; absolute signal levels
in the channels, relative signal levels (ratios)
between the channels, or relative phase dif
ference between channels can be measured
depending on the analyzer.

Relative ratio measurements are usually
made in dB, which is the log ratio of an un
known signal (Test Channel) with a chosen
reference signal (Reference Channel). This
allows the full dynamic range of the instru
mentation to be used in measuring variations
of both high and low level circuit responses.
For example, 0 dB implies the two signal
levels have a ratio of unity while ±20 dB im
plies a 10: I voltage ratio between two signals.

Phase data is also required to measure de
lay distortion or group delay of networks. De
lay distortion occurs when different
frequency components of a complex
waveform experience nonlinear phase shifts
as they are transmitted through a network.
Group delay is a measure of this distortion
and is defined as:

Tg = - dE>
dW

An alternative method for measuring
phase distortion is deviation from linear
phase or differential phase. Deviations from
linear phase can be measured by introducing
enough electrical length in the network ana
lyzer's reference channel to linearize a de
vice's phase shift.

Scattering parameters or S-parameters
were developed to characterize linear net
works at high frequencies. S-parameters de-

Additional Capabilities
Precision design work and manufacturing

tolerances demand highly accurate measure
ments, but most errors in network measure
ments are complex quantities that vary as a
function of frequency. By characterizing and
virtually removing these systematic errors,
measurement accuracies are improved by
several orders of magnitude. Hewlett-Pack
ard now offers network analyzers with built
in, high-speed computational hardwa~e that
can perform the complex mathemallcs re
quired for sophisticated error correction.

Computer controlled network analyzers
can be programmed to set up and make many
measurements automatically. The measure
ment process is further accelerated by the
computer's ability to store, transform, sum
marize, and output data in a variety of for
mats to a number of peripherals. These capa
bilities make the computer controlled
network analyzer ideal for both computer
aided design or automatic production testing.



NETWORK ANALYZERS
Complete Characterization of Linear Networks (cont'd)

Network Analyzer Product line Summary

Network Analyzer
HP Model Frequency Range Source Measurement Capabilities

3562A Dual Channel Dynamic 64 uHz-lOO kHz Swept and fixed sine, Transfer functions, magnitude/phase, 4O-pole curve fitter,
Signal Analyzer chirp, burst, random frequency response synthesis, time domain functions, and spectrum analysis
Page 150 noise and burst HB-IB programmable

random noise

3577A Network 5 Hz to 200 MHz Integrated Synthesized Source Transfer functions, magnitude/phase, insertion
Analyzer loss/gain, attenuation, electrical length, gain
Page 234 compression. Group Delay. Deviation from

Linear Phase HP-IB Programmable

4195A network/spectrum/ 10 Hz-500 MHz Integrated Synthesized source Transfer functions, magnitude/phase, Insertion loss, gain,
impedance analyzer attenuation, group delay, s-parameters, return loss. SWR.
Page 230 complex impedance, accuracy enhancement,

HP-IB programmable

8754A 4-1300 MHz Integrated Swept source, Magnitude and phase
Network Analyzer external source usable. transmission coefficient
Page 240 reflection coefficient and return loss

8753B Network 300 kHz-3 Ghz/6 GHz Integrated Synthesized Source Transfer functions - magnitude/phase insertion loss/gain, attenuation, gain compression,
Analyzer s-parameters, electrical length, group delay, deviation trom linear phase.
Page 243 Impedance -magnitude/phase - Return Loss. rtix

Full Accuracy Enhancement
Time Oomain Capability
Harmonic Measurement Capability
HP-IB programmable

8720A Network 130 MHz-20 GHz Integrated Synthesized Source Transfer functions - magnitude/phase insertion loss/gain. attenuation,
Analyzer (I Hz Resolution Optional) s-parameters, electrical length. group delay, deviation from linear phase.
Page 247 Impedance - magnitude/phase - Return Loss, rt jx

Full Accuracy Enhancement
Time Domain Capability
HP-IB programmable

8510 Series Network 45 MHz to 100 GHz HP 8350 Series Transmission/Reflection Charactenstics
Analyzer Sweep Oscillators S-parameters
Page 249 HP 834OB, 8341B Active device characterization

SynthesiZed Sweepers Full Accuracy Enhancement
Time domain capability
HP-IB programmable

Vector Voltmeter

Hp Model Frequency Range Source Measurement Capabilities

3575A Gain Phase I Hz-13 MHz None Gain, Phase and Amplitude
Meter
Page 239

850BA Vector .1 MHz-I GHz None Voltage, Impedance
Voltmeter .3 MHz-2 GHz Transfer Functions, phase and amplitude
Page 242 HP-IB programmable

Scalar Analyzer

HP Model Frequency Range Source Measurement Capabilities

8757A Scalar Network 10 MHz-60 GHz HP 8350 or 8620 Series Scalar Transmission/Reflection Measurements
Network Analyzer Sweep Oscillators, 500 Coax Measurements 10 MHz-26.5 GHz
page 221 HP 8340B or 8341B 750 Coax Measurements 10 MHz-2.4 GHz

Synthesized Sweepers Waveguide Measurements 26.5 GHz-60 GHz
Open/Short Averaging, Normalization, Averaging, Limit Testing
Storage Registers. HP-IB Programmable
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Model 8757S

• Measure insertion loss Dr ~;:Jin. VSVvFi, and poww
• Customize automatic !8StS without piogrnmrning

• Plot and display data
• Troubleshoot waveguice ;lPrj coax

HP 87575

The HP 8757S is a complete automatic scalar network analyzer for
measurements of insertion loss or gain, return loss, and power from 10
MHz to 100 GHz. The system is based on the HP 8757A scalar net
work analyzer and is controlled by an HP 9000 series 200 or 300 com
puter over the Hewlett-Packard Interface Bus (HP-IB). Also
included in the system are a swept source (HP 8350B sweep oscillator
with RF plug-in or HP 8340B/834l B synthesized sweeper), a high
directivity (40 dB) directional bridge, detectors, accessories, and the
HP 850l5B or 850l6B system software. All analyzer and source con
trols are completely programmable.

Flexible Plot and Print Formats
Plot or print data and CRT graphics in your choice of formats

without any programming. Select automatic scaling of either the ver
tical or horizontal axes (or both). Customize your own plot configura
tion with or without labels, grid lines, limit lines, and out-of-spec
indicators. Plot up to four plots on a single page or print the data in
the format you find most useful.

Easy to Use
In either manual or automatic operation, the HP 8757S is easy to

operate. The fully annotated HP 8757A CRT is the system's control
center with convenient display of frequency, power, and scaling pa
rameters. Manual measurements can be easily controlled with the
front panel function keys. With the system software and the entire
HP 8757S system, even complex scalar measurements can be per
formed with ease.

High Performance
Each component of the HP 8757S is a high performance instru

ment in its own right. Together they form a very high performance
automatic scalar network analyzer.

The HP 8757A scalar network analyzer offers 76 dB of dynamic
range (+ 16 to -60 dBm) in three (or optionally four) independent
inputs (A, B, (C), and R) when used with the HP 11664A/E detec
tors. Single inputs or ratio combinations of the inputs can be dis
played on any of four independent display channels. Using AC
modulation and detection, the HP 8757A provides excellent perform
ance in the presence of unmodulated noise and spurious signals. The
HP 11664 detectors cover the range from 10 MHz to 40 GHz and the
HP 11664C detector adapter can be used with waveguide detectors
for higher frequency operation. The HP 85025 and 85026 series de
tectors cover the range from 10 MHz to 60 GHz and offer the choice
between AC and DC detection. In DC mode, the HP 85025 detectors
can be used to provide excellent swept power measurements (dBm).

Test signals arc provided by the HP 8350B sweep oscillator with an
RF plug-in or by the HP 8340B/8341B synthesized sweepers. All
source front panel functions are fully programmable via HP-IB and
are also easy to use in manual applications. Frequency and power en
tries can be made with a knob, a numeric keypad, or with increment
and decrement keys. Up to nine independent front panel settings may
be saved or recalled at the touch of a key or through HP-IB.
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System Specifications
Model 8757S

System Specifications

ACCURACY
Transmission Loss or Gain Measurement Accuracy: Transmission
loss or gain measurements are made relative to a 0 dB reference point
established at calibration. The measurement accuracy is equal to the
uncertainty due to the change in power level, called dynamic accura
cy, plus mismatch uncertainty. The frequency response errors of the
source, detectors, bridge and power splitter may be removed via cali
bration.

Reflection Measurement Accuracy: Uncertainties due to calibra
tion error and the frequency response of the source, detectors and
bridge are removed via open/short averaging. The remaining uncer
tainties are primarily the sum of directivity uncertainty, effective
source match uncertainty, and dynamic power accuracy. As shown in
the graphs below, directivity is the dominant error term when mea
suring small reflected signals (high return loss) and source match is
dominant when measuring large reflected signals (low return loss).

The Effect of Effective Source Match on Reflection Uncertainty:

Dynamic Power Accuracy (25 ±5°C, 0 dBm reference):
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DYNAMIC RANGE (on all HP 8757A detector inputs):
Detector AC Mode DC Mode

HP 11664A/E +16 to -60 dBm
HPI1664D +IOto-50dBm
HP 85025A/B + 16 to -55 dBm
HP R/Q/U85026A + 10 to -50 dBm

Detector Frequency Response (HP 85025A/B detectors, -10
dBm, 25 ±5°C):

Absolute Power Measurement Accuracy: This specification is use
ful for determining the accuracy of power measurements in dBm
when using the HP 85025A/B detectors in the DC mode. The total
uncertainty is the sum of the detector frequency response, power ac
curacy, and mismatch uncertainties.

Absolute Power Accuracy (HP 85025A/B/D/E detectors in DC
mode, detector offsets removed via power meter cal, 25 ±5°C):

~ 1.2 ~-------.....,....---r----,---./1--.,
+1
- 0.8 I---~-+---+-_.-+---t---+--e
w 0.4



• 76 dB dynamic range
• Accurate swept power measurements (dBm)
• 40 dB directivity bridges

NETWORK ANALYZERS 8
Scalar Network Analyzer, '1 I) MHz to 100 GHz 221

Model 8151A

• Four independent displa)' ch;c,nIlE\!S

• Limit testing built in
• Save/recall setup and cal data
• Direct plotter or printer output

HP 8757A Option 001

Description
Measure insertion loss or gain, return loss, SWR, and power quick

ly and accurately with the HP 8757A scalar network analyzer. With
high performance detectors and directional bridges and a companion
HP source and digital plotter, the HP 8757A becomes the basis of a
complete measurement system with superb performance.

Performance
The HP 8757A features 76 dB of dynamic range (-60 dBm to +16

dBm) when used with the HP I 1664A/E detectors. With square wave
modulation and detection (AC), the HP 11664 detectors enable relia
ble, drift-free measurements from 10 MHz to 40 GHz. With the HP
85025 and 85026 AC/DC detectors, make scalar measurements with
or without modulation to 100 GHz. In DC mode (no modulation), use
the HP 85025A/B to make accurate swept-frequency measurements
of power (dBm).

High directivity bridges (>40 dB) covering RF and microwave fre
quencies help produce excellent measurement results. Using the HP
85020 series and 85027 series directional bridges, make accurate
measurements of reflection and transmission parameters simulta
neously.

Calibrate your test system, and make normalized measurements
with 0.01 dB vertical resolution. Select the optimum horizontal reso
lution for your application, by choosing 101,201,401,801, or 1601
data points. Lower resolution allows faster sweep times. Calibrate
with full 1601 point resolution over your frequency range. Then zoom
in on a narrower frequency span and retain calibration. The HP
8757A interpolates the calibration data automatically.

Easy to Use
With a combination of simple front panel keys and powerful menu

driven soft keys, the HP 8757A allows you to set up the system and
make accurate measurements fast. Menus appear on the display, and
you control them with the front panel soft keys. The soft keys give you
powerful capabilities without adding front panel complexity. Press
CAL and let the menu guide you through calibration procedures.
Press AUTOSCALE to bring your measurement into view quickly.
Activate the "Cursor" and dial it to any point on your data trace for
an accurate high resolution reading of magnitude (and frequency
with the HP 8350B/8340B/8341 B). Measurements are fast and
easy.

Productivity Without a Controller
The HP 8757 A increases productivity in scalar measurements even

without a controller. Decrease the time it takes you to set up and
make measurements, while improving the quality of the results.

Enter your own limit lines for easy comparison of measurement
results to upper and lower specification limits. Or use these lines as

your own reference calibration and remove the frequency responses of
devices that are inserted after calibration.

Four independent display channels add new capabilities to the sys
tem. Each channel can display the data taken from any of the three
(or optionally four) detector inputs. Each channel can display a single
input (A, B, (C), R) or a ratio combination of two inputs (A/R, B/R,
A/B, etc.). With four inputs, measure multi-port devices or charac
terize several devices simultaneously. Or compare the response of the
test device to the stored response of your "reference" device.

When used with the HP 8350B sweep oscillator or the HP
8340B/8341B synthesized sweepers, the HP 8757A acts as a system
controller by managing the source via the "8757 System Interface."
Using this interface the HP 8757A can extract frequency information
and annotate the display. When used alone, the HP 8757A can save
and recall up to nine front panel states in non-volatile memory, com
plete with calibration or measurement data, limit lines, and plot la
bels. With the system interface and a companion HP source, the HP
8757A can save and recall not only its own front panel state, but the
source's as well. Configure often repeated measurements only once.
Then just recall that set-up and connect your device.

Combining the HP 8757A with an HP 8350B/8340B/8341B also
enables the useful "alternate sweep" function, which allows you to
sweep different frequency ranges or power levels and display them
both in real time.

The HP 8757A can adapt to any sweep ramp input in the 0-10 V
range, such as a 2-5 V ramp. Test voltage-controlled oscillators and
attenuators, using your test voltage ramp to drive the HP 8757A dis
play. Plot output power or attenuation versus tuning voltage.
Document Your Results

The HP 8757A also uses the "8757 System Interface" to drive an
HP-IB digital plotter or "ThinkJet" printer. Plot what appears on the
CRT or define your own plot and plot size. Get crisp, permanent, an
notated plots without a controller. Print graphics or tabular data list
ings on the HP "ThinkJet" printer.
Millimeter Wave Measurements

Extend scalar measurements to millimeter-wave frequencies with
the HP 8757A and the waveguide detector for your frequency range.
The HP R, Q, and U85026A detectors offer fully calibrated scalar
measurements in the frequency bands 26.5-40 GHz (Ka) 33-50 GHz
(Q) and 40-60 GHz (U). Add an HP millimeter-wave source and
waveguide coupler for a complete scalar measurement system to 60
GHz. Broadband measurements in coax from 10 MHz to 40/50 GHz
can be made with the HP 85025D detector. Measurements from 55 to
65 GHz and 90 to 100 GHz are possible using the HP 85025C detec
tor adapter and external detectors. For other applications above 60
GHz, use your own waveguide detector with either the HP 85025C
(AC/DC) or 11664C (AC only) detector adapters.
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HP 11664 Series Detectors (AC Only)
The HP 11664 series detectors are designed to operate with the HP

8757, 8756 and 8755 scalar analyzers in AC mode only. The HP
11664A/E cover the 10 MHz to 26.5 GHz range, and the HP
116640 covers from 26.5 to 40 GHz.

Detector Adapters
The HP 85025C and the HP I 1664C Detector Adapters match the

scalar analyzer display to most standard crystal, silicon, and gallium
arsenide detectors. This enables the user to operate in any frequency
band, such as above 60 GHz with the HP 8757A, and above 40 GHz
with the HP 8756A.

The HP 85025C Detector Adapter is designed for use with the HP
8757 only, and can operate in either AC or DC detection modes. A
softkey calibration sequence calibrates the HP 8757 display to your
particular detector for an accurate display of power level. The analyz
er can then account for the voltage versus input power characteristics
of the detector in use. This calibration requires two known calibration
inputs, one at a high level (linear operating region, above 0 dBm) and
one at a low level (square law region, below -20 dBm).

The HP 11664C Detector Adapter is designed for use with the HP
8757,8756, and 8755 scalar analyzers. The HP 11664C is matched to
the particular diode used via two screwdriver adjustments. One ad
justment sets the adapter's amplifier gain to the correct power level
indication on the scalar network analyzer. The second adjustment
matches the input impedance of the adapter to the load impedance of
the detector. Together, the voltage versus power characteristics of the
detector are calibrated for the scalar analyzer display.

Detectors
Two types of detectors are available for use with HP scalar network

analyzers for measurements up to 60 GHz. All detectors provide ex
cellent impedance match, and therefore minimize mismatch uncer
tainty in scalar measurements.

SEW
HP 85025 and 85026 Series Detectors (AC/DC)

The HP 85025 and 85026 series detectors are designed specifically
for operation with the HP 8757 Scalar Network Analyzer and are not
compatible with either the HP 8756A or the 8755. The HP 85025/26
detectors detect either a modulated (AC) or an unmodulated (DC)
microwave signal. In AC mode, the HP 85025/26 series detect the
envelope of the 27.8 kHz modulated microwave signal, provided in
ternally by the HP 8350B Sweep Oscillator with RF plug-in or exter
nally with the HP 8340/41 synthesized sweepers. In DC mode, the
HP 85025/26 series detectors measure the microwave power directly
without modulation. The user can change detection modes from the
HP 8757 front panel.

HP 85020A/B Directional Bridges
The economical HP 85020A/B directional bridges also offer high (40
dB) directivity and excellent port match at RF (to 4.3 GHz) frequen
cies. For 50 ohm measurements choose the HP 85020A. The HP
85020B is designed for 75 ohm environments. Both RF bridges have
Type-N connectors.

Directional Bridges
The HP 85020 series and HP 85027 series are directional bridges

designed especially for the HP 8757, 8756 and 8755 scalar network
analyzers. Each bridge features outstanding directivity and test port
match in a compact, rugged package.

Within each bridge, one zero-bias Schottky diode detector mea
sures the return loss of the test device. Ratio measurements can be
made by adding a power splitter (HP 11667A/B/C) and detector
(HP 11664 series or HP 85025 series). e

NEW
HP 85027A/B/C/D/E Directional Bridges

The HP 85027 series directional bridges are designed to operate
with the HP 8757,8756 and 8755 scalar network analyzers for reflec
tion measurements from 10 MHz to 47 GHz. A switch on the HP
85027 series bridges allows the user to configure them for operation
with the HP 8757 or the HP 8756 and 8755 scalar network analyzers.

When used with the HP 8757 scalar network analyzer, the HP
85027 series bridges allow the user to choose the measurement mode
that best suits the application. Use the bridge's AC mode (modulated
RF) for measurements in the presence of undesired signals such as
broadband noise or electromagnetic interference. Or choose the
bridge's OC mode (unmodulated RF) to measure the return loss of
modulation sensitive devices such as amplifiers with gain control cir
cuits. Use the companion HP 85025 series detectors for AC and DC
measurement versatility or the HP 11664 series detectors for AC only
measurements.

High (40 dB) directivity and excellent tcst port match ensure accu
rate reflection measurements over a broad swept frequency range.
The HP 85027B bridge operates from 10 MHz to 26.5 GHz and has
an SMA compatible, precision female 3.5mm (typical) test port con
nector. The HP 85027A/C bridges operate from 10 MHz to 18 GHz.
The HP 85027A has a rugged 7mm (typical) test port connector and
the HP 85027C has a precision Type-N connector. The HP 85027E
operates from 10 MHz to 26.5 GHz and has an SMA compatible,
precision male 3.5mm (typical) test port connector. Reflection mea
surements from 10 MHz to 47 GHz are possible using the HP
850270 directional bridge.
Measuring SMA devices
Hewlett-Packard recommends using the HP 85027A bridge and an
7mm (typical) to 3.5mm (typical) adapter for measuring SMA de
vices from 10 MHz to 18 GHz. For SMA measurements to 26.5
GHz, HP recommends using 3.5mm (typical) to 3.5mm (typical)
adapters (included with the HP 85027B/E bridge) to preserve the HP
85027B/E output connector.

, ,
Freq.

Range Connector Return Loss Dynamic Range Weight
Detector (GHz) Type (dB) 8757 8756 Net Shipping

11664Al .01-18 Type-N (m) .01-.04 GHz: 10 dB tl6 to -60 dBm tI0 to -50 dBm 0.17 kg 0.9 kg
.04-4 GHz: 20 dB (0.4 Ib) (2/b)
4-12 GHz: 18 dB
12-18 GHz: 16 dB

11 664E .01-265 3.5 mm (m) .01-.04 GHz: 10 dB +16 to -60 dBm tlO to -50 dBm " "

.04-6 GHz: 20 dB
6-20 GHz 16 dB
20-26.5 GHz: 12 dB

116640 26.5-4\l WR-28 12 dB tI0 to -50 dBm tlO to -50 dBm 0.24 kg 1.0 kg
(0.5Ib) (2.2Ib)

11664C 3 SMA (m) 3 3 3 0.17 kg 0.9 kg
(O.4Ib) (2Ib)

Detector Summary
For use with the HP 8757 8756 or 8755 in AC detection mode onlY'
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Models 85027 AIBICIDIE, 85020 AlB, 85025 AlBICIDlE, R/Q/U 85026A, 11664 AICIDIE

85025A', ' .01-18 Type-N (m) .01-.04 GHz: 10 dB t 16 to -55 dBm +16 to -50 dBm 0.24 kg 1.0 kg
.04-4 GHz: 20 dB (0.5Ib) (2.2 kg)
4-18 GHz: 17 dB

85025B' .01-26.5 3.5mm (m) .01-18 GHz: Same as t16 to -55 dBm +16 to -50 dBm " "

85025A
18-26.5 GHz: 12 dB

850250 .01-50 GHz 2.4mm (m) 10-40 MHz: 10 dB t 16 to -55 dBm t 16 to -50 dBm " "
40-100 MHz: 20 dB
.1-14 GHz: 23 dB
14-34 GHz: 20 dB
34-40 GHz: 15 dB
40-50 GHz: 9dB

85025E .01-26.5 GHz 3.5mm (m) 10-40 MHz: 10 dB +16 to -55 dBm +16 to -50 dBm " "
40-100 MHz: 20 dB
.1-25 GHz: 25 dB
25-26.5 GHz: 23 dB

R85026A' 26.5-40 WR-28 12 dB tID to -50 dBm +10 to -45 dBm " "
Q85026A' 33-50 WR-22 12 dB tID to -50 dBm tID to -45 dBm " "
U85026A' 40-60 WR-19 12 dB +10 to -50 dBm tID to -45 dBm " "

85025C K57' 55-65 GHz WR-15 -10 to -50 dBM -10 to -45 dBm " "
(typical) (typical)

85025C K71' 90-100 GHz WR-18 -10 to -50 dBm -10 to -45 dBm " "
(typical) (typical)

85025C' 3 SMA (m) 3 3 3 " "

Detector Summary (cont'd)
For use with HP 8757 only In either AC or DC detection modes: AC mode DC mode

I B 'd 5Direc Iona rl Jge ummary
For use with the HP 8757, 8756, or 8755 in AC detection mode only:

Bridge Freq. Nominal Connector Directivity Test Port Weight
Range Impedance Input Test port (dB) Match Net Shipping
(GHz) (SWR)

85020A .01-4.3 GHz 50 ohms Type-N (I) Type·N (I) .01-3 GHz: 40 dB .01·3 GHz: <1.22 0.5 kg 2.3 kg
3-4.3 GHz: 34 dB 3-4.3 GHz: <1.25 (1.2Ib) (5Ib)

85020B .01-2.4 GHz 75 ohms Type-N (I) Type-N (I) 40 dB .01-1.3 GHz: <1.25 " "
1.3-2.4 GHz: <1.43

For use with the HP 8756, or 8755 In AC detection mode or with the HP 8757 in either AC or DC detection modes

85027A .01-18 GHz 50 ohms Type-N (I) 7mm 40 dB .01-8.4 GHz: <1.15 0.5 kg 2.3 kg
8.4-12.4 GHz: <1.25 (1.2Ib) (5Ib)
12.4-18 GHz: <1.43

85027B .01-26.5 GHz 50 ohms 3.5mm (I) 3.5mm (I) .01·20 GHz: 40 dB .01-8.4 GHz: <1.15 " "
20-26.5 GHz: 36 dB 8.4-20 GHz: <1.43

20-26.5 GHz: <1.75

85027C .01-18 GHz 50 ohms Type-N (I) Type-N (I) .01-12.4 GHz: 36 dB .01-8.4 GHz: <1.15 " "
12.4-18 GHz: 34 dB 8.4-12.4 GHz: <1.25

12.4-18 GHz: <1.43

850270 .01-47 GHz 50 ohms 2.4mm (I) 2.4mm (m) .01-26.5 GHz: 35 dB .01-16 GHz: <1.15 " "
26.5-40 GHz: 30 dB 16-30 GHz: <1.25 " "
40-47 GHz: 25 dB 30-40 GHz: <1.40 " "

40-47 GHz: <1.85 " "
(typical)

85027E .01-26.5 GHz 50 ohms 3.5mm (I) 3.5mm (m) .01-20 GHz: 40 dB .01-8.4: <1.15 " "
20-26.5 GHz: 36 dB 8.4-20 GHz: <1.43

20-26.5 GHz: <1.75
1. Option 001 changes to 7mm connector.
2. The HP 85025 and 85026 series detectors and the HP 85025C require HP 8757A1irmware revision 2.0 or higher.

To upgrade previous revisions order the HP 11614A Firmware Enhancement.
3. Depends on the particular external detector used.
4. The HP 85025C K57 requires the HP 85100V millimeter·wave source module and a HP 85025C K56 bandpass filter.

The HP 85025C K71 requires the HP 85100W millimeter-wave source module and a HP 85025C K91 bandpass filter. For further information. contact your local HP sales office.
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HP 85022A System Cable Kit
The HP 85022A contains all the BNC and HP- IB cables to connect

an HP 8350B sweep oscillator (or HP 8340B synthesized sweeper),
an HP Series 200 or 300 computer, and a printer to the HP 8757 or
8756. This kit contains 3 one-meter HP-IB cables (HP 10833A), 3
two-foot BNC cables (HP 11170B), and I four-foot BNC cable (HP
11170C).
SNC connectors: N-Male, N-Male.
SNC impedance: 50 ohm.
Weight: net, 0.5 kg (1.2 lb); shipping, 1.2 kg (2.9Ib).

HP 11614A Firmware Enhancement
The HP 11614A firmware enhancement updates the HP 8757A

scalar network analyzer to firmware revision 2.1. (HP 8757As with
serial number prefix 2802A or higher already have revision 2.1
firmware). Firmware revision 2.1 includes all the features of firmware
revision 2.0, which added several new features to previous versions of
the HP 8757A. These include the ability to display and plot reflection
traces in units of standing wave ratio (SWR), tabular listings of nu
merical data on an HP ThinkJet printer, full calibration and opera
tion with the HP 85025C detector adapter and R/Q/U85026A
waveguide detectors, and the ability to display and plot an external
voltage applied to a rear panel input. All revision 2.1 features are HP
IB programmable.

HP 85028A 7mm Directivity Verification Standards for
HP 85021A185027A

The HP 85028A allows on-site verification of the 40 dB directivity
of the HP 85021A and 85027A directional bridges. For frequencies
below 2 GHz, a precision 52 dB return loss load is used. For frequen
cies from 2 to 18 GHz, a sliding mismatch is used to establish a ripple
pattern from which the directivity can be calculated. The HP 82028A
includes a precision 50 ohm termination, a high-performance sliding
mismatch, an 7mm open/short, an 7mm connector gage kit, and a
torque wrench.
Weight: net, 2.0 kg (4.5 lb); shipping, 3.5 kg (8.0 lb).

Frequency range: HP 85023A/C, dc to 18 GHz.
HP 85023D, dc to 1.3 GHz.
HP 85023B, dc to 26.5 GHz.
HP 85023F, dc to 50 GHz.

Connector type: HP 85023A, 7mm.
HP 85023B, 3.5mm.
HP 85023C, Type-N, 50 ohm.
HP 85023D, Type-N, 75 ohm.
HP 85023F, 2.4mm, 50 ohm.

Characteristic impedance: HP 85023A/B/C/F, 50 ohm.
HP 85023D, 75 ohm.

Weight: net, 0.5 kg (1.2Ib); shipping, 1.2 kg (2.9Ib).

HP 11678A

HP 85022A

HP 85023C

HP 85028A

HP 11668A

HP 11679A

HP 85023A/B/GIDIF Ve~rificat.ionKits
The HP 85023 Series system verification kits each contain a set of

precision components used to perform a system verification procedure
for the HP 8757S/56S scalar network analyzer system. This proce
dure, which is in the HP 8757/56 Operating and Service Manuals,
checks system installation and can be used as a daily functional test.

Choose a system verification kit to match your device under test.
For 7mm applications, select the HP 85023A. If you are measuring
SMA or 3.5mm devices, choose the HP 85023B. For 50 ohm, Type-N
applications, select the HP 85023C. These kits (HP 85023A/B/C)
all include an open, short, 10 dB fixed attenuator, 50 ohm termina
tion, and a source to directional bridge adapter of the corresponding
connector type. The HP 85023D verification kit, for 75 ohm Type-N
measurements, consists of a short, a 75 ohm termination, a 50 ohm 10
dB fixed attenuator and two HP 11852B 50 to 75 ohm minimum loss
pads (for 50/75 ohm impedance conversion).

The HP 85023F verification kit includes 2.4mm standards for veri
fying performance of the HP 8757S system to 50 GHz. Included are a
2.4mm female open, short and 50 ohm load, a 10 dB attenuator, and
female to female adapter.

HP 11679A/E Extension Cables
Function: These cables extend the distance between the scalar net
work analyzer and the detector or bridge to a maximum of 200 feet
without degradation of performance.
HP 11679A: 7.6 m (25 ft) extension cable
HP 11679B: 61 m (200 ft) extension cable
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Return Loss
~12 dB
~16 dB
;::14 dB
~14 dB

50-100 MHz
100 MHz-8 GHz

8-12 GHz
12-18 GHz

Maximum input: +27 dBm.
Connectors: N-female, N-male.
Weight: net, 0.l3 kg (5 oz); shipping, 0.28 kg (10 oz.).

HP 11668A High Pass Filter
The HP 11668A high pass filter accessory is recommended when

making measurements on active devices that have gain below 50
MHz. Use of the HP 11668A, placed after the HP 11665B, reduces
the modulator drive feedthrough from 8 mY to I mY and prevents
possible amplifier saturation. Use of the HP 11668A filter is not nec
essary for passive measurements since the feed through from the HP
11665B is -65 dBm and causes no degradation in system perform
ance.
Frequency range: 50 MHz to 18 GHz.

Insertion Loss
:-:;2.5 dB
:-:;1.0 dB
:-:; 1.0 dB
:-:;1.5 dB

HP 11678A Low Pass Filter Kit
Description: the HP 11678A low pass filter kit contains five filters.
Low pass filters reduce harmonics generated by the RF source when
making precision measurements.
Frequency Range (low pass filters, cutoff frequency fc)

HP 11688A: 2.8 GHz.
HP 11689A: 4.4 GHz.
HP 11684A: 6.8 GHz.
HP 11685A: 9.5 GHz.
HP 11686A: 13.0 GHz.

Insertion loss: <1.1 dB at 0.95 fc.
Rejection (at 1.25 fc); greater than 40 dB.
Impedance: 50 ohm normal.
Connectors: N-Female, N-Male.
Weight: net, 0.44 kg (lIb); shipping, 1.2 kg (2.9Ib).

HP 116138

HP 11636A1B Power Dividers
The HP 11636A/B power dividers/combiners are recommended

when making wideband comparison measurements without ratioing,
and in fault location measurements with the HP 8757S/85016. De
tailed specifications are on page 341.

Other Signal Separation Devices
Many other signal separation devices are available from HP for use

with the HP 8757, 8756 and 8755. Coaxial couplers from 0.1 to 18
GHz are available with the HP 770 series, the 790 series, and the HP
11692. Higher directivity HP 752 series waveguide couplers can also
be used with the HP 8757, 8756 or 8755 with the addition of appro
priate HP 281 series waveguide-to-coax adapters.

HP 11613B Calibrator
HP 8757 and 8756 verification/calibration is recommended every

12 months. This can be accomplished at an HP service center or on
site using the HP 11613B calibrator and an HP 9000 series 200 or
series 300 computer.

The HP 11613B is a dedicated transfer standard for calibration of
the HP 8757 and 8756. The HP 11613B provides the standard a
27.778 kHz source and a series of precision attenuators. The calibra
tor includes software (both 3.5 and 5.25 inch formats) that operates
on an HP 9000 series 200 or series 300 computer, the BASIC operat
ing system (BASTC 2.0, and above) and a GP-TO cable for use when
calibrating the HP 8756. The software verifies (and adjusts if neces
sary) the intcrnal calibration parameters stored in the non-volatile
memory of the HP 8757 and 8756. All HP 8757 and 8756 detector
inputs can be calibrated in a matter of minutes. Re-calibration of the
HP 11613B is recommended every two years.
Memory Requirement: 1/2M byte, including BASIC.
Hardware Requirement: HP 98622A 16-bit GP-TO interface card
for use with HP 8756.
Dimensions: 40 H x 185 W x 203 mm D (1.5 x 7.3 x 8.0 in).
Cable length: 1.22 m (48 in).
Weight: Net 0.91 kg (2 Ibs). Shipping 1.4 kg (3 Ibs).

116658 Modulator
Function: absorbtive on-off modulator designed for and powered by
the HP 8757,8756 or 8755 scalar network analyzers.

Frequency Return Loss Insertion Loss
Range On and Off On Off

1540 MHz ~10 dB s7.0 dB ~35 dB
40 MHz4 GHz d5 dB s3.2 dB ~35 dB

4-8 GHz ~12 dB s3.8 dB ~40 dB
8-12.4 GHz ~8 dB S4.3 dB ~45 dB
12.4-18 GHz >8 dB <5.0 dB >45 dB

Modulator drive feedthrough: :-:;8 mY (peak) at 27.8 kHz at either
port when powered by the HP 8757, 8756 or 8755. Reduced to
:-:; ImY (peak) using the HP 11668A. (See HP 11668A High Pass
Filter).
Drive current: nominally +50 mA in On condition, -50 mA Off con
dition.
Weight: net, 0.17 kg (6 oz); shipping, 0.9 kg (2Ib).

HP 11852B 50 ohm175 ohm Minimum Lo~s Pad
The HP I 1852B is a low SWR minimum loss pad required between

75 ohm devices and 50 ohm sources and detectors. For more informa
tion, see page 245.
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HP 116678
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DC to DC to DC to
HP 11667A 4 GHz 8 GHz 18 GHz

Input SWR: sU5 $1.25 s1.45

Equivalent sUO $1.20 s1.33
Output SWR:
(leveling or
ratio
measure·
ments)

Output sO.l5 sO,20 sO,25
Tracking (dB):
(between
output arms)

Typical Phase 05 1.5 3.0
Tracking
(deg):
(between
output arms)

HP 11667C

HP 11667AlBIC Power Splitter
The HP 11667A/B/C power splitters are recommended when

making wideband ratio measurements using the HP 8757,8756, or
8755 scalar network analyzer. These two-resistor type splitters pro
vide excellent output SWR at the auxiliary arm when used for source
leveling or ratio measurement applications. The tracking between
output arms over a frequency range from dc to 50 GHz allows wide
band measurements to be made with a minimum of uncertainty.

Frequency Range:
HP 11667A: DC to 18 GHz.
HP 116678: DC to 26.5 GHz.
HP 11667C: DC to 50 GHz.
Impedance: 50 ohms nominal.
Insertion Loss:
HP 11667A/B: 6 dB nominal.

DC to DC to DC to DC to
HP 11667B/C 18 GHz 26.5 GHz 40GHz 50 GHz

Input SWR:
HP 11667B s1.22 $1.29
HP 11667C s1.22 sl.3B sl.50 s1.65

Equivalent Output SWR:
(leveling or ratio
measurements)
HP 11667B s1.22 s1.22
HP 11667C $1.29 $1.29 s1.50 $165

Output Tracking (dB):
(between output arms)
HP 11667B $025 sO 40
HP 11667C $OJO sOJ5 sO.40 $0.40

Typical Phase Tracking
(deg): (between output
arms)
HP 11667B 1.5 2.5
HP 11667C 2.0 2.5 3.0 3.0

Typical Insertion Loss(dB):
HP 11667C 60 7,0 8.0 8.5

Maximum Input Power: +27 dBm
Connectors:
HP 11667A: N-female on all ports.
HP 11667B: APC-3.5 female on all ports.
HP 11667C: 2.4 mm female on all ports.
Dimensions:
HP 11667A: 46 H x 52 W x 19 mm D (1.8 x 2.0 x 0.7 in.).
HP 11667B: 40 H x 47 W x 10 mm D (1.6 x 1.9 x 0.4 in.).
HP 11667C: 36 H x 36 W x 10 mm D (1.4 x 1.4 x 0.4 in.).
Weight:
HP 11667A: net, 0.14 kg (0.31Ib); shipping 0.22 kg (0.5Ib).
HP 11667B: net, 0.06 kg (0.13 lb); shipping 0.14 kg (0.3 lb).
HP 11667C: net, 0.06 kg (O.l3lb); shipping 0.14 kg (0.3Ib).



NETWORK ANALYZERS 8
Ordering Information 227

Model 8757

Ordering Information .
The HP 8757S Automatic Scalar Network Analyzer IS ordered

with multiple line items to give you maximum flexibility in specifying
a system that meets your needs. This orderi~g. ~uide I.ists the HP
8757S line items required for software compatibility. It IS not neces
sary to order any line item you already own. Consult your local HP
Sales Office if you would like assistance.

Service and Support Products
UP 11613B Calibrator $900
UP 8757S+23N Onsite Installation (where available)
UP 87578+02B Onsite Service (where available)

N/C

$495
$799

$2.745

$355

$950
$1,500

$350

N/C

$555
$1,380

$l.295

$2.000
~/C

N/C
$4.500

$1,425

$1.480
$5.860

add $75

Aecommended Accessories
Printer (choose at least one)

UP 2225A ThinkJet Printer
UP 2227B QuietJet Printer
UP 2932A Opt 046 Impact Graphics Printer

Plotter (choose at least one)
HP 7440A Opt. 002 Eight-pen Graphics Plotter
(8.5" x II")
HP 7550 Eight-pen Vector Plotter (11" x 17") $3.900

Optional Accessories (for ratio and/or modulation measurements)
UP 11636A Power Divider DC to 18 GHz $450
UP 11636B Power Divider DC to 26.5 GHz $950
UP 11665B Modulator $')00
UP 11667A Power Splitter DC to 18 GHz $930

Opt. 001 N-male on input port; N-female on output N /C
ports:

Opt. 002 N-female on input port; 7mm on output
ports:

UP 11667B Power Splitter DC to 26.5 GHz
UP 11667C Power Splitter DC to 50 GHz
UP 11852B 50 to 75 ohm Minimum Loss Pad

Filter Kits
UP 11668 High Pass Filter Kit
UP 11678 Low Pass Filter Kit

System Cable Kit
UP 85022A System Cable Kit

Computer (choose one)
UP 982!l7AIM byte Memory Board
UP 98!l80A Series 300, Model 310

Disc Drives (one required for HP 9816S)
UP 9122D 3.5 inch Dual Flexible Disc Drive

Software (choose one option)
UP 85015B System Software for HP 8757

Opt. 630 for Computer with
HP 9121D/220 Disc Drive
Opt. 655 for either HP 9826S or 9836S Computer

UP 85016B Transmission Line Test Software for HP
8757

Opt. 630: for Computer with
HP 912ID/22D Disc Drive
Opt 655: for either HP 9826S or 9836S Computer

$9,000
$1,500

$220

Price
$0

$2,500
$2,950
$2,500
$3,500
$2,950
$1,150
$1,300

$5,000
$625
$850
$550
$900

$2,100

$525
add $50

$700
$1,\00

$300
$900

add $50
$950

$1,500
$1,200
$1,500
$1,700
$1,700

$600

HP 8757S Scalar Network Analyzer System
This system model number ensures coordination of ship
ments and compatibility of instruments and software.

Analyzer
UP 8757A Scalar Network Analyzer

Opt. 001 Fourth detector input
Opt. W30 Two years extended service

Sweep Oscillators (choose either HP 8350B with an
RF Plug-in, 8340B, or 8341B)

Directional Bridges (choose at least one)
UP 85027A 0.01-18 GHz, 7mm, 50 ohm
UP 8502780.01-26.5 GHz, 3.5mm female, 50 ohm
HP 85027C 0.01-18 GHz, Type-N female, 50 ohm
UP 850270 0.01-47 GHz, 2.4mm male, 50 ohm
UP 85027E 0.01-26.5 GHz, 3.5mm male, 50 ohm
UP 85020A 0.01-4.3 GHz, Type-N female, 50 ohm
UP 850208 0.Dl-2.4 GHz, Type-N female, 75 ohm

Detectors (choose at least one)
UP11664A 0.01-18 GHz, Type-N male

Opt. 001 7mm connector
UP 11664E 0.01-26.5 GHz, 3.5mm male
UP 116640 26.5-40 GHz, WR-28 waveguide
UP 11664C Detector Adapter
UP 85025A 0.01-18 GHz, Type-N male

Opt. 001 7mm connector
UP 850258 0.01-26.5 GHz, 3.5mm male
UP 850250 0.Q1-50 GHz, 2.4mm male
UP 85025E 0.01-26.5 GHz, 3.5mm male
UP R85026A 26.5--40 GHz, WR-28 waveguide
UP Q85026A 33-50 GHz, WR-22 waveguide
UP U85026A 40-60 GHz, WR-19 waveguide
UP 85025C Detector Adapter

System Verification Kits (choose at least one)
UP 85028A 7mm directivity verification standards
UP 85023A 7mm, 50 ohm
UP 850238 3.5mm, 50 ohm
UP 85023C Type-N, 50 ohm
UP 850230 Type-N, 75 ohm
UP 85023F 2.4mm, 50 ohm



BNETWORK ANALYZERS
Scalar Network Analy2.er Software for the HP 8757/8756
Models 850158,850168,86399-10001

• Custom tests without prog(amming
• Friendly menu operatiol,
• Measure insertion and return IOS5

• Plot 01 store data
• Test coax and waveguide
• Locate faults in tl ansmiss!or. lines

COAXIAL CABLE

"
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Ordering Information
Each software package comes with 5 discs, including a data disc.

Order the option that corresponds to your computer configuration.
The HP 85015B/ 16B can run on BASIC 2.0 or greater and requires
11/2 Mbytes of RAM memory.

Easy to Operate and Modify
The Amplifier Test Software's menu-driven, friendly user interface

is designed so that measurements can be configured and run soon af·
ter the system is set up. Its limited feature set allows for a short pro
gram, which can be easily modified by the user to suit his needs. The
documentation provided with the software includes a complete pro
gram listing, flow diagram, and variable dictionary.

Ordering Information
Each software package comes with the software on both 3_1/2" and

5.1/4" formats, and Product Note 8757-6, which documents operation
of the software. The Amplifier Test Software can run on BASIC 2.0
or higher on HP 9000 series 200 or 300 computers with at least I
Mbyte of RAM memory.
HP 86399-10001 Amplifier Test Software $250

Tailored for Amplifie, resting
The Amplifier Test Software (HP Part No. 86399-10001) allows

rapid and systematic characterization of amplifier gain compression.
Specifically, the software automates measurements of amplifier out
put power at the I-dB compression point at frequencies of interest.
The software runs with the HP 8757A and 8756A, and the HP 8350B
sweep oscillator of HP 8340B/41 B synthesized sweepers. Besides
compression testing, the software also allows measurements of gain
and return loss/SWR.

Price
S2000
l\ !(

'\·/(

S4500
"'Ie
'\ Ie

COAXIAL CABLE
FLT, R.L. %OF TOTAL
A(dB) MISMATCH
21.91 36,347
26,84 20.607
2044 43,046

Distance
(tt)
,020

4,120
7,920

Measurement 1:
Operator: NANCY LORENZ

HP 85015B system software
Opt. 630: 3.5 inch discs
Opt. 655: 5.25 inch discs

HP 85016B transmission line test software
Opt. 630: 3.5 inch discs
Opt. 655: 5.25 inch discs

Amplifier Test Software

MISMATCH SUMMARY
Cable or Wavequide Type: Coax
Relative Velocity: ,695
Loss/IOO It: 50
Length (Range): 10 It
Center Frequency: 5GHz
Distance Resolution: ,1 ft
Current Window is: Normal

HP 850158 System Softwarll'"
Using the HP 85015B system software for the HP 8757/8756, you

can create and run complete scalar measurements without program
ming. The software guides you all the way from setup to output. Just
make your selections using the computer's knob and softkeys. The
software makes all the necessary settings on the scalar analyzer and
source to provide fast, accurate measurements that can be stored for
later reference.
Easy To Learn

Use the BASIC mode to get up to speed quickly on the software's
operation. It prompts you with a few simple questions, then sets up
your source and analyzer automatically. The software prompts you to
make all the connections necessary for calibration and measurement
sequences, then automatically plots the data on the CRT display. For
a permanent record, send the plot to a graphics plotter with a single
keystroke.
Use The Analyze, CRl

With the HP 8757, use the scalar analyzer as the control center for
your measurements. The analyzer knob and softkeys control the soft
ware menus which appear on the CRT of the HP 8757, instead of the
computer's.
Customized Measurement Setups

Use the GENERAL and ADVANCED modes to access more of
the software's powerful features. Define up to 4 measurements in one
sequence. Specify particular power levels for your test device and
enter your specification limits as point, line, or sloped limits. These
limit lines allow simple pass/fail testing, or real time adjustment to
within the spec limits.

Then output the data using your own customized format with la
bels, limit lines and "out-of spec" indicators. Make up to 4 plots on a
single page. Store the data on computer disc for archival purposes,
then recall it la ter for further analysis.

The software makes it easy to save your configuration, complete
with all the parameters you've specified and the calibration data.
When you want to run this test later, just recall the configuration and
connect the device. The software recalls cal data, plot formats, labels,
limit lines ... everything you need to run complete automated tests.
Test Transmission lines

The HP 85016B transmission line test software provides all the ca
pability of the HP 8501 5B plus fault location for complete testing of
coax and waveguide transmission lines. Test frequency response (in.
sertion and return loss), then find faults (mismatches) that affect the
signals in your frequency range. Troubleshoot your ECM, radar or
communication system quickly and without guesswork.

Fault location is accomplished using frequency domain reflectome
try, a technique that uses frequency domain reflection data and the
inverse Fast Fourier Transform to characterize reflection as a func
tion of distance. This enables you to locate impedance mismatches
resulting from bad connections or faulty cables.



Price
$64,000

kss $'7.000
add $250

• Hiqh resolul,ol, - C,
.. Fasl .::omputatiOi.
• Thrp(: use, i"'VE+,

HP 8328A

The HP 8328A Transmission Line Test System tests the perform
ance of waveguide runs and coaxial cables with swept frequency mea
surements of insertion loss and return loss. Additionally, the HP
8328A system can make fault location tests to find impedance mis
matches as a function of distance, quickly and without guesswork.

The HP 8328A is a dedicated transmission line test system for tests
from 10 MHz to 18 GHz. It is configured in a rugged, transportable
container. The system is self-contained for ease of use and is ideal for
accessing transmission lines in difficult-to-reach installations such as
aircraft. Although all testing can be done automatically, full manual
capability is retained.

The HP 8328A contains the HP 8757A Scalar Network Analyzer,
the HP 8350B Sweep Oscillator with the HP 83592A RF Plug-In for
coverage from 10 MHz to 18 GHz, the powerful HP 9000 Model 310
computer, the HP 85016B Transmission Line Test Software, and sca
lar analyzer accessories. The software is accessed from the front panel
softkeys and knob of the HP 8757A. Complete measurements includ
ing pass/fail and limit testing can be configured and run easily like
the HP 85016B software.

It is recommended that the HP 8328A Option 100, an HP 3573IA
monitor, an HP 46021A keyboard, and an HP 9122D dual disc drive
be included for system diagnostics and disc backup for long-term data
storage and retrieval.

NEJ.~2,~~O~L~~~~~~S~~ 1•••1
Model HP 8328A

• Automatic data correen-,-,
• Completely self-contained
• Passffail and lifnit testinc

Swept Distance Capability

Measurements VS. distance: Return loss (dB), SWR, or reflection
coefficient.

Resolution (distance between data points as a percentage of the
transmission line length):

1% (101 pts), 0.5% (201 pts), 0.25% (401 pts).

Data correction: Data is normalized to the response with a 50 ohm
load at the test port. Data is also completely corrected for line losses
and preceding mismatches. If waveguide is tested, the effects of phase
dispersion are automatically removed from the reponse. The correc
tion data for the coaxial cable or waveguide run is contained in a
lookup table with over 100 entries stored in the program. This table
can be modified to improve entries or updated with new cables.

Range and resolution (vs. frequency): The standard RF plug-in for
the system is an HP 83592A, with a span from 10 MHz to 18 GHz.
This span allows a minimum test range of 2 ft. and a resolution of 0.0 I
ft. (for 201 distance points and 0.5% resolution). Maximum test
range is 500 ft. with a resolution of 2.5 ft.

Swept Frequency Capability

Measurements vs. frequency: Insertion loss, gain, return loss,
VSWR, reflection coefficient, and power in dBm, dBW, or mW.

Frequency range: 10 MHz to 18 GHz with HP 83592A plug-in: Op
tion 001, 10 MHz to 8.4 GHz with HP 83525B plug-in

Resolution: User selectable up to 1024 pts. for swept measurements,
or stepped CW measurements.

Dynamic range (HP 11664A detectors and HP 8757A): 76 dB
(+16 to -60 dBm)

General

User modes: BASIC, GENERAL, and ADVANCED. These user
levels vary the level of sophistication to match the experience level of
the user and the requirements of the measurement.

Measurement and data storage:
Configurations per data volume (typical): 99
Measuremenls per configuration: 4
Measurement data sets per data volume: 99
Additional storage can be obtained with the HP 8328A option 100

and the recommended optional equipment.

Ordering Information
UP 8328A Transmission Line Test System

Opt 001: 10 MHz to 8.4 GHz only
Opt 100: Adds support software



BNETWORK ANALYZERS
Combined Network/Spectrum Analysis, 10Hz to 500MHz
Model 4195A

• Linear and non-linear device measurement and analysis
• High accuracy and resolution
• User functions

• Color graphics, graphics analysis and direct copy capa
bility

• Direct save/recall with internal disc drive
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analysis functions include the harmonic, intermodulation distortion
of amplifiers or IF subsystems in communications and telecommuni
cations. S-parameters can also be measured by using 2 transmis
sion/reflection test sets, without changing direction of the device.

Combined Vector Network and Spectrum Analysis
Network analyzers and spectrum analyzers have become essential

tools for evaluating subsystems or components used in electronic
equipment. Especially, the importance of phase and group delay mea
surements is rapidly increasing. The HP 4195A offers full network
and spectrum analysis from 10Hz to 500MHz at halfthe price. It has
very wide applications. Network analysis functions include character
izing the gain/group delay ripple of filters and amplifiers. Spectrum

Description
The HP 4195A is a high performance, cost effective and intelligent

analyzer with combined vector network and spectrum analysis capa
bilities. The frequency is covered from 10Hz through 500MHz with
an excellent 0.001 Hz resolution for audio, baseband, HF, VHF and
IF applications. It directly measures amplitude ratio, phase, group
delay and spectrum level needed for characterizing linear/non-linear
analog circuits or components used in communications, telecommuni
cations, consumer electronics and other equipment.

The HP 4195A's excellent accuracy and resolution meets the se
vere measurement requirements for developing advanced equipment.
A color display allows you to readily differentiate between multiple
traces. Convenient softkey operation and marker functions make de
riving device parameters quick and easy. Measurement results can be
directly copied to printer or plotter without an external computer.
Furthermore, the HP 4195A has internal user functions for comput
ing and self controlling capability. User Program, User Defined
Function and User Math allows you to quickly customize the setups
most suited to your application without using an external computer.
A built-in 3.5 inch disc drive can save the instrument state, data and
user functions.



High Accuracy and Resolution Measurement
The HP 4195A measures amplitude ratio and phase with an accu

racy of ±0.05dB/ ±0.3 deg and a resolution of 0.001 dB/O.OI deg. The
amplitude and phase distortion of transmission devices, such as filters,
amplifiers, delay lines and cables, affect the quality of information
and create bit errors in PSK or QAM systems. The HP 4195A can
evaluate distortion with high accuracy and resolution. For accuracy
enhancement, I Port Full Cal, I Port Partial Cal, Normalization and
Port Extension capabilities are available. For spectrum analysis, high
level accuracy of ±O.ldB and fully synthesized local OSC allow you
to obtain stable and reliable C/N, harmonic distortion or intermodu
lation distortion measurements. In addition the high shaped digital IF
filter technique makes discrimination of closely spaced signals easy,
so 50/60 Hz power-line sidebands can be measured using the 10Hz
RBW.

Advanced Marker Action on Color Graphics
The application oriented marker functions are very useful for both

network and spectrum measurements. You can quickly obtain the de
sired results from the easy to see color graphics CRT. The Next Peak
is convenient for searching harmonic or spurious signals. The marker
target is used for extraction of SAW filter's 3dB bandwidth or an
amplifier's -I dB gain compression point. The delta marker is used
for C/N measurement, and the noise marker is used for noise mea
surements. A maximum of four traces can be simultaneously dis
played on the CRT, so it is easy to compare the data. The smith/polar
chart is convenient for impedance matching in circuit design. In addi
tion, the results can be directly copied to a compatible plotter or print
er without an external computer.
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Network Measurement
Source

Frequency: 10Hz to 500MHz, ImHz resolution
Power: -50 dBm to +15 dBm, O.ldB resolution
Sweep Parameters: Frequency, power and dc bias level
Sweep Types: Linear, log, cw, program and partial
Output: 2 outputs
DC bias level: ±40V, IOmV resolution

Receiver
Frequency: 10Hz to 500MHz
Input: 4 inputs, 50 n nominal
Resolution Bandwidth: 3Hz to 300kHz, 1 or 3 step
Input Crosstalk: :;:; -100dB

Magnitude Ratio
Dynamic Range: >100dB
Resolution: O.OOldB
Dynamic Accuracy (23 ± SOC), -30dBm R input: ±0.05dB @
-70dBm to -30dBm T input.

Phase
Range: ± 180°
Resolution: 0.01 °
Dynamic Accuracy (23 ± SoC, -30dBm input): ±0.3° @ -70
to -30dBm T input.

Delay
Range: lOps to 500s
Resolution: lOps @ 3.6 MHz aperture
Accuracy: depends on phase accuracy

Error Compensation
Mode: Normalization, I port partial cal, 1 port full cal and port
extension.
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User Program for C/N Measurement

User Functions for Easy Customized Operation
The HP 4195A has three user functions for customizing operations

for your applications without using an external computer. The User
Program gives you a one key solution for performing your applica
tion. You can program a sequence from measurement and marker
control, computing, through printing a hard copying. This function is
very useful and improves efficiency for C/N (Carrier Noise ratio),
THD (Total Harmonic Distortion) measurements or automatic de
vice parameter extraction, such as an amplifier's gain, group delay,
gain compression or harmonic distortion. The User Math function
helps you put the result in the form you need by using the built-in
math operators and arithmetic functions. For example, you can dis
play level in volt peak-to-peak instead of volts rms or perform differ
entiation of gain or max hold. The User Defined Function gives you
the power to define functions which can be called with softkeys as you
like, such as input of step size, signal tracking, transmis
sion/reflection alternate sweep or gain/level spectrum alternate
sweep. In addition, the HP 4195A has the Program Sweep function
which can arbitrarily sweep the points programmed in the table. This
increases measurement efficiency by reducing excessive points in the
Lin or Log sweep. Also, the resolution bandwidth can be independent
ly set for each programmed point. The above user functions and pro
gram sweep table can be saved into the built-in 3.5 inch disc, so you
can start your application at any time.
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THO Measurement by Using
User Define Function

Spectrum Measurement
Frequency

Measurement Range: 10Hz to 500MHz
Resolution:

RBW: 3Hz to 300kHz, I or 3 step
Selectivity (80/3dB): 4 for 3Hz to 30Hz

8.5 for 100Hz



BNETWORK ANALYZERS
Combined Network/Spectrum Analysis, 10Hz to 500MHz (cont'd)
Model 4195A

Amplitude
Measurement Range: -135 dBm to +20 dBm
Accuracy: ± 1.0dB 50MHz
Linearity (23 ±5°C): ±O.ldB @ -40 to OdB; ±0.2dB @ -60 to
-40dB
Frequency Response: ± I.5dB

Dynamic Range (23 ± 5°C)
Second Harmonic Distortion: ~-70dBc @ ~ 2MHz
T.O.I Distortion: ~ -8OdBc @ ~ 2MHz
Residual Response: -II OdB @ ~ 100kHz.
Average Noise Level: typically -140dBm @ 10Hz RBW,
~2MHz

Sweep
Sweep Type: Linear, log, cw, program and partial
Sweep Mode: Continuous, single and manual
Sweep Time: approximately 500 ms/span to 1800 s/span

Input
Number of inputs: 4 inputs
Impedance: 50 n nominal
Damage level: + 30 dBm
Attenuator: 0 to 50dB, IOdB step

Display and Analysis
Display: 7.5 inch color CRT
Display Format: Rectangulars, Table, Smith and Polar
Traces: 4 traces max
Scale Type: Linear, log
Autoscale
Phase Display Expansion: Display phase continuously more than
±180 deg.
Video Filter: Digital video filtering reduces random noise
Comment Entry: Display a comment used alphabet, numeral and
special characters ( , , %, etc).
Marker: MKR --+ Max (Min, Ref, Center, Start and Stop), Next
Peak, Width and Delta reading mode.

User Functions
User Math:

Puts the result in the form needed for your application by using
built-in math operators, arithmeric functions and editing capability.
User Defined Function:

Provides one-key solution for a specific application without an ex
ternal computer. 6 user functions can be created and soft-keys can be
labeled as you like.
User Program (Auto Sequence Program):

Allows to program the control or measurement, analysis, copy and
other sequence without an external computer.

Hardcopy
Hardcopy of traces, measurement data, results of analysis and an

notations are produed by the 4195A and HP plotters or printers with
LISTEN only capability.
Dump Mode: Copy the CRT display to a graphics printer
Plot Mode: Copy the traces, graticule and annotations to an

HP-GL compatible digital plotter
Print Mode: Copy measurement data in tabular form to a

printer

Storage
Instrument state, trace data, table of Program Sweep and User

Program can be independently saved or recalled from the built-in 3.5
inch floppy disk memory via SAVE/GET function.

Instrument state includes active control setting of measurement,
active calibration data, active display format, active scale setting, Us
er Math and User Define Function.

Remote programming
HP-IB interface operates according to IEEE 488-1987 and IEC

625 standards and IEEE 628-1982 recommended practices
Interface Function: SHl, AHI, T5, TEO, L4, LEO, SRI, RLI,

PPO, DCl, DTl, CO, El
Transfer Formats: ASCII

32/64 bit IEEE 754 floating point format

General Characteristics:
Operating Conditions:

Temperature: O°C to +45°C
Humidity: 95% RH at 40°C

Non-Operating Conditions:
Temperature: -40°C to +70

Safety: Based on IEC-348, UL-1244
Power: 100, 120, 220V ±IO%, 240V -10% +5%, 48Hz to 60Hz,
500VA (max)
Dimensions: 425 (W) x 375 (H) x 620 (D) mm
Weight: Approximately 41kg

41951A Impedance Test Kit
The HP 4195A and HP 41951A Impedance Test Kit, which is

designed to use with the 4195A, can be used to perfrom impedance
analysis from 100kHz to 500MHz. The direct reading of impedance
parameters, error compensation, variable test signal/dc bias level,
and dedicated analysis functions are all convenient for evaluation of
components, such as crystal/SAW resonators, coils, and varicap di
odes. The equivalent circuit function is very useful for modeling and
evaluating components under actual operating conditions to improve
the quality and reliability of circuit design.

HP 4195A with HP 41951A

HP41951A
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SPECIFICATIONS

Note: HP 41952B opt. 009 deletes 50 ohm N cable and HP 118528.
*1: Typical

I MPEu"JCE
EQU I VALENT C IRCU 1 T MODE

SELE'::TED : E
A

$130
$12.50

$185
$50

$1500

Price
$23,000

$490
$850

eHP 4195A With HP 41952A

Ordering Information
4185A Newtork/Spectrum Analyzer

Opt W30: 3·year hardware support
Opt 001: High Stability Frequency Reference Im
prove the stability of frequency for evaluation high Q
devices such as crystal filter, oscillator or resonator.

Frequency Accuracy: ±l ppm (23°C ±5°C)
Frequency Stability: ± 1 x 10- 8 (23 0 C±5 0 C)

Opt 807: Front Handle Kit
Opt 808: Rack Flange Kit
Opt 808: Rack and Handle Kit
Opt 810: Extra OP manual
41851A Impedance Test Kit

Accessories Available
UP 85044A/B Transmission/Reflection Test Set
Refer to page 244.
UP 85024A High Frequency Probe
Refer to page 313.

41800A Active Probe
The HP 41800A Active Probe is a high input impedance probe

which covers the frequency from 5Hz to 500MHz, and makes it easy
to perform signal analysis of circuits in audio, video, HF and VHF
band. For both spectrum and network analysis, the HP 41800A
presents a great value by its low distortion and low noise characteris
tics. The HP 41800A is directly compatible with HP analyzers, such
as the HP 4195A, HP 3577A, HP 3585A or HP 8568B, which supply
probe power from the front paneL
Specifications

Bandwidth: 5Hz to 500MHz
Input R. C (nominal): lOOk ohm, 3pF (probe alone)
Average Noise Level (typical): lOnV/VRZ 300kHz to 500MHz
2nd Harmonic Distortion: < -50dBc -20dBc input
Output Connector: 50 ohm type N male
Accessories Furnished: 10:1 divider, hook tip, ground leads, spare
tips, BNC male adaptor and so on

HP 41800A

e

EQ\! Cci 13.7tl3dp
E(;l\! Cb 6. -;245S~

EQV R 9 < 3L1293
EQV L SS. 6657..,

HP 41952A HP 41952B

Impedance: 50 ohm 75 ohm
Frequency Range: 100kHz . 500HHz 100kHz • 500HHz
Directivity: 40dB @300kHz·200HHz 35dB @300kHz·200HHz
Frequency Response: *1
Transmission Magnitude I

Pha.e (@ ~300IcHz) : ±ldB. ±5deg ±ldB. ±5deg
Reflection Kagni tude.
Pha.e (@ ~lllllz) : ±ldB, ±5deg ±ldB, ±Sdeg

Effective Source Match:
Test Port: >20dB @ ~ 300kHz >20dB @ ~ 300kHz

Connector:
Test Port: 50 ohm type N· (f) 75 ohm type N·(f)

Accessories Furnished: 50 ohm N cable 50 ohm N cable
Operating Note HP 118528 K. L. Pad
Carrying Case Operating Note

Carrying Case
-~

41952A/B Transmission/Reflection Test Sets
The HP 41952A/B Transmission/Reflection Test Sets provide a

neat solution to the HP 4195A Network/Spectrum Analyzer to mea
sure both transmission and reflection characteristics. The HP
41952A/B are directly connected to the HP 4195A and include a
power splitter and a directional coupler in each compact box. Fur
thermore, two test sets of the HP 41952A or 41952B (opt. 009) allow
the HP 4195A to perform full s parameters measurement without
having to remove and reverse the device. The HP 41952A is used for
50 ohm application, and the HP 41952B is used for 75 ohm applica
tion.

a c;;; 40{'
E

~~~~ t~~tJ
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HP 41951A Impedance Test Kit
The HP 41951A can be used for impedance measurements from
100kHz to 500MHz when used with the HP 4195A.
Measured Parameters: IZI, lvi, 8, L, C, R, X, G, B, D, and Q
Error Compensation: I port cal, open/short offset and port exten
sion
Equivalent Circuit Analysis: Circuit constants approximation and
simulation of frequency characteristics
Available Accessories: Refer to page 279.



8 NETWORK ANALYZERS
Audio/Video/Baseband/lF Network Analyzer, 5 Hz to 200 MHz
Model 3577A

• High speed/high accuracy measurements
• .001 dB, .005 degree, 1 ps, .001 Hz resolution
• Built-in three-term error correction plus normalization

• Magnitude, phase, polar, real, imaginary, and group
delay display modes

• Convenience features including direct plotter control
and vector math functions

HP 3577A

HP 3577A Network Analyzer
HP Model 3577A is a high performance network analyzer for au

dio, video, baseband and IF applications from 5Hz to 200MHz. The
3577A makes precision measurements to characterize filters, amplifi
ers, crystal devices, cables, and subsystems used in communications,
telecommunications, consumer electronics, components and general
purpose testing.

Convenient soft-key selection of measurement functions allows you
to quickly measure transfer functions, magnitude/phase, insertion
loss/ gain, attenuation, electrical length and gain compression. In ad
dition, measurement of phase distortion parameters such as group de
lay and deviation from linear phase can be made with high resolution.
With the HP 3577A's flexible receiver input impedances, you can
measure in either 50-fl or high impedance (1 Mfl) environments. Use
the HP 35677A/B S-Parameter Test Sets or the HP 35676A/B Re
flection/Transmission Test Kits with the HP 3577A to make reflec
tion measurements such as return loss, reflection coefficient and
impedance in 50-fl or 75-fl systems, while simultaneously displaying
transmission parameters.

With the addition of an HP 9000 Series 200 or 300 Computer and
appropriate system software, the HP 3577A becomes the hub of a
powerful network measurement solution, the HP 3577S Network An
alyzer System. A full description of the HP 3577S is on page 238.

Unprecedented Measurement Precision
Precision measurements can be made to characterize both wide

band and narrowband devices with high accuracy and resolution. Dy
namic magnitude and phase accuracy is 0.02 dB and 0.2 deg,
respectively. Device responses can be examined in fine detail with
0.001 dB, 0.005 deg, and 1 ps resolution. A built-in synthesized LO
and tracking generator assure superb frequency accuracy with 0.001
Hz resolution. Dynamic range is 100 dB and the noise floor is -130
dBm for the most demanding measurements.

Versatility and Convenience
User·defined Vector Math functions operate on measured data,

constants and functions to present measurement results in the form
you need. Multiple Display Formats with electronic graticules pro
vide accurate display in rectangular, polar or Smith chart coordi
nates. Frequency Sweep (Logarithmic, Linear or Alternate) and
Amplitude Sweep capabilities meet measurement needs in a wide
range of applications. Accessories such as S-Parameter Test Sets,
Power Splitters, Minimum Loss Pad, Cables, Calibration Kits, Tran
sistor Fixtures, Adapters, and the HP85024A High Frequency Probe
ensure a complete solution to your measurement needs.

The built-in autoscale functions put the measurement on the screen
quickly with a full scale display. Digital Display Markers with Mark
er --'> Min or Max and Marker Offset capabilities provide accurate,
high resolution readout of data points on a fully annotated dual trace
display. Direct Digital Plot (using an HP graphics plotter without a
computer) of displayed traces, graticule, annotation and marker data
provides quick, cost-effective hard copy of measurement results. Non
volatile Save/Recall Memory of five front panel instrument states is
convenient for making rapid and repeatable measurements.

Similarly, trace data can be stored in magnitude and phase format
in anyone of four data registers. Since data is stored with full accura
cy and resolution, it can be rescaled as needed.

Measurement Display Modes
Magnitude, phase, polar, real, imaginary, and delay modes are di

rectly accessible from the soft key display menu. Input data, stored
data and user-defined constants can then be combined using built-in
vector math functions (+,-,*,j) to create arbitrary measurement dis
play modes. As an example, a feedback amplifier can be mathemati
cally analyzed by measuring its open loop gain, storing the data, and
then adjusting a complex variable which represents the amount of
feedback in the closed-loop gain equation.



High-Performance Group Delay Measurements
The HP 3577A measures group delay directly by dividing the mea

sured phase changes across a selected frequency aperture by the aper
ture value. The frequency aperture can be set from 0.5% to 16% of
span with annotation directly in Hertz, thus allowing the user to
change span and still retain the same effective smoothing.

Sophisticated measurements of both magnitude and phase distor
tion in communication systems can be made.

Cables and transmission lines can be tested for maximally lIa t de
lay with a resolution of up to I psec.

Vector Noise Averaging
Noise reduction in the HP 3577A is accomplished by Vector Noise

Averaging and/or selectable Resolution Bandwidth filters. With the
proper use of these two noise reduction methods, greater than 130 dB
dynamic range can typically be achieved.

Built-in Error Correction
Three-term Vector Error Correction in the HP 3577A is used to

remove the effects of directivity, frequency response, and source mis
match from one-port measurements. Similarly, vector normalization
enhances the accuracy of two-port measurements at the push of a
button. These powerful accuracy enhancement routines can be used
to cancel the repeatable error introduced by cable and tcst fixtures.
Moreover, the HP 3577A can be easily upgraded to an HP 3577S
Network Analyzer System with full twelve-term Vector Error Cor
rection, as the need for uncompromising measurement accuracy
arises.

HP-IB Programmability
The HP 3577A is fully programmable over the Hewlett-Packard

Interface Bus. Simple programming codes minimize the time it takes
to develop control software for automatic measurements. Quickly ac
cess a single point or an entire 40 I-point trace in either fast binary or
ASCII modes. Customize the built-in vector display via the HP-IB to
draw test limit lines, operator instructions or connection diagrams.

30 kHz· 200 MHz (500)
30 kHz· 20 MHz (1 MO)

Resolution Internal 20 dB Internal 20 dB
Bandwidth Attenuator ON Attenuator OFF

1 Hz -110 dBm -130 dBm
10Hz -1I0dBm -130 dBm

100 Hz -105 dBm -125 dBm
1 kHz -95 dBm -115dBm

Crosstalk: > 100 dB isolation between inputs.
Electrical Length/Reference Plane Extension: Provides equivalent
electrical line length, or delay at inputs A, Band R. Range: -3 x
108m to +3 x 108m or +1 s to -I s.

Resolution: 5 digits or 0.1 cm (3.3 ps) whichever is greater.
Accuracy: ±O.1 cm or ±0.02% whichever is greater.

Magnitude Characteristics
Range: Full Scale Input to Sensitivity.
Resolution

Marker: 0.001 dB (log); 5 digits (linear).
Display: 0.01 dB/div to 20 dB/div (log absolute); 0.01 dB/div to
200 dB/div (log ratio); 0.1 nV/div to 10 V/div (linear absolute);
1O-1°/div to 1020/div (linear ratio).

Display Units: dB, dBm, dBV, V, and linear ratio.
Accuracy (at 100 kHz, 25°C, and Full Scale Input)

Absolute (A, B, R): ±0.2 dB.
Ratio (AIR, BIR, A/B): ±0.15 dB (50n); ±0.2 dB (I Mfl).

Dynamic Accuracy:

Error Input Level

Resolution Bandwidth
Relative to
Full Scale

1kHz, 100 Hz, 10 Hz 1Hz Input
±.04 dB ±.04 dB odB to -10 dB
±.02 dB ±.02 dB -10 dB to -50 dB
±.05 dB ±.05 dB -50 dB to -60 dB
±.15 dB ±.25 dB -60 dB to -80 dB
±.75 dB ±.75 dB -80 dB to -90 dB
±.75 dB ±3.00 dB -90 dB to -100 dB
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Input Characteristics
Frequency Range: 5 Hz to 200 MHz.
Inputs: Three receiver inputs (A, Band R).
Input Impedance: Selectable 50n with> 25 dB return loss, or I Mfl
in parallel with approximately 30 pF.
Input Connectors: 500 Type N female.
Full Scale Input Level: -13 dBY from 10 kHz to 200 MHz with
internal 20 dB attenuators ON (OdBm at 50fl).
Resolution Bandwidth: Selectable I kHz, 100 Hz, 10 Hz, or I Hz.
SensitiVity (Due to noise and internal crosstalk between source
and receiver inputs):

HP 3577A Network Analyzer
AbbreViated Specifications
Source
Frequency

Range: 5 Hz to 200 MHz.
Resolution: 0.001 Hz.
Stability: ±5XIO-8/day, 0 to 55°C.

AmplitUde
Range: +15 dBm to -49 dBm (1.26Vrms to 793Jl. Vrms: 2dBV to
-62 dBV) into a 50flload.
Resolution: 0.1 dB.
Accuracy: ± I dB at + 15 dbm and 100 kHz. Below + 15 dBm, add
the greater of ±0.02 dB/dB or 0.2 dB.
Flatness: 1.5 dBp-p from 5 Hz to 200 MHz.

Impedance: 50fl; > 20 dB return loss at all levels.
RF Output Connector: 50n Type N female.
Sweep Types: Linear, alternate, cw and log frequency; log ampli
tude.
Sweep Time: 100 ms/span to 6553 sec/span for frequency sweep;
I ms/step to 16 s/step for amplitude sweep.
Sweep Modes: Continuous, single, manual.
Trigger Modes: Free run, immediate, line, external.



8 NETWORK ANALYZERS
Audio/Video/Baseband/lF Network Analyzer, 5 Hz to 200 MHz (cont'd)
Models 3577A, 35677AlB, 35676A/B

Programming Characteristics
Capability: Remote programming via the Hewlett-Packard Interface
Bus (HP-IB). The HP 35677A/B S-Parameter Test Sets are program
mable through the HP 3577A interface only.

Interface Functions: SHI, AHI, n, TEO, L4, LEO, SRI, RLl, PPI,
DC I, DTl, CO, E I. For more on these codes refer to the HP-IB section
of this catalog.

Output Data Transfer Time: 401 data points (single parameter) can
be transferred directly to an HP 200 series computer in Basic language
as follows:

ASCII mode: Typically 1500 ms.
Binary-floating point mode: Typically 160 ms.

Graphics Capabilities: 12 lines of text with 40 alphanumeric charac
ters per line, and high resolution line vectors can be displayed through
HP-IB commands.

General Characteristics
External Reference Frequency Input

Frequency: 10 MHz/N. N is an integer from I to 100.
Level: 0 dBm ±IO dB, nominal.
Impedance: 50n, nominal.
Connector: BNC female, rear panel.

Reference Frequency Output
Frequency: 10 MHz.
Level: Typically 0 dBm.
Impedance: 50n, nominal.
Connector: BNC female, rear panel.

External Trigger: Triggers on negative TTL transition or contact clo-
'00 sure to ground.

Connector: BNC female, rear panel.
Plotter Control: Directly compatible with HP-IB graphics plotters that
use Hewlett-Packard Graphics Language (HP-GL) with listen only ca
pability.
Save/Recall: Front-panel setups can be stored in non-volatile memory
locations I through 5. Last state is saved when power is removed.

Operating Conditions
Temperature: O°C to +55°C.
Relative Humidity: <95% at 40°C.
Altitude: <4,572m (15,000 ft).

Non-Operating Conditions
Temperature: -40°C to +75°C.
Altitude: <15,240m (50,000 ft).

Power: IISV + 10%, -25% (47 Hz t0440Hz),or230V + 10%, -15%
(47 Hz to 66Hz), 450 VA maximum.
Weight: 31 kg (67Ib) net; 41 kg (90 Ib) shipping.
Dimensions: 222 mm H x 426 mm W x 578 mm D (8.75 in. x 16.75 in.
x 22.75 in.).

General Display Characteristics
Traces

No. Traces: Two simultaneous traces may be present with a rectan
gular graticule. One trace with polar or Smith graticules.
Markers: Each trace has one main marker and an offset marker,
Markers indicate data at corresponding trace coordinates in the same
units as used to set the Reference Level. Markers can be used to modi
fy certain display parameters. Marker resolution is the same as hori
zontal display resolution.

Graticules
Rectangular Graticule: 0% to 100% full scale deflection in 0.05%
increments. Logrithmic and Linear.
Polar/Smith Chart Graticule: ±500 deg in 0.001 deg increments.

Noise Averaging
Type: Exponentially weighted vector averaging on successive sweep
data.
Averaging Factor: Selectable I (off), 4,8,16,32,64,128,256.

Linear Phase Slope Compensation: Provides linear phase slope off
set of -72,000 deg/span to +72,000 deg/span.
Calibration

Transmission: Both traces can be normalized to measured data
with full accuracy and resolution.
Reflection: Corrects for directivity, frequency response and source
match errors.
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Delay Characteristics
Range: Ips to 20,000s.
Resolution: .Olns/div to 1000s/div.
Normalized Accuracy: Dynamic Phase Accuracy

360 x Aperture [Hz]
Aperture Range: 0.5% to 16% oT frequency span.
Reference Level: ± 103s.

>-....
Z % .. d•
;;:....a:

l 3 deUJ
U
Z
~ t 2 de

Reference Level Resolution: 0.01 deg.
Temperature Stability: Typically <±0.05 deg;oC.
Time Stability: Typically <±0.05 deg/hr at 25°C.

Error Input Level Relative
to Full Scale Input

±,4 deg odB to -10 dB
±.2 deg -10 dB to -50 dB
±.5 deg -50 dB to -60 dB

±1.5 deg -60 dB to -80 dB
±7,5 deg -80 dB to -100 dB

t 6 de"

t B deg

Dynamic Accuracy:

% 5 deg

r 7 deg

Phase Characteristics (AIR, B/R, A/B)
Range ± 180 deg.
Resolution

Marker: 0.005 deg (0.0001 rad).
Display: 0.01 deg/div to 200 deg/div (0.00018 rad/div to 3.49
rad/div)

Accuracy: At 100 kHz, 25°C, and Full Scale Input: ±2.0°.

Stability
Temperature: Typically <±0.02 dBrC.
Time: Typically <±0.05 dB/hour at 25°C.

Reference Level
Range: -207 dBm to +33 dBm (-220 dBV to +20 dBV) (Log
absolute); -400 dB to +400 dB (log ratio); 0 V to 10 V (linear
absolute); 0 to 1020 (linear ratio).
Resolution: 0.001 dB (log); 5 digits (linear).

Frequency Response (when driven from a son source and with
son receiver input impedance)

Absolute (A,B,R): 0.3 dBpp from 20 Hz to 20 MHz; 0.6 dBpp from
5 Hz to 200 MHz.
Ratio (A/R, B/R, AlB): 0.3 dBpp from 20 Hz to 20 MHz; 0.4 dB
from 5 Hz to 200 MHz.



HP 35677A

HP 35677A/B S-Parameter Test Sets
While test setups can be constructed from discrete RF components

such as power dividers, directional bridges, cables, pads, etc., it is much
easier to use a fully integrated test set such as the HP Model 35677A/B.

The test set contains the hardware required to make transmission and
reflection measurements in both the forward and reverse directions. The
only setup required is to connect the device under test to the two mea
surement ports; the HP 3577A Network Analyzer controls the switch
ing functions, so that even reverse measurements can be made without
changing device connections. The HP 35677A is used for 50Q systems
and the HP 35677B is used for 75Q systems.

HP 35677A/B S-Parameter Test Set Specifications
Frequency Range: 100 kHz to 200 MHz.
Test Port Impedance

HP 35677A: 50Q.
HP 35677B: 75ft

Directivity: >40 dB.
Frequency Response

Transmission (S21, S12): ±l dB, ±5 degrees.
Reflection (S11' S22): ±l dB, ±5 degrees.

Port Match
Test Ports 1,2: HP 35677A, >26 dB; HP 35677B, >24 dB.
Test Ports 1,2 Open/Short Ratio: HP 35677A, <±0.75 dB magni
tude and <±5 degrees phase; HP 35677B, <±1 dB magnitude and
<±7.5 degrees phase.
Input Port: >20 dB return loss.
Output Ports A, B, and R: >26 dB return loss.

Test Port Isolation: >100 dB.
Insertion Loss

RF Input to Test port 1 or 2: HP 35677A, typically 13 dB; HP
35677B, typically 19 dB.
RF Input to Output Ports A, B, or R: HP 35677A, typically 19 dB;
HP 35677B, typically 31 dB.

Test Port Reciprocity
Transmission (S21, S22): Typically < ±0.5 dB magnitude and < ±5
degrees phase.
Reflection (S11' S22): Typically <±0.5 dB magnitude and <±5 de
grees phase.
Incident Power Ratio (Test Port 1 to Test Port 2): Typically
<±1.5 dB.

RF Input Maximum Operating Level: +25 dBm or ±30 Vdc.
RF Input Damage Level: ±27 dBm or ±30 Vdc.
Port 1 or 2 Damage Level: +27 dBm or ±30 Vdc.

Connectors
Input Port and Output Ports A,B, and R: 50Q Type N female.
Test Ports 1 and 2: HP 35677A, 50Q Type N female; HP 35677B,
75Q Type N female.
DC Bias Inputs: BNC female, rear panel.
DC Bias Range: Typically ±30 Vdc and ±20 rnA with some degrada
tion of RF specifications; 200 rnA damage level.

Accessories Supplied
4 ea. 190 mm (7.5 in.) 50Q cables with Type N male connectors for
connection to HP 3577A (HP Part No. 8120-4387).
1 ea. Test Set interconnect cable to HP 3577A (HP Part No. 35677
61620).
1 ea. Rear Panel Lock Foot Kit (HP Part No. 5061-0099).
1 ea. Service Manual (HP Part No. 35677-90010).

General Characteristics
Power: All power is obtained through the HP 35677A interconnect
cable.
Weight: 6 kg (131b) net; 122 kg (25Ib) shipping.
Dimensions: 90mm H x 425mm W x 584mm 0 (3.5 in. x 16.75 in. x
22.75 in.). Add 1'/8 inch to depth to include front panel connectors.

HP 35676A

HP 35676A1B Reflection/Transmission Test Kits
Low frequency and broadband measurements with the HP 3577A are

greatly simplified with the HP 35676A/B Reflection/Transmission Test
Kits. Operating in conjunction with internal calibration routines in the
HP 3577A, the test kits provide all the measurement capabilities re
quired for reflection, transmission, and impedance measurements
throughout the entire 5 Hz to 200 MHz frequency range. Separate ver
sions are available for 50Q (HP 35676A) or 75Q (HP 35676B) environ
ments. Each HP 35676A/B Reflection/Transmission Test Kit contains
a precision resistive divider, 50Q (HP 35676A) or 75Q (HP 35676B)
reference load, coaxial short. carrying case, and all cables and hardware
necessary for basic measurements with the HP 3577A Network Analyz
er.

HP 35676A/B Operating Characteristics·
Frequency Range: 5Hz to 200 MHz.
Test Port Impedance: 50 ± 2% typical (HP 35676A)

75 ± 2% typical (HP 35676B).

Insertion Loss (Source Input to Test Output): 10 ± I dB typical.
Equivalent Directivity: 40 dB typical.
Equivalent Source Match: 30 dB typical (HP 35676A)

25 dB typical (HP 35676B).

'Typical, assuming proper calibration with accessories supplied.
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BNETWORK ANALYZERS
Audio/Video/Baseband/lF Network Analyzer, 5 Hz to 200 MHz (cont'd)
Model 3577S, 35675A

$24,500
+$77
+ $41

+ $102
+ $245

$530
$470

$1,550
$0
$0

$1,300
$120

$1,550
$3.900
$3.900
+ $50
+ $26
+ $61
+ $46
$750

$1.450
$500

$1,700
$1,900

HP 3577S Network Analyzer System
The HP 3577S Network Analyzer System combines the HP 3577A

Network Analyzer, HP 9000 Series 200 or 300 Computer, HP
35677A/B S-Parameter Test Set, HP 35678A/B Calibration Kit,
and HP 35675A Accuracy Enhancement Software to form a power
ful automated network measurement solution. Using HP-IB pro
gramming, HP 3577S can be integrated with other Hewlett-Packard
instruments to solve difficult measurement problems.

HP 35675A Accuracy Enhancement Software
At the heart of the system, HP 35675A Accuracy Enhancement

Software expands the measurement capabilities of the HP 3577A
Network Analyzer. First, it adds full two-port, twelve-term error cor
rection capability. Second, it adds conversion from s-parameters to h,
y, or z parameters. Finally, it adds convenient transfer of instrument,
calibration, and measurement data between the HP 3577A and HP
9000 Series 200 or 300 computers.

Two-port, Twelve-term Error Correction
Repeatable errors due to the effects of cables and connectors are

removed from reflection and transmission measurements by a 2-port,
12-term error correction algorithm. Fast, 8-term partial error correc
tion is also available for measuring transmission parameters of well
matched devices. Accurate measurements can be made inside envi
ronmental chambers and at remote or custom test fixtures. The entire
test setup is characterized by measuring its response to open-circuit,
short-circuit, thru, and reference terminations furnished with the HP
35678A/B Calibration Kit, from which the error coefficients are cal
culated.

Parameter Conversion
Error-corrected s-parameters can be converted to hybrid (h), ad

mittance (y), or impedance (z) parameters, allowing device or net
work behavior to be expressed in the most appropriate form. For
example, semiconductor h-parameters can be derived from s-parame
ter measurements and outputted directly to an HP printer, plotter,
computer monitor, or HP 3577A display; all with only a few key
strokes.

Computer Disc Storage of Entire Test Setups
Entire test setups can be labelled and stored in computer disc mem

ory for later use, allowing complicated measurements to be repeated
simply by recalling previously stored instrument setup and calibration
data. Actual measured data can be transferred to disc memory for
storage, processing, or further mathematical analysis.

Friendly Operator Interface
The software guides the operator through easy-to-understand

menus, automatically "remembering" every keystroke in an autose
quence buffer. When a complicated measurement sequence has been
completed, simply give it a name and store it in computer disk memo
ry for later use. Because the most recent instrument state is also
remembered, the operator needs only to redefine those variables of
interest for each measurement, and on the entire setup. This feature is
especially helpful when linking a series of frequency sweeps together
to increase resolution.

The entire HP 3577S Network Analyzer System can be controlled
from the computer keyboard, eliminating the need for an in-depth
understanding of the HP 3577A. A mastery of computer program
ming is not necessary either.

Program Modifications
Although program modification is not required, Hewlett-Packard

encourages the experienced operator to tailor the HP 35675A Accu
racy Enhancement Software to their specific application. An entire
section of the operating manual is devoted to a detailed description of
every subroutine and function used by the program; including format,
purpose, pass parameter, common variables, error messages, and oth
er required subroutines. Another section describes all program vari
ables and labels. A custom subroutine written in HP Basic can be
"installed" in system software and accessed from the menu with a
single keystroke.

HP 3577S Network Analyzer System Characteristics
Frequency Range: 100 kHz to 200 MHz.
System Impedance: 50n (with HP 35677A)

75n (with HP 35677B).
Error Correction: One and two port 8- or l2-term.
Typical Performance (401 point, 12 term mode):

Calibration: 2 minutes including time to connect devices.
Measurement plus corrections: 30 seconds.

HP 9000 Series 200 Computers
HP 35675A Accuracy Enhancement Software and HP 3577S will

run on any properly configured Series 200 Computer, including HP
98l6A, 9826A, 9836A, 9836C, and 9920A. One Mbyte RAM is rec
ommended, and up to 1.3 Mbytes may be required when an SRM and
additional Basic extensions are used. The HP 35675A software will run
on Series 200 Basic versions 2.0, 3.0,4.0 and 5.0. Please consult the HP
3577A/S Configuration Guide (# 5953-5184) for more information.
HP 9000 Series 300 Computers

HP 35675A Accuracy Enhancement Software and HP 3577S will
run on any properly configured Series 300 Modular Computer Sys
tem. A properly configured system includes one each: System Proces
sor Unit (SPU), video board, video monitor, keyboard, mass storage
device, and Basic 5.0 operating system. Either specify option 008
(Display Compatibility Interface), or create a system from individual
components. Please consult the HP 9000 Series 300 Hardware Tech
nical Data Guide (# 5953-9572) and Pricing Information Guide (#
5953-9573) to ensure proper coordination of systems and compo
nents.
HP Printers and Plotters

Permanent documentation of test results can be obtained from a
number of different HP graphics printers and plotters including HP
ThinkJet 2225A, 7475A, and 7550A.
Ordering Information Price
HP 3577S Network Analyzer System $0

Specify this system reference number to ensure coordination of
shipments and guarantee compatibility of instruments and software.

A complete HP 3577S Network Analyzer System includes HP
3577A, HP 35675A, HP 35677A/B, HP 35678A/B, and a properly
configured HP 9000 Series 200 or 300 Computer. It is not necessary
to order components already owned.

HP 3577A Network Analyzer
Option 907: Front Handle Kit
Option 908: Rack Mount Kit
Option 909: Rack Mount and Front Handle Kit
Option 910: Extra Operating and Service Manuals
Option W30: Extended Warranty
03577-84401: Service Accessory Kit for HP 3577A

HP 35675A Accuracy Enhancement Software
Option 042: software on 5.25" disks
Option 044: software on 3.5" disks

HP 35676A 50n Reflection/Transmission Test Kit
Option W30: Extended Warranty

HP 356768 75n Reflection/Transmission Test Kit
UP 35677A 50n S-Parameter Test Set
UP 356778 75n S-Parameter Test Set

Option 907: Front Handle Kit
Option 908: Rack Mount Kit
Option 909: Rack Mount and Front Handle Kit
Option 910: Extra Operating and Service Manuals

HP 35678A 50n Type N Calibration Kit
HP 356788 75n Type N Calibration Kit
UP 35679A 50n Type N Port Extension Cables
HP 356798 75n Type N Port Extension Cables
HP 85024 High Frequency Probe
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Gain/Phase Meter 1 Hz to 13 MHz 239

Model 3575A

• Magnitude, Phase
• Broadband Measurements
• Gain/Loss, Transfer Functions

HP 3575A

Description
The HP 3575A Gain-Phase Meter is a versatile two-channel ana

lyzer which can measure the absolute amplitude level, amplitude ra
tio or phase of its input signals. The HP 3575A is easy to use because
it is a broadband device and no tuning is required. A wide range of
signal waveforms can be measured, including sine, square and trian
gular, thus adding versatility to its measuring capability.

Amplitude and Phase
Amplitude measurements can be made with an 80dB dynamic

range over a 100dB measurement range and O.ldB resolution. Stable
phase measurements can be made in the presence of noise with excel
lent accuracy. Errors of less than two degrees are possible with a
signal-to-noise ratio of 30dB. Additional noisc rcjection can be ob
tained by selection of three internal filters. Even harmonic and in
phase odd harmonic signal components do not cause phase errors.

Applications
The HP 3575A can be used to make both magnitude and phase

measurements of gain/loss, transfer functions, impedance, and other
signal ratios. It is useful, for example, to measure thc response of
feedback amplifiers and control systems for determining stability
margins or creating Bode plots. It's broadband capability allows easy
measurement of mixers and doublers where the input and output fre
quencies are different. The HP 3575A also can be used to measure
absolute signal levels at either of its two inputs.

Readout
A three-digit display may be selected to read amplitude level/ratio

or phase of the input signals. An analog output signal is available to
drive a recorder such as the HP 7090A. An optional dual three-digit
readout and analog output is available for simultaneous amplitude
and phase measurements.
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Inputs
Frequency: 1Hz to 13 MHz.
Level: 200 /-!V rms to 20 V rms.
No. Channels: 2.
Impedance: 1 M12 30 pF.
Protection: ±40 V dc, 20 V rms.

Specifications

Outputs
Analog

Phase: 10 mV/ degree.
Amplitude: 10 mV/dB or dBV.
Output impedance: 1 k12.

General
Power: 115 V/230 V ±10%, 48 Hz to 440 Hz, 40 VA.
Weight: net, 8.3 kg (184 Ib). Shipping, 11.3 kg (25.8 Ib).
Size: 88 H x 425 W x 337 mm D (347" x 16.75" x 13.25").

*Conditlons: Temperature: 25'C ± 10'C; Frequency range switch on lowest applicable range;
Analog Output accuracy (rear panel).

Range: ± 1800 with 12° of overrange.
Resolution: 0.1 0
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*Condilions: Temperature: 25'C ± 10'C; accuracy applies to dB Vand ratio measurements with
the same frequency on both channels; for ratio measurements, the lowest level channel deter~

mines accuracy; analog output accuracy (rear panel}.

* * Ratio (B/A) tolerances

Amplitude functions: A dBV, B dBV or B/ A dB.
Range: A dBV, B dBV; -74 dBV to +26 dBV (in two ranges). B/A
dB: -100 to +100 dB.
Resolution: 0.1 dB.

Ordering Information
HP 3575A Gain/Phase Meter

Opt 001: Dual Readouts/Dual Outputs
Opt ·002: BCD Programming (Negative true)
Opt ·003: BCD Programming (Positive true)
Opt 908: Rack Flange Kit
Opt 910: Extra Manual
Opt W30: Extended Warranty

"Nole: Includes option 001

Price
$5,700

$650
$1100
$1100

$36
$51

$220



8 NETWORK ANALVZERS
RF Network Analyzer,.4 MHz to 1300 MHz
Model 8754A

• Integrated source, receiver dnd display
• Lock to external source
• Three inputs, two measurement channels
• 80 dB dynamic range

HP 8754A

Description
The HP 8754A is a complete stimulus/response test system which

combines a 4-1300 MHz swept source, three-input narrowband,
tuned receiver, and both rectilinear and polar displays in a compact
package. The convenient built-in source incorporates digital display
of the start or center frequency, the ability to sweep all or any portion
of the 4-1300 MHz range, and crystal markers at I, 10, or 50 MHz
intervals to enable accurate frequency calibration and measurement.
The receiver provides 80 dB dynamic range in two independent mea
surement channels to allow simultaneous measurement of any two
transmission or reflection parameters using a single test setup. Mea
surements of absolute power, magnitude ratio, phase angle, and re
flection coefficient (or return loss) are displayed on the fully
calibrated CRT with resolutions up to 0.25 dB and 2.5 degrees per
major division. With these features the HP 8754A offers a high level
of operating convenience and technical performance to swept magni
tude and phase measurements in laboratory, production, and field
testing applications at an economical price.

A comprehensive line of 50-ohm and 75-ohm test sets allow you to
tailor your test setup for a specific measurement using the minimum
of equipment, or to provide the maximum in versatility for a wide
range of applications. Signal separation devices include the HP 11850
Power Splitter for precision transmission measurements, and the HP
85044 Transmission/Reflection Test Set for simultaneous transmis
sion and. reflection measurements. Matched cable sets, precision
adapters, and transistor fixtures provide convenient, reliable connec
tions to the test device. Adding the HP 8750A Storage Normalizer
provides flicker-free rectilinear displays regardless of sweep rate. The
HP 8750A will automatically store and subtract out the frequency
response of a test set or cable if necessary, eliminating the need to use
a grease pencil when making normalized measurements. For applica
tions that require exceptional frequency accuracy and stability, the
HP 8754A may be used with external sources such as the HP 8660,
8662A, 8663A, 8556B, or 8642A/B Signal Generators.

HP 8754A Network Analyzer Specifications
Frequency range: 4 to 1300 MHz.
Spectral Purity (+ I0 dBm RF output level)

Residual FM (swept and CW): ~7 kHz rms (10 kHz bandwidth).
Harmonics: -28 dBc.

Output power range: 0 to + 13 dBm typical, ±0.5 dB flatness.

Input channel: two test inputs (A and B) and one reference (R) in
put.
Input connectors: type-N Female, 50 ohms nominal impedance.
Input port match: ~20 dB Return Loss (1.22 SWR).
Maximum input level: 0 dBm at R, A, B inputs.
Damage level: +20 dBm (50 Vdc).
Noise level: <-80 dBm at A and B inputs.
Minimum R input level: -40 dBm (~-40 dBm required to operate R
input phase-lock).
Crosstalk between channels: >83 dB.
Magnitude rrequency response (flatness)
Absolute (A,B): S ± I dB.
Ratio (A/R, B/R): ~ +0.3 dB.
Magnitude dynamic accuracy: ±0.3 dB from 0 to -50 dBm, ±0.5
dB from -50 to -60 dBm, ± I dBm from -60 to -70 dBm, ±2.5 dB
from -70 to -80 dBm.
Absolute power measurements (A, B, and R): typically ±0.5 dBm
at 0 dBm, 50 MHz input.
Phase rrequency response: ±2.5° (typically ± I 0);
Phase range: ± 180° .
Phase dynamic accuracy: ±2° from 0 to -50 dBm, ±4° from -50
to -70 dBm.
Electrical length adjustment range: typically 0 to 16 cm length for
transmission phase; typically 0 to 8 cm reference plane extension for
reflection measurements.

Display
Measurement tunctions: CRT displays either polar trace or Chan
nel I and Channel 2 rectilinear traces.
Video filter: typically 100 Hz (10 kHz without filter).
Graticule size: rectilinear 10 em by 8 em; polar 8 em in diameter.
Smith chart overlays: 2, 1,0.2 and 0.1 full scale (furnished).
CRT photography: Tektronix C-5B Oscilloscope Camera is recom
mended (UV illumination will not excite P39 CRT phosphor for
graticule exposure).
Resolution: 10,2.5, 1,0.25 dB magnitude per major division. 90, 45,
10,2.5 degrees phase per major division.
Accuracy: ±2% ±0.05 division for rectilinear trace. Within 2.5 mm
for polar trace.

Gen€:td!
Sweep output: -5 V to +5 V.
External sweep inputs: 0 to 10 V nominal.
x-v Recorder/External CRT Output

Horizontal and vertical: 0.1 V/div.
Penlitt/blanking: +5 V Blanking and Penlift.

External marker input: typically -13 dBm RF signal produce a
marker at the frequency of the RF signal.
Magnitude/phase output: -10 mV/degree and -100 mV/dB.
Probe power: Two + 15 Vdc and -12.6 Vde.
Storage-Normalizer interfaces: directly compatible with the HP
8750A Storage-Normalizer. HP 850lA Storage-Normalizer requires
a single internal adjustment for compatibility.
Programming connector: outputs include magnitude/phase and
sweep outputs and inputs described above as well as measurement
mode selection by TTL levels or contact closures.
External source: the HP 8754A sweep-out voltage is provided to fre
quency modulate (sweep) an external signal generator for narrow
band measurement applications. A sweep input is provided to
synchronize the CRT display for use with an externally swept source
(HP 8620 and 8350 series).
Temperature

Operating: 0° to 55°C except where noted.
Storage: -40°C to +75°C.
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15 dB
17 dB
16 dB

:l::1.0 dB, :l::100

:l::1.0 dB, :l::5°

±1.0 dB, ±25°
±1.0 dB, :l::5°

HP85044B
75 ohm
300 kHz - 2 GHz
35 dB to 1.3 GHz
30 dB to 2.0 GHz

15 dB
20 dB
16 dB

HP85044A
50 ohm
300 kHz - 3 GHz
35 dB to 1.3 GHz
30 dB to 3.0 GHz

Typical Tracking:
Tranlmlilion MagnitUde, Phale:

.3 MHz to 2.0 MHz :l::1.0 dB, +10 0

2.0 MHz to Fmi\x :l::1.0 dB, :l::5°
Aeflectlon Magnitude, Pha..:

.3 MHz to 2.0 MHz :l::1.0 dB, ±25°
2.0 MHz to Fmax :l::1.0 dB, ±5°

Effective Source Match:
Telt Port:

.3 MHz to 2.0 MHz
2.0 MHz to 1.3 GHz
1.3 GHz to Fmax

Impedance:
Frequency Range:
Directivity:

HP 85044A

HP 11850C 50!1 Three-Way POWE!r Splitter
HP 11850075 n Three-Way Power Splitter
General: one output port provides the reference output and the other
two output ports can be used for independent transmission measure
ments. Use the HP 11851B RF Cable Set for interconnections. Detailed
specifications on page 245.

HP 11850C HP118518

HP 118518 RF Cable Set
General: three 61 cm (24 in.) 50 n cables, phase matched to :l::2° and
one 86 cm (34 in.) 50 ncable. Used with HP 85044A/B and I 1850C/D.
Detailed specifications on page 245.

EMI: VDE 0871/0875 and ClSPR publication 11.
Safety: conforms to the requirements of lEC 348.
Power: selection of 100, 120,220 and 240 V +5% -10%. 48 to 66 Hz,
20 VA max.
Size: 425.5 mm W x 133 mm H x 505 mm D ([63/4" x 5'/.' x I97ja").
Weight: net, 16.8 kg (371b); shipping, 19 kg (42 tb).

Adapter Kits
General: the HP 11853A, 11854A, 11855A, and I1856A accessory kits
are available to provide precision Type r.; and BNC adapters and cali
bration standards for use with the HP 11850C/D, and 85044A/B test
setups. Detailed specifications on page 245.

HP 85044A 50 Ohm Transmission/Reflection Test Set
HP 1\50448 75 Ohm Transmission/Reflection Test '>et
General: the HP 85044 contains a power splitter and directional bridge
that permits simultaneous transmission and reflection measurements.
Detailed specifications on the HP 85044A and 85044B appear on page
244. For interconnections from the HP 85044A to the HP 8754A use the
HP 11851 B RF Cable Set. The major specifications of the HP 85044A
and 85044B are:

Ordering Information
HP 8754A Network Analyzer
Opt 908: Rack Flange Kit
Opt 910: Extra Manual
Opt 913: Rack Mount Kit
HP 118S0C 50 nThree-Way Power Splitter
HP 11850D 75 fl Three-Way Power Splitter
HP 85044A 50 n Transmission/Reflection Test Set
HP 850448 75 nTransmission/Reflection Test Set
HP 118518 RF Cable Set
HP 118S7D Test Port Extension Cables

Price
$15.'40

add 53250
$80

add $35
$900

$1 AOO
$3,000
53,500

$800
SI,050



8 NETWORK ANALYZERS
Vector Voltmeter and Input Modules
Models 8508A, 85081A, 85082A

• Economical RF Voltage and Phase Measurements
• 100kHz to 1GHz High Impedance Probe Inputs
• 300kHz to 2GHz 50 ohm Inputs

e
~

,., •• u. .
SYSTEM:

HP 850BA Option 001

250
-0-

950

l,500

1.500

$5.500

-1,500
630

Ordering Information
HP 8508A Vector Voltmeter (includes HP 85081A In
put Module).

Opt 001: Add bail handle and front protective cover.
Opt 050: Replace HP 85081 A Input Module with HP
85082A Input Module.
Opt 100: Delete Input Module.
Opt 801: Adds 2 each HP 11576A 10:1 Divider and
HP 10216A Isolators

HP 85081A Input Module (100 kHz to I GHz, high im
pedance probe inputs).
HP 85082A Input Module (300 kHz to 2 GHz, 50 ohm
Type N inputs)
HP 11570A Accessory Kit (measurement in 50 ohm
systems with standard HP 8508A).

HP 11570A Accessory Kit
50 ohm Tee: For monitoring signals on 50 ohm transmission line. Kit
contains two each with type N female connectors.
50 ohm Power Splitter: All connectors type N female.
HP 908A 50 ohm Termination: For terminating 50 ohm coaxial sys
tems in their characteristic impedance. Kit contains two each with
type N male connectors.
HP 11512A Short: Type N male.

Ratio Accuracy ±0.3 dB, 300 kHz-500 MHz
(A, B 100mV, 15-30 deg C) ±0.5 dB, 500 MHz-I GHz

(±0.5 dB, 500 MHz-1.5 GHzO)
(± I dB, 1.5 GHz-2 GHzO)

Phase Accuracy ±4 deg, 300 kHz-I MHz
(A, BlOOmY, 15-30 deg C) ± I deg, I MHz-IOO MHz

±4 deg, 100 MHz-300 MHz
±6 deg, 300 MHz-I GHz
(+/6 deg, 300 MHz-I GHzO)
(±12 deg, 1.5 GHz-2 GHzO)

Search and Lock Time: Lockup (within one range): 40mS, frequen
cies up to 3 MHz, 20 mS, frequencies greater than 3MHz.
Power: 100, 120, 220 or 240V +5/ -I 0%, 48 to 440Hz, 40VA.
Size: 133mm H x 425.5mm W x 473.3mm D (5.25" x 16.75" x
18.65") Opt 00 I 158.8mm H x 524.5 W x 524.5mm D (6.25" x 19.75"
x 20.65").
Weight: 8.IKg net, 11Kg shipping; Opt 001 9.4Kg net, 12.5Kg ship
ping.

+1/-3 dB, 100 kHz-300 kHz
±0.5 dB, 300 kHz-I MHz
±0.2 dB, I MHz-IOO MHz
±0.5 dB, 100 MHz-300 MHz
± I dB, 300 MHz-I GHz
(±I dB, 300 MHz-1.5 GHzO)
(+1/-2 dB, 1.5 GHz-2 GHzO)

Magnitude Accuracy
Absolute Accuracy

(A, B 100 mY, 15-30 deg C)

Maximum Input
A (ref) Channel minimum

B Channel noise level
Input Crosstalk

Specifications Summary

HP 8508A with HP 85081A High Impedance Input
Module
(0 specifications apply to HP 85082A 50 Ohm Input Module only)
Frequency Range 100 kHz-I GHz (300 kHz

2 GHzO)
2Vpeakac (+16 dBmO), ±50V dc
ImV (-47 dBmO), 100 kHz
10MHz
300uV, 10 MHz-I GHz
(-57 dBm, 10 MHz-2 GHzO)
10uV (-90 dBmO)
> 100 dB, I MHz-500 MHz
>80 dB, 500 MHz-I GHz
(> 70 dB, I GHz-2 GHzO)

The HP 8508A Vector Voltmeter is a fully automatic tuned receiv
er that makes RF voltage and phase measurements easy. Its narrow
band measuring technique gives it a dynamic range of over 90dB and
a sensitivity of lOuV to trace even the smallest signal. The HP 8508A
also measures the phase difference between its two input channels
with at least 0.1 degree resolution over a full + 180 to -180 degree
range, so it can be used for another complete set of measurements 
like electrical length, phase distortion or impedance. The standard
HP 8508A is supplied with the HP 85081A Input Module, and has
two high impedance probe inputs that operate from 100kHz to IGHz.
Its ability to store a reference and use it in later measurements means
individual circuit sections can be characterized and adjusted indepen
dently. Any CW source can be used as a stimulus - even a source that
is part of the device being tested, so measurements can be made under
normal operating conditions. To adapt the probe inputs for measure
ments in a 50 ohm environment, the HP 11570A Accessory Kit pro
vides two HP 11536A Probe Tees, an HP 11549A Power Splitter and
two HP 908A 50 ohm Terminations. The HP 8508A Option 050 is
supplied with the HP 85082A Input Module. Its 50 ohm inputs oper
ate from 300kHz to 2GHz, and provide the accuracy and dynamic
range to make measurements on active and passive components. Co
axial transmission and reflection measurements can be made using
the HP 85044A (50 ohm) or HP 85044B (75 ohm) Transmis
sion/Reflection Test Sets, and transmission comparison measure
ments can be made using the HP 11667A power splitter. The HP
11852B 50 to 75 ohm minimum-loss pad can be used to adapt the HP
85082A inputs to a 75 ohm environment.



• 300 kHz to 6 GHz
• Integrated 1 Hz resolution synthesized source
• Direct save/recall to an exrernal disc drive
• Time domain analysis
• Execute complex test procedures with the test se

quence function

NETWORK ANALYZERS 8
RF Network Analyzer, 300 kHz to 6 GHz 243

Model 8753B

• 100 dB of dynamic range
• Group delay and deviation from linear pnase
• 0.001 dB, 0.01 deg, 0.01 nanosec marker resolution
• Built-in accuracy enhancement
• Swept harmonic measurements

e

HP 87538 with HP 85047A ~
[c;IL'NFDF-'J'". :

SYSTEMS

Description
The HP 8753B provides excellent RF network measurements for

the lab and production test areas. When combined with a test set, it
yields a complete solution for characterizing the linear behavior of
either active or passive networks, devices, or components from 300
kHz to 6 GHz. With two independent display channels available, you
can simultaneously measure and display the reflection and transmis
sion characteristics of the device under test in overlay or split screen
format. The easy-to-use softkey selection of measurement functions
allows you to measure the magnitude, phase, or group delay charac
teristics of your device under test.

The test sequence function allows rapid and consistent execution of
complex repetitive tests with a single keystroke. In sequencing mode,
you make the measurement once from the front panel and the instru
ment "learns" the keystrokes so no additional programming expertise
is required. You can even set other HP-IB instrumcnts via a test se
quence. Other productivity enhancements include a plot/print buffer,
limit testing, arbitrary frequency testing, and marker tracking func
tions. Finally, segmented calibration and interpolative error correc
tion allow you to apply vector accuracy enhancement over a subset of
the frequency range that you initially calibrated the HP 8753B.

The HP 8753B's integrated synthesized source provides> 100 mW
of output power, I Hz frequency resolution, and linear, log, list, pow
er, and CW sweep types. Three tuned, 300 kHz to 3 GHz (Option 006
- extends to 6 GHz) receivers allow versatile independent power mea
surements or simultaneous ratio measurements over a 100 dB dynam
ic range. By employing the HP 85047A Test Set with the HP 8753B,
the reflection and transmission characteristics of the device under test
can beinvestigated from 300 kHz to 3 GHz orfrom 3 MHz to 6 GHz
with the test set's frequency doubler enabled.

Non-linear Device Testing
Non-linear device characterization is possible with the HP 8753B.

Swept 2nd and 3rd harmonic levels of an amplifier can be displayed
directly or relative to the fundamental carrier (dBc) when employing
the optional harmonic measurement capability (Option 002). Ampli
fier harmonics up to 40 dBc can be measured quickly and convenient
lyon a swept-frequency basis for fundamental signals as low as 16
MHz, using the same test configuration used to measure gain. Power
meter calibration provides a leveled absolute power to devices that are
sensitive to absolute input or output levels. The HP 8753B automati
cally controls an HP 436A, 437B, or 438A Power Mctcr to set the
power anywhere in the test configuration with power meter accuracy.

The HP 8753B has thc capability to perform mixer tracking and
conversion loss measurements. These are possible because the HP
8753B's tuned receiver can be offset from it's synthesized source by
the LO frequency of the mixer.

Time Domain Analysis
Time domain responses can be displayed by the HP 8753B with

Option 010. The instrument computes the Inverse Fourier Transform
of the frequency domain data to display the reflection or transmission
coefficient versus time. The HP 8753B offers two time domain modcs.
The Low Pass mode provides the traditional Time Domain Reflec
tometer (TDR) measurement capability and gives the response of the
network to a mathematically simulated step or impulse response. This
mode gives information of the type of impedance (R, L, C) at the
discontinuity. The Band Pass time domain mode, which has only the
impulse stimulus, has no frequency restrictions and provides the time
domain response of frequency selective devices such as SAW filters or
antennas. Gating may be used to selectively isolate a single response
to view the frequency domain response of individual portions of a
component without disturbing the circuit itself.



8 NETWORK ANALYZERS
RF Network Analyzer, 300 kHz to 6 GHz (cont'd)
Model 8753B

HP 11851 B RF cable kit
615Hx 101 Wx204mmO
(2.44 x 7.5 x 8.0 in)
net 1.7 kg (3.8 lb)

precision 7 mm 75 ohm type N (f)
50 ohm type N (f) 50 ohm type N (f)
HP 85044A-one precision 7 mm to
50 ohm type N (f) adapter;
HP 85044B-one HP 11852B
minimum loss pad.

± 1.0 dB, ±25°
±1.0 dB, ±IO°

±1.5dB,±10°
±1.5 dB, ±IO°

14 dB
17 dB
16 dB

HP 850448

14 dB
20 dB
16 dB

Weight:

Recommended
Accessories:
Dimensions:

Typical Tracking: HP 85044A
Transmission Magnitude, Phase1,3:

.3 MHz to 2.0 MHz ± 1.5 dB, ± I00

2.0 MHz to Fma/ ±1.5 dB, ±IO°
Reflection Magnitude, Phase'·3:

.3 MHz to 2.0 MHz ± 1.5 dB, ±25°
2.0 MHz to Fmax ±1.5 dB, ±IO°

Effeclive Source Match3:
(Test Ports):

.3 MHz to 2.0 MHz
2.0 MHz to 1.3 GHz
1.3 GHz to Fmax

RF Connectors:
Test Port:
All others:

Includes:

HP 87538 Specifications Summary
Source
Frequency Characteristics
Frequency Range: 300 kHz to 3 Ghz
Frequency Resolution: I Hz
Frequency Accuracy (25 C): ± I0 ppm
Output Characteristics
Power Range: -5 to +20 dBm
Power Accuracy (50 MHz, + I0 dBm): ±0.5 dB
Power Linearity (relative to + I0 dBm, 25 ±5 C):

-5 to + IS dBm: ±0.2 dB
+ IS to +20 dBm: ±0.5 dB

Impedance: 50
Harmonics: :::;-25 dBc (20 dBm output level)

typically :::;-50 dBc (0 dBm output level)
Nonharmonics:

Mixer Related: :::;-32 dBc (20 dBm output level)
typically :::;-55 dBc (0 dBm output level)
Other Spurious:
f< 135 MHz: -60 dBc
f> 135 MHz: -60 dBc + 20*log (f/135 MHz)
Phase Noise (0 kHz offset in I Hz BW):
f< 135 MHz: -90 dBc
f:::: 135 MHz: -90 dBc + 20*log(f1135 MHz)

HP 85044A HP 850448
50 ohms 75 ohms
300 kHz to 3 GHz 300 kHz to 2 GHz
35 dB to 1.3 GHz 35 dB to 1.3 GHz
30 dB to 3.0 GHz 30 dB to 2.0 GHz

1Degrees, specified as deviation from linear phase.
2Fmax is the upper frequency limit of the associated test set.
3ean be improved through Accuracy Enhancement.

HP 85046A18 S-Parameter Test Set
Test port connectors are precision 7 mm and 75 ohm type N (f)

respectively. Both connectors can be adapted to other interfaces with
the appropriate precision adapters.

S-Parameter Test Sets
The S-parameter test sets provide the capability to measure impe

dance and transmission characteristics (including s-parameters) of 2
port devices in either direction with a single connection. The test sets
are controlled from the HP 8753B and include a programmable step
attenuator.

± 1.5 dB, ±25°
±1.5 dB, ±IO°

±1.5 dB, ±20°
±1.5 dB, ±IO°

14 dB
17 dB
16 dB

HP 850468
75 ohms
300 kHz to 2 GHz
35 dB to 1.3 GHz
30 dB to 2.0 GHz

14 dB
20 dB
16 dB

precision 7 mm 75 ohm type N (f)
50 ohm type N (f) 50 ohm type N (f)
Four 190 mm (7.5") cables with type N
(m) connectors for connection to the
HP 87538. One HP 8753B test set
interconnect cable.

HP 118570 cables HP 11857B cables
90 H x 426 W x 553 mm 0
(3.5 x 16.75 x 21.5 in.)
9.1 kg (20 lb)Weight:

Recommended
Accessories:
Dimensions:

HP 85046A
50 ohms
300 kHz to 3 GHz
35 dB to 1.3 GHz
30 dB to 3.0 GHz

Typical Tracking:
Transmission Magnitude, Phase,,3:

.3 MHz to 2.0 MHz ± 1.5 dB, ±20°
2.0 MHz to Fl1}ax2 ± 1.5 dB, ± I00

Reflection Magnitude, Phase,,3:
.3 MHz to 2.0 MHz ±1.5 dB, ±25°
2.0 MHz to Fmax ±1.5 dB, ±IO°

Effective Source Match3:
(Test Ports):

.3 MHz to 2.0 MHz
2.0 MHz to 1.3 GHz
1.3 GHz to Fmax

RF Connectors:
Port 1,2:
All others:

Includes:

Specifications
Impedance:
Frequency Range:
Directivity:

HP 87538 Accessories
HP 85044A 50 Ohm Transmission/Reflection Test Set
HP 850448 75 Ohm Transmission/Reflection Test Set

The HP 85044 AlB Transmission/Refle~tiontest sets provide t~e

capability to simultaneously measure th~ Impedance and ~ransmls

sion characteristics of 50 and 75 ohm deVices. Two-port deVices must
be physically turned around to measure ~heir reverse direction char
acteristics. Test port connectors are precIsion 7 mm and 75 ohm type
N (f), respectively.
Specifications
Impedance:
Frequency Range:
Directivity3:

Receiver
Frequency Range: 300 kHz to 6 GHz
Inputs: A, B 100 dB dynamic range <3 GHz

95 dB dynamic range 3 to 6 GHz
Sensitivity (noise level):

3 kHz BW: -90 dBm <3 GHz, -85 dBm 3 to 6 GHz
10 Hz BW: -100 dBm <3 GHz, -95 dBm 3 to 6 GHz

Maximum Input Level: 0 dBm
Impedance: 50
Input Crosstalk:

300 kHz to I GHz: -100 dB
I GHz to 3 GHz: -90 dB
3 GHz to 6 GHz: -80 dB

Dynamic Accuracy: ±0.05 dB, ±0.5 deg over a 50 dB input range
Delay Characteristics:
Range: 1/2* (1 Iminimum aperture)
Aperture: selectable (frequency span)I (# points -I) to 20% of the
frequency span
Resolution: 27.8/(aperture in Hz)

typically 0.0 I nanoseconds
Accuracy: (phase accuracy)/(360*aperture in Hz)
Dimensions:

178mm H x 425mm W x 498mm 0
(7.0 x 16.75 x 20.0 in)

Weight:
Net 22 kg (48 Ib); Shipping 25 kg (55 Ib)



NETWORK ANA~:::~~o~~ 12451
8753B Series

50 ohm type N (f) 50 ohm type N (f)
50 ohm type N (f) 75 ohm type N (f)

3 ea HP 11852B
50 to 75 ohm
min. loss pads

HP 11851B RF Cable Kit

HP 11851B RF Cable Kit
General: three 610 mm (24 in.) 50 n cables phase matched to 4° at
1.3 GHz and one cable 860 mm (34 in.). Connectors are Type N
Male. Recommended for use with HP 85044A/B Transmis
sion/Reflection Test Set and HP 11850C/D Power Splitter.
Weight: net, 0.91 kg (2Ib); shipping, 1.36 kg (3 Ib).

HP 11852B 50 12175 11 Minimum Loss Pad
General: the HP 11852B is a low SWR minimum loss pad required
for transmission measurements on 75 n devices with HP 8753B re
ceiver (50 n).
Frequency range: dc to 2.0 GHz.
Insertion loss: 5.7 dB.
Return loss: 75 n typically ~30 dB. 50 n typically ~26 dB.
Maximum input power: 250 mW (+24 dBm).
Connectors: 50 n Type N female and 75 n Type N male.

Type N Accessory Kits
Kit contains a Type N Female short, a Type N Male short, two

Type N Male barrels, two Type N Female barrels and storage case.

Calibration Kits
Accuracy enhancement procedures characterize the systematic er

rors of the measurement system by measuring known devices (stand
ards) on the system over the frequency range of interest. The
calibration kits in the HP 8753B family contain precision standards
with which to characterize the systematic errors of a HP 8753B mea
surement system.

HP 85031B 7 mm Calibration Kit
The HP 85031 B 7 mm calibration kit contains a set of precision 7

mm fixed terminations, an open circuit, and a short circuit used to
calibrate the HP 8753B and its 50 ohm test sets for measurement of
devices with precision 7 mm connectors.

HP 11853A 50 11 Type N Accessory Kit
General: the HP 11853A furnishes the RF components required for
measurement of devices with 50n Type N Connectors using the HP
11850C, 85044A, 85046A or 85047A.

HP 11855A 75 11 Type N Accessory Kit
General: the HP 11855A provides the RF connecting hardware gen
erally required for measurement of devices with 75 n Type N connec
tors using the HP 85044B, 85046B or 11850D. This kit also contains
a 75 n Type N Male termination.

BNC Accessory Kits
Kit contains two Type N Male to BNC Female adapters, two Type

N Male to BNC Male adapters, two Type N Female to BNC Female
adapters, two Type N Female to BNC Male adapters, a BNC Male
short and storage case.

HP 11854A 50 11 BNC Accessory Kit
General: the HP 11854A furnishes the RF components required for
measurement of devices with 50n BNC Connectors using the HP
11850C, 85044A, 85046A or 85047A.

HP 11856A 75 nBNC Accessory Kit
General: the HP 11856A provides the RF connecting hardware gen
erally required for measurement of devices with 75 n BNC connec
tors using the HP 85044B, 11850D, or 85046B. This kit also contains
a 75 n BNC Male termination, and storage case.

HP 118570 5011 APC-7 Test Port Extension Cables
General: two precision 61 cm (24 in.) cables, phase matched to 2° at
1.3 GHz for use with HP 85046 A S-parameter test set. Connectors
are 50 n APC-7.

HP 11857B 75 11 Type N Test Port Extension Cables
General: two precision 61 cm (24 in.) cables, phase matched to 2° at
1.3 GHz for use with HP 85046B S-parameter test set. One cable has
75 n Type N Male connectors on both ends; the other has one Type N
Male and one Type N Female connector.

HP 11600B/11602B Transistor Fixtures
Function: mounts on front of HP 8745A S-Parameter Test Sets,
holds devices for s-parameter measurements in a 50 ohm, coax cir
cuit.
Transistor Base Patterns

Model 11800B: accepts TO-18 /TO·72 packages.
Model 11802B: accepts TO-5 /TO.12 packages.

Calibration references: short circuit termination an a 50 ohm
through-section.
Frequency range: dc to 2 GHz.
Impedance: 50 ohms nominal.
Reflection coefficient: <0.05, 100 MHz to 1.0 GHz: <0.09, 1.0 to 2
GHz.
Connectors: hybrid APC-7; Option 001, type N female.

HP 11858A Transistor Fixture Adapter
General: the HP 11858A adapts the HP 11600B and 11602B transis
tor fixtures (vertical test port configuration) to the HP 85046A or
85047A S-parameter test set. Connectors are APC-7.

HP 85043B Systems Cabinet
The HP 85043B systems cabinet has been ergonomically designed

specifically for the HP 8753B and the HP 85046A/B or 85047A S
parameter test sets. The 122 cm (48-inch) system cabinet includes a
bookcase, a drawer, and a convenient work surface.

20 dB
10 dB

20 dB
10 dB

Recommended
Accessories:
'Fmax Is the upper frequency limit of the associated power splitter.

RF connectors:
Port I, 2: 7 mm precision
All others: 50 ohm type N(f)
Includes: Four 190 mm (7.5") cables with Type N(m) connectors

for connection to the HP 87538. One HP 8753B test set interconnect
cable.

Recommended accessories: HP 11857D cables
Dimensions: 90 H x 426 W x 533 mm D
Weight: 10 kg (22 lb.)

HP 11850C/0 Three-Way Power Splitters

Specifications HP 118S0C HP 118S0D
Impedance: 50 ohms 75 ohms
Frequency Range: DC to 3 GHz DC to 2 GHz
Tracking: ±.25 dB, +3° ±.2 dB, ±2.5°
Equivalent Source Match 30 dB @ 1.3 GHz 30 dB @ 1.3 GHz

(ratio or leveling) 20 dB @ 3 GHz 20 dB @ 3 GHz
Nominal Insertion Loss: 9.5 dB +1 dB/GHz 7.8 dB
Input Port Match:

DC to 1.3 GHz
1.3 GHz to Fmaxl

RF Connectors:
RF Input:
All Others:

Includes:

HP 85047A S-parameter Test Set
This test set includes a frequency doubler that can be switched in to

measure 3 MHz to 6 GHz in a single sweep or switched out to mea
sure 300 kHz to 3 GHz in a single sweep. The HP 8753B controls the
frequency doubler. HP 8753B Option 006 (6 GHz receiver) is re
quired to activate the HP 85047A. There are two rear panel BNC
outputs. One provides a TTL signal which indicates the result of HP
8753B Test Sequence function.

Specifications
Impedance: 50 ohms
Frequency ranges: 300 kHz to 3 GHz

3 MHz to 6 GHz
Directivity: 300 kHz to 1.3 GHz 35 dB

1.3 GHz to 3 GHz 30 dB
3 GHz to 6 GHz 25 dB

Typical tracking:
Transmission magnitude, phase:
300 kHz to 3 GHz ± 1.5 dB, ± I0 deg.
3 GHz to 6 GHz +0.5, -2.5 dB, ±20 deg.
Reflection magnitude, phase:
300 kHz to 3 GHz ±1.5 dB, ±10 deg.
3 GHz to 6 GHz ± 1.5 dB, ±20 deg.

Effective source match: 300 kHz to 1.3 GHz 20 dB
1.3 GHz to 3 GHz 16 dB
3 GHz to 6 GHz 14 dB
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Accessories (cont'd)
87538 Series

1,800
980

1,900W
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Price
$25,500

3,000
3,000
4.800
1,495

35
75
40

9.800
40

7,800
40

7,800
40

3.500
3,500
1,600
1,000
1,500
2.500
2,000
2,900
1,000
1,500
5,000

900
1,400

800
350
350
350
450
450

1,455
1,050

Ordering Information
HP 8753B Network Analyzer

Option 002 Harmonic Measurement Capability
Option 006 6 GHz Receiver Option
Option 010 Time Domain Capability
Option 802 add Dual Disc Drive and HP 10883A cable
Option 908 Rack Mount Kit (without handles)
Option 910 Extra Operating and Service Manual
Option 913 Rack Mount Kit

HP 85047A 6 GHz S-Parameter Test Set
Option 913 Rack Mount Kit

HP 85046A 50 Ohm S-Parameter Test Set
Option 913 Rack Mount Kit

HP 85046B 75 Ohm S-Parameter Test Set
Option 913 Rack Mount Kit

HP 85044A 50 Ohm Transmission/Reflection Test Set
HP 85044B 75 Ohm Transmission/Reflection Test Set
HP 85029B Precision 7 mm Verification Kit
HP 85031B Precision 7 mm Calibration Kit
HP 85032B 50 Ohm type N Calibration Kit
HP 85033C Precision 3.5 mm Calibration Kit
HP 85036B 75 Ohm type Calibration Kit
HP 85043B Systems Rack
HP 85033A SMA Kit
HP 85160A Measurement Automation Software
HP 85165A Resonator Measurement Software
HP 11850C 50 Ohm Power Splitter
HP 11850D 75 Ohm Power Splitter
HP 11851B type N RF Cable Kit
HP 11852B 50 to 75 Ohm Minimum Loss Pad
HP 11853A 50 Ohm type N Accessory Kit
HP 11854A 50 Ohm BNC Accessory Kit
HP 11855A 75 Ohm type N Accessory Kit
HP 11856A 75 Ohm BNC Accessory Kit
HP 11857B 75 Ohm type N Test Port Extension Cables
HP 11857D 50 Ohm APC-7 Test Port Extension
Cables
HP 11600B/11602B Transistor Fixtures
HP 11858A Transistor Fixture Adapter
HP 85024A High Frequency Probe

W Fast-Ship Product - See Page 766.

'The specific 50 ohm two-port measurement system includes the HP 8753A. the HP 85046A S·
parameter test set, the HP 85031 B 7 mm calibration kit, and the HP 118570 7mm test port exlen·
sion cable set. This is a minimum configuration required for on-site verification.

Service and Support Products
Service and support products are available for HP 8753B measure

ment systems. On-site support products require a specific 50 ohm
two-port measurement configuration.! Contact your local HP sales
office for availability and price.

Specifications
Input Capacitance (@ 500 MHz): <0.7 pF (nominal)
Input Resistance: I Megohm (nominal)
Bandwidth: 300 kHz to 3 GHz
Gain (@ 500 MHz): 0 dB ± I dB
Average Noise Level (10 Hz to 10 MHz): <i mV
Frequency Response: ± 1.25 dB (300 kHz to I GHz)

+ 2, -3 dB (I GHz to 3 GHz)
Input Voltage for 1 dB Compression: 0.3 V
Supplemental Characteristics
Noise Figure: <50 dB ( < 100 MHz)

<25 dB (100 MHz to 3 GHz)
Distortion (@ 0.3 V): < -30 dBc
Includes

Type N Male Adapter, 10: I Divider, Spare probe tips, 2.5-inch
Ground Lead, Hook Tip, Spanner Tip, and Probe Tip Nut Driver.

HP 85165A Resonator Measurement Software
Resonator Measurement Software performs complete characteri

zation of crystals, SAWs, and other resonant devices using the HP
8753B. The software guides the user through the measurement pro
cess and calculates key parameters of the device under test according
to the EIA-512 resonator measurement standard.

HP 85160A Measurement Automation Software
Measurement Automation Software simplifies device measure

ments by providing guided measurements, limit testing, sequencing to
test all four S-parameters, data formatting flexibility (data files can
be formatted to be compatible with Touchstone'" linear circuit simu
lation programs) and complete save/recall capability to a floppy disc.
Once configured, simply recall a test file and calibration data, connect
the device-under-test, and output the results.

HP 85024A High Frequency Probe
The HP 85024A High Frequency Probe makes it easy to perform

in-circuit measurements. An input capacitance of only 0.7 pF shunted
by I Megohm of resistance permits high frequency probing without
adversely loading the circuit under test. Excellent frequency response
and unity gain guarantees high accuracy in swept measurements with
this probe. High probe sensitivity and low distortion levels allows
measurements to be made while taking advantage of the full dynamic
range of HP RF analyzers. Spectrum analyzers which supply probe
power from the front panel include the HP 8568B, 8590A, 8562A/B,
and 71100A. RF network analyzers like the HP 8753B, 3577A, and
4195A are also directly compatible. You can use the HP 85024A with
other instruments by using the HP 1122A Probe Power Supply or any
dual ± 15V, 130 rnA supply.

Verification Kits
Measuring known devices, other than the calibration standards, is

a convenient way of verifying that the HP 8753B measurement sys
tem is operating properly.

HP 85029B 7 mm Verification Kit
The HP 85029B Verification Kit contains a set of precision 7 mm

devices, with da ta traceable to NBS, used to verify the calibrated per
formance of an HP 8753B measurement system. The devices have
precision 7 mm connectors and include a 20 dB pad, a 50 dB pad and
a mismatch attenuator. Verification process requires only an HP
85031 B calibration kit, an HP 85029B verification kits and an exter
nal 3.5" disc drive connected to the HP 8753B.

Software
Software operates with a BASIC operating system using an HP

Series 300 computer (2 megabytes of memory required).

HP 85033C 3.5 mm Calibration Kit
The HP 85033C Calibration Kit contains precision 3.5 mm stand

ards used to calibrate the HP 8753B and its 50 fl test sets for mea
surement of devices with 3.5 mm and SMA connectors. Standards
include fixed terminations, open circuits, and short circuits. Precision
7 mm to 3.5 mm adapters are included for accurate measurements of
non-insertable devices.

HP 85036B 75 II type N Calibration Kit
The HP 85036B Calibration Kit contains precision 75 fl type N

standards used to calibrate the HP 8753B and its 75 fl test sets for
measurement of devices with 75 fl type N connectors. Standards in
clude fixed terminations, open circuits, and short circuits. Precision
phase-matched adapters are included for accurate measurements of
non-insertable devices.

HP 85032B 50 II Type N Calibration Kit
The HP 85032B Calibration Kit contains precision 50 fl type N

standards used to calibrate the HP 8753B and its 50 fl test sets for
measurement of devices with 50 fl type N connectors. Precision
phase-matched 7 mm to 50 fl type N adapters are included for accu
rate measurements of non-insertable devices. Standards include fixed
terminations, open circuits, and short circuits.



• 130 MHz to 20 GHz frequency range
• Integrated swept synthesized source
• Integrated switching s-parameter test set
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Models 8720A, 85182A

• Direct save/recall to an external disc drive
• >85 dB dynamic range
• Built-in vector accuracy enhancement

e

HP 8720A

~
ESIGNEDFOR. :

SYSTEMS

Description
The HP 8720A provides simple and complete vector network mea

surements in a compact and fully integrated microwave network ana
lyzer. Characterize your microwave components and networks
accurately, yet economically with the HP 8720A microwave network
analyzer. Integration of the 130 MHz to 20 GHz swept synthesized
source, test set, and receiver results in a compact, low cost network
analyzer which is ideal for incoming inspection, production, and final
test measurements.

With two independent display channels available, you can simulta
neously measure the reflection and transmissions characteristics of
the device under test. The easy-to-use softkey selection of measure
ment functions allows you to quickly measure the magnitude, phase,
or group delay characteristics of your device under test. Directly mea
sure the electrical length of a single device or phase match multiple
devices. Data can be displayed in log magnitude, linear magnitude,
SWR, phase, group delay, polar, real, or Smith Chart formats.

The HP 8720A's integrated synthesized source provides 100 kHz
frequency resolution standard or, with the addition of option 001, it
will provide 1 Hz frequency resolution for testing narrowband, fre
quency selective or electrically long devices. The integrated synthe
sized source also provides a measurement port power level of -10 to
-65 dBm which is settable in 5 dB steps.

Time Domain Analysis
The HP 8720A with option 010 has the capability of displaying the

time domain response of a network, obtained by computing the In
verse Fourier Transform of the frequency domain response. The time
domain response displays the reflection coefficient versus time, yield
ing the magnitude and location of each individual discontinuity of the
network. It can also display the transmission coefficient versus time,
yielding simulated transient response analysis of the network.

Features Designed for Manufacturing
The HP 8720A's productivity features allow increased throughput

on your production floor. The arbitrary frequency list mode allows
selection of only those frequencies you wish to test, resulting in re
duced test time. In this mode, you can define up to 30 CW frequencies
or swept frequency segments, calibrate once, and then measure all of
the segments or "zoom-in" on just one segment and still remain cali
brated. The HP 8720A's limit test capability allows your technicians
to make pass/fail decisions easily and systematically. Based on the
specifications for the device under test, define up to 22 test limits on
each channel so your technicians can align and objectively verify the
device's response. Utilize the HP 8720A's save/recall capability to
reduce set up time and enable all your technicians to repeatedly use
the same test configuration. This feature allows your engineer or
skilled specialist to define the test configuration once, store it to an
external CS80 compatible disc drive, and then have it recalled by
each member of your production test line without the use of an exter
nal computer. This feature provides confidence that each technician is
aligning and evaluating your devices under the same conditions. For a
permanent record of your measurement results, the HP 8720A's copy
feature allows the entire CRT display to be directly output to a com
patible HP-GL plotter or printer.

All of the functions of the HP 8720A are completely program
mable from an external computer through the Hewlett-PaCkard In
terface Bus. For fully automated, guided measurements, use the HP
85162A Measurement Automation Software. To completely and effi
ciently characterize crystals, SAWs, and other resonant devices, use
the HP 85165A Resonator Measurement Software.



BNETWORK ANALYZERS
Microwave Network Analyzer, 130 MHz to 20 GHz
Models 8720A, 85162A (cont'd)

General Characteristics

Source Frequency Characteristics
Range: 130 MHz to 20.0 GHz
Resolution: 100 kHz (I Hz with Option 00 I)
Stability: typically ±7.5 ppm @ 0° to 55°C

typically ±3 ppm/year
Accuracy: 10 ppm @ 25°±3°C

HP 8720A System Performance

(~Dynamic Range or transmiSSIOn measurements
Frequency Range

0.13 to 0.5 GHz 0.5 to 2 GHz 2toBGHz Bto 20 GHz
Dynamic
Range 70 dB 80 dB 85 dB 85 dB

Measurement Port Characteristics2

The following specifications show the residual system uncertainties
(including switch repeatability) after accuracy enhancement using a
full 2-port measurement calibration (including isolation) with an IF
bandwidth of 10 Hz, and the specified calibration kit. Environmental
temperature is 23±3°C.

Output characteristics (at test ports, 25°±3°C)
Power range: -10 to -65 dBm in 5 dB steps
Power level: -10 dBm ± 3 dB
Harmonics: <-15 dBc @ -10 dBm (typical)

Calibration Kit: HP 850528 (3.5 mm, male and female lowband and
sliding loads)

Frequency Range
0.13 to 0.5 to 2 to 8to
0.5 GHz 2 GHz BGHz 20 GHz

Directivity 40 dB 40 dB 40 dB 40 dB
Source Match 30 dB 30 dB 30 dB 30 dB

Load Match 35 dB 35 dB 30 dB 30 dB
Reflection Tracking ±0.10 dB ±0.10 dB ±O.IO dB ±0.20 dB
Transmission Tracking ±0.10 dB ±O.lO dB ±0.12 dB ±0.15 dB

Calibration Kit: HP 850520 (3.5 mm, male and female broadband
precision fixed load)

Frequency Range
0.13 to 0.5 to 2 to Bto
0.5 GHz 2 GHz BGHz 20 GHz

Directivity 40 dB 40 dB 38 dB 36 dB
Source Match 30 dB 30 dB 30 dB 30 dB

Load Match 35 dB 35 dB 30 dB 30 dB
Reflection Tracking ±O.lO dB ±0.10 dB ±O.lO dB ±0.20 dB

Transmission Tracking ±0.10 dB ±0.10 dB ±O.l2 dB ±0.15 dB

Test ports
Connector type: 3.5 mm (male)
Impedance: 50 ohms nominal
Switch type: Mechanical
Switch lifetime: >3 million cycles (typical)
Maximum input level: +20 dBm
OC bias: 500 rnA, 40 VDC maximum

Rear Panel Connectors
External reference frequency input:

Frequency: 1, 2, 5, and 10 MHz; :<>±200 Hz at 10 MHz
Level: -10 dBm to +20 dBm, typical
Impedance: 50 ohms

External trigger: Triggers start of sweep on a negative TTL transi
tion or contact closure to ground.
External AM auxiliary input: 0 to 10 volts (I dB/volt) into a 10 kohm
resistor, 5 kHz max.
Auxiliary voltage input: -10 to +10 V
10 interconnect:

Type: DB-25
Output: Standard LS TTL output (active high logic) on pin 17 in
dicative of PASS/FAIL status during limit testing. Output voltage
remains at +5 Vdc (nominal) until a FAIL condition occurs. Re
mains at 0 Vdc until a PASS condition occurs.

'limited by maximum output power and system noise floor. Specified for an IF bandwidth of 10
Hz. using afull2-port measurement calibration (Including an Isolation calibration performed with
an averaging factor of 16).

'Crosstalk, alter an Isolation calibration, is below the system noise floor and can be Ignored.
'HP 85130B/C Special Adapter Sets required if devices with 7mm or Type Nconnectors are to be
connected directly to the HP 8720A's test ports.

4Use the cables recommended for 7 mm devices. Precision 7 mm to Type Nadapters are Included
In the HP 85054B Type N calibration kit.

'Semi-flexible cable are warranted for 90 days. Super-flexible cables carry a standard one-year
warranty.

1.500

N/C
N/C

Price
$55,000

9,500
9,000
1,495

5,800

40

Ordering Information
HP 8720A Microwave Network Analyzer

Option 00] I Hz frequency resolution
Option 0]0 Time Domain Capability
Option 802 add HP 9122C Dual Disc Drive, HP
10833A cable
Option 830 add HP 850520 Cal Kit, HP 8513IE ca
ble
Option 913 Rack Mount Kit

HP 85162A Measurement Automation Software
Requires BASIC 3.0 or above and 2 Mbytes of RAM
Must select media option (no charge):

Option 630 for 3.5 in. disc media
Option 655 for 5.25 in. disc media

HP 85162A Measurement Automation Software
The HP 85162A Measurement Automation software is designed

specifically to operate on an HP 9000 series 200 or 300 computer with
BASIC 3.0 or higher. The software complements the HP 8720A mi
crowave network analyzer, providing calibration, measurement, and
data output capabilities with a minimum of operator interaction.

AiVstem ccessones
3.5mm 7 mm' Type N'

Test port cables
Seml·flexlble HP 85131C/0 HP 85 I32C/0 HP 85132C/04
Super·flexlble' HP 85131E/F HP 85132E!F HP 85132E!F4

Adapter sets HP 851300 HP 85130B HP 85130C

Calibration kits
Standard HP 85052B HP 85050B HP 85054B

(sliding loads)
Economy HP 850520 HP 850500

(fixed loads)
Verification kits HP 850518 HP 85053B HP 85055A

S



• 45 MHz to 100 GHz frequency range
• "Real Time" error-corrected measurements
• 60 dB effective directivity and source match
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8510 Series

• 80 dB to 100 dB dynamic range
• 0.001 dB, 0.01 degree, 0.01 nanosecond measurement

resolution
• Time domain analysis

Description
The HP 8510 series microwave vector network analyzers provide a

complete solution for characterizing the linear behavior of either ac
tive or passive networks over the 45 MHz to 40 GHz frequency range.
A complete system comprises the HP 8510B network analyzer, an S
parameter test set, and a compatible RF source. For millimeter-wave
measurement needs, complete systems operating to 100 GHz can be
configured.

~
CE'C"""'". -.
SYSTEMS

HP 8510B e
40 GHz
in coax

High Performance
Along with the capability to completely characterize a microwave

network with a single connection over the extremely broad 45 MHz to
40 GHz frequency range, the HP 8510 system offers wide dynamic
range. Depending on the test set used, 80 dB to 100 dB of dynamic
range is available. The precision IF processing and detection system
contributes as little as ±0.05 dB and ±0.5 degree measurement un
certainty at a level of 50 dB below the reference. Meaningful resolu
tions of 0.00 I dB, 0.0 I degree, and 0.0 I nanosecond are easily
available.

"Real Time" Error Correction
The HP 851O's built-in, high speed computer provides the capabil

ity to characterize and effectively remove the impact of systematic
errors through accuracy enhancement techniques. Effective directivi
ty and source match can be improved to as much as 60 dB. The data
processing speed of the system is such that a fully error-corrected, 401
point trace of data is updated in under one second. This virtual "real
time" display of error-corrected data means that you can easily adjust
your test device while it's being measured, with the assurance that
you are viewing the data at the highest possible accuracy.

Time Domain Analysis
The HP 8510 (with option 010) has the capability of displaying the

time domain response of a network, obtained by computing the In
verse Fourier Transform of the frequency domain response. The time
domain response displays the reflection coefficient of the network ver
sus time, which displays the magnitude and location of each individu
al discontinuity, or else the transmission coefficient versus time, which
displays each individual transmission path.

System Rack
HP 85043A System Rack Kit

The HP 85043A system rack stands 123.7 em (48.7") high, 60 cm
(23.6") wide, and 80 cm (31.5") deep. Complete with support rails
and AC power distribution (suitable for 50 to 60 Hz, and 110-240
Vac), it includes rack mounting hardware for all instruments.
Therman design is such that no rack fan is needed.

System Software
HP 85161A Measurement Automation Software

The HP 85161A Measurement Automation Software provides a
more simplified and flexible user interface to the HP 851 OB system.
The program leads the operator through the measurement sequence
one step at a time, from system setup and calibration, to device mea
surement and hardcopy output. Complete measurement configura
tions can be saved to disc for later recall. Also, data printout formats
can be customized by the operator.

The HP 85161A software is designed for use with HP 9000 Series
200 or 300 computers and the BASIC operating system (3.0 or
higher).

RF Sources
The recommended system source for the HP 8510B is the HP

8340B (26.5 GHz) or the HP 8341 B (20 GHz) synthesized sweeper.
With either source, the system has better than 6 Hz frequency resolu
tion, phase-locked narrowband sweeps, and fully synthesized start
frequencies for broadband ramp sweeps. When used with the HP
8516A test set, the HP 8340 or 8341 allow 40 GHz frequency cover
age in a single sweep. The HP 8350B sweep oscillator with RF plug-in
may also be used in the HP 851 OB system.

Measurement results can be displayed on one of two independent,
yet identical, channels. The channels may be displayed individually,
or simultaneously, with results presented in either log/linear magni
tude, phase, or group delay format on rectangular or polar coordi
nates. Direct measurement of impedance is possible with the Smith
chart format. The value and frequency of the data can be rcad with
one of five independent markers. The entire measurement trace can
be copied directly to a plotter, such as the HP 7440A, 7475A, or
7550A without the need of an external computer. Also, a list of the
trace values can be sent to a printer such as the HP 2225A.

Powerful measurement enhancement functions are also available.
Data averaging can be employed to narrow the effective receiver IF
bandwidth, extending dynamic range and increasing signal-to-noise
ratio. Trace smoothing aids in the interpretation of measurement re
sults and is used to control the aperture of group delay measurements.
The equivalent of an electronic line stretcher is available with the
electrical delay function.

Built-in storage provides the capability to save and recall up to
(ight different front panel states, cight separate calibrations, and
eight separate measurements in nonvolatile memory. Extension of the
(internal storage capacity is possible via the built-in tape cassette unit
or an external disc drive such as the HP 9122D.

Ordering Information
HP 85108 Network Analyzer

Option 010 Time Domain Capability
Option W30 2 Years Additional Hardware Service

HP 85043A System Rack Kit
HP 85161A Measurement Automation Software

Option 630 3Jj2" disc media
Option 655 51

//' disc media

Price
$33,800

9,800
add $670

2,900
1.500
N/C
N/C
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Test Sets
8510 Series

HP 8515A

S-Parameter Test Sets
Several S-parameter test sets are available for the HP 8510B net

work analyzer for broadband coaxial measurements from 45 MHz to
40GHz. The HP8514B, 8515A,and 8516A test sets have a dual port
architecture which develops a separate reference channel for each in
cident port. RF switching is done with a single built-in electronic
switch. For active device measurements, the test sets include the abili
ty to apply DC bias (external) to the test port center conductors. Also
available are two 90 dB step attenuators (10 dB steps) which allow
control of the port I and port 2 signal levels.

High Dynamic Range Configurations
The HP 8514B and 8516A test sets are coupler-based. Two alter

nate coupler configurations are available. The standard configuration
is symmetrical and has identical dynamic range performance in both
forward (S21) and reverse (SI2) transmission measurements. The
port I step attenuator allows reduction of the port I output power for
forward measurements, and the port 2 attenuator allows reduction of
the port 2 output power for reverse measurements.

With the Option 003 configuration, the port 2 coupler is reversed.
For forward measurements, the port 2 signal is sampled directly
through the main arm of the port 2 coupler. Since coupling loss is
removed, dynamic range is increased in the forward direction. Since
the port 2 step attenuator is in-line with the port 2 sampler, the power
incident on port 2 may be reduced. With Option 003, up to I Watt
may be input into port 2.

Test Set General Information

HP 8511A

HP 8511A Frequency Converter
With the HP 8511A Frequency Converter, the HP 8510 becomes a

general purpose four-channel magnitude/phase receiver. Add your
own power splitters for transmission measurements, and bridges or
directional couplers for reflection measurements. Since one input is
used for system phase-lock, the other three inputs are available for
measurements of multi-port devices, subsystems, and antennas. All
four inputs have precision 3.5 mm (f) connectors.

MUltiple Test Set Operation
A single HP 851 OB system may be configured with two test sets. In

this configuration, the test sets have different addresses, and the user
may select between them from the front panel of the HP 8510 without
reconnections. This capability is useful, for example, when combining
a microwave coaxial test set with a millimeter-wave test set in the
same HP 8510 system.

IF switching (option 001). In the mUltiple test set configuration,
the 20 MHz IF signal is daisy-chained from the test sets to the HP
8510. This capability requires test set option 001 in one of the two test
sets.

RF switching. The RF signal must be routed to the desired test set
using an HP 33311 C coaxial RF switch and an HP 11713A switch
driver. The switch driver is controlled automatically by the HP 851 OB
over the HP 8510 system interface.

HP 85148 HP 8515A HP 8516A
Frequency range (GHz) 0.045 to 20 0.045 to 26.5 0.045 to 40

Test ports (port 1or 2):
Nominal operating oto-5 -5 to -25 -10 to -20
power level (dBm)

Connector type 3.5 mm (M) 2.4 mm (M)

Impedance 50 ohm nominal
DC bias 500 rnA, 40 Vdc maximum

Attenuation range oto 90 dB, in 10 dB steps
(incident signal) (0 to 60 dB for HP 8516A)

Ordering Information
HP 8511A Frequency Converier

Option 001: Add IF switching
Option W30: 2 years additional hardware service

HP 85148 S-Parameter Test Set
Option 001: Add IF switching
Option 002: Delete step attenuators and bias tees
Option 003: High forward dynamic range
Option W30: 2 years additional hardware service

HP 8515A S-Parameter Test Set
Option 001: Add IF switching
Option 002: Delete step attenuators and bias tees
Option W30: 2 years additional hardware service

HP 8516A S-Parameter Test Sel
Option 001: Add IF switching
Option 002: Delete step attenuators and bias tees
Option 003: High forward dynamic range
Option W30: 2 years additional hardware service

Price
$19.000

52.500
add $350

$27.000
add $2,500
less $6.500

n/e
add $540

$17,900
add $2.500
less $7.000

add $750
$41,000

add $2.500
kss $7,000

nle
add $740



HP 8510 Millimeter-wave
Network Analyzer System

The HP 851 OB is easily configured for making measurements at
millimeter-wave frequencies. Hewlett-Packard offers hardware for
configuring systems in the 26.5 to 40 GHz, 33 to 50 GHz, 40 to 60
GHz, 50 to 75 GHz, and 75 to 100 GHz waveguide bands.

HP 85106A Millimeter-wave Network Analyzer
SUbsystem

The HP 851 06A millimeter-wave network analyzer subsystem in
cludes an HP 8510B network analyzer, an 8340B RF source, an
8350B/83540A LO source, an 8349B RF source amplifier and an
85100A LO/IF kit rack - mounted in a single bay rack with extend
able worksurface and table. Add an HP 11643A series test set kit,
11644A series calibration kit, and millimeter-wave source module for
a complete measurement system.

Option 001 adds an HP 8515A test set (with Option 001) and asso
ciated RF switching and control hardware to offer combined micro
wave and millimeter-wave measurement capability.

For systems that require a synthesizer as the LO source (V-and W
bands), Option 002 replaces the HP 8350B/83540A source with an
HP 8341B synthesizer.

HP 85100A LO/IF Kit
for user-configured benchtop applications, the HP 85100A com

bines the LO and IF amplifiers, a power divider, waveguide stands,
and the interconnect cables that are part of the HP 8510 millimeter
wave system under one model number for ordering convenience.

Kit Includes' I

NETWORK ANALYZERS B
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8510 Series

HP V11643A V-Band Test Set Kit

HP 85100A LO/IF Kit

HP 11643A-Series Test Set Kits
The millimeter-wave test set kits contain the band-dependent hard

ware necessary to assemble a reflection/transmission test set for use
with the HP 8510 millimeter-wave system. The kit includes direction
al couplers, harmonic mixers, isolators, a fixed termination, a power
divider, and miscellaneous connecting hardware.

Kit includes' I

Model
Quantity Part Number Description

3 752D-series 20 dB' Directional Co~pler

3 11970A-series Harmonic Mixer
4 365A-series Isolator
I 910A-series fixed Terminatron
1 0955-0264 2-8 GHz Power Divider
2 898A-series Waveguide Twist

1. Also Includes miscellaneous Interconnect hardware.
2. The V-band and W-band test set kits consist of two 20 dB couplers and one 10 dB coupler.

Model
Quantity Part Number Description

2 11975A 2-8 GHz LO Amplifier
I 8447 A If Amplifier
1 8447A

Option 001 Dual IF Amplifier
1 0955-0264 2-8 GHz Power

Divider
I 08510-60105 If Interconnect Cable
4 11540A

Option E85 Waveguide Stand

1Also includes miscellaneous interconnect hardware.

Ordering Information
HP 85106A mm- Wave Network Analyzer Subsystem

Option 001 add :\1icrowave Test Set (HP 85l5A)
Option 002 Synthesized LO (HP 8341 B)

HP R11643A WR-28 Test Set Kit
HP Q11643A WR-22 Test Set Kit
HP U11643A WR-19 Test Set Kit
HP V11643A WR-15 Test Set Kit
HP W11643A WR-l 0 Test Set Kit
HP 85100A LO/IF Kit

Price
S151.000

add 44,000
add 24,WO

15,000
16.000
17.500
20.000
23.500
14.500



BNETWORK ANALYZERS
Microwave Network Analyzer Accessories
8510 Series

HP 85041A

HP 87178

-HP 11612A

Active Device Test
Hewlett-Packard offers an extensive array of accessories designed

for the needs of active device test and measurement, including fix
tures, bias supplies, bias networks, and application software.

HP 85041A Transistor Test Fixture Kit
The HP 85041A transistor test fixture (TTF) kit is a comprehen

sive measurement system for testing and characterizing stripline
packaged microwave transistors. Only useful when used with the
HP 85014B active device measurement software.
Frequency Range: dc to 18 GHz
Transistor Package Inserts: 70 mil and 100 mil
Verification Devices: Short and through circuits
Connectors: precision 7 mm
Accessories Supplied: fixture stand, torque tool, tweezers, and lid
opening tool

Bias Networks
Bias networks are available for applying DC bias to the center con

ductor of a coaxial line which can be connected to a device under test.
The bias network also provides a DC block to the RF input port.

Bill Network 11590B 11590B Opt 001 11612A 11612B
Frequency Range ,1·12,4 ,1·18 ,045·26,5 ,045·50(GHz)
Connectors

RF Input Type N(1) 7mm 3,5 mm (t) 2.4mm (t)
RF Output Type N(t) 7mm 3.5 mm(m) 2.4 mm (m)
DC Bias BNC (f) BNC (t) 5MB snap-on (m)' 5MB snap-on (m)'

Insertion Loss 0,8 dB 0.8 dB. 0.8 dB. 0,8 dB.
(max) .1·12.4 GHz .045-12.4 GHz ,045-12,4 GHz

1.2 dB. 1.3 dB, 1.3 dB,
12.4·18 GHz 12,4·26,5 GHz 12.4·26,5 GHz

26.5·50 GHz
Return Loss 19 dB 19 dB. 20 dB, 20 dB.

(min) ,1-12.4 GHz ,045·8 GHz .045·8 GHz
14 dB, 18 dB, 18 dB,
12,4-18 GHz 8-18 GHz 8-18 GHz

14 dB, 14 dB,
18-26,5 GHz 18-26.5 GHz

10 dB,
26.5·50 GHz

Bias current 500mA 500 mA 500 mA 500 mA
(max)

Bias voltage 100V 100V 40V 40V
(max)

'Cabia Includad, 5MB(l) to BNC(m).

HP 11635A Bias Decoupling Network
The HP 11635A bias decoupling network is a recommended acces

sory for prevention of bias oscillations when biasing microwave bipo
lar transistors with any HP bias network or s-parameter test set.
Installing the HP 11635A between the bias supply and the base bias
network prevents low frequency oscillations.

Application Software
Hewlett-Packard offers application software packages that compli

ment the HP 8510 system providing automated calibration and mea
surement capability. Software is available for HP Series 200/300
desktop computers using BASIC 2.0, 3.0,4.0 or 5.0 operating systems
on both 31/2" and 51j4" disc media.

HP 850148 Active Device
Measu,,,,ment Application Pac

The HP 85014B software pac provides the capability to the HP
8510 system for measurement of RF and microwave transistors, Fea
tures include automated device biasing with the HP 8717B bias sup
ply, system calibration, and de-embedding of s-parameters when
using the HP 85041 A transistor test fixture. It is also usable with
other HP transistor fixtures as well as user-designed fixtures. Plotted
and listed output of device S, H, Y, and Z parameters, as well as the
device amplifier summary and termination summary are provided.
Also available is the capability to store and retrieve s-parameter data
in formats suitable for computer-aided-design applications.

HP 8717B Transistor Bias Supply
The HP 8717B transistor bias supply provides manual or automatic

biasing for transistor testing. This supply 8717B has two meters for
independently monitoring current and voltage. Bias connections are
conveniently selected for all transistor configurations with a front
panel switch.
Voltage Ranges: 1,3, I0,30,1 00 V
Current Ranges: 0.1,0.3,1,3,10,30,100,300,1000 mA
Accuracy: 4% of full scale for both current and voltage
Option 001: programmable D/A converter
Option 011: programming cable for HP Series 200/300 computers

HP 11608A Transistor Fixture
Function: provides the capability of completely characterizing
stripline transistors. A through-line microstrip and bolt-in grounding
structure machineable by customer is included.
Frequency range: db to 12.4 GHz.
Reflection coefficient: <0.05, dc to 4 GHz; <0.07,4.0 to 8.0 GHz;
>0.15,8 to 12.4 GHz.
Package Styles
Opt 003: 0.205 inch diameter packages.
Calibration references: option 003 only, short circuit termination
and a 50-ohm through-section.
Connectors: APC-7 hybrid.
Weight: net, 0.9 kg (2 Ib); shipping, 1.4 kg (3 lb.).
Size: 25 H x 143 W x 89 mm D (I" x 5.63" x 3.5").

Ordering Information
UP 85041A Transistor Test Fixture
UP 87178 Transistor Bias Supply

Option 001 Programmable Operation (GP-IO)
Option 011 Programming Cable
Option W30 2 Years Additional Hardware Service

UP 115908 Bias Network
UP 11612A Bias Network
UP 116128 Bias Network
UP 11635A Bias Decoupling Network
UP 850148 Active Device Measurement Software
UP 11608A Transistor Fixture Customer Machineable

Option 003 0.205 inch diameter Package Style

Price
$5.500

4.635
670
250
100
675
700
990
275

3.000
1.700

add 450
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Verification Kits
Measuring known devices, other than the calibration standards, is

a straightforward way of verifying that the network analyzer system
is operating properly. Hewlett-Packard offers verification kits that in
clude precision airlines, mismatch airlines and precision fixed attenu
ators. Traceable measurement data for all devices is shipped with
each kit on disc (for HP 8720A) and on tape (for HP 8510B).

Verification kits may be recertified by Hewlett-Packard. This
recertification includes a new measurement of all standards, as well as
new data and uncertainties. Certification in compliance with MIL
STD 45662 is also available.

erl Ica Ion I ummary
Frequency

Verlflclatlon Connector ~an~iKit Type GHz Price

850518 7 mm .045-18 $2.750
850538 3.5 mm .045·26.5 2750
85055A Type N .045-18 2750
85057A 2.4 mm .045-40 4.500

Calibration Kits
Error-correction procedures require that the systematic errors in

the measurement system be characterized by measuring known de
vices (standards) on the system over the frequency range of interest.
All network analyzer calibration kits contain precision standard de
vices to characterize the systematic errors ofthe HP 8720A or 85 IOB
network analyzer system.

The calibration kits also contain adapters to change the sex of the
test port, connector gages for verifying and maintaining the connector
interface, and a torque wrench for proper connection. Each kit con
tains standards definitions contained on tape for the HP 8510B.
(These definitions are already included in the HP 8720A.)

Microwave Network Analyzer Accessories
A wide range of accessories is available for both the HP 8720A and

the HP 8510B series network analyzers, including calibration kits,
verification kits, cables, and adapters for 7 mm, 3.5 mm, Type Nand
2.4 mm connector interfaces. The standards used in the 3.5 mm, Type
Nand 2.4 mm connectors use the precision slotless connector (PSC
3.5, PSC-N and PSC-2.4).

For measurementa In the K-connector, order the HP 85056A 2.4mm calibration kit and the HP 119048 adapter k~.

Calibration Kit Surml'l arv i

Calibration Connector Frequenq
Performance Summary

DIrectivity/Source Match at Fmax
Kit Type Ranga (GHz) w/8720A w/85108 Description Price

85050B 7mm .045·18 45/30 52/41 Contains open and short circuits and $4.500
fixed and slidinR terminations.

85050C 7mm .045-18 nla 60/60 Contains standards for TRL calibration 15.400
on HP 85108, including precision
airline. Also contains open and short
circuit and fixed termination.

850500 7mm .045-18 36/30 40135 Economy kit. Contains open and short 11.500
circuits and precision·fixed
termination. No ~ages included.

850528 3.5 mm .045·26.5 40/30 44/31 Contains open and short circuits (m $7.500
and f) and fixed and sliding
terminations (m and f). and in-series
adapters.

850520 3.5 mm .045-26.5 36/30 36/30 Economy kit. Contains open and short $4.000
circuits (m and f) and precision fixed
termination (m and l), and in·series
adapters. No gages included.

850548 Type N .045-18 40/30 42/32 Contains open and short circuits (m $7.500
and f) and fixed and sliding
terminations (m and f). in·series
adapters. and 7mm to type N(m and
f) adapters.

85056A 2.4mm .045-40 nla 38/33 Contains open and short circuits (m $9000
and f) and f~ed and sliding
terminations (m and 1), in-series
adapters. and 7mm to type N(m and
f) adapters.

R11644A WR·28 26.5·40 nla 50/45 Contain flush short circuit, aprecision $3600
Q11644A WR·22 33-50 n/a 50/45 shim used to make the offset short. $3850
U1l644A WR-19 40-60 nla 50/40 and asiiding (R,Q.U) or fixed (V,W) $4.200
V11644A WR·12 50-75 nla 50/37 termination. Also contain two straight $4.200
W1l644A WR·IO 75-100 nla 46/36 sections with precision f1anRes. $4400

1



BNETWORK ANALYZERS
Microwave Network Analyzer Accessories (cont'd)
8510,8720 Series

Test Port Return Cables and Adapters
Test port cables and adapter sets are available for various connec

tor types. The cable/adapter configurations are described below. All
cables are designed with one end that connects directly to the special
ruggedized ports of the network analyzer test set, and one end that
connects to the device under test.

Special test port adapter sets are also available to convert the rug
gedized ports of the network analyzer test set to the desired connector
interface. Each kit contains two adapters, one male and one female.

Both the cables and the special adapters have one special female
connector which is designed to connect directly to the 3.5 mm test
port (2.4 mm for HP 8516A). This side of the cable or adapter can
only be connected to the test set port, and cannot be mated to a stand
ard 3.5 mm (or 2.4 mm) male connector. The male test set ports,
however, can be mated to a standard 3.5 mm (or 2.4 mm) female
connector.

Choose one of the configurations shown.

CONFIGURATION A

Network Analyzer
Test Set

lIiIl Test Port

D
. Q Adapter

eVlce 9
Under
Test

Configuration A. This cable arrangement is for applications where
the device under test is connected directly to the test set port. This
setup offers the best mechanical rigidity for device connection. To
adapt the test set port (port I) to the device under test, choose the
appropriate special adapter set. Besides converting the test port to the
desired interface, these adapters also function as "test port savers"
which protect the test set from damage and wear due to heavy use.

Configuration B. This cable arrangement is for applications where
the device under test is connected between cable ends. This setup of
fers more flexibility when connecting to the device under test.
Choose semi-rigid or flexible cables

The cables for 3.5 mm and 7 mm devices are available as semi-rigid
cables, offering excellent performance and suitable for applications
where the connectors of the device under test are in-line, or as super
flexible cables which are more rugged and have a tighter bending ra
dius, ideal for manufacturing environments. The semi-rigid cables
carry a 90-day warranty, whereas the flexible cables are warranted
for one full year.

CONFIGURATION B

Network Analyzer
Test Set

Single Cable
"'81 cm (32 in.)

Cable Set
'" 53 cm each (21 in.)

Device
Under
Test

'----"'T"o.QPrr:====::::-
Configuration A
For HP 8720A Network Analyzer or HP 8514B/8515A
Test Sets (3.5 mm test port)

Connector Type
(on device side of

Cables/Adapters cable/adapter) Price
85131C Semi-rigid Cable 3.5mm (f) $700

For 3.5 mm devices or
85131E Flexible Cable 3.5 mm (f) $1.800
851300 Adapter Seta 3.5 mm (m or f) $990
85132C Semi-rigid Cable $600

For 7mm devices or 7mm
85132E Flexible Cable $1,600
851308 Adapter Set 7 mm $700

For Type Ndevices Use 7 mm cables and the 7 mm to Nadapters included
in the HP 850548 calibration kit. -

85130C Adapter Set Type N(m orf) $990
a. Recommended but not required.

Configuration A
For HP 8516A Test Set (2.4 mm test Dort)

Connector Type
(on device side of

Cables/Adapters cable/adapter) Price
For 2.4 mm devices 85133C Semi-rigid Cable 2.4 mm (f) $900

85130G Adapter Seta 2.4 mm (m or f) $990
85134C Semi-rigid Cable 3.5 mm (f) $700

For 3.5 mm devices or
85134E Flexible Cable 3.5 mm (f) $1,800
85130F Adapter Set 3.5 mm (m or f) $990
85135C Semi-rigid Cable 7mm $600

For 7mm devices or
85135E Flexible Cable 7mm $1,600
85130E Adapter Set 7 mm $990

a. Recommended but not required.

Configuration B
For HP 8720A Network Analyzer or HP 8514B/8515A
Test Sets (3.5 mm test port)

Connector Type
(on device side 01

Cable Set cables) Price
851310 Semi-rigid Cable Set 3.5 mm $1,200

For 3.5 mm devices or (one male, one female)
85131F Flexible Cable Set 3.5 mm $2800

(one male, one lemale)

851320 Semi-rigid Cable Set 7mm $1.000
For 7mm devices or

85132F Flexible Cable Set 7mm $2.600
For Type Ndevices Use 7mm cables and the 7mm to Nadapters in the

850548 calibration kit. -

Configuration B
For HP 8516A Test Set (2 4 mm test port)

Connector Type
(on device side of

Cable Set cables) Price
For 2.4 mm devices 851330 Semi-rigid Cable Set 2.4mm $1,600

(one male, one female)

851340 Semi-rigid Cable Set 3.5mm $1.200
For 3.5 mm devices or (one male, one female)

85134F Flexible Cable Set 3.5mm $2.800
(one male, one female)

851350 Semi-rigid Cable Set 7mm $1000
For 7mm devices or

85135F Flexible Cable Set 7mm $2600
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Models 415E, 8750A

HP a7S0A

General
Interface cards: the HP 8750A is supplied with two general plug-in
interface cards, one for use with the HP Spectrum Analyzers listed
above and one for use with the HP 8407A/8412B and 8505A Net
work Analyzer. When the HP 8750A is to be used primarily with an
8755C Scalar Network Analyzer, HP 8350B/8620C sweep oscilla
tor, HP 8410C/8412B Network Analyzer, or the HP 8754A Net
work Analyzer, calibration and adjustment of the HP 8750A to the~e

instruments can be greatly simplified by ordering one of the plug-m
interface cards dedicated to these instruments (Opt. 003 and 004).
All offset and gain adjustments are significantly reduced. When Opt.
003 or 004 are ordered, the two general interface cards are also in
cluded, so you have the flexibility to change your test set-up at any
time.
Power: selection 100, 120, 220, or 240 V +5% -10%. 48 to 440 Hz
and <20 VA «20 watts).
Size: 102 H x 212 W x 280 mm D (4" x 8.4" x 11.2 ").
Weight: net, 2.72 kg (6.llbs); shipping, 5.0 kg (lllbs).

Vertical memory resolution: 512 points displayed full scale (0.2% of
full scale, 10 bit word) plus a 50% overrange (256 points) both above
and below full screen.
Horizontal input sweep rates: 100 s max./IO ms min.
Display refresh rate: 6 ms.
Video Detection

Network analyzer: average detection (20 kHz).
Spectrum analyzer: peak detection.

IHP415E

•
HP 415E SWR Meter

HP 415E SWR Meter is a low noise, 1000 Hz tuned amplifier and
voltmeter, calibrated in dB and SWR. Designed for use with square
law detectors, it measures SWR, attenuation, and gain directly from
metered scales, or drives an X-Y recorder for RF substitution mea
surements. Front panel INPUT switch selects unbiased low (50-200
n) or high (2500-10,000 n) impedance crystal, biased crystal (.1 V
into I kn), or low or high current bolometer (4.5 or 8.7 mA ± 3% Into
200 n).

An internal precision 60 dB attenuator allows the HP 415E to oper
ate over a 70 dB range in 10 or 2 dB steps, with ±0.05 dB accuracy for
a 10 dB step; maximum cumulative error between any two 1.0 dB
steps is ±O.I dB. Sensitivity is 0.15 !.LV rms for full scale deflection at
maximum bandwidth (I !.LV rms on high impedance crystal input).

Continuously adjustable bandwidth can be adjusted from IS Hz for
maximum sensitivity at CW frequencies to 130 Hz for swept frequen
cy uses. An optional rechargeable battery pack provides up to 36
hours of continuous operation for portable use.
Weight: Net 4 kg (9 Ib); shipping 5.8 kg (l3Ib).
Power: II 5-230 V ± 10%, 50-400 Hz, I VA.
Dimensions: 155Hxl90Wx279mm D(6)'32x72'/32xllin.)

HP 8750A Storage Normalizer
With HP's versatile 8750A Storage-Normalizer, you can make

your network analyzer or spectrum analyzer measurements faster,
easier, and more accurately through the simple addition of digital
storage and normalization. This useful instrument accessory is direct
ly compatible via a single interface cable with the following Hewlett
Packard instruments; the HP 8755 Scalar Network Analyzer, the HP
8410/8412B, the HP 8754A and the HP 8505A Networks Analyzers
and HP 8557A, 8558B, 8565A and 8559A Spectrum Analyzers. A
special I/O adapter (opt 001 or opt 002) is available for interfacing
instruments (like HP 140 Series Spectrum Analyzers) that are not
directly compatible with the HP 8750A. An external oscilloscope can
then be used for digitally stored and normalized displays. (The HP
8750A is not compatible with the HP 8414B Polar Display or the
polar mode of the HP 8505A or the HP 8754A.)

In network analyzer applications, digital storage always yields a
flicker-free display of the complete device response, facilitating easy
adjustment of test devices under slow sweep conditions. Measurement
accuracy is also improved since frequency response errors can be au
tomatically removed through digital normalization. This effectively
eliminates the need to manually record calibration traces on a CRT
or x-y recorder and allows high resolution measurements of attenu
ator, amplifier, or filter passband flatness.

In spectrum analyzer applications, the HP 8750A's digital storage
feature simplifies many difficult tests requiring slow scan times such
as high resolution modulation measurements. Drift tests are also easy
since two traces, a stored reference and the current input, can be dis
played simultaneously.

Hard copy documentation can be obtained quickly and easily since
data can be frozen on the CRT for straightforward CRT photography
or output to an -x-y recorder at a constant 30 second sweep rate.

Supplemental Performance Characteristics

Display . .
Horizontal memory resolution: two display channels, 256 poInts per
channel (0.4% of full scale, 8 bit word)

Ordering Information
HP 87S0A Storage-Normalizer
Opt 001: BNC Interface Adapter (Deletes direct
interface cable)
Opt 002: BNC Interface Adapter (Retains direct
interface cable)
Opt 003: HP 8755C or 8412B/8620C Plug-in
Interface Card
Opt 004: HP 8754A Plug-in Interface Card

HP 41SE SWR Meter
Opt 001: rechargeable battery installed
Opt 002: rear panel input connector

Price
$2,600

N/C

add $180

add $200
add $200

$2300
add $105
add $25



BLOGIC ANALYZERS
State, Timing, Analog, and Stimulus/Response Analysis
Model 1831A/D,1850A,1851A,18500A,18510A,16515A/18A,1852OA/21A,18530A/31A

LOGIC 1GHz PATTERN DIGITIZING
ANALYSIS TIMING GENERATION DSCILlOSCOPE

Module HP 1651OA" HP 16515A/ HP 16520Al HP 16530A/
HP 16516A HP 16521A HP 16531A

Ch.nn.'. 80 16 IV48 2
PlI C.rd

Maximum 400 80 204 8
Ch.nnel.
P.r frame

Memory IK 8K 4K 4K
Depth

Maximum 25 MHz Slate 1GHz Timing 50 Mbits/s 400 Msamples/s
Rate 100 MHz Timing 100 MHz

Bandwidth

PRICE $5200 $7800' $37001 $15001
16500 $4000 $4000

Introducing HP's New Family of Logic Analyzers
and Logic Analysis Systems ..•

Memory

Microprocessor
support

Price

1 Kbitjchannel

Today's most popular
8-, 16-, and 32-bit
microprocessors

$7800

1 Kbitjchannels

Today's most popular
8-bit microprocessors

$3900

Performance
• Up to 400 channels of general-purpose logic analysis.
• Up to 80 channels of 1 GHz timing analysis.
• Up to 204 channels of 50 Mbitjs pattern generation.
• Up to 8 channels of 400 Msamplejs digitizing oscilloscope capabil

ity.

Ease-of-use
• Save time and avoid errors using the HP 16500A's color touch

screen or mouse.
• Make measurements quickly with the HP 1650Aj1651Ns simpli

fied user-interface.
• Give the knob a spin to change values quickly or move measure

ment markers.

Value
• Rely on HP's traditional reliability and quality for low cost-of

ownership.
• With Option W30, get 3 year protection for your HP

1650Aj 1651Aj16500A.
• These products come with a one year standard warranty. Option

W30 adds two additional years of return-to-HP service.
• Get assistance when and where you need it with HP's worldwide

sales and support organization.

"The HP 165WA has the same capabilities as the HP 1650A and contains 5 ofHP's Logic-Ana
Iyzer-on-a-Chip.

Simple, Yet Does the job ... and More
• Lengthen your timing window with transitional timing on ALL

channels.
• Capture elusive glitches with glitch detection on ALL channels.
• Configure the HP 1650Aj 1651 A in four ways: one state analyzer,

one timing analyzer, or one state and one timing analyzer.
• Store setups and measurement results with the built-in disc drive

for fast recall or permanent records.
• Generate report-quality documentation with push button ease.
• Program the HP 1650Aj165lA with easily understood commands

through the built-in RS-232C interface.

Fits Where You Need It ... Goes Where You Want It
• Compact: With its small footprint, the HP 1650Aj1651A fits easi·

lyon your bench, within the same field of vision as what you're
working on.

• Portable: At only 22Ibs., the HP 1650Ajl65lA can be easily car
ried with its built-in handle or the HP 1540·1066 soft carrying
case.

• One Piece: Keep everything together, in one place; the probes and
cables fit conveniently into the pouch attached to the top of the
instrument.

Setup Convenience
• Set up your digitizing oscilloscope or your timing analyzer with

push button ease using HP's Auto-Scale.
• Connect to your circuit with new lightweight passive probes and

flexible cables.
• Hook up quickly to today's most popular 8-,16-, and 32-bit micro

processors with HP's preprocessors.
• Store and recall configurations from built-in disc drives for fast set

up.

Timing

State

HP 1650A
100 MHz on ALL 80
channels

25 MHz on ALL 80
channels

HP 1651A
100 MHz on ALL 32
channels

25 MHz on ALL 32
channels

Solutions 'or Individual Requirements and Group Needs
• Customize your own system by adding cards to the HP 16500A's

five card slots.
• Make time-correlated measurements between cards using the HP

16500A's Intermodule Bus.
• Compare measurement data from hardware with design simulation

data using the HP Electronic Design System and the HP 16500A
Logic Analysis System.

• Program the HP 16500A with easily understood commands
through HP-lB or RS-232C built-in interfaces.

• Store setups and measurement results in either of two built-in disc
drives for fast recall or permanent record.

• Generate report-quality documentation with push button ease.



LOGIC ANALYZERS B
Today's Best Value in General-purpose Logic Analyzers 257

Model 1850A, 1851A

• HP 1650A - 80 channels, HP 1651A - 32 channels of 25
MHz state or 100 MHz timing

• Transitional timing for deep effective memory

• Supports most popular 8-, 16-, and 32-bit micro
processors

• Lightweight passive probing
• Simultaneous state/state, simultaneous state/timing

HP 1650A

Hook Up Quickly and Reliably to Your Circuit
HP's new passive probes are small and lightweight. With an input

impedance at the probe tip of lOOk ohms in parallel with 8 pF, these
probes won't load down your circuit. Individual probes and cables can
be removed when they get in the way. Additionally, the HP 01650
63201 Terminating Adaptor enables you to connect your logic ana
lyzer directly to PC boards with 2x 10, 0.1 H center connectors.

ISETUP TIME 1- TIMING WAVEFORMS

Markers f Time 1>< to Trig I 230.0 ns' I Time X to 0 I 60.00 ns

Accumulate c:::Q:!D 0 to Trig 1-170.0 ns I At I X Marker I I D 5TREl I
Sec/Dill I 100,0 ns I Dejoy I 0,000 Sill

X 0

o STRBe\1

IDATA 'r!, J.!!

Overlap all data channels on the display to measure when all
lines are stable.

Extend the Memory of Your Timing Analyzer with
Transitional Timing

Traditionally, a timing analyzer samples the input channels based
on its own internal clock and then stores every sample in memory. The
HP 1650A/1651A/16510A store data only when there is a transi
tion, thus avoiding redundant data. This effectively extends the mem
ory by lengthening the time covered by an acquisition. The timing
analyzer samples at full speed so that events that are seconds or even
minutes apart are captured with 10 ns resolution.

Debug Quickly with up to 80 Channels
The HP l650A/1651A/ l65l0A's 5 ns minimum glitch capture on

all channels looks for activity between samples. Pattern search helps
you to find a specific event quickly. Overlay mode places several tim
ing signals on one display line, so that you can see where timing viola
tions occur. Infinite persistence shows the changes in waveforms
during repetitive acquisitions. When more channels means spending
less time to find the problem, use up to 80 channels.

Capture the Data You Want to See
Trigger on a pattern across the full 80 channels. Or you can qualify

a pattern by specifying a duration, glitch, or edge. Specify a pattern
duration to capture error conditions indicated by a pattern that ex
ceeds a specified limit. When you need to see what is happening
around a troublesome glitch or hardware interrupt signal, use glitch
or edge triggering.

Focus on the Information You Need
The HP l650A/1651A/1651OA's complex state triggering filters

out unnecessary data and provides a listing of the crucial data:
• 5 clock inputs/clock qualifiers allow your system to determine

when the analyzer takes a sample.
• Storage qualification allows you to specify which states are stored

in memory.
• 8 sequence levels determine the sequence of states required for trig

ger and help you to focus on a specific area of code execution.
• 8 pattern recognizers, 1 range recognizer or logical combinations of

these are used to identify states that are stored.
• Tagging keeps track of the amount of time or the number of states

between stored states.
• Enable/Disable can be used to restrict storage to the activity of a

specific routine.
• Prestore stores two qualified states that precede the states that are

normally stored.



BLOGIC ANALYZERS
loday's Best Value in General-purpose Logic Analyzers (cont'd)
Model 1650A, 1651A

\6509 STATE 1- STATE LISTING (Specifll Stop Ileosllrement)

Hl!lrkers I P:"lttern I Find L~~(liiiiiiJc:::::::::IJfrorn I Trigger

Pi!lttern )~ DATA

Lobe I ~16809/6G09E r"\nwlon i c STAT
Bose Hex hex 5.I~mbo1

+0120 FoOA LDY .. , 000 OPCODE
+0121 FaOB t;E pro 9r ~m r 8ljd p~OGRAI1

+0122 FaOe 10 pr 0JrlH(1 1- sad FROGRAt"l
+0123 faOD 00 program roHd PROGRAn
+012£1 F80E LJU "1000 OPCCDE
+0125 FBOF 10 pi' 091' am reed PF:OGRAl"I
+0126 FalO 00 program r8!iQ PROGRH/""I
!+O 1271 FSII TFR B ,DP OFCODE
+0128 FB12 96 prograrl' rS(l,j PROGRAI"l
+0129 ""813 AB;~ DPCODE
+0130 F814 ADCA .. 55 OFCODE
+013 f FS !5 55 pr,grofll reod PROGRAII
+0132 F316 ADCA <0039 OPCODI:::
+0133 FBI? 39 pre gram refld PROGRAI1

x +0134 0039 FF da to rBad DATH
+0135 FSI G ,".DCA 1000 [IPCODE

1 r'lACH A 1- STATE LISTING~ (Speei:1d Stop neo$uri::rnenl)

Mi:lrkers 1 Fo t tern 1 Find I x po ttern IC==:O from I Tr 19ger I
Po t tern ) IOOOFFF24! coeE RO

Lobe 1 , ~180386 rlnemoni c
I

5TA
Base > Hex ')8X S~m

o +0004 FFFFFrre JNP FFFoH, OJ24H CODE RD
+0005 FFFFFFFA :-:x:-::-:FO::JOH code reed CODE I-<D
+0006 FFFFFFFC ADD [B>O [51] ,AL CODE RD
+0007 FFFFFFFE ADD no operend CODE RD

)( +OCOB 000FFF24 CLI CODE RD
MOV SI,1l0000H

+0009 OJOFFF25 x>:>:xOOOOH caGe reed CODE R)
1+00101 OOOFFF28 rlOV DI,1l01COH eQJE RD
+0011 000FFF2A MOv CX,1l0018H emE R)
+0012 OoOFFF2C x:o:xxOO18H code r eEla CODE Fm
+0013 000FFF2E CLD CODE RD

I'IOV AX,1l no Qp~ranu

+0014 OOOFFF24 CL: CODE RD
1101/ SI, 1l0000H

+0015 OOOFFF26 xxxxOOOOH cooe read CeDE RD
+0016 OOOFFF28 110V D1,1l0100H CODE r<:O

Motorola 6809 state listing and Intel 80386 state listing, both with inverse assembly.

Debug Designs that Use Today's Most Popular
Microprocessors

HP's preprocessors tailor the HP 1650A/1651A/16510A to
microprocessors from Intel, Motorola, Zilog, and National. These
preprocessors simplify hookup by plugging directly into the CPU's
socket. Companion software converts the acquired state data into
microprocessor mnemonics, making it easy to monitor program exe
cution.

For designs that use custom or proprietary CPUs, you can use the
HP 10320C User-definable Interface to connect the HP
1650A/165IA/1651OA to your system. The HP l0391A Inverse As
sembler Development Package can be used to develop custom soft
ware that converts the acquired state data into your CPU's
mnemonics.

Identify Performance Bottlenecks with System
Performance Analysis

The HP l0390A System Performance Analysis software adds
three measurements to the HP 1650A/1651A/16510A. The State
Histogram and State Overview measurements can display the intensi
ty of activity in specific areas of memory or identify modules that are
prime targets for optimization. The Time Interval measurement can
be used to measure execution time of a module, time between calls to
a module, or time between two different modules.

I 68000 - Sysln Per-forAtanee Analysis ( Specify QUlJUr led Stlltes )

Treee mOdelSlate Hislogrom!LClbel~ Bese !HexodeeimClll

Troee type!G1U61ifiea stolesl ~ other stotes

View Time-correlated Activity of Two Parts of Your
System

The HP l650A/165IA/16510A can be configured into two inde
pendent state analyzers, or one state and one timing analyzer. Mea
surements that might have required two instruments before can now
be made with one instrument.

For example, by using the state analyzer to focus on a specific I/O
routine, you can watch both the program execution and the activity
on the I/0 lines with a time correlated display. Or, when you need to
examine the interaction of two microprocessors, the HP
1650A/165IA/16510A can display time-correlated state listings.

ronge

INTR_D1SC

RRALI
STACK

ELAV
OUTP
LOOP4

-off-
-of f-

-orf-
-of f-
others

3747

11228

4042

5871

20285

9914

8923

totol samples 79.671<

Use Cross-Domain Triggering For Complex
Measurements.

Use state to arm timing, or use timing to arm state when the symp
tom of a problem is best isolated with one analyzer and the cause is
best isolated with the other. For example, track a microprocessor's
program flow around a hardware interrupt by using the timing ana
lyzer to find the edge of the interrupt signal. Then the timing analyzer
can arm the state analyzer to acquire data.

State Histogram ... for characterizing the usage of software
modUles.

-810.0 ns

I~

lD Trigger

o I.,:, Tr i gger

66000SHlTE - STATE LISTING

6BOOOTIMNG - TIMING WAVEFORMS

Sec/DiY 1500,0 ns I ['el~1d rl-"0--;.0"'070--=-,'1

IMixed mode 1- Display

L..obe 1 ~'"I~~60~0i20~r~Jn~';;;ill~0<~"Ic======~~=iT~J~meC=1 R/W
Base ~~ tlex ReI ~ mbol

-0004 008934 S=:Q, 8 OOB92E 1.240 us READ
-0003 0:)8936 CNP.B 1l ..... DO 1.240 us READ
-0002 00892E BSR.8 00i392A 1 760 us READ
!-oooll 008930 B03C uruseC prefetch 1.240 us READ

x+OOCO 0004F4 0000 supr dotiJ l-lr'ile 2.000 us HRITE
0+0001 0004F6 8930 slipr data write 1,460 us WRITE

+0002 00BY2A --:I1P 0088(6 [PC J 1.240 us READ

Make simultaneous measurements in both the state and timing
domains.
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Logic Analyzer With Scope 259

_ Built-in two-channel digitizing oscilloscope-50 MHz
bandwidth and 200 M sample/second rate

_ Up to 43 state channels and 16 timing channels

- Interactive measurements
- Automatic time-interval measurements

The HP 1631A/D logic analyzer has a built-in digitizing oscillo
scope, enabling digital hardware designers to make the cross
domain measurements needed to troubleshoot and character
ize systems.

Three Instruments in One Box: HP 16310

Interactive measurements allow you to use the timing analyzer
to locate and trigger on a glitch, and then use the analog analyz
er (with higher vertical resolution) to analyze the cause.

TIMINGTRIG BUSSTATE

ANALOG With a built-in oscilloscope, the HP 1631A/D provides two chan
nels of analog analysis plus automatic time-interval measure
ments and statistics.

The HP 1631A/D provides three instruments in one,linked by an
internal trigger bus. Interactive measurements allow you to trig
ger on the symptom with one instrument, and analyze the cause
with another.

HP 1631A/D Logic Analyzer .•.
The HP 1631A/D provides a digitizing oscilloscope and a logic an

alyzer in one low-cost instrument. Its analog, timing, state, and sys
tem performance analysis capabilities function separately or
interactively to serve the needs of digital design and test engineers.

The A and D models differ only in state/timing channel width. The
HP l631A provides up to 35 state channels, eight timing channels,
and two analog channels. The HP l631D provides up to 43 state
channels, 16 timing channels, and two analog channels.
The One Tool For Every Phase Of
Digital Design And Test
A 50 MHz digitizing oscilloscope

II- 200 megasample/second digitizing rate for capturing single-shot
waveforms

I- Two simultaneous channels
I- Single-shot time intervals to ± 1.5 ns
A complete logic analyzer
II- 100 MHz timing analyzer
I- Time-interval accuracy to ± 1.5 ns
I- 25 MHz state analyzer

Interactive Analysis
You can use one of the HP 1631 A/D's analyzers to capture the

symptom and then use one of the other analyzers to analyze the cause.
Depending on your measurement needs, you can select state, timing,
or analog as master. The other two then become slave. When the
master's trigger specification is met, it simultaneously triggers the
slave-while maintaining time correlation between the analyzers.

Analog Waveform Analysis
Analog waveform analysis provides simultaneous display of up to

two channels. User-definable labels, wide magnification range, and
direct readout of time and voltage between cursors are available.

State Analysis
State listings and waveforms provide displays and windowing of

address, data, status, and control line activity. Selectable display
modes include binary, octal, decimal, hexadecimal, ASCII, reloca
tion, user-defined mnemonics, and microprocessor-specific mnemon
ics. You can assign labels, and display and/or trigger on code in terms
of relocatable or absolute addresses, or user-defined mnemonics.

Timing Analysis
Timing waveform diagrams provide simultaneous display of up to

16 channels, with user-definable labels. Wide magnification range,
glitch display, and direct readout of time between cursors are availa
ble.
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Logic Analysis Systems
Model 18500A, 18510A, 18515A,18518A, 18520A,18521A, 18530A, 18531A

• Up to 400 channels of general-purpose logic analysis
• Up to 80 channels of 1 GHz timing analysis
• Up to 204 channels of 50 Mbit/s pattern generation

• Up to 8 channels of 400 Msample/s digitizing oscillo
scope capability

• CAE System Link Software HP 74240AlB

HP 16500A C8
ESIG~EDFOA. ..

SYSTEMS

HP 18500A Logic Analysis System . .. working
interactively to serve the breadth of your system
design and test needs.
Configurable

The HP 16500A Logic Analysis System can be configured for your
debug, characterization, or pass/fail testing applications. Start with a
focused system, then expand it as your group's needs grow and evolve.
For example, start with an 80 channel logic analyzer and a two chan
nel oscilloscope then add more capability as needed.

HP 16500A's five card slots provide flexible solutions.

High performance system
Verify or analyze the performance of your circuits through com

bined analog, state, and timing measurements. The HP I6500A's five
card slots hold state/timing cards, timing cards, pattern generator
cards, and digitizing oscilloscope cards. Use these cards in combina
tion to make measurements that could not be made with separate in
struments. For example, state can arm both oscilloscope and timing
waveform capture, so you can display a mixture of timing and scope
waveforms on screen to measure time relationships between events.

Ease-of-use ... saves time
You'll enjoy making measurements with the HP I6500A's 9H color

touch-screen, knob, pop up windows and optional mouse. The HP
I6500A's pop up windows show all choices for a given task, for easy
and fast selection without having to hunt. You'll be more productive
when you automate measurements through easily understood pro
gramming. Color discriminates overlapped traces, emphasizes impor
tant points, and can be customized for personal preference and
environmental considerations. Even infrequent users will spend less
time making measurements and more time analyzing the results.

Instant documentation
With the push of a button, you can document your results profes

sionally through the standard hardcopy feature. Documentation will
help you trace your steps and communicate your findings to others.
The HP l6500A supports Thinklet, Laserlet, Paintlet, Quietlet, and
Epson printers.

Store setups and data quickly
It's easy to store and retrieve measurement results and setups with

the HP l6500A's two built-in 3'/2" floppy disc drives.



Correlate 1 GHz Timing with Oscilloscope Waveforms
Connect several 1 GHz timing lines while probing simultaneously

with oscilloscope channels. For example, configure 32 channels of 1
GHz timing and 4 oscilloscope channels to provide time correlation
from a single trace point. Capture the number of channels you need
while simultaneously capturing parametric information.

Make time interval measurements between oscilloscope and
liming waveforms.

Interactive Measurements with a Complete Logic
Analyzer and a 400 Megasamples/s DigitiZing
Oscilloscope

For those who need both logic analysis and an oscilloscope to debug
and test, the HP 16500A offers unparalleled interactive measure
ments. The HP 16500A provides enough channels for multiple 8,16,
or 32-bit microprocessor environments while allowing 100 MHz si
multaneous single-shot oscilloscope waveform capture. These chan
nels allow you to perform cause and effect analysis between the state,
timing, and analog domains.

Application Driven Trigger Selection
Select the trigger mode that best suits your application. Use glitch,

state, analog, or timing triggers to capture state, analog, and/or tim
ing data. For example, to analyze interrupt handling in a
microprocessor system, use the oscilloscope to arm timing, state, and
analog capture on the asynchronous interrupt. Then capture
microprocessor program flow with state, capture control lines with
timing, and capture the interrupt line with the scope. The HP 16500A
Logic Analysis System connects state, timing, analog, and pattern
generation trigger qualification serially in any order to meet your
needs.

Generate Patterns Interactively
Generate patterns triggered by the Intermodule Bus or by the pat

tern generator's external qualification. The Intermodule Bus provides
state, analog, timing, and/or pattern generator program flow qualifi
cation. Test your circuit's response to patterns that arrive at the right
time, for rigorous functional analysis of prototypes. Also, quickly pro
gram simple patterns for applications where you need to toggle just a
few lines.

Mix 1 GHz Timing with 100 MHz Timing
100 MHz timing channels give you the width you need to look at

complex systems. The 1 GHz timing channels give you the timing
speed and memory depth you need to make I ns resolution measure
ments up to 8 us before or after the trigger event for precise edge
placement measurements.

Perform Time Correlated State Analysis
In today's multiple microprocessor environments, systems are driv

en by multiple clocks. The HP 16500A/ 16510A provides simultane
ous capture of separately clocked systems, while time tag in all

states. You can capture the states from several microprocessors, then
analyze their flow with interleaved, time-correlated state displays.

HP 74240AI74240B ... Bring Real World Measurements
Into Your Simulated Environment

The HP 74240A Electronic Design System-To-HP 16500A Logic
Analysis System CAE Link translates Electronic Design System
(EDS) simulations via HP·IB or disc media into HP 16520A/21A
patterns; translates HP 16510A and HP 16515A/16A timing data
into simulation vectors.

The HP 74240A also controls tests from the simulated environ
ment by setting up the HP 16500A instrument (assign channels and
labels, arm analyzer, and set clock rates), downloading patterns, and
making measurements automatically (runs patterns and captures re
sponse).

The HP 74240B Simulation Data File Comparator compares data
files between any two simulated or measured data files; stimulus-to
stimulus, response-to-response, or stimulus-to-response.

Prototype verification with CAE simulations
Compare prototype behavior with simulated behavior. By sending

simulation test vectors through the HP 74240A link to create proto
type tests, you avoid manual test generation and typing in test vectors.
The time to create the tests is reduced and the test accuracy is in
creased. Analysis is easier because you do not need to leave your fa
miliar workstation environment when verifying a prototype. Use the
comparison's results to lind circuit problems such as setup and hold
time violations. Begin developing test patterns in the prototype stage
instead of waiting until the product is in the production stage.

HP 74240A Electronic Design System-To-HP 16500A Logic
Analysis System CAE link.

Enhance your simulations
Capture complex circuit activity that is difficult to model, and use

this activity in the simulation environment. For example, complex bus
activity can be added to the simulation without having to model all
the systems feeding the bus. Just capture a representative group of
activity from the bus with the HP 16500A (with HP 16510A or HP
16515A/16516A) and feed it into the simulation through the HP
74240A. Then use it as stimulus and response in your model.

El
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Logic Analyzer-on-a-Card
Model 16510A

• 80 channels of 25 MHz state or 100 MHz timing
• Transitional timing for deep effective memory
• Configure up to 400 channels per frame

• Debug mUltiple 32-bit microprocessor systems
• Supports 8-. 16-. and 32-bit microprocessors
• Lightweight passive probing

Most popular 8-, 16-, and 32-bit
microprocessors.

100 kohm; 8 pF; individually grounded;
2 x 10. 0.1" center connectors.

Duration, glitch, or edge specify error
conditions, 8 sequence levels, 8 pattern
recognizers, I range recognizer. state
armed timing or timing armed state.

5 clock inputs, 4 clock qualifiers, storage
qualification, time and number of state
tagging, pre-store.

Configure each HP 16slOA module as two
independent state analyzers, or one state
and one timing analyzer.

"Rafer to the HP 1650A section for more information on the HP 16510A's capabilities.

Interactive
Measurements

Data Qualification

Triggering and
Pattern
Qualification

Small Lightweight
Probing

Microprocessor
Support

HP 16510A Logic Analyzer ...
an HP 1650A on a card*
Number of Channels

Types of Analysis

Glitch Detection

Marker
Measurements

Timing Violation
Measurements

80 channels per card, up to 400 channels in
one HP 16s00A.
25 MHz state, 100 MHz timing,
simultaneous state/state, simultaneous
state/timing.
5 ns minimum pulse width between
samples; trigger on and/or capture on all
channels.
Time interval; number of states; pattern
search; minimum, maximum, and average
time interval statistics.
Acquire data until time interval between
two specified patterns violates a specified
condition.

System Performance
Analysis

State label, time interval, state overview;
requires HP 10390A.

Data Display/Entry Binary, octal, decimal, hexidecimal, ASCII
(display only), user-defined symbols.

Deep Effective
Memory

Uses transitional timing to store data only
when there is a transition,

Debug Modes Overlap mode allows viewing of timing
violations. Infinite persistence shows
waveform changes during repetitive
acquisitions.



• 400 Megasamples/s single-shot analysis
• Better than 1 ns time interval accuracy (single-shot)
• Up to 8 simultaneous oscilloscope channels

HP 16530A/16531A Digitizing Oscilloscope ...
Capture and Time Correlate Single-shot Events
Precision Time Interval Measurements

Make time interval measurements with markers at better than I ns
accuracy single-shot (after deskewing). Accuracy at the probe tip is
assured by a calibration routine that reduces channel-to-channel
skew.

Single-shot Analysis
The HP 16531A 2 channel, 400 megasamples/s digitizing oscillo

scope captures 100 MHz bandwidth signals single-shot. Multiple
channels can be captured simultaneously so that you can determine
relationships between infrequent events. A high-resolution color dis
play and post-capture scroll and zoom allow you to examine
waveforms in detail.

Capture Many Waveforms Simultaneously
Run up to four HP 16531A oscilloscope cards with a single HP

16530A timebase card for simultaneous acquisition. Your HP
l6530A/16531A oscilloscope module can be configured to acquire
from two to eight signals simultaneously. Save time when debugging
and characterizing systems by observing multiple test points during
each test.

• 4 ksamples memory depth/channel for pre-trigger
debugging

• Oscilloscope triggered by logic analyzer
• Automatic measurement and setup aids

Measure Slow and Fast Events Simultaneously
Use the 4K memory depth to measure periods and time intervals;

then zoom in for risetime measurements. Add a second oscilloscope
module to create a dual timebase digitizing oscilloscope.
Find the Causes of Errors

Each channel has 4K memory depth for capturing events before or
after the trigger event. View events up to 10 us before the trigger
event with greater than I ns accuracy.
View Analog and Digital Waveshapes ... and More

Capture random signal variations with Accumulate mode. Filter
out noise with Average mode. Show true single-shot events with Sin·
gle mode. Scan many periods of the waveform easily with Connect·
the-dots. View analog-like waveshapes with 6 bit vertical resolution.
Analyze differential waveshapes with the A-B mode.

Automatic Measurements
Automatic pulse parameters allow fast analysis without having to

count graticules. Parameters such as frequency, period, pulse width,
peak-to-peak voltage, maximum voltage, minimum voltage, risetime,
falltime, preshoot, and overshoot are just one keystroke away. Also
measure voltage and timing relationships by placing the markers and
reading the answer on the display. Display the time between markers,
acquire until capturing specified time between markers, perform sta
tistical analysis on the time between markers. Setup is easy with auto
matic waveform scaling, TTL & ECL presets aid scaling, and
automatic marker placement on specified edges.
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1 GHz Timing Analyzer~«m-a-Card

Model 18515A, 18518A

• 1 GHz tirning for 1 nanosecolld resolution
• 16 channels/card for up to 32~hannelsper analyzer
• Up to 80 channels per frame

HP 16515A/16516A ... Capture High-speed
Events with 1 Gigahertz Timing

Measure Time Intervals Precisely with 1 ns Resolution
Measure precise time relationships on high speed TTL, CMOS,

and ECL circuits with I ns single-shot resolution.

Debug Quickly with up to 80 Channels
Avoid having to move probes. Find problems faster by capturing

more channels at the same time, and solve applications that require
several simultaneous channels. Each HP 16515A/16516A timing
card offers 16 simultaneous channels. Add up to five cards for a total
of 80 channels for applications where having more channels means
taking less time to find the problem.

• 8 kbits npr channel rneml)ry depth
• Lightvveigh l passive probing
• Easy-to· USB scope-like controls

Find the Cause of Problem; wi.hfl K.,itlchannel
Memory Depth

Find and analyze events that occur before or after the trigger event.
Each channel stores 8K samples to allow 8/Jos of negative time capture
with I ns resolution, for pre-trigger applications. Deep memory stores
data over several clock cycles while retaining precise edge placement
information. Deep memory also helps you find elusive problems more
quickly when you're not sure exactly where to trigger.

Hook Up Easily to Your Circ'.lit with HP's New
Lightweight Probes

HP's new 10 kohm, 3 pF passive probes are lightweight and easy to
connect. These probes can be connected with probe tips or plugged
directly into any .1 N grid with .026N to .033N diameter round pins or
.025N square pins. Individual grounds are provided for each channel
to shorten ground loops.

Easy-to-use
Enjoy the HP 16515A/16516A timing module's scope-like con

trols by selecting seconds/division and delay. Automatic pattern
search quickly finds patterns. Statistical time interval analysis mea
sures the dynamics of your circuits.



• : 2. ncr-return-to-lf'C \~~FL~):,i1annpls16520A
• 48 NHZ channels 1fl5'r' 1A
• 204 NRZ channels n1Cl)o,i;num / ,'.,/ster::

HP 16520Al16521A 50 Mbit/s Pattern Generation
· •• When Analysis Requires Both Stimulus and
Response

Synergistic Solution
Configure the HP 16500A to provide both stimulus and response in

one instrument. Use the HP 16520A 50 Mbit/s Pattern Generator
Master card and the HP 16521A 50 Mbit/s Pattern Generator Ex
pansion card to provide the functional stimulus, Use the digitizing
oscilloscope, 25 MHz state/IOO MHz timing cards, or 1 GHz timing
cards to capture functional and parametric circuit response, Also use
the HP 16500A stimUlus/response capability in HP's CAE environ
ment to provide prototype functional testing,

Debug Digital Circuits Eastly
Quickly generate the patterns necessary to put your circuit in a

given state, or single-step your circuit through a series of states,
Generate patterns to isolate and analyze glitches in a repetitive en

vironment.
Two menus (format and listing menus) allow complete data entry,

The format menu allows you to group data channels together for easy
data entry, Enter data in hex, octal, binary, decimal, or symbols, Edit
ing is enhanced with delete, insert, and copy functions, Merge stored
programs to create more complex data files quickly, Macros allow
you to repeat portions of code quickly, Apply these complex patterns
to duplicate your system's loops, jumps, and subroutines, Run control
for the pattern generator can be derived from the screen, external
sources, or Intermodule Bus, .allowing you to generate patterns when
complex trigger conditions occur,

_·a...............-..
Define strobes with easy pop-up menu.

Perform Functional VeriiK atiol1
Avoid designing custom hardware or using other time consuming

methods to provide stimulus to your circuit. The HP 16520A/
16521 A offers functional tests at a low cost-per-channel.

Shorten '(our Design Cycb<
Test partial systems, even though they are missing components.

The HP 16520A/16521A can be used to substitute for boards, ICs,
and buses. Instead of waiting for the missing pieces, you can continue
to test and verify your design.

LOGIC ANALYZERS 8
50 Mbit/s Pattern Generation.on-a-Card 265

Model 16520A, 16521A

• 50 Mbit/s maximum data rate
• 4095 bits memory depthichannel
• Lightweight passive probing

Friendly Circuit Connectior.
Easily attach to boards through probe tips or 2 x 10, 0.1" center

connectors on your circuit board. Standard connectors eliminate the
need to purchase special connectors or to build custom fixtures to
hook into your DDT. The lightweight and passive probing system
provides ECL or TTL patterns through 50 ohm connections. Series
termination eliminates the need for external 50 ohm terminations.
HP also offers the HP 10345A ECL differential Driver, HP I0348A
CMOS Tristate Pod and the HP 10346A TTL Tristate Pod.

Light passive probing provides easy connections to your OUT.



Microprocessor Preprocessors

Display Captured Data In Your Microprocessor's
Mnemonics

Inverse Assembly software translates the ones and zeros captured
by the logic analyzer into a display that you're familiar with
microprocessor mnemonics. The resulting display can easily be com
pared to original assembly language listings to track down software
defects.

Each preprocessor includes an inverse assembler on a 3.5 inch disc.
When loaded into the logic analyzer from the internal disc drive, it
configures the instrument for use with your preprocessor and trans
forms the data and status of each state into the microprocessor's mne
monics.

Minicomputer Interfaces for Three PopUlar
Minicomputer Buses

When you need to monitor the flow of information from card to
card in your minicomputer, turn to HP's minicomputer interfaces.
These modules plug into your minicomputer backplane to give your
logic analyzer access to the important address, data and control lines
that transfer information between slots in the cardcage.

You can choose from the UNIBUS interface for the DEC PDP-II,

Monitor Your 110 and Bus Interfaces
The HP bus preprocessors provide analysis capabilities for many

popular I/O and bus interfaces. These packages give you:
• convenient and reliable access to the signals on your interface;
• software that sets up the HP 1650A, HPI651A and HP16510A

Logic Analyzers for the measurement at hand;
• a complete view of the control lines;
• capture of all traffic occurring on the bus;
• conversion of the captured information into easy to understand

mnemonics.
Many also provide timing analysis on all data, handshake and man

agement lines for isolating noise, faulty hardware or defective cables.
Each package includes the preprocessor board, termination adapt

er (if required), and software on a 3.5W disc to set up the logic analyz
er and provide inverse assembly of the captured data.
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Preprocessors And Interface Modules

HP 103148 with HP 10269C for Intel 80386 support.

Simplified Data Interpretation and
Interconnections

Microprocessor Support
Analyze the code in your microprocessor-based system while the

system is running at full speed. HP's microprocessor support accesso
ries allow you to follow the path of your software-from power-up,
through interrupts, to fatal system crashes.

HP now offers support for 32-bit microprocessors, including the
Motorola 68020 and the Intel 80386. Or, trace the flow of common
16-bit CPU's-the Intel 8086 and 80286 families or the Motorola
68000 devices. In addition, you can completely monitor your Zilog,
Intel, National or Motorola 8-bit system.

Preprocessors for your microprocessor connect to the logic an
alyzer probes through the HP 10269C General Purpose Probe
Interface.

Hook Up Quickly and Reliably to Your Microprocessor
System

HP's microprocessor preprocessors are the mechanical and e1ectri
cal link between your target system and the logic analyzer. They pro
vide: reliable, correct, fast and convenient connections to your
microprocessor system; all clocking and demultiplexing circuits
needed to correctly capture your system's operation; additional status
lines to further decode the operation of your CPU; dequeueing cir
cuits to weed out the unexecuted instructions that were pre-fetched by
your microprocessor.

Microprocessor
8085
8086/88
80186/88
80286
80386
6800/02
6809/09E
68008
68000/10
68000/10
68020
NSC800
Z80
68HCll
6301/03
6301/03
64180
64180

Bus Preprocessor
Interface/Bus Type

MIL-STD-1553
HP-IB (HP's implementation

of IEEE488-1978)
RS232CjCCITT V.24
RS449
SCSI
VME

HP Preprocessor Model No.
HP 10304B
HP 10305B
HP 10306B
HP 10312D
HP 10314B
HP 10307B
HP 10308B
HP 10310B
HP 10311B (DIP)
HP 103110 (POA)
HP 103130
HP 10303B
HP 10300B
HP 103150
HP 103350 (PGA)
HP 10335H (PLCC)
HP 103360 (PGA)
HP 10336H (PLCC)

HP Preprocessor Model No.
10341B
10342B, 103420

103428
10342B
10343B
10344A - Single wide
10344B - Double wide



the Q-BUS interface for the DEC LSI-II or an interface for the Intel
MULTlBUS·. Each card buffers the signals from the backplane and
generates the proper clocking signals for the logic analyzer. In addi
tion, switches on each card will filter out unwanted bus cycles, so only
the information of interest is sent to the logic analyzer. The interface
cards output the buffered backplane signals over two 40-pin ribbon
cables. To connect these cables to the logic analyzer, use the HP
I0320C User-Definable Interface and the HP I0269C G.P. Probe In
terface to mechanically route the cable signals to the logic analyzer
probes. Detailed instructions are included with the HP I0320C for
constructing the interface, as well as set-up information for your logic
analyzer to allow complete analysis of your minicomputer backplane.

See an Overall Picture of Your System to Find the
Routines that Are Slowing You Down

The HP I0390A System Performance Analysis Software (SPA)
converts your HP l650A, HP 1651A or HP 16510A Logic Analyzer
into a powerful tool for finding bottlenecks in your system. SPA can
help you: find the routines that are called most often in your system;
identify inefficient use of discs and peripherals that slow your system
down; and find processes that use too much CPU time.

The logic state analyzer is configured to repetitively sample your
target system as it operates. The analyzer takes a sample of your sys
tem, sorts the captured data into ranges, then delays a random
amount of time before starting to sample again. (The random delay
ensures that the measurement won't sync on only a small portion of
your system.)

After each acquisition, the captured information is translated into
histograms and bar charts to present the big picture of your system's
operation.

SPA performs three kinds of measurements: State Overview, State
Histogram and Time Interval measurements.

68000 I - SystBII Per-for.nee AnalysiS

Troce mode!Stote OVerVlel-J I Lebel~ Sese ]HexodeClmol!

}{ morker 1100000\ 0 morker lF2oooo1
LO\J velue 10000001 HIgh vl'Ilue IFFFFFFI

Mox
CDun t

4813

>< Merk
CDun t

o

o MlHx
co un t

865

To tell
CDun t5

52224

State Overview measurements qUickly show which addresses
have activity.

Designing Your Own Preprocessor ... the HP 10320C
The HP I0320C User-Definable Interface allows you to build a

custom preprocessor-a preprocessor that meets your own strict speci
fications. Use the HP I0320C when you need:
• an interface for analyzing custom or proprietary devices with your

HP 1650A, HP 1651A or HP 16510A logic analyzer,
• a semi-custom test fixture for using your logic analyzer in a manu

facturing test environment, or
• a link for ribbon cables or connections to your logic analyzer.

The HP I0320C provides a breadboard that fits inside the HP
10269C General Purpose Probe Interface. In addition, the kit in
cludes mechanical hardware to mount the breadboard in place and
connectors for sending your signals to the HP 10269C. The accompa
nying manual discusses the interface design process, including what
to look for in your target system, how to design so that set up and hold
requirements are met, and tips on power supply distribution.

Building and Connecting the Interface ... Extra
Convenience with HP's Parts Kit and SpeCIal Cables

Companion accessories enhance the utility of the HP I0320C. The
HP 10321 A Microprocessor Interface Kit provides many of the parts
needed when designing an interface that used IC's and other active
devices. It includes sockets, bypass capacitors and a fuse for power
distribution, and wire-wrap headers to simplify the wiring of your in
terface. With the HP I032IA, the user only needs to provide the spe
cific components and active parts used in the interface design.

The HP 10322A, HP 10323A and HP 10324A Cables provide a
reliable mechanical and electrical connection between a socket on
your target system and the HP I0320C User-Definable Interface.
The cable has a special socket assembly for easy connection without
damaging the pins of your device. Simply remove your IC from your
system, plug the cable in its place, then plug your chip into the Zero
Insertion-Force socket on the cable. This technique minimizes the ca
pacitive loading to your system, as well as giving you a low-profile,
reliable hook-up.

For 40-pin DIP packages, order the HP I0322A; 48-pin devices
require the HP I0323A. 64-pin DIP Ie's are supported by the HP
I0324A.

A Display With Your Mnemonics ... to Match Your
Custom Interface

Just as the HP I0320C allows you to design custom hardware, the
HP I0391A Inverse Assembler Development Package allows you to
design a custom inverse assembler for the HP 1650A, HP 1651 A or
HP 16510A Logic Analyzers. This software package allows you to
write an inverse assembler that will display your system's operation in
mnemonics you're familiar with.

The HP I0391A is a macro assembler that runs on the HP Vectra,
the IBM-PC or PC compatibles. The HP 10391 A includes:
Pascal-like instructions, such as CASE and IF-THEN statements;
Strong bit-manipulation capabilities allowing the extraction of single
bits, or conditional branching on a few bits within a word; Assembly
language constructs, including AND, ROTATE and INCRE
MENT/DECREMENT instructions.

To write your own inverse assembler, the HP 10391A requires the
following equipment: I) HP Vectra. IBM -PC· or PC compatible with
a minimum of 256K of memory and MS-DOS· 2.1 or above. 2) I
floppy disc drive with an internal hard disc (recommended configura
tion) for the PC, or two floppy disc drives. 3) RS-232C port and cable.
Recommended card: HP 24540A Serial/Parallel Card or HP
24541A Dual Serial card. For 25-pin ports, use cable HP 13242G or
equivalent. For 9-pin ports. use cable HP 24542G or equivalent. 4)
HP 1650A or HP 1651A Logic Analyzer, or HP 16500A Logic Anal
ysis System with an HP 16510A State/Timing card installed.

"'BM-PC is a trademark of International Business Machines Corporation. MS-DOS is atrademark
of MicroSoft Corporation. DEC, UNI-BUS. PDP-11. Q-BUS and LSI-" are registered 'rade
marks of Digital Equipment Corporation



LOGIC ANALYZERS
Specifications And Characteristics
Models 1650A, 1651A, 16500A, 16510A, 16515/16A, 16520A/21A, 16530Al31A

HP 1650A, 1651A, 16510A Specifications

Probes
Minimum Swing: 600 mV peak-to-peak.
Threshold Accuracy: ± 150 mV accuracy over the range -2.0 to 2.0
volts; ±300 mV accuracy over the ranges-9.9 to -2.1 volts and 2.1 to
9.9 volts.
Dynamic Range: ± 10 volts about the threshold.

State Mode
Clock Repetition Rate: Single phase is 25 MHz maximum. With
time or state counting, minimum time between states is 60 ns. Both
mixed and demultiplexed clocking use master-slave clock timing;
master clock must follow slave clock by at least 10 ns and precede the
next slave clock by > 50 ns.
Clock Pulse Width: ;:.10 ns at the threshold.
Setup Time: Data must be present prior to clock transition, ;:.10 ns.
Hold Time: Data must be present after rising clock transition, 0 ns.

Timing Mode
Minimum Detectable Glitch: 5 ns wide at the threshold.

Characteristics

Probes
Input RC: 100 Kf! ±2% shunted by approximately 8 pF at the probe
tip.
Minimum Input Overdrive: 250 mV or 30% of the input amplitude,
whichever is greater.
Maximum Voltage: ±40 volts peak.
Threshold Setting: Threshold levels may be defined for pods I and 2
individually (HP 1651 A). Threshold levels may be defined for pods 1,
2, and 3 on an individual basis and one threshold may be defined for
pods 4 and 5 (HP 1650A/16510A),
Threshold Range: -9.9 to +9.9 volts in 0.1 volt increments.

State Analysis
Memory

Data Acquisition: 1024 samples/channel
Format Specification

Clock: Five clocks (HP 1650A/ 16510A) or two clocks (HP 1651A)
are available and can be used by either one or two state analyzers at
any time. Clock edges can be ORed together and operate in single
phase, two phase demultiplexing, or two phase mixed mode. Clock
edge is selectable as positive, negative, or both edges for each clock.
Clock Qualifier: The high or low level of four clocks (HP
1650A/ 16510A) or one clock (HP 1651A) can be ANDed with the
clock specification. Setup time: 20 ns; hold time: 5 ns.

Trace Specification
Pattern Recognizers: Each recognizer is the AND combination of
bit (0, I, or X) patterns in each label. 8 pattern recognizers are
available when one state analyzer is on, 4 are available to each ana
lyzer when two state analyzers are on.
Range Recognizer: Recognizes data which is numerically between
or on two specified patterns (ANDed combination of zeros and/or
ones). One range term is available and is assigned to the first state
analyzer turned on. The maximum size is 32 bits.
Qualifier: A user-specified term that can be anystate, nostate, a sin
gle pattern recognizer, range recognizer, or logical combination of
pattern and range recognizers.
Sequence Levels: There are 8 levels available to determine the se
quence of events required for trigger. The trigger term can occur
anywhere in the first 7 sequence levels.
Branching: Each sequence level has a branching qualifier. When
satisfied, the analyzer will restart the sequence or branch to another
sequence level.
Occurrence Counter: Sequence qualifier may be specified to occur
up to 65535 times before advancing to the next level.
Storage Qualification: Each sequence level has a storage qualifier
that specifies the states that are to be stored.
Enable/disable: Defines a window of post-trigger storage. States
stored in this window can be qualified.
Prestore: Stores two qualified states that precede states that are
stored.

Tagging
State Tagging: Counts the number of qualified states between each
stored state, Measurement can be shown relative to the previous
state or relative to trigger. Maximum count is 4.4 X 1012 •

Time Tagging: Measures the time between stored states, relative to
either the previous state or to the trigger. Maximum time between
states is 48 hours. With tagging on, the acquisition memory is
halved; minimum time between states is 60ns.

Symbols
Pattern Symbols: User can define a mnemonic for the specific bit
pattern of a label. When data display is SYMBOL, mnemonic is
displayed where the bit pattern occurs. Bit patterns can include ze
ros, ones, and don't cares.
Range Symbols: User can define a mnemonic covering a range of
values. Bit pattern for lower and upper limits must be defined as a
pattern of zeros and ones, When data display is SYMBOL, values
within the specified range are displayed as mnemonic + offset from
base of range,
Number of Pattern and Range Symbols: 100 per analyzer. Sym
bols can be down-loaded from a controller.

Timing Analysis
Transitional Timing Mode: Sample is stored in acquisition memory
only when the data changes. A time tag stored with each sample al
lows reconstruction of waveform display. Time covered by a full
memory acquisition varies with the number of pattern changes in the
data.

Sample Period: IOns
Maximum Time Covered by Data: 5000 seconds
Minimum Time Covered by Data: 10.24 J.LS

Glitch Capture Mode: Data sample and glitch information is stored
every sample period.

Sample Period: 20 ns to 50 ms in a 1-2-5 sequence dependent on
sec/div and delay settings.
Time Covered by Data: Sample period X 512

Waveform Display
Accumulate: Waveform display is not erased between successive
acquisitions.
Overlay Mode: Multiple channels can be displayed on one
waveform display line. Primary use is to view summary of bus activ
ity.
Maximum Number of Displayed Waveforms: 24

Time Interval Accuracy
Sample Period Accuracy: 0.01 % of sample period.
Channel-to-channel Skew: 4 ns typical
Time Interval Accuracy: ±(sample period + channel-to-channel
skew + 0,01 % of time interval reading)

Trigger Specification
Asynchronous Pattern: Trigger on an asynchronous pattern less
than or greater than specified duration. Pattern is the logical AND
of specified low, high or don't care for each assigned channel. If
pattern is valid but duration is invalid, there is a 20 ns reset time
before looking for patterns again.
Greater than Duration: Minimum duration is 30 ns to 10 ms with
10 ns or 0.01 % resolution, whichever is greater. Accuracy is +0 ns to
-20 ns. Trigger occurs at pattern + duration.
Less than Duration: Maximum duration is 40 ns to 10 ms with 10
ns or 0.0 I% resolution, whichever is greater. Pattern must be valid
for at least 20 ns. Accuracy is + 20 ns to -0 ns. Trigger occurs at the
end of the pattern.
Glitch/Edge Triggering: Trigger on glitch or edge following valid
duration of asynchronous pattern and while the pattern is still pre
sent. Edge can be specified as rising, falling or either. Less than
duration forces glitch and edge triggering off.

Measurement And Display Functions
Autoscale (Timing Analyzer Only): Autoscale searches for and dis
plays channels with activity on the pods assigned to the timing analyz
er.
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Acquisition Specifications
Arming: Each Analyzer can be armed by the Run key, the other

Analyzer, the external trigger in port (HP 1650A/165IA) or the In
termodule Bus (HP 16500A).

Trace Mode: Single mode acquires data once per trace specifica
tion; repetitive mode repeats single mode acquisitions until stop is
pressed or until time interval between two specified patterns is less
than or greater than a specified value, or within or not within a speci
fied range. There is only one trace mode when two analyzers are on.
Labels: Channels may be grouped together and given a 6-character
name. Up to 20 labels in each analyzer may be assigned with up to 32
channels per label. Primary use is for naming groups of channels such
as address, data, and control busses.
Indicators

Activity Indicators: Provided in the Configuration, State Format,
and Timing Format menus for identifying high, low, or changing
states on the inputs.

Markers: Two markers (X and 0) are shown as dashed lines in the
display.

Trigger: Displayed as a vertical dashed line in the timing waveform
display and as line 0 in the state listing display.
Marker Functions

Time Interval: The X and 0 markers measure the time interval be
tween one point on a timing waveform and trigger, two points on the
same timing waveform, two points on different waveforms, or two
states (time tagging on).

Delta States (State Analyzer Only): The X and 0 markers mea
sure the number of tagged states between one state and trigger, or
between two states.

Patterns: The X or 0 marker can be used to locate the nth occur
rence of a specified pattern before or after trigger, or after the begin
ning of data. The 0 marker can also find the nth occurrence of a
pattern before or after the X marker.

Statistics: X to 0 marker statistics are calculated for repetitive ac
quisitions. Patterns must be specified for both markers, and statistics
are kept only when both patterns can be found in an acquisition. Sta
tistics are minimum X to 0 time, maximum X to 0 time, average X to
o time, and ratio of valid runs to total runs.

HP 16530Al16531A 400 Megasample/s Digitizing
OsciJIoscope

Specifications

Vertical (at BNC)
Bandwidth (-3 dB): dc to 100 MHz (dc-coupled)
Range: 40 mV to 16 V full scale (adjustable with 2-digit resolution).
DC Gain Accuracy: ±3% of full scale (valid within ±IO°C of auto
calibration temperature)
Analog-to-digital Conversion (ADC) Resolution: ± 1.6% of full
scale (6 bits)
DC Offset Accuracy: ±I% of offset ±3.2% of full scale (valid within
±IO°C of auto-calibration temperature).
DC Offset Range/Resolution:

Vertical Offset
Range Range

<800 mV ±800 mV
~800 mV ±16 V

Voltage Measurement Accuracy (DC):
Single Cursor (X or 0): = Gain accuracy + ADC resolution +

offset accuracy.
Dual Cursor (X to 0 measurements on the same waveform): =

Gain accuracy + 2 (ADC resolution)

Horizontal
Range: 50 ns to 100 s full scale, adjustable with 3-digit resolution.
Time Interval Measurement Accuracy (dual channel for
deskewed channels with equal rise and fall times):
±0.75 ns ±0.2% of timebase range ±0.02% of reading (2.5 ns sample
period)

± sample period ±0.2% of timebase range ±0.02% of reading (~ 5 ns
sample period)
Delay (Time Offset)

Pre-trigger Range: 4096 X sample period
Post-trigger Range: 500 screen diameters
Resolution: Fine adjustment to 0.2% of screen diameter

Characteristics

Vertical
Transition Time (10% to 90%): ~ 3.5 ns
Input Coupling: dc
Input RC: I Mf! ±2% or 50 ohm ±3%, shunted by approximately 13
pF.
Maximum Safe Input Voltage: I Mf! input, ±40 V (dc + peak ac),
50 f! input, ± 5 V (dc + peak ac)
Probe Factors: Any integer ratio from 1:1 to 1:1000, to scale the
oscilloscope to represent voltages seen at the probe tip.

Time Base
Deskewing: Skew between channels can be nulled out to compensate
for probe cable lengths.

Digitizer
Resolution: 6 bits (1 part in 64)
DigitiZing Rate: up to 400 megasamples/second
Digitizing Technique: Real-time digitizing; each 4K record is ac
quired on a single acquisition.
Acquisition Memory Size: 4096 samples per channel

Waveform Display
Display Formats: Waveforms can be displayed in an overlapping
and/or non-overlapping format.
Display Resolution: 500 points horizontally.
Display Modes

Single: New acquisitions replace old acquisitions on screen.
Accumulate: New acquisitions are added to the screen and dis
played with older acquisitions until screen is erased.
Average: New acquisitions are averaged with older acquisitions
with updated waveform displayed until erased.
Overlay: Up to 8 acquired waveforms can be overlayed in the same
display area.
Connect-the-dots: Provides a display of the sample points con
nected by straight lines.

Waveform Reconstruction: When there is insufficient data to fill ev
ery horizontal location, a post-acquisition reconstruction filter fills in
the missing locations.
Waveform Math: Display capability of A-B and A+B functions is
provided.

Measurement Aids
Markers: Two vertical markers are provided for measurements of
time and voltage. Capabilities are: measure voltage of X and 0 on
each analog waveform; measure time from X to trigger, 0 to trigger,
and X to 0; automatic marker placement by specifying voltage level,
edge number, and rising or falling edge type; run until X to 0 greater
than, less than, in-range, and not-in-range provides selective event
search; X to 0 statistics (mean, max, and min) provide analysis of
time interval deviation.
Automatic Measurements: The following pulse parameter measure
ments can be performed automatically:
Frequency Rise time
Period Fall time
Vpp Preshoot

Overshoot

Setup Aids
Autoscale: Autoscale sets the vertical and horizontal ranges, offset,
and trigger level to display the input signals. Requires an amplitude
above 10 mV peak, and a frequency between 50 Hz and 100 MHz.
Presets: Scale the vertical range, offset, and trigger level to predeter
mined values for displaying ECL or TTL waveforms.

B



8 LOGIC ANALYZERS
Specifications And Characteristics (cont'd)
Models 1650A, 1651A, 16500A, 16510A, 16515/16A, 16520A/21A 16530A/31A

HP 16515A/16516A 1 GHz Timing Analyzers

Specifications

Probes
Minimum Swing: 500 mV peak-to-peak
Threshold Accuracy: ±150 mV ±3.0% over the range 0 to +5 volts.
± 150 mV ±2.0% over the range -3.5 to 0 volts.
Dynamic Range: + 7.0 volts

Characteristics

Probes
Input RC: 10K + 2% shunted by approximately 3 pF at the probe tip.
Maximum Input Voltage: +40 volts

Threshold Range: -3.5 to +5.0 volts in 0.1 volt increments.

Acquisition Memory
Memory Depth: 8192 samplesIchannel
Data Channels: 2 eight channel pods (16515A)

4 eight channel plds (I 6515AI 16516A)

Time Interval Accuracy'
Timebase Accuracy: ±.Ol % of the time interval reading added to:

±500 ps at 250 MHz to 1 GHz sample rate.
±2 ns at -:; 125 MHz sample rate.

Trigger·
Asynchronous Pattern: Trigger on an asynchronous pattern less
than or greater than specified duration, or trigger on not-equal to pat
tern greater than the specified duration. Pattern is the logical AND of
specified low, high or don't care for each assigned channel.
Greater Than Duration: Range is 2 ns to 507 sample periods
Less Than Duration: Range is 16 ns to 507 sample periods.
Edge Trigger: Trigger on edge following valid duration of asynchro
nous pattern.

Minimum Pulse Width: 1.5 nsec

Display Functions
Data Display/Entry
Labels: Channels may be grouped together and given a 6 character
name. Up to 20 labels may be assigned with labels may be assigned
with up to 32 channels per label.
Timing Waveform: Interleaved, time-correlated listing of timing
waveforms and waveforms from other measurement modules other
measurement modules (i.e. another timing analyzer or oscilloscope).
Pattern readout of timing waveforms at X or 0 marker in the selected
base.
Waveform Display
Sec/div: I ns to Is adjustable, with 3-digit resolution.
Delay: -12.5 s to 53.5 ks.
Accumulate: Waveform display is not erased between successive ac
quisitions.
Overlay Mode: Multiple channels can be displayed on one waveform
display line. Primary use is to view summary of bus activity.
Marker Functions

Time Interval: The X and 0 markers, measure the time interval
between one point on a timing waveform and trigger, two points on
the same timing waveform, or two points on different waveforms.
Patterns: The X or 0 markers can be used to locate the 0 to 8192
occurrence of a specified pattern.
Statistics: X to 0 marker statistics are calculated for repetitive ac
quisitions. Statistics are minimum X to 0 time, maximum X to 0
time, average X to 0 time, and count of valid runs.

HP 16520A/16521A 50 Mbit/s Pattern Generator

Specifications

Clock Sources (16520A Only)
Internal Clock

Clock Period: programmable from 20 ns to 200 J.l.S in a one-two-five
sequence.
Data Period Accuracy: ±2% (of period) ± I ns

External Clock (provided by user)
Input Clock Period: I Hz to 50 MHz (20 ns min period) ECL or
TTL, internal frequency divide (/1,/5, or 110) provided.
Duty Cycle: 10 ns minimum high time, 10 ns minimum low time

Strobes (16520A Only)
Number of Strobes: 3 (ECL or TTL)
Bits/Channel: 4095
Maximum Bit Rate: 20 MBit/s (50 ns Period)
Edge Placement: -:; 10 MBit/s: tenths of period
>10 MBit/s to 20 MBit/s: fifths of Period
(Delay + Width -:; Period)
Minimum Delay: 01 10 (0/5), maximum delay is 9110 (4/5) data
period.
Minimum Width: 1/10 (1/5) of data period, maximum width is the
data period (values in parentheses apply to 20 MBit/s timebase set
ting). If strobes are desired while operating with external clock, the
data rate will be divided to I15 or II 10 the external clock rate.

Characteristics

Output: Eight channel pods can be assigned as either standard ECL
or TTL levels All characteristics are valid at the probe tip

ECl TTL

VOH (sleady Slale) - 0.98V 2.7V
VOL (sleady Slate) - 1.55V 0,6V

(into 10KU. 10 pF) (Into 10KU. 10 pF)

Rlsellme/ 2,3 ns 2,5 ns
Falltlme (typ) (-0,98 Vto -155 V) (0,6 Vto 2.7 V)

Channel·to- ~ 5ns S 5ns
channel Skew'
(same card)

Channel·to- < IOns < IOns
channel Skew'
(card·to-card)

Number of SId loads 3 (10 KH Eel, 3 (lS. @Vnl=250mV)
@Vnh=150mV)

(Output measurements made into a load consisting of 10 K{l in
series shunted with 10 pF to ground.)
(.) Skew measured al (+1.6 Y) TTL and (-1 3VI ECl levels

DATA CAPACITY 16520A 16521A

Number of Channels 12 48

Bill Per Channel 4095 4095

Maximum BII Rale 50 MBills NRZ 50 MBills NRZ
(20ns Period) (20ns Period)

INPUT ECl TTL

Vlh(min) -l.OOV 2,08V

Vii (max) -1.52V 1.I2V

Maximum Input Voltage: ±40V

Input Impedance; 100 K{l, 8 pF

External Clock-in to Clock-out Delay: 50 ns

Data instruction Set
Break: Stops program execution, last data vector is held at output.
Repeat: Repeats vector up to 256 times.
Wait 1MB: Wait for intermodule trigger.
Wait External: Wait for user-defines 3-bit pattern on external input
pod to become true. No data cycle latency when pattern is true be
tween 30 ns and 0 ns before next clock edge.



Signal 1MB: Arms other measurement cards.
Macro: Four different macros may be defined and inserted as
needed. Six character labels may be defined for each macro. Macros
contain REPEAT, WAIT EXTERNAL, WAIT 1MB, BREAK, and
SIGNAL 1MB instructions.
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HP 10391A Inverse Assembler Development Package

Printers and Accessories
HP 3630A

Opt 001 PaintJet with RS232C/V.24
Opt 002 PaintJet with HP-IB

HP 92269A Desktop Printer/Plotter Stand
HP 51630P 2-fold PaintJet Paper
HP 2225A ThinkJet Printer with HP-IB Interface
HP 22250 ThinkJet Printer with RS-232C Interface
HP 10833A HP·IB Cable, 1m
13242-60010 RS-232 Cable

Oscilloscope Accessories
HP 10503A BNC-to-BNC cable, l.2m
HP 10435A 10:1, I Mohm, 7.5 pF miniprobe, 1m
HP 10433A 10:1, 10 Mohm, 10 pF miniprobe, 2m
HP 10020A 10:1. 100:1, 10 Mohm, 10 pF resistive
divider probe set, 1.5m
HP 10438A 1:1,40 pF, mini-probe, 1m
HP 10439A 1:1,64 pF, mini-probe, 2m
HP 10437A 1:1,50 ohm, mini-probe, 2m
HP 10440A 100:1, 10 Mohm, 2.5 pF mini-probe, 2m
HP 102408 BNC-to-BNC AC coupling capacitor
HP 10211A 24-pin IC test clip

Logic Analyzer Accessories
01650-61607 16-Channel Probe Cable for HP 1650A
and HP 1651A
16510-61601 16-Channe1 Probe Cable for HP 16510A
(pods 1,3 and 5)
16510-61602 16-Channel Probe Cable
for HP 16510A
(pods 2 and 4)
16515-61604 Probe Cable for HP 16515A and HP
16516A
16515-69502 Lead Set Kit - 8 signal and 8 ground leads
01650-61608 16-Channel Lead Set for HP 1650A, HP
1651A and HP 16510A (grey tip)
01650-63201 Termination Adaptor for HP 1650A, HP
1651A and HP 16510A
5959-0288 Grabbers (package of 20)

Pattern Generator Accessories
16520-61601 Input qualifier Probe Cable
16520-61602 8-Channel Data Probe Cable
16520-61603 Clock Probe Cable
HP 10347A Pattern Generator Probe Lead Set
HP 10348A 8-Channel CMOS Tristate Buffer Pod
16520-69501 Input Qualifier Probe Kit
HP 10345A 8-Channel ECL Differential Driver Pod
HP 10346A 8-Channel TTL Tristate Buffer Pod
5959-0288 Grabber (package of 20)

Other Accessories
HP 1008A Option 006 Testmobile
1540-1066 Soft Carrying Case (for HP 1650A and HP
1651A)
HP 46060A HP Mouse (for 16500A only)
HP 92192A Black double-sided 3.5" microfloppy discs
(box of 10)
5061-6175 HP 1650A & HP 1651A Rackmount Kit
5061-9679 HP 16500A Rackmount Kit
9211-2658 HP 16500A Transit Case
9211-2645 HP 1650A & 1651A Transit Case

5470
$520
5370

$1 ])0
$3.'0

51500

5XXO
SI23.'
52000
$)040
0;;2200
$1110
SI J 10
S1\ 10
SI320

$(,00
$XSO

$1010
SRW
$7.'0
$.'90
$.'SO

$1160

Price

S11,300
SI3,300

57H00
53900
57200
$"200
$7ROO
$6.'00
$3700
S4000
$1.'00
$4000

Bus Preprocessors
HP 103428 HP-IB, RS-232C and RS-449
HP 10342G HP-IB
HP 103438 SCSI bus

General Characteristics
Programmability: Instrument settings and operating modes, in
cluding automatic measurements, may be remotely programmed via
RS-232C or HP-IB (lEEE-488). HP-IB is available only on HP
16500A.
Hardcopy Output
Printers Supported: HP ThinkJet, HP PaintJet, HP QuietJet, HP
LaserJet, Epson and Epson-compatib1e printers (e.g., Epson FX80)
via RS-232C or HP-IB (HP 16500A only).
RS-232C Configurations: Protocol: XON/XOFF, Hardware; Data
bits: 7,8; Stop bits: I, 11/2,2: Parity: none, odd, even; Baud rate: 110,
300,600,1200,2400,4800,9600,19200.
Ordering Information
Logic Analyzers
HP 1631A (35 channels, plus two analog)
HP 16310 (43 channels, plus two analog)
HP 1650A (80 channels)
HP 1651A (32 channels)
HP 16500A Logic Analysis System
HP 16510A (80 channels)
HP 16515A (16 channels, I GHz timing)
HP 16516A (16 channels, I GHz timing)
HP 16520A (12 channels, pattern generation)
HP 16521A (48 channels, pattern generation)
HP 16530A (400 MSa/s oscilloscope timebase)
HP 16531A (400 MSa/s oscilloscope acquisition)

Probe Interface
HP 10269C G.P. Probe Interface
Microprocessor Preprocessors-note, inverse assembly is provided on
3.5-inch disc
HP 103048 Intel 8085
HP 103058 Intel 8086/88
HP 103068 Intel 80186/88
HP 103120 Intel 80286
HP 103148 Intel 80386
HP 103078 Motorola 6800/02
HP 103088 Motorola 6809/09E
HP 103108 Motorola 68008
HP 103118 Motorola 68000/10, 64-pin DIP
HP 10311G Motorola 68000/10, 68-pin PGA
HP 10313G Motorola 68020
HP 103038 National NSC800
HP 103008 Zilog Z80
HP 10315G Motorola 68HCII
HP 10335G Hitachi 6303/01 (DIP)
HP 10336G Hitachi 64180 (DIP)
HP 10336H Hitachi 64180 (PLCe)

Minicomputer Interfaces
HP 10275A PDP-II UNIBUS"
HP 10276A LSI-II Q-Bus**
HP 52126A Intel Multibus***

Accessory Software
HP 10390A System Performance Analysis

User-Definable Interface
HP I0320C User-definable Interface
HP 10321A Microprocessor Interface Parts Kit
HP 10322A 40-pin DIP Interface Cable
HP 10323A 48-pin DIP interface Cable
HP 10324A 64-pin DIP Interface Cable

$.'00

$270
$235
5410
$470
$570

•• PDP-l1 ,LSI·l1,Unibus and Q-bus are trademarks of Digital Equipment Corporation.
•••Mullibus is aIrademark of Inlel Corporalion



aDIGITAL CIRCUIT TESTERS
Signature Multimeter, Combines Counter and Multimeter Functions with Signature Analysis
ModelSOOSB

• Digital and analog measurement capability optimized
for digital troubleshooting

• Easy to use single probe measurement of logic signals,
voltage, and frequency

HP 50058 Programmable Signature Multimeter

HP 50058
Total checkout of a digital system often requires characterizing

both digital data activity and analog signal parameters. A typical
troubleshooting procedure may specify a digital multimeter for
checking power supplies and circuit board integrity (shorts and
opens), a universal counter to measure clock frequencies and time
intervals between signals, and a means to verify the analog integrity
of active digital signals. The HP 50058 Signature Multimeter offers,
in a single instrument, a measurement set optimized for these types of
digital troubleshooting applications.

Field proven Signature Analysis (for multiple logic families).
- Digital multimeter (DC volts, resistance and differential voltage).
- Frequency counter (frequency, totalize, time interval).
- Voltage threshold (upper voltage peak, lower voltage peak).
- Multifunction probe.

Signature Analysis
HP's patented Signature Analysis technique enables the HP 50058

to generate a compressed, four digit "fingerprint" or signature of the
digital data stream at a logic node. Any fault associated with a device
connected through the node will force a change in the data stream
and, consequently, produce an erroneous signature.

Specific features of the HP 50058 Signature Analyzer include:

- Multiple logic family compatibility-preset threshold levels for
TTL, CMOS, and ECL or adjustable thresholds (+ 12.5 V to
-12.5 V) assure coverage of a wide variety of logic device types.
25 MHz clock frequency-extends Signature Analysis to high
speed circuits such as CRT controllers.
Qualified signature mode-speeds fault isolation in complex
products by windowing signature collection to specific modules or
devices without requiring major test setup changes. This simpli
fies the engineering involvement in hardware and software
testability and accelerates test procedure preparation.

Digital Multimeter
Certain digital problems result from analog circuit failures: a low

power supply voltage, an open or shorted circuit path, a faulty AID or
DI A converter. Each may contribute to a system failure. The HP
50058 contains a 4V, digit dc voltmeter, ohmmeter, and differential
voltmeter, each with performance geared toward analog measure
ments necessary in digital troubleshooting.

The implementation of each multimeter function emphasizes sim
plicity and convenience. Automatic internal self calibration and auto
ranging maximize troubleshooting efficiency by eliminating unneces
sary interaction with the instrument. Improvements in display inter
pretation also aid troubleshooting. The ohmmeter, for example, when
measuring an open circuit, produces an "OPEN" indication on the
display rather than the typical overload display.

• 25 MHz, multiple logic family signature analysis with
qualified clocking mode

• Complete HB-IB programmability of every function

Frequency Counter
The counter within the HP 50058 provides totalize and frequency

measurements to 50 MHz, and time interval measurements to 100
nanosecond resolution. Intended to extend the digital troubleshooting
capabilities of the Signature Analysis (synchronous measurements),
the counter functions provide the ability to characterize one-shots and
timers through time interval measurement; test interrupt lines, reset
lines, and asynchronous communication interfaces (RS-232) through
totalize; and verify clock and clock driver circuitry through frequency
measurement.

Voltage Threshold
Logic level degradation is a common and troublesome malfunction

in digital products. Isolating this failure typically requires displaying
and interpreting the waveform. The HP 50058's peak voltage mea
surement mode provides a simple, direct method of measuring logic
high and logic low voltage of active digital signals.

The peak voltage measurement mode allows the HP 50058 to char
acterize and display either the greatest (positive peak) or lowest (neg
ative peak) voltage measured at the probe. Selection of either positive
peak or negative peak mode displays the appropriate measured
threshold for comparison against the specifications of the logic fami
ly.

Multifunction Probe
Several measurement functions incorporated into a single instru

ment can provide optimal troubleshooting efficiency only when each
function is easy to use. The operator, when troubleshooting, must be
able to measure the analog signal parameters and digital functional
characteristics of a node without requiring time consuming and error
prone probe or instrument setup changes. The HP 50058 multifunc
tion probe solves this problem by providing automatic access to the
Signature Analyzer, multimeter, and counter functions through a sin
gle probe. All signal multiplexing to the appropriate measurement
function is accomplished inside the HP 50058.

This efficient probing scheme becomes particularly important in
automatic applications. The HP 50058 takes advantage of the several
functions available in the multifunction probe. A switch, located on
the side of the probe, allows the operator to trigger automatic mea
surement. The instrument controller can then characterize both the
analog parameters and functional digital operation of a circuit node
while the operator probes the same point. This greater automatic
measurement efficiency translates into increased troubleshooting pro
ductivity.

HP-IB Programmability
Complete programmability makes the HP 50058 an ideal choice

for automatic digital testing and troubleshooting. Every HP 50058
measurement and control function can be programmed through the
HP-1B interface. This flexibility allows the automatic test system de
signer full access to the many measurement functions in the instru
ment.

Simplified programming enhances the automatic testing and trou
bleshooting productivity improvements inherent in the HP 50058.
Straightforward commands and data output formats aid in accelerat
ing test program development. A measurement trigger switch located
in the probe allows direct operator communication to the controller.
Audible feedback, supplied by the beeper in the HP 50058, can then
indicate the completion of the measurement cycle. This closed-loop
communication (controller-to-operator) aids in improving trouble
shooting efficiency.
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HP 50058 Specifications
Signature
Display: 4 digits. Characters 0-9, ACFHPU.
Fault detection accuracy: 100% probability of detecting single-bit
errors: 99.998% probability of detecting multiple-bit errors.
Minimum gate length: I clock cycle (I data bit) between START
and STOP.
Maximum gate length: no limit.
Minimum liming between gates: I clock cycle between STOP and
START.
Data Probe Timing

Setup time: 10 ns (data to be valid at least 10 ns before selected
clock edge.)
Hold time: 0 ns (data to be held until occurrence of selected clock
edge.)

START, STOP, QUAL Timing
Setup time: 20 ns (signals to be valid at least 20 ns before selected
clock edge.)
Hold time: 0 ns (signals to be held until occurrence of selected clock
edge.)

CLOCK Timing
Maximum clock frequency: 25 MHz.
Minimum pulse width: IS ns in high or low state.

Qualify mode: allows data clock qualification by an external signal.
DATA probe input impedance ""SO kfl to the average value of "0"
and "I" threshold settings (±6 V max); 15 pF.
START, STOP, CLOCK, QUAL input impedance ",100 kfl; 15 pF.
Front panel indicators: flashing GATE light indicates detection of
valid START, STOP, CLOCK conditions. Flashing UNSTABLE
light indicates a difference between 2 successive signatures, and possi
ble intermittent faults.

Frequency
Display: 5 digits.
Ranges: 100 kHz, I MHz, 10 MHz, 50 MHz, autoranged.
Resolution: I LSD (I Hz on 100 kHz range).
Accuracy: ±O.O I% of reading ± I count.
Minimum pulse width ",10 ns in high or low state.
Gate time ",I s, fixed.
Input impedance ",,50 kfl to the average value of "0" and" I" thresh
old settings (±6 V max); IS pF.

Totalizing
Display: 5 digits.
Range: 0-99,999 counts.
Resolution: I count.
Maximum input frequency ",50 MHz, with a minimum pulse width
of 10 ns, and minimum pulse separation of 10 ns.
Minimum START/STOP pulse width ",,20 ns.
DATA input impedance ""SO kfl to the average value of "0" and" I"
threshold settings (+6 V max); 15 pF.
START, STOP input impedance ",100 kfl; IS pF.

Time Interval
Display: 5 digits.
Ranges: 10 ms, 100 ms, I s, 10 s, \00 s, autoranged.
Resolution: I count (l00 ns on 10 ms range).
Accuracy: ±O.O 1% of reading ±2 counts.
Minimum START/STOP pulse width "'20 ns.
START, STOP input impedance ",,100 kfl; 15 pF.

Resistance
Display: 4 or 5 digits, depending on range.
Ranges: 30 kfl, 300 kfl, I Mfl, 3 Mfl, 10 Mfl, autoranged.
Accuracy: (at 15°C-30°C).

±I%of reading ±2 II
±I%of reading
± 1%of reading

±IO% or reading
±IO% Iltre~dInL_

Input impedance ",,10 Mfl.

Price
$S,600
+ $70

Ordering Information
HP 5005B Signature Multimetel

Opt 910: <\dditipn:!' Manual

Signature Analyzer Logic Thresholds
Preset thresholds: TTL, ECL, CMOS.
Adjustable thresholds: each preset threshold can be adjusted.

Range: ±12.S V, in SO mV steps.
Accuracy: ±2% of setting, ±.2 V

Logic threshold circuitry is operative during NORM, QUAL, kHz,
TOTLZ and ms measurements.

General
Data probe tip: acts as high-speed logic probe in the NORM,
QUAL, kHz and TOTLZ modes. Lamp indicates high, low, bad-level
and pulsing states.
Minimum detected pulse width is 10 ns.
Data Probe Protection

Continuous Overload
DCY, ~Y. kfl modes only: ±2S0 Vac/dc.
All other modes: ±150 V ac/dc, 20 V rms at input frequencies >2
MHz.
Intermittent overload: ",250 V ac/dc, up to I min, for all modes.

Timing Pod Protection
Continuous overload: ± 100 V ac/dc, 20 V rms at input frequen
cies >2 MHz.
Intermittent overload: ± 140 V ac/dc, up to I min.
Auxiliary power supply: three rear-panel connectors supply S Vat
0.7A total for accessories (HP SOOSA only)
Operating temperature: O°C to +5S°C.
Power: selecta ble 100 V, 120 V, 220 V or 240 V ac line
(+5%-\0%),48-66 Hz, 35 VA maximum.

Weight: Net: S.5 kg (12.0 lb.) Shipping: 8.7 kg (19 lb.).
Size: 133 mm H x 212 mm W x 432 mm D (5W' x 8%" x 17"), ex

cluding handle

Peak Voltage
Display: 3Yz digits.
Range: O-± 12 Vp.
Resolution: 50 mY.
Accuracy: ±2% of reading ±5% of POp signal ±.IOO mY.
Minimum peak duration"" IOns.
Maximum time between peaks ",,50 ms.
Input impedance ",,100 kfl; 15 pF.

Differential Voltage
Reading: reads input voltage present at the probe and displays differ
ence between it and voltage at the time ~V key was depressed.
Specifications: same as for DCV, above. Voltage range is deter
mined by larger of 2 compared voltages.

DC Voltage
Display: 4Yz digits.
Ranges: ±2S V, ±250 V, autoranged: referenced to earth ground.
Accuracy: (at 15°C-30°C).

RANGE ACCURACY RESOLUTION

25 Y ±0.1%oj reading ±2 mY 1 mV
250 Y(<100 Y) ±0.25% of reading ±20 mY 10 mY
250 Y(;:.100 V) ±0.25% of reading ±20 mY 100 mY

DISPLAY
RESOLUTION

III
10 Il
100 \!
I k\!

10 k\!

RANGE FULL SCALE ACCURACYr------+-- ---t---.----.--
30 kll 29.999 kll
300 kll 299.99 kll
1 Mil 999.9 kll
3 Mll 2999. kll
10 Mll 10000. kll

--~- -
.Inp~j_I~edance ,,20 kll te ±2 V



BDIGITAL CIRCUIT TESTERS
Signature Analyzer, A Digital Troubleshooting Tool
Model5006A

• Reduce warr,mty and service support costs
• Full at-speed tpsting of digitai products

• Reduce comparisons to documentation with compos
ite signature

• Compare signatures in groups with signature memory

PACKARD

,- /- ,-, ::J
L. L. U. _1. II

ojlj

HP 5006A ~
,o""""". ..

SYSTEMS

Start, stop, qualifier: setup time: 20 ns with 0.2 V overdrive.
(Data to be valid at least 20 ns before selected clock edge.) Hold time:
ons. (Data to be held until occurrence of selected clock edge.)
Minimum gate length: I clock cycle (I data bit) between START and

STOP.
Maximum gate length: no limit.
Minimum timing between gates: 1 clock cycle between STOP and

START.

HP 5006A Signature Analyzer
The Technique

Signature Analysis is a fast and accurate troubleshooting method
for digital circuits. Fault finding is reduced to tracing signal flow and
comparing measured signatures to those recorded on paper or in a
computer. Troubleshoot with Signature Analysis by probing the cir
cuit, reading the display and comparing to the known good signature.
A signature is a cyclic redundancy code (CRC) used as an error de
tection check on blocks of data. Test patterns may be generated with
in a circuit or stimulated externally.

Programmability Means Efficiency
The HP 5006A is completely programmable using the optional

HP-IB interface. Upgrade production test and troubleshooting sys
tems to include digital troubleshooting by adding the HP-IB option.

Signatures compress the necessary troubleshooting information of
a bit stream into 16 bits. Instead of entire bit streams, only signatures
need be compared to detect bit errors in the unit under test.

Input Impedance
Probe: 50 H! to ground nominal.
Pod: 100 kf! to ground nominal.

Overload Protection
Probe: ± 150 V continuous. Pod:

±250 V intermittent.
250 Vac for I minute.

CMOS sense: 20 Vdc maximum.

±20 V continuous.
± 140 V intermittent.
±140 Vac for I minute.

TTL Thresholds
Probe: Logic one: 2 V + .2-.3. Logic zero: 0.8 V +.3-.2
Pod: 1.4 V ±.6

CMOS Thresholds
Logic one: 70% of sensed voltage.
Logic zero: 30% of sensed voltage.

Display and Indicators
Signature: four seven-segment digits with decimal point.
Lamps: Key Status: Recall, edit, signature latch, unstable latch,
qualify mode, timing polarities. Programmable: Remote, talk, listen,
SRQ. (Option 040). Status: Composite signature, gate, unstable.
Probe: logic levels indicated: High, low, open and pulsing. Mini
mum pulse width: 10 ns.

Other
Selectable power: 115 V + I0%-25% ac line, 48-440 Hz.
230 V + I0-15% ac line, 48-66 Hz. 25 VA maximum.
Operating environment: temperature: 0-55°C. Humidity: 95%
RH at +40° C. Altitude: 4600 m (15,000 ft).
Size: 89 mm H x 216 mm W 279 mm D (3-'12 in. x 8-'I2in. x II in.).
Net weight: 2.4 kg (5.3 Ib). Shipping weight: 4.1 kg (9 Ib).

Price
.1>1920

+S300
, $16.50

$68

Ordering Information
HP 5006A Signature Analyzer

Opt 40 HP-IB Interface
Opt 910 Additional Manual

HP 5060-0173 Half Rack Mount Kit

Time Savers
Composite signature and signature memory save time for the

troubleshooter who does not have a computer-aided system. Compos
ite signature is the binary sum of individual signatures. The HP
5006A computes it for any grouping of digital signals (i.e., bus or IC).
Only one "composite" signature need be compared to documentation
if all signals for that group are good.

Signatures are stored in the HP 5006A memory after the probe
switch is pushed. The memory stores the last 32 signatures probed.
Individual signatures can now be compared in groups instead of after
each probe by reviewing the memory in the RECALL mode.

HP 5006A Specifications

General
Display: 4 digits. Characters 0-9, ACFHPU.
Fault detection accuracy: 100% probability of detecting single-bit
errors; 99.998% probability of detecting multiple-bit errors.
Composite signature: maximum number of signatures: No limit.

Sums all signatures, triggered by probe switch, following depres
sion of CLEAR key, or power-up.
Signature memory: signatures recallable by probe switch: The last
32 signatures triggered by probe switch.

Timing
Clock: maximum frequency: 25 MHz. Minimum clock time: 15 ns
in high or low state.
Probe: setup time: 10 ns with 0.2 V overdrive. (Data to be valid at
least IOns before selected clock edge.) Hold time: 0 ns. (Data to be
held after occurrence of selected clock edge.)



DIGITAL CIRCUIT TESTERS B
Logic Probe, Logic Pulser, Digital Current Tracer 275

Models 545A, 546A, 547A

HP 545A TTLfCMOS Logic Probe
The HP 545A Logic Probe contains all the features built into other

HP probes, plus switch-selectable, multi-family operation and built
in pulse memory. Employing straightforward one-lamp display the
HP 545A operates from 3 to 18 volts in CMOS applications or from
4.5 to 15 Vdc supplies in the TTL mode while maintaining standard
TTL thresholds.

The probe's independent, built-in pulse memory and LED display
help you capture hard to see, intermittent pulses. Just connect the
probe tip to a circuit point, reset the memory, and wait for the probe
to catch those hard to find glitches.

The hand-held HP 545A is light, rugged, overload protected, and
very fast: 80 MHz in TTL, 40 MHz in CMOS. It also employs handy
power supply connectors that enable you to easily hook up to supply
voltage almost anywhere in the unit under test.

HP 545A Probe Specifications

Input current: ::; 15 itA (source or sink).
Input capacitance: ::; 15 pF.
Logic thresholds

*TTL: Logic one 2.0 + 0.4, -0.2 V. Logic zero 0.8 + 0.2, -0.4 V.
CMOS: 3-10 Vdc supply
Logic one: 0.7 X V'UPPJy ±0.5 Vdc.
Logic zero: 0.3 X V'UPpIY ±0.5 Vdc.
CMOS: :2:10-18 Vdc supply.
Logic one: 0.7 X VSUPPJy ±1.0 Vdc.
Logic zero: 0.3 X V'UPPJY ±1.0 Vdc.

Input minimum pulse width: 10 ns using ground lead (typically 20
ns without ground lead).
Input maximum pulse repetition frequency:

TTL, 80 MHz. CMOS, 40 MHz.
Input overload protection: ± 120 V continuous (dc to I kHz); ±250
for 15 seconds (dc to I kHz).
Pulse memory: indicates first entry into valid logic level: also indi
cates return to initial valid level from bad level for pulse :2: I itS wide.
Power Requirements

TTL: 4.5 to 15 Vdc*.
CMOS: 3 to 18 Vdc.
Maximum current: 70 rnA.
Overload protection: ±25 Vdc for one minute.

Accessory included: ground clip.
*+5±10% Vdc power supply; usable to +15 Vdc with slightly increased logic low threshold.

HP 547Af546A

HP 547A Digital Current Tracer
The HP 547A Current Tracer precisely locates low-impedance

faults in digital circuits by locating current sources or sinks. For ex
ample, on a bad node the Tracer can verify that the driver is function
ing and also show where the problem is by tracing current flow to the
source or sink causing the node to be stuck. The Tracer is designed to
troubleshoot circuits carrying fast rise-time current pulses. The Trac
er senses the magnetic field generated by these signals in the circuit
and displays transitions, single pulses, and pulse trains using a simple
one-light indicator. Because it is not voltage sensitive, the Tracer op
erates on all logic families having current pulses exceeding I rnA,
including CMOS, where even lightly loaded outputs can have up to 2
to 3 rnA of instantaneous charging current.

To use the Tracer, align the dot on its tip at a reference point, usu
ally the output of a node driver. Set the sensitivity control to indicate
the presence of ac current activity. As you probe from point to point
or follow traces, the lamp will change intensity; when you find the
fault the Tracer will indicate the same brightness found at the refer
ence point.

HP 547A Current Tracer Specifications

Input
Sensitivity: I rnA to 1 A.
Frequency response: light indicates single-step current transi
tions; single pulses <,50 ns in width; pulse trains to 10 MHz (typical
ly 20 MHz for current pulses?:: lOrnA).
Risetime: light indicates current transitions with risetime :S200 ns
at 1 rnA.

Power Supply Requirements
Voltage: 4.5 to 18 Vdc.
Input current: :s75 rnA.
Maximum ripple: ±500 mV above 5 Vdc.
Overvoltage protection: ±25 Vdc for one minute.

HP 546A Logic Pulser
The Logic Pulser solves the problem of how to pulse IC's in digital

circuits. Merely touch the Pulser to the circuit under test, press the
pulse button and all circuits connected to the node (outputs as well as
inputs) are briefly driven to their opposite state. No unsoldering of IC
outputs is required. Pulse injection is automatic, high nodes are
pulsed low and low nodes, high, each time the button is pressed.

Automatic polarity pulse output, pulse width, and amplitude make
for easy multi-family operation when you use the HP 546A Logic
Pulser. But, the real surprise comes when you code in one of its six
ROM-programmable output patterns (single pulses; pulse streams of
either I, 10, or 100 Hz; or bursts of 10 or 100 Hz; or bursts of 10 or
100 pulses). This feature allows you to continually pulse a circuit
when necessary, or it also provides an easy means to put an exact
number of pulses into counters and shift registers. Used with our mul
ti-family IC Troubleshooters, the HP 546A acts as both a voltage and
current source in digital troubleshooting applications.

HP 546A Pulser Specifications
Output

Typical Output Voltage
Family Output Current Pulse Width HIGH LOW
nUDTL ~650 rnA ~0.5 ~s >3 Vdc <0.8 Vdc

CMOS ~IOO rnA ~5.0 ~s ~(V supply - 1 We) ~05 We

Power supply requirements: TTL; 4.5 to 5.5 Vdc at 35 rnA,
CMOS; 3 to 18 Vdc at 35 rnA, protected to ±25 Vdc for 1 min.

Accessories Available
HP 00545-60104: Tip Kit for HP 546A Pulser, 545A
Probe
HP 10526-60002: Multi-Pin Stimulus Kit
HP 1250-1948 Adapter, Coax Str.

Ordering Information
HP 545A Logic Probe
HP 546A Logic Pulser
HP 547A Digital Current Tracer
W Fast-ship product see page 766

Price
$:;:;W

P7W
$2)

S 40W
$ 2iJW
$ 70W



DIGITAL CIRCUIT TESTERS
Logic Clip: Logic Comparator
Models 548A & 10529A

HP 10529A

HP 548A Multi-Family Logic {~Iip

fully automatic and protected to 30 Vdc, and employing bright
individual LEOs in its display, the HP 548A brings multi-family op
eration to the HP line of IC Troubleshooters. The Clip can be exter
nally powered, if desired, using a simple power connector.

HP 548A Speci'i(;atiom~

Input threshold: (?0.4 ±0.06 x Supply Voltage) = Logic High.
Input impedance: I C'v10S load per input.
Input protection: 30 Vdc for I minute.
Supply voltage: 4-18 Vdc across any two pins.
Auxiliary supply input: 4.5 to 20 Vdc applied via connector. Supply
must be ~ 1.5 Vdc more positive than any pin of IC under test.
Supply current: <55 rnA.

HP 548A LOgiC Clip
The Logic Clip is an extremely handy service and design tool which

clips onto dual-in-line package (DIP) ICs, instantly displaying the
states of up to 16 pins. Each of the clip's 16 LEOs independently fol
lows level changes at its associated pin. Lit diodes are logic High,
extinguished diodes are Low.

The Logic Clips's real value is in its ease of use. It has no controls to
set, needs no power connections, and requires practically no explana
tion as to how it is used. The clip has its own gating logic for locating
ground and Vcc pins and its buffered inputs reduce circuit loading.

The Logic Clip is much easier to use than either an oscilloscope or a
voltmeter when you are interested in whether a circuit is in the high or
low state, rather than its actual voltage. The Clip, in effect, is 16 bina
ry voltmeters, and the user does not have to shift his eyes away from
his circuit to make the readings.

The intuitive relationship of the input to the output-lighted diode
corresponding a high logic state-greatly simplifies the troubleshoot
ing procedure. The user is free to concentrate his attention on his cir
cuits, rather than on measurement techniques. Also, timing
relationships become especially apparent when clock rates can be
slowed to about I pulse per second.

When used in conjunction with the Logic Pulser, the Logic Clip
offers unparalleled analysis capability for troubleshooting sequential
Logic Devices used to inject pulses between gates allowing it to supply
signals to the IC under test absolutely independent of gates connected
to the Ie. All outputs may then be observed simultaneously on the
Logic Clip. Deviations from expected results are immediately appar
ent as the Pulser steps the IC through its truth table.

$990~

Price
S130~

$400~

HP 10529A Spec;iiGation!.
Input threshold: 1.4 V nominal (1.8 V nominal with socket board),
TTL or DTL compatible.
Test Ie loading: outputs driving Test IC inputs are loaded by 5 low
power TTL loads plus input of Reference Ie. Test IC outputs are
loaded by 2 low-power TTL loads.
Input protection: voltages < -I V or > 7 V must be current limited
to to rnA.
Supply voltage: 5 V ±5%. at 300 rnA.

Supply protection: supply voltage must be limited to 7 V.
Maximum current consumption: 300 rnA.
Sensitivity

Error sensitivity: 200 ns with reference board or 300 ns with socket
board. Errors greater than this are detected and stretched to at least
0.1 second.
Delayed variation immunity: 50 ns. Errors shorter than this value
are considered spurious and ignored.

Frequency range: maximum operational frequency varies with duty
cycle. An error existing for a full clock cycle will be detected if the
cycle rate is less than 3 MHz.
Accessories included: 1 test board; 10 blank reference boards; 1
programmable socket board; I carrying case.

Accessories Av"Hable
HP 10541A: Twenty Blank Reference Boards
HP 10541B: Twenty Pre-programmed Boards

HP 10529A Logic Comparator
W Fast-ship product--see P(:ifJ·,? 766

HP 10~i29A Logic COmparil!Or

The HP 10529A Logic Comparator clips onto powered TTL or
DTL ICs and detects functional failures by comparing the in-circuit
test IC with a known good reference IC inserted in the Comparator.
Outputs of the particular IC to be tested are selected via 16 miniature
switches which tell the Comparator which pins of the reference IC are
inputs and which are outputs. Any logic state difference between the
test IC and reference IC is identified to the specific pin(s) on 14- or
16-pin dual in-line packages on the Comparator's display. A lighted
LED corresponds to a logic difference. Intermittent errors as short as
300 nanoseconds (using the socket board) are detected, and the error
indication on the Comparator's display is stretched for a visual indi
cation. A failure on an input pin, such as an internal short, will appear
as a failure on the IC driving the failed IC; thus a failure indication
actually pinpoints a malfunctioning node. A test board is supplied to
exercise all of the circuitry, test leads, and display elements to verify
proper operation.
HP 10541A: twenty additional blank reference boards; identical to
the 10 boards provided with the Logic Comparator.
HP 10541B: twenty preprogrammed reference boards. The 10541B
includes the following ICs: 7400, 7402, 7404, 7408,7410,7420,7430,
7440,7451,7454,7473,7474,7475,7476,7483,7486, 7490, 7493,
74121,9601.

$290~HP 548A Lagle Clip
:iii: Fast-Ship produGt- ,;e(· ,BiJ8 iS6.



.. Complete rnulti-farYlily kit-'

.. Stimulus-response capabi!ily

.. In-circuit fault finding

FAULT STIMULUS RESPONSE TEST METHOD

• Pulse shorted node
Shorted Nodel Pulser' Current Tracer • Follow current pulses to

short

Pulser'
• Pulse bus line(s)

Stuck Data Bus Current Tracer • Trace current to device
holding the bus In a
stuck condition

• Pulse and probe test point
simultaneously

• Short to Vcc or Ground
Signal line Short Pulser Probe. cannot be overridden by
to Vcc or Ground Current Tracer pulsing

• Pulse test point, and
follow current pulses to
the short

• Remove power from circuit
under test

• Disconnect electrolytic
Supply to Ground Pulser Current Tracer bypass capacitors
Short • Pulse across Vcc and ground

using accessory connectors
provided

• Trace current to fault
Internally Pulser' Probe • Pulse device input(s)
Open IC • Probe output for response

• Pulse suspect line(s)

Pulser'
• Trace current pulses to

Solder Bridge Current Tracer the tault
• Light goes out when solder

bridge passed

• Circuit clock de-activated
.. Use Pulser to enter desired

Sequential LogiC number of pulses
Fault in Counter Pulser Clip • Place Clip on counter or
or Shift Register shift register and verify

device truth table
1. Anode IS an Interconnection between two or more IC's.
2. Use the Pulsar to provide stimulus or use normal circuit signals, whichever is most convenient.

DIGITAL CIRCUIT TESTERS 8
Logic Troubleshooting Kits 277

Models 5011T, 5021A, 5022A, 5023A & 5024A

.. In-circuit anaivsis

.. Dynamic and static te~tiflCJ

.. Multi-pin testing

HP 5022A

Used individually, each of HP's IC Troubleshooters provide their
own unique and important troubleshooting function. Together they
become invaluable stimulus-response testing partners that help
pinpoint faults and ensure fast non-destructive repair of digital cir
cuits.

To help you take advantage of the usefulness of the IC Trouble
shooters, HP has packaged them into kits which offer both ordering
convenience, and cost savings. Also, applications information is avail
able, such as AN 163-2, "New Techniques of Digital Troubleshoot
ing", to help users derive maximum benefit from these instruments_

The table shows a series of typical node and gate faults and the
combination of tools used to troubleshoot the circuit. As with all so
phisticated measuring instruments, operator skill and circuit knowl
edge are key factors once the various clues or "bits" of information
are obtained using the IC Troubleshooters.

To accomplish troubleshooting at the node and gate level, both
stimulus (Pulser) and response (Probe, Tracer, Clip and Compara
tor) instruments are needed. Moreover, instruments with both voltage
and current troubleshooting capability help isolate electrical faults
where the precise physical location is hard to identify.

The HP 547A Current Tracer, the latest and most sophisticated of
these troubleshooters, lets you "see" current flow on nodes and buses
that otherwise appear stuck at one voltage level. Used with the HP
546A Pulser, stimulus-response testing is now also possible in the cur
rent domain.

IC Troubleshooter Kits Orderino !ntonn<~ti{)n--
Kit H W D Net Wt ShipWt

mm(in) mm(in) mm(in) kg (Ibs, oz) kg (Ibl, oz)

HP 50llT 82.6 (325) 203 (8) 311 (1225) 149 (3,5) 211 (4,11)
HP 502lA 64 (2.5) 146 (5.75) 298 (11.75) 0.51 (1,2) 0.62 (1,6)

HP 5022A 64 (2.5) 146 (5.75) 298 (11.75) 0.65 (1.7) 0.76 (I,ll)

HP 5023A 225 (8.88) 200 (7.88) 337 (1325) 1.63 (3,10) 219 (4,14)
HP 5024A 64 (2.5) 146 (5.75) 298 (11.75) 060 (1,5) 0.71 (1,9)

Accessories Availabie

HP 00545-60104: Tip Kit for HP 545A Probe, and
546A Pulser
HP 10526-60002: Multi-pin Stimulus Kit for Logic
Pulser
HP 10529-60006: External Reference Kit for HP
10529A Comparator
HP l0541A: Twenty blank reference boards for HP
l0529A Comparator
HP 105418: Twenty pre-programmed reference boards
for HP l0529A Comparator
~ Fast-<,t1 ip proclIct--see p'l~e 16G

Price
S55~

$77

5440

$IJO~

$400~

IC Troubleshooter Kits Seh',ction Guide

HP 545A 546A 547A 548A 10529A
MODEL TTL/CMOS TTL/CMOS TTL/CMOS TTL/CMOS TTL

Probe Pulser Current Clip Comparator PRICE
Tracer S

50llT Kit X X X X )800~

502lA Kit X X X 830ZO

5022A Kit X X X X :.1903i:

5023A Kit X X X X X 23603i:

5024A Kit X X X JI,O~

W Fast-ship product-see page L,b



8 COMPONENT MEASUREMENT
General Information
Impedance Measurement

Table 1 Component measurement applications and HP products
Note: Refer to page 230 for complete information of the HP 4195A.

Table 2 HP component measurement products vs. test frequency
Note: Refer to page 230 for complete information of the HP 4195A.

I HP 4195A I
100Hz ,--- ..210'!lO~k!:'HZ'--'=========;,-500MHz

~
Impedance I

HP 4194A

l:"O,:,H~Z,::G=a=In:,:::::=================;--~ 100MHz

5Hz 1'--- ---'-H"-P_4"-19'-"2"-Ae- r====~I,"'3~M!:'H~Z __----,

1;:'-M"'HZo...:I===H=P::::4,:::9=lA'=;-_----'I,GHZ

400kHz I HP 4193A 1',0Mhz

20Hz L --'HC'P_4-"2"'8C'4A-'-;:======::1.2:1M~H:"l_
10Hz I HP 4275A =:J 10MHz

100Hz LL HC'Pe-4Z"'7C'4Ae-__--.J1,00kHz

HP 4278A

--- Compone1t/Material Manufacturer I Compo"lent User

Application
Production I Incoming

Area R&D and QA Inspection R&D

Major Veriiy that device has Perform GO/NO-GO testing Evaluate devices/circuits under
Requirements suffiCient performance based en MIL. I=C. etc. actual working conditions

Required Multi-functionlGeneral Purpose High Speed/Single Function Multi-function/General Purpose

Measurement Wide freq. range High Speed High frequency resolution
Functions Auto freq. sweep Fixed ~requency level Auto freq. sweep

Variable signal level &. DC Bias & DC Bias Variable signal level &. DC Bias

Multi-parameter Single parameter Multi-parameter

High accuracy and resolufon High accuracy and resolution

HP 4195A
HP 4194A
HP 4192A

HP 4191A

HP 4193A
HP 42B41\
HP 4274AI

4275A
HP 4278A
HP 4276AI

4277A
HP 4279A
HP 4261AI

4262A
HP 4342A
HP 4328A
HP 4329A

-

Component Measurement
An impedance-measuring instrument

measures impedance characteristics of elec
tronic components, materials and circuits.
HP impedance instruments provide:

1. A broad product line, to fit each appli
cation;

2. Full evaluation of impedance charac
teristics under conditions of varying frequen
cy, test-signal level and DC bias.

3. High-precision, high-resolution impe
dance measurement, with error correction
for test-lead or test-fixture effects.

Impedance-measuring instruments can be
divided into two general categories: LCR
meters and impedance analyzers. The LCR
meter primarily measures the inductance,
capacitance and resistance of a test device.
The impedance analyzer, in addition to all of
the functions of the LCR meter, measures
the impedance and phase of the test device,
and makes detailed analysis of the impe
dance measurement.

The major applications of impedance
measurement instruments are in electronic
component materials manufacture and elec
tronic equipment manufacture (electronic
component users). Table] shows the type of
evaluation and the functions required ac
cording to instrument application.

Impedance measurements can be divided
into two general categories:

I. Tests of whether the test device func
tions properly under application conditions
and

2. Tests under conditions stipulated by
MIL or lEC standards.

When type 1 measurements are conducted
in an R&D department, the purpose is to
shorten development time through careful
evaluation. Therefore, a multi-function, gen
eral-purpose instrument for the measure
ment of many characteristics is required,
such as an impedance analyzer or high-reso
lution LCR meter.

Type 2 measurements are conducted for
go/no-go tests in manufacturing or incoming
inspection. The measurement data are fed
back to vendors or manufacturing processes
for correction and improvement. Because of
volume, test costs must be minimized. There
fore, a high-speed, single-function instru
ment may be used. Sorting and interpreting
test results may be required, so an LCR
meter with a comparator option can be used.

Table 2 shows HP's line of instruments ar
ranged according to measurement frequency
and performance. Test frequencies of these
instruments range from 5 Hz to 1 GHz, and
some have fixed MIL/IEC standard frequen
cies between 1 kHz and 1 MHz.

Since the time that HP introduced the first
digital LCR meter, the company has contin
ued to create high-performance impedance
measurement instruments. Because of this
effort, it is now possible for virtually anyone
to make the most difficult impedance mea
surements with ease and great accuracy.

1GHz

111

1MHz

III

Test Frequency

22kHz LI HP_4_34_2_A__--.J1 'OMHz

HP 4:25A

1kHz

1kHz

II

1kHz.. • 1MHz

10<Hz C2p 4277A I 1MHz

HP 4276A20MHZ HP 4279A

HP 4262A •
• ~ 1MHz

12CH, 1kHz 10kHz

HP 4261A

r---l
120Hz 1kHz

100Hz I

1

cc

DC 1Hz

I

HP 4329A



Variety of available test fixtures and
cables

A variety of test fixtures and cables are
available for the HP LCR meters for many
applications. Table 3 and Figure I are com
patibility charts for the test fixtures and
cables and HP's LCR meters. Refer to the
individual LCR meter data sheet for details.

'-'-'-1, I 4261A I~

I I i-
I :6061A 0 I 0 I
1 16062A 1 0 0 I

I I 1 I

I 16063A I 0 i 0 I
~_~----l_.~

Table 3 HP instruments with banana
plugs ys. accessories

• I: information given with cable length;
connector type; recommended frequen
cy for use; max. applicable dc voltage.

• 2: information given with recommended
frequency for use; max. applicable dc
voltage.

• 3: information given with cable length;
recommended frequency for use; max.
applicable dc voltage; (shape of UN
KNOWN terminals).

• 4: a cable with 7 mm connectors required.

HP Products with HP Test Cables/Leads *1

BNC Connectors
16048A O.94m: BNC: <15MHl; ±300Vdc

(4-terminal-pairl
0.94m: SMC; <15MHz; ±300Vdc160488

4194A 160480 1.89m: BNC: <15Mfiz: ±300Vdc

4274A 16048E 3.8m: 8NC: <15MHz: ±300Vdc

4275A

4276A

4277A HP Test Fixtures *2
4278A

~-

16034E <40MHz: ±40Vdc
4279A

.s13MHz; ±35Vdc
4284A

16047A

16047C <40MHz: ±35Vdc

160470 100Hz - 40MHz: ±40Vdc

HP Test Fixtures (with cable) *3

HP Products witn
16047B approx. OAm: S2Ml-lz: ±35Vdc

,",. ~
16048C approx. 1m: s100kHz: ±35Vdc

16065A approx. OAm: 50Hz - 2MHz: ±200Vdc

4193A 16095A approx. 1m; ::;13MHz; ±35Vdc; (probe)

"'" ," ,,~W, ,."" ~fJ 16096A approx. 0.6m: S15MHz: ±35Vdc

16099A 16085A
~

16334A approx. 1m: .s15MHz: ±42Vdc (tweezer)

HP Products wIth
""iP Test Fixtures (with 7mm connectod *2

7mm Connector 16091A lMHz ~ 1000MHz: ±40Vdc

t6092A 1MHz - 500MHz; ±40Vdc
4191A

16093A 1MHz - 250M Hz: ±40Vdc
4195A with 41951A

160936 1MHz - 125MHz: ±4CVdc

16094A *4 DC - 125MHz: ±40Vde

Figure 1. HP instruments vs. accessories

HP 16334A

HP 16048A

HP 16034E
HP 16093A
with HP 16099A

HP 16092A
with HP 16085A

Nole: Refer 10 Ihe seclionsof Ihe HP 41941A/B and 41951A for more information. HP 16065A



BCOMPONENT MEASUREMENT
Impedance/Gain~PhaseAnalyzer
Model 4194A

• Flexible Measurement, Computation and Analysis Ca
pabilities on a Color Graphic Display

• Fully Programmable

• High Accuracy and Wide Range
Impedance Measurement:

100Hz to 40MHz, 0.1mn to 1.6Mn, 0.17%
10 kHz to 100 MHz, O. HI To 1M!2, 1.5% when

used with the HP 41941A/B
Gain-Phase Measurement:

10Hz to 100MHz, -107dBm to +15dBm, 0.1dB
resolution

~. '~".~""'O;'" ~~;,;,,~~~u.,;.:;:~~;;~;,;;;~~

1# ';

HP 4194A with HP 41941A

\.:.' I'E~HI'I.,: PES01~RTOR
EGUI VALENT C 1PCU I T r10DE

IfB- C5 ~~J
j I/vp L F: F:

iii,!

fO~Yfc-"/.' C:J."R
1

Lt',
15,SEl<l3 >l EiJJ107,23.1 fr
26: .957 IlH [UV lO.lJ58 rF

Q CENTER
dpg SPAN

::;0 108000,000 Hl
250 000 Qeo H;:

Description
The HP 4194A Impedance/Gain-Phase Analyzer is an integrated

solution for efficient measurement and analysis or go/no-go testing of
components and circuits. Detailed impedance and transmission char
acteristics including secondary parameter derivations can be simply
and quickly evaluated or tested. The HP 4194A can contribute to
improving engineering productivity and reducing test cost. The ana
lyzer is flexible and has wide measurement capabilities in both impe
dance and transmission measurements, plus it is fully programmable
using Auto Sequence Programming (ASP). Desired measurements
and computations, including graphics analysis, can be programmed
simply by storing front panel keystroke operations, allowing you to
customize measurement, computation and analysis functions. The
HP 4194A also features high accuracy and error elimination func
tions to ensure reliable measurements.

Wide Range Accurate Measurement
Featuring a wide test frequency range - 100Hz to 40MHz for

impedance measurements (10kHz to 100MHz when using the HP
41941A/B Impedance Probe Kit) and 10Hz to 100MHz for gain
phase measurements - the HP 4194A satisfies a wide spectrum of
needs. Realistic device characteristics can be analyzed under actual
operating conditions by varying the test frequency, test signal level,
and dc bias. The HP 4194's high degree of measurement accuracy
0.17% for impedance measurements (1.5% when using the HP
4194IA/B) with an amplitude ratio of 0.1 dB - ensures that you'll
improve the quality of your test devices.

Quick Analysis
The HP 4194A makes high speed measurements, (approximately

3.7ms per point), displays results on a color CRT, and performs pa
rameter analysis of components and circuits quickly and efficiently;

substantially reducing development and evaluation time. The analysis
function not only provides you with impedance and transmission
characteristics, but also allows you to determine secondary parame
ters. Using the marker and line cursor functions, you can obtain the
resonating frequency of resonators and the pass band width of band
pass fil ters quickly.

Equivalent Circuit Analysis Function
Using the HP 4194A's Equivalent Circuit Analysis Function, you

can easily and quickly obtain those equivalent circuit constants that,
until now, required a number of time-consuming, complicated calcu
lations. By using measured values, this unique function can approxi
mate the circuit constant values of five circuit models. For example, a
resonator's equivalent circuit elements or a coil's self inductance, lead
resistance, and stray capacitance can be easily obtained.

The equivalent Circuit Analysis function also simulates the fre
quency characteristics of components by using derived circuit values
or values you specify. By using approximation and simulation, you
can compare design values to measurement values, and thereby, im
prove component design efficiency.

Auto Sequence Program (ASP)
The HP 4194A's ASP function, an internal programming feature,

allows you to control all HP 4194A operations (measurement, dis
play, and analysis) without the need for an external computer. By
using ASP and actual measurement values, you can readily calculate
many secondary parameters that you may need to evaluate. You can
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Measurement Range Max Resolution
Parameter

Specifications
Impedance Measurements
Measurement Parameters: Izl, IYI, 0, R, X, G, B, L, C, D, Q. 20
parameter combinations are available.
Test Frequency: 100 Hz - 40 MHz (CABLE LENGTH: Om),
100Hz - IS MHz (CABLE LENGTH: 1m), ImHz resolution.
OSC Level: 10mV -IVrms (~IOMHz), 10mV -O.5Vrms (> 10MHz)
(UNKNOWN terminal open), 3 digit resolution
DC Bias: 0 - ±40V, 10mV resolution
Measurement terminal: 4 - terminal pair configuration
Measurement Range and Maximum Resolution:

Basic Measurement Accuracy: 0.17%
Level Monitor:

Gain-Phase Measurements
Measurement Parameters: Tch/Rch (dB, Linear Ratio), Tch, Rch
(V, dBm, dBV), O(degree, rad), T

Tch= Test Channel, Rch= Reference Channel, T = Group Delay
Measurement Frequency: 10Hz - 100MHz, ImHz resolution
Aperture Frequency Range (Group Delay Measurements): 0.5% 
100% of frequency span
OSC Level: -65dBm - + 15dBm, 0.1 dB resolution
Measurement Range:

Tch/Rch: 0 - ±120dB, O.OOldB resolution
Tch, Rch: -107dBm - -5dBm (OdB Attenuator)

-87dBm - + 15dBm (20 dB Attenuator)
O.OOldB resolution

0: ±180° (can display phase continuously with the phase scale ex
pansion function), 0.01 ° resolution

T: 0.1 ns - 1s, 0.1 ns resolution
Basic Measurement Accuracy:

Tch/Rch: O.1dB, 0.5°
Tch, Rch: 0.35dBm
(): 0.5°

Level Monitor

Impedance Measurements using the HP 41941A1B
The specifications listed below are for the HP 4l94A when used

with the HP 4194IA/B.

then use the HP 4194A's powerful analysis functions to analyze these
calculated parameters.

You can also use ASP to enhance such HP 4194A functions as
alternate sweep, sweep timing control, and marker tracking. Because
ASP eliminates the need for external controller, thereby eliminating
data transfer time, the HP 4194A can quickly and efficiently perform
production line go/no-go testing of components such as resonators
and filters. All these features combine to increase your engineering
and manufacturing productivity.

Increased Capabilities With The HP 41941A/B
Impedance Probe Kit

When using the HP 4194A with the HP 41941A/B Impedance
Probe Kit, you can perform reliable impedance evaluations up to
100MHz. Measurement errors due to residual impedance and stray
admittance are eliminated by using the calibration standards fur
nished with the HP 41941A/B and the HP 4194A's automatic cali
bration function. This makes it possible to make highly accurate
measurements (basic measurement accuracy 1.5 to 3%) over a wide
measurement range of 100mfl to I Mfl. Calibration accuracy is guar
anteed to the tips of the HP 41941A (J.5m) and HP 41941B (3m)
impedance probes.

The HP 41941A/B can be used as a grounded probe to evaluate the
impedance of in-circuit components such as printed circuit patterns,
and the input/output impedance of circuits. In addition, you can con
nect an external dc bias source directly to the HP 41941 A/B to per
form dc biased measurements up to ± 150V/0.5A, to measure the dc
characteristics of inductors, capacitors, materials, and semiconduc
tors. To perform swept dc bias measurements, use the HP 4194A's
±40V internal dc bias source.

Price
$21.100

$0
$0

$440
$850

$1730
$1730

Display
CRT: 7.5 inch color CRT
Display Mode: Rectangular (X- A & B), Rectangular (A - B), Table
Display Control: Autoscale, Superimpose and Storage

Analysis
Maker: Single, Delta, Double Makers
Line-Cursor: Line-Cursor, Delta-Line Cursor
EqUivalent Circuit Function: Approximation, Simulation
Arithmetic Operation
Data Resister Manipulation: Use arithmetic operations and func
tions to manipulate data registers.
GO/No-Go Limits

Programming
Auto Sequence Program (ASP): Control the HP 4194A's operation
with an internal program language. ASP Programs can be entered
using the front panel keys or downloaded from HP-IB.

Program Memory Size: 20kBytes of non-volatile memory
Copy: Dump, Plot, Print Mode

General Specifications
Operating Temperature and Humidity: O°C - 40°C (HP
4194IA/B: -20 - +65°C), ~95%RH at 40°C
Storage Temperature: -30°C - +60°C (HP 41941A/B: -40 
+65°C)
Safety: Based on IEC - 348, UL - 1244
Power: 100, 120, 220V ± 10%, 240V - 10% + 5%, 48 - 66Hz, 400VA
(max)
Dimensions: 425 (W) x 375 (H) x 620(D) mm
Weight: Approximately 37kg (net)

Reference Data
Typical Measurement Speed:

Impedance: Approximately 3.7ms/point
Gain-Phase: Approximately 3.5ms/point
Impedance when used with the HP 41941A/B: Approximately
6 ms/point

Accessories Furnished
HP 16047D: Direct Coupled Test Fixture
HP 8120-1838: 30cm BNC Cable (2ea) (OPT.350)
HP 04194-61640: 30cm BNC Cable (2ea) (OPT.375)
HP 8120-1839: 60cm NNC Cable (OPT.350)
HP 04194-61641: 60cm NNC Cable (OPT.375)
HP 1250-0080: BNC Adapter

Accessories Available
Refer to page 279

Ordering Information
4194A Impedance/Gain-Phase Analyzer
Opt 350*: 50 Ohm System
Opt 375*: 75 Ohm System
Opt W30: 3-year hardware support
Opt 001: High Stability Frequency Reference
HP 41941A* Impedance Probe Kit (1.5m)
HP 41941B* Impedance Probe Kit (3 m)
*Must select either OPT.350 or 375

Frequency Range: 10kHz - 100 MHz, I mHz resolution
OSC Level: Opt. 350: 10 mV - 1.28 Vrms

Opt. 375: 10 mV - 1.54 Vrms
DC Bias: Internal: ± 40V, ± 20 rnA

External: ± 150V, ± 500 rnA, max 25 W
Measurement Range: 100 mfl - I Mfl
Basic Measurement Accuracy:

± 1.5% to 3% (~ 100 kHz), ±3% to 6% « 100 kHz)
Cable Length: HP 41941A: J.5 m, HP 41941B: 3 m

Common Specifications
Trigger Mode: Internal, External and Manual
Sweep Capability:

Sweep Parameter: Frequency, OSC Level, DC Bias (impedance
measurements only)
Entry: START/STOP or CENTER/SPAN
Sweep Type: LIN, LOG, ZERO SPAN (DC Bias: LIN or ZERO
SPAN only)
Number of Measurement Points: 2 to 40 I points
Sweep Functions: Partial Sweep, Expand Markers Sweep, Pro
gram Points Measurement

0.1

InS

OlfF

10pH

0.01'

0.0001

± 180'

IOfF to O.IF

01 to 1000

0.001 to 10

IOnS to looS

InH to 100kH

lOmll to 100MIl

Q

c

IVI,G,B

Izl,R,X



BCOMPONENT MEASUREMENT
LF Impedance Analyzer (5 Hz to 13 MHz)
Model 4192A

• 5 Hz to 13 MHz variable measuring frequency
• Gain-phase measurement: amplitude, phase, group

delay
• Floating or grounded devices

HP 4192A (shown with Opt. 907 handles)

Description
The HP 4192A LF Impedance Analyzer performs both network

analysis and impedance analysis on devices such as telecommunica
tion filters, audio/video electronic circuits, and basic electronic com
ponents. Both floating and grounded devices can be tested.

Automatic Swept Frequency Measurement of
All Impedance Parameters

The HP 4192A can measure 11. impedance parameters ( Izi ,IYI, e,
R, X, G, B, L, C, D, Q) over a Wide range IZI : 0.1 mfl to I Mfl; IYI:
1 nS to 10 S).

The built-in frequency synthesizer can be set from 5 Hz to 13 MHz
with a maximum resolution of I mHz. This feature allows accurate
characterization of high Qdevices such as crystals. Test signal level is
variable from 5 mV to 1.1 V with 1 mV resolution. Also, an internal
dc bias voltage source provides ±35 Vat 10 mV increments. Thus, the
HP 4192A can evaluate components and entire circuits near actual
operating conditions.

Specifications (complete specifications on data sheet)
Measuring signal (23 ±5°C)

Frequency range: 5 Hz to 13 MHz
Frequency step: 0.001 Hz (5 Hz to 10 kHz), 0.01 Hz (10 kHz to
100 kHz), 0.1 Hz (100 kHz to I MHz), I Hz (I MHz to 13 MHz).
Frequency accuracy: ±50 ppm
OSC level: 5 mV to 1.1 Vrms variable into 50 fl (amplitude-phase
measurement) or open circuit (impedance measurement).
OSC level step: I mV (5 mV to 100 mV), 5 mV (100 mV to 1.1 V).
OSC level accuracy: 5 Hz to I MHz: ±«5 + 10/f)%ofsetting + 2
mY) where f is in Hz. I MHz to 13 MHz: ±«4 + 1.5 X F)% of
setting + 2 mY) where F is in MHz.
Level monitor (impedance measurement): current through or volt
age across sample can be monitored
Control: spot and sweep via front panel or HP-1B

Measuring Mode
Spot measurement: at specific frequency (or dc bias)
Swept measurement: manual or automatic sweep from START to
STOP frequency (or dc bias) at selected STEP frequency (or dc
bias) rate
Sweep mode: linear or logarithmic (frequency only)

Recorder outputs: output dc voltage proportional to each measured
value, and frequency or dc bias.

Maximum output voltage: ± I V
Output voltage accuracy: ±(0.5% of voltage + 20 mV)

• Impedance measurement: IZi. IYI. H • R • X • G •
B.L.c.o.a • ..j, • ..j,%

• Standard HP-IB

Key status memory: 5 sets of measuring conditions can be stored and
recalled at any time.
HP-IB data output and remote control: standard
Self-test: automatic introspective testing
Trigger: internal, external, manual or HP-1B

Amplitude-Phase Measurement
Parameter measured: relative amplitude B-A (dB) and phase e (de
grees or radians), B-A and group delay, absolute amplitude A (dBm
or dBV) or B (dBm or dBV), and deviation (A, A%) of all parameters
Reference amplitude: 0 dBV = I Vrms, 0 dBm = I mW (with 50 fl
termination)
OSC output resistance: 50 fl
Channels A and B: input impedance: I Mfl ±2%, shunt capacitance:
25 pF ±5 pF
Display Range and Resolution

B-A: 0 to ± 100 dB, 0.001 dB (0 to ±20 dB), 0.01 dB (±20 to ± 100
dB)
e: 0 to ±180°, 0.01 °
Group delay: 0.1 ns to 19 s, max. resolution 4112 digits
A or B: +0.8 to -100 dBV, 0.001 dB (>-20 dB), 0.01 dB (~-20

dB), + 13.8 to -87 dBm, 0.00 I dB (> -20 dBm), 0.01 dB (~-20

dBm)
Measuring accuracy (23 ±5°C): specified at BNC unknown termi
nals after 30 minute warmup (test speed: normal or average)
B-A (relative amplitude) and e (phase) Measurement
Determined by sum of channel A and B accuracies given below (accu
racy of each channel changes according to absolute input level)

'OK~" .8_0W 9008' =--,,7l.\~- ::::: ~:
!\~ /'

~ ,[\ " 50 10 5008> ~ ,'" " ~ ,"~~/ /
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5 10 100 III 10~ tOOK 1M 10M

MEASURING FREQUENCY IHli

fiGURE T GAIN MEASUREMENT ACCURACY



8
100r-------------------.,

'o.

,OS

IS

lOOmS,
lOO~S, ImS, IOmS

100 " 10K lOOK ,.

10

"EASU~I~G ~~EauE"C¥ IMl'
FIGUIIE 5: l'fl, D, • ACCURACY

·1010 ·BOdBV

0.01
1

~57.'O:---':::OO;---~"-~'O;:;;'--;;'OO~';---;"~M-~'0M

O.S to ·2OdSV

0.1'

MEASURING FREOUENCY (HZ)

flBURE 2: PllAaE AttUlAtY .HEII MAIlIM; BAlM .WOIEMElITa

Impedance Measurement
Parameter measured: Izl- e, Iyl· 0, R- X, G-B, L- D • Q • R • G.
C-D' Q' R' G and deviation (d, d%) of all parameters
Display: 4\6 digits, max. display 12999 counts, 19999 for L & C.
Circuit mode: series equivalent circuit (-vv-CJ- ) and parallel
equivalent circuit (---c:J-- ). Automatic selection available.
Auto ZERO adjustment: automatic normalization of the readout off·
set due to residuals of the test fixture by pushbutton operation (at spot
frequency)
Measuring range and accuracy (23 ±5°C): specified at BNC un
known terminals after 30 minute warmup when OSC level is more
than 0.1 V and when auto ZERO adjust is performed (test speed:
normal or average). Accuracy given below is only valid when the mea
sured value is equal to full scale of each range.
Izl- e, R - X measurement: range: IZI , R, X: 0.1 mU to 1.2999 MU;
0: -180.00° to +180.00°. Accuracy: R accuracy (D ~ 10); X accu
racy (D < I)

100..----------- --,
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flliURE I: PHASE ACCUIlAC'f WHEN 1llEA,IU.ING IYI

L - D' Q, C - D' Q measurement: (automatically calculated from
measured Z/Y values)

Parameler Measuring Range" Bllic Accuracy
L 0.01 nH to 1000 H 027%

C O.lfF to 199" mF 0.15%

D(l/Q) 0.0001 to 19.999 0.001 (C·measurement)
0.003 (L·measuremenl)

,.,

,
~_:;;__-_;';;;:.==:;:::=~'ooo~=;;:=~;;_-J.0.'
; 10 100 lK 10K 1001( 1" 10M

•Vanes with measunng frequency except for 0(1/0)
.... Accuracy of C ranges over 100 mF is not specified.

Internal dc bias: standard (impedance measurement only)
Voltage range: -35 V to +35 V, 10 mV step
Setting accuracy (23 ±5°C): 0.5% of setting +5 mV
Bias control: spot and swept, using front panel controls or HP-IB

$15,000

Price
$g50~

$1 ,400~
$2.2()()~

$305~

S325~

$42(J~

General
Measuring Time (high speed mode)

B-A and 0, A or B: 88 to 127 ms (~ 400 Hz)
Impedance parameters: 58 to 91 ms (~ I kHz)

Test Level Monitor Range (impedance measurement)
Voltage: 5 mV to 1.1 V
Current: I IJ.A to II rnA

Operating temperature: 0 to 55°C, S; 95% RH at 40°C
Power: lOa, 120,220 V ±IO%, 240 V + 5% to -10%, 48 to 66 Hz,
ISO VA max.
Size: 425.5 mm W x 235 mm H x 615 mm D (16.75" x 9" X 22.6").
Weight: approx. 19 kg (41.9Ib)
Furnished accessories and parts: HP 16047A test fixture, HP
l1048C 50 U feed thTU terminations (2 ea.), power splitter, HP
11170A BNC cables (2 ea.), BNC adapter

Accessories available
HP 16095A Probe Fixture
HP 16096A 2-port Component Test Fixture
HP 16097A Accessory Kit
HP 16047C Test Fixture
HP 16048A Test Leads (BNC connector)
HP 16048C Test Leads with alligator clip
Refer To Page 279
HP 4192A LF Impedance Analyzer
~ Fast-Ship product -- see page 766
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Ivl - e, G - B measurement: range: Iyl, G, B: I nS to 12.999 S; e:
\-180.00° to +180.00°. Accuracy: G accuracy (D > I); B accuracy(D ~ 0.1).
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BCOMPONENT MEASUREMENT
RF Impedance Analyzer
Model 4191A

• 1-1000 MHz variable test frequency with sweep
capability

• Direct reading of IZI- H, IVI - 8, If! - (-);
L.C- R.G.D.a
R -- X, G- B, rx - ry

• High resolution-4% digit max
• Wide measuring range-1 m - 100 k ( IZI)
• Versatile, easy-to-use test fixtures

Specifications (Refer to data sheet for cumplete specifications)
Parameter measured: Izl- e, IYI- 8, Irl- e, R-X, G-B, rx-ry

L-R· G· D. Q, C-R· G· D· Q
Display: 4'h digit, max display 19999 counts
Deviation Measurement (deviation from stored reference)

A: -19999 to +19999 counts A%: -1999.9 to +19999.9%
Measuring Signal (23 ± 5°C)

Frequency range: I MHz to 1000 MHz
Frequency step:

Standard: 100 kHz, 1-500 MHz 200 kHz, 500-1000 MHz
Opt 002: 100 Hz, 1-500 MHz 200 Hz, 500-1000 MHz

Frequency accuracy: ±3 ppm
Signal level (into SOn): -20 ±3 dBm
Frequency control: spot and swept

Description
The HP 4191 A RF Impedance Analyzer measures 14 parameters

with a maximum resolution of 4'/2 digits. The internal synthesizer
provides variable frequencies from 1 MHz through 1000 MHz cover
ing the UHF, VHF and video bands with automatic sweep capability.
An internal de bias supply with auto sweep function covers the volt
age range of ±40 V in 10mV steps.

The HP 4191A permits reliable measurements over a wide measur
ing range. Its outstanding repeatability, frequency response and accu
racy are made possible by unique error correction capability and
specially designed test fixtures. These features allow the HP 4191 A to
be used in evaluation of electronic materials, components and circuit
ry.

The internal synthesizer provides a maximum resolution of 100 Hz
(Opt 002) with an accuracy of 3 ppm, allowing small changes in the
resonant frequency of the device under test to be easily detected. The
swept frequency capability aids in the analysis of frequency charac
teristics of the device.

Two complete front panel settings (parameter selection and the
sweep control) can be stored in a non-volatile memory and recalled at
any time with a single key operation. This, together with the standard
HP-IB interface, makes the HP 4191 A extremely efficient either as a
stand-alone or systems instrument.

These unique features permit very wide applications in: (I) semi
conductor testing such as surface state evaluation at high frequencies
(C-V/G-V and conductance (G/wow) characteristics), and the input/
output impedance evaluation of diodes and transistors, (2) resonator,
filter, and magnetic and dielectric materials testing, (3) evaluation of
LCR components such as high frequency chip and leaded compo
nents, and (4) testing of communications related components such as
cables, connectors, etc.

Reference Data (Not Specified)
Temperature coefficient for Irl; O.OOOI;oC (23 ± 5°C)
Measuring time: <800 ms or <250 ms (high speed mode)
Frequency switching time: <; 200 ms

I fl, f,. f
"

ACCURACY

$480
$2,100

$540

Prices
$560
$540
$220
$234
$204

F: test frequency in MHz

100010010
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Options
Opt W30: 3-year hardware support
002: 100 Hz/200 Hz resolution synthesizer
004: Recorder Outputs

Accessories Available
HP 16091A Coaxial Test Fixture
HP 16092A Spring Clip Test Fixture
HP 16093A Binding Post Test Fixture
HP 160938 Binding Post Test Fixture
HP 16094A Probe Fixture
Refer to page 279.

General
Temperature: 0 - 55°C, < 95% RH
Power: 100,120,220 V ± 10%,240 V + 5% - 10%,48 - 66 Hz, ISO
VA max.
Size: 425.5 mm W x 230 H x 574 mm D (16.75" x 9" x 22.6").
Weight: approx. 24 kg (52.8 lb)
Accessories furnished: accessory case (with reference terminations
included).

Measuring Mode
Spot measurement: at specific frequency (or de bias)
Swept measurement: manual or automatic sweep from start to
stop frequency (or dc bias) at step frequency (or dc bias) rate in
linear or logarithmic form.

Auto Calibration
Automatic error compensation referenced to connected termina
tions (0 Q, 50 Q, 0 S), 51 frequencies including start and stop fre
quencies.

Eleclricallength compensation: automatic compensation for elec
tricallength of test fixtures. (Range: 0 to 99.99 cm).
Internal dc Bias: Voltage range: -40 to +40 V, 10 mV step

Setting accuracy: 0.1 % of setting + 10 mV
Bias control: spot and swept

External dc Bias: Voltage range: -40 to +40 V
Max allowable current: 100 rnA

Key status memory: 2 sets of measuring conditions can be stored and
recalled at any time. These conditions are kept in storage even when
LINE is turned off.
Ranging: Auto/Range hold Trigger: Internal, External or Manual
Sell-test: automatic internal program test
HP-IB data output and remote control: standard
lrl- e/rx-ry Measurement
Measuring Range: Irl, rx, ry: 0.0001 to 1.0000

e: 0° to ± 180.00° (0 to ± ..-rad.)
Irl,rx,ry resolution: 0.0001

HP 4191A (Shown with Opt 907 Handles)



• 400 kHz to 110 MHz spot or swept frequency
• Measure impedance magnitude (10 mil to 120 kQ)

and phase (-180.0 0 to +180.0°)
• Test components in-circuit and out-of-circuit

COMPONENT MEASUREMENT 8
Vector Impedance Meter (400 kHz to 110 MHz) 285

Model 4193A

• Fixtures include low-grounded probe, spring clip
fixture and binding post fixture

• Standard HP-IB and analog outputs

HP 4193A

~!1I:!r). :
SYSTEMS

Description
The HP 4193A Vector Impedance Meter measures impedance

magnitude and phase. An internal oscillator provides test signals from
400 kHz to 110.0 MHz. The test signal is constant current between
10 /lA and 100 /lA, depending on IZI range.

Reliable and Accurate Impedance Measurement
The HP 4193A can measure and display impedance magnitudes

from 10 mG to 120 kG. Impedance phase is displayed from + 180.0° to
-180.0°. Accuracy is as good as 3.0% of reading (magnitude) and
3.2 ° (phase).

Also, the HP 4193A's 31/2 digit resolution makes it easy to see small
changes in measurement results during adjustment procedures, for
example.

Partial sweep: linear sweep from selected START to STOP fre
quency. Number of steps is selected as 100, 1000 or "HIGH
RESOLN". When "HIGH RESOLN" steps are selected, the oper
ator must also select "coarse", "medium" or "fine" resolution.
EXT OSC: increase frequency resolution by connecting an external
frequency synthesizer.

Impedance Measurement Specifications
Input configuration: low-grounded probe (furnished)
Digital display of impedance: 3'h digits
Izl: 0 to 1999 counts (0 to 120 counts on 100 kG range)
0: -1800 to +1800 counts (-180 to + 180 counts on 100 kG range)

Measurement trigger: internal, external, and manual
Measurement range control: auto, hold, and manual
Measurement Range

Izl: Five decade ranges: lOG, 100 G, I kG, 10 kG, 100 ktfitt.
minimum IZI (sensitivity): 10 mn
maximum IZI: 120 kG •
e: One range: -180.0° to +180.0°

Reference Data
Test Signal Output
Frequency settling time: 5 ms to 400 ms. Best case is when (ilf/0%
is less than 10% (below 10 MHz) and less than 1% (above 10 MHz).
Signal Purity

Spurious: -60 dBc (dBc is dB below carrier)
Harmonics: -30 dBc
Residual FM: measured in a 100 Hz band centered on the carrier

1 MHz to 110 MHz: 100 Hz p-pFM
Test level: constant current source

IZI

Current (~ A ±20%)

Impedance Measurement
Residual Impedance of Probe (at probe tip)

Resistance: sO.55 n
Inductance: s(4.9 + 10/0 nH where f is measuring frequency in
MHz
Parallel Capacitance: sO.11 pF

Measuring speed: assumes range is fixed; recorder output is OFF
HI SPEED: approximately 150 ms per measurement
NORMAL: approximately 1 s per measurement

Ranging time: approximately 1.2s
Temperature coefficient at 23°C ± 5° C
Izl: 2 mG/oC, 0: 0.02° JOC

General
Operating temperature/humidity: 0 to 55°C, s95% RH @ 40°C.
Note that measurement error in O°C to 55°C temperature range is
typically double the error in the 23°C ± 5°C range.
Power: 100/120/220 V ±IO%, 240 V -10% to +5%, 48 to 66 Hz,
150 VA max
Size: 426 mm W x 178 mm H x 498 mm D, (16.75" x 7" x 19.6").
Weight: 18 kg (40 Ib)
Accessories furnished: low-ground probe kit includes probe, spare
pins, spare clips, BNC adapter, component mounting adapter, probe
socket and accessory case.

Frequency Sweep for Complex Component Testing
When testing complex components like ceramic resonators, it is

useful (I) to sweep frequency to get the big picture and (2) identify
critical impedance points such as the series resonant point. This re
quires both swept measurement and measurements at individual
"spot" frequencies. The HP 4193A can do both.

The HP 4193A can be tuned to any individual frequency from 400
kHz to 110.0 MHz with maximum resolution of I kHz. If greater
frequency resolution is required, it can be provided by connecting an
external synthesized source such as the HP 3335A or HP 8656B to
the HP 4193A EXT OSC input.

Flexible internal frequency sweep is an exciting HP 4193A feature.
Frequency can be swept linearly over any portion of the HP 4193A
frequency range---<lr swept logarithmically over the entire 400 kHz to
110.0 MHz range.

Test In-Circuit and Out-of-Circuit Components
Several test fixtures help adapt the HP 4193A to your device under

test. For example, the handy L-ground probe is useful for in-circuit
testing. The HP 16099A Test Fixture Adapter and three associated
fixtures help connect to out-of-circuit devices of various sizes and
shapes.

Specifications (Refer to data sheet for complete specifications)
Test Signal Output Specifications
Test signal is output from the furnished low-ground probe.
Frequency range: 400 kHz to 110.0 MHz
Frequency Resolution

400 kHz to 9.999 MHz: 1 kHz resolution
10.00 MHz to 99.99 MHz: 10 kHz resolution
100.0 MHz to 110.0 MHz: 100 kHz resolution

Frequency accuracy: ±0.01 % of setting after calibration.
Frequency stability: ±100 ppm per month (0 to 55°C)
Frequency Control

Spot: spot frequency is set using coarse, medium and fine controls
Full sweep: logarithmic sweep at 43 points over full range of 400
kHz to 110 MHz

Accessories Available
HP 16099A Test Fixture Adapter (used with HP
16092A and HP 16093A/B)
UP 16092A Spring Clip Fixture (used with HP
16099A)
UP 16093A Binding Post Fixture (used with HP
16099A)
UP 16093B Binding Post Fixture (used with HP
16099A)
Refer to page 279.

HP 4193A Vector Impedance Meter

Price
$490~

$540~

$220~

$234~

$9,900



8 COMPONENT MEASUREMENT
Precision LeR Meter (20 Hz to 1 MHz)
Model HP 4284A

• 20 Hz to 1 MHz, with over 8600 test frequencies
• 0,05% basic accuracy
• O,OlmU to 100MU impedance range
• Test signal level (OPT 001): 5 mV to 20 Vrms, 50 J,lA to

200 mArms

e
HP 4284A

Description
The HP 4284A Precision LCR Meter is a cost effective solution for

component and material measurement, which can be used to improve
component quality by providing an accurate, high throughput test so
lution. The wide 20 Hz to I MHz test frequency range and superior
test signal performance allows the HP 4284A to test components to
the most commonly used test standards, such as IEC/MIL standards,
and under conditions which simulate the intended application.
Whether in R/D, production, quality assurance, or incoming inspec
tion the HP 4284A will meet all of your LCR meter test and measure
ment requirements.

A Wide Range of Test Signal and DC Bias
The test signal (voltage/current) is variable from 5 mVrms to 2

Vrms, and from 50 I£Arms to 20 mArms. The constant test signal
level feature guarantees that the applied test signal level will remain
constant for demanding tests. Option 001 will allow you to vary the
test signal level from 5 mVrms to 20 Vrms and from 50 I£Arms to 200
mArms, offering a convenient method of testing components over a
wide range of working conditions. The dc bias is selectable from ± I
mV to ±40 V with an accuracy of 0.1 %for applications which require
accurate bias control, such as measuring the C-V characteristics of
semiconductors.

High Accuracy, Resolution, and Test Throughput
The HP 4284A's wide impedance measurement range covers from

In to 100Mn full scale with O.Olmn minimum resolution and with an
unmatched basic accuracy of 0.05% to IMHz. Six full digits of reso
lution for all measurement parameters allow you to determine even

• High resolution 6-digits: 0=' 0,00000 1
• High speed measurements (1 MHz): 30 ms/meas
• Measures IZ!, IY!, (0, R, X, G, B, L, C, Q, 0, and ESR
• 10-bin component sorting - comparator

~
-to",:CNf::OFO". :
SYSTEMS

the smallest differences in materials or component performance. A
dissipation factor measurement resolution of 0.000001 is very useful
when developing low loss capacitors and inductors used in high per
formance electronic equipment. The measurement time needed to ob
tain the optimum accuracy is only 190 ms/meas (1 kHz). A
selectable integration time permits a high throughput testing with a
measurement time of only 40 ms/meas (I kHz) for a slight trade off
in accuracy.

High Current Biasing for Power Inductor Evaluation
Combining the HP 4284A Precision LCR Meter, HP 42841A Cur

rent Source, and HP 42842A/B Current Fixture gives you a high
performance power inductor and transformer test system, which en
ables the testing of inductors up to I MHz and at high dc current
levels, up to 20 A (40 A with two HP 42841As and the HP 42842B)
demanded for components used in advanced switching power sup
plies.

Flexibility and Ease of System Integration
The HP 4284A's built-in comparator, advanced compensation, and

optional handler and scanner interfaces permit easy integration with
automatic component handling equipment. The 10-bin comparator
allows for error free Go/No-Go testing by comparing a component's
measured value with user selected test limits. The scanner interface
provides control and compensation for up to 128 multiplexed mea
surement channels. The list sweep feature permits up to ten frequen
cies, test signal levels, or bias level points to be automatically
measured. The high speed HP-IB interface and HP-SL programming
language are excellent for data logging and system applications.



DC Bias:

Standard: 0 V, 1.5 V and 2 V

With Option 001: 0 V to ±40 V.

Range Resolution Accuracy

t(O.OOO to 4.000) V 1 mV (0.1 % + 1 mY)
t(4.002 to 8.000) V 2 mV (0.1 % + 2 mY)
t(8.005 to 20.000) V 5 mV (0.1 % + 5 mY)
±(20,O1 to 40.00) V 10 mV (0.1 % + 10 my)

displays measured values, control
settings, comparator limits and deci
sions, list sweep tables, self test
messages and annunciations.

Parameter Range

IZI. R. X 0.01 mO to 99.9999 MO
IYI, G. B 0,01 nS to 99.9999 S

C 0.01 IF to 9.99999 F
L 0.01 nH to 99.9999 kH
D 0.000001 to 9.99999
Q 0.01 to 99999.9
e ·180.000° to 180.000°

6% .999.999 % to 999.999 %

Display
LCD Dot-matrix display:

Measurement Range

Specifications (Refer to datasheet for complete specifications)
Parameters measured: IZ~0, IY~e, R-X, G-B

CoD, Q, ESR, G, Rp
L-D, Q, ESR, G, Rp
Deviation and % deviation

Measurement Circuit Modes: Series and Parallel
Ranging: Auto and Manual
Trigger: Internal, External and Manual
Delay time: 0 to 60.000 sec in I ms steps
Measurement terminals: Four-Terminal Pair
Test cable length: Standard: 0 and I meters

With Option 006: 0, 1,2 and 4 meters
Integration time: Short, Medium and Long
Averaging: I to 256, programmable
Test Signal

Test frequency: 20 Hz to I MHz, 8610 selectable frequencies
Test signal modes: Normal: Programs selected voltage or

current at the measurement ter·
minals open or shorted, respec·
tively, and not at the device
under test.

Constant: Maintains selected voltage or
current at the device under test
independent of changes in the
device's impedance.

Simple Operation for Error Free Measurement Setup
The large easy-to-read LCD screen displays the instrument set

tings and the measurement results. The new softkey and cursor opera
tion provides user-friendly front panel operation. The memory card
allows storing and retrieving up to ten entire instrument setups, in·
eluding bin limit information. It improves operator efficiency and
minimizes setup errors.

Test signal level:

Standard

Range Accuracy

Normal V 5 mVrmsto 2 Vrms ±(10 % + 1 mVrmsl
I 50 uArms to 20 mArms ±(10 % + 10 \.LArms)

Constant V 10 mVrms to 1 Vrms t(6 % + 1 mVrms)
I 100 \.LArms to 10 mArms t(6 % + 10 "Arms)

Correction Function
Zero OPEN/SHORT: Eliminates measurement errors due to the

test fixture's stray parasitic impedance.
Load: Improves measurement accuracy by using a calibrated device

as a reference.

List Sweep Function
A maximum of ten frequencies or test signal levels can be program

med. Single or sequential testing can be performed. When Option 001
is installed, DC voltage bias testing can also be performed.

With Option 001:
LIST SWEEP DISPLAY (example)

<LIST SWEEP DISPLAY) SYS MEIiU
Range Accuracy

Normal V 5 mVrms to 20 Vrms ±(10% + 1 mVrms)
I 50 uArms to 200 mArms ±(10 % + 10 \.LArms)

Constant V 10 mVrms to 10 Vrms ±(10 % + 1 mVrms)
I 100 \.LArms to 100 mArms ±(10 % + 10 \.LArms)

MODE : SEQ
fREQ[Hz]
1.00000k
2.00000k
5.00000k
10_ OOOOk
20.0000k
SO_OOOOk
100_000k
ZOO.DOOk
SOO.OOOk
1 _OOOnOM

[p[ f ]
3.26010n
3_25811n
3.2S803n
3_26213n
3_ 2S91-(n
3_25819n
3.26038n
3.25'H6n
3.25901 n
3.2601'3n

O[ ]

.000905

.000897

.000630

.000305

.000"(67

.000310

.000098
_000318
.00016g
.000296

CMP



BCOMPONENT MEASUREMENT
Precision LeR Meter (20 Hz to 1 MHz) (Cont'd)
Model HP 4284A
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Figure 1

Other Functions
STORE/LOAD: Ten instrument setups can be stored/loaded from

the internal non-volatile memory. Ten additional
setups can also be stored/loaded from a memory
card.

HP-IB: All instrument control settings, measured values, compara
tor limits, list sweep tables, and self test results.

The memory buffer can store a maximum of 128 measurement re
sults and output the data over HP-IB. ASCII and 64-bit binary data
formats.

<BIN COUNT DISPLAY> SYS MENU
fUNC : Cp-D NOM 3. 26000nf
BIN LOU [ r. ] HIGH[ r. ] >COUNT

1 1.000 .. 1.000 565
2 2.000 .. 2.000 15
3 3.000 .. 3.000 18
"\ 1.000 .. 1.000 29
5 5.000 .. 5.000 11
6 6.000 .. 6.000 6
-, 7.000 .. 7.000 "8 8.000 .. 8.000 "9 9.000 .. 9.000 3

2nd [ ]

REJ CNT AUX: Off OUT: 9

BIN COUNT DISPLAY (example)

Measurement Accuracy
Measured accuracy is specified when all of the following conditions

are satisfied.
I. Warm up time: ~ 15 minutes
2. Ambient temperature: 23±5°C
3. Test signal voltage: 0.3 Vrms to I Vrms
4. Test cable length: 0 m
5. OPEN and SHORT corrections have been performed
6. D:sO.1 for C, L, X and B measurements

Q:sO. I for Rand G measurements
Accuracies are relative to calibrated standards. Absolute accura

cies are given as: (HP 4284A's relative accuracy + calibration uncer
tainty of standards).

Izl, C, Land D accuracies are shown in Figure 1.
The accuracies are represented as
Izl, C and L: ± (% of reading)
D: ± (D value)

Comparator
Ten bin sorting for the primary measurement parameter, INlOUT

for the secondary measurement parameter.
Bin count: 0 to 999999
List sweep comparator: HIGH/IN/LOW decision output for

each measurement point in the list
sweep table.

General
Power requirements: 100/120/220 V ±10%, 240 V +5% / -10%,

47 to 66 Hz
Power consumption: 150 VA max
Operating temperature and humidity: 5°C to 45°C, ~95 % RH at

40°C
Size: 426 (W) x 177 (H) x 498 (D) mm
Weight: Approximately 15 kg



Supplemental Characteristics
Measurement time: Typical measurement time from the trigger

command to the EOM (End of Measurement)
output at the handler interface connector.

HP 42842A/B Bias Current Test Fixture
Used with the HP 4284A and HP 42841A for high DC bias current
measurements,

20 Hz 100 Hz 1 kHz 10 kHz to 1 MHz

SHORT 1,100 ms 270 ms 40 ms 30 ms
MEDIUM 1.320 ms 400 ms 190 ms 180 ms

LONG 1,320 ms 1.040 ms 830 ms 820 ms

Option 001
DC Bias current output: 100 rnA max

Options
Opt 001: Increases the AC test signal to 20 Vrms/200 mArms. Va

riable ±40 Vdc bias.
Opt 002: Allows the HP 4284A Precision LCR Meter to control the

HP 42841A Bias Current Source.
Opt 006: Increases test cable length capability. Adds 2 and 4 meter

operation
Opt 109: Delete HP-IB Interface
Opt 201: Handler Interface
Opt 202: Handler Interface
Opt 301: Scanner Interface. Provides control interface for opera

tion with a scanner. OPEN/SHORT/LOAD correction
data for up to 128 measurement channels at three fre
quencies is stored in non-volatile memory.

Accessories
HP 42841A Bias Current Source

Bias Current Output: 0 Adc and 0.01 Adc to 20 Adc
Output Voltage: 38 Vdc max
Frequency Range: Up to 1 MHz
Basic Impedance Accuracy: 1% when used with the HP 4284A
Interface: Custom, directly controllable by the HP 4284A with Op-

tion 002.

HP 42841A

Ordering Information
HP 4284A Precision LCR Meter
Opt W30: 3-year hardware support
Opt 001: Power Amplifier/DC Bias
Opt 002: Bias Current Interface
Opt 006: 2m/4m Cable Length Operation
Opt 008: Add Japanese Operation Manual
Opt 009: Delete Operation Manual
Opt 109: Delete HP-IB Interface
Opt 201: Handler Interface
Opt 202: Handler Interface
Opt 301: Scanner Interface
Opt 907: Front Handle Kit
Opt 908: Rack Mount Kit
Opt 909: Rack Flange and Handle Kit
Opt 910: Extra Operation Manual
Refer to page 279 for accessories.

HP 42842A

$9,400
$160

$1,200
$280
$180

$80
-$80

-$240
$280
$310
$600
$70
$40

$100
$80



BCOMPONENT MEASUREMENT
Multi-Frequency LCR Meters
Models 4274A & 4275A

• Test frequencies - HP 4274A: 100 Hz to 100 kHz
HP 4275A: 10 kHz to 10 MHz

• Test signal level HP 4274A: 1 mV to 5 Vrms
HP 4275A: 1 mV to 1 Vrms

I'.l - ---,..--- - -
15/13 .0005 •

• 0.1% basic accuracy
• High resolution·· 5'/2 digit; 0=0.00001
• Measure LlC - O/Q/ESR/G; IZI- (~,

R-X/B/LlC; LlLCRZ, Ll%
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HP 4275A

Description
The HP 4274A and HP 4275A Multi-frequency LCR Meters,

microprocessor-based impedance measuring instrumentation. Both
instruments offer LCR components, complex components, electronic
circuits "tested under actual working conditions", and semiconductor
materials. A measurement under conditions similar to the intended
use contributes to the improvements in quality and reliability of elec
tronic components, devices and circuits.

Reliable Measurements with 51f2 Digit Resolution
The HP 4274A and HP 4275A measure only the value of the com

ponent and/or device under test, with 5\6 resolution and 0.1 % basic
accuracy by reducing the possibility of errors due to self or mutual
inductance, stray capacitance and/or residual inductance in the test
leads or test fixture used. This measurement is obtained by a state-of
the-art four terminal pair configuration and a built-in automatic
ZERO-offset capability to compensate for these errors.

The fast measurement speed, high resolution, and high accuracy
can make major contributions for the component manufacturer and
user who is concerned about reducing his costs, improving quality,
and throughput efficiency. In these areas, the HP 4274A and the HP
4275A are ideal for D-measurements of film capacitors or insulation
material (with the high resolution of 0.00001), the CoG measure
ments of semiconductors (with maximum resolutions of 0.01 fF,
0.0 InS, respectively), and for the low impedance measurement of alu
minum electrolytic capacitors (with a maximum resolution of 0.001
mQ).

Multi-Frequency Capability
To insure the high reliability in circuits and devices, it is most im

portant that they be tested and evaluated at test signals similar to
those of actual operating conditions.

The HP 4274A covers the wide frequency range of 100 Hz to 100
kHz in II spot frequencies and the HP 4275A has 10 spot frequencies
from 10 kHz to 10 MHz, in 1-2-4 step sequence with 1-3-5 as an
option. This feature produces the frequency characteristics of compo
nents or devices. In addition, two optional special frequencies (for ex
ample, 455 kHz and 10.7 MHz) are available within the frequency

range of each instrument. This wide frequency range selection offers
evaluation of circuit design with a continuously variable test signal
over the range of I mV to 5 Vrms (to I Vrms for the HP 4275A), and
with internal dc bias optionally available with I mV maximum resolu
tion. The test voltage or current values can be monitored on the 3
digit display for accurately setting the actual conditions under which
the device-under-test will operate.

Multi-Parameter Measurements
The HP 4274A and HP 4275A measure equivalent series resis

tance (ESR), impedance (IZI), phase angle (0), reactance (X), sus
ceptance (B), and conductance (G), in addition to the conventional
L,C,R,D and Q parameters in certain combinations with a dual 5Y2
digit display, and an HP-IB standard for systems integration.

This wide selection of II parameters provides for more accurate
evaluation of electronic materials or components with high measure
ment speed for most needed combined parameters; for example, the
CoG measurement of semiconductors, an R-X measurement in circuit
design, or the C-ESR or Izl-0 measurement of tantalum capacitors.

In addition, a deviation measurement capability (Ll,Ll%) for the
L,C,R, and Izi functions displays the difference between the actual
value and a stored reference, either as a difference value or in percent.
Deviation applications include, for example, a temperature depen
dence measurement of devices in environmental tests.

Automatic Semiconductor and Component
Measurements with HP-IB

Integrating the HP 4274A and the HP 4275A into an HP-IB con
trolled system is an excellent method for improving efficiency and cost
savings both in the laboratory and on the production line. These auto
matic measurement systems are assembled by connecting the HP-IB
cables between the instruments to be utilized for a specific task.

For example, the evaluation of semiconductors based on the fre
quency dependence of its C-V characteristics that requires a wide
range and fast measurement speeds is easily accomplished with these
instruments.



Special Options
One or two arbitrary test frequencies for each instrument are availa
ble. For more details, please contact nearest HP sales office.
Selectable Frequency Range
HP 4274A: 100 Hz to 100 kHz to ±O.l %. If two frequencies are add
ed, at least one frequency must satisfy the following equation: f =
1200/N kHz where N is an integer from 12 to 12000.
HP 4275A: 10kHz to 10.7 MHz ±O.l %.

$950

$900
N/C

$34SW

Price
$10,400

$220
$ \ 2,600

$160

Ordering Information
HP 4274A Multi-Frequency LCR Meter
Opt W30: 3-year hardware support
HP 4275A Multi Frequency LCR Meter
Opt W30: 3-year hardware support
Opt 001: 0 to ±35 internal dc bias, max resolution;
1 mV steps
Opt 002: 0 to ±99.9 V internal dc bias, resolution:
100 mV steps.
Opt 004: Frequency steps in 1-3-5 sequence
W Fast-Ship product-see page 766.

Reference Data
Measurement time: (typical) 140-180 ms (>1 kHz); 140-210 ms
~ I kHz (measurement time depends on range, sample value and off
set adjustment value).
Z - e measurement time: 170-21 0 ms > I kHz; 170-240 ms ~ I
kHz.
High resolution mode: approximately 8 times the normal measure
ment time.
Auto ranging time: 100 ms - 300 ms per range change.

General Information
Operating Temperature and Humidity: O·C - SS·C,

~95%RH at 40°C
Power: 100, 120, 220V ±IO%, 240V + S% - 10%,48 - 66Hz,

135VA max. (HP 4274A); 165VA max. (HP 4275A)
Size: 177H x 425W x 5740mm (7" x 16.75" x 22.6")
Weight: 18kg (39.6Ibs)

Accessory Furnished
HP 16047A: Direct coupled test fixture.

Accessory Available
HP 160238: dc Bias Controller, for control of dc bias
Opt 001 or 002 Internal Bias Supply.

Measurement Frequencies
HP 4274A: 100 Hz-IOO kHz, II spots (100 Hz, 120 Hz, 200 Hz,

400 Hz, I kHz, 2 kHz, 4 kHz, 10kHz, 20 kHz, 40 kHz,
100 kHz; ±0.01%)

HP 4275A: 10 kHz-IO MHz, 10 spots (10 kHz, 20 kHz, 40 kHz,
100 kHz, 200 kHz, 400 kHz, I MHz, 2 MHz, 4 MHz,
10 MHz; ±0.01%)

Test Signal Level:
HP 4274A: 4-ranges (I mVrms-5 Vrms) continuously variable
HP 4275A: 3-ranges (I mVrms-1 Vrms) continuously variable
Test Signal Level Monitor: standard.
Displays: dual S'/2-digit and single 3-digit; maximum display 199999
(full scale and overrange in high resolution mode), and 41f2-digit:
maximum display 19999 in normal mode. (Number of digits depends
on measurement frequency, test level, and range).
Circuit modes:~ series equivalent circuit and~ paral
lel equivalent circuit. Automatic selection available in AUTO mode.
Deviation measurement: difference between recallable stored refer
ence and displayed is deviation value (count or percent).
Ranging: AUTO or MANUAL (UP IDOWN).
Trigger: internal, external or manual.
Measurement terminals: four-terminal pair with guard.
Auto zero adiustment: automatic normalization of the readout off
set due to residuals of the test fixture by pushbutton operation.
Normalization range: C<20 pF, L<2000 nH, R<0.5f!, G<5ItS.
Self test: automatic operational verification check indicates pass or
fail condition.

Range: full scale range, accuracy: % of reading + counts (0 accuracy:
% of reading + absolute 0 value + count).
(Condrtions: Warm-up time:> 30 minut.s, environmenllemperatur.: 23'C ..S'C).
Refer to technical data sheet for accuracy details.

HP 4275A

HP 4274A

Measurement Accuracy

Measurement Range

10 kHz C: 10 pF-IOO ~F, 01% + 3 L: 10 ~H-IOOH, 01%+ 3
D: 0.33% + O.OOB + 1 D: 0.33% + 0.0013 + 1

20 kHz C: 10 pF-IOO ~F, 0.1 %+ 2 L: 10 ~H-100 H, 0.1 %+3
D: 0.32% + 0.0007 + 1 D: 0.32% + 0.0012 + I

40 kHz C: 1pHO ~F, 014% + 1 L: 10~H-100H,0.1%+3
0: 0.34% +0.0009 + I D: 0.31% + 0.0011 + I

100 kHz C: 1 pHO ~F, 0.1% +3 L: 1~H-IO H,O.l%+ 3
0: 0.33% + 0.0008 + 1 D: 0.33% + 0.0013 + 1

200 kHz C: 10 pF-lO ~F, 0.1%+ 2 L: I ~H-1ooomH, 02% +3
D: 0.32% + 0.0007 + 1 D: 0.53% + 0.0023 + 1

400 kHz C: 1 pF-looo nF, 0.14% + 1 L: 1~H - 1000 mH, 0.2% + 3
0: 0.34% + 0.0009 + I D: 0.51 %+ 0.0021 + I

I MHz C: I pF-looo nF, 0.\% + 3 L: 100 nH - 100 mH, 0.2% +3
D: 0.33% + 0.0008 + 1 0: 0.55% + 0.0025 + 1

2 MHz C: 10 pF-100 nF, 0.3% +3 L: I ~H - 10 mH, 0.5% + 5
0: 0.55% + 0.0025 +I 0: 1.0% +0.0033+ I

4 MHz C: 1 pF-IO nF, 1% + 20 + 0.002 pF L: 1~H-10mH, 1%+ 5
0: 3.3% +0.01 + I 0: 2.0% + 0.0063 + 1

10 MHz C: I pl-10 nF, 2% + 20 + 0.002 pF L: 100 nH - I mH, 2% + 7
0: 4% + 0.011 + I D: 3.1% +0.002 +I

100 Hz C: 1000 pF-looo mF, 01% + 3 L: 100 ~-IO kH, 0.1% +3
120 Hz D: 0.33% + O.oooB + I 0: 0.33% + 0.0013 + I

200 Hz C: 1000 pF-looo mF, 0.1% + 2 L: 100 ~H-IO kH, 0.1 %+ 3
D: 0.32% + 0.0007 + I D: 0.32% + 0.0012 + I

400 Hz C: 100 pF-IOO mF. 0.14% + I L: 100 ~H-IO kH, 0.1 %+ 3
0: 0.34% + 0.0013 + 1 0: 0.31%+ 0.0011 + 1

I kHz C: 100 pF-loo mF, 0.1% + 3 L: 10 ~H-looo H, 0.1 %+ 3
0: 033% +0.0008 + I 0: 0.33% + 0.0013 + I

2 kHz C: 100 pHIlO mF, 0.1%+2 L: 10 ~H-looo H, 0.1 %+ 3
0: 0.32% +0.0007 + I 0: 0.32% + 0.0012 + I

4 kHz C: 10 pF-IO mF, 014% + I L: 10 ~H-looo H, 0.1% +3
D: 0.34% + 0.0013 + 1 0: 0.31%+ 00011 + 1

10 kHz C: 10 pF-10 mF, 01%+ 3 L: 1~H-IOO H, 0.1% + 3
D: 0.33% + 0.0008 + I D: 0.33% + 00013 + I

20 kHz C: 10 pF-lO mF, 0.1% +2 L: 1~H-IOO H, 0.1% + 3
D: 0.32% +0.0007 + 1 D: 0.32% + 0.0012 + 1

40 kHz C: I pF-looo ~F, 0.14% + I L: I ~H-IOO H, D.I% + 3
0: 0.34% +0.0013 + I D: 0.31% + 0.0011 + 1

100 kHz C: IpF-looo~F, 0.1% +3 L: 100 nH-IO H, 0.1% + 3
0: 0.33% +00008 + I 0: 0.33% + 0.0013 + I

C-D/Q L-D/Q

FREQUENCY D-range: OO1-9.9999סס.0 D-range: OO1-9.9999סס.0
RANGE Q-range: 0.01-9900 (~IID) Q-range: 0.01-9900 (~I/D)

(C &0 accuracies apply only (L &Daccuracies apply only
when C: lull scaie and 0: ~ 0.1) when L: full scale and 0: ~ 0.1)

Specifications
ReIer to the HP 4274A & HP 427SA data sheet for details.
Parameters Measured

MODEL HP 4274A HP 4275A

L 100.00 nH - 1000.0 H 100.00 nH - 10.00 H
C ooסס.1 pF - 1.00 F 1.0000 pF - I00.00 ~F

R. IZI, [SR, & X 100.00 mil - 10.000 Mil ooסס.1 Il - 10.000 Mil
0 0.00001 - 9.9999 0.00001 - 9.9999

Q(110) 0.01 - 9900 0.01 - 9900
G&B ooסס.1 ~S - 100.00 S 1.0000 ~S - 10.00 S

e o- ±180' o - ±180'

L: inductance Q: ~I/D 8: phase angle
C: capacitance ESR: equivalent series A: deviation for L. C,

resistance R, I,
R: resistance G: conductance A%: %of deviation
I: impedance X: reactance
D: dissipation factor B: susceptance



8 COMPONENT MEASUREMENT
1 kHz I 1 MHz Capacitance Meter
Model 4278A

• Measurement Speed: 6.5ms/10ms/21ms
• Measurement Parameters: C-O.a.ESR.G
• C-O Measurement Accuracy:

0.07%, 0.0005(1kHz, 21ms)
0.05%, 0.0002(1MHz, 21ms)

• High Resolution: 6 digit, 0:0.00001
• Intelligent Built-in Comparator: 10-bin Sorting

..
SYSTEMS

HP 4278A

Description
The HP 4278A IkHz/ 1MHz Capacitance Meter is a high speed,

highly reliable, precision test instrument aimed at incoming/outgoing
capacitor inspection applications on the production line and in quality
control. The HP 4278A will improve test efficiency by performing
comparative measurements of low to medium value capacitors (up to
200 ILF-a range that covers most ceramic and film capacitors) sever
al times faster than previously available capacitance meters.

The HP 4278A's standard measurement frequencies and oscillator
output levels are 1kHz/ IMHz and from 0.1 V to IV in 0.1 V steps,
respectively. The HP 4278A's ability to make precision capacitance
measurements and to measure low dissipation values will give you an
edge in improving the quality of your devices.

The built-in comparator function of the HP 4278A gives you the
ability to sort parts into ten bins. A high speed HP-IB interface and
an optional handler interface are available for combining the lIP
4278A with an automatic handler and an external computer to build
a total solution for automatic testing and data acquisition and analy
sis.

High Speed Measurements
One of the HP 4278A's main features is its selection of high mea

surement speeds: 6.5ms (153 measurements/sec), 10ms (100 mea
surements/sec), or 21 ms (47 measurements/sec), with a fast settling
time. Additionally, the HP 4278A's built-in comparator and high
speed HP-IB interface make it possible to construct a measurement
system using an automatic handler and an external computer to mini
mize production test time, and, therefore, cost.

High Accuracy and Resolution
Dissipation factor (D), the parameter measured to determine the

quality of capacitors, can be measured with an accuracy of 0.0002
(I MHz) and 0.0005 (1 kHz) with a resolution of 0.00001 without de
grading measurement speed. The HP 4278A has high capacitance
measurement accuracy, 0.05% (1 MHz) and 0.07% (I kHz) with 6 full
digits of resolution in all measurement ranges, IpF to 2048 pF
(lMHz), and 100pF to 100 ILF (1kHz).

The pushbutton zero adjustment function is used to compensate for
stray impedance and admittance of the handler and test fixture. The
auto calibration function, when used with a capacitance standard, can
be used to calibrate the system up to the point of device connection.

Intelligent Built-in Comparator
The intelligent built-in comparator gives the HP 4278A the capa

bility to use nine sets of high and low capacitance values and one set of
dissipation limits to sort capacitors into nine bins, according to their
capacitance values and whether or not they meet the dissipation lim
its. Capacitors which are not within the capacitance limits or do not
meet the dissipation limits go into the tenth or no-go bin.

All comparator settings can be controlled and monitored using an
external computer, and the results of the comparisons can be trans
ferred to a handler interface (optional). All control settings and com
parator parameters can be saved on the removable EEPROM
memory module (memory card) to facilitate instrument setup and to
minimize the chance of an instrument setup error.



Specifications
(refer to data sheet for complete specifications)
Measurement Parameters: C-D-Q-ESR-G
Display: Dot-matrix LCD_ Displays measurement values with 4, 5, or
6 digit resolution, control settmgs, comparator limits, the compara
tor's decision, self test messages and annunciations.
Measurement Circuit Modes: Parallel and Series
Test Signals:

Frequency: 1kHz and 1 MHz, ±0.02%
Signal Level: 0.1 to I Vrms, ±IO% (C::;20/LF), in O.IVrms steps

Measurement Time Modes: SHORT, MEDIUM, and LONG
Measurement Times:

Mode SHORT MEDIUM LONG

Table 31MHz High Accuracy Mode Measurement Accuracy
Nominal C+Open Circuli C C D

1024 -2048pF 0.11% 0.0007
0.11% 0.0004

256 -1024pF 0.11% 0.0007
0.07% 0.0003

4 - 256pF 0.11% 0.0007
0.05% 0.0002

2 - 4pF 0.1 %+O.OOO4pF 0.0008
0.06% +O.OOO4pF 0.0003

0·2pF 0.1% +O.OOO4pF 0.0016
0.08% +O.OOO4pF 0.0006

Time' 6.5ms IOms 21ms

$7130
$180
$750

$275
$430

$265W
$305W
$325W
$325W
$420

$2955
$4500

Ordering Information
HP 4278A 1kHz/1MHz Capacitance Meter
Opt W30: 3-year hardware support
Opt 001 IkH t t f I

Accessories Available
HP 18270A: Memory Card Set
HP 18334A: Tweezer-type Test Fixture for Chip
Components
HP 18047A: Direct-coupled Test Fixture
HP 18047C: Test Fixture
HP 18048A: Test Leads, BNC (1m)
HP 180488: Test Leads, SMC (1m)
HP 18048D: Test Leads, BNC (2m)
HP 18380A: Standard Capacitor Set
HP 18380C: Standard Capacitor Set

Refer to page 279.

General Specifications
Operating Temperature and Humidity: o-55°C, 95% RH @ 40°C
Power: 100, 120, 220VAC ± 10%, 240VAC +5 -10%, 48~6Hz,
200VA max.
Dimensions (in mm): Approximately 426(W) by 177(H) by 498(D)
Weight: Approximately 10kg (22Ib., standard)

Reference Data
Stability: LONG integration and constant operating temperature.

C ~ om %/day
D ~ O.OOOI/day

Temperature CoeHicient: LONG integration and 12±5°C.
C ~ O.OI%jOC; 1kHz and IMHz.
D ~ 0.oo01/ o C; 1kHz and IMHz Normal Mode.
D ~ 0.00004/ o C; IMHz High Accuracy Mode.

HP-IB Data Output Speed: Maximum 100 bytes/ms, typically 3ms
for handshake, depending on the system controller.

Trigger Modes: Internal, External, or Manual
Measurement Terminals: Four-terminal pair, guarded
Cable Length Compensation: 0, I, or 2m
Compensation Function

Zero OPEN/SHORT: Compensation range:R~20{l, G~20/LS, and
unlimited C and L.
Standard: Improves measurement accuracy by using a standard
capacitor as a reference.
Offset: Arithmetic correction of measurement data.

Comparator: Ten-bin sorting for capacitance, and go/no-go testing
for D, Q, ESR, and G.

Sorting Modes: Sequential sorting into un-nested bands with abso
lute limits, and tolerance sorting into nested bands with absolute or
percent limits.

Self Test: Checks the HP 4278A's basic operation.
Memory Card: External memory for storing and recalling control
settings and comparator limits.

: z es requency on y -
Crange C D Opt 002: IMHz test frequency only -$330

256 -1024pF 0.2% +0.02% Opt 003: I% frequency shift: prevents possible test $0
0.1% +0.02% signal interference when component test contacts are

4 - 128pF 0.2% +0.02% 0.2% +0.002 located close to those of other test units
0.05% -+ 0.02% 0.1% -+0.0005 Opt 008: Delete Manual -$30

2pF 0.2% +0.03%
Opt 101: HP-IB compatibility $224
Opt 201: Handler Interface $255

0.05% +0.03% Opt 202: Handler Interface $270
IpF 0.2% +0.06% 0.2% +0.004 Opt 301: Scanner Interface $540

0.05% +0.06% 0.1% +0.001 W Fast-ship product, see page 766.

Crange C D
lOO~F 0.13% +0.3% 0.13% +0.003

0.07% +0.025% 0.065% +0.0025
loopF -lO~F 0.1% +0.05% 0.1% +0.001

0.05% +0.025% 0.05% +0.0005

1. 1kHz Normal Mode: 7 decade ranges 100pF to 100/LF full scale.
100% overranging on all ranges, (max.
200000 counts) when D ~ 0.5.

2. 1MHz Normal Mode: II binary ranges, 1pF to 1024pF full scale.
25% overranging on all ranges, when D ~

1.
3. IMHz High Accuracy Mode: Measurement range is ±30% of the

user defined nominal value, maxi
mum 2048pF. When D ~ 0.05.

• Measurement time Includes Sellllng, Integration (analog measurements), Calculation, and Com
parlson times.
No additional measurement time is required for measurements

performed in an overload (shorted capacitor) condition.
Measurement Range

Table 2 1MHz Normal Mode Measurement Accuracy

Measurement Accuracy
It is specified at the UNKNOWN terminals and at the end of

standard I or 2 meter test leads under the following conditions.
Refer to data sheet for details.
1. Warm Up Time: ~ 10 minutes.
2. Ambient Temperature is 23 ± 5°C and variance is less than

0.2°C/minute.
3. Test slgnallevel is set to 1 Vrms.
4. Test cable length is 0, I, or 2 meters (HP 16048AjB/D).
5. Zero OPEN/SHORT compensation has been performed.
6. D ~0_05 for IMHz High Accuracy Mode.

D ~0.1 for 1kHz and IMHz Normal Modes.
7. Accuracies are only valid when the measured value is equal to full

scali of each range.
8. Accurac~ stated in the tables is given for MEDIUM (upper) and

LONG (lower) integration times.
9. Accuracy equations are read as follows:

C: ± (% of reading + % of full scale)
D: ± (% of reading + absolute D value)
(C: ± (% of reading + absolute C value) for Table 3)

Table 11kHz Measurement Accuracy

Meaurement lKHz 1MHz Normal Mode
Parameter 1MHz High Accuracy

C 0.001 pF to 200.000 ~F
OO1סס.0 pF to 1280.00 pF

OO1סס.0 pF to 2663.00 pF

DF OO1סס.0 to 9.99999
OO1סס.0 to 9.99999
oo1סס0. to .999999

Q 0.1 \0999999
0.1 to 99999.9
20 to 99999.9

G oo1סס0 ~5 to 9.999995
OO1סס.0 ~ to 9.99999 mS
OO1סס.0 ~S to 9.99999 mS

£SR O.oooolll to 9.99999 Mn
O.oolll to 999.999 KO

O.ooIn to 999.999 Kn



BCOMPONENT MEASUREMENT
LCZ Meters
Models 4278A a. 4277A

• 3-digit frequency setting:
100 Hz to 20 kHz (801 spots)
10 kHz tol MHz (701 spots)

• High speed measurements

• Measure LlC-D/Q/ESR/G, iZi --Ii, high speed LlC
• 10-bin component sorting-comparator (OPT. 002)
• 0.1% basic accuracy over impedance range of 100 ma

to 10 Mn (HP 4276A), 10\2 to 1 MIl (HP 4277A)

HP 4276A

~
ESIGNEOFOA. ..

SYSTEMS

HP 4277A

$800

$[40
$200

Prices
$5.200
$7,300

$230

Description
HP's 4276A and 4277A LCZ Meters are general purpose impe

dance measuring instruments designed to measure circuit compo
nents such as capacitors and inductors using frequency and dc bias
conditions identical to those of the intended application. Both HP
4276A and HP 4277A feature variable test frequency (100 Hz - 20
kHz and 10 kHz - I MHz respectively), optional dc bias variable
from 0 to ± 40 V, multiple parameters (L • C ·lzl· D • Q • ESR • G •
8) with fully automatic high speed measurements, and 4Yl digit reso
lution. The HP 4276A has an impedance range of 100 mn to 10 Mn
and the HP 4277A 10 n to I Mn.

Both instruments are ideal for production line, quality control, and
circuit design applications, and are versatile enough for stand-alone
use or systems use under HP-IB control (standard). An optional com
parator for 10-bin sorting with measurement time of less than 100 ms
make the HP 4276A/4277A a good choice for production line testing
of discrete components.

Specifications (Refer to data sheet for complete specifications)
Common to HP 4276A and HP 4277A
Parameters measured: C-D· Q. ESR· G· L-D· Q. ESR· G

high speed L, high speed C
Iz~ e and ~ (deviation for any parameter)

Display: 4'/, digits (max), maximum display 19999
Measurement circuit modes: Auto, Parallel, and Series
Frequency control modes: SPOT, COARSE (10 freq./decade),
and FINE (max. freq. resolution).
Test Signal Level (unknown terminal open)

HIGH LOW

HP 4276A 1 Vrms:t 10%@1kHz 50 mV • 20% (CP only) @ 1kHz

HP 4277A 1 Vrms ± 10% 20mV ± 15%

Test frequencies:
HP 4278A - 100 Hz to 20 kHz ± 0.0 I% (80 I points)
HP 4277A - 10 kHz to I MHz ± 0.01 % (701 points)

Measurement accuracy and range: specified at the front panel un
known connectors when all of the following conditions are satisfied:

(1) warmup time 6 30 min.
(2) test signalleve1 is set to HIGH (I Vrms)
(3) measurement speed mode: MED or SLOW
(4) ambient temperature is 23°C ± 5°C
(5) cable length switch is set to 0 m (HP 4277A)
(6) OPEN and SHORT adjustments have been made
(7) D ~ 0.1

C Measurement Basic Accuracy:
HP 4278A: 0.1 % + 17 counts to 3% + 2 counts
HP 4277A: 0.1 % + 17 counts to 3% + 4 counts

DC Bias
Internal dc bias (opt.): 0 to ±40 V

Reference Data
Measurement Speed (Typical): (Circuit mode: AUTO, test signal
level: HIGH, display digit: 3 digits, FAST mode)

Measurements HP 4276A @ 1kHz HP 4277A @ 1MHz

C-D. ESR • G 65 rns 75 rns
L-D. ESR • G 75 rns 65 rns

zoe 80 rns 75 rns
High Speed C 35 rns 40 rns

General Specifications
Operating temperature and humidity: 0° to 55°C, ~ 95% RH at
40°C.
Power requirements: 100/ 120/220 Vac ± I0%, 240 V + 5% - 10%;
48 to 66 Hz.
Power consumption: 65 VA max (HP 4276A); 75 VA max (HP
4277A).
Size: 188 mm H x 426 mm W x 422 mm D (7'/s" x 163/." x 16'/3").
Weight: approx. 8.5 kg (18.7Ib).
Special Options
HP 4278A Opt H05: I kHz C-D measurement only (I V/ 100mV)
HP 4278A Opt H08: I kHz CoD measurement only (1 V/300mV)
HP 4278A Opt H07: I kHz C-D measurement only (I V/ 500mV)
HP 4277A Opt H03: Programmable DC bias for high speed C-V
measurement (I V/20mV, I MHz only)
HP 4277A Opt H04: Programmable DC bias for high speed C-V
measurement (500mV/20mV, I MHz only)
HP 4277A Opt H07: High accuracy DC bias
Contact your nearest HP sales office for more information.
Accessories
Furnished accessories: HP 16047A Direct Coupled Test Fixture
Accessories Available
HP 18084A: Retrofit Kit for Comparator (HP 4276A/HP 4277A,
Opt 002)
Ordering Information
HP 4278A LCZ Meter
HP 4277A LCZ Meter
Opt 001: Internal dc bias, 0 to ±40 V, max resolution
10 mV/IOO mY.
Opt 002: 10-bin sorting for L/C/izi and go/no-go test
ing for D/Q, interfaceable with component handler.

Opt W30: 3-year hardware support (HP 4276A)
Opt W30: 3-year hardware support (HP 4277A)



COMPONENT MEASUREMENT 8
951MHz C-V Meter

Model 4279A

• Built-in programmable (1c bias sweep source with a
voltage accuracy of 0.1%

• High speed C-V measurements: 10ms, 20ms, and
30ms/meas point

• 0.1% basic accuracy and 6 digit resolution for C mea
surement

• Automatic dc bias polarity control
• High reliability for production testing

~nm~~
SYSTEMS

Price
$9700

$270
$0

-$36
$36

HP 4279A

Description
The HP 4279A 1MHz C-V Meter offers the optimum solution for

increasing quality and throughput when measuring the capacitance
vs bias voltage characteristics of semiconductors. The HP 4279A
measures capacitance over a range of 0.00001 pF to 1280.00pF with a
basic accuracy of 0.1 % and a 6 digit display resolution, while sweep
ing the dc bias voltage. An internal, programmable dc bias sweep
source with a 0.1 % voltage accuracy throughout the ±38V range as
sures very low measurement error due to bias voltage uncertainty. It
makes the HP 4279A ideal for the precise characterization and test
ing of varactor diodes, MOS diodes, etc.. Measurement time can be
selected from three modes of 10ms, 20ms and 30ms/meas to maxi
mize productivity. The HP 4279A's very fast ranging and high speed
HP-IB data transfer capabilities reduce test time. The automatic bias
polarity control feature allows quick selection of the correct polarity
bias voltage for the device under test. This new function eases manual
testing of samples in incoming/outgoing inspection and provides a
simple method of polarity control for automatic test systems.

Specifications
Parameters measured: C-D-Q-ESR-G
Display: 4, 5, 6 digits, selectable, maximum display 999999
Measurement circuit modes: Series and parallel.
Ranging modes: Auto, Manual and Program
Measurement frequency: 1MHz ±0.02%
Test signal level (unknown terminal open): 20mV, 50mV, 100mV,
200mV, 500mV and 1Vrms, selectable
Measurement terminals: 4-terminal pair
Test cable length compensation: Om, 1m and 2m
Error-correction: OPEN and SHORT adjustments and STD and
temperature compensation functions

F---'--,----,-----,---,
Measurement time: Mode SHORT MEDIUM LONG

10ms 20ms 30ms

Ranging time: Less than 3ms in program mode (unspecified)
Trigger: Internal, External and Manual
Delay time: 0 to 1000ms, programmable in 1ms steps

Measuring range and accuracy
C-D measurement range: 0.00001 pF to 1280.00pF;

0.00001 to 9.99999D
C measurement accuracy: Specified at the front panel unknown ter
minals and the ends of standard 1m or 2m test leads (HP
16048A/B/D) when all of the following conditions are satisfied:
(1) Ambient temperature is 23°C ±5°C and temperature variance
:s:: 0.2°C/min
(2) Warmup time> lOmin.

(3) OPEN, SHORT and temperature compensations have been made
(4)D:s::0.1

Accuracies for C measurements in MEDIUM mode are given in
Table 1 and are read as ±(% of reading + % of full scale value).
(Refer to the HP 4279A data sheet for complete accuracy specifica
tions including D/Q/ESR/G accuracies)

Crange
Test signal level

20mV SOmV lOOmV 200mV-1V
1024pF
512pF 0.07%+0.03%

0.07%+0.03%128pF 0.07%+003% 0.07%+0.03%
32pF 0.06%+0.04%
8pF 0.06%+0.08% 0.06%+004%
2pF 0%+0.3% 0%+0.15% 0%+0.1% 0.06%+0.04%

DC bias
Internal dc bias: OV to ±38V

Bias voltage Voltage step Accuracy (at 23'C±5'C)
±(0.OO(}..4.000)V ImV ±(O.1 %of setting +1mV)
±(4.002~.OOO)V 2mV ±(O.1%of setting +2mV)
±(8.005-20.000)V 5mV ±(O.1%of setting +3mV)
±(20.01-38.00)V IOmV ±(O.1 %of selting +IOmV)

Bias voltage sweep: Max. 51 sweep pOlfits can be programmed Via

HP-IB
Auto bias polarity control: Completed within 4ms after triggered
(unspecified)
External dc bias: OV to ± 100V via rear panel connector
HP-IB: Standard. Remote control and ASCII or binary data output
(packed data output when swept bias measurements are made.)

General
Operating temperature and humidity: 5°C to 45°C, :s:: 95%RH at
40°C
Power: 100/120/220V ± 10%, 240V +5% -10%: 48 to 66 Hz; 200VA
maximum
Size: 177mmH x 426mmW x 498mmD (7" x 16.8" x 19.6")
Weight: Approximately 15kg

Accessories Available
Refer to page 279.

Ordering information
HP 4279A IMHz C-V Meter

Opt. W30: 3-year hardware support
Opt, 003: 1% frequency shift
Opt. 009: Delete manual
Opt. 910: Extra manual



BCOMPONENT MEASUREMENT
DigitallCR Meters
Models 4261A and 4262A

• Automatic balancing, ranging & circuit mode selection
• Test frequencies: HP 4261A, 120 (100) Hz and 1 kHz

HP 4262A, 120 (100) Hz, 1 kHz and
10 kHz

HP 4262A with Opt 004

• Versatile accessories and options
• High reliability

HP 4261A

Deviation measurement (HP 4262A): displays the difference be
tween a stored value (that is, measured value when LCR switch is
depressed) and subsequent measured data.
Offset adjustments (HP 4262A): front panel adjustments to com
pensate for stray capacitance (C: 0 to 10 pF) and residual inductance
(L: 0 to I pH) of the test fixture.
Self-test (HP 4262A): automatically checks basic functions.

Ordering Information (HP 4261A *1)
Opt 001: BCD Output (L/C/R and D simultaneously) $240
Opt 002: BCD Output (L/D, C/D, R alternately) $210
Opt 003: BCD Remote Control $110
Opt 010: 100 Hz Test Frequency $0
Opt 910: Extra Manual $23
HP 16061A Test Fixture, Radial/Axial Lead devices $224
HP 16062A Test Leads, 4-wire $120
HP 16063A Test Leads, 3-wire $130
'1: Options 001 and 002 are mutually exclusive.

General
Measuring time (typical): for a 1000 count measurement on a low
loss component on a fixed range:

1 kHz, 10 kHz: C/L 220-260 ms, R 120-160 ms
120 (100) Hz: C/L 900 ms, R 700 ms

Ranging Time
1 kHZ, 10 kHz: 180 ms/range step
120 (100) Hz: 670 ms/range step

Reading rate: INT (internal trigger) approximately 30 ms between
end of measurement cycle and start of the next cycle. EXT (external
trigger) measuring cycle is initiated by a remote trigger input.
Accessories available: HP 16061A: test fixture, direct couple, 5-ter
minal; HP 16062A: test leads with alligator clips, 4-terminal (for low
impedance measurements); HP 16063A: test leads with alligator
clips, 3-terminal (for high impedance measurements).

Description
The HP 4261A and HP 4262A are 3\1, digit LCR meters that meet

today's requirements for component measurements. Both instru
ments feature fully automatic operation over wide measuring ranges.
Simply select the measuring functions and one of the test frequencies,
then insert the device to be measured. The instrument does the
rest-automatically selecting the proper measuring range and
equivalent circuit mode.

In addition to automatic measurements, the HP 4261A and HP
4262A provide high accuracy (0.2% reading), internal dc bias, and
series and parallel equivalent circuit modes.

These relatively low cost and easy-to-use LCR meters are capable
of a wide range of applications - measuring electrolytic/ceramic ca
pacitors, filter coils, pulse transformers, internal resistance of dry
cells and semiconductor junction capacitance, as well as ordinary
LCR components. Extended features of these reliable instruments in
clude optionally available HP-IB (HP 4262A) and BCD (HP 4261A)
data output capabilities and a comparator option which is convenient
for production line applications.

Specifications (refer to data sheet for complete specifications)
Measurement ranges and accuracies: see table on this page. Accuracy
applies over a temperature range of 23°C ±5°C (at 0° to 55°C, error
doubles). 10 kHz and Q specifications are given only for the HP
4262A.

HP 4281A HP 4282A

Parameters L-D. C·D L-D • c, c·o • Q

measured A A (ESA). ~LCA

Display 3·' /2 digit. 3.1/2 digits
max. display 1900 max. display 1999

Basic
0.2%

Accuracy

Test
120(100) Hz, 1 kHz i3% 120(100) Hz, 1 kHzfrequency 10 kHz t3%

Test Signal
1 1/, 50 mV (Cp mode only)

level (typical)

lint 1.5 V. 2.2 V, 6 II t5%, selectable
DC bias

IExt Olo+30V Oto+4011

Equivalent
auto, parallel, seriescircuit modes

ILcA aulo, manual

Ranging modes f I
DO o only -fixed auto, manual

Trigger internal, external, manual

Measuring
5-termlnal configurationterminal

Ordering Information (HP 4262A *2)
Opt 001: BCD Output
Opt 004: Digital Comparator
Opt 010: 100 Hz Test Frequency
Opt 101: HP-IB Interface
Opt 907: Front Handle Kit
Opt 908: Rack Flange Kit
Opt 909: Rack/Handle Kit
Opt 910: Extra Manual
HP 16061A Test Fixture for Radial/Auxial Lead De
vices
HP 16062A Test Leads, 4-wire
HP 16063A Test Leads, 3-wire
'2: Option combinations 101/001 and 101/004 cannot be ordered.

$420
$1,050

$0
5700

$56
$33
$82
530

$224

$120
5130



COMPONENT MEASUREMENT 8
97Q Meter

Model 4342A

• Frequency range: 22 kHz to 70 MHz
• Q range: 5 to 1000

HP 4342A

Resonating Capacitor Characteristics
Capacitor range: main dial, 25 to 470 pF, vernier dial, -5 to +5 pF.
Capacitor accuracy: main dial, ± I% or I pF, whichever is greater;
vernier dial, ±O.l pF.
Capacitor increments: main dial, I pF from 25 to 30 pF, 2 pF from
30 to 200 pF, 5 pF from 200 to 470 pF; vernier dial, 0.1 pF.

General
Rear Panel Outputs

Frequency monitor: 170 mV rms min. into 50 Q.
Q analog output: 0 to I V ±50 mV dc after 15 minutes warmup,
proportional to meter deflection. Output impedance approximately
I kQ.
Over limit signal output: contact closure at the rear panel. Relay
contact capacity 0.5 A/ 15 VA.
Over limit display time: selectable, 1 s or continuously on, after
limit exceeded.

Temperature range: O°C to 50°C.
Power: 115 or 230 V ± I0%, 50-400 Hz, approximately 40 VA.
Size: 138 mm H x 425 mm W x 414 mm D (57/16" x 163/4" X 16'/16").
Weight: net, 14 kg (31Ib); shipping, 18.45 kg (41Ib).

- Accessories Available
HP 16014A series loss test adaptor: designed for measuring low
value inductors and resistors and high-value capacitors.
HP 16451A Dielectric Test Adapter: designed for measuring the di
electric constant, capacitance and dissipation factor of insulating
materials.
HP 16462A Auxiliary Capacitor: designed to extcnd the Q and L
measurement capability of the HP 4342A Q Meter. It is especially
useful for measuring small inductors at low frequencies.
HP 16470A Reference Inductors: A range of 20 inductors (any of
which can be supplied separately) which can be used with the HP
4342A Q Meter when measuring the RF characteristics of capacitors,
resistors, or insulating materials.
HP 16470B Stable Inductors: A set of 4 inductors (any of which are
separately available) which can be used to compensate indicated Q
values and/or instrumental variation in the maintenance of the HP
4342A Q Meter. They arc usable over a range of 800 kHz to 50 MHz
with excellent long-term temperature stability.

Description
The direct-reading expanded scale of the HP 4342A pcrmits mea

surement of Q from 5 to 1000 and readings of very small changes in Q
resulting from variation in test parameters. The HP 4342A is solid
state with the elimination of specially matched, fragile thermocouple
components.

The HP 4342A will measure dissipation factor and dielectric con
stant of insulating materials. The Q mcter can measure coefficient of
coupling, mutual inductance, and frequency response of transform
ers. RF resistance, reactance, and Q of resistors and capacitors can
also be determined.

Pushbutton operation of frequency range and Q/~Q range selec
tion provides straightforward measurement. Automatic indication of
meter scales, frequency dials and frequency multipliers are featured,
adding to simplicity and reading speed.

Specifications
RF Characteristics
RF range: 22 kHz to 70 MHz in 7 bands: 22 to 70 kHz, 70 to 220
kHz, 220 to 700 kHz, 700 to 2200 kHz, 2.2 to 7 MHz, 7 to 22 MHz,
22 to 70 MHz.
HP 4342A Opt 001: 10 kHz to 32 MHz in 7 bands: 10 to 32 kHz, 32
to 100 kHz, 100 to 320 kHz, 320 to 1000 kHz, I to 3.2 MHz, 3.2 to 10
MHz, 10 to 32 MHz.
RF accuracy: ± 1.5% from 22 kHz to 22 MHz; ±2% from 22 MHz to
70 MHz; ± I % at "L" point on frequency dial.
HP 4342A Opt 001: * 1.5% from 10 kHz to 10 MHz; ±2% from 10
MHz to 32 MHz; ±I % at "L" point on frequency dial.
RF increments: approximately I % resolution.

Q Measurement Characteristics
Q range: 5 to 1000 in 4 ranges: 5 to 30, 20 to 100, 50 to 300, 200 to
1000.
Q accuracy: % of indicated value' (at 25° C)

HP 4342A & HP 4342A Opt. 001 HP 4342A

QFreq. 22 kHz-30MHz 30 MHz-70 MHz
5-300 ±7 ±10

300-600 ±IO ±15
600-1000 ±15 ±20

Q increments: upper scale, I from 20 to 100; lower scale, 0.5 from 5
to 30.
~Q range: 0 to 100 in 4 ranges: 0 to 3, 0 to 10,0 to 30,0 to 100.
~Q accuracy: ± I 0% of full scale.
~Q increments: upper scale, 0.1 from 0 to 10; lower scale, 0.05 from
o to 3.

Inductance Measurement Characteristics
L range: 0.09 ,uH to 1.2 H, direct reading at 7 specific frequencies.
L accuracy: ±3% after substitution of residuals (approx. 10 nH).

Options and Accessories
Opt 001: Frequency Range (10 kHz - 32 MHz)
Opt 910: Extra Manual
HP 16014A Series Loss Test Adaptor
HP 16451A Dielectric Test Adapter
HP 16462A Auxiliary Capacitor
HP 16470A Reference Inductors, set of 20
HP 164708 Stable Inductors, set of 4
HP 16470C Complete set of 24 Inductors (HP 16470A
+ HP 16470B)

HP 4342A Q Meter

Price
$330

$21
$170
$700
$650

$3100
$1700
$4800

$6,700



8 COMPONENT MEASUREMENT
Miliiohmmeter/High Resistance Meter
Model 4328A/4329A

• 20 ILn resolution on 1 mil range
• Four terminal measurement
• Low test voltage

• Wide range: 500 kn to 2 10'6 n
• Selectable test voltages: 10 V to 1000 V

Price
$2,300

$130
$15

Price
$1.1 00
$2.800

$15

Current Measurement
Range: 5 X 10-14 to 2 X 10-5 A in 8 ranges.
Accuracy: ±5% of full scale deflection (there can be an additional
±3% error at the top decade).

General
Recorder output: 0 to 100 mV dc, proportional to meter deflection; 1
kfl output resistance.
Power: 115/230 V ± 10%,50-60 Hz, approximately 3 VA.
Size: 155 mm H x 198 mm W x 204 mm D (6Ij2" x 7"/32" x 8"/32").
Weight: 3.5 kg (7.7 lb).
Accessory furnished: HP 16117A Low Noise Test Leads.
Accessory available: HP 16008A Resistivity Cell.

Ordering Information
HP 16008A Resistivity cell
HP 4329A High resistance meter
Opt 910: extra manual

Specifications

Resistance Measurement
Range: 500 kfl to 2 X 1016 fl. (Depends on the test voltage).
Accuracy: total accuracy is determined by test voltage and range
used. At low resistance end of each scale, accuracy is ±3%, near cen
ter scale ±5%, and near the specified upper limit on the meter scale (a
quarter of full scale), accuracy is ± 10%. Accuracy is not specified
above these limits. On all voltage ranges, if multiplier is set to Rmax.,
an additional ±3% is included.
Test voltages: 10 V, 25 V, 50 V, 100 V, 250 V, 500 V and 1000 V
±3%.

HP 4329A

Description
The HP 4329A is a solid-state insulation resistance meter designed

for easy, accurate and direct readings of the very high resistance val
ues typically found in synthetic resins, porcelain, insulating oils and
similar materials. It is also useful for measurements in electrical com
ponents such as capacitors, transformers, switches and cables. Seven
fully regulated dc test voltages (between 10 and 1000 Vdc) are pro
vided as test sources.

The HP 4329A is instantly convertible from ungrounded-to
grounded-sample operation via a simple relocation of the front panel
ground strap from "guard" to "+" position.

The HP 4329A also has a current measurement capability. Minute
currents as low as 0.05 pA can be readily measured.

The HP 16008A Resistivity Cell, designed for use with the HP
4329A, can safely, rapidly and conveniently measure the volume and
surface resistivity of sheet insulation materials (maximum sample
size: 125 mm W x 125 mm D x 7 mm H).

General
Power requirements: 115/230 V ± 10%, 50 to 60 Hz, 1.5 VA.
Weight: 3.2 kg (7 Ib).
Size: 155 mm H x 130 mm W x 280 mm D (63/32" x 5'/8" xII").
Accessories furnished: HP 16005A Probe, HP 16006A Probe, HP
16007A/B Test Leads and HP 16143A Probe Cable.

Ordering Information
HP 4328A Milliohmmeter
Opt 001:Rechargeable battery operation
Opt 910: extra manual

Specifications
Range: 0.001 to 100 ohms full scale in aI, 3 sequence.
Accuracy: ±2% of full scale. No additional error is caused by series
reactance of samples up to two times full scale.
Measuring frequency: 1000 Hz ± 100 Hz.
Voltage across sample: 200 ILV peak at full scale.
Maximum voltage across sample: 20 mV peak.
Superimposed dc: 150 V dc maximum (external source).
Recorder output: 0.1 V dc output at full scale, output resistance ap
prox. 1 kfl.
Applied current (mA): constant by range, 150/(full scale value in
milliohms).

HP 4328A

Description
HP's 4328A Milliohmmeter is a high sensitivity portable instru

ment for measurement of low resistances. The 1 mfl to 100 fl measur
ing range and 20 ILfl resolution make the HP 4328A ideal for
measuring the contact resistance of switches, relays, and connectors
and the resistivity of conductors and semiconductors. Series reac
tances of up to twice the full scale resistance will not affect the accu
racy. The maximum voltage across a sample, with the instrument at
the proper range, is less than 200 ILV peak. Even at incorrect range
settings, the voltage across the sample will not exceed 20 mV peak.

The special probes that allow four-terminal measurement in two
probes are furnished with the HP 4328A.

The basic HP 4328A is line operated but Opt 001 permits opera
tion from rechargeable batteries for 15 continuous hours.



COMPONENT MEASUREMENT B
Standard Capacitor Set and Decade Capacitor 299

Models 16380A, 16380C, 4440B

HP 16380A

HP 16380C

HP 44408

HP 16380A, HP 16380C Description
The HP 16380A and HP 16380C are precision standard capacitor

sets that cover the range of I pF to IIlF in decade steps. The HP
16380A consists of four discrete air-dielectric capacitors with nomi
nal values of I pF, 10 pF, 100 pF, and 1000 pF. Similarly, the HP
16380C consists of four discrete capacitors, but with solid dielectrics
and with nominal values ofO.OIIlF, O.IIlF, and IIlF.

Both the HP 16380A and HP 16380C are furnished with test certi
fication of 0.01 % calibration accuracy. Capacitance stability with re
spect to time varies from capacitor to capacitor but is specified in the
range of +/-50 or +/-300 ppm/year.

The HP 16380A and HP 16380C both have the four-terminal pair
configuration to allow direct connection to any of Hewlett-Packard's
many four-terminal pair impedance measuring instruments. The HP
16380A/C can be easily adapted to two-, three-, and five-terminal
configurations.

HP 16380A, 16380C Specifications (valid at 1 kHz,
23±5°C)
HP 16380A

Capaciatance 1 pF I 10 pF I 100 pF I 1000 pF
Nominal Accuracy ±O.l%
Calibration Accuracy ±0.01%
Stability <300 ppm/yr
Dissipation Factor <0.0001
Dimensions 112 mm (H) x142 mm (W) x88 mm (0)
Weight 8.0 kg (includes case)

HP 16380C

HP 4440B Description
The Hewlett-Packard 4440B Decade Capacitor is a high accuracy
instrument providing usable capacitances from 40 pF to 1.2 IlF. Its
0.25% accuracy makes it an ideal aid for circuit design or as a work
ing standard.

The use of silvered-mica capacitors in all four decades provides
higher accuracy, lower dissipation factor and good temperature coef
ficient. An air capacitor vernier provides 100 pF (from 40 pF to 140
pF) with resolution of 1 pF. Capacitors are housed in a double shield
in such a way that increased capacitance from two terminals to three
terminals is held to 1 pF.

4440B Specifications
Capacitance: 40 pF to 1.2 IlF in steps of 100 pF with a 40 pF to 140
pF variable air capacitor providing continuous adjustment to better
than 2 pF between steps.
Direct reading accuracy: ±(0.25% + 3 pF) at I kHz for three-termi
nal connection.
Resonant frequency: typical values of the resonant frequency are
450 kHz at 1 ILF, 4 MHz at 0.01 ILF and 40 MHz at 100 pF
Dissipation factor: for C ~1040 pF, 0.001 max. at 1 kHz.

for C < 1040 pF, 0.005 max. at I kHz.
Temperature coefficient: < +70 ppm;C C.
Insulation resistance: 5 GQ minimum, after 5 minutes at 500 V dc.
Maximum Yoltage: 42 Vdc or 30 Vrms.
Weight: net, 2.5 kg (5V2 Ib); shipping, 3.6 kg (8 Ib).
Size: 76 mm H x 264 mm W x 152 mm D (3" x 11" x 6").

Capacitance O.Ol~F I 0.1 ~F I 1 ~F

Nominal Accuracy ±O.l%
Calibration Accuracy ±0.01%

Stability <50 ppm/yr
Dissipation Factor <00004 <00005 <0.0007
Dimensions 117 mm (H)xI42 mm(W)x88 mm(D)

Weight 6.3 kg (includes case)

Ordering Information
HP 16380A Standard Capacitor Set (1 pF, 10 pF, 100
pF, 1000 pF)
HP 16380C Standard Capacitor Set (0.01 IlF, 0.1 IlF,
I ILF)
HP 44408 Decade Capacitor

Price
$2.955

$4,500

$1,650
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LIGHTWAVE TEST EQUIPMENT
General Information

Probably the most remarkable fact about
the evolution of fiber optics has been their
rapid market growth. Design work began
some twenty years ago, with trial projects
carrying live telephone traffic being installed
ten years later. Today, optical fibers are
mass-produced for many applications world
wide.

Technical Background
In general, all fiber optic systems incorpo

rate the following elements: transmitters, fi
bers, repeaters, and receivers, all of which
are linked by connectors and/or splices.

Today, size, lifetime, reliability and rug
gedness are major factors in the choice of
sources and receivers for optical communica
tion links.

Sources employ LEDs or LDs (laser di
odes) to generate the optical output, while
APDs or PIN diodes are used to detect the
incident optical power on the receiving side.

Optical Sources
LEDs are primarily used in short distance

systems « IOkm) with data rates below
100MHz. A limiting factor is their broad
spectral width and the low coupling efficiency
compared with an LD. Advantages are their
simpler drive electronics, a higher reliability,
and the lower price.

LDs, on the other hand, feature a small
spectral width, an excellent coupling efficien
cy, and reach data rates up to 2 GHz. Thus
LDs enable repeaterless data transmission
over great distances (40km).

Optical Fibers
Inside the fiber, light is guided by total re

flection at the core/cladding boundary due to
corresponding differences in the refractive
indices. Single-mode fibers are dominating
today.

Optical Receivers
To convert light back into an electrical sig

nal for further processing PIN diodes serve
as receiving detectors when high data rates
are required. This property is combined with
favorable linearity and high stability. When
increased sensitivity is of major concern,
APDs are preferred. Due to their non-lineari
ty, APDs are used only for purely digital ap
plications, while PIN diodes can be used in
both analog and digital systems.

Lightwave Test Equipment
HP's line of lightwave test equipment of·

fers new measurement capabilities for design
and production engineers in a wide range of
different application areas, from computer
networks to high-speed, long-distance tele
communication links.

Basic Test Instrumentation
Designers, manufacturers and end-users of

fiber optic components, modules or systems
face a large variety of measurement tasks.
These tasks range from physical measure
ments, such as fiber geometry or numerical
aperture, to system performance tests in the
time or frequency domain.

HP offers three powerful lines of basic
lightwave test instruments. The first line con
sists of the HP 8150A Optical Signal Source,
the HP 8151 A Pulse Power Meter, and the
HP 81511/81512A Optical Heads. This test
equipment offers new ways to perform para
metric tests with reliable and repeatable re
sults in the 850 and l300nm wavelength
range.

Testing the sensitivity or defining the pulse
response of a receiver demands a stimulus
such as the HP 8150A. With the help of this
instrument, it is an easy task to perform par
ametric tests at calibrated levels, under fully
specified and precisely-controlled conditions.

Its counterpart the HP 8151 A, together
with the HP 81511 /81512A, provides tech
nicians and engineers with an ideal tool for
verifying analog and digital power level pa
rameters in terms of peak and average power.

The second line consists of the HP 8152A
Optical Average Power Meter with two dif
ferent optical heads for the 450-1700nm
range, the HP 8154B LED Sources for
850nm, 1300nm and 1550nm (option 001,
002, and 003), the HP 8155A LD Sources
for 1300nm and 1550nm (option 002 and
003), the HP 8157A Optical Attenuator for
1200-1650nm, single-mode, the HP 8158B
Optical Attenuators for 600-1200nm and
1200-1650nm (option 001 and 002), for mul
timode and single-mode.

The HP 8152A features excellent accura
cy (directly traceable to NBS and PTB) and
linearity (typically better than 1%) for abso
lute and relative power measurements.

The 8157A Optical Attenuator offers very
high optical return loss and polarization in
sensitivity for tests on your fastest transmit
ters and automated bit error rate
measurements. The HP 8158B Optical At
tenuator is very flexible as it handles all fibers
with an NA <0.3.

And the HP 8154B LED Sources and HP
8155A LD Sources serve as very stable stim
uli for insertion loss measurements.

The third line consists so far of one instru
ment, the HP 8145A Optical Time Domain
Reflectometer. It is a portable, high perform
ance unit for field maintenance and applica
tions in a factory environment. Large
dynamic range and superb measurement
speed are its main contributions.

High Speed Instrumentation
In addition to the basic tools for making

lightwave measurements, HP offers two high
speed lightwave instruments designed to
measure lightwave modulation.

In most lightwave systems today, informa
tion is transmitted via an intensity modulated
light carrier. HP's high speed instrumenta
tion consists of a lightwave signal analyzer,
which measures the intensity modulation it
self, and a lightwave component analyzer,
which measures the modulation transfer
function of lightwave components.

In addition to supporting the traditional
modulation schemes, the high speed instru
mentation also has applications in state-of
the-art coherent communication systems.

The Lightwave Signal Analyzer
Until now the only way to measure modu

lation on optical signals has been to use a cus
tom photodetector as the optical front end of
a microwave spectrum analyzer. But these
custom systems are difficult to calibrate and
often have poor sensitivity. The HP 71400A
Lightwave Signal Analyzer combines HP's
highest performance microwave spectrum
analyzer with a sensitive, wide bandwidth op
tical receiver module to produce the first off
the-shelf instrument for analyzing the modu
lation on lightwave communication systems
and components. With it you can measure
modulated light on single-mode optical fibers
simply and accurately for modulation rates
from 100 kHz to 22 GHz. Optical signals,
noise, and average power are presented on a
fully-calibrated display. You can accurately
characterize semiconductor lasers, laser
transmitters, optical modulators, detectors,
or any other device involved in modulated
light. An RF version, the HP 7140 IA, is also
available.

The Lightwave Component Analyzer
A fiber optic transmission system is made

up of lightwave components ranging from la
sers, photodiodes, and fiber to electrical am
plifiers and transmission lines. As the
information bandwidth of lightwave systems
increase, it becomes important to character
ize the modulation transfer function of each
of these lightwave components. For example,
the relaxation oscillation frequency of a laser
limits the highest frequency it will pass, and
the bias of a pin photodiode directly affects
its speed.

The HP 8702A Lightwave Component
Analyzer provides the ability to measure all
of these lightwave components. Measure
ments are made at a fixed wavelength (1300
nm), while the modulation frequency is
swept from 300 kHz to 3 GHz. In this way,
the modulation transfer function of a laser,
the modulation bandwidth of fiber, and the
demodulation transfer function of a photodi
ode can be measured.

The lightwave coupler allows the system to
make reflection measurements such as opti
cal return loss of a photodiode or connector.
With the time domain option of the HP
8702A, the frequency domain information is
used to calculate the time domain impulse re
sponse, allowing the location of discontinui
ties as close as 6 cm apart.



• E/O transducer capability with 250 MHz bandwidth
• Calibrated output power levels from 1 nW to 2 mW

LIGHTWAVE TEST EQUIPMENT 8
03Optical Signal Source

Model 8150A

• Built-in modulator (50 MHz)
• Wavelength 850 nm 00· 15 nm

HP 8150A Specifications

HP 8150A

Optical Characteristics
Wavelength: 850nm ± 15nm
Output: 50/ I25/Lm graded index, multimode; NA=0.2

Transducer Mode
Conversion range: 1.80nW/V to 1.80mW/V
Absolute accuracy: ± 2dB of setting
Relative accuracy: ± 0.5dB of setting
Stability: ±0.05dB (12 hours, T < ± 2°C)
Electrical input swing: 0.1 Vpp to I.OVpp
Electrical input window: ± 0.5V
Input impedance: 50 Ohm
Offset compensation range: ± 1.2V

The HP 8150A is a universal light stimulus for the parametric testing
of lightwave components and systems employing an LD with an 850
nm center-wavelength. The instrument's transducer permits the con
version of both digital and analog electrical signals up to 250 MHz
(-3 dBm) into their optical equivalents. The internal modulator fea
tures additional capabilities which allow the HP 8150A to function as
pulse/function generator with an optical output. All specifications re
fer directly to the open end of the 2m pigtail fiber and provides the
user with well-defined signal conditions at his device under test.

Transducer
In the transducer operating mode, the HP 8150A can be adapted to

the user's absolute power level requirements with an adjustable gain
from 1.80 nW/V to 1.80 mW IV. Transition times of less than 2 ns
ensure the generation of clean, high-speed digital signals up to 250
MHz. Its large bandwidth and optical power range make the HP
8I50A a suitable tool for testing large optical systems.

Modulator
The modulator operating mode offers a straightforward method for

generating accurate, calibrated, repeatable power levels, by simply
programming high or low power values at the frontpanel, or via the
HP-IB. In addition, the mesial power level (50% amplitude level) and
extinction ratio values (high/low power) of signals are selectable, al
lowing the user to simulate attenuation effects of fiber optic systems.
A rearpanel monitor output allows the permanent control of the elec
trical signal responsible for modulating the transducer. The internal
modulator also offers the choice of various waveforms with adjustable
duty cycles or truc pulses with variable width. A host of other fea
tures, such as FM, AM, PWM and VCO, can be externally and inter
nally activated and contribute to the versatility of the HP 8150A as a
stimulus for fiber optic system and automated bench applications.

Bandwidth: DC to 170MHz @ - 1.5dB),
to 250MHz @ -3.0dB)

Flatness: ± 0.25dB (1Hz to 99,9kHz),
± 0.5dB (100kHz to 9.99MHz),
± UdB (IOMHz to 170MHz)

Pulse response: < 2.0ns; perturbations: < 15% of amplitude

Modulator Mode (using internal pulse/function generator)
Output power
High level: 1.I8nW to 2.00mW; Low level: 1.00nW to 1.0lmW
Mesial level: 1.09nW to 1.l0mW;
Extinction ratio: 1.18 to 10.0
Accuracy HighfLowfMesiallevel (at 30Hz): ± 2dB
Accuracy Extinction ratio (at 30Hz): ± 20%

Timing Parameters of Internal Modulator
Frequency Range: ImHz to 50MHz (3 digit resolution)

Operating modes: Normal, Ext. Trigger*/Gate* /Width,
lnt. Trigger* /Gate*
•Selectable (_90 0

) start phase tor haversine/havertriangle

Control Modes: FM, AM, PWM and VCO

General
HP-IB capability
Interfacefunctions:SHI, AHI, T6, L4, SRI, RLI, PPO, DCI, DTl,

CO
Recalibration period: I year
Environmental
Storage temperature: - 40°C to + 65°C
Operating temperature: O°C to + 55°C
Humidity: 95% R.H. from O°C to + 40°C
Power: 100/120/220/240 Vrms; + 5%, - 10%,48 - 66 Hz,

140 VA max
Weight: net l2.5kg (27Ibs), shipping 16.5kg (36.3Ibs)
Size: 133mm(H) x 426mm(W) x 422mm(D) (5.2" x 16.8" x 16.6")

Traceability and safety
The specifications of the HP 8150A are traceable to the NBS in the

USA and other national standard bureaus, such as the PTB in Ger
many.

A set of safety features are provided in order to meet international
safety regulations. The ON /OFF safety key, remote interlock facility
and appropriate safety labeling are other standard HP 8150A fea
tures which help eliminate hazards to the operator.

Ordering Information
HP 8150A Optical Signal Source
Opt. 907: Front handle kit (HP P/N 5061-9689)
Opt. 908: Rack mount kit (HP PIN 5061-9677)
Opt. 909: Rack flange and handle combination kit

HP PIN 5061-9683
Opt. 910: Extra operating and service manual
HP 15475A: Cleaning kit (supplied with instrument)
•For fiber optic cables. see 'Lightwave Test Accessories' on page 305.

W Fast-Ship product-see page 766.

Prices
S19.500

S65W
S33W
$82W

$60
$102



BLIGHTWAVE TEST EQUIPMENT
Optical Pulse Power Meter
Model 8151A with 81511A181512A

• Peak and average power measurements
• Accuracy ± 2.5%
• OlE transducer capability

HP 81510A HP 81511A HP 8151A
«I_. :

SYSTEMS

The HP 8151A, in combination with the HP 8151lAj81512A Optical
Heads, is a response measuring instrument for the level characterization
of lightwave components, modules and systems. In addition to performing
average power measurements, the HP 8l5lA enables the user to accurate
ly determine upper and lower peak power levels - important in digital ap
plications. This feature is also useful for applications where non-repetitive
signals need to be evaluated, or where threshold levels are to be deter
mined. The instrument's versatility is further enhanced by capabilities
which allow the user to measure the amplitude, mesial power and extinc
tion ratio of a signal.

The instrument's transducer has a frequency range of 250MHz, and
outputs an electrical signal which corresponds directly to the optical input
waveform. The transducer output can be applied to other instruments for
further processing, or displayed on an oscilloscope. By using the transduc
er, timing related measurements as functions of optical power (e.g. propa
gation delay versus power) are possible.

HP-IB programmability is a standard feature of this instrument, there
by giving the user total remote control of all power meter functions.

HP B1511A and HP B1512A Optical Heads
These products complement the operation of the HP 815lA Optical

Pulse Power Meter. The HP 8151lA Optical Head is for use at operating
wavelengths between 550 and 950nm (calibrated for 850nm), and the HP
815l2A for use between 900 and I 725nm (calibrated for 1300nm). The
HP 815lA cannot be operated without an optical head. All heads carry
interface adapters for fiber connectors and bare fibers. The manual z
microdrive facilitates the optimum coupling of the fiber end to the PIN
diode in the head. The HP 8151 A's frontpanel trend meter assists in deter
mining the coupling efficiency.

A calibration grid on top of each optical head indicates typo correction
factors to be entered into the HP 815lA for operating wavelengths other
than that for which the head is calibrated. Thus, the HP 815lA can be
adapted to operate at any wavelength in the 550 to 1725nm range.

HP 8151 A Specifications

Optical Characteristics of HP B1511A181512A Optical
Heads
Wavelength range HP 81511A: 550 to 950nm, cal for 850nm

HP 81512A: 900 to I725nm, cal for 1300nm
Maximum core diameter: HP 81511A: 200)Lm

HP 81512A: 100)Lm

Optical Power Measurements
Parameters measured: high, low, and mesial power levels, amplitude,

extinction ratio, average power
Measurement range: HP 81511A: +IOdBm to - 60dBm

HP 81512A: OdBm to - 50dBm
Resolution: 3 digits (Watts), IpW min.

4 digits (dB), O.OldB min.
Accuracy: (applies to linear display in Watt, reI. to calibration):

Range Hi/Low Peak Power Average Power
[d8m] ± (of read + FlatneS$ + (of read +

counts) counts)
+10' 0.3 dB + 5 200 Hz - 9.99MHz: ±O.4dB of amp!.' 0.1 dB + 5

0 0.3 dB + 30' 10 MHz· 99.9 MHz: ±0.6dB of amp!.' 0.1 dB + 5
-10 0.35 dB + 50 0.1 dB + 5

Bandwidth
-20 0.2 dB ~ 10 10kHz 0.1 dB + 5
-30 0.2 dB + 10 6kHz 0.1 dB + 5
-40 02 dB + 20' 1kHz' 0.15 dB + 10'
-50 0.2 dB + 50' 1kHz' 0.2 dB + 50'
-60' OJ dB +BO' 4kHz' 02 dB +50'

1) nol valid for HP 81512A 2) better specifications for HP 81511A



LIGHTWAVE TEST EQUIPMENT 8
Optical Pulse Power Meter (cont'd), Optical Receiver 305

Models 8151A with 81511A/81512A and 81519A

• Calibrated OlE conversion
• DC to 400 MHz bandwidth
• ± 0.3dB conversion accuracy

1) for HP 81511A only 2)150MHz for HP 81512A 3)better specifications for HP 81511A

HP 81519A

The HP 81519A is a linear transducer which converts optical signals
into their electrical equivalents. The instrument is designed as a front
end interface to conventional electronic test equipment and as a general
purpose receiving device for testing lightwave modules and systems_

A PIN diode, calibrated at 850nm, serves as opto/electric converter
in the range between 550 and 950nm. The characteristic curve on top of
the instrument indicates the transducer gain in this range.

With the wide demodulation frequency band of DC to 400 MHz and
an intrinsic transition time of less than 1.1 ns, the HP 81S19A is a
valuable tool for testing fiber optic devices in computer, local area net·
work and aerospace applications, When operating in conjunction with
other equipment, measurements such as pulse response and bandwidth
in the time and frequency domains can be performed accurately,

With the adjustable offset, the conversion window can be convenient
ly shifted between 0 and 1 mW in accordance with the optical input
power.

Pulse Response
Transition time::<; 2ns full bandwidth (:<;3ns for HP 81512A)
Perturbations::<; 10% of amplitude

General
HP-IB capability
Interface function: SHI, AHI, T6, L4, SRI, RLl, PPO, DCI, DTl, CO
Recalibration period: I year
Environmental

Storage temperature: - 40°C to + 70°C
Operating temperature: O°C to + 55°C.
Humidity: 95% R.H. from O°C to + 40°C

Power: lOO/120/220/240Vrrns; +5%, -10%, 48 to 66Hz, lOOVAmax.
Weight: HP 8151A: net 8kg (l7.5Ibs), shipping 10kg (22Ibs)

HP 81511A: net I.3kg (2.9Ibs), shipping 2kg (4.4lbs)
HP 81512A: same as for HP 81511A

Size: HP 8151A: 140mm(H) x 220mm(W) x 530mm(D) (5.7" x 9" x
21.6")

HP 81511A: 60mm(H) x 96mm(W) x 200mm(D) (2.5" x 3.9"
x 8.2")

HP 81512A: same as for HP 81511A

Range Conversion Accuracy of Bandwidth rms noise
IdBm] Factor DC Conversion wlo Lowpass [dBml
+10 ' lVllOmW' ±0.3 dB ±lOmV' DC·250MHz' -20'

0 lV/lmW ±0.3 dB ±lOmV DC·250MHz' -20'
-10 lVl.lmW ±0.35 dB ±20mV DC·250MHz' -30
-20 1V/1O~W ±0.3 dB ±20mV DC-10 kHz -40'
-30 IVI l~W ±0.3 dB ±20mV DC-6 kHz -50'
-40 IV/.l~W ±0.3 dB ±20mV DC-l kHz' -60'
-50 IV/IOnW ±0.3 dB ±50mV' DC-l kHz' -60'
-60' IVI loW' ±0.3 dB ±20mV' DC-4 kHz' -70'

Transducer (opto-electric conversion)
Actual waveform depends on measurement range. Calibrated for
850nm (HP 81511A)/1300nm (HP 81512A).

Conversion Accuracy (for 30Hz squarewave)'

Price
$8150

$65-':
$33-':
$60

-.: Fast-Ship product-see page 766.

Accessories

Price
$3300
$ 20

Ordering Information
HP 81519A Optical Receiver
Opt. 910: Extra operating and service manual

HP 81519A Specifications

General
Environmental

Storage temperature: - 40°C to + 70°C
Operating temperature: O°C to + 55°C
Humidity: 95% R.H. from O°C to + 40°C

Power: 115/230 Vrms, + 10%, - 22%, 48 to 66 Hz, 16VA max.
Weight: net 1.7 kg (3.6 Ibs). shipping 2.4 kg (5 Ibs)
Size: 95mm(H) x 105mm(W) x 345mm(D) (3.8" x 4.3" x 13.6")

Optical Characteristics
Wavelength range: 550 to 950 nm, cal for 850 nm
Input: Adapts to core diameters up to 80 ~m; N.A. :<; 0,2
Input swing: I mW (min. low level OmW, max. high 1.5 mW)
Input connector: Diamond@ HFS I
Connector uncertainty: ± 0.1 dB

Transducer Characteristics
Conversion, optolelectric

Conversion gain: - I V/mW; Accuracy: ± 0,3dB ± 10uW
Small signal bandwidth: DC to 400 MHz (@ - 3,OdB)
Flatness of conversion: ± 0_3dB (DC to ISO MHz)
NEP: < 700nW (rms); Distortion: typo 20dB (40dBe!.)

Output (into 50 Ohm)
Range: ± 0.5V; Output impedance: 50 Ohm ± 2%

Response
Transition time: :<; 1.1 ns; Perturbations: < 10% of amp!.the following table.

Customer Connector Adapter for Price Cable 501125~m Price
Optical Head 3.5mm Ferrule

Diamond· HFSI/KV HP 81510A $300 HP 81500A $800
NECD4 HP 81510B $230 HP 8l500B $800
Bare Fiber, 50/125~m HP 81510C $230 HP 81500C $410
Bare Fiber, 2001250~m HP 81510D $230 - -

Amphenol 906 SMA HP 81510E $230 HP 81500E $800
FC HP 81510G $230 HP 81500G $800
Biconic HP 81510H $230 - -

F&G 3702 HP 81510J $230 HP 81500J $800
Stratos 430 HP 81510K $230 HP 81500K $800
AMP-SMA HP 81510N $230 HP 81500N $800
Optical Base Plate HP 81510Q $150 -
Parallel Beam Adapter HP 81510R $510 - -

Blank Adapter HP BI510Z $130 - -

Ordering Information
HP 8151A Optical Pulse Power Meter
Opt. 907: Front handle kit (HP PIN 5061-9689)
Opt. 908: Rack mount kit (HP PIN 5061-9657)
Opt. 910: Extra operating and service manual

HP PIN 08151-90001
HP 8151lA Optical Head 550 to 950nm $4050
HP 81512A Optical Head 900 to 1725 nm $5950
Note: The HP 8151A cannot be used without an optical head and connector adapter. For connec
tor adapters, see 'Ughtwave Test Accessories' below.

Lightwave test accessories for HP 8150A, HP 8151A,
HP 81511A181512A and HP 81519A

One end of the 2m optical cable is terminated with the standard
Diamond@ HFSI /KV connector. The other end can be selected from



BLIGHTWAVE TEST EQUIPMENT
Optical Average Power Meter
Model 8152A/81520A/81521B/81522A

• Two optical inputs
• Optical heads individually calibrated from 450 to

1700nm

• Multi- and single-mode
• 1% typical linearity

e

HP 8152A ~
y,;, ',ce,OR. ..
SYSTEMS

The HP 81S2A Optical Average Power Meter and its optical heads
provide the accuracy and versatility for absolute and relative power
measurements in a lightwave test environment. Applications range
from output power measurement of active optical components, or
loss/attenuation measurement of passive optical components, to ratio
measurement of power splitters.

Individually calibrated optical heads ensure highly precise mea
surement results over the entire wavelength range from 4S0 to
1700nm. After entering the operating wavelength, the appropriate
sensitivity correction factor will automatically be taken into account
to ensure the correct measurement value is displayed.

The combination of 2 independent optical inputs, the capability to
perform ratio measurements, plus an HP 81000AS/BS Optical Pow
er Splitter provides a fast, easy solution to determine the power ratio
of an optical splitter or eliminating the instabilities of an optical
source.

All functions can be set manually via front panel controls, or
programmed via HP-IB for complete remote control. The HP 81S2A
is therefore an ideal tool for departments such as R&D, production
and incoming evaluation.

HP 8152A181520Al81521B/81522A Specifications

Wavelength Range
Measurement Range
Resolution

Absolute Accuracy
Linearity (typ.)

Sensor Element
Sensor Diameter
Bandwidth (typ.)

81520A

45().1020nm
+10 to -loodBm
O.OldB,O.1pW

±4%
±0.05dB (I %)

cooled Si PIN diode
5mm
700Hz

815218

9oo·17oonm
+3 to -80dBm
O.OldB, lOpW

±159'0
±0.05dB (I %)

cooled Ge PIN diode
5mm
700Hz

81522A

lOOO·1650nm
+3dBm to -loodBm
O.OldB,O.lpW

±5%
±0.05dB (I %)

cooled InGaAs PIN diode
5oo)ll1l
700Hz

W Fast-Ship product-see page 766.

1) The exchangeable connector interfaces for Diamond· HM5-10/HP, FC/PC, DIN 47256 end 5T
connectors are available as additional accessories, see page 309.

Note: The HP 8152A cannot be used without an opticai head, appropriate connector adapter and
optical iens. For additional information. see "Lightwave Test Accessories" on page 309.

General
HP-IB capability
Interface function: SHI,AH I,T6,L4,SRl,RLl,PPO,DCI,DTl,CO
Recalibration period: 1 year
Warm-up time: IS minutes
Environmental

Storage temperature: _40°C to +7SoC
Operating temperature: O°C to +SsoC
Humidity: <9S% R.H. from O°C to +40°C

Power: 100/120/220/240Vrms, +S%, -10%, 90VA max.,
48-400Hz

Weight: HP 8152A: net 4.3kg (9.Slbs), shipping 8.6kg (I9lbs)
HP 81520A/21B/22A: net O.4Skg (llbs), shipping
1kg (2.2Ibs)

Size: HP 8152A: 89mm(H) x 212.3mm(W) x 34Smm(D)
(3.S" x 8.36" x 13.6")

HP 81520A/21B/22A: 37.7 diameter, 140mm length
(1.S" x 5.S")

Ordering Information
HP 8152A Optical Average Power Meter
HP 81520A Optical Head 4S0 to 1020nm
HP 815218 Optical Head 900 to 1700nm
HP 81522A Optical Head 1000 to 16S0nm'

Opt. 907: Front handle kit (HP PIN S061-9688)
Opt. 908: Rack flange kit (HP P/N S061-9672)
Opt. 916: Additional operating manual
PIN 5061-9701: Bail handle kit

Price
$3450
$1550
$2300
$2600

$50W
$51W
$40
$38W



LIGHTWAVE TEST EQUIPMENT 8
LED Source I Laser Diode Source 307

Model. 8154B, 8155A

• Stability ±O.003dB/12h
• External modulation up tol MHz
• Customer-exchangeable connector adapters

• Stability ±O.005dB/12h
• External modulation up to 850MHz
• Customer-exchangeable connector adapters

HP 81548, option 002, option 011 HP 8155A, option 002, option 011

The HP 8154B is a high performance LED source, optional for
850nm, 1300nm and 1550nm. Whether the insertion loss of connec
tors, attenuation of cables or the splice loss of optical links needs to be
evaluated, the HP 8154B provides the required power level stability
of typically 0.OO3dB at constant ambient temperature over 12h.

The HP 8155A is a narrow Iinewidth laser diode source, optional
for 1300nm and 1550nm with excellent short- and longterm stability.
It outputs CW or 270Hz chopped light. External modulation up to
850MHz is also possible, and allows signal performance tests on fast
telecommunication links.

Both. the HP 8154B and the HP 8155A, offer customer-exchange
able connector adapters.

HP 8154B, 8155A Specifications

Optical Characteristics
o tion 001

LED 8154B
o tion 002 o tlon 003

LD 8155A
o lion 002 0 tlon 003

1310",,30nm 1550",,40nm
<2.5nm (RMS) <4nm (RMS)
~-4dBm ~-4dBm

±O.003dB ±0.003dB
±0.OO5dB ±0.005dB
±0.03dB ±O.03dB
9/125~m 9/125~m

1550±40nm
7D--150nm
~-23dBm

±0.003dB
±0.02dB
50/125/Lm

1300",,40nm
4Q--90nm
~-20dBm

850±30nm
3D--90nm
2-17dBm

Wavelength
Spectral Bandwidth
Optical Power
Stability/15min.jconsl. temp
Stability/12h/const. temp.(typ.) ±O.005dB ±0.003dB
Stability/ 12h/±2C ±O.03dB ±0.02dB
Fiber Type 50/125/Lm 50/125/Lm

Connector: Diamond~ HMS-I0/HP, FC/PC, DIN 47256, ST

$305
$305
$30S

$50W
$SI W
$40
$38W

Price
$1700
$1170
$3055
$4175

$2500
$8900

$10600

$305

Supplementary Performance Characteristics
Digilallnput
Input levels: TTL (8154B), ",,0.2V (8155A)
Max. input voltage: "" IOV (8154B), ±2.5V (8155A)
Input impedance: 10 kOhm (8154B), 50 Ohm (8155A)
Input frequency: 0 to IMHz (HP 8154B), DC. 1kHz to 850 MHz
(HP 8155A)
Operating Modes
Output disable: LED, LD switched off
External modulation enable: Activates the digital input
Internal modulation enable: Activates internal 270Hz generator

General
Recalibration period: 1 year
Warm-up time: 45 minutes
Environmental
Storage Temperature: -40°C to +75°C
Operating Temperature: O°C to +55°C
Humidity: <95% R.H. from O°C to +40°C
Power: 100/120/220/240Vrms, ±IO%, 48-400Hz, 3SVA max.

(8154B), 45VA max. (8155A)
After being switched off the instruments will come up with
the output and digital input disabled.

Dimensions: 89mm(H) x 212.3mm(W) x 345mm(D) (3Y x 8.36# x
13.6#)

Weight: net 3.75kg (8.3Ibs), shipping 7.8kg (17.2Ibs) (HP 8154B)
net 4.5kg (9.9Ibs), shipping 8.55kg (18.85Ibs) (HP 8155A)

Ordering Information
HP 8154B LED Source

Opt. 001: 850nm
Opt. 002: 1300nm
Opt. 003: 1550nm

HP 8155A LD Source
Opt. 002: 1300nm
Opt. 003: 1550nm

Opt. 011 1: Diamond~ HMS-I0/HP connector
interface

Opt. 0121
: FC/PC connector interface

Opt. 0131: DIN 47256 connector interface
Opt. 0141

: ST connector interface
Opt. 907: Front handle kit (HP P/N 5061-9688)
Opt. 908: Rack flange kit (HP P/N 5061-9672)
Opt. 918: Additional operating manual
P/N 5061-9701 Bail handle kit
"lor both the HP 81548 and the HP 8155A, customer-exchangeable
For adapters, cables and other accessories sea "lightwave Test Accessories" on page 309
WFast-Ship product-see page 766.



BLIGHTWAVE TEST EQUIPMENT
Optical Attenuator
Models 8157A, 8158B

• High resolution of O.01dB
• Short settling time (typ. 20ms)
• Suited for multimode and single-mode fibers (8158B)

• Customer-exchangeable connector adapters (8157A)
• >36dB typical return loss (8157A)

HP 81588 option 002 option 011
SYSTEMS

The HP 8158B Optical Attenuator is a fully programmable and
highly flexible test instrument. Due to its state-of-the-art fiberless de
sign, all applications employing fibers with a numerical aperture up to
0.3 are covered with one instrument. Multimode and single-mode
measurements can thus be easily performed.

HP 8157A shown with all four available
connector options (in the foreground)

SYSTEMS

The 8157A is a high performance single-mode attenuator for the
1200-1650nm wavelength range. Its excellent linearity, very high re
turn loss and polarization insensitivity make it the ideal attenuator for
bit error rate tests on fast optical systems.

'option 002 only

Linearity: <±OAdB for single-mode, <±0.2dB for multimode
Return loss (inc!. connectors); 14dB

HP 81588 Specifications
All specs. are measured with Diamond'" HMS-10/HP connectors
Optical Characteristics
Wavelength Range: 600-1200nm (opt. 001),

1200-1650nm (opt. 002)
Applicable Fiber Type: all fiber types with an NA~0.3

Attenuation Range (excluding insertion loss); 60.00dB
Insertion loss (incl. both connectors)

HP 8157A Specifications
Optical Characteristics
All specifications are measured with Diamond"' HMS-10/HP con
nectors. The connectors must have Manufacturing Date Code Week
31-87 or higher.
Wavelength Range: 1200-1650nm
Applicable Fiber Type: single-mode fiber
Attenuation Range (excluding insertion loss; 60.00dB
Insertion Ion (inc!. two Diamond"' HMS-10/HP connectors);

~4.0dB

Linearity: ±0.2dB (typical ± O.05dB)
Return loss (incl. Diamond'" HMS-1 O/HP connectors and terminat-

ed fiber-end); >33dB

HP 8157A/HP 81588 Specifications
Display
Display range: 0.00 to 64.00dB
Display resolution: O.OldB (min. step size)
Supplementary Performance Characteristics
Repeatability (of attenuation after a max. of 6 matings with same

connector) :
single-mode (9~m): <0.2dB
multimode (50~m): <O.ldB (HP 8158B only)
Operating Modes
Output disable: Optical signal path interrupted
X: Entering of wavelength for automatic correction of attenuation us
ing typical correction values
Att: Attenuation is displayed and can be varied
Cal: Entry of calibration factor to adjust display so that displayed
value indicates actual power level at output connector of attenuator.
Range; ±99.99dB

$610
$610
$610

$50W
$51 W
$31
$38W

Price
$2350
$4700
$4700
$710

$1020
$1020
$1020
$8600

$610

W Fast-Ship product-see page 766.

General
HP-IB Capability
All modes and parameters can be programmed
Listen (time to receive, verify and set up parameter)
Output disable/enable, attenuation, X: <20 to 550ms (HP 8157A),

<20 to 400ms (HP 8158B)
(depending on actual setting/programmed parameter)
Cal: <5ms
HP-IB Interface Function Code: SH1, AH1, T6, L4, SRI, RU,

PPO, DC1, DTO, CO
Recalibration period: 1 year
No warm-up time required if previously stored within operating tem
perature range.
Environmental
Storage Temperature: _40° C to +75°C
Operating Temperature: O°C to +55°C
Humidity: <95% R.H. from O°C to +40°C
Power: 100/120/220/240Vrms, ±1O%, 48-400Hz,

90VAmax.
Battery back up (for non-volatile memory): with instrument
switched off all current modes and data will be maintained for at least
10 years after instrument delivery
Dimensions: 89mm(H) x 212.3mm(W) x 345mm(D) (3.5"x

8.36"x13.6")
Weight: net 5.3kg (11.7Ibs), shipping 9.6kg (21.21bs)

Ordering Inlormation
HP 81588 Optical Attenuator
Opt. 001: 600-1200nm
Opt. 002: 1200-1650nm
Opt. 011: Diamond"' HMS-lO/HP connector
Opt. 012: FC/PC connector'
Opt. 013: DIN 47256 connector
Opt. 014: ST connector'
HP 8157A Optical Attenuator 1200-1650nm
Opt. 011: Diamond'" HMS-10/HP connector

interfaces
Opt. 012: FC/PC connector interfaces
Opt, 013: DIN 47256 connector interfaces
Opt. 014: ST connector interfaces
Opt. 907: Front handle kit (HP P/N 5061-9688)
Opt. 908: Rack flange kit (HP P/N 5061-9672)
Opt. 916: Additional operating manual
PIN 5061-9701 Bail handle kit
'multimode only
For Interlace adapters, cables and accessories see "Lightwave Test Accessories" on page 309.

<2.OdS
l.OdS

mullimode 50~
<4.0dS
2.OdS

single-mode 9~m1

worst case
typical



LIGHTWAVE TEST EQUIPMENT
Accessories

Lightwave test accessories for HP 8145A, HP 81520A, HP 815218, HP 81548, HP 8155A, HP 8157A, HP 81588
One end of the 2m optical cable is terminated with the standard Diamond® HMS-IO/HP connector. The other end can be selected from the

following table
Cable 10j125um Cable 50j125um Cable 62.5j125um Cable 100j140um

Customer Connector 2.5mm Ferrule Price 2.5mm Ferrule Price 2.5mm Ferrule Price 2.5mm Ferrule Price

Diamond" HMS-IO/HP HP 81101AC $630 HP B1501AC $580 HP 81621AC $580 HP 81991AC $580
Bare Fiber HP 81101BC $380 HP 81501BC $345 HP 81621BC $345 HP 81031BC $345
FC HP 81101FC 1630 HP 81501FC $580 - - -
NEC D4 HP 81101GC $630 HP B1501GC $580 - - ~

Amphenol 906 SMA - - HP 81501HC $580 HP 81621HC \580 HP 81991HC $580
AMP-SMA - - HP 8150lJC 1580 - - HP 8199lJC $580
F&G 3702 - - HP 81501lC $580 - -- - -

Stratos 430 - - HP 8150lNC $580 - - - -

PC HP 81101PC $870 - - - - - -

DIN 47256 HP 8110lSC $630 HP 81501SC $580 - - - -

ST HP 81101VC $630 HP 81501VC $580 HP 81621VC $580 - -

Biconic HP 81101WC $730 HP 81501WC $580 - - - -

Diamond" HFS-1 - - HP 81501YC $630 - - - -

HP 81220FL Attenuating Lens Adapter $510
This Adapter, screwed onto an HP 81521 B Optical Head, allows to

measure the power emerging from an LED or LD chip. The beam's
NA may be up to 0.5, the wavelength range is 1200nm to 1650nm.

HP 81000FF Fixed Filter $160
This 10dB fixed filter is used to attenuate signals from sources

which are too high powered for the HP optical heads. The 81520A
can measure linearly up to +10dBm, and the 81521 B up to +3dBm.
The wavelength range for the 81 OOOFF is from 450nm to 1700nm.

Lenses
If accurate power measurements from a fiber are required, one of

the following lenscs must be used in front of the optical head.
HP 810S0AL: Lens for 450-1 020nm and NA=O.2 fibers I S] 60
HP 810S0BL: Lens for 900-1700nm and NA=0.2 fibers I S160
HP 81010BL: Lens for 900-1700nm and NA=O.I fibers $160
'Can be used for NA<O.3Iibers

Non-Reflective Adapter
HP 81000RA

Optical Power Splitter
HP 810108S

Available Connector Interfaces Typ. Return Loss Price

HP 81000 Al Diamond· HMS-I0/HP 38 dB $305
HP 81000 FI PC 33 dB $305
HP 81000 SI DIN 47256 36 dB $305
HP 81000 VI 5T 25 dB $305

HP 81000RA Non-Reflective Adapter $510
Low insertion loss (typ. 0.06dB) and high return loss. Together

with the HP 81000RA Non-reflective Adapter one of the customer
exchangeable connecter interfaces must be used. The connector inter
faces listed below can be ordered also seperately.
Customer-Exchangeable Connector Interfaces

Connector adapters for HP 8152A, HP 81520A,
HP 815218
To interface the optical head to the optical fiber use one of the follow
ing connector adapters

Adapter for
Customer Connector Optical Head Price

Diamond" HMS-lO/HP HP B1000AA $150
Bare Fiber, 50/125um HP 81000BA $480
Bare Fiber, 100/140um HP 81000CA $480
Radiall HP SlOOODA $\30
FC HP 81000FA $130
NEC D4 HP 81000GA $150
Amphenol 906 SMA HP SlOOOJA $130
AMP-SMA HP 81000JA $130
F&G 3702 HP 81000lA $130
Stratos 430 HP S1000NA $130
PC HP 81000FA $130
DIN 47256 HP 810005A $130
ST HP 81000VA $130
Biconic HP 8l000WA $130
Diamond' HFS-l HP 81D00YA $150
Blank Adapter HP 8l000ZA $50

$610
$610

$610
$610

typ.36dB
typ.14/30dB

typ.33dB
typ.20dB

Optical Power Splitter
The optical power splitter is mode- and polarization insensitive.

The split ratio is appr. I: 10. It has to be used with an optical head
such as the HP 81521B. One connector option must be ordered. The
HP 81 OOOAS/BS Optical Power Splitters are for multimode and sin
gle-mode fibers with NA<O.3.
HP 81000AS: Optical Power Splitter for 600-1200nm $1450
HP 810008S: Optical Power Splitter for 1200-1600nm $1450

Opt. 011: HMS-IO/HP Connector Interfaces $460
Opt. 012: FC/PC Connector Interfaces $460
Opt. 013: DIN 47256 Connector Interfaces $460
Opt. 014: ST Connector Interfaces $460
For single-mode fibers with NA<O.I, a dedicated Power Splitter,

the HP 810 lOBS, is available. The connector interfaces are customer
exchangeable. The typical return loss depends on the connectors used.
HP 81010BS: Optical Power Splitter for] 200-1600nm $2400

Opt. 011: HMS-lO/HP Connector
Interfaces

Opt. 012: FC/PC Connector Interfaces
Opt. 013: DIN 47256 Connector

Interfaces
Opt. 014: ST Connector Interfaces

HP 81000AF Filterholder $80
This filter holder picks up all presently available standard filters

with a diameter up to ]".

HP 81000AM Through Adapter Diamond")
To connect two HMS-IO/HP connectors.

$360

HP 15475A Cleaning Kit $102
The kit consists of cleaning brush, tissue and tape etc. to clean the

optical surfaces of fibers and lenses. It is supplied in a plastic carrying
case. This kit is supplied with the HP 8] 50A Optical Signal Source. OPTICRL HERD f ILTR CONNECOR

RDRPTER

Fiber Optics Handbook Pub.No. 5952-9654 $20~

An introduction and reference guide to fiber optic technology and
measurement techniques. ~f---------;() --- ~ -- --Ii -----[Iu
W Fast-Ship Product see page 766



LIGHTWAVE TEST EQUIPMENT
Optical Time Domain Refleclomeler
Model 8145A option 002 (1300nm), option 003 (1550nm), option 023 (1300nm/1550nm)

• Dynamic range of 28dB (1300nm)/26dB (1550nm)
with single-mode fiber

• Up to 150 times faster than conventional units
• Customer-installable laser modules (1300nm or

1550nm)

• Easy-to-Iearn softkey-guided menu concept
• Non-volatile memory for more than 100 waveforms
• Rugged and light-weight

HP 8145A

The HP model 8145A is a high performance optical time domain
reflectometer for field maintenance and bench applications. A unique
data correlation technique increases the dynamic range to more than
28dB at 1300nm (26dB at 1550nm, regardless, whether the 1300nm
module is installed) single-mode and drastically reduces the measure
ment time. The HP 8145A OTDR can, therefore, perform precise
measurements much deeper in the fiber and up to 150 times faster
than conventional units.

For field maintenance the HP 8145A features light weight and rug
ged design. It may be operated on batteries (12 to 30V DC), due to its
low power consumption, or mains (90 to 260V AC). Resolution is
O.OldB and 1m over the entire range of 200km.

Unhandy dataloggers and external disk drives which are sensitive
to temperature changes, humidity and dust are not needed any more,
as a plug-in non-volatile memory module (HP 81450A) stores more
than 100 traces, each with all related measurement information. If
immediate documentation is required, any data set can be directly
printed or plotted out using a Thinkjet, Quietjet or any HP-IB plotter
without a controller.

For bench applications including performance tests on optical fi
bers and cables in design and production the HP 8145A OTDR offers
an excellent set of features.

Any previously taken trace may be recalled as reference and com
pared against the presently sampled one. This ensures fast and easy
detection of inhomogeneities and attenuation changes.

The HP 8145A has an easy-to-Iearn softkey guided operating con
cept. The user can customize the softkeys individually. The OTDR is
also fully HP-IB programmable.

By means of two optional laser modules the HP 8145A operates at
either of the wavelengths 1300nm, 1550nm or both. The laser mod
ules are user-installable.

Four exchangeable connector options (Diamond<i> HMS-IO,
FC/PC, DIN47256, and ST) are available.



Wavelength 1300±30nm 1540±30nm both wavelength

Dynamic range
one way
backscatter 28dB 26dB 28/26dB
(SNR=l)*

Fresnel 42dB 40dB 42/40dB
reflection (4%) *

• typically 6dB lower lor 50/125~m multlmode tlbers, 2.5dB lower for peek noise

Both wavelength options are user-installable. If both are installed
in the HP 8145A, they are switch-selectable. Dynamic range figures
are independent of number of options installed.
Measurement time: 22dB dynamic range after 10 seconds (I6dB af

ter I second) at 1300nm on fiber without end
reflection (worst case condition for break detec
tion)

Pulsewidth: 125/250/500ns/1/2/4/8/J-s
Output connector: optional Diamond"' HMS-lO, FC/PC, DIN

47256, ST. All options are user-exchangeable.

HP 8145A Specifications

Optical Characteristics
option 002 option 003 option 023

General
CRT: 15cm (6"), green
Laser safety class: Class I
Recalibration period: 1 year

B

Horizontal Parameters
Start-km: 0.000 - 199.500km (see "Resolution")
Span: O.OOOkm - 200.000km (see "Resolution")
Center-km: 0.250km - 199.750km (see "Resolution")
Resolution: I m in all three cases for parameter setting and distance

read-out
Accuracy: ±6m ± I0-5 X measured value, uncertainty of fiber refrac

tive index not included, for 12S ns pulsewidth
Refractive index: 1.4000 - 1.5999, in steps of 0.000 I settable
Length correction: 1.000 - 4.000, in steps of 0.00 I settable. Serves to

enter actual ratio of fiber/cable length into the
OTDR

Length unit: switch-selectable between km, miles and feet

Vertical Parameters
Vertical scale: 0.20 - S.OOdB/div
Resolution: O.OIdB for parameter setting, O.OOIdB for attenua

tion/loss read-out
Linearity: O.OSdB/dB
Zoom: All combinations of horizontal and vertical parameters can be

entered while the instrument is running. Serves to zoom in on
any point of the waveform and allowing close examinations
without interrupting the averaging process.

Documentation
Waveform memory: > 10 waveforms and related instrument settings
can be stored in the HP 8145A in non-volatile memory and recalled.
More than 100 waveforms and related instrument settings can be
stored in each HP 814S0A Memory Module and recalled. The mod
ules contain non-volatile memory and plug into the rearpanel of the
HP 8145A.
10 Codes: An identification code of up to 38 alpha-numerical charac
Iters can be entered for each memory loeation. All ID codes are dis
Iplayed when the directory is called up.
;compare mode: Presently displayed waveform can be compared
,against any previously stored one, if the horizontal parameters are
,identical. Zooming capability is provided.
Hardcopy: Any displayed or previously stored waveform can be di
'rectly dumped to a Thinkjet, Quietjet or any HPGL plotter.
Instrument settings: storage and recall of 9 user selectable instru-

ent settings, recall of 1 standard setting.

HP-IB Capability
All modes and parameters can be programmed

HP-IB Interface Function Codes: SHI, AHI, TS, U, SRI, RLI,
PPO, DCI, DTI, CO

Environmental
Storage temperature: -40°C to +75°C
Operating temperature: -20°C to +65°C (-10°C to +SsoC to meet
specs)
Humidity: ±95% R.H. from O°C to +40°C
Power
DC: 12 - 30V DC, 80Wmax
AC: IOO/120/220/240Vrms ±IO%, 90VAmax, 48-400Hz
Battery back up (for non-volatile memory): with instrument
switched off all current modes and data will be maintained for at least
10 years at 2SoC temp.
Dimensions: 190mm H, 340mm W, 465mm D (7.S" x 13.5" x 18.3")
Weight: net 16 kg (35.3 Ibs), shipping 22 kg (48.Slbs)

Ordering Information
8145A Optical Time Domain Retlectometer $12900
Opt. 002: 1300nm $ 1msoo
Opt. 003: 1550nm $14800
Opt. 023: 1300nm/15 50nm $2 USOO
Opt. 011: Diamond"' HMS-lO/HP connector interface $305
Opt. 012: FC/PC connector interface $305
Opt. 013: DIN 47256 connector interface $305
Opt. 014: ST connector interface $305
Opt. 050: DC power cable $770
81450A: Memory module $1100
The connector-interlaces tor Diamond' HMS-l0/HP FC/PC. D1N47256 and ST connectors are
available as additional accessories.
For adapter cables and other accessories see "Ughtwave Test Accessories" on page 309.



BLIGHTWAVE TEST EQUIPMENT
Lightwave Component Analyzer
Model 8702A

• 300 kHz to 3 GHz Modulation Frequency
• Single and Multimode

e
~

)ESll;"iE.DFOR. :
SYSTEMS

HP 8702A

Description
The HP 8702A can make calibrated measurements of lasers,

photodiodes, optical fiber, and electrical components that operate
with high bandwidth. The swept modulation frequency measure
ments show precisely how a component operates on the' 'information
bearing" signal. Knowing how a single component responds indepen
dently of the rest of the transmission system gives insight into how
system operates, and how to improve it.

The HP 8702A operates at a fixed wavelength (1300 nm), and
sweeps the frequency of the intensity modulation signal. The
lightwave source and receiver are independently calibrated. This al
lows calibrated measurements of the modulation characteristics of la
sers and photodiodes.

Measure Lightwave Components
In-fiber components such as connectors, splitters, couplers, and

lenses, as well as fiber itself, can be measured as a function ofmodula
tion frequency. This yields modulation bandwidth, insertion loss,
length, and optical return loss measurements. With the time domain
option, high resolution reflection measurements (6 cm) and modal
dispersion measurements can be made.

Measure Electro-Optical Components
The HP 8702A can make calibrated measurements of the modula

tion frequency response of lasers, LED's, and modulators. Similarly,
it can measure the demodulation frequency response of PIN photodi
odes, APD's, and complete receivers. For EIO devices, the measure
ment shows the actual modulation power generated at a given
frequency. For OlE devices, the measurement shows RF current gen
erated as a function of modulation power, at a given frequency. This
exact knowledge of the behavior of the electro-optical component
gives a designer the ability to optimize the component independently
of the measurement system.

Measure Electrical Components
Typical network analyzer measurements such as bandwidth, inser

tion loss, gain, phase, and impedance of RF components can be made
with the HP 8702A. For example, linear components such as amplifi
ers, filters, and transmission lines can be characterized.

Time Domain Measurements
The HP 8702A option 010, Time Domain, takes the data measured

in the frequency domain, and applies the inverse Fourier transform to
calculate the impulse response of devices. In reflection measurements,
the time axis can be related to distance, and the HP 8702A used to
locate discontinuities as close as 6 cm apart in fiber. In transmission,
the impulse response can be used to calculate dispersion. The time
domain calculations apply to all the measurements that the HP
8702A performs.



HP 83401A

Lightwave Source
HP 83400A Single-mode
HP 8340lA Multimode

A 1300 nm Fabret-Perot laser directly modulated through the RF
Input. The HP 83400A has 9/125)l fiber, and the HP 8340lA has
50/125)l fiber.
Wavelength: 1308 ± 10 nm
Spectral Width: <:: 3 nm
Average Power: 1.25 ± 0.75 mW
Responsivity @ 50 Mhz: -34 dB!
Modulation Bandwidth: 300 kHz to 3 GHz
Modulation Frequency Response: ± 3.5 dB
Optical Connector: Selected by option]

High Frequency Probe
HP 85024A

The HP 85024A makes it easy to perform in-circuit measurements.
Its high impedance (0.7 pF in shunt with I megaohm) permits high
frequency probing without adversely loading the circuit under test,
and allows measurements of non-50 ohm devices. Page 246 has a
more complete description of the HP 85024A.

S Parameter Test Set
HP 85046A

The HP 85046A test set provides the capability to measure impe
dance and transmission characteristics of 2 port electrical devices in
either forward or reverse direction with a single connection. See page
244 for more detailed information.

3.5 mm Calibration Kit
HP 85033C

Contains precision 3.5 mm standards used to calibrate the HP
8702A for measurements of 3.5 mm and SMA electrical devices.
Page 246 has a more complete description of calibration kits.

Lightwave Receiver
HP 83410A

A 1300 nm PIN photodiode receiver that accepts fiber core sizes up
to 62.5 micrometers.
Wavelength: 1300 nm (nominal)
Maximum Power: 3 mW
Responsivity @ 50 Mhz: 20 dB2
Modulation Bandwidth: 300 kHz to 3 GHz
Modulation Frequency Response: ± 4 dB < 2 GHz

+4, -14 dB
Optical Connector: Selected by option]

Lightwave Coupler
HP 11890A Single-mode
HP 11891 A Multimode
Optical Connector: Selected by option]

A 3 port, directional lightwave coupler for making lightwave reflec
tion measurements, and monitoring lightwave transmission. The
coupler has a nominal 3 dB coupling factor.

Ordering Information
UP 8702A Lightwave Component Analyzer

Option 010 Time Domain
Option 802 HP 9122 Dual Disc Drive
Option 910 Extra Operating and Service Manual
Option 913 Rack Mount Kit
Option W30 Extended return-to-HP service

UP 83400A Lightwave Source, Single-mode
Option OIX] Select Optical Connector
Option W30 Extended return-to-HP service

UP 8340lA Lightwave Source, Multimode
Option 0lX3 Select Optical Connector
Option W30 Extended return-to-HP service

UP 83410A Lightwave Receiver
Option OlX3 Select Optical Connector
Option W30 Extended return-to-HP service

UP 11890A Lightwave Coupler, Single-mode
Option 0lX3Select Optical Connector

UP 11891A Lightwave Coupler, Multimode
Option 0lX3 Select Optical Connector

UP 11889A RF Interface Kit
UP 85024A High Frequency Probe
UP 85046A S-Parameter Test Set
UP 85033C 3.5 mm Calibration Kit

$28,000
$4,800
$1,495

$125
$40

$540
$12,700

$0
$260

$12,700
$0

$260
$5,000

SO
$100

$3,900
$0

$3,900
$0

$1,500
$1.900
S7,800
S2,500

RF Interface Kit
HP 11889A

This kit contains the RF accessories required to operate the HP
8702A. The HP 85044 or 85046 test sets replace the function of the
HP 11889A. Contains a power splitter, a 20 dB pad, male and female
SMA barrels, 3 SMA right angle bends, and a custom cable.

, Nominal responsivity, expressed In log format, referenced to 1Amp/Watt.
, Nominal responsivity, expressed in log format, referenced to 1 Watt/Amp.
3 The optical connector used with these products are determined by an exchangeable adapter.

One adapter option must be specified:
011 Diamond HMS 10/H?
012 FC/PC
013 DIN 47256
014 ST



LIGHTWAVE TEST EQUIPMENT
Lightwave Signal Analyzer 100 kHz to 22 GHz
Models 71400A, 71401A, and Accessory 11980A

• Calibrated measurement of intensity modulation
• 1200 nm to 1600 nm single-mode fiber optic input
• Reference receiver capability

e

HP 71400A

-~SYSTEMS

For the First Time - Calibrated Measurement
of Intensity Modulation

The HP 71400A combines a high performance microwave spec
trum analyzer with a new wideband, highly sensitive optical receiver.
This system measures modulated light on single-mode optical fibers
simply and accurately from 100 kHz to 22 GHz. Optical modulation,
noise, and average power are presented on a fully-calibrated display.
The system characterizes semiconductor lasers, laser transmitters,
optical modulators, and detectors. With the addition of the HP
11980A fiber optic interferometer, the system measures linewidth
and FM characteristics of distributed-feedback lasers.

For measurements to 2.9 GHz, a lower cost system is the HP
71401A. Both models, in addition to being lightwave signal analyzers,
also function as microwave or RF spectrum analyzers with all the
capability of the HP 71210A and 71100A spectrum analyzers on
which they are based. And because the lightwave signal analyzers are
part of the HP 70000 modular measurement system, their measure
ment capabilities can be expanded easily. One possibility, for exam
ple, is the addition of a tracking generator module for modulation
response measurements. (See pages 116 - 122 for more information.)

Both the HP 7l400A and 7140lA systems measure intensity mod
ulation up to 22 GHz or 2.9 GHz and operate over the wavelengths
from 1200 nm to 1600 nm. Their optical sensitivity is better than -60
dBm, which is equivalent to approximately -140 dBm electrical
when detector responsivity is taken into account. The analyzers also
offer average power measurement, displayed as both a real-time verti
cal power bar and as a digital readout. Full calibration of both aver
age power and modulation power makes these systems reference
receivers for measuring and characterizing optical detectors and re
ceivers.

• Customer-exchargeable connector adapters
• High performance electrical spectrum analyzer

e

HP 11980A

~':r:!j'~~
SYSTEMS

New Lightwave Module and Accessories
The HP 7081 OA Lightwave Section is a I/o-width lightwave-receiv

er module in the HP 70000 Modular Measurement System. The HP
70810A offers a wavelength range of 1200 nm to 1600 nm, a detected
modulation bandwidth of 100 kHz to 22 GHz, and an optical sensitiv
ity of -60 dBm in a 10 Hz bandwidth. Module features include HP
IB and HP-MSIB communication capability, both optical and elec
trical input connectors, and a system-control processor that provides
master-module capability. The HP 70810A may also be used in
stand-alone applications as a lightwave receiver housed in an HP
70000 mainframe. In this configuration, the electrical output is the
detected intensity modulation in its amplified and uncorrected state.

Fiber Optic Interferometer for
Laser Chirp Measurements

The HP 11980A is a Mach Zehnder In terferometer of fixed delay
for measuring and characterizing singlc-linewidth lasers. Using a new
technique developed by Hewlett-Packard, the HP 11980A accessory
and the HP 71400A lightwave signal analyzer measure FM and chirp
components on DFB lasers, as well as making traditional measure
ments of laser linewidth.

Thus by adding the HP 11980A to the HP 71400A lightwave signal
analyzer, the true power spectrum of single-frequency lasers (includ
ing intensity modulation and chirp components caused by the intensi
ty modulation) can be displayed.

Input Connectors
An important feature of these lightwave systems and accessories is

their versatile input connector system. A variety of optical screw-on
connector-interface adapters are available as well as various patch
cords for other connector systems. See ordering information on page
315.



Noise EqUivalent Power, (optical dB): -56 dBm/Hz, 100 kHz to
1 MHz; -62 dBm/Hz, 1 MHz to 10 MHz; -68 dBm/Hz, 10MHz
to 16 GHz; -62 dBm/Hz, 16 GHz to 22 GHz

Inputs
Optical: Choice of diamond, PC/FC, ST, or DIN single-mode fiber
connectors (see Ordering Guide)
Electrical: SMA for optical bypass.

HP 11980A Specification Summary
This accessory is a Mach Zehnder Interferometer for use with the

HP 71400A.
Wavelength Range: 1250 nm to 1600 nm
Optical Insertion Loss: 8 dB (optical), at 1300 and 1550 nm
Delay Time: typically 3.5 /isec
Inputs

Optical: Choice of Diamond, PC/FC, ST, or DIN single-mode fiber
connectors (see Ordering Guide)

Specifications

HP 71400A
For general analyzer and electrical-mode specifications, refer to

data sheets for the HP 71210A.
Optical

Wavelength Range: 1200 nm to 1600 nm
Input Return Loss (characteristic): > 27 dB (optical) with input
atten ~ 5 dB

Frequency
Frequency Range: 100 kHz to 22 GHz
Span: 1 Hz to 22 GHz plus 0 Hz

Amplitude (At 25°C)
Maximum Input Average Power: +30 dBm (optical);
Modulated Power: + 15 dBm (opt)
Average Power Accuracy: (at 1300 or 1550 nm) ±0.65 dB (opti
cal), ±0.5 nW, ± connector losses
Modulated Power Accuracy (relative to average power) at 100
MHz: ±1.0 dB (opt)
Frequency Response (relative to 100 MHz): 100 kHz to 22 GHz,
± 1.0 dB (opt)
Displayed Average Optical Noise Level, Optical dB (10 Hz Res
BW, OdB Input alten): -52 dBm, 100 kHz to 1 MHz; -58 dBm, 1
MHz to 10 MHz; -64 dBm, 10 MHz to 16 GHz; -58 dBm, 16
GHz to 22 GHz

Inputs
Optical: Choice of Diamond, PC/FC, ST, or DIN single-mode Fi
ber Connectors (see Ordering Guide)
Electrical: SMA for optical bypass, 100 Hz to 22 GHz (See HP
71210A for other system inputs)

HP 71401A
For general analyzer and electrical mode specifications refer to the

data sheets of the HP 711 OOA Opt 02, 04.
Optical

Wavelength Range: 1200 nm to 1600 nm
Input Return Loss (characteristic): > 27 dB (opt) with input at
ten ~ 5 dB

Frequency
Frequency Range: 100 kHz to 2.9 GHz
Span: 1 Hz to 2.9 GHz plus 0 Hz

Amplitude (At 25°C)
Maximum Input Average Power: + 30 dBm (opt)
Maximum Modulated Power: + 15 dBm (opt)
Average Power Accuracy: (at 1300 or 1550 nm) ±0.65 dB (opti
cal), ±1.0 nW, ± connector losses
Modulated Power Accuracy (relative to average power) at 100
MHz: ±1.0 dB (opt)
Frequency Response (relative to 100 MHz): 100 kHz to 2.9 GHz,
±0.5 dB (opt)
Displayed Average Optical Noise Level, optical dB (10 Hz Res
BW, OdB input alten): -52 dBm, 100 kHz to 1 MHz; -58 dBm, I
MHz to 10 MHz; -64 dBm, 10 MHz to 2.9 GHz

Inputs
Optical: Choice of Diamond, PC/FC, ST, or DIN single-mode Fi
ber Connectors (see Ordering guide)
Electrical: SMA for optical bypass, 100 Hz to 22 GHz (See HP
71100A for other system inputs)

HP 70810A Module
Optical

Wavelength Range: 1200 nm to 1600 nm
Responsivity: The responsivity is determined for each instrument
to ±20%; typical average value at 100 MHz, 1200 V/W
Input Return Loss (characteristic): > 27 dB (opt) with input at
ten ~ 5 dB

Frequency
Frequency Range: 100 kHz to 22 GHz

Amplitude
Maximum Input Average Power: +30 dBm (opt);
Modulated Power: + 15 dBm (opt)
Frequency Response (corrected): (relative to 100 MHz): 100
kHz to 2.9 GHz, ± 2.0 dB; 2.9 GHz to 22 GHz, ±5.0 dB;
Uncorrected: typically < 25 dB roll-off 100 kHz to 22 GHz

Ordering Information
HP 71400A Lightwave Signal Analyzer, 100 KHz-22
GHz

The system includes the HP 71210A modular spec
trum analyzer and HP 7081 OA module. Order must al
so include one of the connector options 11-14 or 16
listed below.

Option 001 Add the HP 11980A Fiber Optic
Interferometer

Option W30 Additional two years of HP service
Option 908 Rack Mount without handles
Option 913 Rack Mount with handles

HP 71401A Lightwave Signal Analyzer, 100 KHz-2.9
GHz

The system includes the HP 711 OOA opt 02, 04 and
HP 7081 OA module. Must order one of the connector
options 11-14 or 16 listed below.

Option W30 Additional two years of HP service
HP 70810A Lightwave Section 100 KHz-22 GHz

Order must also include one of the connector options
11-14 or 16 listed below.

Option 20 System adjustment and calibration
(Use the HP 71400A specifications for this
option)

Option W30 Additional two years of HP service
Option 98 or 99 System LO Firmware Upgrade

HP 11980A Fiber Optic Interferometer
Must order one of the connector options 11-14 listed

below.
Option W30 Additional two years of HP service

Connector options for the HP 71400A, HP 71401A, HP
70810A, and HP 11980A

Option 011 Diamond'" HMS-IO/HP Connector
Interface

Option 012 FC/PC Connector Interface
Option 013 DIN 47256 Connector Interface
Option 014 ST Connector Interface
Option 016 Biconic Patch Cord and HMS-lO/HP

Connector Interface
Additional interface connectors:

HP 81000 AI Diamond'" HMS-l O/HP
HP 81000 FI FC/PC
HP 81000 SI DIN 47256
HP 81000 VI ST

Various Single-Mode Patch Cords Available
Fiber optic cable from the Diamond'" HMS-IO/HP
connector to the specified connector.

HP 81101 AC Diamond'" HMS-IO/HP
HP 81101 BC Bare fiber
HP 81101 FC FC
HP 81101 GC NEC 04
HP 81101 PC PC
HP 81101 SC DIN 47256
HP 81101 WC Biconic

HP 15475A Cleaning Kit for optical surfaces

Price
592.840

56,200

51.310
535
$40

560,440

51.050
S18.000

$1.950

$360
$0

$6.200

5125

$0

$0
$0
$0

$~10

$290
$290
$290
$290

$610
$305
$610
$610
5865
5610
$6l0
5102
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DATA GENERATORS & DATA ANALYZERS
General Information

e

HP 8118A

Data Generator Selection Chart

Model 8180B* 8175A 8118A 8018A 8080A 001
(8181B) 002,003

page 320 318 317 322 444

Parameter

Datarate 50 50 para!. 100 50 300
(Mbit/s) 100 ser.

Number of 8 para!. 24 para!. 2 ser. 2 ser. 1ser.
channels (16 opt.) 2 ser. (2 ser.)

(128 ext.)

Memory depth 16384 1024 par. 16384 102412ch 64
(Pattern) 8096 ser. each ch. 2048/lch

var. del, 0 ... 999ms 20 ... 40ns 75ns.950ms no special
width 0 ... 999ms delay only 10ns.950ms option

on 8 ch. on 4ch.

resolution lOOps lOOps lOOps

RZ/NRZ RZ/NRZ NRZ RZ/NRZ RZINRZ RZINRZ

individual
pattern 20ns.9.99s
duration no no no no

resolution IOns

output TIL,ECl,VAR TIL.ECl, -15.8V ... 16.0V(Hll) ECl, 001: O.2V ... 2V
levels -IV ... 17V(HIL) Tri state -16.0V ... 15.8V(lOl) var high: 002,003: 0.6V .. . 1.2V

-2V ... l6V(lOl) var high: (high imp.) 1.25 ... l5V Offs. 001: ±1.0V
(high imp.) 2.4 ... 9.9V (high imp.) 002,003: ± 12V

(high imp.)

resolution lOmV 100mV lOmV Poti Poti

channel no no yes no no
addition

50ll source yes no yes yes yes
impedance

Hp·IB yes yes yes optional no
'For inlormation about pattern generalor moduies of the HP 82000 Ie evaluation system, please refer to page S26



DATA GENERATORS & DATA ANALYZERS 8
100 Mbit/s Pulse Pattern Generator 317

Model 8118A

• 2 channels / 16 kbit ea /100 Mbitls ea
• Strobe channel (bit word, or frame trigger)
• Variable word and frame length

• Variable width and delay
• Rise/fall time separately progr'arnmable
• Var. high and low level; channel addition

e

Clji'~. :
SYSTEMS

$125

"/e

S I00 30'

$106
$32

$3630'
$138

Price
$12,(100

Low Level -8.00 V to + 7.90 V
Resolution 3 digits, (10 mY)
Level-Accuracy ±1 % of progr. value ±3% of ampl. ±40 mV

[±1% ±I% ±20 mY]
Repeatability factor 4 better than accuracy

Pattern
Data Capacity 16384 bits per channel. (In bit mode: max No of bits)
Data Formats RZ with programmable Delay and Width up to 50
Mbit/s DNRZ with programmable Delay up to 50 Mbit/s NRZ up
to 100 Mbit/s
Word length 3 to 256 bits, common for both channels (word mode
only)
No of words Number of words * Word length < 16384 bits, common
for both channels (word mode only)
Random Pattern up to 16384 bits long, PRBS sequence if
blocklength is 2(exp n)-1.

Supplemental Specifications
Trigger Mode Manual, Auto, Trigger, Gate
Addition Adds up channel 2 to channel I.
Operating Modes Bit Mode, Word Mode, Break, Start/Stop, Con

tinue, Autocycle, Single Cycle
Strobe Output Fixed TTL levels; Delay, Width independently

programmable; bit, word, or frame trigger
Control Modes High level, Period, Delay, Width

General
Storage Temperature -40°C to +65°C
Operating Temperature O°C to 55°C
Power 100.120/220-240 Vrms, ±10%, 450 VA max.,

48-66 Hz
Weight 17 kg (38.8 Ib)
Dimensions (H*W*D) 190 mm * 426 mm * 584 mm,

[7.5 in * 16.75 in * 23 in]
Recalibration Period 1 year recommended

Ordering Information

HP 8118A 100 Mbit/s Pulse Pattern Generator
Options
908 Rack Flange Kit (P/N 5061-9678)
910 Set of Operating/Programming and Service Man

ual
915 Service Manual (P/N 08118-90001)
916 Additional Operating and Programming

Manual (P/N 08118-90011)
HOI Prepared for Rack Slide Kit

(P/N 1494-0059 required)
W30 Two additional years of HP service
Accessories
P /N 1494-0059 Raek Slide Kit (requires HP 8118A #HOl)
'<iii: Fast-Ship producl---see page 1",6.

Specifications
Specifications describe the instrument's warranted performance (30
minutes warm-up, 50-ohm load) at O°C to 55°C [20°C to 30°C]
ambient temperature.

Timing Parameters
(measured at 50% of amplitude with fastest edges).
Common Specifications:

Resolution 3 digits (best case, 100 ps)
Repeatability factor 4 better than accuracy
RMS-jitter* 0.05% of programmed value + 30 ps

Period (PER) 20(10)**ns to 950 ms
Accuracy ±5% ofprogr. value ±2 ns [±2% ±1 ns]

Delay 75 ns to 950 ms (max: PER +55 ns)
Accuracy ±5% of progr. value ±4 ns [±2% ±4 ns]

Double Pulse 20 ns to 950 ms (max: PER - WID)
Accuracy ±5% of progr. value ±2 ns [±2% ±2 ns]

DEL and DOUB are mutually exclusive
Width (WID) 10 ns to 950 ms (max; PER - 10 ns)

Accuracy ±5% of progr. value eL2 ns [±2% ±2 ns]
Linear Transitions (between 10% and 90% of amplitude)

Range 6.5 ns to 95 ms
Accuracy ±5% of progr. value ±2 ns [±5% ±2 ns]

Output (voltages double when driving into open)
High Level - 7.90 V to +8.00 V
•see page 433
"10 ns with NRZ data format

HP8118A

HP 8118A Pulse Pattern Generator
The HP 8118A is a two channel serial data generator for pattern

lengths up to 16 kbit for each channel with programmable word and
frame length, and data rates up to 100 Mbit/s, Furthermore, it pro
vides full control over levels, timing, and transition times,

The HP 8118A is an excellent combination of a fully program
mable serial data generator and a pulse generator in one product. It
offers functional test capabilities for testing ICs, modules, and
boards. With the built-in parametric capabilities, it is possible to
combine the digital information with the signal degradation that oc
curs in practice, and so, testing the DUT with the real-life signal is
feasible; thus, the worst case conditions can be evaluated.

For data entry, the HP 8118A offers a convenient and comprehen
sive set of editing capabilities; thus, the required serial data can be
achieved to match the test signal demands of a wide variety of appli
cations. The digital patterns can be combined with PRBS (pseudo
random-binary-sequence), either to just create scrambled data or to
generate a true PRBS. Setting the instrument in "Word Mode", it is
possible to create word and frame oriented data pattern. Wordlengths
from 3 bit up to 256 bit and the number of words up to 3640 are
allowed. Protocols with preamble-data-postamble structure and a
certain word and frame length, as it is used for data transmission in
serial data networks, can be rapidly created.



BDATA GENERATORS & DATA ANALYZERS
50 MHz Digital!Analog Signal Generator
Model 8175A

• 24 channels / 1 kbits ea / 50 Mbits/s ea
2 channels / 8 kbits ea f 100 Mbits/s ea

• Individual pattern duration 20 ns to 9.99 s

HP 8175A with output pods (15461A115462A/15464A) and trig
ger pod (15463A)

HP 817SA Digital!Analog Signal Generator
The HP 8175A delivers high-speed parallel and serial data with

programma ble patterns, adequate for at-speed testing of most of pre
sent and future logic circuits. Individually Programmable Pattern
Durations permit complex timing set-ups for simulation of extreme,
asynchronous timings without wasting memory. Virtual Memory Ex
pansion allows very long data sequences by branching to up to 255
user-definable memory segments. Interaction with a device under test
provides for simulation of a wide range of data paths in digital sys
tems. Output pods provide the appropriate levels for most logic fami
lies and flexible interface adapters ensure the specified signal quality
at the probe tip. a precondition for reliable results.

A Fine Timing option (opt. 00 I) enhances the timing resolution
provided with Programmable Pattern Durations in order to delay four
channels with 100 ps.

Operational convenience is stressed through a large, menu driven
CRT, a comprehensive data editor including waveform graphics and
the capability to directly access (via HP-IB) a printer for documenta
tion and a flexible disc drive for use as a test data library.

In Engineering Test, this versatile feature set provides early simu
lation of elements not yet available, speeding design cycles through
reduced integration time at circuit, module and system level.

In Production Test and Incoming Inspection, automated at-speed
testing at the module and system level results in early failure detec
tion, thus reducing production cost and improving quality.

Combining the HP 8175A Digital Signal Generator with a HP
1630/31 family logic analyzer results in a complete Stimulus
Response measurement system. For more information on the HP
1630/31 family logic analyzers refer to the respective pages in this
catalog.

Option 002 (Dual Arbitrary Waveform Generator)
With Option 002, the HP 8175A provides two arbitrary channels in

addition to the full capabilities of the standard digital signal genera
tor. Thus, some of the stimulation challenges -whether digital, analog
or both together- can be met with a single unit (for further informa
tion about the analog capabilities. see page 420).

• Virtual Memory Expansion
• Interaction with OUT
• Dual Arbitrary Waveform G<,rIf;(we.,r (opt)

Dat a Page IPAPI

Da~a~ S"'tup
Used Format HII oc at I en --WWJ IWDJ IWDJ

Rddress LOC3t Ion POD 2 :"G:".-:13210 10 --Duratlon
Naml?

1022 000 00000000 00 o e.2 ~s

1023 000 000~~000 00 8.02 ~s

0000 STAPT 007 00000011 00 0.0S ~s

0001 200 000R0000 0a o 10 ~s

0002 000 08000011 00 o :0 ~s

0003 200 00000011 10 0. -" ~s':'_'
0004 007 08880811 11 0.2S ",mD - !!1Ii :!l!I!I!IDI m _II!DI
0086 007 00000011 01 0.10 ",0007 207 00000011 e.0 o 05 "50008 000 00000000 00 0.10 "50809 080 00000010 e.0 0.10 "50010 000 00000010 10 0. c", ~s

0Bl1 UP 002 00000010 11 0, c5
~'0012 002 00000010 01 0.1", ~;

0013 002 00000010 01 0,10 I.E

Data Page: Pattern Set-Up
Data can be entered and displayed in various codings. Channels to

be displayed can be selected. Comprehensive data editing support is
provided. For instance, segments can be moved or copied to other
memory addresses or data segments can be 'block modified'. Easy ex
change of data between channels avoids having to rearrange probes at
the test fixture. Also, fixed patterns such as up and down counters
with selectable start and stop address are loaded with a few key
strokes. All codings from the pattern Set-Up page will be automati
cally converted into a timing diagram when switched to this page. Or,
the data can be set-up from scratch or easily edited in terms of
waveforms.

Program Page: Segment Assignment
This page gives an example of how pattern sequencing can be de

fined. Up to 255 segments of data memory can be defined by first and
last addresses or labels in the 0000 to 1023 address range. During
data execution the segments are real-time sequenced in the given or
der thus virtually expanding the memory depth far beyond the physi
cal depth of 1024 data patterns,
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External Clock (BNC)
Clock rate (Range): 8Hz to 100 MHz
All other specifications see External Input (BNC).

External Input (BNC)
This connector can be used to start / stop datacycling with select

able transitions.
Impedance: 10 kfl/ 50 pF
Threshold (Range/Resolution): -9.9Y to +9.9 Y/100 mY
Accuracy: ±59'0 of progr. value ±250 mY
Min. swing: 600 mY pp
Min. overdrive: 250 mY or 30% of input amplitude
Max. input voltage: ±20 Y

External Reference (BNC)
Input characteristics: LS TTL compatible

Others:
HP IS430A cable for synchronized master-slave

operation of two ea HP 8175A
HP 10062A Protective Cover (for front panel)
W Fast-Ship product-see page 7(;6

$100
$100
$100

$65
$]00

$5 ]

575

$76

$970

$1530

565
53

$560

$610

Price
$11200

add $36W
add $204

add $36
$250

add $6670

add$1325
add $3465
add $4430

~ldd $3005

Ordering Information

HP B175A Digital!Analog Signal Generator
Note: HP 8175A must be ordered with at least one of

the options #002. #003, #004, #005 or individual
pods, as required.

Options:
Opt. 001 Fine Timing; 4 channels, 100 ps resolution
Opt. 002 Dual Arbitrary Waveform Generator
Opt. 003 Set of 4 ECL Pods Model HP 15461 A and

I Trigger Pod Model HP 15463A
Opt. 004 Set of 4 TTL Pods Model HP I 5464A and

I Trigger Pod Model HP 15463A
Opt. 005 Set of 4 TTL/CMOS Pods Model

HP 15462A and I Trigger Pod Model
HP 15463A

Opt. 908 Rack Flange Kit (PN 5061-9678)
Opt. 910 Additional Operating/Programming/Service

Manual
Opt. 916 Additional Operating/Programming Manual
Opt. W30 Two additional years of HP Service
Pods:
HP 15461A ECL Pod (fixed ECL levels, includes I ea

HP J5429A)
HP 15462A TTL(CMOS Pod (programmable High

Leve , incl. I ea HP 15429A)
HP 15463A Trigger Pod (includes lead set and 10 ea

probe tip)
HP 15464A TTL Pod (fixed TTL levels, includes I ea

HP 15429A)
Adaptors for HP 15461A, HP 15462A and HP 15464A:
HP 15408A plug-on grabbers with ground leads 5 ea
HP 15409A plug-on BNC adaptors, 5 ea
HP 15410A plug-on 5MB adaptors, 5 ea
HP 15411A plug-on coax open-end adaptors, 5 ea
HP 15415A plug-on miniprobe, usable with HP

10024A IC clip, 5 ea
HP 15429A solder-in receptacles (standard accessory,

5x2 eal
Adaptors for HP 15463A:
HP PN 15463-63201 lead set
HP PN 10230-62101 probe tip, I ea (10 ea necessary

per pod)

Option 001 Fine Timing
(can be retrofitted in HP service office)
Parallel Data Generator
Channels: 0.1.2 and 3 of pod a
Delay (Range/Resolution): 20 ns to 40 ns / 100 ps
Accuracy: ±5% of progr. value ± I ns
Serial Data Generator
Channels: 0 and 2 of pod 0
Delay (Range/Resolution): 0 ns to 20 ns / 100 ps
Accuracy: ±59'0 of progr. value ±2 ns

Parallel/Serial Data Generator
Number of channels: 24 parallel, 2 serial
Bits per channel: 1024 parallel, 8192 serial
Max. NRZ Bit rate per ch.: 50 Mbit/s parallel. 100 Mbit/s serial
Pattern Duration (with internal clock):

In Parallel mode the duration of each individual pattern is
programmable. In Serial mode the duration of the data bits is
programmable with successive bits always having the same duration.
The duration is equal for all channels.
Range/Resolution: (10)*.20 ns - 9.99 /LS / 10 ns

10 /LS - 999 /LS / I /LS
I ms - 99.9 ms !JOO /LS
0.ls-9.99s /IOms
'10 ns in serial mode with iixed timing

Accuracy: ±0.05% of progr. duration ±2.5ns
(asynchronous start)
±0.5% of progr. duration ±2.5ns
(synchr. start. clock calibration)
±3.0% of progr. duration ±2.5ns
(synchr. start. no clock cal.)

Jitter (max.): 0.1 % of progr. value + 150ps
Pattern Duration (with external clock): Period of ext. clock x m

m (Range) / Resolution:
(1)2** to 999/ I period
I 000 to 99 900 / 100 periods
100 000 to 9 990 000 / 10 000 periods
10 000 000 to 999 000 000 / I 000 000 periods
.- 'Min. Pattern duration in parallel mode 20n5, in serial mode 10ns.

Clock
The clock has a programmable period. It is available on line 7 of

the pod for the output flags. In serial mode an additional Clock is
available providing a pulse at every bit.
Period (with internal clock):
Range / Resolution: 20ns - 9.99/Ls / IOns; 21'S - 999/Ls / I/Ls
Accuracy: +0.05% of progr. value J=2.5/Ls

(asynchronous start)
±0.5% of progr. value ±2.5/Ls
(synchr. start, clock cal.)
±3% of progr. value ±2.5/Ls
(synchr. start, no clock cal.)

Period (With external clock): Period of external clock x m
Range: m = 2,3,4 ... 999, 1000, 1100. 1200•... 99 900
Skew (maximum time difference between the leading or trailing data
bit edges of the same memory address with Fine Timing off)

across ECl pods: :0;6 ns: typical :0;3 ns
across TTL/CMOS pods: :0;7 ns; typical :0;3 ns

Specifications
Specifications apply for operating temperatures from 0° C to 55°C.



8 DATA GENERATORS & DATA ANALYZERS
Data GeneratorI Analyzer System
Models 8180B, 8181B, 8182B

• Digital ae parametric and functional evaluation
• 50MHz, 16kbit vector memory depth
• 100ps timing! 10mV level resolution

• Real-time data comparison
• Ease-of-use
• System Software

HP 8180B Data Generator HP 8182B Data Analyzer

The Tool for At-Speed Evaluation of DigitaIIC's, Boards
& Modules

The HP 8180B is a modular, high speed Data Generator for the
stimulation of digital Ie's and boards, For the analysis of a digital
circuit's response, the HP 8 I82B provides capabilities for data cap
ture and comparison, and for level and timing characteristics mea
surements, The Data Generators and Data Analyzers are matched in
performance with regard to vector rates, vector memory depth and
measurement accuracy and functionality,

Modular Configurations - From Stand-Alone to
Complete Systems

On the bench, the Data Generators and Analyzers are fully opera
tional without an external controller due to a softkey-driven, interac
tive operating concept.

In remote operation, all set-ups can be programmed with an exter
nal controller via the standard HP-IB interface. This enables interac
tive operation as well as full automation of Stimulus/Response
setups.

For IC Test applications, HP is offering complete Systems includ
ing Testhead and System Software. This provides the turn-key solu
tion required to test digital devices from MSI to VLSI integration,
including ASIC's (Application Specific Ie's).

The HP 818105 IC Design Verification System
Owing to the modular architecture which allows you to combine

instrument modules as required, the system is extremely flexible in
terms of functionality, performance and price. This enables you to
tailor the system and achieve the optimum fit for applications like IC
Design Verification, Prototype Evaluation, Failure Analysis, Low
Volume Production Test and Incoming Inspection.
Test System Modules

The HP 81810S is composed of the HP 8180B and HP 8181 B Data
Generator and Extender, the HP 8182B Data Analyzer, the HP
15466A Test Head (for up to 256 tester channels), a systemizing
rack, the HP 4141B DC Source/Monitor, the HP 6624A Device
Power Supply and a range of accessories. Also included is a HP 9000
series 300 workstation plus the System Software. All system modules
except the controller can be installed in one or two racks, depending
on the configuration.
System Software

The System Software provides a shell around the hardware re
sources and enables you to focus on the device under test rather than
on the machine. Because it is easy to use, users need little training to
work with this tool.

Softkey driven menus guide the user through parameter set-up,
pattern editing, pin labeling etc. to enter device and test specific data.

fter a few ke -strokes the user can then perform various tests e.g.

functional truth-table verification or automatic level and edge search
as required for measuring propagation delays or set-up and hold
times.

The CAE link part of the software allows you to link directly to
CAE design workstation or host computers running simulation pro
grams. The software provides turn-key programs for downloading da
ta vectors which are compatible with HIL03, FACTOR (SENTRY)
and Mentor design station data formats. After downloading, the
testvectors are readily available in the Test System for execution.

Applications that Reflect in Features
For at-speed functional verification of prototype circuits, the Gen

erators and Analyzers offer programmable digital patterns at data
rates up to 50 MHz. The linear vector memory depth of 16
Kbit/channel allows you to generate and capture the immense num
ber of testvectors required for testing complex devices. Real-time
comparison between "expected" data and captured data generates an
"Error Map" which gives immediate feedback and increases
throughput.

For thorough characterization of a circuits' performance limits,
timing edges can be positioned with a best resolution of 100 ps and
level pairs can be programmed with a 10 mV resolution. "Window
Comparison" simultaneously checks proper upper and lower logic
level and timing conditions. This makes the equipment the ideal tool
for Critical Path Analysis of prototype circuits and for in-depth anal
ysis of circuits failing a test.

Please refer to the semiconductor test section (page 526) to find
information about the HP 82000, a fully integrated 1C evaluation sys
tem. It features highest performance, like 200 MHz speed and ±250
ps accuracy on up to 384 true I/O pins.



Specifications
Specifications apply for operating temperatures from 0° C to 50°C.

HP 8180B, 8181B Data Generator/Extender

Transitions:
10% to 90% (3 + I0.2 ampll) ns
20% to 80% at ECL levels: 1.5 ns
Strobe: ECL/TTL selectable

HP 8182B Data Analyzer

(3 + I0.5 ampll) ns

B

High-impedance load
-1.00 to + 17.0 V
-2.00 to + 16.0 V

3 digits (best case 20 mV)
1.0 to 17 V

Memory and Channels
Memory depth: 16384 bit/channel
Number of channels: up to 64 using HP 8180B with two HP 8181 B
Extenders. Up to 192 channels with 3 sets of equipment in parallel
operation.
HP 8180B Channels
RZ (return-to-zero) channels: independent variable delay and
width in each of up to 8 channels.
NRZ (non-return-zero) channels: Up to 16 channels minus the
number of RZ channels. Fixed timing.
Strobe channel: NRZ data or clock. Fixed timing
Clock channels: independent delay and width in each of 2 channels.
Clock I can be selected to run continuously in Break state (see 'Cycle
modes').
HP 8181B Channels
NRZ: up to 24 channels. Fixed timing within an Extender, group de
lay with respect to HP 8180B.
Memory Loading

Codes: bin, oct, hex, dec (address codes: oct, hex, dec).
Entry: Keyboard or HP-IB.
Displayed channel order: user-defined.
Line edit: insert, delete, macro.
Channel edit: clear, set, copy, prbs, counts, entry mask.

Cycle Modes
Single, Auto, Initialization + Auto, Gated, Initialization + Gated.

(Initialization data is output at the beginning of the first cycle only).
Break state: implemented by manual or external BREAK command
or by strobe channel bit. Data is held at current address. Manual or
external RUN command cause same cycle to continue.
Stop state: implemented by manual or external STOP command.
Data is held at current address and the cycle is terminated. Manual or
external RUN command trigger a new cycle.

Timing
Clock period: 20 ns to 950 ms (1.05 Hz to 50 MHz). Ext clock 0 to
50 MHz.
Delay
(relative to strobe channel): 0.0 ns to 950 ms, max 90% period -18ns.
Width: 10.0 ns to 950 ms, max 90% period -8ns.
Skew: :::;2ns for NRZ channels and RZ channels programmed for
zero delay.
Resolution: 3 digits (best case 100 ps).
Accuracy: ±5% of programmed value ± Ins.
Jitter: :::;0.2% + 100 ps (+ additional 50 ps for delay and width).

Outputs
Output impedance: 50 Ohm
Data and clock: 4 different high level/low level pairs can be defined
and assigned to any number of individual outputs. Each channel has
independent normal/complement switching. Common 'off '.
Read-out: can be selected for 50 Ohm or high impedance load (com
mon selection for all channels).

\

50 Ohm load
High level: -1.50 to +5.50 V
,Low level: -2.00 to +5.00 V
Resolution: 3 digits (10 mY)
\AmPlitude: 0.5 to 5.5 V

Memory and Channels
Memory depth: 16384 bit/channel
Number of channels: up to 32. Up to 128 by parallel operation of
four HP 8182B's.
Expected data memory: 16384 bit/channel, segmentable.

Codes: bin, oct, hex (address code: dec).
Entry: Keyboard, HP-IB or read-in from DUT.
Displayed channel order: user-defined.
Line edit: word mask (don't care), insert, delete.
Channel edit: clear, set, copy, mask (don't care), exchange.

Modes
Analysis I store-and-compare: synchronous sampling with variable
analog sampling point delay or asynchronous sampling. Comparison
with expected data, if required.

Displays: state list, timing diagram, or error map.
Glitch detection: down to 5 ns. Memory depth is halved when
glitch detection is selected.
Trigger condition: can be selected to start or stop analysis.

Real-time compare: comparison of actual with expected data
throughout a time window. Window has variable analog delay and
width. Real-time and latched error output signals are provided.

Display: error map.
Trigger conditions: starts comparison.

Timing
External clock: 0 to 50 MHz.
Delay
(relative to external clock): 0.0 ns to I s, max 95% period - 1 ns
Compare window width: 10.0 ns to I s, max 95% period - 9 ns
Channel skew: :::;2 ns
Resolution: 3 digits (best case 100 ps).
Accuracy: ±5'1'0 of programmed value ± 1 ns.
Internal clock: 1 Hz to 50 MHz (1-2-5) steps).

Inputs
Data: 6 different thresholds or dual threshold pairs can be defined and
assigned to any number of individual inputs.
Clock: programmable threshold and selectable slope (positive, nega
tive, both).
Input Impedance: 1 MOhm, <7pF.
Control signals: (100 kOhm / 50 Ohm selectable input impedance)

Trigger arm and ext stop signals: independent programmable
thresholds and selectable slope (positive, negative, don't care).
Trigger qualifier and clock qualifier signals: independent
programmable threshold and selectable levels (high, low, don't
care).

Threshold range: -10.0 to +10.0 V.
Dynamic range: threshold ± 10 V.
Resolution: 3 digits (best case 10 mY).

Trigger
Trigger arm, word and qualifier, digital filter (l to 16), clock and

qualifier, delay (0 to 65535.)

Ordering and Literature
For Ordering Information (also on accessories) and detailed Tech

nical Data Sheets and Application Notes on the products covered in
this chapter, please contact your HP sales office.



DATA GENERATORS & DATA ANALYZERS
50 MHz Serial Data/PRSS Generator
Model8018A

• 2048 bit, duai channel memory
• Variable word and pattern length

• TTL, ECl, CMOS compatible
• Programmable, prbs and mixed data

HP 8018A ~
E"".:NE::UFOR. :

SYSTEMS
with Option 001

With 2048 programmable bits, and a choice of pseudo-random bi
nary sequences (prbs) ranging to over I Mbits, the HP 8018A is a
powerful stimulator for serial digital systems and devices requiring
high bit rate and fast pulses. Even preamble-data-post-amble data
link patterns are feasible by combining prbs and programmed data.
Useful synch outputs simplify testing by locking scope or analyzer to
unique points in the data stream.

DATA ELP~W~JI PRBS IWL I
For data link
patterns, WORD Jl ~n fLmixed mode

"TRIG

inserts a prbs PRBS
~--~after each TRI[,

odd word.
FIRST

1'1 ~81T

For dual-channel applications, the memory splits so that the out
puts have independent I Kbits of data.

A high performance output amplifier adds to the HP 80l8A's wide
applicability. It delivers clean, 6 ns pulses with repetition rates from
dc to 50 Mbits/s. Output amplitude is variable up to 15 volts into 50
11 This enables you to directly drive logic circuits ranging from TTL
to CMOS. Output levels for emitter-coupled-logic (ECl) are also
provided.

To handle patterns for repetitive tests more conveniently, data can
be loaded via HP-IB (Option 001).

Data Outputs

Channel A: simultaneous normal and complement outputs. ECL
levels or variable + 15 V amplitude. Selectable 50 \1/ I k\l output im
pedance, RZ/NRZ format.

Data length: up to 1024 bit or (serialized with B data) 1025 to
2048 bit.

Transitions (50 Q into 50 Q): :<: 6 ns (ECl :<: 5 ns)
Preshoot, overshoot, ringing: :<: 10% (ECl :<: 15%)

Channel B: normal output, 2.4 V (50 \I into 50 I!), up to 1024 bits,
RZ/NRZ selectable.

Bit Rate
Internal: 50 Hz to 50 MHz (40 MHz in Mixed mode), jitter 0.2%
External: dc to 50 MHz (40 MHz in Mixed mode) or manual.

Data Cycling
Auto: sequence recycles continuously.
Bit: bits are triggered/gated by external pulses/level.
Word: words are triggered/gated by external pulses/level.
Frame: sequence is triggered/gated by external pulses/level.
Manual: switch triggers single bits/words/frame.

General

Power: 100/120/220/240 V rms; +5%, -10%; 48 to 440 Hz.
230 V A max.

Temperature range: O°C to 50°C.
Weight: net 12 kg (26.51bs). Shipping 16 kg (35.3 Ibs).
Size: 133 H x 426 W x 422 mm D (5.2" x 16.8" x 16.6").

Specifications

Data Capacity and Modes
Programmable memory: 2 channels, each I kbit, scrializable.
Thumbwheel switches define data stream length or frame length (N
words of Mbits), and set up synch signals accordingly.
Prbs: pseudo-random binary sequences of 511, 1023, 32767 and
1048575 bits. Synch pulse at beginning of sequence.
Mixed: prbs is inserted after every odd-numbered programmable
word.

Ordering Information
HP 8018A Serial Data Generator
Opt. 001: HP-IB for data loading*
Opt. 907: Front Handle Kit (Part No. HP 5061-9689)
Opt. 908: Rack Flange Kit (Part No. HP 5061-9677)
Opt. 909: Opt. 907, 908 combined

(Part No. HP 5061-9683)
Opt. 910: Extra Operating and Service Manual
, HP-IB cables: refer fa page 561 .

.. Fast-Ship product- see page 766

Price
55900

add 5~15

add S56 ';E'
add 533 ';E'
add $8~~

add 539
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50 Mbit/s Pattern Generator 323

Model 16500A with 16520A and 16521A Modules

• From 12 to 204 data channels
• 50 Mbitls (NRZ) maximum data rate
• 4095 bits memory per channel

• 3 strobes (RZ)
• Eel or TTL output levels
• Data entry in hex, octal, binary, decimal or symbols

HP 16S00A Logic Analysis System
... working interactively to serve the breadth of your system de

sign and test needs.

Modular, User-configurable
The HP 16500A logic analysis system is a modular, user-con

figurable instrument that can provide up to 204 channels of 50 Mbit/s
NRZ pattern generation. Its modularity gives it a capability to pro
vide a complete stimulus-response system when used with other sys
tem modules, including 100 MHz timing analysis, 25 MHz state
analysis, I GHz timing analysis, and 100 MHz digitizing oscilloscope
capability.

Perform Functional Verification
Avoid designing custom hardware or using other time-consuming

methods to provide stimulus to your circuit. The HP 16500A offers
you functional tests at a low cost per channel.

Shorten your Design Cycle
Test partial systems, even if they are missing components. The HP

I 6500A's pattern generator capabilities can be used to substitute for
boards, rcs, and busses. Instead of waiting for missing pieces, you can
continue to test and verify your design.

Friendly Circuit Connection
The HP 16500A's pattern generator has lightweight, passive

probes that let you attach to your board through probe tips or 2 x 10,
0.1" center connectors on your circuit board. Standard connectors
eliminate the need to purchase special connectors or to build custom
fixtures to hook up to your device under test. The probing system pro
vides ECL or TTL patterns through 50 ohm connections. Series ter
mination eliminates the need for external 50 ohm terminations. HP
also offers an ECL differential driver and a TTL tristate pod.

For complete specifications and more information about the HP
16500A logic analysis system and its measurement modules, please
refer to page 260 in the logic analyzer section of this catalog.

A Synergistic Solution
Configure the HP 16500A to provide both stimulus and response in

one instrument. Use the HP 16520A 50 MBit/s pattern Generator
master card to provide the functional stimulus. Use the digitizing os
cilloscope, 25 MHz state/IOO MHz timing cards or I GHz timing
cards to capture functional and parametric response.

Software links to CAE simulation systems are also available, which
allows the HP 16500A's stimulus-response capabilities to be used for
prototype functional testing.

Configuration
The HP 16520A pattern generator master card provides 12 chan

nels of NRZ pattern generation. Channel count can be increased in
increments of 48 by adding up to four HP 16521 A expansion cards
or you can configure the system in mix-and-match combinations of
other measurement modules. An intermodule bus keeps track of
which modules are installed and allows cross-module triggering, pro
viding measurement capabilities that would not be possible using in
dividual instruments.

Ordering Information
HP 16500A logic analysis mainframe
HP 16520A 12-channel, 50 MBit/s master card
HP 16521A 48-channel, 50 MBit/s expansion card

Price
$7.200
S:1.700
HOOO



BTRANSCEIVER TEST EQUIPMENT
Automated Test Systems
Models 8953A, 8955A, 89575

HP 8955A
The HP 8955A RF Test System is a powerful and versatile system

developed for designers, manufacturers and users of RF communica
tion equipment. It provides a flexible combination of instruments for
testing transmitters, receivers, subassemblies and modules in the fre
quency range from 150 kHz to 1000 MHz. The basic system consists

HP 8953A
The HP 8953A Transceiver Test Set is Hewlett-Packard's lowest

priced system. It combines the measurement power of the three basic
measurement instruments with the HP 8954A Transceiver Interface
to create a solution capable of performing the majority of in-channel
tests and expandable enough to meet all but the most demanding of
testing requirements.

Transceiver Test Systems
Hewlett-Packard's transceiver test product line was designed to of

fer maximum flexibility, modularity and expandability to the mobile
communications market. All systems are based on three "designed for
systems" instruments: the HP 8656B Synthesized Signal Generator,
the HP 8903B Audio Analyzer, and the HP 8901A/B Modulation
Analyzer. These products together perform the majority of in-chan
nel tests on any AM or FM transceiver. Combining these three basic
building blocks, together with a programmable interface for system
integration, creates a modular solution that is flexible enough to meet
your needs today and tomorrow. These systems then can be auto
mated using one of the many software packages available for the Se
ries 300 and Vectra computers.

Based on the three basic measurement instruments and our system
interface product line, Hewlett-Packard has created three separate
test systems: the HP 8953A Transceiver Test Set, the HP 8955A RF
Test System and the HP 8957S Cellular Radio Test System. From
these beginnings, you can add or change instruments depending on
your requirements.

HP 89575
The HP 8957S Cellular Radio Test System combines the three ba

sic measurement instrument with the HP 8958A Cellular Radio In
terface. This system will perform all signaling necessary to test
AMPS and TACS compatible cellular radios. By adding the HP
11799A Signaling Box, the systems capabilities can be increased to
include NMT cellular radios.

$11,500
$1.550
$2,650

Price
$0

$13,800
+$225
+$775
$6,250
+$180
$5,950
+$100
+$210
+$210
+$210

Price
$55,000

Ordering Information
UP 89578 Cellular Radio Test System (consisting of:)

UP 89018 Modulation Analyzer
Opt 001 RF connectors on rear panel only
Opt 002 high stability time base

UP 86568 Synthesized Signal Generator
Opt 002 RF connectors on rear panel only

UP 89038 Audio Analyzer
Opt 001 RF connectors on rear panel only
Opt 010 400 Hz high pass filter
Opt 051 CCITT weighting filter (for TACS only)
Opt 053 C-Message weighting filter (for AMPS
only)

UP 8958A Cellular Radio Interface
UP 6024A Power Supply
UP 11804A Accessory Kit

Ordering Information
UP 8955A RF Test System (consisting of:)

UP 8901A Modulation Analyzer
Opt 001 RF connectors on rear panel only

UP 86568 Synthesized Signal Generator
Opt 001 high stability time base
Opt 002 RF connectors on rear panel only

UP 89038 Audio Analyzer
Opt 001 RF connectors on rear panel only
Opt 010 400 Hz high pass filter
Opt 051 CCITT weighting filter

UP 8956A System Interface
UP 436A Power Meter
UP 8482A Power Sensor
Cabinet
Cables and connectors

of the three basic measurement instruments and the HP 436A Power
Meter for increased measurement accuracy. The instruments are
then integrated using the HP 8956A System Interface. The system
also includes a cabinet, side table and comprehensive documentation.

Before a system is shipped, it is assembled and tested at the factory.
This includes installing the instruments into the rack and thoroughly
testing them as a system, ensuring that the HP 8955A meets its speci
fications.

Price
$30,000

Ordering Information
UP 8953A Transceiver Test System (consisting of:)

UP 8901A Modulation Analyzer
Opt 001 RF output connectors on rear panel only

UP 86568 Synthesized Signal Generator
Opt 001 high stability time base
Opt 002 RF output connectors on rear panel only

UP 89038 Audio Analyzer
Opt 001 RF output connectors on rear panel only
Opt 010 400 Hz high pass filter
Opt 051 CCITT weighting filter

UP 8954A Transceiver Interface
UP 8498A Attenuator

Opt 030 25 watt, 30 dB
Cables and connectors
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Automated Transceiver Test
Hewlett-Packard's transceiver test solutions are flexible combina

tions of instrumentation and software for automatically testing radio
transmitters and receivers. This approach to transceiver test gives you
comprehensive, expandable solutions for a wide range of applications,
allowing you to chom;e the right combination of hardware and soft
ware to fit your needs today and in the future.

Simplifies Workflow
The diagram below illustrates a typical workflow using manual test

equipment. In this case, a technician must manually test each radio
and repair it if there is a problem. Then, he checks the radio again to
verify that the fault was corrected. Because these tests are tedious and
time-consuming, often only a cursory check is performed. The second
diagram illustrates the effect of an automatic test system. This system
quickly and completely tests the radio. If a fault is found, the techni
cian makes the necessary repairs and the system verifies proper opera
tion. Often, the system finds that an incoming radio is operating
properly, saving the technician valuable time.

I
Ensures Quality

\

An automatic test system can make a thorough test of every radio,
helping to find latent problems. An HP transceiver test system lets
IYou make more measurements at more data points in less time than
iWith manual testing. And it follows the same procedure every time,
eliminating operator errors while maintaining consistent testing.

Improves Productivity
You can save time with an automatic test system. It frees highly

skilled technicians for more productive work and allows for expansion
to meet the growing demand for mobile radio products and services.
Because they perform the tedious and repetitive tasks, automatic test
systems help to increase job satisfaction as well.

System Software
An integral part of Hewlett-Packard's transceiver test product line

is the wide variety of software application test packages available.
Designed to meet your testing needs, these packages offer a broad
spectrum of solutions ranging from basic in-channel measurements to
full radio characterization. With test times typically measured in
seconds, these packages will quickly and accurately measure your
transceiver's performance.

HP 11805A Transceiver Test Software
Exceptional Flexibility and Expandability

The Hewlett-Packard 1180SA Transceiver Test Software Package
is an easy-to-use, comprehensive solution for automatically testing ra
dio receivers and transmitters. The HP I180SA software package
provides quick and easy testing with full softkey operation, concise
graphics, and easy-to-read test results.

The software consists of a main executive program coupled with a
separate series of measurement test packages. With this format, you
purchase only the measurement capability you need, with the ability
to expand with full compatibility at a later date. This new approach to
software development allows the HP 1180SA to fit into any testing
environment, dependent only on the measurement capability pur
chased. If you have a specialized application, the software is written
in BASIC language and can be easily modified.

The HP 1180SA will test multiple channel radios and, for standard
FM and AM radios, can encode and decode Continuous Tone Con
trolled Squelch (CTCSS) and Digital Coded Squelch (DeS) tones
automatically. In addition, all test packages allow you to perform all
tests on all channels, selected prime channels, or to select any
test/channel combination ou desire.



BTRANSCEIVER TEST EQUIPMENT
System Software (cont'd)

Tests can be selected and run in any order, giving you complete
control of your test routines. These routines include call processing
functions such as origination, origination reorder and paging. The re
sults are then displayed in a concise format with Pass/Fail limits, al
lowing you to quickly verify your radios performance. The HP
ll798A is an excellent solution to your N MT cellular radio testing
needs.

Additional features of the HP ll798A include a calibration utility
capable of measuring and correcting for the insertion and path losses
in the system and a special Manual mode which allows you to manu
ally control the test instruments from the computer controller.

For cellular radio applications the HP ll805A offers test packages
that are fully compatible with the AMPS, TACS and EIA-800 cellu
lar radio test standards. In addition, there are application packages
capable of fully testing AM and SSB-SC radios.

Pass/Fail limit testing allows you to quickly verify your radio's per
formance. Optimized for speed and repeatability, the HP ll805A in
creases productivity and efficiency. With the optional bar code
reader, radio parameters can be entered in seconds and stored on disc
for future use. In addition, a Manual Mode allows you to manually
control test instrument settings through the computer without leaving
the program. Clear instructions, easy-to-read graphics, and helpful
program prompts guide you through every step of the program.

Utility programs are also among the powerful capabilities of the
HP ll805A software package. The System Interconnection Verifica
tion program is designed to ensure that all instruments are responding
to the computer controller. The System Calibration program mea
sures all the path losses from the radio through the interface. These
path losses are then accounted for in the measurement test routines,
increasing the accuracy and repeatability of the test results.

HP 11798A Cellular Radio Software

NMT Cellular Radio Software
The HP ll798A Cellular Radio Test Software provides the com

prehensive RF and signaling tests required for testing cellular mobile
radios conforming to the 450 and 900 MHz standards of the Nordic
Mobile Telephone (NMT) system. With user-written software, the
system is also capable of simulating a mobile station for base station
signaling tests.

Ordering Information
HP 11805A Software Application Pac

Opt 001 Operating System Executive
Opt 100 North American FM Tests
Opt 101 Extended North American FM Tests
Opt 200 European cjJM Tests
Opt 201 Extended European cjJM Tests
Opt 300 AM Radio Tests
Opt 400 SSB-SC Radio Tests
Opt 500 AMPS Cellular Radio Tests
Opt 510 TACS Cellular Radio Tests
Opt 520 EIA-800 Cellular Radio Tests
Opt 530 TACS with AMPS Bus Cellular Radio Tests

HP 11798A Software Application Pac

Price
$0

S1.575
$500
$775
$500
$775
$500
$775
$775
$775
$775
$775

SJ.I 00

HP Model No.s ll805A Options 11798A

100 101 200 201 300 400 500 510 520 530

Type 01 radios FM Extended PM Extended AM SSB-SC AMPS TACS EIA-BOO TACS wI NMT
Tested FM PM AMPS Bus

Controllen 200 200 200 200 200 200 200 200 200 200 200
Supported' 300 300 300 300 300 300 300 300 300 300 300

Vectra Vectra Vectra Vectra Vectra Vectra Vectra Vectra Vectra Veetra

Language BASIC BASIC BASIC BASIC BASIC BASIC BASIC BASIC BASIC BASIC BASIC
Supported 50 50 50 5.0 5.0 5.0 5.0 50 5.0 5.0 5.0

Systems 8953A 8953A' 8953A 8953A' 8953A 8953A
Supported 8955A 8955A 8955A 8955A 8955A 8955A

8957S 8957S 8957S 8957S 8957S 8957S 8957S'

Measure CTCSS CTCSS CTCSS CTCSS
Squelch DCS DCS DCS DCS

Geneme CTCSS CTCSS CTCSS CTCSS
Squelch DCS DCS DCS DCS

Number of tests 20 9 17 8 17 16 35 20 19 29 21
Performed

, Only selected configuratIOns are supported
, HP 8953A system must Include Option 100
'HP 11799A is also required
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Models 8954A, 8956A, 8958A, 11799A
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HP 8954A Transceiver Interface
The HP 8954A is Hewlett-Packard's lowest priced transceiver test

interface. It is fully programmable and uses microwave switches and
hardware in all RF paths. Designed for dc to 18 GHz measurements,
the HP 8954A Transceiver Interface provides the flexibility needed
for most AM, FM and SSB receiver and transmitter testing.

HP 8958A Cellular Radio Interface
The HP 8958A Cellular Radio Interface gives your system the ca

pability to fully test a cellular radio. With the flexible Channel Simu
lator, you can simulate cell-site operation, verify signaling protocol,
or perform highly complex and sophisticated tests using an external
controller to generate and analyze data content.

HP 11799A Signaling Unit
For testing cellular radios compatible with the 450 and 900 MHz

protocols of the Nordic Mobile Telephone (NMT) system, Hewlett
Packard recommends and supplies the Creative Engineering
CEIOI9-1 Signaling Unit. The CElOI9-1 can be ordered from Hew
lett-Packard as HP Model11799A.

When used with the three basic transceiver test instruments and a
duplex interface, the HP 11799A simulates a base station and mobile
exchange for over-the-air RF and signaling tests of cellular mobile
radios.

HP 8954A-H03 Transceiver Interface
The HP 8954A Option H03 Transceiver Interface is a full-duplex

version of the standard HP 8954A. The standard RF switching hard
ware is replaced with a power divider network that is designed for 10
MHz to 1500 MHz use. The HP 8954A Option-H03, when used with
the HP l1799A Signaling Unit, is part of the recommended configur
ation for testing NMT (Nordic Mobile Telephone) cellular radios.

HP 8956A System Interface
The HP 8956A System Interface, with its multiple paths and con

nections, provides added flexibility in the designing of systems in the
frequency range from dc to 1000 MHz. It has two RF test ports for
duplex testing, stimulus/response testing and reduced connect/
disconnect times. A built-in, switchable 120 watt 30 dB attenuator
can be inserted for transmitter testing and removed for receiver test
ing, increasing receiver measurement range.

Additional functions of the HP 8956A include current drain and
timing measurements.

Ordering Information
HP 8954A Transceiver Interface
HP 8954A-H03 Transceiver Interface
HP 8956A System Interface
HP 8958A Cellular Radio Interface
HP 11799A Signaling Unit

Price
$4,200
$5,715

$13,600
$11,500
$14.000

System Interface Comparison

HP 8954A HP 8954A·H03 HP 8956A HP 8958A

Frequency Range DC to 18 GHz 10 to 1500 MHz DC to 1000 MHz 10 to 1500 MHz

Number of RF Ports 4 4 6 6

Number of Audio Ports 2 2 4 2

Number of UUT Ports 2

Duplex Capabilities NO YES YES YES

Typical Applications AM, FM, 0M, AM, FM, 0M, AM, FM, 0M, AMPS, lACS,
SSB SSB, NMP SSB NMP

'Requires the HP 11799A Signaling Unit



BNOISE FIGURE METER
Noise Measurements

What is Noise Figure?
Modern receiving systems must often pro

cess very weak signals. Noise added by the
receiving system components often deter
mines whether or not an input signal can be
processed properly. Unlike other ways to
measure receiver noise (minimum discern
able sensitivity, tangential sensitivity, etc.)
noise figure is an objective measure, it does
not depend on the judgement of the person
measuring. In addition, noise figure is univer
sal; it may be determined for transistors, am
plifiers, and mixers as well as entire systems.

Noise figure can be expressed as the ratio
of total output noise power (at a source tem
perature of 290K) compared to the output
noise power if there were no noise added by
the device under test (OUT).

Noise figure is typically measured by ap
plying two known noise powers to the test de
vice input and measuring the corresponding
output powers. Assuming the device is linear,
it can then be characterized with respect to
total output noise power for all values of in
put noise power. Noise figure is calculated
(ratio of total output noise power versus out
put nuise power assuming no device noise)
assuming an input noise power generated
from a 290K thermal noise source.

To learn more about noise figure basics
and measurement, read HP Application
Note 57-1 (see Literature on this page).

quency, such as transistors or amplifiers with
narrow pass bands, double-sideband mea
surement can introduce significant error. In
addition, spurious and harmonically-related
signals can also render double-sideband mea
surement data invalid.

Single-sideband measurements eliminate
double-sideband problems. Double-sideband
problems like image, spurious, and harmonic
signals are removed by pre-selecting the de
sired noise sideband before mixing. Single
sideband measurements, however, require
accurately designed filtering systems (like
temperature-compensated YIG filters)
which are difficult to design and maintain. In
spite of its difficulties, single-sideband is the
only way to make a standard, down-convert
ed noise figure measurement - its measured
value does not depend on the device charac
teristics.

Downconverted
.... Sidebands ...

Device
NOise

Response

Actual
Value

Noise Figure Measurement
Applications

Hewlett-Packard's noise figure measure
ment equipment is exceptional in applica
tions like these:
Amplifiers: I) Simultaneous noise figure and
gain measurement, 2) Results automatically
corrected for ENR variations, ambient tem
perature, and mixer, LO, and IF noise contri
butions, 3) Real-time, swept, corrected
output to oscilloscope for easy tuning (dis
play is digitally stored), 4) Single-test-port
calibration and measurement from 10 MHz
to 18 GHz (with the 8970S/T systems).
Transistors: All the benefits of measuring
amplifiers plus: I) Easy real-time tuning for
best noise figure and gain, 2) real-time tun
ing to actual transistor Fmin without second
stage effects, 3) Broadband (10 MHz to 18
GHz) single-sideband measurement (with
the HP 8970S/T system), 4) Low mismatch
effects (the HP 346A features virtually iden
tical impedance for Th and Tc), 5) Easy to
program for automatic systems.
Receivers and mixers: I) Simultaneous
measurement of gain (conversion loss) and
noise figure, 2) Tunable and swept IF from
[0 to 1600 MHz (with the HP 8970B) and
10 MHz to 18 GHz (with the HP 8970S/T),
3) No external IF gain needed, 4) Automatic
ENR correction, even for broadband sweeps,
5) Effects of LO power, IF power, and IF fre
quency changes on noise figure are easily ob
served, 6) Easy to program.

literature
Product Note 89708/5-2, Applications
and Operation of the HP 89708 Noise
Figure Meter, describes the HP 8970B and
many of its applications in more detail. It is
both an introduction to the HP 8970B and
a summary reference manual.
Product Note 89708/5-3, Noise Param
eter Measurement using the HP 89708
Noise Figure Meter and the ATN NP4
Noise Parameter Test Set, describes noise
parameter measurement on transistors.
Application Note 57-1, Fundamentals of
RF and Microwave Noise Figure Mea
surements, explains the theory behind
noise figure and its measurement. This note
includes an extensive glossary of noise re
la ted terms.
Application Note 57-2, Noise Figure
Measurement Accuracy, discusses con
siderations for making accurate noise fig
ure measurements and for determining the
accuracy of noise figure measurements.

Single sideband noise measurement sys
tem.

Single-and Double-sideband Noise
Figure Measurements

There are both advantages and disadvan
tages to single- and double-sideband mea
surements.

Double sideband microwave measure
ments are easy. The most basic set-up re
quires only a mixer and local oscillator.
However, the resulting noise figure is the av
erage of the test device performance at the
two down-converted frequencies. If the de
vice characteristics vary rapidly with fre-

Device
Noise

Response

~~ Noise input to mixer

~ Down-converted noise

DeVfce~
Under ~

Test --x.-

6
NOise
Figure
Meter



• 10 MHz to 1600 MHz.
• Accurate and simple, swept or CW measurements.
• Second stage correction.

NOISE FIGURE METER 8
Automatic Noise Figure Meter 329

Model 8970B

• Displays both noise figure and gain.
• Calibrated display on oscilloscope, recorder, or piot

ter.
• Powerful special function enhancements.

HP 8970B

HP 89708 Noise Figure Meter
With the HP 8970B Noise Figure Meter, noise figure measure

ments are easy, accurate, and repeatable. Automatic second stage
correction makes accurate noise figure readings possible even for low
gain devices. The HP 8970B's dynamic range allows gain measure
ments of at least 40 dB (higher in some cases) or loss measurements to
-20 dB, with no external attenuation or amplification. The HP
8970B can store up to 4 ENR (Excess Noise Ratio) noise source cali
bration tables. It also properly interpolates ENR values at each mea
surement frequency.

Microprocessor and Controller Functions
The HP 8970B takes the mystery out of noise figure measurements.

It uses a microprocessor to make the calculations and corrections nec
essary for truly accurate, convenient, and flexible noise figure mea
surements. The meter also controls external local oscillators (such as
the HP 8670 series synthesizers, HP 8340 series synthesized sweep
ers, or the HP 8350 sweep oscillator) and the HP 8971 B Noise Figure
Test Set. This makes accurate, broad-band microwave measurements
of amplifiers, mixers, and transistors as simple as RF measurements.

Virtually all of the HP 8970B's front panel keys and functions are
accessible over HP- IB, Hewlett Packard's enhanced version of IEEE
488. The meter has an independent System Interface Bus (SIB) to
control the HP 897 IB and local oscillator. This additional bus frees
you from having to write computer code to control an instrument on
the SIB (like the local oscillator) when used in an automated set-up.
Pass-through capability allows other instrument controllers to send
messages through the meter to any other instrument on the SIB.

Simple Calibration and Second Stage Correction
Noise figure measurement accuracy is enhanced because the meter

measures its own noise figure (and that of the rest of the measurement
system) at up to 181 points. It stores this information, interpolates
where necessary, and corrects for it when displaying the device
under-test noise figure. The HP 8970B also measures the test device
gain.

Display
The HP 8970B's front panel LEDs display frequency, gain, and

noise figure. Rear panel BNC connectors allow swept display of noise
figure and gain versus frequency on an oscilloscope or x-y recorder.
You can also get the noise figure and gain vs. frequency display sent
to a digital plotter over the HP 8970B's System Interface Bus. All
display modes are easily and accurately scaled to the desired resolu
tion from the meter's front panel. The swept oscilloscope display al
lows you to optimize your test device in real time for both noise figure

and gain. You can easily change the noise figure display from noise
figure to effective noise temperature (Te) or Y factor.

Front Panel and Special Functions
The HP 8970B front panel keys control the number entry, calibra

tion, and measurement functions. STORE, RECALL, and SEQ keys
allow up to 9 front panel settings to be stored and sequenced automat
ically or manually to save set-up time. Smoothing INCREASE and
DECREASE keys are used to average up to 512 readings before dis
play. This increases accuracy and eliminates display flicker.

For those who need greater measurement power than that provided
by the HP 8970B's simple front panel, there are more than 200 spe
cial functions selected by pressing a numerical code and the special
function key. Two examples are hot-cold measurements and automat
ic compensation for losses at the input of the test device. One of the
special functions is a catalog that quickly shows you the current spe
cial functions being used. Three pull-out cards serve as a mini
reference manual for the instrument. They include most of the special
functions, the HP-IB formats and codes, error messages, and typical
measurement set-ups.

HP 89708 Partial Specifications
(See technical data sheet for complete specifications)

Noise figure (gain) measurement range: 0 to 30 dB (-20 to at least
40 dB).
Noise figure (gain) instrumentation uncertainty: ±O.I dB for 0 to
55° C (±.15 dB).
Noise figure resolution: .01 dB (.001 dB over HP-IB).
Gain resolution: .01 dB (.001 dB over HP-IB).
Frequency range: tunable from 10 to 1600 MHz.
Tuning accuracy (from 10 to 40°C): ± (I MHz + I % of frequency),
6MHz maximum.
Frequency resolution: I MHz.
Noise figure (for input power levels below -60 dBm): <7 dB +
.003 dB/MHz.
Maximum operating input power: -10 dBm.
Maximum net external gain: > 65 dB between noise source and HP
8970B RF input.
Noise source drive: 28.0 ± .1 volt.
Operating temperature: O°C to 55°C.
Storage temperature: _55° to 75°C.
Power: 100,120,220, or 240 V (+5%, -10%); 48-66 Hz; 150 VA
maximum.
Dimensions: \43 H x 425 W x 476 mm D (5.68" x 16.75" x 18.38").
Weight: Net, 15.5 kg (34Ib). Shipping, 18.5 kg (40 Ib).



8 NOISE FIGURE METER
Noise Figure Measurement System
Models 89705/1, 89718

HP 8970 SIT

HP 89705/1 Microwave Noise Figure
Measurement Systems

Until now, there was no standardized way to make a microwave
noise figure measurement, users had to design and support their own
microwave system, and measurements crossing from RF to micro
wave were difficult because they required multiple system configura
tions.

Hewlett Packard's answer to these problems is the HP 8970S and
HP 8970T noise figure measurement systems. Each system consists of
the HP 8970B Noise Figure Meter, the HP 8971 B Noise Figure Test
Set, and a synthesized local oscillator. (The recommended LOs for
the 8970S are listed in the 8970S Partial Specifications; the HP
8970T uses the HP 8671 B Synthesized CW Generator as its local
oscillator. )

The HP 8970S/T system eliminates the tedious job of designing
the measurement system and selecting components. The HP 8970B
acts as the controller to the system so all system operation is transpar
ent to you, the user. To insure specified performance, the HP
8970S/T systems are given specifications just like an RF noise figure
meter (i.e HP 8970B).

HP 8970S/T Partial Specifications
(See 8970S technical data sheet for complete specifications)
Frequency range: 10 MHz to 18 GHz.
Noise figure measurement range: 0 to 30 dB.
Noise figure instrumentation uncertainty: <±.25 dB (for a 14 to
16 dB ENR noise source in a 0 to 55°C environment).
Gain instrumentation uncertainty: <±.45 dB.
Noise figure (max): 10 to 1600 MHz: 12 dB + .003 dB/MHz
1.6 to 2.4 GHz: 24 dB
2.4 to 12 GHz: 22 dB
12 to 15 GHz: 24 dB
15 to 18 GHz: 28 dB
Input SWR: 10 to 1600 MHz: 1.7
1.6 to 2.4 MHz: 2
2.4 to 18 GHz: 2
Gain/noise figure repeatability: .2 dB.
Recommended local oscillators: HP 8671B, 8672A, 8673B/C/E,
8340B, and 8341 B.

• 10 MHz to 18GHz
• Fully specified system
• Removes double· sideband irlaccuracies
• As easy to operate as the 8970A or B

~
..".. .

SYSTEM:

HP 89718

HP 89718 Noise Figure Test Set
The HP 8971 B Noise Figure Test Set brings the simplicity of doub

le sideband measurements and the accuracy of single sideband mea
surements together in one package. Careful design and high
performance components, including a stable YIG filter, allow broad
band single-sideband measurements from 10 MHz to 18 GHz with a
single calibration and sweep.

Measurement modes in the HP 8970B allow for double down-con
version using the HP 8971 B as the second down-converter. These new
modes can be used for millimeter-wave measurements of amplifiers
and transistors and measurements of receivers and mixers with IFs
above 1.6 GHz.

HP recommends using an isolator and preamplifier between the
test device and measurement system. This reduces two of the largest
sources of noise figure measurement uncertainty - mismatch uncer
tainty and second stage noise figure.

HP 89718 Partial Specifications
(See 8970S technical data sheet for complete specifications)
Frequency range: 10 MHz to 18 GHz.
Gain/noise figure repeatability: ±.2 dB.
Input SWR: 1.5 (10 MHz to 1.6 GHz)
2 (1.6 to 2.4 GHz)
2 (2.4 to 18 GHz)
Image and odd-harmonic rejection: 20 dB.
Accessories supplied:
I LO-to-HP 8971B cable - SMA(f), 300 mm
I HP 8971 B-to-HP 8970B cable - N(m), 190 mm
I N(m)-to-SMA(m) adapter
2 HP-IB cables - .5 m



NOISE FIGURE METER B
Noise Sources 331

Models HP 346 AlBIC, R/Q347B

HP 346C

HP 346A (option 002)
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Ordering Information
HP 89708 Noise Figure Meter
Option H18: Increases upper frequency from 1600 to
1800 MHz
Option 907: Front panel handle kit
Option 908: Rack mounting flange kit
Option 909: Both options 907 and 908
HP 89718 Noise Figure Test Set
HP 8970T Noise Figure Measurement
System
HP 8970S Noise Figure Measurement
System
HP 346A Noise Source
HP 3468 Noise Source
HP 346C Noise Source
Option 001 (HP 346A/B only): Type N (m)
connector
Option 002 (HP 346A/B only): APC-7 connector
Option 004 (HP 346A/B only): Type N (f)
connector
HP R3478 Noise Source
HP Q3478 Noise Source

HP R & Q347B Noise Sources
(See technical data sheet for complete specifications)
Frequency Range: R347B - 26.5 to 40 GHz

Q347B - 33 to 50 GHz
Excess Noise Ratio (ENR) Range:

HP R347B: 10 to 13 dB
HP Q347B: 10 to 13 dB (33 to 42 GHz)

6 to 12.5 dB (42 to 50 GHz)
Max. SWR (reflection coefficient):

HP R347B: <1.42 (.17)
HP Q347B: <1.57 (.22)

Supplemental Characteristics
ENR Variation with temperature: <.009 dB/C
ENR Variation with time:

R 347B:.15 dB typo (over 2000 hrs.)
Q 347B: .15 dB typo (over 2000 hrs.)

HP R & Q347B Solid-state Noise Sources
The performance and reliability you have come to expect from

Hewlett-Packard RF and microwave solid-state noise sources, is now
extended to millimeter-wave frequencies with the HP R347B (26.5 to
40 GHz) and HP Q347B (33 to 50 GHz) noise sources. A new GaAs
avalanche diode specifically designed for high noise output and long
term reliability was developed for the HP R/Q347B Noise Sources.
This results in excellent ENR stability over time. In turn, this insures
long recalibration cycles and very accurate noise figure measure
ments.

HP 346 AlBIC Partial Specifications
(See technical data sheet for complete specifications.)
Frequency range: 10 MHz to 18 GHz for HP 346A/B; 10 MHz to
26.5 GHz for HP 346C.
Excess noise ratio (ENR) limits: HP 346A: 5 to 7 dB;
HP 346B: 14 to 16 dB; HP 346C: 12 to 16 dB (10 MHz to 12 GHz)
and 14 to 17 dB (12.0 to 26.5 GHz).
Maximum SWR (reflection coefficient) on and off:
HP 346A1B: 10 to 30 MHz - 1.3 (0.13); 30 to 5000 MHz

1.15 (0.07); 5 to 18 GHz - 1.25 (0.11).
HP 346C: 10 MHz to 18 GHz - 1.25 (0.11); 18 to 26.5 GHz

-1.35 (0.15).
Power required: 28± 1 Vdc.
Dimensions: 140 H x 21 W x 30 mm D (5.5" x 0.8 x 1.2").
Weight: net, 0.108 kg (3.5 oz). Shipping, 0.5 kg (lib).
Standard connector: APC - 3.5(m)

Example label of HP 3468 Noise Source

fIIEll l;JlR
IlIb: dB
D.Ol 1&.18
0.10 Is••
1.0 15.2&
2.D 11.17
1.0 lUI
4.014.116

HP 346A1B/C Broadband Noise Sources
The ideal companion to the HP's noise figure meter and systems is

the HP 346 family of noise sources. Since they are broadband
(lOMHz to either 18 or 26.5 GHz), they eliminate the necessity for
several sources at different frequency bands. Each source has individ
ually calibrated ENR values at specific frequencies. The calibration is
printed on its label (see illustration) for easy loading into the HP
8970B. The low SWR of each noise source reduces a major source of
measurement uncertainty - re-reflections of test signals. In addition,
the variety of connectors available reduces the need for degrading ac
curacy with connector adapters.

The HP 346 family of noise sources are designed for a broad range
of measurement applications. The HP 346C covers the broadest fre
quency range, 10 MHz to 26.5 GHz. The HP 346B's high ENR, low
SWR, and variety of connectors make it a general purpose noise
source. The HP 346A is designed especially for accurate characteri
zation of input-impedance-sensitive devices (like GaAsFETs and
many UHF amplifiers). Its very small change in reflection coefficient
«0.01) from ON to OFF minimizes errors when measuring noise
figure and gain as a function of input impedance.



MICROWAVE TEST EQUIPMENT
Microwave Measurements and Products

Microwave measuring techniques
Hewlett-Packard offers a complete line of microwave coaxial and

waveguide measuring equipment. Measuring systems can be assem
bled from this equipment to make accurate reflection and transmis
sion measurements on other components such as filters, mixers,
cables, etc. Signal characteristics such as frequency, power, or spec
tral content may be measured using other associated equipment.

HP equipment capability ranges from inexpensive systems for
point-by-point, narrow-band work to powerful analyzers which fur
nish dynamic displays of error-corrected network scattering parame
ters across wide frequency bands. Equipment selection and measuring
techniques depend primarily on the accuracy, speed, and cost require
ments of the application.

Some applications require complete phase and amplitude charac
terization of microwave components. These vector measurements are
usually made in design labs to aid in component design or in evaluat
ing performance to phase specifications. Such phase measurements
require relatively sophisticated equipment and techniques.

But the majority of microwave measurements made in production,
test, maintenance, and calibration require only amplitude (scalar)
characteristics. Scalar test procedures are popular because they are
straightforward, easy-to-use, and low cost, yet yield an excellent mea
sure of the quality of the test device part.

Coaxial/Waveguide Measurement Accessories Catalog
Available

More detailed information is available in the Coaxial &
Waveguide Measurement Accessories Catalog, literature number
5954-6401. The catalog includes product and applications informa
tion on more than 400 products operating from dc to 110 GHz. Sev
enteen product sections include attenuators, detectors, couplers,
filters, power sensors, scalar analyzer accessories, noise figure equip
ment and even 75 ohm accessories.

More than 27 pages of this 112 page catalog are devoted to micro
wave measurement techniques and reference information, summariz
ing common scalar techniques of attenuation and SWR, as well as
other measurements in component and system test such as power, fre
quency, noise figure, spectrum, waveform, carrier noise and modula
tion analysis. Waveguide and Coax band designations and flange data
arc included in the reference section, along with 9 pages of associated
equipment descriptions.

This catalog will prove useful for design engineers, production test
personnel, quialits assurance and metrology engineers, field-test and
system-maintenance engineers.

Confidence in Component Performance
The performance of HP's microwave accessories are verified on an

error-correcting automatic network analyzer that has been calibrated
with standards that are directly or indirectly traceable to the Nation
al Bureau of Standards. This means you can be assured that the prod
uct you receive has been properly tested and meets the specifications
you expect.



MICROWAVE TEST EQUIPMENT 8
2.4 mm Coaxial Connector Family Adapters and Standards 333

Models HP 11900-11904,85138,85140,85141

• DC-50 GHz frequency range
• Rugged instrument and metrology grades

• Adapters to all common connector types
• Standards for reflection calibration

HP 11900A/C

HP 85138 AlB

The 2.4 mm connector permits microwave components and systems
to operate with coaxial interconnections at frequencies up to 50 G Hz.
Such systems need no longer be restricted to waveguide. Using the 2.4
mm connector, broadband devices operating from DC to 50 GHz are
possible, simplifying and speeding the design and manufacture of
components and systems.

The 2.4 mm connector interface was conceived by Hewlett-Pack
ard and has been jointly developed by HP, Amphenol Products, and
M/A-COM Omni Spectra. Supporting this development are prod
ucts from HP, Amphenol Products, M/ A-COM Omni Spectra and
Maury Microwave.

Design goals for this connector included: a rugged interface with
excellent return loss characteristics, a connector with very repeatable
performance, and reasonable connector cost in systcms applications.
By foregoing compatibility with existing connector types, a design
was achieved that optimizes performance over the entire DC to 50
GHz range, not just at the higher frequencies.

Implementation of the 2.4 mm connector concept is in the form of
three levels or grades of the connector series, each of which is totally
compatible with the others because each conforms to the connector
interface dimensions. Three connector grades permit best application
fit, with trade-offs in performance versus cost. M/A-COM Omni
Spectra offers the "production-grade" OS-50 series for use in compo
nents, cabling and microstrip. Its design emphasizes economy and as
sembly simplicity. The "instrument-grade" APC-2.4 series from
Amphenol Products is intended for usc with test and measurement
equipment where the connector must withstand many con
nect/disconnect cycles. Designed for traceability to national mea
surement standards, the "metrology-grade" connector will be used by
HP on calibration standards.

HP 11900AlB/C, 11901A1B/C/D, 11902A1B,
11903A/B/C/D, 11904A/B/C/D Between-Series
Adapters

The HP 11900 series of 2.4 mm connector adapters allow 2.4 mm
connectors of either sex to be mated to other types of connectors.
These metrology-grade adapters are recommended for use where
high precision and repeatability are required. The electrical lengths of
the adapters are matched within the same adapter families (e.g., all
2.4 mm to APC-3.5), allowing accurate non-insertable device mea
surements. For information on 2.4 mm coax to R- and Q-band
waveguide adapters, refer to page 349.

HP 11900AlB/C, 11901A1B/C/D, 11902A1B,
11903A1B/C/D, 11904A1B/C/D Specifications

Type Type Repeatability'·, U.S.
(from) Se,' (to) Sex' Model # Return Loss' (dB) Typically Better Than: Price

24mm {ml 24 mm (m) 11900A} ,,32 (DC to 26.5 GHz) -50 dB
2.4 mm (I) .. (t) 11900B ,,25 (26.5 to 40 GHz) -45 dB $450
2.4 mm (m) .. (f) I 1900C >20 (40 to 50 GHz) -40 dB

2.4 mm (mJ APC-3.5 (m) 11901A} ,,32 (DC to 20 GHz) -45 dB
24mm (I) (I) 11901B ,,28 (20 10 26.5 GHz) -45 dB $375
2.4 mm (m) .. (1) 11901C} -45 dB
2.4 mm (1) APC-3.5 (m) 119010 .. -45 dB

2.4 mm (m) APC-7' - 11902A ,,30 (DC to 18 GHz) -50 dB $450
2.4 mm (t) ..

- 11902B -50 dB

2.4 mm (m) lype·N (m) 11903A ,,28 (DC to 18 GHz) -48 dB
2.4 mm (I) fype·N (I) 119038 (28 (DC to 18 GHz) -48 dB $450
2.4 mm (m) type·N (I) 11903C ,,28 (DC to 18 GHz) -48 dB
2.4 mm (f) type·N (m) 11903D ,,28 (DC to 18 GHz) -48 dB

24 mm (m) K-2.92" (m) 11904A ,,24 (DC to 40 GHz) -40 dB
2.4 mm (I) " (I) 11904B -40dB
2.4mm (m) (f) 11904C .. -40 dB

$500

2.4 mm (I)
..

(m) 11904D .. -40 dB

HP 85138A/B, 85140A/B, 85141A1B Calibration
Accessories

The HP 85138A/ B terminations are instrument-grade, 50 ohm
loads designed for device termination and reference calibration where
high performance is important. The HP 85l40A/B and HP
85141A/B are metrology-grade, precision shielded open and short
circuits for maximum reflection calibration accuracy for vector and
scalar network analyzers. The open circuit utilizes a specially
designed plastic center conductor support, to provide the proper cen
ter pin setback and uniform open circuit capacitance required for a
high level of performance.

HP 85138A/B, 85140AlB, 85141A/B Specifications
Model Repeatability' U.S.

Type Sex1 # Electrical Specifications Typically Better Than: Price

2.4 mm Short (m) 85140A At 50 GHz. ±6' from nominal" -50 dB \250
2.4 mm Short (f) 85140B -50 dB 275
2.4 mm Open (m) 85141A At 50 GHz. ±6' from nominal" -44 dB 215
2.4 mm Open (I) 85141B " -44 dB 300
2.4 mm 500 (m) 85138A ,,30 dB (DC to 26.5 GHz) -40 dB 475
Termination ,,25 dB (26.5 fo 40 GHz)

,,20 dB (40 to 50 GHz)
2.4 mm 500 (I) 85138B ,,30 dB (DC to 265 GHz) -40 dB 525
Termination ,,25 dB (26.5 to 40 GHz)

,,20 dB (40 10 50 GHz)

'I=Jack. m~plug
2At the 2.4 mm port onl¥
'Repeatability ~ 20 Log It>rl. where It>rI ~ Irm, - rm,1 This is the difference between two measure
ments fm 1 and fm2• before and after one disconnect/connect cycle. Repeatability depend upon
proper torque and pin-depth.

'This specification applies to the location of the effective shorting plane.
sNominal, in this case, is the cenler of the distribution of all parts manufactured o....er time.
'The phase shift 01 any HP 85141 A&B open relative to any HP 85140 A&B short is 180' ± 12'.
•APC·? is aU.S. registered trademark of the Bunker Ramo corporation.
• 'The Kconnector is developed and manufactured by the Wiltron Company (Morgan Hill. CAl.
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Coaxial Fixed Attenuators
Models 8490D, 8491A1B, 8492A, 8493A/B/C, 8498A, 11581/2/3A13C, 33340AlB/C/D

• Flat frequency response

• Low SWR
• Specifications traceable to NBS

Price·
$90

+ $20
Sl20

+ $25
$250

+ $40
$375

HP 33340A/B/C/0 Fixed Attenuators
The lIP 33340A, 33340B, 33340C, and 33340D are Coaxial Fixed

Attenuators intended for OEM and systems use. Frequency range
specifications are dc-l2.4 GHz, dc-I 8 GHz, dc-26.5 GHz and
dc-50 GHz respectively. These OEM attenuators are similar to the
HP 8493 and HP 8490 Series Attenuators.

For more information regarding the HP 33340 series refer to the
data sheet (5952-8279).

Ordering Information
HP 33340A Coaxial Fixed Attenuator (SMA)
Option 890
liP 333408 Coaxial Fixed Attenuator (SMA)
Option 890
HP 33340C Coaxial Fixed Attenuator (APC-3.5)
Option 890
HP 33340D Coaxial Fixed Attenuator (2.4 mm)
'Note: Prices are for quantities of 1-9. OEM discounts ave available.

HP 33340C

HP 849BA
Option 030

Option 890 Calibration Data
Extensive calibration data is available on HP attenuators at low

cost. When option 890 is specified for the fixed attenuators or micro
wave step attenuators, standardized calibration data in frequency
steps no larger than 500 MHz is provided over the frequency range of
the units. This data is generated from measurements made on an HP
8542 Automatic Network Analyzer and features excellent accuracy
(traceable to NBS) and low cost. Data is given for attenuation and
the SWR (reflection coefficient for the HP 8493C) of each port and is
provided in a protective plastic envelope.

Calibration data has important uses in applications such as RF
substitution measurements and test system verification. Using the ac
tual calibration data rather than data sheet specifications allows the
attenuation uncertainty to be reduced 60% or more. Also, the calcu
lated mismatch uncertainty for a test system is lower if the actual
SWR data for the attenuators is used. Similar calibration data is used
in HP production areas to verify the performance of manual and au
tomated test systems. For automated system checkout, the calibrated
unit is tested and the results are compared to the previously stored
calibration data. If the differences are within the measurement uncer
tainty, proper operation is ensured. For step attenuators, the calibra
tion data can be used in automated test systems to more accurately
characterize a device's characteristics. By storing the calibration data
for the individual steps, the measurement results can be adjusted by
the actual amount of attenuation (for example, when a nominal 10 dB
step is actually 9.6 dB).

The calibration data frequencies, prices, and ordering information
for fixed attenuators are on the next page, and the same information
for step attenuators is on page 337.

HP 8498A High Power Attenuator

The HP 8498A Option 030 is designed to meet the needs of high
power attenuation applications in the RF and microwave frequency
range. It is specified from de to 18 GHz at 25 watts average, 500 watts
peak, from dc to 5.8 GHz and 125 watts peak from 5.8 to 18 GHz.
Available only in a 30 dB model (option 030), the unit offers low
SWR « 1.30 at 18 GHz) and good accuracy (±I dB at 18 GHz). The
unit also features 'human engineered' cooling fins that prevent opera
tor burns even under continuous maximum input power conditions.

HP 11581A

HP 11581A, 11582A, 11583A/C Attenuator
Sets

A set of four Hewlett-Packard attenuators-3, 6, IO and 20
dB-are furnished in a handsome walnut accessory case. The HP
11581A set consists of HP 8491A Attenuators; the HP 11582A set,
HP 8491B Attenuators; the HP 11583A set, HP 8492A Attenuators;
and the HP 11583C set, HP 8493C Attenuators. The set includes
calibration reports certified traceable to the National Bureau of
Standards, containing both the attenuation and the reflection coeffi
cients for each attenuator at the frequencies indicated under "Option
890" calibration data on the next page. Thus it is not required to spec
ify Option 890.

These sets are ideal for calibration labs or where precise knowledge
of attenuation and SWR is desired.

Hewlett-Packard coaxial fixed attenuators provide precision atten
uation, flat frequency response, low SWR over broad frequency
ranges (dc-50.0 GHz) at low prices. Attenuators are available in
nominal attenuations of 3-dB and 6-dB, also 10-dB increments from
10 dB to 60 dB. These attenuators are swept-frequency tested to en
sure meeting specifications at all frequencies. Calibration points are
provided on a nameplate chart attached to each unit.

HP 84900, 8491A1B, 8492A, 8493A/B/C
Fixed Attenuators
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HP 8492 series

Calibration Data
Include "Option 890" or "Option 894" in
addition to attenuation option when or
dering calibration data.

, ,
Frequency Maximum Attenuation Accuracy Price

HP Range SWR input 3 dB 6dB 10 dB 20 dB 30 dB 40 dB 50 dB 60 dB (SpeCi~
Model GHz Maximum Power (Option 003) (Option 006) (Option 010) (Option 020) (Option 030) (Option 040\ (Option 050\ (Option 060) Connector option
8490D de-50.0 de-8 GHz,1.1 2'11 Avg. ±0.5 dB ±0.6 dB ±0.3 dB ±0.5 dB ±0.7 dB ±1.0 dB APC 24 $375

B-12.4 GHz, 115 100 'II Peak de·18 GHz - - (m,t)
124-26.5 GHz, ±1.0 dB ±0.6 dB ±0.5 dB ~0.6 dB ±1.0 dB ±1.3 dB

1.25 (1.27 Opt.006) 18-26.5 GHz
8491A de-12.4 de-8 GHz: 1.2 2'11 Avg. ±0.3 dB ±0.4 dB ±0.6 dB ±0.6 dB ±1 dB - - - N(m,t) $125

3-30 dB 8-12.4 GHz: 13 100 'II Peak
4~db

f---- - - - - ±1.5 dB ±1.5 dB ±2 dB $175
8491B ±0.3 dB ±0.4 dB ±0.6 dB

3-30 dB dc-18 de-8 GHz: 1.2 2'11 Avg. de-12.4 GHz de-124 GHz ±0.6 dB de-12.4 GHz ±1 dB - - - $150
8-12.4 GHz: 1.3 100'11 Peak ±0.4 dB ±0.5 dB ±1.0 dB N(m,f)
12.4-18 GHz 1.5 12.4-18 GHz 124-18 GHz 124-18 GHz '$2iO40-60 dB - ±1.5 dB ±1.5 dB ±2 dB

8492A ±0.3 dB ±0.4 dB ±0.6 dB
3-30 dB de-18 de-8 GHz: 1.15 2'11 Avg. de-12.4 GHz de-12.4 GHz ±06 dB de-12.4 GHz ±I dB - - - $275

de-12.4 GHz: 1.25 100 'II Peak ±0.4 dB ±0.5 dB ±1.0 dB APC-7
12.4-18 GHz: 135 12.4-18 GHz 12.4-18 GHz 12.4-18 GHz

$3404~dB - ±1.5 dB ±1.5 dB ±2 dB
8493A

3-20 dB de-12.4 de-8 GHz: 1.2 2'11 Avg. ±0.3 dB ±0.4 dB ±0.6 dB ±0.6 dB - - - -
8-12.4 GHz: 13 100 'II Peak SMA (m,i) $120

30 dB - - - - ±I dB - - -
8493B ±0.3 dB ±0.4 dB ±0.6 dB

3-20 dB dc-18 de-8 GHz: 1.2 2'11 Avg. dc-12.4 GHz dc-12.4 GHz ±0.6 dB dc-12.4 GHz - - - - $145
8-12.4 GHz: 1.3 100 'II Peak ±0.4 dB ±0.5 dB ±1.0 dB SMA(m,f)
12.4-18 GHz: 1.5 12.4-18 GHz 124-18 GHz 12.4-18 GHz

30 dB ±I dB - - -
8493C dc-265 de-8 GHz, 1.1 2'11 Avg. ±0.5 dB ±0.6 dB3 ±0.3 dB ±0.5 dB ,0.7 dB ±1.0dB APC 3.5 $250

8-12.4 GHz, 1.15 100 'II Peak de-18 GHz - - (m.t)
12.4-26.5 GHz, ±1.0 dB ±0.6 dB ±0.5 dB ±0.6 dB ±1.0 dB ±1.3 dB

1.25(1.27 Opt. 006) 18-26.5 GHz
849BA de-18 de-2 GHz: 1.1 25'11 Avg. - - - - ±1 dB - - - N(m,f) $975
Option 030 2-12.4 GHz: 1.2 500 '1/ Peak

12.4-18 GHz: 1.35 (de-? GHz)
125'1/ Peak
(7-18 GHz)
500 wall-ps

max. per pulse

0rrion 890 HP Models Calibration Frequencies (MHz) Option 890 Price
Cali ration Data 8491A,8493A .2 GHz \0 12.4 GHz in 200 MHz steps add $20

849IB,8492A. .2 GHz to 18.0 GHz in 200 MHz steps add $25
8493B, 8498A

8493C J.5 GHz to 26.5 GHz in 250 MHz steps add $40

8491B Option 010 Option 890 or 894____1 -r-~ -_.......__

Connectors and Frequency Range Attenuation
OD: 2.4mm (m,f), dc-50.0 GHz
1A: Type N (m,f), dc-12.4 GHz 003: 3 dB
18: Type N (m,f), dc-I8 GHz 006: 6 dB
2A: APC-7, dc-18 GHz 010: 10 dB
3A: SMA (m,f), dc-12.4 GHz 020: 20 dB
38: SMA (m,f), dc-18 GHz 030: 30 dB
3C: APC 3.5 (m,f), dc-26.5 GHz 040: 40 dB· Ordering Information
8A: Type N (m,f), dc-I8 GHz 050: 50 dB·· HP 11581A 3, 6,10,20 dB HP 8491A set
8498 is available in a 30 dB model only 060: 60 dB" HP 11582A 3, 6,10,20 dB HP 8491B set

• Not available for HP 8493A/B .. Not available for HP 8493C HP 11583A 3, 6, 10,20 dB HP 8492A set
and HP 84900 HP 11583C 3,6,10,20 dB HP 8493C set

HP 84900, 8491A/B,8492A 8493A/B/C 8498A, Option 890 Specifications

HP 8491A1B series
Ordering Example
Include appropriate frequency range/connector and attenuation des
ignations from the ordering example below with every attenuator or
der.

W Fast-Ship product - see page 766.



MICROWAVE TEST EQUIPMENT
Coaxial Step Attenuators, AttenuatorlSwitch Driver
Models 355 Series, 8494/5/6/7 Series, 11713A, 11716A/B, 11717A

HP 8495D option 004

HP 8497K option 004

HP 11716A kit

• 5-million-cycle-per-section reliability

~
ES";iNE[)FOR. :

SYSTEMS

HP 355C

HP 11713A

• Excellent repeatibility
• Manual and programmable
• Calibration data available

HP 355C/D/E/F Manual and Programmable
Step Attenuators, de to 1000 MHz

Precision attenuation from dc to 1000 MHz is available with these
Hewlett-Packard attenuators. HP 355C/E provide 0 to 12 dB in I-dB
steps and HP 355D/F provide 0 to 120 dB in 10-dB steps. For the HP
355E and 355F models, attenuation programming is done through a
7-pin connector. All standard models are equipped with BNC connec
tors.

nector. For ease of connection to the driving circuit, each attenuator
is provided with a five-foot cable assembly that includes the mating
connector. With the HP 11713A Attenuator Driver, the attenuators
are easily integrated into a Hewlett-Packard Interface Bus (HP-IB)
automated system.

Equivalent versions of these attenuators for incorporation in equip
ment (i.e., "OEM") are available under model numbers HP 33320,
33321, 33322 and 33323. See following pages.

HP 11716A/B Interconnection Kit
Convenient interconnection of I-dB and 10-dB models is provided

with the HP 11716A/B. These kits provide a rigid RF cable, mount
ing bracket, and screws to connect any pair of HP 8494/5/6 attenu
ators in series (see picture above). Attenuators must be ordered
separately.

HP 11713A AttenuatorlSwiteh Driver
This instrument has all of the necessary features to provide HP-IB

control of up to two programmable attenuators of the HP
8494/5/6/7 or HP 33320/1/2/3 series and concurrently up to two
electro-mechanical switches (e.g., HP 8761B or 33311 series). Alter
natively, the HP 11713A can be used to supply +24 V common and
ten pairs of transistor switches (total current less than 1.25A) to con
trol up to ten relays. The HP 11713A includes an integral power sup
ply with short circuit protection that can simultaneously provide 125
milliamps at 24 volts to all contacts for control of the attenuators and
switches, so no external power supply is needed. For convenience in
connecting HP 8490 or HP 33320-series Attenuators, two 5-foot
cables with appropriate connectors are supplied.

A local mode and front-panel push buttons allow switches and at
tenuator sections to be operated manually. Switching time for the
drivers is less than 10 milliseconds.

HP 8494A1B/G/H, 8495A1B/D/G/H/K,
8496A/B/G/H,8497KManualand
Programmable Step Attenuators,
de to 26.5 GHz

Four attenuation ranges are available: 0 to II dB in I-dB steps (HP
8494),0 to 70 dB in 10-dB steps (HP 8495), 0 to 110 dB in 10-dB
steps (HP 8496) and 0 to 90 dB in 10 dB steps (HP 8497). There is
choice of three connectors: Type N (f), SMA (f), and APC-7 (APC
3.5 on HP 8495D/K and 8497K only). Manual and programmable
versions are available as well as coverage of three frequency ranges
(dc-4 GHz, dc-18 GHz, and dc-26.5 GHz). Calibration data (SWR
and attenuation) is available on the HP 8494/5/6/7 models as option
890. The data is generated by an automatic network analyzer test
system and is given for each step of the attenuator at 14 frequencies
(dc-4 GHz models), 47 frequencies (dc-18 GHz models), or 72 fre
quencies (dc-26.5 GHz); see frequency lists on next page. This data is
very useful for improving measurement accuracy in manual and auto
mated test systems.

Each attenuator consists of three or fOlJr attenuation sections con
nected in cascade. Attenuator sections are inserted and removed by
cam-actuated "edge line" contacts. These contacts are gold-plated
leaf-springs that ensure long life (over a million steps) and high
repeatibility (typically 0.01 dB).

The G, H, and K programmable models offer the same high per
formance as the manual models with the addition of fast switching
solenoids. Attenuation programming is done through a 12-pin con-

Ordering Information
HP 11713A Attenuator/Switch Driver
HP 11716A Interconnection Kit for Type N (f) Connectors
HP 11716B Interconnection Kit for APC-7 Connectors
HP 11717A Attenuator /Switch Rack Mount Support Kit

Price
$1700

$200
$290

$55



I 001 (N-Female)
002 (SMA Female)
003 (APC-7)
004 (APC-3.S Female)"

" Option 004 is only available
on 'D' and 'K' models.

A (Manual, dc-4 GHz)
B (Manual, dc-18 GHz)
D (Manual, dc-26.S GHz)"
G (Programmable, dc-4 GHz)
H (Programmable, dc-18 GHz)
K (Programmable, dc-26.S GHz)"

II4 (I dB step, II dB max)
5 (10 dB step, 70 dB max)
6 (10 dB step, liD dB max)
7 (10 dB step, 90 dB max)

How to Order the HP 8494/5/6/7 Series Attenuators
Each order must include basic model number, suffix letter, and connector option.

__II==-----Optional calibration data.

HP 8494 A Option 001 Option 890
TL--, -c

HP 355 Series, 8494/5/6/7 Series Specifications
HP Model Power Solenoid

and frequency Incremental SWR Insertion Raling, Voltage Size, Connector
(Switching Range Attenuation Maximum Loss Attenuation Minimum Speed Shipping Options

PriceMode) (GHz) (dB) (50 0 Nominal) (0 dB setting) Accuracy Life Power Weight Available

355C dc-l 0-12 dc-025 GHz: 1.2 0.11 dB + ±O.I dB@ 1000 Hz 0.5 Wavg - 67 H x 70 Wx 152 mm D
$500(Manual) 1dB steps dc-0.5 GHz: 1.3 1.39 dB/GHz ±025 dB: dc-0.5 GHz 350 Wpeak (2.6" x 2.75" x 6")

dc-1.0 GHz: 1.5 ±0.35 dB: dc-1.0 GHz 0.3 BNC (I)
355E million 15-18 V 1.4 kg (3Ib) See Note 1
(Pr0f.ram- cycles per <65 ms $825
mabel section 3.0 W
3550 dc-I 0-120 dc-0.25 GHz: 1.2 0.11 dB + ±0.3 dB @LOOO Hz 0.5 Wavg - 67 H x 70 Wx 152 mm D
(Manual) 10 dB steps dc-0.5 GHz: 1.3 1.39 dB/GHz ±1.5 dB to 90 dB, and 350 Wpeak (2.6" X 2.75" x 6") $500

dc-1.0 GHz: 1.5 ±3 dB to 120 dB 0.3 BNC (1)
355F @1GHz million 15-18 V 1.4 kg (3Ib) See Note 1
(Pr0f.ram- cycles per <65 ms $825
mabel section 3.0 W
8494A dc-4 0-11 1.5 0.6 dB + ±0.2 dB: 1-2 dB 1Wavg - 43 Hx 73 Wx 159 mm D
(Manual) 1 d8 Steps 0.09 dB/GHz ±0.3 dB: 3-6 dB 100 Wpeak (1.7" x 2.9" x 6.2") 001 $620

&4 dB: 7-10 dB 10 ~s max. 0.9 kg (2Ib) 002
8494G ~0.5 dB: 11 dB 5million 20-30 V 003
(Pr0f.ram. cycles per <20 ms 43 Hx 73 W142 mm D See Note 2 $845
mabel section 2.7W (1.7" x 29" x 5.6")
8494B dc-18 0-11 dc-8 GHz: 1.5 0.6 dB + dc-12.4 GHz I Wavg - 43 Hx 73 Wx 159 mm D
(Manual) 1 d8 steps dc-12.4 GHz: 1.6 0.09 dB/GHz ±0.3 dB: 1-2 dB 100 Wpeak (1.7" x 29" x 62") $915

dc-18 GHz: 1.9 ±0.4 dB: 3-4 dB 10 ~s max. 0.9 kg (2Ib) 001
±0.5 dB: 5-6 dB 5million 002
±0.6 dB: 7-10 dB cycles per 43 H X 73 Wx 142 mm D 003

8494H ±0.7 dB: 11 dB section 20-30 V (1.7" x 2.9" x 5.6") See Note 2
(Pr0f.ram. dc-18 GHz <20 ms $1.400
mabel ±0.7 dB: 1-5 dB 2.7 W

±O.B dB: 6-9 dB
±0.9 dB: 10-11 dB

8495A dc-4 0-70 1.35 0.4 db + ±1.7% of setting or I Wavg - 43 H x 73 Wx 130 mm D
(Manual) 10 dB steps 0.07 dB/GHz ±OA dB, whichever LOO Wpeak (1.7" x 2.9" x 5.1") 001 $515

is greater 10 ~s max. 0.9 kg (2 Ib) 002
8495G 5million 20-30 V 003
~;g~am. cycles per <20 ms 43 Hx 73 Wx 114 mm D See Note 2 $720

section 2.7W (1.7" x 2.9" x 4.5")
84958 dc-18 0-70 dc-8 GHz: 1.35 0.4 dB + ±3%: dc-12.4 GHz I Wavg - 43 Hx 73 Wx 130 mm D
(Manual) 10 dB steps dc-12.4 GHz: 1.5 0.07 db/GHz ±4%: dc-18 GHz 100 Wpeak (1.7" x 2.9" x 5.1") 001 $670

dc-18 GHz: 1.7 %in dB from 10 ~s max. 0.9 kg (2 Ib) 002
8495H Alten. Selling 5million 20-30 V 003
(Pr0f.'am. cycles per <20 ms 43 H x 73 Wx \14 mm D See Note 2 $1,030
mabel section 2.7W (1.7" x 2.9" x 4.5")
84950 dc-26.5 0-70 dc-12.4 GHz: 1.6 0.5 dB + ±3%: dc-12.4 GHz I Wavg - 43Hx52WX159mmD
(Manual) 10 dB steps 12.4-18 GHz: 1.9 0.13 dB/GHz ±4%: dc-18 GHz 100 Wpeak (1.7" x 2.1" x 6.2") $875

18-26.5 GHz: 2.2 ±7%: dc-26.5 GHz 10 ~s max. 0.9 kg (2 Ib) 004
8495K %in dB from 5million 20-30 V APC-3.5
(Pr0f,'am- AUen. Setting cycles per <20 ms 43 Hx 52 Wx 168 mm D See Note 2 $1.300
mabel section 2.7 W (1.7" x 2.1" x 6.6")
8496A dc-4 0-110 1.5 0.6 dB + ±1.7% of setting or I Wavg - 43 Hx 73 Wx 159 mm D
(Manual) 10 dB steps 0.09 dB/GHz ±0.4 dB. whichever 100 Wpeak (1.7" x 2.9" x 6.2") 001 $620

is greater 10 ~s max. 0.9 kg (2 Ib) 002
8496G 5 million 20-30 V 003
(Pr0f.ram. cycles per <20 ms 43 Hx 73 Wx 142 mm D See Note 2 $845
mabel section 2.7 W (1.7" x 2.9" x 56")
8496B dc-18 0-110 dc-8 GHz: 1.5 0.6 d8 + ±3%: dc-12.4 GHz 1 Wavg - 43 Hx 73 Wx 159 mm D
(Manual) 10 dB steps dc-12.4 GHz: 1.6 0.09 dB/GHz +4%:dc-18 GHz 100 Wpeak (1.7" x 2.9" x 6.2") 001 $915

dc-18 GHz: 1.9 %in dB from 10 ~s max. 0.9 kg (2 Ib) 002
8496H Atten. Selting 5 million 20-30 V 003
(Pr0f.ram. cycles per <20 ms 43 H x 73 Wx 142 mm D See Note 2 $1400
mabel section 2.7 W (1.7" x 2.9" x 5.6")
8497K dc-26.5 0-90 dc-6 GHz: 125 0.6 dB+ ±0.3 dB at 6 GHz 10 dB I Wavg 5Vor 43 Hx 52 Wx 143 mm D 004
(Pr0f.ram. 10 dB steps 6-12.4 GHz: 1.45 0.09 dB/GHz attenuation to ±2.8 dB 100 Wpeak (1.7" x 2.1" x 5.6") $1600
mabel 12.4-1 B.O GHz: 1.6 at 26.5 GHz 90 dB atten- 10 ~s max. 24V APC-3.5

18.0-26.5 GHz: 1.8 uatlon. See Data Sheet 5million 09 kg (2 Ibl
5952·8278 for details. cycles per See Note 2

section
Option 890 Frequency list (MHz) Models uptlon ~9u

Price
Option 890 DC to 4 GHz Models: DC to 26.5 GHz Models 8494NG, 8496A/G, 33320AlG, 33322A1G add $25
Calibration Data 100, 300, 500, 700, 900, 1000, 1250, 1500, every 500 MHz 2 to 16 GHz 8495A1G,33321A1G add $25

1750, 2000, 2500, 3000, 3500, 4000 every 250 MHz 16 to 26.5 GHz

DC to 1BGHz Models: 8494BIH, 8496B/H, 33320B/H, 33322B/H add $35
Same as above to 4000 MHz, every 500 MHz to 16000 8495B/H,3332IB/H add $35
(piUS 12400 MHZ), every 250 MHz from 16000 to I BOOO. 8495D/K, 8497K add $50

Note I: 355C/D/E/F connector options (BNC (f) standard) Price Note 2: 8494/5/6/7 orders must specify connector option. See ordering example above.
Option 001 N(t) add $25 Option 001 N(t) N/C
Option 005 TNC(f) add $10 Option 002 SMAg) N/C
Option 007 TranSistor protection (355£/F only) add $55 Option 003 APe· 1dd $50

Option 004 APC-3.5 (HP 8495D/K, 8497K only) N/C

W Fast-ship product-see page 766.



HP 33321H

265

HP 33363K

221812.42 4 6 8

HP 33363/4/5K Multil= ort WItches
HP Model SWR Insertion Loss Price*

33353K dc to 8GHz Port 1 Power $550
SP3T 0.2dBtO.05dB/GHz Rating

33354K 1.3 Maximum Port 2 and
~6?J

SP4T 1.2 Typical 02dBtO.06dB/GHz SolenOid
Voltage

8 to I2.4GHz Port 3 Speed
1.5 Maximum 02dBt008dB/GHz and
13 Typical Power
12.4 to 18GHz Port 4 same as
1.6 Maximum 0.25dBtO.095dB/GHz HP 33320
1.4 Typical Senes

33365K 18 to 26.5GHz Port 5 $125
SP5T 1.8 Maximum o25dBtO 108dB/GHz

1.5 Typical

Isolation to other Ports (1)
Port (See curves A,B,C,E,El,F above)

Slliected 1 2 3 4 5
1 - E C B A
2 F - EI C B
3 F F - E 0
4 F F F - F
5 F F F F -

Note: Ports are numberd sequentially beginning nex110 Ihe mput porI.
(1) Ripple varies according to return of loss of devices connected to ports.
(2) This table shows 5-throw (HP 33365) performance, for 3-, 4-, or 6-throw characteristics, the

right hand column remains as last port isolalion.

S -

20 ~----+--+----------

70 I--------"Ir-o;;::

100 I..------=~:....---~_=_---t--

60 i----=~~--__+---f---=~-o;;;;:=-------==~

*For quantlties of 1-9, EM discounts available.

HP 33360 Series Single-Pole,
Multi-Throw Switches

For applications requiring a single-pole, 3-throw, 4-throw, or 5
throw coaxial switch HP has developed modified versions of the edge
line design which offer dc to 26.5GHz performance.

These compact switches offer the same excellent reliability,
repeatability (typically 0.0 IdB), and long life (5 million switching cy
cles per section) as the HP 33320 Series Step Attenuators.

The switches are fully programmable with HP-IB using the HP
Il713A Attenuator/Switch Driver. The switches are also available
with flat ribbon cable and DIP-type connector compatible with stand
ard 14 I'm DIP IC sockets may be ordered.

Isolation, VSWR, and insertion loss vary with frequency and the
port selected as shown in the following chart and tables. The impor
tant thing to note is that, depending on the application, port selection
can be important to optimize performance at higher frequencies.
Isolation of HP 33363/4/5 Switches

e

-$50
-$50

PriceOrdering Information
Options for Programmable HP 33320 Series

Option 008 - 8" ribbon cable with DIP connector
Option 016 - 16" ribbon cable with DIP connector

Note: Prices are for quantities of 1·9, OEM dIscounts are available.

HP 33300 Series, 33320 Series Specifications

Ruggedized Versions
For applications in harsh environmcnts, the HP 33320H, 33321H,

and 33322H Programmable Step Attenuators are available as an Op
tion H22. These special ruggedized configurations have been type
testcd to meet the requirements of MIL-STD-202 for salt spray
(method 10 1, test conditions B) and humidity (method 103, test con
dition A). In addition, operation is warranted over the -40 to +75°C
temperature range.

Freq
HP Range

Model (GHz) Mode Range Remarks Price"

33304 B dc-18 Prog. 0-11 dB Connector options $1600
0 1dB steps available: $1665

33305 B dc-I 8 Prog. 0-110 dB 0: N(f). 1 N(m) $1615
0 10 dB steps 2: 7mm(f), 3: 7mm(m) $1665

5: SMA(I), 6: SMA(m)

33320A dc-4 Manual Specifications iden- $ 600
B dc-I8 1-11 dB tical to 8494 series $ 895

33320G,' dc-4 Prog.
IdB steps page 330 $ 8)5

H dc-18 SMAll) connectors $1330

3332IA dc-4 Manual 0-70 dB Specifications iden- $ 495
B dc-18 10 dB steps tical to 8495 series $ 650
0 dc-26.5 page 330 $ 860

33321G dc 4 Prog. SMA (f) conneelors $ 700
H dc-I8 (APC-3.5 on D/K) $lClD
K dc-26.5 $1280

33322A dc-4 Manual 0-110dB Specifications iden- $ 600
B dc-I8 10 db steps ticai to 8496 series $ 895

33322G dc-4 Prog.
page 330

$ 825
H dc-I8 SMA (I) connectors $1380

33323K dc· 26.5 Prog. 0-90 dB Specifications iden- $1570
10 dB steps tical to 8497K

page 330
APC-3. 5only

MICROWAVE TEST EQUIPMENT
OEM Step Attenuators and Multi-port Switches
Models 33300 Series, 33320 Series, 33360 Series

HP 33300 Series, 33320 Series
OEM Step Attenuators

HP 33300 Series Step Attenuators provide wideband program
mable signal level control. Magnetic latching solenoids switch indi
vidual attenuating elements into and out of contact with a 50-ohm
transmission line. D models have separate indicator contacts and B
models have no indicator contacts. Three three-digit connector op
tions (OXY) must be specified. X is the input connector, Y is the out
put connector, first digit is always O. See specifications table for
option numbers.

HP 33320 series Step Attenuators are compact versions of the HP
8494/5/6/7 bench Attenuators on page 337 (same specifications)
and are configured for designing into microwave systems and instru
ments. Manual or electrically-actuated versions are available. The
manual models take less than 1.5 square inches of panel space. OEM
quantity discounts are available for HP 33300 and 33320 series. HP
33320 series have S-million-step reliability specification. Program
mable models are supplied with a S-foot cable with a round 12-pin
connector (Viking Co.) convenient for use with the HP 11713A
Attenuator/Switch Driver. Optionally, a flat ribbon cable with DIP
type connector compatible with standard 14 Pin DIP IC sockets may
be ordered.

B



MICROWAVE TEST EQUIPMENT B
Coaxial Switches 339

Models 8761A1B, 33311B/C, 33312B/C, 33313B/C

HP 333118 HP 333138

fonffn
, 2 J 4

HP 333128/C

[rrrni
HP 333138/C
Wiring Diagrams HP 8761A

HP 8761A1B, 33311B/C, 33312B/C,
33313B/C Coaxial Switches

HP coaxial switches all feature low SWR, low insertion loss, and
excellent isolation. The HP 8761A/B is an SPDT switch for dc to 18
GHz. It is controlled by latching solenoids and is break-before-make.
Six connector options plus a 50-ohm termination may be specified for
each port, making switch "trees" possible.

The HP 33311B (dc - 18 GHz) and 33311C (dc - 26.5 GHz)
switches are also SPDT type. They feature exceptional isolation of
>90 dB to 18 GHz, as well as internally-switched 50-ohm loads re
sulting in all ports maintaining a 50-ohm match. They use latching
solenoids and the switching current is automatically cut off when
switching is complete. Their compact size and high repeatability and
reliability make them very suitable for OEM use.

HP 33312B/C (4-port) and 33313B/C (5-port) serve a variety of
uses such as "transfer" switches to insert or remove a component
from a signal path. They can also be used as the intersection switching
element in a larger microwave matrix as shown at left. HP 33312B/C
features one internal 50-ohm switched load while HP 33313B/C
brings all 5 ports to 5 connectors. B-models cover dc - 18 GHz and C
models, dc - 26.5 GHz. Ask for Application Notes 332 and 332-1 for
more information on microwave switching.

HP-IB Compatible
The HP 33311B/C, 33312B/C, 333l3BjC, and the 8671A/B

Switches can be remotely controlled by the HP-IB with either the flp
11713A Attenuator/Switch Driver, the HP 59306A Relay Actuator,
the HP 3235A Switch/Test Unit, or the HP 3488A Switch/Control
Unit. See the catalog index for page reference.

How to Order HP 8761A/B Switches
Specify solenoid voltage and connectors (including built-in 50-ohm

termination) by the alphabetic suffix on the switch model number and
the appropriate three-digit option number.

A Model: 12-15 V Connector Option Number 0 0 I
B Model: 24-30 V (See table) Port I Port 2 Port C

Option Code Connector Type Option Code Connector Type
0 N(f) 4 APC-] for UT-250 Coax
1 N(m) 5 SMA (f)
2 APC·] 6 SMA(m)

wfThreaded sleeve
3 APC·] ] 500 Termination

w/Coupling nut

HP 33311B/C 33312B/C 33313B/C 8761A1B Specifications, , ,
Dimensions Shipping

HP Freq. Range SWR Insertion Switching RF H· W· D Weight
Models (GHz) 50 ohm nominal Loss Isolation Speed Connector (mm) (grms) Price"
33311B de·18 <1.25: to 12.4 GHz < 0.5 dB >90 dB to 18 GHz 30 msee SMA (I) 54" 53" 14 220 $500

< 1.4: to 18.0 GHz @ 18 GHz

33311C de - 26.5 <1.4: to 18 GHz < 1.4 dB >90 dB to 18 GHz 30 msee APC-3.5 (I) 54" 53 " 14 220 $575
<1.9: to 26.5 GHz @ 26.5 GHz >50 dB to 26.5 GHz

33312B de - 18 <1.25: to 12.4 GHz < 0.5 dB >90 dB to 18 GHz 30 msee SMA (I) 54"53"14 220 $550
<1.4: to 18 GHz @ 18 GHz

33312C de 26.5 <1.4: to 18 GHz < 1.4 dB >90 dB to 18 GHz 30 msee APC-3.5 (I) 54"53"14 220 $625
<1.9: to 26.5 GHz @ 26.5 GHz > 50 dB to 26.5 GHz

33313B de·18 <1.25: to 12.4 GHz < 0.5 dB >90 dB to 18 GHz 30 msee SMA (I) 54" 53 " 14 220 $550
<1.4: to 18 GHz @ 18 GHz

33313C de - 26.5 <1.4: to 18 GHz < 1.4 dB >90 dB to 18 GHz 30 msee APC·3.5 (I) 54" 53 " 14 220 $625
<1.9: to 26.5 GHz @ 26.5 GHz >50 dB to 26.5 GHz

8761A de - 18 1.2: to 12.4 GHz 0.8 dB >50 dB to 12.4 GHz 35-50 msee See table: 41 " 38" 38 300 $325
1.25: to 18GHz @ 18 GHz >45 dB to 18 GHz How to

8761B de - 18 1.2: to 12.4 GHz 0.8 dB >50 dB to 12.4 GHz 35-50 msee Order the 41 " 38 " 38 300 $325
1.25: to 18 GHz @ 18 GHz >45 dB to 18 GHz HP 8761A1B

SPECIFICAnONS
Life: > 1,000,000 switchings for HP 33311,12,13 B/C
Life: > 200,000 switchings for HP 8761A/B
Max Power Input: I W average, or 100 W Peak (Max. 10 J-Lsec

P.Width) Except HP 8761A/B, 10 Waverage,
5kW peak

Solenoid voltage (dc or pulsed): 24 volts for HP 3331IB/C;12B/
C;13B/C (diode protected to re
duce transients)
12 to 15 volts for HP 8761A
24 to 30 volts for HP 8761B

15 volt solenoid voltage: Option 015 for HP 33311B/C; 12B/C;
l3B/C

5 volt solenoid voltage: Option 011 for HP 333I1B/C; 12B/C;
13B/C

"Quantity (1-9),OEM discounts available.



BMICROWAVE TEST EQUIPMENT
Step AttenuatorlSwitch Combinations and Matrix Switches
Models 33323K, Option K Series

Contact HP for Prices, specifications, and other combinations.

Custom Matrixes
Figure 5 shows a typical custom matrix designed by HP engineers

for a specific automatic test application. This package included more
than 30 of the HP 33311/12 Coaxial Switches, some used in a 4 x 4
matrix and others used for expanding the matrix. Other internal func
tions included were a power sensor and a noise source for calibration,
as well as several signal paths for step attenuators and a detector out
put path.

The custom switches were programmed with HP 11713A Attenu
ator/Switch Drivers as shown in the figure. Provisions are made for
easy connection to other switch drivers as well. The feature of HP
coaxial switches that internally cuts off drive power after transition
means that power dissipation is considerably reduced.

To order. contact HP.

Selection Guide for Typical Functions

Matrix SWitching for Automatic System Test
HP offers a variety of mechanical microwave switching solutions

for use in configuring automatic test systems. The switches have high
electrical performance and well-proven reliability. Matrix switches
provide for multiple path routing of stimulus and measurement sig
nals under computer control, and often add calibration paths for run·
ning "health checks" of the system instruments and switching.

Figure 4 shows a simple 3-path full-access switch matrix, con
figured from standard HP 33311B and 33312B Coaxial Switches.
Full-access means that 3 concurrent signal paths are available. In
such matrixes, the key requirement of the intersection switching ele
ments is high-isolation, since signal paths cross each other inside the
same intersection. HP 33311/12/13 switches are ideal since they pro
vide 90dB isolation up to 18GHz and 50dB to 26.5GHz.

Application Note 332, "Microwave Switching form SPDT to Full
Access Matrix", covers design considerations for such switch configu
rations. It addresses such concerns as insertion losses and the need for
terminating unused coax line segments to prevent resonances.

Figure 5. Custom matrix switch.

HP Model

Viking 16·pin Ribbon
Function Connector Connector
Single Pole Six Throw 33323K Opt.KI6 33323K Opt. K26
Dual-transfer 33323K Opt. K30 33323K Opt.K40
Dual-transfer plus' SPDT 33323K Opt. K31 33323K Opt. K41
lOdS Steps plus' SPDT 33323K Opt.K32 33323K Opt.K42
IIOdS Steps plus' SPDT 33323K Opt. K33 33323K Opt.K43
20dS Steps plus' transfer 33323K Opt.K34 33323K Opt. K44
switch plus' SPDT
lOdS Steps plus' SPDT 33323K Opt.K35 33323K Opt. K45,

Figure 4. Typical matrix
application.

Fixed PlIIds

Figure 3. Dual transfer switch showing device #2 inserted in sig
nal path.

Custom Step Attenuator and Switch
Combinations

Many unique combinations are possible with the edgeline design in
the HP 33320 Series package (Figure I). Custom functions can be as
simple as modifying a standard 70dB step attenuator (a 10-20-40dB
internal arrangement) by adding a SPDT switch on either end as
shown in Figure 2. Or a SPDT switch can be placed on each end.

For a designer, this combination replaces a need to add a separate
external SPDT switch which might be used to route a signal alter
nately to a detector or a counter, then to the output. Or, the SPDT
switch might select from two different signal sources.

By operating two adjacent solenoids in parallel a separate transfer
switch function may be configured as shown in Figure 3. This may be
used to create a dual transfer switch or a single transfer switch with a
single pole 3 throw switch.

Isolation and insertion loss for these products vary with frequency
(see HP 33360 Series Multithrow Switches page 338). For a transfer
switch typical isolations of 40 to 50dB can be expected.

One to four step attenuator functions with pad values of 10, 20, or
30dB to 26.5GHz, and values of I, 2, 4,5, or 40dB to 18GHz may be
combined with one or more transfer or single pole switches.

These novel combinations offer the microwave design engineer
many alternatives which can reduce coaxial cabling and component
count, all in one compact package, with the 5-million-step reliability
of the HP 33323K product. For more information on custom combi
nation step attenuators and switches, request Application Note 332
I.

Figure 2. > 0 dB plus SPOT.

Figure 1. HP 33320-Series Step Attenuator

Dual-transfer switch



MICROWAVE rEST EQUIPMENT 8
Transmission Reflection Test Sets, Power Splitters, Power Dividers 341

Models 8721A, 85044A1B, 11850C/D, 11667A1B, 11636A1B

HP 85044A

HP 11667A Power Splittf,e IType f\I)
HP 116678 Power Splittfr (APC··3 .. S)

These two-way, two-resistor splitters provide good input and out
put source match in ratio measurement and source leveling applica
tions. The HP 11667A operates from dc to 18 GHz with output
match> 17 dB and tracking <0.25 dB. The HP 11667B operates from
dc to 26.5 GHz and has output source match> 18 dB and tracking
<0.4 dB. Detailed specifications are on page 225.

HP 8721A HP 11850C

HP 11636A/B Power Divit:iers/Combiners
The HP 11636AjB are two-way, three-resistor power dividers for

use in non-ratio measurements. They can also be used as power com
biners for combining two independent signals. They are ideal for fault
location measurements made with the HP 8757S and the HP 85016A
software.
Frequency Range
HP 11636A: DC to 18 GHz.
HP 11636B: DC to 26.5 GHz.
Impedance: 50 ohms nominal.
Insertion loss: 6 dB nominal.

Description
Accurate broadband measurements of transmission and reflection

parameters are highly dependent on the device used to separate sig
nals for the measurement. Some devices separate the reflected and
transmitted signals and some split power for ratio and comparison
measurements.

HP 8721A Directional Bridge
HP 8721A Option 008 75 Ohm Version
Frequency range: 0.1 - 110 MHz.
Directivity: >40 dB, 1 - 110 MHz, typically >30 dB, 0.1 - I MHz.

-Load port match: >30 dB (VSWR < 1.07).
Transmission arm: Nominal loss, 6 dB. Frequency response,

<0.2 dB.
Coupling arm: Nominal coupling, 6 dB. Frequency response,

<0.6 dB.
Maximum input power: +20 dBm.
Weight: net, 0.55 kg (0.25 Ib); shipping, 1.1 kg (0.5 lb).
Size: 59 H x 39 W x 123 mm D (1.5 x I x 3.13 in.).

< 1.29

< 1.29

<0.5 dB
<0.5 dB
<0.25 dB

< 1.35
< 1.29

< 1.35
< 1.29

<1.25
<1.22

DC-10 GHz DC-18 GHz DC-26.S GHz
Input SWR
HP 11636A
HP 11636B
Output SWR
(non-ratio measurements)
HP 11636A < 1.25
HP ll636B < 1.22
Output Tracking
(between output arms)
HP 11636A <0.4 dB
HP 11636B <0.25 dB
Typical Phase Tracking
(between output arms)
HP 11636A
HP 11636B
Maximum Input Power
HP 11636A +30 dBm
HP 11636B +27 dBm
Connectors
HP 11636A: Type N male input port, female output ports.
HP 11636B: APC-3.5 female on all ports.
Dimensions
HP 11636A: 42 H x 45 W x 18 mm D (1.64 x 175 x 0.69 in.)
HP 11636B: 40 H x 47 W x 10 mm D (1.6 x 1.9 x 0.4 in.)
Weight
HP 11636A: net, 0.14 kg (0.31 lb); shipping, 0.45 kg (l Ib)
HP 11636B: net, 0.06 kg (0.13 Ib); shipping, 0.14 kg (0.3 Ib)

HP 11636AHP 11667A

HP 85044A 50 Ohm Tr;msmission Reflection Test Set
HP 850448 75 Ohm Transmission Reflection Test Set

The HP 85044 contains a power splitter and directional bridge that
permits simultaneous transmission and reflection measurements with
over 30 dB directivity from 300 kHz to 3.0 GHz. Detailed specifica
tions on the HP 85044A and HP 85044B appear on page 244.

HP 11850C 50 Ohm Power Splitter
HP 118500 75 Ohm Power Splitter

These three-way power splitters are designed for ratio measure
ments from dc to 3.0 GHz (l1850C) or 2 GHz (11850D). One output
port provides the reference and the other two output ports can be used
for independent transmission measurements. They provide 0.25 dB
tracking and >20 dB output match. Detailed specifications are on
page 245.

Ordering Information
HP 8721 Directional Bridge

Option 008: 75 Ohm Version
HP 85044A 50 Ohm Transmission Reflection Test Set
HP 85044875 Ohm Transmission Reflection Test Set
HP 11850C 50 Ohm Power Splitter
HP 11850D 75 Ohm Power Splitter
HP 11667A Power Splitter (DC - 18GHz)

Option 001: Type N Male Input, Type N Female
Outputs
Option 002: Type N Female Input, APC-7
On Outputs

HP 116678 Power Splitter (DC - 26.5 GHz)
HP 11636A Power Divider (DC - 18 GHz)
HP 116368 Power Divider (DC - 26.5 GHz)

Price
Sl2S

"dd S50
')<.1100
S.\.500

"'iIiO

" .400
5'130
,< ..'C

"dei 575

\'150
H'iO
',Q50



MICROWAVE TEST EQUIPMENT
Coaxial Crystal Detectors
Models 423B, 8470B, 8472B, 8473B/C/D/E, 33330B/C/D/E

HP 423B HP 84730

Coaxial Crystal Detector Specifications

HP 423B, 8470B, 8472B, 8473B/C, 33330B/C Low
Barrier Schottky Diode (LBSD) Detectors

The low-barrier Schottky diode (LBSO) detectors are a state-of
the-art addition to the HP family of high performance detectors. Va
rious models provide coverage to 12.4, 18, and 26.5 GHz and input
connectors are Type N, APC-7, or APC-3.5 depending on frequency
range. Output connector is BNC (f) except for the HP 33330BjC
(SMC).

Matched pairs (Opt 001), square-law load (Opt 002), and positive
polarity output (Opt 003) are available for most models.

HP 8473D/E, 33330D/E Planar-Doped-Barrier
(PDB) Detectors

These detectors are the newest addition to HP's family of high per
formance detectors. They feature a broadband, very flat frequency
response (± 1.0 dB from 0.01 to 50.0 GHz) as well as superior SWR
performance (<1.4 to 26.5 GHz, <2.3 to 50.0 GHz), exceptional
temperature stability (typically < 1.0 dB variation from -40C to
+100C), and superior square law response vs. frequency.

Positive polarity output (Opt 003) is available for the HP 84730
and HP 333300. Due to their exceptional frequency response, any
two standard HP 84730 or E's or HP 333300 or E's are a matched
pair (the matched pair, Opt 001, is not needed).

HP 8473EHP 33330B

• 10 MHz to 50 GHz
• Flat frequency response
• High burnout protection
• Low SWR
• Field replaceable detector eiE:ments

Maximum Short·Term Option 001
Frequency Frequency SWR Input Maximum Matched Pair

HP Range Response Maximum low level (Peak or Input (order 2 units Options Input Output
Model (CHz) (dB) (500 Nom.) Sensitivity Average) (<1 min.) for each pair) Available Connector Connector Price

423B 0.01-12A ±0.2/octave to 8 GHz <1.15 to 4 GHz >0.5 mV/ 200 mW 1watt ±0.2 dB to 12A GHz 001 N(m) BNC (I) .{":5
lBSO ±0.3 overall <1.3 to 12A GHz ~W 002

003

8470B 0.01-18.0 ±0.2/octave to 8 GHz <1.15 to 4 GHz >0.5 mV/ 200 mW 1watt ±0.2 dB to 12.4 GHz 001 APC-7 LIe
LBSO ±0.3 to 12A GHz <1.3 to 15 GHz ~W ±0.3 dB to 18 GHz 002

8470B ±0.6 to 18 GHz <1Ato 18GHz 003
Opt 012 N(m) BNC (I) .. '-

8472B .01-18 ±0.3 to 12A GHz <1.20 to 4.5 GHz >0.5 mV/ 200 mW 1watt ±0.2 dB to 12.4 GHz 002 SMA(m) BNC (f) "
LBSO ±0.5 to 15 GHz <1.35 to 7 GHz ~W ±0.3 dB to 18 GHz 003

±0.6 to 18 GHz <1.50 to 12A GHz
<1.70 to 18 GHz

8473B 0.01-18.0 ±0.2/octave 108 GHz <1.2 to 4.0 GHz >0.5 mVi 200mW 1watt ±0.2 dB to 12.4 GHz 001 APC-35 BNC (I) ! ;~"
LBSO ±0.6 to 18 GHz <1.5 to 18 GHz ~W ±0.3 dB to 18 GHz 003 (m)

8473C 0.01-26.5 ±0.6 to 20 GHz <1.2 to 4 GHz >0.5 mVl~W 200 mW 1watt ±02 dB to 12AGHz 001 APC-35 BNC (t) $),,0
LBSO ±1.5 with a <1.5 to 18 GHz to 18 GHz ±0.3 dB to 18 GHz 003 (m)

-35 dB slope, <2.2 fo 26.5 GHz >0.18 mVi ±0.5 dB to 265 GHz
20 to 26.5 GHz ~W

to 26.5 GHz

84730 0.01-33.0 &25 to 14 GHz <1.20 to 14 GHz >0.5 mV/ 200 mW 1watt N/A 003 APC-35 BNC (f) S43'~'

POB ±0.4 to 26.5 GHz <1.36 to 26.5 GHz ~W (m)
±1.25 to 33 GHz <2.96 to 33 GHz

8473E 001-50.0 ±0.6 to 40 GHz <1AO to 33 GHz >OA mVim W 200 mW 1watt N/A 003 APC-2A BNC (I) is 7J
POB ±1.0 to 50 GHz <1.90 to 50 GHz to 40 GHz (m)

<2.30 10 50 GHz

33330B 0.01-180 ±0.6 <1.2 to 4.0 GHz >0.5 mVi 200 mW 1watt ±0.2 dB to 12A GHz 001 APC-35 SMC(m) BOY
LBSO <1.5 to 18 GHz ~W ±0.3 dB to 18 GHz 003 (m)

33330C 0.01-26.5 ±0.6 to 20 GHz <1.5 to 18 GHz >0.5 mV/~W 200 mW 1watt ±0.3 dB to 18 GHz 001 APC-35 SMC (m) P3S"
lBSO ±1.5 with <2.2 to 26.5 GHz to 18 GHz ±0.5 dB to 265 GHz 003 (m)

a-35 dB slope Degrades to
20 to 26.5 GHz 0.18 mVl~W

at 26.5 GHz

333300 0.01-330 ±0.35 to 14 GHz <1.20 to 14 GHz >0.5 mVi 200 mW 1watt N/A 003 APC-35 SMC (m) S:~'?5~

POB ±0.4 to 26.5 GHz <1.36 to 26.5 GHz ~W (m)
±1.25 to 33 GHz <2.96 to 33 GHz

33330E 0.01-50 ±0.6 to 40 GHz <1.40 to 33 GHz >0.34 mV/m W 200 mW 1watt N/A APC-2.4 SMC (m) ~,~()C.\

POB ±1.0 to 50 GHz <1.90 to 40 GHz to 50 GHz (m)
<2.30 to 50 GHz

'Note: HP 333308. C, D, Eprices are for quantities of 1-9, OEM discounts are available.

Options
Option 001: Matched response. Must order two (2) op
tion DOl s for a pair of detectors with matched frequency
response.
Option 002: Optimum square law load.
Option 003: Positive polarity output.

add $25

add $25
add $35

Planar Doped Barrier Diodes

HP Model Opt. 003

84730 Ii:
333300 1,0

HP Model

423B
8470B
8472B
8473B
8473C
33330B
33330C

~ Fast-ship ~'roduct see pi1q8 c'l'::
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Waveguide Crystal Detectors, Mixers 343

Models 422A1C,11970/11971 Series, 10514/34A

Frequency
HP Range Freq. Waveguide and
Models (GHz) Response (dB) Equivalent Flange Price

11970K 18 - 26.5 ±1.9 WR·42 $1650
11971K =2.1 UG·595/U $1650

1l970A 265 - 40 =1.9 WR-28 $1700
1l971A ±2.1 UG·599/U $1700

11970Q 33 - 50 ±1.9 WR·22 $1850
1l971Q ±2/3 UG·3831U !1850
1l970U 40 - 60 ±1.9 WR·19 $2050
11971U ±2.3 UG-383/U (mod) $2050

11970V 50 - 75 ±2.1 WR-15 $2500
1l971V ±2.5 UG-385/U $2500

1l970W 75 - ItO ±3.0 WR·1O $2850
UG·385/U (mod)

HP 10514A, 10534A Double Balanced Mixers
These mixers are excellent in a variety of mixing applications as

well as AM, pulse, and square-wave modulation applications. The
careful balancing of the hot carrier diodes in the HP 10514A and
10534A provides excellent output suppression of the local oscillator
and input frequencies. Frequency ranges are 0.2-500 MHz for the HP
10514A and 0.05-150 MHz for the HP 10534A. Connectors are
BNC.

HP 11970 and 11971 Series
Harmonic Mixers

Although designed for operation with HP spectrum analyzers,
these broadband mixers also serve a wide variety of general-purpose
uses for the frequency bands from 18 to 110 GHz. Such uses include
down-conversion for noise figure and network analysis measurements.

As down-conversion mixers for test receivers, the HP 11970 and
11971 offer flat response, low SWR, and low conversion loss without
requiring bias. These mixers can also serve as harmonic generators
with input signals from 2 to 6.1 GHz (depending on the model). Out
puts are at the band specified, and each mixer is individually cali
brated for conversion loss over its complete band. See page 143 for
more technical performance information.

Price
$204
$146

HP 11970/11971 SeriesHP 10514A
•......' .

,.'. / :./

Ordering Information
HP l0514A Double Balanced Mixer (0.2-500 MHz)
HP l0534A Double Balanced Mixer (0.05-150 MHz)

HP 11970/11971 Series Specifications

e

Option COl Waveguide
Frequency Frequency Matched lowlevel L

HP Range Response Response Sensitivity Equivalent
Model (GHz) (dB) (dB) mV/pW SWR Flange

Pnce
K422C 18.0-26.5 ±0.4 NfA >0.5 1.36 WR42 $875

UG·595fU
R422A 26.5-""0.0 ±2 ±l dB >0.3 3.0 WR28 $875

UG·599/U
R422C 26.5 to 40 =0.6 N/A 7.5 1.78 WR28 $800

UG·599fU
Q422A 33.0-50.0 A5 N/A >0.25 2.0 WR·22 $l200

UG·383/U
U422A 40.0-60.0 ±1.5 N/A >0.20 2.0 WR·19 11400

UG-383/U (mod)
Option 001: Matched response. Must order two (2) option OOl's for a pair of detectors with
matched frequency response.
Option 002: optimum square-law load.
OptIon 003: positive polarity output. (available with QfU422A)
Option Prices

HP Model Opt. 001 Opt. 002 Opt. 003
K422C N,: $20 Ni\

R422A S4' N ,.

R422C ~ N;.
Q442A N:, \.'-'. NT
U422A ~ ; ;~ .. :. N

HP R422C

HP 422 Series Crystal Detectors
The HP 422A/C Crystal Detectors combine high sensitivity with

flat frequency response and low SWR to provide waveguide band cov
erage from 18.0 to 60 GHz. They deliver between 0.2 and 0.5
mV/""W output at low level and handle 100 mW peak input. SWR
ranges from 1.3 at 6K-band to 3 at R-band.

The HP K422C detector uses a planar doped barrier (PDB) diode.
This superior diode technology results in a frequency response 5 times
better than the former HP K422A (± 0.4 dB vs. ± 2.0 dB).

The HP R422C detector also uses a GAAS planar-doped-barrier
(PDB) diode. This detector features much flatter frequency response
and greatly reduced SWR than the HP R422A it replaces (± 0.6 dB
vs. ± 1.0 dB, 1.78 SWR vs. 3.0 SWR).

HP Q/U422 Series millimetre-wave detectors use Low-Barrier
Schottky diodes for low video impedance and low junction capaci
tance. Their SWR is below 2.0, low-level sensitivity is 0.2 mV/ ,.,W.

For reflectometer applications in which both flat frequency re
sponse and square-law characteristics are important, these models
can be supplied as matched pairs (Option 001) and with optimum
square-law loads (Option 002). Due to its exceptionally flat frequency
response, and any two standard HP K422Cs become a matched pair,
and therefore the matched pair option, Option 001, is not needed.

HP 422 Series Waveguide Crystal
Detector Specifications



BMICROWAVE TEST EQUIPMENT
Coaxial Connector Gag~~ Kits, Blocking Capacitors, AJr Line Extensions Terminations
Models 11752C/E, 11742A/E, 11566/71A, 908A, 909 Series, 85138A/B

HP 909DHP 90ge

HP 908A, 909A/C/D/E/F, 85138A/B Coaxial Fixed
Terminations (50 and 75 Q)

The HP 908A, 909A and 909D Terminations are low reflection
loads for terminating 50 n coaxial systems in their characteristic im
pedance. The HP 909C (50 n) and HP 909E (75 n) are precision
ultra low reflection terminations intended for use as calibration stand
ards.

e

HP 11566A

HP 11752D/E

HP 11752D/E Coaxial Connector Gage Kits
When using the newest 2.4 and 3.5mm precision connectors, pin HP 90BA, 909A/C/D 81= ecificatio!ls

depth control is necessary to assure repeatable measurements and to HP Frequency Impedance Power
prevent connector damage which could lead to costly repairs and Model Range (GHz) (ohms) SWR Rating Connector Price

down time. v, Wavg.
The HP 11752DIE Gage Kits each contain two gages and two gage 908A dcA 50 L05 1kW pk N(m) $~ 1:-

masters for measuring the center conductor setback on male and fe- 909A de-l8 50 L05: 0-4 GHz 2 Wavg. APe·7 i j.so
male center conductors. The HP 11752D is for use with APC 3.5 and J.L 4·124 GHz 300 Wpk

2.4mm connectors. The I IP 11752E is for use with 2.4mm connectors.
1.25 124-18 GHz

909A L06: 0-4 GHz Opt 012 ,
These gages feature thread-on measurements for insuring accurate, Option 012 1.11. 4·12.4 GHz N(m) ! j:,
repeatable connector pin depth measurements. Option 013 1.3: 124-18 GHz Opt 013

The gages also feature rugged mechanical indicators graduated in N(f)

0.000 I inch increments for accurate adjustment of center conductor 909C dc-2 50 1.005 V, Wavg. APC-7 mo
setbacks (setback tolerance on a 2.4mm connector is +01-0.0015 100 Wpk
inch). The kits are supplied in a handsome walnut case and include a 909C 1.01 Opt 012
user's manual. Option 012 N(m) $2]

Option 013 Opt 013
N(t)

HP 11742A/E Blocking Capacitor 909C dc-0.2 50 1.005 \/2 Wavg. Must be ~ =
The HP 11742A is a high performance outside blocking capacitor. Option 200 100 Wpk. ordered with

It features broadband performance, low SWR (1.2 from .01 to 26.5 Opt 012 N
(m) or Opt

GHz) and low insertion loss (.6dB from .01 to 26.5 GHz). The HP 013 N(f)
11742A comes with APC-3.5 connectors. It is ideal for use with high 909C 1.01 Must be I_Cl' $20
frequency oscilloscopes and in bias circuits for the attenuation of low Option 201 ordered With
frequencies and D.C. voltages from signal paths where D.C. voltages Opt. 012
do not exceed SOY. The HP I 1742E is a blocking capacitor with 2.4 N(m)

mm connectors for use to 50 GHz. 9090 dc·26.5 50 2Wavg. APC-i5 (m) $230
1.07 dc-4 GHz 100 Wpk

1.12: 4-12.4 GHz
HP 11566A, 11567A Air Line Extension 9090 1.22 124-26.5 GHz Opt 011
Impedance: 50 ohms. Option OIl APC·i5 (I)

Frequency: dc-18 G liz. ~ c
Reflection coefficient: 0.018 + (0.001 x frequency in GHz). 909D 1.02dc-4GHz APC-35 (m) H5
Connector: APC-7. Option 040 1.12:4-12.4GHz Opt 011

1.22: 12.4-26.5GHz APC-35 (f)
Length: 11566A, 10.21 em (4 in.); 11567A, 20.21 em (8 in.) 909E dc-0.2 75 1.01 If, Wavg. N(m) 1265Shipping weight: 0.45 kg (lIb). Option 201 100 Wpk.

909F oc·6 50 1005:dc·5 GHz lJ,W APC·7 1310
Ordering Ini"rmatiml Price 1.01.5-6 GHz
HP 11752D Coaxial Connector Gage Kit $1.'00 909F dc-6 50 1.007:dc-2 GHz 1/2 W N(r'1) -$25
HP 11752E Coaxial Connector Gage Kit $1,400 Option 012 1.01:2-3 GHz
HP 11742A Blocking Capacitor ::;17(1~ 102:3·6 GHz
HP 11742E Blocking Capacitor $285~ 909F N(f)

HP 11566A Air line extension $325~
Option 013

HP Il567A Air line extension $375W 85138A dc-50 50 122 ~2 W 2.4 mm $47:.
(r:1)

85\388 dc·50 50 122 li.. W 2.4 mm $525

~ F2.St-Ship !.I,K:UC: "::'t; paqi 66 I I ! I I I (f) I
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Models HP 905,910,911,914,920,921

• Precision loads and shorts for measurements to 60 GHz

HP 911D/E/F/G Specifications
Load

Stability
Freq. Moveable + Length

HP Range Load Connect & Power (mm) Shipping
Model (GHz) SWR Airline Rating in. Weight Price

9110 (m) 3-26 1.066 1.066 1WAvg. (256) (.95kg) $1700
Load 5kW Pk. lO.1 2.1lbs

911E (f) 3-26 1.066 1066 1W Avg. (256) (.95kg) $1700
Load 5kW Pk. 10.1 21lbs

911F (f) 3-20 1.1 Nom. 1.005 IW Avg. (256) (.95kg) $1950
Mismatch 20-26.5 1.083 1.008 5kW Pk. 10.1 21lbs

1.134
911G (m) 3-20 1.1 Nom. 1.005 lW Avg. (256) (.95kg) $1950
Mismatch 20-26.5 1.083 1008 5kW Pk. 10.1 2.llbs

1.134

HP X910B

OfCSP 9 0 IH 1 A BIC, 914A1BI ipeci icatlons
Waveguide

HP Frequency Power Size
Model Range (GHz) SWR Rating Type (EIA) Price
X910B 82-124 1.015 I watt fixed WR90 $275
P910A 12.4-180 102 1watt fixed WR62 $275
R910A 26.5-40.0 103 I watt fixed WR42 $250
Q910A 330-50.0 103 1watt fixed WR22 $260
U910A 40.0-600 1.04 I watt fixed WRl9 $260
V910C 50.0-750 1.025 0.3 watt fixed WR15 $610
W910C 750-110.0 1.03 0.2 watt fixed WRlO $630
X914B 82-12.4 101 I watt sliding WR90 $575
P914A 124-18.0 1.01 V, watt sliding WR62 $630
K914B 18.0-265 1.01 V, watt sliding WR42 $800
R914C 26.5-400 101 V, watt sliding WR28 $735
Q914C 330-50.0 101 V, watt sliding WR22 $795
U914C 400-60.0 1.01 V, watt sliding WR19 $840

HP 910AlB/C, 914B/C Waveguide
Fixed and Movable Terminations

The HP 91 OA/B/C are fixed terminations for waveguide systems.
The HP 914A/B are similar to the HP 91 OA/B/C, except that their
absorptive elements are movable and locking plungers control the po
sition of the elements. HP 914C models use micrometer adjustment.

HP 920C, 921A Specifications
Waveguide

HP Frequency Size
Model Range (GHz) Type EIA Price

R920C 26.5-400 movable WR28 $775

Q920C 33.0-50.0 movable WR22 $775
U920C 40.0-60.0 movable WR19 $785
R921A 265-40.0 fixed WR28 $ 75

Q921A 330-500 fixed WR22 $ /5
U921A 40.0-60.0 fixed WR19 $ 75

HP 920C, 921A Waveguide Shorts
The HP R920C, Q920C and U920C are low-loss movable shorts

for waveguide systems operating from 26.5 to 60.0 GHz.
The HP 921A, Q921A and U92lA are fixed shorts for waveguide

systems.HP 911D/E

HP U921A

e
HP 911D/E Sliding Loads and 911F/G Sliding
Mismatches

The HP 9IlD/E/F/0 family of sliding loads and mismatches rep
resent an advance in calibration and verification of network analyz
ers. The new loads and mismatches utilize integral male (HP
9110/0) and female (HP 911 E/F) connectors to form a near perfect
airline without the discontinuities, which cause reflections, associated
with changeable connectors. The sliding load element is highly stable,
with a reflection coefficient variation of less than .00032 as the loca
tion of the element is varied, providing a very accurate and consistent
reflection which greatly increases the integrity of a calibration. The
sliding mismatches exhibit the same load stability, but provide a
higher reflection, as is desired for calibration of scalar network ana
lyzers.

A new center-conductor locking mechanism is used to locate and
lock the center conductor reference plane to within .00005" of the
outer conductor reference plane. The HP 911D/Gs have a unique nut
which was designed to reduce the translation of torque from the nut to
the body, reducing the possibility of connector damage.

Price
$60W
$44W
$60W
$55W

$110W
$22.50W

$11W
$120W
M75W
$525W
$250W
$275W
$275W
$300W

HP 905A, 911C Coaxial Sliding Loads
The HP 905A is a movable, low reflection 50 n loads for precision

measurements. It is supplied with three interchangeable connectors,
N-male, N-female and APC-7.

The HP 911 C is a sliding load designed for 3.5 mm coaxial trans
mission lines and uses the APC-3.5 connector. This permits mode
free operation to 26.5 GHz. The HP 911 C is furnished with inter
changeable male and female connectors in a carrying case.

HP 905A, 911A, 911C S ecifications
HP Frequency Power Length Shipping

Model Range (GHz) Load SWR Rating (mm) in. Weight Price
905A 1.1>-18 105 1Wavg. (440) (1.4 kg) $790

5 kW pk 17.25 31b
911C 2-265 1.2,2-10 GHz; 1Wavg. (266) (Ukg) $1300

107, 10-26.5 GHz 5 kW pk 10.5 3.81b

HP 11511A,11512A,11565A Coaxial Shorts &
Opens

These shorts and opens are used for establishing measurement
planes for known reflection phase and magnitude in 50 nand 75 n
coaxial systems for various connectors.
Ordering Information
HP 11511A N-(f) short (50 ohm)
HP 1250-1531 N-(f) short (75 ohm)
HP 11512A N-(m) short (50 ohm)
HP 1250-1530 N-(m) short (75 ohm)
HP 11565A APC- 7 short (50 ohm)
HP 0960-0054 SMA-(f) short (50 ohm)
HP 0960-0055 SMA-(m) short (50 ohm)
HP 11652-60001 BNC (m) 50 ohm Termination
HP 85138A 2.4mm (m) 50 ohm Termination
HP 85138B 2.4mm (f) 50 ohm Termination
HP 85140A 2.4mm (m) short
HP 85140B 2.4mm (f) short
HP 85141A 2.4mm (m) open
HP 85141B 2.4mm (f) open

W Fast-Ship product-see page 766.



BMICROWAVE TEST EQUIPMENT
Coaxial Single and Dual-Directional Couplers
Models 170 Series, 116910, 116920

• Broadband coverage
• High directivity
• Close tracking

HP 11692D

HP 774D

HP 1790 Directional Coupler
The HP 7790 spans more than two octaves from 1.7 to 12.4 GHz

with excellent directivity. With increased coupling factors (typically
24 dB), the HP 779 is useful down to 500 MHz. Upper frequency
usefulness extends to 18 GHz with directivity reduced to about IS dB.
Various connector options are available.

HP 116910 Directional Coupler
The HP 116910 is an ultra-wide-band single directional coupler

covering 2 to 18 GHz with high directivity. It is useful as a power
monitoring or leveling coupler, or for making reflection measure
ments. Couplers are preferred over broadband bridges in reflectome
ter applications in situations where the power level of the source is
limited, or where simultaneous measurement of return loss and inser
tion loss is desired.

HP 7790,116910 Specifications
Mean Output

Frequency Output Coupling Minimum Equivalent'
HP Range Coupling Variation Directivity Source

Model (GHz) (dB) (dB) (dB) Match Price

7790 17-12.4 20 ± 0.5 ±0.75 17-4 GHz: 30 1.2 $1200
4-12.4 GHz: 26

116910 2-18 22 ±1.0 2-8 GHz 30 dB 1.2 $1650
Nominal 8-18 GHz:26 dB

HP 779D Standard connectors
Primary Line N(m) input. N(f) output; auxiliary arm N(!)

Option 010: Primary Line N(f) input, N(m) output; auxiliary output N(!) N/C
Other options: APC·7 on any or all ports Contact HP

HP 11691D Standard connectors
Primary line: APC-7. APC-7; Auxiliary Arm N(f)

Option 001: All N(t) - $30
Option 005: All APC·7 +$25

'Apparent SWR at the output port of a coupler when used in aclosed-loop leveling system

HP 1740-1770 Dual-Directional Couplers
(octave bands)

The economical HP 7740-7770 Couplers cover frequency spreads
of more than two-to-one, each centered on one of the important
VHF/UHF bands. With their high directivity and a mean coupling
accuracy of ±0,5 dB, these couplers are ideal for reflectometer appli
cations. Furthermore, the close tracking of the auxiliary arms makes
these cou piers particularly useful for reflectometers driven by sweep
oscillators such as the HP 8350B with its appropriate plug-in. Power
ratings are SO W average, 500 W peak.

HP 1780,116920 Dual-Directional Couplers
(multi-octave bands)

These couplers are ideal for swept-frequency reflectometer testing
of broadband coaxial components. The HP 7780 covers 100 MHz to
2 GHz and the HP 116920 covers 2 to 18 GHz. High directivity and
close tracking of the auxiliary arms are featured. Various connector
options are available. Both couplers handle 50 W average power,
Peak power: HP 7780,500 W; HP 116920, 250 W.

HP 7740, 7750, 7760, 7770, 7780, 116920
Specifications

Maximum SWR
Frequency Nominal Coupling Minimum Primary Line

HP Range Coupling Variation Directivity Maximum
Model (GHz) (dB) (dB) (dB) (500 Nom,) Price

7740 021~450 20 ±I 40 U5 1,1000

7750' o45Q-.().940 20 ±1 40 U5 ,1000

7760' 0.940-1.90 20 ±l 40 U5 $1000

7770 1.90-4.0 20 ±0.4 30 1.2 $1100

7780 0.10-2.0 20 ±1.5 01·1 GHz:36' U $1100
1·2 GHz:32

116920 20-18.0 22 ±I incident 2-8 GHz: 30 2-12.4 GHz:1.3 13000
to test port 8-18 GHz: 26' 12.4-18 GHz:1.4

HP 774D·777D Standard connectors
Primary Line: N(m), N(\)
Auxiliary Arm: N(f), N)f)

HP 778D Standard connectors
Primary Line: N(m), N(f); AUXiliary Arms: N(!), N(!)

Option 011: Primary Line, APC·7, N(t) • $25
Option 012: Primary Line, N(m), N(f) N/C

HP 11692D Standard connectors
Primary line: N(f), APC-7; Auxiliary Arms: N(f), N(\)

Option 001: Primary Line, N(\), N(t) - $15
Option 002: Primary Line, N(\), N(m) - $15

'Maximum auxiliary arm tracking: 0.3 d8 tor HP 7760;0.5 dB for HP 7770
'30 d8, 0.1 to 2 GHz, input port.
'24 dB with Type Nconnector on the test port.



MICROWAVE TEST EaUIPMENT
Frequency Meters, Isolators and Waveguide Directional Couplers

Models 365 Series, 532 Series, 537A, 752 Series B

HP Q365AHP Q532A

HP 532 Series, 537A Specifications
W/G-Coax

Frequency Overall Calibration Equivalent
HP Range Accuracy Increment Flange

Model (GHz) ('!O) (MHz) (Connector) Price

537A 37-12.4 0.170 10 Coax $1300
Type N(t)

Q532A 330-500 0.12 WR-22 $2020
UG·383/U

U532A 400-600 0.\5
20

WR·19 $2.25
UG·383/U (Mod.)

HP 532 Series, 537A Frequency Meters
These direct-reading frequency meters measure frequencies from

33.0 to 60.0 GHz in waveguide and from 3.7 to 12.4 GHz in coax
quickly and accurately. Their long scales and numerous calibration
marks provide high resolution which is particularly useful when mea
suring frequency differences or small frequency changes. Frequency
is read directly in GHz so neither interpolation nor charts are re
quired.

The instruments comprise a special transmission section with a
high-Q resonant cavity which is tuned by a choke plunger. A I dB or
greater dip in output indicates resonance; virtually full power is trans
mitted off resonance. Overall accuracy of each frequency meter in
cludes allowance for 0 to 100 percent relative humidity and
temperature variation from 13 to 33°C.

HP 365A Waveguide Isolator Specifications
Maxi·
mum Mini·

Frequency Inlertion mum Maximum Waveguide &
HP Range SWR lOll Isolation Input Equlvllant

Model (GHz) (Max.) (dB) (dB) Power (Avg) Flange Price

WR·28
R365A 26.5·40.0 lA 1.5 UG·599/U $825

WR·22
Q365A 33·50 1.4 1.5 UG·383/U $lU40

25 15W WR·19
U365A 40·60 lA 1.8 UG383/U(Mod) $1 ?40

WR·15
V365A 50-75 20 30 UG·3BI/U $1 :·30

WR·IO
W365A 75·110 20 3.0 UG·387/U(Modj $2000

HP 365A Millimetre-Wave Waveguide Isolators
The HP Q and U365A Isolators use a Faraday-rotation-type de

sign consisting of a section of waveguide containing low-loss ferrite
material and impedance matching elements. A permanent magnet
supplies the external magnetic bias field to the ferrite core. This re
sults in excellent broadband isolation ratios of at least 25 dB along
with low SWR and insertion loss.

HP 752 Series Waveguide Directional Couplers
The HP 752 series Couplers are specified to meet a wide variety of

microwave applications. Every coupler has a minimum directivity of
40 dB over its entire frequency range. Each coupler is swept-frequen-
cy tested to ensure that the main guide SWR and directivity specifica-
tions are accurate. Performance characteristics are unaffected by
humidity, temperature, and time, making these units especially useful
in microwave "standards" measurements.

The HP 752 Couplers are an essential part of many waveguide
measurement systems. Attenuation measurements, reflectometer set-
ups, power measurements, source leveling and network analysis are
just a few areas in which these couplers are used.

HP 752 Series Specifications

Mean Maximum
Frequency Nominal Coupling Coupling Minimum Waveguide

HP Range Coupling Accuracy Variation Directivity &
Model (CHz) (dB) (dB) (dB) (dB) Flange Price

X752A 3

X752C 8.2-12A 10 "OA ,,0.6 40 WR90 $800
X752D 20 UG-135/U

P752A 3

P752C 124--180 10 ±0.4 ±0.5 40 WR62 $800
P752D 20 UG-419/U

K752A 3

K752C 18.0-26.5 10 ±0.7 ,,0.5 40 WR42 11000
K7520 20 UG-595/U

R752A 3

R752C 255-40.0 10 ,0.7 ±0.6 40 WR28 $1050
R7520 20 UG-599/U

R752AS 3

R752CS 265-40.0 10 ±0.7 +0.6 40 WR28 1800
R752DS 20 UG-599/U

Q752A 3

Q752C 33.0· ±0.7 ±0.7 36 WR-22
50.0 10 UG·383/U $ROO

Q752D 20

U752A 3

U752C 400- 10 WR·19

60.0 ±0.7 ,,0.7 36 UG-383/U ISoU(Mod)

U7520 20

V752C 500- 10 WR 15±1.0 ±1.0 33 $850
V752D 750 20 UG-381/U

W752C 75.0- 10 WR 18

W752D 110.0 ±1.0 ±1.0 30 UG-387/U $550
20 (Mod)



8 MICROWAVE TEST EQUIPMENT
Waveguide Variable, Fixed Attenuators, Stands, Filters
Models 382 Series, 362 Series, 370 Series, 11540 Series

HP 11540A HP X362A

~~;.~
,', l

r"

HP Q370A

HP 382 Series Waveguide Attenuators
Operation of these HP 382 series rotary-vane, continuously-varia

ble attenuators depends on a mathematical law rather than on the
resistivity of the attenuator card. They are direct-reading and provide
accurate attenuation from 0 to 50 dB regardless of temperature and
humidity.

HP 382 Series Specifications

HP 370A/B/C Millimetre-Wave Fixed Attenuators
The HP Q and U 370 Fixed Attenuators offer precise attenuation,

flat frequency response, and low SWR. Their ruggedness, reliability,
and small size make them ideal for bench systems applications. They
are also useful for general purpose applications, like the reduction of
power levels to sensitive components and systems.

Price
$75

each $45
each $45

HP 373D/G Millimetre-Wave Fixed Attenuators
The HP R, Q, U, V, and W 373 Precision Fixed Attenuators offer

very precise attenuation, flat frequency response, very low SWR, and
low attenuation drift with age. The split block design offers this excel
lent performance in a rugged, reliable package. Intended for use on
the bench in applications requiring very precise signal reduction, or
where a precise attenuation standard is needed. Available in 20 and
50 dB values.

HP 370A/B/C Fixed Attenuator Specifications
Frequency Max. Waveguide &

HP Range SWR Input Attenuation Equivalent
Model (GHz) (Max) Power Attenuation Accuracy Flange Price

Q370A .5W Avg. 3dB ±OJdB WR-22 $450

Q370B 33-50 1.2 lOOW Peak 6dB ±0.6dB UG-383/U

Q370C 10dB ±0.3dB

U370A .5W Avg. 3dB ±0.3dB WR-19

U370B 40-60 1.2 lOOW Peak 6dB ±0.6dB UG-383/U (Mod.) $480
U370C 10dB ±0.6dB

T fSIxe enua or iPeCI Ica Ions
Frequency Max. Attenu· Attenu' Waveguide &

HP Range SWR Input Attenu· ation atlon Equivalent
Model (GHz) (Max) Power ation Accuracy Variation Flange Price

~
26.5-40 1.05 .5W Avg. 20dB ±.7dB ±.7dB WR28 $750

100W Peak 50dB UG-599/U

~ 33-50 105 .5W Avg. 20dB ±.7dB ±.7dB WR22 $750
Q373G l00W Peak 50dB UG-383/U

U373D 40-60 105 .5W Avg 20dB ±.7dB ±.7dB WR19 $800-
U373G 100W Peak 50dB UG-383/U(mod)

~
50-75 1.08 .3W Avg. 20dB ±1.0dB ±.7dB WR15 $800

V373G 60W Peak 50dB UG-385/U

,W373D 75-110 1.08 2W Avg. 20dB ±IOdB ±.7dB WR18 $800
W373G 40W Avg. 50dB UG-387/U(mad)

HP 373D/G F' d Att

HP 11540 Series Waveguide Stand,
Waveguide Holders

The HP 11540A Waveguide Stand locks HP waveguide holders at
any height from 70 to 133 mm (2.75 in. to 5.25 in.). The waveguide
holders are offered in five sizes to hold waveguide covering frequen
cies from 22 to 40 GHz.

Ordering Information
UP 11540A Waveguide stand
UP 11545A X-Band,
UP 11546A P-Band, II 547A K-Band, 11548A R-Band
Waveguide holders

HP 362 Series Waveguide Low Pass Filters
These Hewlett-Packard low-pass filters facilitate microwave mea

surements by eliminating undesirable signals (such as harmonics)
from the measurement system. Suppression of such signals is particu
larly important in applications such as broadband reflection and
transmission measurements or slotted line measurements where har
monics generated by the signal source could otherwise impair mea
surement accuracy.

Frequency Attenuation Waveguide
HP Range Range &Equivalent

Model (GHz) Accuracy (dB) Flange Price
X382A 8.2-12.4 ±2% of reading 0-50 WR90 $1900

or 0.1 dB UG·135/U
whichever greater

P382A 12.4-18.0 ±2% of reading 0-50 WR 62 $1800
or 0.1 dB UG-419/U

whichever greater

K382A 18.0--26.5 ±2% of reading 0-50 WR 42 $3000
or 0.1 dB UG-597/U

whichever greater

R382A 26S-40.0 ±2% of reading 0-50 WR 28 $3000
or 0.1 dB UG-599/U

whichever greater

Q382A 33.0--50.0 WR-22 $2100
±2% of reading UG-383/U

or O.1dB 0-50
WR-19U382A 4O.lHiO.0 (whichever greater) $2125

IuG-383/U (Mod.)

HP 362 Waveauide Low Pass Filter SDecifications
Passband Shipping

HP Passband Stopband Insenion Stopband SWR Waveguide Equivalent Length Weight
Model (GHz) (GHz) Loss Rejection Maximum Size Flange mm(in) kg (Ib) Price

X362A 8.2-12.4 16-37.5 1.5 WR90 UG-39/U 136 (5.4) 0.9 (2) $1350

P362A 12.4-18.0 23-54 d dB
At least 1.5 WR62 UG-419/U 94 (3.7) OJ7 (13 oz) $125040dB

K362A' 18.0-26.5 31-80 1.5 WR42 UG-595/U 64 (2.5) 0.15 (5.3 az) $J 150

R362A' 26.5-40.0 47-120 d dB >35 dB 1.7 WR 28 UG-599/U 42 (17) O.ll (4 oz) $1450

'Circular Flange Adapters: For K-Band. specify HP 11515A (UG-425/U). For R-Band, specify HP 11516A (UG-381/U). $250



MICROWAVE TEST EQUIPMENT 8
Adapters, Bends, Twists, Straights, Mismatches 349

Models 281A/C, 292A1B, 11515/6A, 897A1B, 898A1B, 899MB

HP Q897AHP Q2818
HP Q899AHP Q898AHP UV292A

HP 897A1B, 898A1B, 899A1B Waveguide
A 5 T rccessorles ,peCI Ica Ions

Frequency
Range De$Cription Equiv.
(GHz) and HP Model SWR WIG Flange Price

Bends
H·Plane (·Plane

33·50 Q897A Q897B l.l WR-22 UG·383/U 180
40 - 60 U897A U897B 1.1 WR·19 UG·383/U(mod) 195

Twists
90'R.H. 90'l.H.

33 - 50 Q898A Q898B l.l WR-22 UG·383/U 195
40 - 60 U898A U898B l.l WR·19 UG·383/U(mod) 185
50·75 V898A 1.1 WR-15 UG·385/U 175
75·110 W898A 1.15 WR-10 UG-387/U(mod) 175

Straights
2.5cm Scm lOcm

$470
26.5 - 40 R896B R896D 1.016 WR-28 UG-599/U $500
33·50 Q899A Q899B l.l WR-22 UG·383/U $175

Q896B Q896D 1.016 WR·22 UG-383/U $510
40 - 60 U899A U899A l.l WR·19 UG-383/U(mod) $155

U896B U896D 1.016 WR-19 UG-383/U(mod) $530
50 - 75 V896B 1.02 WR-15 UG·385/U 1610
75· 110 W896B 1.03 WR-lO UG-387/U(mod) 1640

Mismatches Mismatch
5cm 10cm Reflection

each port)
26.5·40 R894D 25 WR·28 UG-599/U $500
33·50 Q894D 25 WR-22 UG·383/U $510
40 - 60 U894D .25 WR-19 UG-383/U(Mod) $530
50·75 V894B .25 WR-15 UG-385/U $610
75·110 W894B .25 WR·lO UG·385/U(Mod) $640

HP 894, 896, 897, 898, 899
Millimetre-Wave Waveguide Accessories

Waveguide accessories, such as E- & H-Plane bends, twists, and
straight sections, are necessary and useful for assembling waveguide
measurement systems.

HP offers HP RjQjUjV jW 897AjB E-Plane and H-Plane bends
of 90 degrees. HP RjQjU jV jW 898AjB twists can be specified for
either right rotation (A-Model) or left rotation (B-Model) of 90 de
grees. And, finally, several HP RjQjUjV jW 899AjB straight sec
tions are available in 2.5 and 5.0 cm lengths to fill out the proper
dimensions of complicated test set-ups.

Network analysis calibration is verified by measuring a precise and
traceable reference impedance. HP's RjQjUjV jW 896 standard
sections and RjQjU jV jW 894 standard mismatches are this kind of
references.

They have very low SWR, less than 1.016. Their impedance is
traceable to the National Bureau of Standards, using laser interfer
ometry to accurately measure waveguide dimensions.

The HP QjU896 have a unique precision flange design. When mat
ing with a standard MIL-spec flange, this design improves
repeatability by about a factor of two (when mating two HP precision
flanges, repeatability is improved by a factor of five).

HP 281A1B/C 5 ecifications
Frequency Waveguide WIG

HP Range Size Coaxial Flange
Model SWR (GHz) EIA Connector UG~) U Price
S281A 1.25 2.60-3.95 WR284 N(1) 584 $275
G281A 1.25 3.95-5.85 WR187 N(f) 407 $250
J281A 1.25 5.30-8.20 WR137 N(I) 441 $200
H281A 1.25 7.05-10.0 WR112 N(1) 138 $175
X281A 1.25 8.20-12.4 WR90 N(I) 135 $150
X281C 1.05 8.20-12.4 WR90 APC-7 135 $375

Option 012 N(m) - $15
Option 013 N(1) -$15

P281B 1.25 12.4-18.0 WR62 APC-7 419 $250
Option 013 N(1) -$15

P281C 1.06 12.4-18.0 WR62 APC-7 419 $400
Option 012 N(m) -$15
Option 013 N(1) -$15

K281C 1.07 180-26.5 WR42 APC-3.5 (I) 597 $450
Option 012 APC·3.5 (m) N/C

R281A
WR-28

2.4mm (I) $850I.l 26.5 - 40.0 381
R281B 2.4 mm (m) $800
Q281A

1.1 33.0 - 50.0 WR-22
2.4 mm (1)

383
$850

Q281B 2.4 mm (m) $800

HP 292A1B 11515A 11516A 5 ecifications
HP Frequency Range WIG Size to WIG Size

Model (GHz) SWR Flange Flange Price
HX292B 8.2-100 1.05 WR 112 WR90 $250

UG-51/U UG-39/U
MX292B 10.0-12.4 1.05 WR 75 WR90 $315

Cover UG·39/U
MP292B 12.4-15.0 1.05 WR 75 WR 62 $250

Cover UG-419/U
NP292A 15.0-18.0 1.05 WR 51 WR62 $250

Cover UG-419/U
NK292A 180-22.0 1.05 WR 51 WR 42 $250

Cover UG·595/U
RQ292A 33.0-40.0 1.15 WR-28 WR-22 $470

UG-3811U UG·383/U
QU292A 400-500 1.15 WR-22 WR-19 $480

UG-383/U UG·383/U(Mod)
UV292A 50.0·60.0 1.15 WR·19 WR15 $490

UG·383/U(Mod) UG-385/U
11515A 180-26.5 WR 42 WR42 $250

UG-425/U UG-595/U

\ 11516A 26.5-40.0 WR 28 WR 28 $250
UG-3811U UG-599/U

HP 281A/C, 292A1B, 11515A/6A Coax and
Waveguide Adapters

HP 281A Adapters transform waveguide transmission line into 50
ohm coaxial line. The HP 281 C family has improved SWR. HP
RjQ28 I Adapters use the new 2.4 mm coaxial connector capable of
non-moding performance all the way to 50 GHz.

HP 292AjB Waveguide-to-Waveguide Adapters connect two dif
ferent waveguide sizes with overlapping frequency ranges. HP
I 1515Ajl6A adapt circular to rectangular flanges in K-band and R
band.



BDIMENSIONAL MEASUREMENTS
Laser Position Transducer System
Model 5527A

10716A

HP 5527A Laser Position Transducer System
The HP 5527A Laser Position Transducer System makes extreme

ly accurate and repeatable sub-micron distance measurements for
precision systems. Continuous introduction of new products for this
system has improved its accuracy, resolution, repeatability, and sta
bility as well as its slew rate and the number of axes per system.

The HP 10936A Servo-Axis Board is the latest electronic product
to be added to the system. It provides the HP 5527A system with
flexible high performance positioning capability.

Application areas include IC wafer steppers, IC inspection equip
ment, E-beam pattern generator systems, flat panel display steppers,
disc track writers, near field antenna measurements, precision cutting
machines, coordinate measuring machines, and many more.

System Components
Laser Heads

The HP 5517B Laser Head offers 25% higher slew rates in a 50%
smaller footprint than the HP 5517A Laser Head. It uses the same
laser tube for proven stability and reliability. The HP 5517B is elec
trically and optically compatible with the HP 5517A. The HP 5517B
beam height is different than the HP 5517A, but can be made to be
the same via a mounting bracket. The HP 5517A Laser Head is still
available.

Optics
More new optics have enhanced the system's performance. The

new HP I0716A High Resolution Interferometer extends the resolu
tion of this system to 2.5 nm.

Additional optics include the HP 10717A Wavelength Tracker, the
HP 10715A Differential Interferometer (for extremely stable mea
surements), and the HP 10706B High Stability Plane Mirror Interfe
rometer for use in precision systems. The HP 10702A Linear
Interferometer and HP 10703A Linear Retrofeflectory are designed
for general applications, and the HP 10705A Single Beam Interfe
rometer and HP 10704A Single Beam Retroreflector are designed for
space-limited applications.

Beam bending and splitting optics are also available. The HP
10706A/B and HP 10715A are used with plane (flat) mirrors that
must be supplied by the user for individual applications.

Electronics
The HP 5507A Laser Position Transducer Electronics combine su

perior performance, enhanced reliability, and ease-of-use. The HP
5507A offers a noise-free environment with RF shielding, ground
loop protection, and a built-in power supply and fan. It is fully HP-IB

• High Accuracy
• High Stability
• High Resolution

HP 5527A Specifications
Laser: Two frequency HeNe, 1.0mW maximum output power.
Accuracy: ±O.! parts per million (in vacuum). (±0.02ppm if laser
head is factory calibrated to MIL STD 45662.)
Stability: 0.002ppm short term, 0.02ppm lifetime (typical).
Resolution: Linear or Single Beam optics, 10nm (0.4uin.). Plane or
Differential optics, 2.5nm (O.IILin).
Measurement Velocity (optics slew rate) with HP 5517B Laser
Head: Linear or Single Beam optics: 50.7cm/s (20in./s).

Plane or Differential optics: 25.3cm/s (10in./s).
Number of Measurement Axes: Up to six, depending on optical lay
out.
Output: 32-bit parallel position and position error output updated at
1.9-2.4 MHz (with HP 5517B). HP-IB interface to controller, input
(destination and commands) at 75-350 Hz dependent on data format;
output (position and status) at 80-1500 Hz, dependent on software
and configuration.

The HP 10936A Servo-Axis Board offers a 16-bit binary output for
faster 1-0 applications and three additional outputs for motor drive,
±IOV analog, pulse-width-modulation, and 16-bit digital.
Power: 115V ac + I0%, -25%; 230V ac +10%, -25%, 48-66Hz.

Ordering Information
For complete ordering information, please contact your local Hew

lett-Packard sales office (see page 771). The HP 5527A data sheet
(02-5952-7916) is available for more details. Everything you need to
know to design the HP 5527A into your application is described in the
HP 5527A Designer's Guide (P/N 05527-90003).
System prices range from $16,100 to $57,000.

• High Slew Rate
• High Reliability
• Small Size

controlled to simplify programming, and the HP 10941 A Prototyping
Kit enables you to include your own electronics.

The new HP I0936A Servo-Axis Board provides a complete, closed
loop solution for applications requiring very accurate positioning. The
new servo board is an easy-to-tune, software programmable, digital
servo with built-in motion control algorithms. Once a system is set up,
the servo can be tuned in minutes using trace data, without complex
analytical modeling.

Additional electronics include the HP 10932A Axis Board, the HP
10946B Automatic Compensation Board that works with the HP
10717A Wavelength Tracker or the HP 10751A Air Sensor and the
HP 10757A Material Temperature Sensor to automatically compen
sate for wavelength of light and temperature effects. The HP 10780B
High Sensitive Receiver enables the system to have up to six measure
ment axes.
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DIMENSIONAL MEASUREMENTS 8
Laser Transducer and Laser Measurement Systems 351

Models 5501A, 5528A

HP 5501A
• Flexible, high performance electronics
• Proven reliability

HP 5528A Laser Measurement System
The HP 5528A Laser Measurement System is a transportable,

stand-alone system that is optimized for machine tool calibration, In
addition to calibration of machine tools, coordinate measuring ma
chines, and printed-circuit board drilling machines, it is also used ex
tensively in metrology standards labs and R&D applications, where
its ease of use is important for fast, accurate results.
Modular Design

Although the HP 5528A measures distance and velocity, addition
al optics are available to also measure pitch, yaw, flatness, straight
ness, squareness and parallelism. The basic system consists of the HP
5508A Measurement Display, HP 5518A Laser Head, and applica
ble measurement optics. Available optics kits are:

HP 55280A Linear Measurement Kit (distance and velocity);
HP 55281A Angular Optics Kit (pitch and yaw);
HP 55282A Flatness Accessory Kit (surface plate flatness);
HP 55283A Straightness Measurement Kit (straightness and par
allelism); and
HP 10777A Optical Square (squareness).
Additional accessories allow compensation for wavelength of light

changes (HP 1075lA Air Sensor) and material temperature varia
tions (HP 10757A Material Temperature Sensor). The HP 55288S
Dimensional Metrology Analysis System provides a controller and
software to collect, store, analyze, and plot the data taken by the HP
5528A.
HP 5528A Specifications
Accuracy: ± 0.1 parts per million (ppm) in vacuum

± 0.02 ppm in vacuum if the laser head is factory cali
brated to MIL STD 45662

± 1.7 ppm using the HP 10751A Air Sensor (15-25 C.)
Resolution: 0.01 /Lm (1.0 /Lin.)
Measurement Range: 40m (130 ft) 80m (260 ft) with COI-5518A
Long Range Special
Measurement Velocity: 27.4m/min (l080in,/min)
Display Update Rale: 40Hz nominal
Power: 100, 120, 220, 240V AC, (+%5, -10%), 48-66Hz, 175VA
max.

Ordering Information
For complete specifications and ordering information, please see

the system data sheet (02-5952-7935) or contact your local Hewlett
Packard sales office (see page 771).
System prices range from $17,500 to $49,500.

HP 5528A
• Transportable and easy to use
• Optimized for machine tool calibration
• Acceptance test new machine tools
• Improve productivity and part quality
• Reduce scrap, rework, and inspection costs

~il!E~

10740A
~~

.:~ 107068

It.
~Ai·

10715A

HP 55018

Ordering Information
For complete ordering information, please contact your local

Hewlett-Packard sales office (see page 771). Further details are avail
able in these HP SSOIA Laser Transducer System publications; sys
tem brochure (02-5952-7930), system electronics (02-5952-7749),
and system configuration guide (02-5952-7932).

System prices range from $15,000 to $45,000.

HP 5501A Laser Transducer System
The HP 550lA uses the same laser heads and optics as the HP

5527A Laser Transducer System, It has different electronics to per
form additional applications compared to the HP 5527A system. It
takes advantage of the new optics and receivers developed for the HP
5527A system to offer improved accuracy, stability, and number of
axes.

Typical applications include installation in IC wafer steppers, E
beam pattern-generators, IC inspection devices, precision cutting ma
chines, coordinate measuring machines, disc drive track-writers, and
near-field antenna measurement systems.

Electronics
The HP 550lA features electronics for position or position error

output, A-quad-B output for standard position controllers, and pulse
output. These electronics plug directly into the HP 10740A Coupler.
Interfacing to a controller is provided by the HP 10746A Binary In
terface. Automatic wavelength of light and material temperature
compensation are available.

HP 5501A Specifications
Laser: Two frequency HeNe. 1.0mW maximum power output.
Accuracy: ±O.I parts per million (in vacuum), (±0,02ppm if laser
head is factory calibrated to MIL STD 45662.)
Stability: 0.002ppm short term, 0.02ppm lifetime (typical).
Resolution: From 0.16 /Lm (6.0 /Lin,) to 2,7nm (0.1 /Lin.), depending
on electronics and optics used.
Measurement Velocity (optics slew rate): Up to 18.3m/min. (720
in.jmin.) maximum, depending on optics and resolution used.
Number of Measurement Axes: up to six, depending on system de
sign,
Maximum data output rate: 700Hz - 300KHz, depending on num
ber of axes, system electronics, and type of controller used,



8 PRESSURE & TEMPERATURE
Quartz Pressure Probe, Quartz Pressure Set, & Pressure Signal Processor
Models 2813E/D, 2816A

• 0.00 1 psi resolution (6,9 Pa)
• High performance

• Rugged and reliable
• Simple operation
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HP 28130 Quartz Pressure Set

Adapt to Your Own Instrumentation System
The reference crystal, sensor crystal and electronics pc board are

available as matched components in the HP 2813D Quartz Pressure
Set. This enables designing the essential pressure-measuring compo
nents of the HP 2813E into your own downhole instrumentation
package.

HP 2816A Signal Processor
Specifically designed to process the pressure-related signal from

the HP 2813E/D, this processor conditions the signal to drive a fre
quency counter. The processed output frequency changes about 105
Hz/psi, allowing a resolution of 0.001 psi. It also supplies dc operat
ing power to the probe through a center conductor, armored-electric
line.

How It Works
The essential pressure-measuring components of the HP 2813E

Quartz Pressure Probe are its sensor crystal, reference crystal and
electronics pc board. The sensor crystal, which is in direct fluid com
munication with the well, changes the frequency of its oscillations in
response to pressure. The reference crystal, which is protected from
applied pressure, subtracts the effects of temperature changes from
the sensor crystal's frequency.

The resulting frequency is then transmitted by the electronics pc
board through a center conductor, armored-electric line to an HP
2816A Signal Processor on the surface. This processor conditions the
pressure-related signal to drive a frequency counter. The counter's
signal can then be converted to a pressure reading when processed
with the calibration data in a desktop computer.

The sensor crystal's high resolution is essentially constant and in
dependant of operating pressure and temperature. Its stability mini
mizes hysteresis and zero drift, thus eliminating the need for frequent
recalibration.

HP 2813E/D Specifications
Operating Environment

Calibrated pressure range: 200-11,000 psi (1,38-75,8 MPa).
Calibrated temperature range: 95-350°F (35-177°C).

Static Measurement (pressure and temperature are constant)
Accuracy: ±[1.0 psi (6,9 kPa) (due to curve fit error) + 0.01% of
actual pressure (due to calibration system error)].
Repeatability: ± 1.0 psi (6,9 kPa) over the entire calibrated pres
sure and temperature range; or, ±0.4 psi (2,76 kPa) over the entire
calibrated pressure range with temperature held to a single value.
Aging: Error due to aging of sensor and reference crystal pair is
typically less than ±0.5 psi (3,45 kPa) per year.
Temperature uncertainty error: (DoT) • (0.28 psi + 0.02% of ac
tual pressure in psi) for temperature in degrees F.
Resolution: 0.001 psi (6,9 Pa) when sampling for I second.
Sensitivity: 105 Hz/psi (15,2 Hz/kPa) nominal at output of HP
2816A Signal Processor. The HP 2816A multiplies the incoming
signal from the HP 2813E/D by 72 as part of the signal processing.

Non-Operating Characteristics (HP 2813E)
Outside diameter: 1'/16 in. (37 mm.).
Length: 39.3 in. (998 mm.).
Weight: II lb (5 kg).
Static Tensile Pull Strength: >20,000 Ib (9070 kg)
Steel Case Material: Nitronic 50 high strength.

HP 2813E Quartz Pressure Probe

HP 2813E/D auartz Pressure Probe and Pressure Set
The quartz technology that Hewlett-Packard first introduced to the

oil- and gas-well industry in 1970 is still the standard for pressure
measurement applications requiring extremely high accuracy, resolu
tion and repeatability. These features, combined with its rugged con
struction, make the 2813E probe ideally suited for petroleum
applications, oceanographic research and subterranean hydrodynam
ic studies.

High Precision, Resolution and Repeatability
Capable of sensing wellbore pressure changes as small as 0.001 psi,

the probe's measurements can be instantly observed and recorded on
the surface. With an accuracy better than ± 1.0 psi and ±O.O1%of the
pressure reading, the HP 2813E/D gives you confidence in the preci
sion of your measurements. Also, with a repeatability of 0.4 psi over
the full calibrated pressure range (200 - 11,000 psia) at constant tem
perature, you can be confident that changes in successive measure
ments are due to changes in the well, not probe measurement error.

Advanced Calibration Procedures
Advanced calibration procedures also contribute to the probe's

high performance, with each probe being checked at 105 discrete cali
bration points over its full operating pressure and temperature range.
The calibration data is processed by computer to yield coefficients of
an equation that describe the relationship between frequency output,
applied pressure and temperature.

Faster Thermal Restabilization
Based on the earlier Model HP 2813B/C, the HP 2813E thermally

restabilizes four to ten times faster than the HP 2813B/C. This per
formance, due to a redesigned mechanical package, shortens costly
test time.

Higher Temperature Range
Improvements in the sensor crystal's processing have increased the

probe's temperature range from 302°F to 350°F.

Rugged and Reliable
Though a precision instrument, the HP 2813E is rugged and reli

able in an oil field environment. Housed in a 11/16 inch OD case made
of Nitronic 50 stainless steel, the probe can withstand pressures of up
to 12,000 psia and temperatures of up to 350°F.

Easy to Use and Service
The simplicity of the HP 2813E's mechanical design makes it easy

to use and service in the field.

auick Factory Service
Your probe receives immediate attention when we receive it. An

exchange set of the reference crystal, sensor crystal and electronics pc
board is available, reducing repair time to one week. Standard re
calibrations and repairs take four weeks or less.

HP 2813E Quartz Pressure Probe
HP 2813D Quartz Pressure Set
HP 2816A Signal Processor

$22,900
$17,900

$2,700



HP 2804A

HP 2804A Quartz Thermometer
The HP 2804A Quartz Thermometer allows you to easily measure

temperature with exceptionally high accuracy and resolution. Abso
lute accuracy is ±40 milJidegrees Celsius over the range of -SO°C to
ISOaC, NBS traceable to IPTS-68. The useable resolution of
0.000 1°C allows you to measure temperature changes that could not
be detected by other digital thermometers.

The HP 2804A can be used with one or two temperature sensing
probes. The temperature of either probe, or their difference, can be
measured and displayed under pushbutton control. Display resolution
is selectable from 0.01 to 0.0001 °c (0.1 to 0.001 OF) by pushbuttons.
An internal switch allows you to easily select measurement in the Cel
sius or Fahrenheit temperature scale.

Temperature is measured and displayed automatically with the
microprocessor and electronics provided in the HP 2804A package.
There is no need to balance a bridge, perform calculations using resis
tance- or voltage-temperature tables or curves, or to use calibration
correction tables. The only adjustment necessary to remove effects of
thermal history on the sensor is a simple ice point or triple point cali
bration adjustment using the front panel thumbwheel switches.

How It Works
The HP 2804A temperature sensor is a quartz crystal whose pre

cise angle of cut gives a stable and repeatable relationship between
resonant frequency and tempcrature. Each quartz sensor is individu
ally calibrated at the factory over the full temperature range. The
calibration data for each sensor is processed and stored in a calibra
tion module which is supplied with the probe.

In operation, a microprocessor in the thermometer performs the
complex control and calculation operations to accurately measure
temperature from the quartz sensor frequency and probe calibration
information in the calibration module. The microprocessor also per
forms self-checks to detect fault conditions. If a problem occurs that
would give an improper measurement, an error message is displayed
to indicate the source of the problem.

PRESSURE &TEMPERATURE 8
53Quartz Thermometer

Model 2804A

• ±0.04° C absolute accuracy
.0.00D1°CorD.DD1°Fresolution
• -80° to +250°C range
• Display of absolute or differential temperature
• Flexible HP-IB system interface
• Variable resolution analog output
• Easy ice-point or triple-point adjustment

~il:!r~~
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HP 2804A Specifications

Performance
Range: -80 to 2S0°C.
Absolute accuracy: HP 2804A with HP 18110A, or HP 18111A
Quartz Probe -
±0.040°C from -SO to ISO°C
±0.07SoC from -80 to 2S0°C
NBS traceable to IPTS-68

Resolution: three levels can be selected:

Level of Nominal time between
selection Resolution readings in seconds

'C 'F Tl or T2 Tl- T2
Low om 0.1 01 0.2
Medium 0.001 0.01 1 2
High 0,0001 0.001 10 20

General
Display: 7-digit LED with polarity, decimal, and degree C or F an
nunciator.
Probes: laboratory probes are available for use with the HP 2804A.
Refer to the data sheet for specifications and sheath configurations.

Power Required
100,120,220, or 240 Vac, +S%-IO%, 48 to 66 Hz, dO VA.

System Oriented Design
The HP-IB (standard) offers you a simple, yet flexible, way to con

nect the Quartz Thermometer to either an HP computing controller
or printer. Temperature data can easily bc sent to a computer for
processing and recording. All front-panel controls can be operated
automatically by commands sent on the bus.

The analog output (standard) converts any three consecutive digits
to a voltage between 0 and + I0 volts to drive a chart recorder. Front
panel controls allow easy adjustment of pen zero and full scale as well
as normal or offset (center-zero) operation. Any three digits can be
selected for conversion, allowing you to change the full scale value on
the recorder.

Accessories and Probes

HP 18107A External Oscillator
HP 18110A Laboratory Probe and cal module, 2S mm
(I in.),

Opt 001 Extra Prom
HP 18111A Laboratory Probe and cal module, 230 mm
(9.1 in.),

Opt 001 Extra Prom
Opt 002 Threaded Probe Connector

HP 2804A Quartz Thermometer

Price
$490

$2300

$75
$2300

$75
$50

$6600
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Many of Hewlett-Packard's products generate an
output used as a stimulus in measurement. Exam
ples include a constant Or controlled dc voltage, a
swept-frequency signal used to test a filter, ora
modulated RF or microwave signal used in com
munications test. These test and measurement in
struments include power supplies; signal
generators and sweep oscillators; pulse, function
and waveform generators; frequency and time
standards; and amplifiers.

Sources



aSIGNAL GENERATORS
Signal Generators to 60 GHz

Hewlett-Packard offers the widest selection of high-performance
signal sources from dc to 60 GHz. They cover every application range
from low-frequency navigation signals, through cellular mobile radio
to millimeter-wave satellite systems. Each offers calibrated frequency
and level and a wide range of modulation capabilities.

Signal generators can be mechanically tuned, synthesized or more
recently, digitally synthesized. Mechanically-tuned generators com
bine fundamental cavity-tuned oscillators with solid-state circuitry to
yield spectrally pure signals with very good spurious performance and
low residual FM. Collectively covering a frequency range from 10
kHz to 26.5 GHz (and to 60 GHz with multipliers), synthesized sig
nal generators offer programmability and high frequency stability
and accuracy. Modulation capabilities range from AM. FM•.pM, and
pulse to complex formats such as QPSK, 16- and 64-QAM up to 150
Mbaud.

HP offers three new signal generators, all members of the new Per
formance Signal Generator Series. The HP 8644A/B, 8645A/B, and
HP 8665A/B offer benefits such as selectable performance, greater
reliability, modular support strategy and an easier programming lan
guage.

Signal Generator Summary

Frequency Range HP Model Characteristics Page
de to 50 MHz 8770PJS Arbitrary Waveform Simulates highly complex baseband and modulated carriers for radar lEW, communications. disc drive, and other 378

Synthesizer applications. 12-bit resolution. excellent spectral purity. 125 MHz clock rate. HP 11776A Waveform Generation
Software runs on HP Technical Desktop Computer.

0.5 to 1024 MHz 864OB. 8640B Opt. 004 Calibrated and leveled output from +19 to -145 dBm. AM, FM. and external pulse modulation. 375
Signal Generators Built·in counter and phase lock capability. AVIOniCS option available (Opt. 004).

de to 1030 MHz 8644A <-128 dBc/Hz @ I GHz SSB phase nOise «-137 dBc optional) <-100 dBc spurious AM, FM, pulse modulation 361
de to 2060 MHz Synthesized Signal Generator Advanced modulation source. <0.05 ~V leakage.
.252 to 1030 MHz 8645A 15 ~sec switching speed. Spectral purity. AM. FM, pulse modulation. FM deviation to 20 MHz. Flexible control of 363
.252 to 2060 MHz Agile Signal Generator frequency.

0.1 to 10575 MHz 8642A, 8642B High spectral purity. 1Hz frequency resolution. 367
01 to 2115 MHz Synthesized Signal Generators +1 dB absolute output level accuracy. AM, FM, ~M and pulse. Sweep. 2hour-Onellte repair.

01 to 990 MHz 8656B ±1.0 dB absolute level accuracy from +13 to -127 dBm in 0.1 dB steps. Calibrated AM and FM. 357
Synlhesized Signal Generator Frequency resolution of 10 Hz. Time base aging rate of ±2 ppm/year.

.1 to 1040 MHz 8657A <-130 dBc/Hz @ 500 MHz SSB phase noise. <-60 dBc spurious. Electronic attenuator. ±1 dB level accuracy. AM 359
Synthesized Signal Generator and FM.

0.01 to 1280 MHz 8662A low close-in noise. 0.1 Hz frequency resolution. 5 X10-"/da
M

stability Calibrated and leveled output from +13 to 369
Synthesized Signal Generator -140 dBm. Digital sweep. Completely HP-IB programmable. A IFM modulallon. Fast switching.

0.1 to 2560 MHz 8663A Low close-in noise. 01 Hz frequency resolution, 5X 10 "/dal stability. Calibrated and leveled output from +16 to 369
SyntheSized Signal Generator -130 dBm. Digital sweep. Completely HP-IB programmable. A~. FM. ~M, pulse modulation. Fast switching.

0.01 to 110 MHz 8660D I Hz frequenc6resolution. 3 X 10 'Iday stability. Calibrated and leveled output from +13 to -146 dBm. 372
1to 1300 MHz Synthesized Signal Hp·IB and BC prorrrammable. AM. FM. ~M. pulse modulation.
I to 2600 MHz Generator Plug-ins determine requency range and modulation capability.

.1 to 4.2 GHz 8665A Spectral purity to 4.2 GHz. AM and FM. Advanced modulation source 365
Synthesized Signal Generator

10 to 3000 MHz 8780A Vector Signal Generator Synthesized signal ~enerator for wideband and complex modulation formats. Digital formats from BPSK to 64 QAM. 380
Vector (quadrature bandwidths de to 350 MHz. +10 to -100 dBM.

2.3 to 6.5 GHz 8683/84 B High spectral purity, stablliy. ±2.5 dB absolute level accuracy from +10 to -110 dBm AM, FM 384
5.4 to 12.5 GHz Signal Generators standard. High perf. interna pulse modulator and pulse generator. Portable. rugged (19.1 kg).

2.3 to 13 GHz 8683/84D Same as Bmodel except with wideband frequency coverar. DC coupled FM with ±10 MHz deviations available. 384
5.4 to 18 GHz Signal Generators -3dBm standard output power in doubled frequency ban . +10 dBm available with option 001.
2 to 18 GHz 8671 BSynthesized 1 to 3kHz frequency resolution, 5X10 "I day stability. +8 to -120 dBm output. Completely HP-IB 386

CW Generator programmable.

2 to 18 GHz 8673E 1to 3kHz frequency resolution. 1.5 x 10 'Iday stability. +8 to -120 dBm output. Pulse, amplitUde and frequency 387
Synthesized Signal Generator modulation. Digital sweep. Completely HP-IB programmable.

2to 18GHz 8672A 1to 3kHz frequency resolution, 5X 10 "/day stability. Calibrated and leveled output from +3 to -120 dBm. 390
Synthesized Signal Generator Completely HP-IB programmable. Metered external AM and FM.

0.01 to 18 GHz 8672S 1to 3kHz frequency resolutIOn. 5X 10 "/day stability. Internal pulse modulator. 390
Synthesized Signal Generator Calibrated and leveled output from +2 to -120 dBm. Metered external AM and FM. Completely HP·IB programmable.

0.05 to 18.6 GHz 8673C, 8673D Harmonics and sub-harmonics <-60 dBc. 1 to 3 kHz resolution, C·model; 1to 4 kHz, D-model; +2 to -100 dBm 3B8
0.05 to 265 GHz Synthesized Signal Generators output. C·model; +5 to -100 dBm. D-model Pulse, amplitude and frequency modulation. Digital sweep. Completely

HP-IB programmable.

0.01 to 20 GHz 8341B 1·3 Hz frequency resolution, I X10 'Iday stability. +12 to -110 dBm output. Pulse, frequency and amplitude 383
SyntheSized Sweeper modulation. Continuous analog sweep with spans from 100 Hz to 19.99 GHz. Low harmonic option. Completely

HP·IB programmable.

2 to 26.5 GHz 8673B 1to 4kHz frequency resolution, 5X 10 "/day stability. +8 to -100 dBm output. Pulse, amplitude and frequency 388
Synthesized Signal Generator modulation. Digital sweep. Completely HP-IB programmable.

10 to 3000 HMz 86792A Agile Upconverter Synthesized generator for IF upconversion applications. In conjunction with HP 8770PJS provides modern multiple 382
signal simulations for system test. Switches in 100 nanosec. Contact HP for more lechnical information.

0.01 to 26.5 GHz 8340B Synthesized 1to 4 Hz frequency resolution, 1x 10 'Iday stabiiity. +12 to -110 dBm output. Pulse, frequency and amplitude 383
Sweeper modulation. Continuous analog sweep with spans from 100Hz to 26.49 GHz. Completely HP-IB programmable.

26.5 to 40 GHz 83554A. B3555A. 83556A Effectively extends the performance of an II to 20 GHz microwave source 8673B/C/D, 8340. 8341, 8350B) to the 403
33 to 50 GHz Millimeter·Wave Source Modules millimeter·wave frequency ranges.
40 to 60 GHZ



• 100 kHz to 990 MHz
• ± 1.0 dB absolute level accuracy
• Amplitude offset and phase adjustment capability

SIGNAL GENERATORS 8
Synthesized Signal Generator 357

Model 8656B

• 150 millisecond frequency switching speed
• Versatile simultaneous modulation including dc FM
• Fully HP-IB programmable

HP 86568

HP 86568 Synthesized Signal Generator
The HP 8656B is a programmable synthesized signal generator

that offers exceptional value through a powerful combination of per
formance, quality and economy.

Communication Band Frequency Coverage
The HP 8656B provides frequency coverage from 0.1 to 990 MHz

(with underrange to 10 kHz). This wide range covers the IF and LO
frequencies as well as the RF frequencies of most receivers. It also
allows testing in a variety of communication systems including the
800 MHz FM mobile band and some telemetry bands. For automated
testing, the 150 ms frequency switching speed of the HP 8656B (spec
Hied to be within 100 Hz of the final frequency) increases throughput.
Frequency resolution of 10 Hz allows convenient setting of incre
ments including narrow channel spacings, while characterization of
phase sensitive devices is made easier with the help of the phase incre
ment/decrement feature. The standard internal reference has an ag
ing rate of 2 ppm/year. Improved stability and accuracy can be
achieved by adding the optional Ix10-'/day high stability time base
(Option 001) or using an external reference of 1, 5 or 10 MHz.

Precise Output Control
The output attenuator of the HP 8656B has been designed with

high volume automatic test system use in mind. The 8656B also fea
tures ± 1.0 dB absolute level accuracy and 0.1 dB resolution for accu
rate receiver sensitivity tests, circuit characterization and R&D
applications. The output levels are calibrated from + 13 dBm (over
range to +17 dBm) to -127 dBm and may be set and displayed in any
one of 14 convenient units including dBm, volts, dB/LV or Vemf. The
output level can also be offset to compensate for cable and/or other
losses external to the generator, or turned on or off with a dedicated
key. Shielding keeps leakage at <1.0 /LV for testing RFI susceptible
devices, and standard resettable reverse power protection for up to 25
watts guards against accidental damage from transmitters.

Versatile Modulation
The HP 8656B's modulation capabilities include simultaneous and

mixed modulation modes (AM/AM, FM/FM and AM/FM) from
internal (I kHz and 400 Hz) and external sources. AM is ac coupled
while FM can be either ac or dc coupled. The new, patented dc coup
ling technique used in the HP 8656B provides exceptional long term
stability (<10 Hz/hour) and center frequency accuracy (±500 Hz)
eliminating the need for retuning in the de FM mode. For calibrated
external modulation, a IV peak signal is required, and HI/LO an
nunciators on the HP 8656B indicate when the external signal is with
in 5% of the correct amplitude.

Ease of Operation For Improved ProductiVity
The HP 8656B is designed for efficient operation in a bench envi

ronment. Features such as being able to change Frequency, Modula
tion and Level without having to access "hidden" displays or menus
will streamline your testing. Additionally, the Frequency, Modula
tion and Level functions each have their own UP/DOWN arrow keys
for rapid front-panel setup and tuning.

Up to ten complete front-panel setups can be stored in the HP
8656B's memory for recall during testing. These setups can be ac
cessed sequentially by pushing one front-panel key or by using the
rear-panel SEQ port. (The SEQ port can be connected to a foot
switch or other operator-controlled device.)

Programmability for High Volume Testing
Full HP-IB programmability is standard with the HP 8656B. Each

programming command has an easy-to-remember, two-character, al
pha-numeric HP-IB code. All functions are quickly and easily
programmed using the same function/data/units format used on the
front panel.

Additionally, the HP 8656B program codes are 100% upwards
compatible with the new HP 8657A Synthesized Signal Generator.
This provides you with even more flexibility in system configuration
without having to modify any program code.



SIGNAL GENERATORS
Synthesized Signal Generator (cont'd)
Model 8656B

HP 86568 Specifications

Frequency
Range: 100 kHz to 990 MHz (8 digit LED display).
Frequency underrange: 10 kHz with uncalibrated output.
Resolution: 10Hz.
Accuracy and stability: same as internal time base.
Time Base Characteristics

Typical Standard Option 001
Characteristics Time Base Time Base

Aging Rate ±2 ppm/year 1.5xIO-'/day

Frequency 50 MHz 10 MHz

External Reference Accepts any I, 5, or 10 MHz
Input (rear panel) (±0.002%) frequency standard at a

level >0.15 Vrms into 50 ohms.

Frequency sWitching speed (to be within 100 Hz of final frequen
cy): < 150 ms.
Phase Offset: adjustable via HP-IB or from the front panel in nomi
nal I degree increments.

Spectral Purity
Spurious Signals (:'0 + 7 dBm output levels)

Harmonics: < -30 dBc.
Non-harmonic spurious (greater than 5 kHz from carrier in CW
mode): < -60 dBc.
Sub-harmonics: none.

Residual FM

Post Detection Frequency Range (MHz)

Noise Bandwidth 0.1 to 123.5 123.5 to 247 237 to 494 494 to 990

0.3 to 3 kHz <7 Hz rms <2 Hz rms <4 Hz rms <7 Hz rms

0.05 to 15 kHz <15 Hz rms <4 Hz rms <8 Hz rms <15 Hz rms

Residual AM (0.05 to 15 kHz post detection noise bandwidth):
0.025%.
SSB Phase Noise (CW only)

Offset 0.1 to 123.5 123.5 to 247 247 to 494 494 to 990
from MHz MHz MHz MHz
Carrier (dBc/Hz) (dBc/Hz) (dBc/Hz) (dBc/Hz)

20 kHz <-114 <-126 <-120 <-114

Typlcel SSB Phese Noise el 500 MHz
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Output
Level range (into 50 ohms): 13 dBm to -127 dBm (3'/2 digit LED
display; uncalibrated output to 17 dBm).
Resolution: 0.1 dB.
Absolute level accuracy: <±1.0 dB; 123.5 to 990 MHz
<±1.5 dB; fc < 123.5 MHz, levels> +7 dBm and <-124 dBm.
Level flatness (100 kHz to 990 MHz): ±1.0 dB at an output level
setting of 0.0 dBm.
Reverse power protection: protects signal generator from applica
tion of up to 25 watts (from a 50n source) of RF power to 990 MHz
into generator output; dc voltage cannot exceed 25V.

Amplitude Modulation (2 digit LED display)
AM depth1: 0 to 99% to +7 dBm and 0 to 30% to +10 dBm.
Resolution: 1%.
AM rate: internal 400 Hz and I kHz, ±3%; external (I dB
bandwidth), 20 Hz to 40 kHz.
AM distortion (at internal rates): <1.5%,0-30% AM; <3%,31
70% AM; <4%, 71-90% AM.
Indicator accuracy (for depths <90% internal rates and levels
< +7 dBm)1: :'O±(2% + 4% of reading).
Incidental phase modulation (at 30% AM depth and internal
rates): <0.3 radian peak.

Frequency Modulation (2 digit LED display)
FM Peak Deviation

Maximum Peak Deviation

Center
Frequency AC Mode DC Mode

The lesser of
0.1 to 123.5 MHz 99 kHz or 4000 x rate (Hz) 99 kHz

123.5 to 247 MHz 50 kHz or 1000 x rate (Hz) 50 kHz

247 to 494 MHz 99 kHz or 2000 x rate (Hz) 99 kHz

494 to 990 MHz 99 kHz or 4000 x rate (Hz) 99 kHz

FM not specified for fc - (Ilfpk) <100 kHz

Resolution: 100 Hz for deviations less than 10 kHz; I kHz for devia
tions greater than 10kHz.
FM rate: internal 400 Hz and 1 kHz, ±3%; external (I dB BW), dc
coupled, dc to 50 kHz; ac coupled, 20 Hz to 50 kHz.
Center frequency accuracy in de FM mode: <±500 Hz.
Center frequency stability in de FM mode: < 10 Hz/hour.
FM distortion (internal rates and ?-3 kHz peak deviations):
<0.5%.
Indicator accuracy1: ±5% of reading at internal rates.
Incidental AM (for center frequency ?-500 kHz, peak deviation
<20 kHz and internal rates): <0.1 %.

Remote Programming
Interface: HP-IB (Hewlett-Packard's implementation of IEEE 
488).
HP-IB interface functions: SHO, AH I, TO, L2, SRO, RLI, PPO,
DCI, DTO, CO and EI. (For more on these codes, refer to the HP-IB
section of this catalog.)

General
Operating temperature range: 0 0 to +55 0 C.
Leakage: conducted and radiated interference is within the require
ments of methods RE02 of MIL STD 461 B, FTZ 1115. Furthermore,
RF leakage of less than 1.0 Jl.V is induced in a two-turn loop, 2.5 cm in
diameter, held 2.5 cm away from the front surface.
Power requirements: 100, 120,220, or 240 Vac; +5%, -10%; 48 to
440 Hz, 125 VA maximum.
Weight: net, 18.2 kg (40 lb); shipping, 23.6 kg (52Ib).
Size: 133 H x 425 W x 520 mm 0 (5.25" x 16.75" x 20.5"). HP
System II module size: 5'/4 H xl MW x 17 D. For cabinet accessories,
see page 748.
Rack slides and transit case: HP part numbers are: slide kit, 1494
0018; tilt slide kit, 1494-0025; full module transit case, 9211-2661.

Ordering Information Price
HP 86568 Signal Generator S6,250

Opt 001 High stability time base -1- S865
Opt 002 RF connectors on rear panel only + $180
Opt 907 Front handle kit (5061-9689) + $55
Opt 908 Rack flange kit (5061-9677) + $33.50
Opt 909 Rack flange and front handle kit (5061- + S82.50
9683)
Opt W30 2 years additional hardware service +- $150
Opt 910 2 sets of operational/calibration (08656- + $350
90204) and service manuals (08656-90205)
Opt 915 Service manual (08656-90205) supplied with + $]50
instrument
'AM depth and FM deviation are further limited by Indicator Accuracy specifications.



• 100 kHz - 1040 MHz frequency coverage
• -130 dBc/Hz SSB phase noise at 20 kHz offsets
• Fully HP-IB programmable
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• Solid-state output attenuator
• ± 1 dB absolute level accuracy (typically±0.5 dB)
• Versatile, simultaneous AM/FM modulation

(hpJ :~,$=,:l;.(I_l<TOIl 0M04Q 11m.
«;M~'~"''''''''$%=;;=,,,,,,,,,,~,,,,,,*'''i=~tltl(ttON~'1iJ'% **,*",¥WM1X"'*ZC"J&"'-", "' "" ""¥RfqlJfttC't''''¥4''-~:lW'W%~«¥",",,,,W;J iU'm~\liMl%:iffvJ':\$i"';"""M~!.w.;&~'"1i",,'"",'"*'''

m;l'M t.ri':fM !N'f~M: .,ffltI\ '"
:~ ",fiX' ,<T,w ..,,- :, I fJ IJ. fJ fJ 0 0 IJ"" -/ LI 3, S :' ::

$$i' ..00 m t!om f!MI'

- - .

•• CD CD 0
G', [;;",
w~

G.J00
0GJG....

HPS657A e
HP 8657A Synthesized Signal Generator

The HP 8657A is a 100 kHz to 1040 MHz synthesized signal gen
erator that offers truly outstanding performance at an economical
price. The HP 8657A gives enhanced performance above the HP
8656B signal generator to form a complementary set of low cost/high
performance RF signal generators from Hewlett-Packard.

Spectral Purity for Demanding Applications
The HP 8657A provides excellent phase noise performance across

its full 100 kHz to 1040 MHz range. When characterizing an RF
receiver, the SSB phase noise of the HP 8657A (-130 dBc/Hz at 500
MHz), provides the performance for almost all measurements requir
ing test signals at adjacent or out-of-channel offsets.

Additionally, due to a new oscillator design, the HP 8657A has a
residual FM specification of <4 Hz rms (typically <2 Hz rms) when
measured in a 300 Hz to 3 kHz detection bandwidth. Lower residual
FM means lower measurement uncertainty in key measurements
such as: distortion, signal-to-noise, and hum and noise,

Nonharmonic spurious performance is worst case <-60 dBc with
no subharmonics across the full frequency range of the HP 8657A.

RF Output with Electronic Attenuator
The HP 8657A has a patented, solid-state attenuator that provides

accurate output levels to ±1.0 dB (typically ±0.5 dB). The electronic
attenuator has an estimated 3 million hour MTBF (Mean Time Be
tween Failures) yielding an estimated 0.2% failure rate. The HP
8657A instrument is backed with a 5-year warranty against attenu
ator failure, providing you with the highest level of insurance for
trouble free performance,

The HP 8657A provides high RF output power (+ 13 dBm with
over-range to + 17 dBm) for driving mixers and overcoming cable
losses without the use of an external amplifier. The unique RF level
ing-loop design also lowers intermodulation distortion to typically
better than -50 dBc. Reverse power protection is provided standard
for protection up to 50 watts and 50 Ydc.

Versatile Modulation
The HP 8657A can combine modulation modes for AM+AM,

FM+ FM, and AM + FM from both internal and external modulation
sources. Like the HP 8656B, the HP 8657A has ac coupled AM and
ac/dc coupling for FM.

The patented de coupling technique provides excellent long term
stability « I0 Hz/hour drift) as well as center frequency accuracy
(±500 Hz worst case). When de FM is enabled, SSB phase noise and
residual FM performance are not degraded as with other generators.
DC FM can allow the HP 8657A to be used as an ideal YCO in a
design application or to be used to faithfully reproduce digital squelch
tones when modulating the carrier signal.

Designed for Ease of Operation
The HP 8657A contains many features that streamline operation

in both the manual/bench or ATE environments. The easy-to-use
front panel, for example, has up/down arrow keys to control frequen
cy, amplitude, and modulation independently. Up to 100 of yourfront
panel settings can be stored in non-volatile storage registers with re
call capability through the numeric keypad or sequentially with the
SEQ key. Sequencing through the storage registers can also be done
by attaching a momentary contact switch to the rear panel SEQ port
of the HP 8657A for remote sequence control by, for example, a foot
switch.

The HP 8657A is designed for ATE applications with its < 130 ms
switching speed for high throughput in a production environment.
Like the HP 8656B, the HP 8657A's programming codes are easy to
remember (silk-screened on the front panel) and to implement.

The HP-IB program codes for the HP 8656B are 100% upwards
compatible with the HP 8657A. This provides you with maximum
flexibility when considering upgrading your system from the HP
8656B to the enhanced performance of the HP 8657A.

HP 8657A Specifications

Frequency
Range (8 digit display): 100 kHz to 1040 MHz. Underrange to 10
kHz with uncalibrated level and modulation.
Resolution: 10Hz.
Display resolution: 10 Hz (100 Hz, fc > 1000 MHz).
Switching speed (to be within 100 Hz of final frequency): < 130 ms.
Accuracy and stability: Same as time base used.
Typical Timebase Characteristics

Standard Option 001

Aging rate ±2 ppm/year 1.5XI0-8/day

Temperature ±10 ppm 7XIO-9
(0-55° C)

Line Voltage - 2XIO-9
(+5%, -10%)

Frequency 50 MHz 10 MHz

Timebase Available at a level of >0.15 Vrms into 500. (Output of
Reference Signal 10, 5or I MHz is selectable via internal jumper). If
(Rear Panel) external reference is used, output will be the same

frequency.

External Reference Accepts any 10, 5 or I MHz (±0.002%) frequency
Input (Rear Panel) standard at a level> 0.15 Vrms into 500.
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Resolution: 100 Hz, dev. <10 kHz; 1 kHz, dev. ?1 0 kHz.
FM rate: Internal: 400 Hz and 1 kHz, ±2%. External: dc/5 Hz - 100
kHz, 3 dB BW; dc/20 Hz - 50 kHz, 1 dB BW.
Center frequency accuracy in DC mode: <±500 Hz.
Center frequency stability in DC mode: < 10Hz per hour.
FM distortion (at internal rates, pk. dey. ?3 kHz)3: <0.5%.
Indicator accuracy (internal rates): < ±5% of setting.
Incidental AM (dev. <20 kHz, 400 and 1 kHz, fc?500 kHz): <0.1%.

Frequency Modulation
M' FM k d .. (2-(f' LED d' I )

Remote Programming
Interface: HP-IB (Hewlett-Packard's implementation of IEEE
Standard 488).
HP-IB functions: SHO, AHl, TO, L2, SRO, RLl, PPO, DCl, DTO,
CO, El.

aXlmum pea eVlatlon ,.glt .spay::

Center Muimum Peak Deviation
Frequency AC Mode (the lessor of) DC Mode

0.1· 130 MHz 99 kHz or 4000 X rate (HZ) 99 kHz
130- 260 MHz 50 kHz or 1000 X rate (Hz) 50 kHz
260· 520 MHz 99 kHz or 2000 X rate (Hz) 99 kHz
520-1040 MHz 99 kHz or 4000 X rate (Hz) 99 kHz

FM not specified for Ic - (Ilfpk) <100 kHz,

Residual AM (50 Hz to 15 kHz BW in CW mode): <0.04% AM.
SSB phase noise (in CW mode):

Carrier SSB ,·Noise
Frequency 20 kHz Offset

0.1 to 130 MHz (-124 dBc/Hz
130 to 260 MHz (-136 dBc/Hz
260 to 520 MHz (-130 dBc/Hz
520 to 1040 MHz (-124 dBc/Hz

Frequency Post Detection BW (rms detector)
Range 300 Hz to 3kHz 50 Hz to 15 kHz

0.1· 130 MHz 4 Hz 6 Hz
130- 260 MHz 1 Hz 1.5 Hz
260- 520 MHz 2 Hz 3 Hz
520-1040 MHz 4 Hz 6 Hz

Spectral Purity
Spurious Signals (s+7 dBm Output Levels)
Harmonics: <-30 dBc.
Sub-harmonics: none.
Non-harmonics (CW mode,S kHz - 2 MHz offsets):

-60 dBc, fc : 0.1 - 130 MHz and 520 - 1040 MHz;
-88 dBc, fc : 260 - 520 MHz;
-72 dBc, fc: 130 - 260 MHz.

Residual FM (in CW mode):

Typical HP 8657R SSB Phase-i'Jolse at 500 Mrlz

Ie
I"e IK 10K 112l0K

ref) [dEc/Hz] vs f[Hz]

1M leM

General
Operating temperature: 0 to +55°C.
Storage temperature: -55 to +75°C.
Leakage: Conducted and radiated interference is within the require
ments ofRE02 of MIL STD 461B, and FTZ 1046. Furthermore, RF
leakage of < 1 /lV is induced in a two-turn loop, 2.5 cm in diameter,
held 2.5 cm away from the front surface (typically <0.05 /lV, fc s500
MHz).
Save/recall/sequence storage registers: 100 non-volatile registers
are available that save front panel settings.
Power requirements: 100, 120, 220, or 240V (+5%, -10%) from 48
to 440 Hz, 175 VA maximum.
Weight: net 18.2 kg (40 lb); shipping 23.6 kg (52 lb).
Size: 133H x 425W X 520 mmD (5.25" X 16.75" X 20.5").
HP System II module size: 51/4 H X 1 MW X 17D.

Accessories Available
HP 11721A Frequency Doubler extends HP 8657A range to 2080
MHz.
HP 11687A 50-75n adapter is recommended for 75n systems.
Transit case, HP 9211-2655 provides protection in transportation.
Rack slide kit, HP 1494-0060 allows easy access in a system.
HP 8347A 100 kHz - 3 GHz, +2 to +20 dBm RF amplifier.

Output
Level range (3 1/2-digits): + 13 dBm to -143.5 dBm into son, + 10
dBm to -143.5 dBm for frequencies from 100 kHz to 1 MHz.
Resolution: 0.1 dB.
Absolute level accuracyl: <±1.0 dB, +7 to -127 dBm; <±1.5 dB,
>+7 dBm.
Typical absolute level accuracy: <±1.5 dB, output levels <-127
dBm; <±0.5 dB, 25° C ± 10° C, +7 to -127 dBm.
Level flatness (0.1 - 1040 MHz): < ±0.5 dB, at 0 dBm.
SWR (fc ?400 kHz): < 1.5, level <-3.5 dBm; <2.0, level s+ 13 dBm.
Reverse power protection: protection up to SOW from a son source.
DC voltage cannot exceed 50V.

Amplitude Modulation
AM depth (2-digit display): 0 to 99%, level S + 7 dBm, fc? 400 kHz.
o to 30%, level s+10 dBm, fc?400 kHz2.

Resolution: 1%.
AM rate, internal: 400 Hz and 1 kHz, ±2%. External: 20 Hz to 40
kHz (I dB bandwidth, AC coupled).
AM distortion (at internal rates): < 1.5%,0 to 30% AM; <3.0%, 30
to 70% AM, <4.0%, 70 to 90% AM.
Indicator accuracy (for depths <90% and internal rates and levels
<+7 dBm); <±(2% + 6% of setting).
Incidental 1M (at 30% AM, internal rates): <0.3 radians peak.
, Absolute level accuracy includes allowancas for outpullinearily. lamperalure. f1alness, atlenu
ator accuracy and measurement error.
'0 - 30% for Ic <400 kHz,levals ~+7 dBm.

Ordering Information
HP8657A Synthesized Signal Generator]

Opt 001 High stability timebase
Opt 002 RF connections on rear panel only
Opt 907 Front handle kit (5061-9689)
Opt 908 Rack flange kit (5061-9677)
Opt 909 Rack flange kit and front handle kit (5061
9683)
Opt 910 2 sets of operation/calibration (08657
90003) and service manuals (08657-90004)
Opt 915 Service manual supplied with instrument
Opt W30 2 years additional hardware service

'Power cable and operating manual supplied. HP·IB cables are nol prOVided.

Price
$7.900
+$865
+$180

+$55
+$33
+$80

+$350

+$150
+$150
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• 252 kHz to 2060 MHz frequency range
• -137 dBc/Hz phase noise at 20 kHz offset,

1 GHz carrier
• -100 dBc/Hz nonharmonic spurious

• Internal modulation source for complex waveforms
• Options to configure for specific applications
• On-site repair and calibration
• Optional electronic attenuator

bration, troubleshooting, and monitoring instrument performance.
Built-in sensors continually monitor internal voltages to notify the us
er of temperature drift, hardware failures, or the need for recalibra
tion. When hardware failures do occur, internal firmware uses these
sensors to find a defective module or cable and instruct the operator
which hardware to replace. The recommended calibration cycle for
the HP 8644A is 3 years.

HP 8644A Specifications

High Performance Modulation
For receiver measurements the HP 8644A offers AM, FM, and

pulse modulation. FM deviations up to 20 MHz combined with speci
fied rates to 100 kHz can test most communication receivers. AM
performance includes 0-100% depth and rates to 100 kHz.

Superior Spectral Purity
For receiver testing or RF design, the HP 8644A provides both low

phase noise and low nonharmonic spurious. At 20 kHz offset, I GHz
carrier, specified phase noise is -128 dBc/Hz standard or -137
dBc/Hz with Option 004. With spurious specified at <-100 dBc,
these unwanted signals will not interfere with the measurement re
sults.

HP 8644A Synthesized Signal Generator
The HP 8644A Synthesized Signal Generator is a high perform

ance, 252 kHz to 2060 MHz generator that provides excellent spec
tral purity for confidence in RF measurements. For R&D or stringent
testing of communications equipment, the low phase noise and low
spurious provide the measurement margin necessary for repeatability
and accuracy.

The HP 8644A is a modular platform that can be configured for
specific applications. Performance like spectral purity, frequency
range, leakage, and modulation capabilities can all be enhanced with
options to the standard instrument to match the signal generator with
the application.

Spectral Purity
Phase noise (CW, AM, or FM1 (operation)
Standard/Option 004

Frequency
Range: 251.46485 kHz to 1030 MHz; 251.46485 kHz to 2060 MHz
with Opt 002. See Optional Internal Modulation Source for coverage
below 252 kHz.
Frequency bands: The exact endpoints of each frequency band can
be determined by dividing the 1030 to 2060 MHz band by two for
each band decrease. The specifications use approximate endpoints.
Stability. Opt 001: <5XIO-IO/day aging after 10 day warm-up.

Carrier Offset Frequency

Frequency 1 kHz 20 kHz 100 kHz
(MHz) (dBc/Hz) (dBc/Hz) (dBc/Hz)

1030 - 2060 -84/-94 -121/-131 -131/-141
515-1030 -91/-101 -128/-137 -138/-144
257 - 515 -96/-106 -134/-143 -141/-145
128 - 257 -101/-111 -138/-145 -142/-145
64 - 128 -106/-116 -140/-145 -144/-145
32 - 64 -1111-121 -142/-145 -145/-145
16 - 32 -117/-127 -144/-145 -145/-145
8 - 16 -120/-130 -145/-145 -145/-145
4 - 8 -125/-135 -145/-145 -145/-145
2-4 -129/-135 -145/-145 -145/-145
I - 2 -133/-135 -145/-145 -145/-145
0.5 -I -137/-135 -145/-145 -145/-145
0.25 - 0.5 -140/-135 -145/-145 -145/-145

eHP 8644A

Advanced Internal Modulation Source
The standard HP 8644A internal source has four modulation tones

of 300, 400, Ik, and 3 kHz. Option 007, an optional modulation syn
thesizer, is available for complex waveforms with frequency coverage
from 0.1 Hz to 400 kHz. This source uses digital synthesis to generate
waveforms of sine, sawtooth, squarewave, and white Gaussian noise;
all with variable frequency, amplitude, and relative phase. The source
has the ability to generate four waveforms simultaneously and com
bine them together with summation and modulation. These complex
waveforms are available externally and can be used to. extend the fre
quency range of the HP 8644A down to .1 Hz with complete
AM/FM/~M and pulse.

Lowest Specified Leakage of Any Signal Generator
The standard HP 8644A has typical leakage of < I J1V induced in a

two-turn loop, which is sufficient for most R&D or production testing.
For sensitive measurements, Option 010, a low leakage configuration,
provides more RF shielding and has leakage specified at <0.05 J,lV.

On-Site Repair and Calibration
The HP 8644A contains its own firmware and hardware for cali-

Spurious Signals
Harmonics: -30 dBc, output <+8 dBm; -25 dBc, 1030 to 2060
MHz, output <+8 dBm.
Subharmonics: none, 0.25 to 515 MHz; <-60 dBc, 515 to 1030
MHz; <-40 dBc, 1030 to 2060 MHz.
Nonharmonics: <-100 dBc, >15 kHz offset, 0.25 to 1030 MHz;
<-94 dBc, > 15 kHz offset, 1030 to 2060 MHz.
Residual FM' (CW, AM, FM3 operation)
Standard/Option 004

Post Detection Bandwidth
Carrier Frequency 0.3 to 3 kHz 0.05 to 15 kHz

(MHz) (Hz rms) (Hz rms)
0.25- 257 <I / <.5 <1.2/ <.5
257- 515 <1.2/ <.5 <2 / <I
515- 1030 <2 / <I <4 / <2

1030- 2060 <4 / <2 <8 / <4

, FM at 1% maximum specified deviation for offsets> 1 kHz, FM at minimum deviation for offsets
<1 kHz.

, Specified for 40 to 63 Hz power line. Typical for 400 Hz power line.
3 Deviation <0.1% of maximum available.
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Typical SSB phase noise and spurs at 1 GHz.

Residual AM: <0.01% AM rms. 0.3 to 3 kHz post detection
bandwidth.
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Remote Programming
Interrace/language: HP-IB/HP-SL (Hewlett-Packard Systems
Language)

Digitally Stepped Sweep
Sweep type: linear or log, frequency stepped.

Optional Internal Modulation Source
Frequency range: 0.1 Hz to 400 kHz; 0.1 Hz resolution.
Maximum output level: 0 to 2 Vpk into 600 fl; 2 mV resolution.

Pulse Modulation
On/orr ratio: >35 dB; >80 dB for 1030 to 2060 MHz.
Rise rail time: < 100 nsec, between 10% and 90% response points.
Maximum pUlse repetition rrequency: I MHz.
Minimum pulse width: 0.5 !Lsec.

Frequency Sweep
Phase continuous sweep
Sweep type: linear, phase continuous.
Sweep time: 20 msec to 10 sec.
Maximum sweep span: twice maximum FM deviation.

Internal Modulation Source
Rates: .3, A, 1,3 kHz. Accuracy ±5%.

N -58
ru- -88

"'~ -70

ill -8"
~ -90

~ -100
-&. -1\0

co -121<1
rJ)
C/) -L30

-148

-158

Output
Maximum level: + 16 dBm, 0.25 to 1030 MHz; + 13 dBm with Opt
005; Opt 002: + 14 dBm, 0.25 to 1030 MHz; + 13 dBm, 1030 to 2060
MHz.
Minimum level: -137 dBm; resolution 0.1 dB.
Absolute accuracy: ± I dB, output> -127 dBm.
Reverse power protection: SOW from a 50fl source, 25 Vdc.
Typical third order intermodulation: <-50 dBc, outputs <8 dBm.
Typical output level overrange: 2 dB more than maximum level.
Typical SWR: < 1.7:1, output <-2 dBm.

General
Power requirements: ± 10% of 100, 120, 220, or 240V; 48 to 440 Hz
400 VA maximum.
Operating temperature range: 0 to 55°C.
Storage temperature range: -55 to +75°C.
Leakage: Typical leakage is < I !LV induced in a two-turn loop I inch
from any surface with output level <0 dBm; <0.05 !LV with Opt 010.
Calibration interval: 3 years (MTBC).
Storage registers: 10 full function and 40 frequency/amplitude reg
isters.
Weight: net, 26 kg (57 Ib); shipping. 37 kg (81 Ib).
Size: 178H x 425W x 648 mmD (7" x 16.75" x 23.5"). Opt 010 adds
35 mm (104 in.) to the depth.

Modulation
External modulation inputs: AC or DC, 600fl. Pulse, DC only.

Amplitude Modulation
AM depth: 0 to 100%, for output <+7 dBm. 0.1 % resolution.
AM Indicator accuracy: ±(6% of setting + I%), up to 90% depth, I
kHz rate.

AM distortion, at 400 Hz and 1 kHz rates:

1030·2060
Depth 0.25 • 1030 MHz MHz

0-70% 3% 4%
70 - 90% 5% 6%AM

3 dB bandwidth: >5 kHz, 0.25 to 8 MHz. >50 kHz, 8 to 128 MHz;
> 100 kHz, 128 to 2060 MHz.

Frequency Modulation
FM deviation range: 20 MHz for carriers from 1030 to 2060 MHz.
Maximum deviation divides in half for each carrier band lower.
FM maximum rate: 100 kHz, 8-2060 MHz 19.5 kHz, 1-2 MHz

78 kHz, 4-8 MHz 9.7 kHz, .5-1 MHz
39 kHz, 2-4 MHz 4.8 kHz, .25-.5 MHz

FM indicator accuracy:4

Accuracy %of Deviation Rates

5% ,,10% 0-30 kHz
10% ,,10% 0-100 kHz
12% 100% 0-30 kHz

FM distortion, rates 20 Hz to 100 kHz:

FM Deviation Standard

0-5% 3%
5-100% 5%

Carrier rrequency accuracy in FM: ±0.5% of FM deviation setting.
.. Accuracy for rates that do not exceed maximum rate.

Ordering Information
HP 8644A Synthesized Signal Generator

Opt 001 High stability time base
Opt 002 2 GHz doubled output
Opt 003 RF connectors on rear panel only
Opt 004 Enhanced spectral purity
Opt 005 Electronic attenuator
(5 year warranty on attenuator, cannot be used with
Opt 002)
Opt 007 Synthesized audio oscillator
Opt 010 Reduced leakage configuration
Opt 011 Transit case (9211-2662)
(includes handles and wheels)
Opt 907 Front handle kit (5061-9690)
Opt 908 Rack flange kit (5061-9678)
Opt 909 Combined front handle/rack flange kit
(5061-9684)
Opt 910 Extra manual set (includes service manual)
Opt 915 Add service manual
Opt W03 90 day on-site warranty
(instead of standard I year return to Hewlett-Pack
ard)
Opt W30 2 years additional hardware support

1494-0059 Rack slide kit
08645-61116 Service kit

Price
$17.000
+$1.500
+$7,000

+5400
-,-$4,000

+$500

+S 1000
+$1000

+$300

-;-$65
+$35
+$90

-,-$]90
+$65

NC

t-$380
SIOO
$500
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• 252 kHz to 2060 MHz frequency range
• 15 ).Isec frequency sWitching
• Stand alone control of frequency agility

• Specified performance v"'lile ta.';t hC'piJi"'.
• FM rates to 10 MHz, devidtiof!S to 20 MHz
• Low spurious and phase ioisl'

HP 8645A Agile Signal Generator
The HP 8645A Agile Signal Generator combines high perform

ance with frequency agility for new fast-switching test requirements.
These capabilities are important for performance testing of such de
vices as frequency agile radios and surveillance receivers. Besides ex
tending traditional receiver testing to agile applications, the HP
8645A can be used to create complex signal simulations involving sev
eral modulation types and frequency agility. These complex RF sig
nals can quantitatively exercise a receiver's vulnerability to a
jamming transmission. The HP 8645A can also be a fast-switching
stimulus needed to decrease production test times. The high perform
ance and frequency agility of the HP 8645A provide capability for
both static and agile test requirements with just one calibrated signal
generator.

Specified Agile Performance
The HP 8645A provides specified signal performance in both static

and agile operation. Fully-synthesized outputs with high timebase ac
curacy are standard when not frequency hopping. The Fast Hop
mode activates a frequency-lock loop to allow frequency switching as
fast as 15 IJ.sec from 128 to 2060 MHz. Over the frequency range of 8
to 2060 MHz, the fastest switching time is 85 IJ.sec and outputs below
8 MHz require 500 IJ.sec. Frequency accuracy of each output is better
than ±2 ppm while in Fast Hop modc. At each frequency, a specific
amplitude can be assigned within a 20 dB range for performance tests
versus amplitude while frequency hopping. For a full test of a receiv
er, up to 2400 frequencies can be entered and sequences of up to 4000
frequency settings can be specified. Performance parameters such as
phase noise, spurious, amplitude accuracy, and modulation remain
high quality and are completely specified while fast hopping to insure
confident test results.

Flexible, High Performance ModUlation
For rcceiver measurements the HP 8645A offers independent or

simultaneous FM and AM for both static and hopped frequency tests.
The modulating signal can be the internal 0.1 Hz to 400 kHz synthe
sizer or an external input that allows FM deviations up to 20 MHz at
rates up to 10 MHz. In Fast Hop operation, maximum deviation is
3.5 MHz with 10 MHz rates. AM is available with up to 100 kHz
rates and 99% depth. Pulse modulation allows a 35 dB on/off ratio
with 100 nsec rise/fall times.

Complete Control of Frequency Hopping
The HP 8645A offers flexible and comprehensive control of the fre

quency hopping output. Parameters can be entered from the front
panel, through thc HP-IB port or using TTL inputs on the rear panel.
Extensive hopped frequency simulations including hop frequencies,
dwell times, hop rate, modulation, etc. can be entered into non-vola
tile memory from the front panel. Activating a hop sequence requires
only a press of the Hop key. Agile control is available by a computer
with the added advantage of using the new Hewlett-Packard Systems
Language (HP-SL). For real-time control, rear panel inputs accept
TTL signals for triggering, dwell time and frequency selection to al
low direct connection with the hardware under test. With this wide

HP 8645A Specifications

choice of control, use of the HP 8645A can be readily customized to a
wide variety of test situations from benchtop use to ATE systems.

, ,
Carrier Standard Operation Fast Hop

Frequency 20 kHz 100 kHz 20 kHz
(MHz) (dBcjHz) (dBcjHz) (dBcjHz)

1030 to 2060 -120 -127 -116
515 to 1030 -127 -134 -123
257 to 515 -132 -137 -130
128 to 257 -136 -140 -133
64 to 128 -139 -141 -137
32 to 64 -141 -141 -139
16 to 32 -142 -142 -141
8 to 16 -143 -143 -142
4 to 8 -144 -144 -143

Less than 4 MHz -144 -144 -144

'Typically, +2 ppm of carrier frequency multiplied by the temperature change in °C must be added
if ambient temperature changes occur between the learn operation and the conclusion of frequen
cy hopping. FM at minimum deviation.
2FM at minimum deviation.
'Typically. nonharmonic spurs at all offsets are <30 dB above the instrument's phase noise level
as measured in a t Hz bandwidth.

HarmOniCs: <-30 dBc, output :S 10 dBm. Opt. 002, output >8 dBm:
<-30 dBc, 0.25 to 1030 MHz; <-25 dBc, 1030 to 2060 MHz.
Subharmonics: none, <515 MHz. <-70 dBc, 515 to 1030 MHz.
<-40 dBc, > 1030 MHz.
Nonharmonics: >20 kHz otfset3: <-100 dBc, <1030 MHz. <-94
dBc, > 1030 MHz.

Spectral Purity
SSB phase noise (CW AM or FM2 operation)'

Fast Hop Operation
Frequency switching time: 128 to 2060 MHz: < 15 j.Lsec, 8 to 2060
MHz: <85 j.Lsec, 0.25 to 2060 MHz: < 500 j.Lsec. Opt. 002: add 5 j.Lsec.
Frequency hop range: 0.25 to 2060 MHz. With FM on, limited to
any three consecutive frequency bands.
Frequency accuracy1: ±2 ppm of carrier frequency.
Channel and sequence tables: In Fast Hop, each specific frequency
and amplitude to be output is entered into a Channel Table. The order
of channels to be output is entered into a Sequence Table.
Maximum number of channels: 2400.
Maximum number of channels in Sequence Table: 4000.
Hop rate range: fixed rates from 8 Hz to 50 kHz using internal timer.
An external input allows more range and variable rates.
Dwell time range: fixed times of 6.4 j.Lsec to 99 msec using the inter
nal timer. External input allows longer and variable dwell.
Learn cycle time: typically, 10 sec. to 2 min., depending on sequence
size.
Fast Hop bus: allows real-time selection of any channel for output.
Typically, frequency switching time increases by 5 j.Lsec.
Modulation: internal or external AM, FM, or simultaneous
AM/FM.
Output level: Allowed amplitude variation of all channels entered is
o to 20 dB. Output level is reduced by >60 dB while switching be
tween channels. External dc AM can be used to shape the output.

Frequency
Range: 251.46485 kHz to 1030 MHz; 251.46485 kHz to 2060 MHz
with Option 002 or with HP 11845A 2 GHz Retrofit Kit installed.
Frequency bands: The exact endpoints of each frequency band can
be determined by dividing the 1030 to 2060 MHz band by two for
each band decrease. The specifications use approximate endpoints.
Phase onset: adjustable in 1 degree increments.
Reference oscillator stability, Option 001: <5x I0- 10

/ day aging.~
..... .

SYSTEM:
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BSIGNAL GENERATORS
Synthesized Signal Generator (cont'd)
Model 8645A

Residual FM4 (CW, AM, FM5 operation):

+$190
+$65
N/C

+$775
$6,000

$500
$550
$210
$100
$190

Price
$32.000
+$1,500
+$6,000

+$300
+$65
+$35
+$90

Frequency Modulation
FM deviation and rate: In the highest frequency band of 1030 to
2060 MHz, the maximum FM peak deviation is 20 MHz for standard
operation and 3.52 MHz for Fast Hop. Maximum FM rate (3 dB
bandwidth) in the 515 to 1030 MHz band and above is 10 MHz. Di
vide rate and deviation by two for each frequency band decrease.
FM indicator accuracys: ± I0%, <50 kHz rate and < I0% of maxi
mum deviation «50% of maximum deviation in Fast Hop.)
FM distortion: Rates 20 Hz to 100 kHz: <1%, deviation <2% of
maximum available (Fast Hop: < I0% of maximum deviation.)
Carrier frequency accuracy in FM: ±0.4% of deviation setting, ac or
dc coupled. Typically add I% of deviation in Fast Hop.
Incidental AM: <0.5%, deviation limited to <6% of max. or 20 kHz.
Typical external FM group delay: 30 /-Lsec for rates 20 Hz to 20 kHz,
decreases to < I /-Lsec at rates> 200 kHz. Fast Hop: < I /-Lsec.
Typical external FM input impedance: 50 or 600n.

Pulse Modulation
On/off ratio: >35 dB.
Rise/fall time: <100 nsec, between 10% and 90% response points.
Maximum pulse repetition frequency: I MHz.
Minimum pulse width: 0.5 /-LSec.
Typical output level accuracy: ±2 dB.
Typical external input levels and impedance: on: >3.0V peak;
off: <0.8V peak. Damage level: ::0: ± IOV peak. 600n.

Internal Modulation Source
Waveforms: sine, square, sawtooth and white Gaussian noise.
Frequency range: sine. white Gaussian noise: 0.1 Hz to 400 kHz.
Square, sawtooth: 0.1 Hz to 50 kHz.
Frequency accuracy: same as internal reference oscillator.
Output level: Typically, I Vpk max. into 600n. Accuracy: ±20 mY.
Output level resolution: 2 mY. Typical impedance: 600n.
Distortion: <0.1 %, output at I V peak and :'015 kHz.

Frequency Sweep
Phase continuous sweep: linear sweep with times from 10 msec to
10 sec, not dependent on span. Maximum span is 40 MHz from 1030
to 2060 MHz frequency band, divided by two for each band decrease.
Fast Hop sweep: linear or log stepped with times from 10 msec to
100 sec. Number of steps varies with time selected. Typical time per
step is 30 /-Lsec for outputs within 128 to 2060 MHz, 170 /-Lsec for 8 to
2060 MHz, and 650 !-'sec for 0.25 to 2060 MHz.
Sweep control and markers: X-axis: 0 to +IOV. Z-axis: +5V re
trace, + IV trace, OV markers. Three markers available.

General
Remote control: HP-IB (IEEE-488.2-1987). The control language
used is the Hewlett-Packard Systems Language (HP-SL). All front
panel functions except power switch and knob. A unique Fast Hop
bus interface accepts TTL levels for frequency agile control.
Operating temperature range: 0 to +55 0 F.
Leakage: meets Mil Std 461 B RE02 and FTZ 1046.
Storage registers: 10 full function and 40 freq./ampl. locations.
Memory erasure: all memory contents according to Mil Std 380
380.
Weight: net, 31 kg (69 Ibs); shipping, 42 kg (95 Ibs).
Size: I77H x 426W x 624mmD (7" x 16.8" x 24.6").

Ordering In'ormation
HP 8645A Agile Signal Generator

Opt 001 High stability time base
Opt 002 2 GHz output
Opt 003 RF connectors on rear panel only
Opt 907 Front handle kit (506 [-9690)
Opt 908 Rack flange kit (5061-9678)
Opt 909 Combined front handle/rack flange kit
(5061-9684)
Opt 910 Extra manual set (includes service manual)
Opt 915 Add service manual
Opt W03 90-day on-site warranty (replaces standard
I-year)
Opt W30 2 years additional hardware service

HP 11845A 2 GHz Retrofit Kit
08645-61116 Service kit
9211-2662 Transit case
1490-0913 Transit case wheels
1494-0059 Non-tilting rack slide kit
1494-0063 Tilting rack slide kit
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Depth
Carrier frequency

0.25 to 1030 MHz 1030 to 2060 MHz

oto 30% <2% <2%
30 to 70% <3% <4%
70 to 90% <4% <6%

3 dB bandwidths: >5 kHz, 0.25 to 8 MHz. >50 kHz, 8 to 128 MHz.
> 100 kHz, 128 to 2060 MHz.
Incidental phase modulation: <0.2 rad peak, at 30% depth and I
kHz.
Typical external input impedance: 600n.

Modulation
External modulation input: Coupling is ac or dc for AM, FM and
phase modulation. Pulse modulation input is dc coupled. Displayed
deviation or depth corresponds to ± 1V external input.
Simultaneous modulation: AM/FM, AM/Phase, AM/Pulse,
FM/Pulse, Phase/Pulse, AM/FM/Pulse, AM/Phase/Pulse.
Simultaneous internal/external modulation: FM and Phase.

Output
Maximum level: + 16 dBm, 0.25 to 1030 MHz; Opt. 002: + 14 dBm,
0.25 to 1030 MHz. + 13 dBm. above 1030 MHz.
Minimum level: -137 dBm.
Absolute accuracy: ± [ dB, output ::0: -127 dBm.
Reverse power protection: 50 watts from a 50n source, 25 Vdc.
Typical third order intermodulation: <-55 dBc, outputs <8 dBm.
Typical output level overrange: 2 dB more than maximum level.
Typical SWR and output impedance: < 1.7: I, 50n.

'Specified for 48 to 63 Hz power line. Typical for 400 Hz power line and Fast Hop operation.
50eviation <0.1% of maximum available.
'Lower 3 dB bandwidth limit is 0 Hz for dc coupling and typically 20 Hz for ac coupling.
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Amplitude Modulation
Depth: 0 to 99.9%, for output < ± 7 dBm.
Indicator accuracy: ±(6% of setting + I% AM), for <90% and
<I kHz.
Distortion, at 400 Hz and 1 kHz rates:

Offset Frequency (Hz)

Residual AM: <0.01 % AM rms, 0.3 to 3 kHz post detection BW.
Typical SSB AM noise floor, offsets> 100 kHz: < -157 dBc/Hz at
+16 dBm output, 0.25 to [030 MHz. <-150 dBc/Hz at +13 dBm
output, 1030 to 2060 MHz.

Typical SSB phase noise and spurs at 1 GHz:
-20

Carrier frequency
Post detection bandwidth

0.3 to 3 kHz 0.05 to 15 kHz(MHz)
(Hz rms) (Hz rms)

0,25 to 257 <1 <1,2
257 to 5[5 <1,2 <2
515 to 1030 <2 <4
1030 to 2060 <4 <8
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Model 8665A

• 100 kHz to 4.2 GHz
• <-134 dBc/Hz SSB phase noise at 20 kHz offset

• <-100 dBc non-harmonic spurious
• FM rates to 2 MHz
• Optional pulse modulation

Spectral Purity

Offset Frequency

Carrier 1kHz 20 kHz 100 kHz

Frequency Opt Opt Opt
Range (MHz) STO 004 STO 004 STO 004

4120 to 4200 -60 -81 -105 -116 -121 -121
3000 to 4120 -63 -87 -105 -122 -121 -127
2060 to 3000 -66 -87 -III -122 -127 -127
1500 to 2060 -69 -93 -III -128 -127 -133
1030 to 1500 -72 -93 -117 -128 -133 -133
750 to 1030 -75 -99 -117 -134 -133 -139
515 to 750 -78 -99 -123 -134 -139 -139
375 to 515 -81 -105 -123 -140 -139 -144

257.5 to 375 -84 -105 -129 -140 -144 -144
187.5 to 257.5 -87 -Ill -129 -143 -144 -145
30 to 187.5 -72 -93 -117 -128 -132 -133

.1 to 30 -75 -99 -117 -131 -132 -134

SSB phase noise (CW, AM, or FM' operation) measured in a 1
Hz BW in dBc/Hz

e
HP 8665A Synthesized Signal Generator

The HP 8665A Synthesized Signal Generator is a high perform
ance, programmable signal generator intended for out-of-channel RF
receiver measurements, particularly receiver measurements such as
spurious rejection, which often require frequency coverage to 4.2
GHz. A frequency range from 100 kHz to 4.2 GHz allows the HP
8665A to be used in all out-of-channel receiver measurements.

HP 8665A
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Output
Maximum level: + 13 dBm, 0.1 to 4200 MHz; +9 dBm with pulse
modulation, Opt 008.
1 FM at minimum deviation,
'Specified for 48 to 63 Hz power Iin8. Typical for 400 Hz power line.

-80

Spurious Signals
Harmonics: <-30 dBc, output level < + I 0 dBm; <-25 dBc, output
level < + 13 dBm.
Sub-harmonics: <75 dBc, 100 kHz to <1500 MHz; <40 dBc, 1500
to dODO MHz; <50 dBc, 3000 to 4200 MHz.
Non-harmonics: < 100 dBc, > 10kHz offset, 187.5 to 2060 MHz,
STO mode and low noise mode, Opt 004; <90 dBc, > 10 kHz offset,
0.1 to 187.5 MHz, STO mode and low noise mode, Opt 004; <90dBc,
> 10kHz offset, 2060 to 4200 MHz, STO mode and low noise mode,
Opt 004.
Residual FM2: (CW, AM, FM Operation) < 15 Hz STO mode, <2.5
Hz low noise mode Opt 004,750 to 1500 MHz, .3 to 3 kHz BW.
Residual AM: <0.02% AM rms, 0.3 to 3 kHz post detection
bandwidth.
SSB AM noise floor, offsets >100 kHz with AM off: <-140
dBc/Hz at + 13 dBm output, 0.1 to 187.5 MHz; <-150 dBc/Hz at
+ 13 dBm output, 187.5 to 4200 MHz.

-1613

-1513

-70

SSB broadband noise floor: in 1 Hz BW at > 1 MHz offset from
carrier with> 5.1 dBm output level.

<-145 dBc for carrier frequencies> 187.5 MHz, <4200 MHz;
<-140 dBc for carrier frequencies> 10 MHz, < 187.5 MHz

Typical SSB phase noise at 1 GHz comparing STD with Low
Noise Opt 004

-60

HP 8665A Specifications
Frequency
Range: 100 kHz to 4200 MHz. See internal modulation source for
coverage below 100 kHz.
Resolution: 0.01 Hz.
Accuracy and stability: in CW, same as reference oscillator.

Relative Phase Adjust
Preset: adjustable in 10 increments.
Analog: 200 radians/volt in 515 to 1030 MHz band from an internal
or external input through phase modulation input.
Analog bandwidth: STO mode: ISO Hz; low noise mode, Option 004:
20 Hz.
External input impedance: Typically, 5012.

Internal Reference Oscillator
Typical stability: standard: aging rate; ±2 ppm/year; Option 001:
< 1O-9/day aging rate after 10 days warmup.

Excellent Spectral Purity
The HP 8665A exhibits excellent spectral purity by having both

low SSB phase noise and low spurious. Low SSB phase noise of
<-134 dBc/Hz at 20 kHz offset and I GHz carrier is for high per
formance characterization of receiver selectivity while low spurious
of <-I00 dBc is for characterization of receiver spurious rejection.
This spectral purity, coupled with the HP 8665A's frequency cover
age to 4.2 GHz, provides a solution to measurements that often could
be done only by two separate signal generators.

AM, FM and Optional Pulse Modulation
The HP 8665A offers AM, FM and optional pulse modulation

across its full frequency range. FM rates of up to 2 MHz and devia
tions to 20 MHz peak (at 4.2 GHz and 800 kHz rate) allow the HP
8665A to be used in many applications, such as telemetry, requiring
higher FM performance. An optional pulse modulator with ON/OFF
ratio >80 dB and rise and fall times <5 ns is offered on the HP
8665A. Pulse width and delay can be internally adjusted between 50
ns and 999 msec, eliminating the need for an external pulse generator.

Internal Modulation Synthesizer
The HP 8665A provides an internal modulation synthesizer with a

frequency range from 0.1 Hz to 400 kHz. Sine, square, sawtooth and
white gaussian noise waveforms are available. A second internal
source, identical to the source described above, may also be selected
and summed with the first source. This provides variable two-tone
capability. Plus, the first source can be internally modulated with
AM, F.\1, phase modulation, pulse modulation and double sideband
modulation to further enhance this internal modulation synthesizer.



ISI90
+$65

SO

'S640
S500
S550
$210
SIOO
5190

Price
SJ'.OOO
~$ 1.500

-'-$400
+ 54.000
+~S3.()OO

'-$1.000
+$65
+$35
+$90

8 SIGNAL GENERATORS
Synthesized Signal Generator (cont'd)
Model 8665A

Minimum level: -139.9 dBm.
Display resolution: 0.1 dB.
Absolute accuracy: ±I dB, output >-119.9 dBm, 0.1 to 3000 MHz;
± 1.5 dB, output> -119.9 dBm, 3000 to 4200 MHz.
Reverse power protection: 25W into 50n, .1 to 2060 MHz. IW into
50n, 2060 to 4200 MHz.
Third order intermodulation: typically, <-50 dBc with two signals
at +8 dBm and 25 kHz apart, passing through a resistive combiner.
Output level overrange: typically, 2 dB more than maximum level.
VSWR: < 1.5: I, output <0 dBm; < 1.75: I, output >0 dBm; 0.1 to 3000
MHz; < 1.75:1, output <0 dBm, <2.0:1, output >0 dBm, 3000 to
4200 MHz.
Output impedance: nominally 50n.

Modulation
External modulation input: Coupling is ac or dc for AM and FM
modulation. Pulse modulation input is de coupled. IV peak input is
required for calibrated operation in AM and FM.

Amplitude Modulation
AM depth: 0 to 99.9%, for output <+7 dBm.
AM resolution: 0.1 %.
AM indicator accuracy: ±(6% of setting + 1% AM), up to 90%
depth at I kHz rate.
AM distortion, at 400 Hz and 1 kHz rates: <4% for depths 30 to
70%.
AM 3 dB bandwidth: >5 kHz, I to 10 MHz; > 10 kHz, for> 10 MHz
carrier frequencies.
Incidental phase modulation: at 30% depth and I kHz rate. <0.2
radians peak, 0.1 to 2000 MHz f6 <0.4 radians peak, 2000 to 4200
MHz fc.
External AM input impedance: 600n.

Frequency Modulation
FM Defiation and Rate'

Maximum Peak Deviation

Carrier SrD Low Noise Mode Maximum Rate'
Frequency Mode Option 004 (3 dB BWl

(MHz) (kHz) (kHz) (kHz)

3000 to 4200 20000 400 800
1500 to 3000 10000 200 800
750 to 1500 5000 100 800
375 to 750 2500 50 800
187.5 to 375 1250 25 800
10 to 1875 5000 100 800
<10 800

FM resolution: 2.5% of setting.
FM indicator accuracy4: DC to 20 kHz rates. ±9% of FM deviation
setting plus 10 Hz, STD mode; ±II% of FM deviation setting, low
noise mode, Opt 004.
FM distortion: < I% for rates 20 Hz to 20 kHz.
Carrier frequency accuracy in FM: ±0.5% of deviation setting, ac or
dc coupled.
Incidental AM: <0.1 %, at <20 kHz deviation, I kHz rate.
External FM group delay: <30 /Lsec for rates <20 kHz, decreases to
< I /Lsec at rates above 200 kHz.
External FM input impedance: 600n.

Pulse Modulation (Option 008)
On/Off ratio: > 80 dB.
Rise/Fall time: <5 nsee, between 10% and 90% response points.
Pulse repetition frequency: internal, 0.1 Hz to 400 kHz; external,
DC to 10 MHz.
Pulse width: internally variable between 50 ns and 999 ms.
Pulse delay: internally variable between 50 ns and 999 ms.
Output level accuracy: same as with no pulse modulation.
External input level: TTL.
External input impedance: 50n or Schottky TTL.

Internal Modulation Source
Number of sources: Source I, source 2, simultaneously available
through summation, independently adjustable in frequency, phase,
amplitude and waveform. Source I may also be internally modulated
3 Typically the 3 dB BW is >2 MHz for deviations < maximum peak deviation/10.
• Typical accuracy up to 20 kHz rates and maximum deviations is better than ± 7%.

independently with AM, FM, phase modulation, pulse modulation
and double sideband modulation.
Waveforms: sine, square, sawtooth and white gaussian noise.
Frequency range: 0.1 Hz to 400 kHz, sine and white gaussian noise.
0.1 Hz to 50 kHz, square and sawtooth.
Frequency resolution: 0.1 Hz.
Frequency accuracy: same as internal reference oscillator.
Maximum output level: I Vpk into 600n.
Output level resolution: <2 mY. Typically, <1 mY.
Output impedance: Typically, 600n.
Total harmonic distortion: <0.1 %, output at 1 Vpk and <20 kHz.
Typically, <.1 % to 100 kHz.

frequency Sweep
Phase Continuous Sweep

Sweep time: 10 msec to 10 sec.
Maximum sweep span: up to 40 MHz in the 3000 to 4200 MHz
band.

Digitally Stepped Sweep
Sweep type: linear or log, frequency stepped.
Sweep time range: 500 msec to 1000 sec. Typical time per step is
90 msec.

X-Axis output: nominal 0 to + IOV.
Z-Axis output: nominal +5V during retrace.
Markers available: 3.

Remote Programming
Interface: HP-IB (Hewlett-Packard's implementation of IEEE
488.2-1987). HP-IB select code range: 00 to 30. Interface function is
listener and talker.
Control language: Hewlett-Packard Systems Language (HP-SL).
Functions controlled: all front panel functions except power switch
and knob.
HP-IB functions: SH I, AH I, T6, TEO, L4, LEO, SR I, RL I, PPO,
DC1, DTO. CO, E2.

General
Power requirements: ±I 0% of 100, 120,220, or 240V; 48 to 440 Hz;
500 VA maximum.
Operating temperature range: 0 to +55°C.
Leakage: Conducted and radiated interference meets MIL STD
461B RE02 and FTZ 1046. RF leakage is typically I !LV below I
GHz fc, induced in a two-turn loop antenna 2.5 cm in diameter held
2.5 cm away from the front panel for output levels <0 dBm. Option
010 reduces RF leakage to typically <0.5 /LV.
Calibration interval: 3 years (MTBC).
Storage registers: 10 full function and 40 frequency /amplitude reg
isters.
Memory erasure: All memory contents, except generic calibration
data, can be erased according to Mil Std 380-380.
Weight: net, approx. 29 to 31 kg (63 to 691b); shipping, 40 to 42 kg
(88 to 94 Ib) depending on the options ordered.
Size: approx. 178H x 425W x 648 mmD (7" x 16.75" x 25.5"). Opt
010 adds 35 mm (1.4") to the depth.

Ordering Information
HP 8665A Synthesized Signal Generator

Opt 001 High stability time base (includes EFC)
Opt 003 RF inputs on rear panel only
Opt 004 Low noise mode
Opt 008 Pulse modulation
Opt 010 Reduced leakage configuration
Opt 907 Front handle kit (5061-9690)
Opt 908 Rack flange kit (5061-9678)
Opt 909 Combined front handle/rack flange kit
(5061-9684)
Opt 910 Extra manual set (includes service manual)
Opt 915 Add service manual
Opt W03 90 day on-site warranty (replaces 1 year
standard warranty)
Opt W30 2 years additional hardware service

08665-61116 Service kit
9211-2662 Transit case
1490-0913 Transit case wheels
1494-0059 Non-tilting rack slide kit
1494-0063 Tilting rack slide kit
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Models 8642A and 86428

.100kHzto2.115GHz
• < ···134 dBc/Hz SSB phase noise at 20 kHz offset
• ·100 dBc nonharmonic spurious

• +20 dBm maximum output level
• AM, FM, <PM and pulse modulation
• On-site repair and calibration

HP 8642A HP 86428

HP 8642A1B Synthesized Signal Generators
The HP 8642A and HP 8642B synthesized signal generators are

high performance programmable signal generators intended for the
most demanding out-of-channel RF receiver measurements and other
stringent RF applications. The HP 8642A covers the frequency range
from 100 kHz to 1057.5 MHz and the HP 8642B to 2115 MHz.

Band Carrier Frequency (MHz) Band Carrier Frequency (MHz)

10 1057.500001·2115 (HP 86428) 4 16.523438· 33.046875
9 528.750001·1057.5 3 8.261719· 16.523437
8 264.375001· 528.75 2 4.130860· 8.261718
7 132.187501- 264.375 1 0.1 . 4.130859
6 66.093751· 132.1875 HET 01 -1321875
5 33.046876· 66.09375

Low SSB Phase Noise
The HP 8642A/B provide state-of-the-art in SSB phase noise at 20

kHz offsets of -134 dBc/Hz at 1 GHz.

-100 dBc Spurious
Nonharmonic spurious are held to below -100 dBc on the HP

8642AjB up to 1 GHz and to below -94 dBc above 1 GHz. These
two generators allow receiver spurious rejection tests to be fully auto
mated with the utmost confidence in test results.

Repeatability and level Accuracy
In addition to a high-reliability attenuator, absolute output level

accuracy is ± 1 dB down to -127 dBm (0.1 IlV). In R&D or on the
production line, the HP 8642AjB will accurately measure receiver
sensitivities.

Up to +20 dBm Output level
Up to +20 dBm is available from the HP 8642AjB to perform a

variety of high level measurements, often eliminating the need for
external amplifiers.

This extra power can be used to overcome cabling losses. With the
relative amplitude feature, the display can be offset to show correct
output level at the end of the cable.

Resolution: 1 Hz, 0.1 Hz With special function.
Stability: same as reference oscillator.

Internal Reference Oscillator
Standard: aging rate: ±2 ppm/year; Option 001: <10-9/day aging
rate after 8 days warm-up.

Spectral Purity
Residual FM (in CW, AM or Angle Modulation <'/3 Max. Dev.):

500 MHz: <1.2 Hz (0.3 - 3 kHz BW), <2 Hz (0.05 - 15 kHz BW);
1000 MHz: <2 Hz (0.3 - 3 kHz BWl, <5 Hz (0.05 - 15 kHz BW);
2000 MHz: <5 Hz (0.3 • 3 kHz BWl, <9 Hz (0.05 - 15 kHz BW).

ssa Phase Noise at 20 kHz oftset (CW, AMor FM/~M <1/60 Max
imum Deviation):

125 MHz: -144 dBc/Hz;
250 MHz: -141 dBc/Hz;
500 MHz: -137 dBc/Hz;
1000 MHz: -134 dBc/Hz;
2000 MHz: -125 dBc/Hz.

Residual AM: <0.01 % AM rms, 0.3 - 3 kHz BW.
Spurious
Harmonics: -30 dBc, level .":+10 dBm, -25 dBc fc > 1057.5 MHz.
Subharmonics: none, fc .":1057.5 MHz, -45 dBc (fc >1057.5
MHz).
Nonharmonics (> 10 kHz offsets): -100 dBc, (-94 dBc fc > 1057.5
MHz).
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Frequency
Range: 100 kHz to 1057.5 MHz, HP 8642A; 100 kHz to 2115 MHz,
HP 8642B.
Bands: Both generators cover their ranges in one continuous span.
However, many other specifications are dependent on carrier frequen
cy. To simplify such specifications, the HP 8642A and 8642B carrier
frequency ranges are divided into bands shown in the table below.

AM, FM, <l>M and Pulse Modulation
Thc HP 8642A/B offer AM, FM, <I'M and pulse modulation across

their full frequency ranges.
A low distortion internal modulation oscillator can be used to mod

ulate the HP 8642A/B up to 100 kHz rates. The internal audio oscil
lator can also be used as a stand-alone audio source with variable
rates and levels.

HP 8642A1B Specifications



8 SIGNAL GENERATORS
Synthesized Signal Generators (cont'd)
Models 8642A and 8642B

+$550

+$250
$0

+$450
+$600

$20,500
$27.000
$28,500

Price
$24,050
$33,050
+$2.100

+$160
+$72
+$55

-1-$32.50
+$80

Carrier Frequency Maximum Deviation
Band (Radians)

10 200
9 100
8 50
7 25
6 125
5 6.25
4 3.13
3 1.56
2 0.78
1 625

HET 100

Phase Modulation
Maximum phase deviation'

1M accuracy: ±(5% of setting +0.09 radians), I kHz rate.
1M resolution: Greater of 0.7% of setting or 0.0004% of max. dev.
1M distortion: <0.4%. I kHz rate.
1M 3 dB bandwidth: dc/20 Hz to 15 kHz.
Pulse Modulation (for output ievels <+15 dBm)
Pulse on/off ratio: >40 dB; >80 dB, fc > 1057.5 MHz.
Rise/fall time: <400 ns. 10% to 90%.
Maximum repetition frequency: 100 kHz.
Minimum pulse width: 2 "'S.
Internal Modulation Oscillator
Rates: 20 Hz to I00 kHz.
Frequency resolution: I% of setting.
Frequency accuracy: 2% of setting.
Output level range: 0 to 3V peak into 600 ohms.
Output level resolution: 4 mV.
Distortion: <0.02%, 0.02 kHz to 15.8 kHz; <0.15%, > 15.8 kHz.
Output level accuracy: ±(4% + 15 mY) within I second.
Output impedance: 600 ohms ± I0%.
Frequency Sweep
Modes: Start-Stop, Span, and Phase continuous.
X axis output: 0 to 10 Vdc, ± 10%.
Z axis output: TTL positive true for crt display blanking during re
trace.
Remote Programming
Interface: HP-IB (IEEE-488- I978).
HP-IB functions: listener, talker, and controller. SHI, AHI, T5,
TEO, L3, LEO, SRI, RLI, PPI, DCI, DTl, CI, C3, C28, E2.
General
Operating temperature range: 0 0 to 55 0 C.
Storage temperature: -55°C to +75 0 C.
Leakage: conducted and radiated interference is within the require
ments of MIL STD 46 IB method RE02. Interference is also within
the standards set by FTZ 1115. Also, RF leakage of <0.5 ",V is in
duced in a two turn loop 2.5 cm in diameter, held 2.5 cm away from
any surface for output levels ::;0 dBm.
Power requirements: 100V, 120V, 220V, or 240V; +5%, -10%; 48
to 440 Hz; 300 VA max.
Size: 133H X 425W X 617D mm (5.25" X 16.75" X 24.3").
HP System II module size: 51/4H X IMW X 23D.
Weight: Net, 32.7 kg (71.5 Ib); shipping, 43 kg (95 Ib).
Ordering Information
HP 8642A Synthesized Signal Generator
HP 8642B Synthesized Signal Generator

Opt 001 High stability time base
Opt 002 RF connectors on rear panel only
Opt 710 On-site repair manual
Opt 907 Front handle kit (5061-9689)
Opt 908 Rack flange kit (506 I-96 77)
Opt 909 Front handle kit & rack flange kit (5061

9683)
Opt 910 2 sets of operation/calibration and service

manuals
Opt 915 Service manual supplied with instrument
Opt W03 90 day on-site warranty conversion
Opt W30 2 years additional hardware service

HP 8642A Opt W30
HP 8642B Opt W30

HP 11801A On-site repair kit for HP 8642A
HP 118018 On-site repair kit for HP 8642B
HP 11801C On-site repair kit for HP 8642A/B

Carrier
Frequency Maximum Deviation Maximum Deviation

Band DC Coupled AC Coupled or Internal

(the smaller of)
10 3 MHz 3 MHz or fmod X2160
9 1.5 MHz 1.5 MHz or fmod X 1080
8 750 kHz 750 kHz or fmod X 540
7 375 kHz 375 kHz orfmod X 270
6 187 kHz 187 kHz or fmod X 135
5 93.8 kHz 93.8 kHz or fmod X 67.5
4 46.9 kHz 46.9 kHz or fmod X 33.75
3 23.4 kHz 23.4 kHz or fmod X 16.88
2 11.7 kHz 11.7 kHz orfmod X 8.44
1 93.8 kHz 93.8 kHz or 'mod X 67.5

HET 1.5 MHz 1.5 MHz or fmod X 1080

Depth Distortion

8642A; fc:,:528.75 MHz 8642A; fc>528.75 MHz
8642B; fc:,:I057.5 MHz 8642B; 'c>I057.5 MHz

Oto 30% AM d% <2%
30 to 70% AM <2% <4%
70 to 90% AM <4% <6%

Amplitude Modulation
AM depth: 0 to 99.9%, output level ::;+ I0 dBm.
AM resolution: 0.1 %.
AM indicator accuracy at 1 kHz rate and up to 90% AM:
±(3.5% of setting +1% AM), fc ::;528.75 MHz;
±(5% of setting +1% AM), fc >528.75 MHz.
AM distortion at 1 kHz rate:

Frequency Modulation
Maximum FM deviation:

FM resolution: 0.7% of setting or 0.0004% of maximum deviation,
whichever is larger.
FM indicator accuracy: ±(5% of setting + 10 Hz).
FM distortion: 4% for max. dev., 2% for 1/2max. dev., 0.4% for '/IS
maximum dc coupled deviation.
FM 3 dB bandwidth: (dc/ac coupling): dc/20 Hz to 200 kHz.
Incidental AM: 0.3%,20 kHz peak dev., I kHz rate, fc >400 kHz.

AM 3 dB bandwidth, depth ::;90%:
External dc/ac coupling: dc/20 Hz to 100 kHz, fc: 01-4.13 MHz,
33.04-2115 MHz; dc/20 Hz to 20 kHz, fc: 4.13-33.04
Internal: same as external ac.
Incidental 1M at 1 kHz rate and 30% AM: <0.2 radians peak.

HP 8642A HP 8642B

+20 dBm (2.24V) bands 1 thru 7 bands 1 thru 7
+19 dBm (2.00V) nfa band 8
+18 dBm (U8V) bands 8 &HET HET
+17 dBm (1.58V) nfa band 9
+16 dBm (1.41 V) band 9 band 10

Output
Level range: from maximum available to -140 dBm (0.023 ",V).
Maximum Level Available:

Resolution: 0.1 dB.
Absolute accuracy: ± 1 dB, output level::: -127 dBm.
Flatness: ::;±0.75 dB, + 10 dBm output level.
Impedance: 50 ohms nominal.
SWR: < 1.5:1, level <0 dBm; <2.0:1, level ~O dBm.
Reverse power protection: 50W, from a 50l! source 25 Vdc, (25W,
50 Vdc, HP 8642B).
Third order intermodulation: <-55 dBc at + 10 dBm, two genera
tors 25 kHz apart into a resistive combiner. Typically decreases 10 dB
for every 5 dB of combined level decrease.



SIGNAL GENERATORS 8
Synthesized Signal Generators 369

Models 8662A, 8663A

• 10 kHz to 1280 MHz frequency range
• <-147 dBclHz SSB phase noise at 10 kHz offset
• 0.1 Hz frequency resolution

• 100 kHz to 2560 MHz frequency range
• AM/FM/eJM/pulse in one g!3neralor
• Internal variable modulation oscillator
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HP 8662A HP 8663A

HP 8662A Synthesized Signal Generator
The HP 8662A derives exceptional RF performance from an indi

rect frequency synthesis technique that results in frequency resolu
tion of 0.1 Hz from 10kHz to 640 MHz and 0.2 Hz from 640 MHz to
1280 MHz.

Output level accuracy is held to ± I dB using microprocessor cor
rection. This makes the HP 8662A an ideal generator for performing
precise receiver sensitivity tests either manually or in automated sys
tems.

The HP 8662A offers versatile phase-locked AM/FM using either
internal 400 Hz and I kHz rates or externally applied modulating
signals, which can be either dc or ac coupled. Several different modes
of simultaneous modulation (such as AM + FM or FM + FM) are
possible.

Exceptional Spectral Purity
The key contribution of the HP 8662A is spectral purity. Fast-tun

ing, switched-inductance, voltage-controlled oscillators combined
with a low noise reference multiplication chain result in very low SSB
phase noise, especially at small offsets from the carrier. The phase
noise at 20 kHz to 50 kHz offsets is comparable to that of the best
cavity-tuned fundamental oscillators. Such excellent noise perform
ance makes possible complete automation of receiver out-of-channel
measurements.

With its excellent long and short-term frequency stability, high
output power, fine frequency resolution, and broad frequency range
the HP 8662A also meets the requirements of the most critical low
noise local oscillator applications. In addition, its fast frequency
switching and sweep capabilities also permit its use in many frequen
cy agile and swept local oscillator applications.

An advanced microprocessor-based controller allows convenient
keyboard control of all HP 8662A functions. For example, all func
tions can be incremented and decremented in any user-defined step
size within the resolution of the synthesizer using the increment keys
and the knob. Up to nine full front panel setups can be stored in the
HP 8662A's memory and recalled for later use in any user-defined
sequence at the touch of a pushbutton. This permits time-saving semi
automation of generator operation in production setups where the
generator must perform many different tests.

Precision Digital Sweep
Fast frequency switching combined with microprocessor control

gives the HP 8662A a powerful sweep capability. Automatic, single,
and manual modes are available for both linear and logarithmic
sweeps with user-selectable step size and number of steps. Five differ
ent sweep speeds can be chosen and up to five amplitude or Z-axis
markers can be set. All sweep parameters can be controlled with full
synthesizer resolution.

HP 8663A Synthesized Signal Generator
The HP 8663A provides all the features and the exceptional spec

tral purity of the HP 8662A with increased frequency range and mod
ulation capability.

The HP 8663A also has U.S. Air Force MATE (Modular Auto
matic Test Equipment) system compatibility, Option 700. Option 700
is an external translator that provides the HP 8663A with the capabil
ity to be controlled by the MATE language CIIL (Control Interface
Intermediate Language).

Broad Frequency Range
The HP 8663A utilizes the complete frequency synthesis portion of

the HP 8662A with the addition of an internal frequency doubler to
achieve a broad frequency range of 100 kHz to 2560 MHz in a single
instrument. In the HP 8663A, the exceptional spectral purity of the
HP 8662A is maintained up to 1280 MHz. Above this, phase noise is
typically increased 6 dB to a level of -124 dBc/Hz at 10kHz offset
from a 2.5 GHz carrier. High output power of + 16 dBm (with over
range to 19.9 dBm) is available for efficiently driving frequency trans
lators when low noise microwave signals are needed. Combined with a
microwave synthesizer such as the HP 8673A, full frequency cover
age from 100 kHz to 26 GHz is possible.

Flexible Modulation
Complete modulation capability across a wide carrier frequency

range is the key contribution of the HP 8663A. AM and FM charac
teristics are similar to those offered in the HP 8662A. The HP 8663A
adds high performance pulse and biphase modulation with wide
bandwidth linear phase modulation available with Option 002. For
complete flexibility the HP 8663A Option 002 has the capability to
simultaneously provide AM+ FM+pulse+phase modulation across
its entire frequency range. AM, FM, and linear phase are either AC
or DC coupled while biphase and pulse are DC coupled. This modula
tion flexibility assures exact signal simulation when testing complex
systems such as those involving pulsed doppler radar and electronic
warfare. An internal 100 kHz sinusoidal modulation synthesizer
phase locked to the 10 MHz time base is standard. Microprocessor
flexibility allows the sweep functions to be applicable to the internal
audio synthesizer, as well as the RF synthesizer, making applications
involving swept modulation possible with a single instrument.

Similarity to the HP 8662A
Because the HP 8663A has been designed to be upward compatible

with the HP 8662A, the two generators have identical control and
performance characteristics for those functions that are common. Ei
ther generator can be combined with the HP 11729A Microwave
Converter and the HP 3048A Phase Noise Measurement System to
perform microwave phase noise measurements simply and quickly.



SIGNAL GENERATORS
Synthesiz~dSignal Generators (cont'd)
Models 8662A, 8663A
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Supplemental Characterislics
Typical Absolute and Residual SSB Phase Noise, 639 MHz
Carrier.

Frequency SWitching speed:5 From 420 ILsec to 12.5 msec, depend
ing on the programming mode.

Frequency Modulalion
FM rates (1 dB bandwidth): external ac, 20 Hz to 100 kHz; external
dc, dc to 100 kHz.
FM deviation: from 25 to 200 kHz depending on carrier frequency.
Indicated FM accuracy: ±8% of reading plus 10 Hz (50 Hz to
20 kHz).
FM resolution: 100 Hz for deviations < 10 kHz, I kHz for deviations
~ 10 kHz.
Incidental AM (AM sidebands at 1 kHz rate and 20 kHz devia
tion): < -72 dBc, fc < 640 MHz; < - 65 dBc, fc ~ 640 MHz.
FM distortion: < 1.7% for rates < 20 kHz, < I% for rates < I kHz.
Center frequency accuracy and long term stability in AC mode:
same as CW mode.

Spectral Purily
Residual SSB Phase Noise in 1 Hz BW (320 < fe < 640 MHz)

Spurious Signals

SSB broadband noise floor in 1 Hz BW at 3 MHz offset from carri
er: < -146 dBc for fc between 120 and 640 MHz at output levels
above + 10 dBm.

HP 8662A Specifications
Frequency
Range: 10 kHz to 1280 MHz (1279.9999998 MHz).
Resolution: 0.1 Hz (0.2 Hz above 640 MHz).
Accuracy and stability: same as reference oscillator.
Internal reference oscillator: 10 MHz quartz oscillator. Aging rate
< 5 x 10-lo/day after 10 day warm-up (typically 24 hrs in normal
operating environment).

Frequency Range (MHz)
0.0110 120 to 160 to 320 to 640 to

120 160 320 640 1280
Spurious non-harmonically -90 -100 -96 -90 -84
related'·' dBc dBc dBc dBc dBc

Sub-harmonically related
-753

(!,~, etc.) none none none none dBc
2 2

Power line (60Hz)
related or microphonically -90 -85 -80 -75 -70
generated (within 300 Hz)'. dBc dBc dBc dBc dBc

Harmonics <-30 dBc

-

Offsel from Carrier

10 Hz 100 Hz 1 kHz 10 kHz 100 kHz
-100 -112 -121 -131 -132
dBc dBc dBc dBc dBc

Frequency
Range: 100 kHz to 2560 MHz (2559.9999996 MHz)
Resolution: 0.1 Hz (fc < 640 MHz)

0.2 Hz (640 MHz s; fc < 1280 MHz)
0.4 Hz (fc ~ 1280 MHz)

Accuracy, stability, and internal reference oscillator: identical to
HP 8662A.

HP 8663A Specifications
The HP 8663A signal generator is related to the HP 8662A in both
concept and structure. The HP 8662A concept of an extremely low
phase noise signal source incorporating signal generator modulation
capabilities and output characteristics is carried even further by the
HP 8663A. While maintaining high spectral purity, the HP 8663A
offers increased frequency range to 2560 MHz, increased output level
to + 16 dBm, and the addition of phase and pulse modulation. The
result is a highly flexible and powerful signal generator that utilizes
and extends the proven circuitry of the HP 8662A. Thus, the HP
8662A and HP 8663A share many of the same specifications as
shown below:

'In the remote mode it is possible to have microprocessor clock related spurious signals spaced 3
MHz apart at an absolute level of typically less than -145 dBm.
'SpuriOUS signals can be up to 3 dB higher in the dc FM mode.
3f/2 spurs not specifieL' jar carrier frequencies above 850 MHz.
'At a 50 Hz line frecuency, power line or microphonically related spurious signals may be up to 3
dB higher and appear at offsets as high as 1 kHz from the carrier.
'Due to aUlomatic leveling loop bandwidth changes, brief (30 msec) level inaccuracies may OCCur
when switching through 150 kHz and 1 MHz RF output frequencies.

Outpul
Level range: +13 to -139.9 dBm (IV to 0.0231LVrms into 5011).
Resolution: 0.1 dB.
Absolute level accuracy (+15° to +45°C): ±I dB between +13
and -120 dBm, ±3 dB between -120 and -130 dBm.
SWR: typically from 1.5 to 1.8 depending on output level and
frequency.
Reverse power protection: typically up to 30W or ±8 Vdc.

AM Distortion

Frequency 0-30% 30-70% 70-90%
range AM rate AM AM AM

0.15-1 MHz dc-1.5 kHz 2% 4% 5.75%
1-10 MHz dc-5 kHz 2% 4% 5.75%
10-1280 MHz dc-1O kHz 2% 4% 5.75%

Rates and Distortion with Internal or External Modulating
Signal

Amplitude Modulation
Depth: 0 to 95% at output levels of +8 dBm and below (+ I0 dBm in
uncorrected mode). AM available above these output levels but not
specified.
Resolution: 1%, 10 to 95% AM; 0.1%, 0 to 9.9% AM.
Incidental PM (at 30% AM): 0.15-640 MHz, < 0.12 radian peak;
640-1280 MHz, <0.09 radian peak.
Incidental FM (at 30% AM): 0.15-640 MHz, <0.12 x fmod;
640-1280 MHz, <0.09 x fmod.

Indicated accuracy: ±5% of reading ± 1% AM. Applies for rates giv
en in table below, internal or external mode, for depths s; 90%.
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Other HP 8662A and HP 8663A Information
Remote programming: the HP-IB interface is standard on the HP
8662A and HP 8663A signal generators. All functions controlled
from the front panel with the exception of the line switch are
programmable with the same accuracy and resolution as in manual
mode.
Operating temperature range: 0° to +55°C.
Leakage: meets radiated and conducted limits of MIL STD 461A
methods RE02 and CE03 as wel1 as VDE 0871.
Power requirements: 115 (90-126) V or 230 (198-252) V; 48 to 66
Hz; 450 VA max.
Weight: HP 8662A: net, 30 kg (65.5 lb.); shipping, 36 kg (80 lb.).
HP 8663A: net, 33.8 (74 lb.); shipping, 40 kg (88 lb.).
Size: HP 8662A: 178H x 425W x 572 mmD (7" x 16.75" x 22.5").
HP 8663A: 178H x 425W x 642 mmD (7" x 16.75" x 25.3"). Note:
depth includes front panel depth of 45 mm (1.75").

Ordering Information
HP 8662A 1280 MHz Signal Generator1

Opt 001 RF connectors on rear panel only
Opt 003 Specified SSB phase noise for 640 MHz
output
Opt 907 Front Handle kit (5061-9690)
Opt 908 Rack flange kit (5061-9678)
Opt 909 Rack flange & front handle kit (5061-9684)
Opt 910 A total of two sets of operating and service
manuals (HP PN 08662-90069)

HP 11721A External frequency doubler for operation
to 2.56 GHz (HP 8662A only)
HP 8663A 2560 MHz Signal Generator2

Opt 001 RF connectors on rear panel only
Opt 002 Wideband linear phase modulation
Opt 003 Specified SSB phase noise for 640 MHz
output.
Opt 700 External MATE translator
Opt 907 Front handle kit (5061-9690)
Opt 908 Rack flange kit (5061-9678)
Opt 909 Rack flange & front handle kit (5061-9684)
Opt 910 A total of two sets of operation/calibration
(HP PN 08663-90069) and service manuals (HP PN
08663·90071 )
Opt 915 One copy of service manual (HP PN 08663
90071 )

HP 11714A Service Support Kit (required for servicing
HP 8662A/8663A)
'Pulse modulation is available for fe < 50 MHz but is unspecified,
'HP-IB cables not supplied. For description and price. see HP-IB section.

Biphase Modulation
Biphase modulation is available on the standard HP 8663A for fc less
than 640 MHz and available for all fc with Option 002.
Deviation: ±90°.
Carrier null when modulated with 1 MHz, 50% duty cycle square
wave: > 25 dBc.
Modulation input reqUired: TTL positive true. The internal modula
tion oscillator can be used for 50% duty cycle modulation. External
input is on rear panel.

Pulse Modulation'
Pulse on/off ratio: >80 dB (50-2560 MHz).
Pulse riselfall time: <250 ns (50-120 MHz); <800 ns (120-640
MHz); <100 ns (fc ? 640 MHz).
Pulse Repetition Frequency (50% duty cycle):
Internal: 10 Hz to 99.9 kHz.
External: 10 Hz to 2 MHz, 50 MHz < fc < 640 MHz; 10 Hz to 5
MHz, fc > 640 MHz.
Internal Modulation Oscillator
Rates: 10 Hz to 99.9 kHz.
Frequency resolution: 3 digits.
Frequency accuracy: same as reference oscil1ator.
Output level (available on rear panel): I volt peak into 600fl.
Output impedance: 600fl.
Flatness (referenced to 1 kHz): < ± I %.
Distortion: < 1%.

Frequency Modulation
FM rates (1 dB bandwidth): external ac, 20 Hz to 100 kHz, external
dc, dc to 100 kHz.
Maximum allowable peak deviation: identical to HP 8662A for fc
between 100 kHz and 1280 MHz. Up to 400 kHz for fc between 1280
and 2560 MHz.
Indicated FM accuracy (50 Hz to 20 kHz): ±9% of setting + 10 Hz.
FM resolution: 100 Hz to I kHz depending on fc and deviation set
ting.
Incidental AM (AM sidebands at 1 kHz rate and 20 kHz devia
tion): < -72 dBc (10 ~ fc < 640 MHz); < -65 dBc (640 S fc < 2560
MHz).
FMdistortion: <1.25% (400 Hz and I kHz rates); < 1.75% (rates
less than 20 kHz).

Phase Modulation (Option 002)
Maximum peak phase deviation: from ±25 ° for fc between 120 and
160 MHz up to ±400° for fc between 1280 and 2560 MHz.
Maximum rate: from 10 kHz for fc betwecn 0.15 and 10 MHz up to
10 MHz for fc between 250 and 2560 MHz.
Phase deviation resolution: 1° (0.1 S fc < 640 MHz); 2° (640 S fc
< 1280 MHz); 4° (1280 S fc < 2560 MHz).
Phase modulation distortion: 10% at maximum rate.

Amplitude Modulation
Depth: 0 to 95% at levels of + 10 dBm and below
Resolution: 0.1 %
Incidental FM (al 30% AM): identical to HP 8662A except: <0.3 X
fmod for 1280 S fc < 2560 MHz
Indicated accuracy: ±6% of reading ± I % AM (400 Hz and I kHz,
depth 90%)
AM Bandwidth (1dB):
DC to> 1.5 kHz, 0.15 MHz ~ fc < I MHz; DC to >5 kHz, I MHz
~ fc S 10 MHz; DC to> 10 kHz, fc > 10 MHz: Externaldccoupling.
External ac coupling or internal; low frequency coupling is 20 Hz.
Distortion (400 Hz and 1 kHz): <2% (0-30% AM); <4% (30-70%
AM); <6% (70-90% AM).

Output
Level range: +16 dBm to -129.9 dBm
Resolution: 0.1 dB
Absolute level accuracy (+15° to +45°C): ±I dB, +16 dBm to
-119.9 dBm; ±3 dB for -120 dBm and below.
SWR: <1.5

Spectral Purity
Residual SSB phase noise in 1 Hz BW (320 ~ fc < 640 MHz):
identical to HP 8662A.
Typical SSB phase noise: identical to the HP 8662A for fc between
100 kHz and 1280 MHz (see graph). For fc between 1280 and 2560
MHz, the noise wil1 be approximately 12 dB higher than the 639
MHz curve on the "typical SSB phase noise" graph.
Absolute SSB phase noise in a 1 Hz BW: identical to the HP 8662A
for fc between 100 kHz and 1280 MHz. For fc between 1280 and
2560 MH z, the specified noise is 6 dB higher than the 640 to 1280
MHz specification in the table.
Spurious signals: identical to HP 8662A except for fc between 1280
and 2560 MHz the spurious non-harmonics are -78 dBc, the sub
harmonically related (f/2, 3f/2, etc.) between 640 and 1280 MHz are
-70 dBc and between 1280 and 2560 MHz are -40 dBc, and the
power line (60 Hz) or microphonically generated spurious are -65
dBc.
Harmonics: <-30 dBc, s + 13 dBm output, < -25 dBc, +13 dBm
to + 16 dBm output, fc< 1280 MHz; <-25 dBc, fc~ 1280 MHz



SIGNAL GENERATORS
Synthesized Signal Generators
Model 86600

• 10 kHz to 2600 MHz
• Synthesizer stability and accuracy
• 1 Hz resolution (2 Hz above 1300 MHz)

• Ten digit display
• Calibrated output over> 140 dB range
• AM, FM, <PM, or pulse modulation

C]~
SYSTEMS

HP 86600

HP 86600 Synthesized Signal Generator

System Concept
The HP 8660 is a modular, solid-state, plug-in system. Each system

includes: I) a programmable, synthesized signal generator main
frame, 2) an RF section plug-in, and 3) a modulation section.
Synthesized accuracy and stability, along with complete program
mability, make the HP 8660 ideal for automated receiver, subsystem
and component testing.

Mainframes
The HP 86600 offers front panel and HP-IB or BCD control of

center frequency and frequency sweep. An external reference may be
used to replace the internal, high stability reference oscillator.

Plug-In RF Sections
The HP 8660lA (0.01 - 110 MHz), HP 86602B (I -1300 MHz),

and HP 86603A (I - 2600 MHz) are the three RF section choices.
The HP 11661 B Frequency Extension Module (mainframe Option
100) must be used with the HP 86602B and HP 86603A and is in
stalled internally to an HP 8660 mainframe. (When using the HP
8660A mainframe, the HP 86603A plug-in must be ordered with Op
tion 003.)

Reference output: rear panel BNC connector provides output of ref
erence signal selected at level of at least 0.5 Vrms into 170 ohms.
Digital sweep: auto, single, or manual. Selectable speeds 0.1, I, or 50
seconds.

Remote Programming
Functions

HP 86600: CW frequency, frequency stepping (STEPr, STEP 1),
output level, and most modulation functions are programmable.

Programming Input
Connector type: 36-pin Cinch type 57 (mating connector sup
plied). 24-pin Cinch type 57 for HP-IB control. BCD and HP-IB
control internal jumper selectable.
Logic: TTL compatible (negative true).

SWitching time: less than 5 ms to be within 100 Hz of any new fre
quency selected. (Less than 100 ms to be within 10 Hz.)

General
Operating temperature range: 0° to +55°C.
Power: 100, 120,220, or 240 volts +5%, -10%, 48-400 Hz; approxi
mately 350 watts.
Weight (mainframe only): net, 23.8 kg (53 lb). Shipping, 29.6 kg (65
Ib).

Supplemental Characteristics
Typical Single Sideband Phase Noise
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Plug-In Modulation
There are five modulation sections from which to choose. The HP

86631 B Auxiliary Section provides external AM and pulse modula
tion. The HP 86632B offers AM and FM and utilizes a free-running
VCO to provide high FM deviations and rates while the HP 86633B
provides AM and phase locked FM. The HP 86634A offers high per
formance phase modulation with rates to 10 MHz while the HP
86635A provides both FM and phase modulation. (The HP 86634A
and HP 86635A must be used with Option 002 RF Section.)

HP 86600 Mainframe Specifications
Frequency accuracy and stability: CW frequency accuracy and
long term stability are determined by internal reference oscillator, or
by external reference.
Reference Oscillator

Internal: 10 MHz quartz oscillator. Aging rate less than ±3 parts in
109 per 24 hours.
External: rear panel switch allows operation from 5 MHz or 10
MHz frequency standard at a level between 0.5 and 2.5 Vrms into
170 ohms.
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Models 86601A-86603A
1 MHz to 1300 MHz 1 MHz to 2600 MHz10 kHz to 110 MHz

• I •rI
I

I
I

•
HP 86601A HP 866028 (HP 116618 required)

RF Section Specifications (installed in HP 8660D mainframe)

HP 86603A (HP 116618 required)

HP 86601A HP 866028 HP 86603A
(requires HP 116618) (requires HP 116618)

Frequency Range 0.01-110 MHz 1-1300 MHz 1-2600 MHz
(109.999999 MHz) (1299,999999 MHz) (2599,999998 MHz)

~-------T--------CF <1300 MHz CF ~13oo MHz

'" Frequency Resolution I Hz 1Hz I 2 Hz~
'" Harmonics <-40 dBc ~-30 dBc « -25 dBc above +3 dBm) I ~-20 dBc'is...

Spurious Ito>...
ac: Non Harmonically Related ~-80 dBc ~-80 dBc below 700 MHz ~-74 dBc within...

I:J: (greater than 10KHz ~-80 dBc above 700 MHz within 45 MHz of carrier 45 MHz of carrier'to>
>- offsets) ~-70 dBc above 700 MHz >45 MHz from carrier I ~-64 dBc >45 MHzto>z Power Line Related ~-50 dBc on +10 dBm range from carrier...

I~ (CW, AM, ¢M only)' ~-60 dBc ~-60 dBc ~-60 dBcSO
l!: Signal To Phase Noise IRatio (CW, AM, ¢M only, >50 dB >45 dB >39 dB

offsets> 300 Hz) I
'"

Output Level (into 5(0) +13 dBm to -146 dBm +10 to -146 dBm +10 to -136 dBm +7 to -136 dBm'
~

Output Accuracy ±I dB,+13 to-66 dBm ±1.5 to-76 dBm ±2.5 dB to-76 dBm'...
... !!!
~ac: (local and remote) ±2 dB,-66 to-146 dBm ±2,0 to-146 dBm ±3.5 dB to-136 dBm0. .........
~to> Flatness (output level <±0.75 dB <±1.0 dB <±2.0 dBo£i1!... variation with frequency) (1-2600 MHz)

:J:

Ito> Impedance 500

AM Modulation Depth oto 95% oto 90%' I oto 50%'

3 dB Bandwidth: 0-30% 200 Hz, CF <0.4 MHz 10 kHz, CF<lO MHz I 5kHz
10 kHz, OMCF <4 MHz 100 kHz, CF~IO MHz

I100 kHz, CF~4 MHz
0-70% 125 Hz, CF<O.4 MHz 6 kHz, CF<lO MHz I N/A

6 kHz, 0.4~CF<4 MHz 60 kHz, CF~IO MHz
::IE 60 kHz, CF~4 MHz I... 0-90% 100 Hz, CF<O.4 MHz 5 kHz, CF<lO MHz I N/A

5kHz, OMCF<4 MHz 50 kHz, CF~10 MHz
50 kHz, CF>4 MHz I

Distortion,' THO at 30% AM <1%, Q.4-110 MHz <1% I <5%
at 70% AM <3%, Q.4-110 MHz <3% N/A

'" at 90% AM <5%,0,4-110 MHz <5% I N/A
~ FM Rate de to I MHz with HP 86632B de to 200 kHz with HP 86632B and HP 86635A'"ii: and HP 86635A 20 Hz to 100 kHz with HP 86633B...... 20 Hz to 100 kHz with HP 86633Bto>...
ac:

Maximum Deviation (peak) 1MHz with HP 86632B 200 kHz with HP 86632B and HP 86635A I 400 kHz w/HP B6632B, 86635A...
1!!'::J:

to> and HP 86635A 100 kHz with HP 86633B I 200 kHz w/HP 86633B
z 100 kHz with HP 86633B0 .;:::

Distortion, THO (at rates <I%up to 200 kHz dev. <I%up to 200 kHz dev. ;::5 <I%up to 400 kHz dev.
~ up to 20 kHz) <3% up \0 1MHz dev.e>
0
::IE Pulse Rise/Fall Time 200 ns 50 ns...

~ ON/OFF Ratio (with pulse >50 dB >40 dB i >60 dB
~ level control at max.)

¢M Rate N/A de to 1MHz with HP 86635A
de to I MHz for CF <100 MHz with HP 86634A
de to 10 MHz for CF >100 MHz

!IE Maximum Peak Deviation N/A oto 100 degrees I oto 200 degrees...
Distortion, THO N/A <5% up to 1MHz rates

<7% up to 5 MHz rates
<15% up to 10 MHz rates

..... Weight Net 5 kg (ll1b) Net 4.1 kg (9 Ib) Net 5 kg (l1lb)...
ffi Shipping 6.8 kg (15Ib) Shipping 5.5 kg (12 Ib) Shipping 6.4 kg (14 Ib)
is HP 1166IB: Net 2.3 kg (5Ib); shipping 2.7 kg (6Ib)CJ

'For output levels +3 dBm and below; slightly higher +3 to +7 dBm. 'For RF output level meter readings from +3 dB to -6 dB and only at +3 dBm and below,
'Measured in a30 kHz band centered on the carrier excluding a 1Hz band centered on the carrier. 'Applies only at 400 Hz and 1kHz rates with output meter set between 0 and +3 dB. At -6 dB
'For +3 to +7dBm output levels, output accuracy and lIatness will be slightly degraded meter setting the distortion approximately dOUbles.
(above 1300 MHz only) 'Phase modulation is only possible with Option 002 RF Sections.



SIGNAL GENERATORS
Synthesized Signal Generators (Cont'd)
Models 866318-866338, 86634A-86635A

Pulse/AM

HP 866318

AM/High Deviation FM

HP 866328

AM/rj> Locked FM

HP 866338

High rate rj>M

HP 86634A

</>M/FM

•
HP 86635A

Modulation Section Specifications

HP 866318 HP 866328 HP 866338 HP 86634A HP 86635A

Functions Ext. Only Int. and Ext. Int. and Ext. - -

AM
Indicated Accuracy - ±5% of full scale - -
(at 400 and 1000 Hz rates) With HP 8660lA RF Section:

±7%, center frequency ~loo MHz.
With HP 86603A RF Section:

±IO%, center frequency ~13oo MHz.

Functions - Int. and Ext., Int. and Ext. - Int. and Ext.,
FM CF CAL FM CF CAL

FM
Center Frequency - Typically less Same as in CW - Typically less
Long Term Stability than 200 Hzlhr Mode (3 x 1O-8/day) than 200 Hzlhr

Indicated Accuracy - ±5% of full scale - ±5% of full scale
(up to 20 kHz rates)

Pulse Functions Ext. Only - - - -
Functions - - - Int. and Ext. Int. and Ext.

~M Indicated Accuracy ±5% of full scale up to 100 kHz rates
(15'C to 35'C) - - - ±8% of full scale up to 2 MHz rates

±15% of full scale up to 10MHz rates

0-100% AM 0-100% AM 0-100' Peak ~M 0-10, 100, 1000 kHz
0-10, 100, 1000 kHz 0-10, 100 kHz FM (0-200' for CF~ FM, 0-100' Pk. ~M

Meter - FM Pk. Dev. (0-20, Pk. dev. (0-20, 1300 MHz) (0-20, 200, 2000 kHz
200, 2000 kHz FM 200 kHz FM for FM, 0-200' Pk. ~M
for CF >1300 MHz) CF >1300 MHz) for CF >1300 MHz)

Internal Modulation
Source None 400 Hz and I kHz ±5%
Output - 200 mV minimum into 10 kll. Available at front panel BNC connector

Input Impedance 500 Pulse 6000 6000 501l 6000
6000 AM

Net, 1.4 kg (3 Ib) Net, 2.7 kg (6 Ib) Net. 27 kg (6 Ib) Net, 1.8 kg (4 Ib) Net, 2.7 kg (6 Ib)
Weight Shipping, 2.3 kg Shipping, 4.1 kg Shipping, 4.1 kg Shipping, 3.2 kg Shipping, 4.1 kg

(5Ib) (9Ib) (9Ib) (7Ib) (9Ib)

Ordering Information
UP 8660D Synthesized Signal Generator mainframe

Opt 001 ±3 X 10-9/day internal reference oscil
lator
Opt 002 No internal reference oscillator
Opt 003 operation from 50 to 400 Hz line
Opt 005 Factory configured for HP-IB program
ming operation.
Note: HP-IB cables not supplied, see page 561.
Opt 100 HP 11661B factory installed inside
main frame
Opt 908 Rack Flange Kit (08660-60347)
Opt 910 2 sets of operation/calibration (08660
90103) and service (08660-90104) manuals
Opt 915 Service manual (08660-90104) supplied with
instrument
Opt W30 2 years additional hardware service

HP 86601A 0.Ql-110 MHz RF Section

Price
$14,600

$0
- $300

$0
$0

+ $6,100
+ $110
+ $250

+ $100

+ $300
$8,000

UP 86602B 1-1300 MHz RF Section
UP 86603A 1-2600 MHz RF Section
Note: HP 866028 and 86603A RF sections require an HP 116618 for operation.

Opt 002 adds phase modulation capability
(HP 86602B, 86603A only)
Opt 003 allows operation of HP 86603A with
HP 8660A mainframe

UP 86631B Auxiliary Section
HP 86632B AM/FM Modulation Section
HP 86633B AM/FM Modulation Section
UP 86634A <f>M Modulation Section
HP 86635A <f>M/FM Modulation Section
Note: Opt 910, 2sets of operation and service manuals. is available for each
modulation section. Contact your HP sales representative for part numbers
and prices.
UP 11661B Frequency Extension Module
UP 11672A Service Accessory Kit
HP 11707A Test Plug-in

$8,650
$10,700

+ $2.350

+ $250

$750
$3.600
$3,600
$2,850
$3,950

$6,050
$1.350
$2.650



• 0.5 to 512 MHz frequency range with optional coverage
to 1024 MHz

• ~. 19 to -145 dBm output power range
• Low SSB phase noise

SIGNAL GENERATORS B
Mechanically Tuned VHF Signal Generators 375

Models 86408 and 86408 Option 004

• Calibrated, metered AM. FM and pulse modulation
• Internal phase lock/s:inchrorllzer. dipital frequency

readout, external count capability to 550 MHz
• Avionics version

HP 8640B (with Option 001, 002, 003)

HP 8640B Option 004 (with Option 001, 003)

HP 86408 Signal Generator
The HP 8640B Signal Generator covers the frequency range 500

kHz to 512 MHz and can be extended to 1024 MHz with an internal
doubler (Option 002). Using the HP 11710B Down Converter, the
HP 8640B frequency range can be extended down to 10kHz. An op
tional internal audio oscillator has a frequency range of 20 Hz to 600
kHz.

The HP 8640B has an output level range of + 19 to -145 dBm (2V
to 0.013 p.V) which is calibrated, metered, and leveled to within +0.5
dB across the full frequency range of the instrument. The output is
protected against up to 50W of reverse power (with Option 003).

The 8640B also has AM, FM, and pulse modulation for a wide
range of receiver test applications.

Spectrally Pure Output Signals
Noise of the HP 8640B is extremely low beyond 10kHz offsets. At

a 20 kHz offset from the carrier, SSB phase noise is <-130 dBc at
450 MHz and <-122 dBc at 550 MHz. Broadband noise floor is bet
ter than -140 dBc/Hz (-130 dBc/Hz for Option 004).

Phase Locked Stability
The HP 8640B can phase lock to the RF output frequency of the

crystal timebase used in the counter (resulting in drift that is better
than 5x10-s/hr) while still maintaining its spectral purity. The HP
8640B can also be locked to an external 5 MHz standard.

In the phase locked mode, FM capability and spectral purity are
maintained while providing FM rates from 50 Hz to 250 kHz.

HP 86408 Avionics Option 004 Signal Generator
The HP 8640B Option 004 N AV/COM Signal Generator is an HP

8640B AM/FM signal generator specially adapted for testing ILS,
VOR, and VHF receivers. Option 004 is designed with low distortion
modulation circuitry for use with suitable VOR/ILS audio genera
tors.

Demodulated Output
RF peak detected AM is available from the front panel for precise

AM settings. A choice of combined ac/dc at IV rms or ac only at 5V
rms is provided.

Output Level Setting
Option 004 provides excellent demodulated output linearity by us

ing a 10 dB and a I dB step attenuator and vernier. Output levels
from +15 dBm to -142 dBm (1.3V to 0.018 p.V).

Low Distortion Modulation
Option 004 provides flat AM response and minimum phase shift at

30 Hz and 9960 Hz as well as constant group delay between 9 kHz
and II kHz for accurate VOR and ILS testing.

Operation and specifications of the HP 8640B Option 004 are the
same as the standard HP 8640B except where noted.

HP 86408 Specifications
Frequency
Range: 500 kHz to 512 MHz in 10 octaves, (1024 MHz with Option
002 internal frequency doubler).
Resolution: (Dependent upon phase lock mode and frequency
ranges).
Fine Tuning
Unlocked: > 1000 ppm total range.
Locked mode: > ±20 ppm by varying internal time base vernier.
Accuracy: 61/2 digit LED display with X I0 and XIOO expand; accu
racy depends on internal or external reference used.
Stability (after 2 hr warmup):
Normal: < 10 ppm/IO min. Locked: <0.05 ppm/hr.
Restabilization time after frequency change:
Normal: < 15 min. Locked: < I min. to be within 0.1 ppm.
Output
Range with Opt. 003 (10 dB steps and 18 dB vernier provide
the following output power settings into 50 ohms):

Standard: +18.5 to -145 dBm.
Opt. 002: + 18 to -145 dBm, fc: 0.5 - 512 MHz; +12 to -145 dBm,
fc: >512 MHz.
Option 004: +15 dBm to -142 dBm (1.3 toO.018j.LV).
Option 004 attenuators: 10 dB and I dB step attenuators with a
>2 dB vernier.

Level flatness with Opt. 003 (referred to 1V at 50 MHz at top 10
dB of vernier):

Standard: +0.75 dB, -1.25 dB.
Opt. 002: + 1.0 dB, -2.0 dB, (±2 dB for fc >512 MHz).



BSIGNAL GENERATORS
Mechanically Tuned VHF Signal Generators (cont'd)
Models 8640B and 8640B Option 004

Opt. 004 (referred to 190 MHz and ±10 to -10 dBm): <±0.75
dB; fc: 0.5 to 512 MHz, <±0.5 dB; fc: 108 to 336 MHz.

Level accuracy:
Standard: ± 1.5 dB to ±4.5 dB depending on level and frequency.
Option 004: ±2 dB; + 15 to -10 dBm, ±2.5 dB; -10 to -50 dBm;
±3.0 dB; -50 to -142 dBm (subtract 0.5 dB for 108 - 336 MHz).

AM sensitivity (400 Hz and 1 kHz rates into 600fl):
0.1 % AM/mV peak; (0.1±0.005)% AM/mV pk when fc <512 MHz.
AM accuracy: (400 and I kHz rates)
±(5.5%ofreading +1.5% of full scale), fc <512 MHz.
Incidental 1M (at 30% AM): <0.15 rad, fc < 128 MHz; <0.3 rad, fc
<512 MHz; 0.6 rad, fc >512 MHz.

C.urier Offset Frequencv

Price
$12,000

+$525
+$1,050

+$375
+$1,575
+$37.50

+$340

+$150

Ordering Information
8640B Signal Generator

Opt 001 20 - 600 kHz internal audio oscillator
Opt 002 Internal doubler 512 - 1024 MHz
Opt 003 Reverse power protection
Opt 004 Avionics version
Opt 908 Rack mount kit (5060-8740)
Opt 9102 sets of operation/calibration (08640
90208) and service manuals (08640-90215)
Opt 915 Service manual supplied with instrument
(08640-90215)

General
External reference input: 5 MHz, nominally >0.5 Vpp into 1 kQ.
Internal reference (after 2 hr. warmup at 25°C):
Aging rate: <0.05 ppm/hr; <2 ppm/90 days.
Drift: <±2 ppm; 15 to 35°C, <+ 10 ppm; 0 to 50°C.
Typical accuracy: ±2 ppm; 15 to 35°C.
Operating temperature: 0 to 55°C.
Power requirements: 100, 120V (+5%, -10%); 48 to 440 Hz, 220,
240V (+5%, -10%); 48 to 66 Hz. 175 VA max (Opt. 002: 190 VA
max).
Weight: net, 20.8 kg (46Ib); shipping, 24.1 kg (53Ib).
Size: 140H x425W x 467 mmD (5.5" x 1675" x 18.75").

Counter
Frequency range: 1 Hz to 550 MHz.
Sensitivity: > 200 mVrms from a 50 source impedance, ac only.
Resolution (6 digit LED display with X10 and X100 expand
mode): 100 Hz for fc: 0 - 10 MHz; 10 kHz for fc: 10 - 550 MHz.

General Option 004 AM Specifications
Demodulated output: output vernier in CAL position, 108 to 118
MHz and 329 to 336 MHz and 20% - 80% AM.
AC only output: proportional to AM depth; 90 to 150 Hz AM rates.
%AM equals: (20 ±0.6)% per Vrms; 0 to 55°C, (20 ±0.4)% per
Vrms: 20 to 30°C, (20 ±0.2)% per Vrms using CAL data.
AC and de output: proportional to AM depth; 90 to ISO Hz AM
rates. DC output equals (1.41 ±0.01) V dc with vernier in CAL posi
tion. %AM equals: (100 ±3)% per Vrms; 0 to 55°C, (100 ±2)% per
Vrms 20 to 30°C, (100 ±I)% per Vrms using DEMOD CAL data.
Phase shift from audio input to demodulated output (108 - 118
MHZ, AM EXT DC mode): <±0.01 0; 30 Hz rate, ±3°; 30 Hz to 10
kHz, ±2°; 9 kHz to II kHz.
Pulse Modulation
Riselfall time: <1 ).Lsec, fc: 8 - 512 MHz, 1 ).Lsec typo for fc >512
MHz, 1 to 9 ).Lsec for fc <8 MHz (depending on carrier frequency).
Rate: 50 Hz to 500 kHz at 512 MHz.
On/off ratio: >40 dB; fc <512 MHz, >60 dB; fc >512 MHz.
Frequency Modulation
Deviation: 640 kHz, fc: 64 to 128 MHz. (Deviation doubles at each
octave above 128 MHz and halves at each octave below 64 MHz.)
FM rate (3 dB BW): dc/20 Hz - 250 kHz (50 Hz min. in locked
mode).
FM distortion (400 and 1 kHz): <3%, « [%, dev. <V, maximum).
FM sensitivity: 1V peak into 600fl.
FM accuracy (400 and 1 kHz): ±(7% + 1.5% of full scale).
Incidental AM (400 and 1 kHz): <1% AM, «0.5% AM, dev. <V,
max.), <7%, fc >512 MHz «1%, dev. <'/' maximum).

I II
"--r""""--~ssoMHz

~ -110

l
'"N -120
:I:

Frequency Ranges oto 50% AM 50 to 90% AM

0.5102 MHz de - 20 kHz de - 12.5 kHz
2108 MHz de - 40 kHz de - 25 kHz
810512 MHz de - 60 kHz de - 50 kHz

512 10 1024 MHz de - 60 kHz de - 50 kHz

Modulation
General: internal AM, FM, external AM, FM and Pulse.
Simultaneous AM and FM or Pulse and FM.

Frequency: fixed 400 Hz and 1 kHz ",3%; also, 20 Hz to 600 KHz,
± 15% with Opt. 003.
Output level: Standard: 10mV to 1 Vrms into 600fl.

Opt. 003: 1 mV to 3 Vrms into 600fl.
Amplitude Modulation

(Option 004 specifications apply to output settings of + 10 dBm and
below)
Depth: 0 to 100%, amplitude <+ 13 dBm; 0 to 100%, amplitude <+7
dBm (excluding top 6 dB of vernier) at fc >512 MHz.
AM Bandwidth

Standard' 3 dB bandwidth (lower ac limit is 20 Hz)

Option 004 frequency response: (lower ac lImit IS 20 Hz);
< ±0.04 dB; 90 Hz to 150 Hz, fc: 108 - 118 and 329 - 335 MHz;
<±O.J dB; 9 kHz to 11 kHz, fc: 108 - 118 MHz.

AM distortion (400 Hz and 1 kHz rates):
<1 %,0 - 50% AM; <3%, 50 - 90% AM;
<10%,0 - 30% AM (fc >512 MHz);
<20%,30 - 90% AM (fc >512 MHz).

External input impedance:
Standard: 600n.
Opt. 004: 2 kfl nominally.

.
J -130 f----+-+--H-t '\
~..
'"'"'t> -140 f--+-+--Hc-++-+t--",

Spectral Purity
Harmonics (at 1V, +10 dBm output range and below):

<-30 dBc, 0.5 to 5[2 MHz;
<-12 dBc, 512 to 1024 MHz (Option 002).

Spurious (greater than 15 kHz offsets):
Nonharmonically related: <-1 00 dBc;
SUbharmonically related: <-100 dBc, <-20 dBc; fc >5[2 MHz

ResIdual AM (averaged rms ill a 0.3 - 3 kHz BW): <-85 dBc.
Residual FM (averaged rms in a 0.3 • 3 kHz BW): < 5 Hz, (< 10Hz;
fc: >512 MHz).
Measured SSB phase noise (typical): triangles are specified limits.
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Accessories, Frequency Doublers 377

Models 11509A, 11687A, 11690A, 11710B, 11721A

• Additional capabilities for signal generators

ii"'!l:i~....--
HP 11687A

HP 11509A

HP 117108

HP 11690A

HP11721A

HP 11509A Fuseholder
Accidental burnout of attenuators in HP 8640 and HP 8654 signal

generators can be prevented by using this fuse element between the
signal generator and a transceiver. The fuseholder has a frequency
range of dc to 480 MHz, insertion loss of:S 1 dB, SWR of :s 1.35 (50n
load), and Type ~ connectors. Ten extra fuses are furnished.

HP 11687A 50-75Q Adapter
This 50-75n adapter with Type N connectors is recommended for

use with HP 8640, 8642, 8654, 8660, 8656, and 8662 signal genera
tors for measurements in 75n systems. The voltage calibration on the
output level meter is unaffected by use of the adapter, but 1.76 dB
must be subtracted from the dB scale on the meter to determine the
output in dBm into 75fl. Frequency range is dc to 1300 MHz.

HP 11690A Frequency Doubler
The HP 11690A extends the frequency range of all HP 8640 series

signal generators by doubling the 256-512 MHz frequency band up to
1024 MHz (to 110 MHz with band overrange). All HP 8640s indi
cate the correct doubled output frequency on a dial or counter when
the 512-1024 MHz range is selected. The HP 11690A will also per
form well with any source meeting the input requirements of 200-550
MHz at + I0 to + 19 dBm. Conversion loss is < 13 dB, output flatness
has <4 dB total variation, and the first and third input harmonics are
suppressed >20 dB. Connectors are BNC.

HP 11710B Down Converter
The HP 11710B Down Converter is an accessory for the HP 8640

and HP 8654 series signal generators. Frequency inputs from 50.01 to
61 MHz are down converted to the 10 kHz to II MHz range respec
tively. The output level and modulation functions of the HP 8640 and
HP 8654 remain calibrated. A straight-through selection switch al
lows the input to pass through unchanged, and thus minimizes the
necessity to move cables when testing. Option 001 provides rails and
semi-rigid coax for combining the HP 11710B with an HP 8654A/B
Signal Generator.

HP 11710B Specifications
Input
Down-conversion mode: 50.01 to 61.00 MHz at :S 0 dBm.
Straight-through mode: 0.01 to 1100 MHz (dc coupled).

Internal Reference Characteristics
Time base output: I MHz or 5 MHz selectable, nominally> 0.5V p
pinto 500n. This will drive an HP 8640B external time base input.
Typical overall accuracy: (within 3 months of calibration and from
15°C to 35°C): ± 2 ppm.

General
Operating temperature range: 0° to 55°C.
Power requirements: 100, 120, 220, 240V (+5%, -10%), 48 to 440
Hz; 25 VA maximum.
Weight: net, 3.2 kg (7 Ib); shipping, 4.5 kg (9 lb).
Size: 102 H x 266 W x 295 mm D (4" X 10.5" X 11.6"). Y2 MW X
4 H X 11 D System 1 Module.

HP 11721A Frequency Doubler
The HP 11721A Doubler is an ideal accessory for extending the

usable frequency range of signal generators, frequency synthesizers,
or other signal sources. Operating on input frequencies of 50 MHz to
1300 MHz, it provides a doubled output in the range of 100 MHz to
2600 MHz. The HP 11721A will work well with any RF source with
an output in the range 50 to 1300 MHz.

The son passive circuit of the HP 1172IA offers low conversion
loss, low spurious, and excellent flatness over its entire frequency
range when operated above +10 dBm.

HP 11721 A Specifications
Input frequency range: 50 to 1300 MHz.
Output frequency range: 100 to 2600 MHz.
Conversion loss (+13 dBm input, 50 to 1280 MHZ): <15 dB.
Spurious referenced to desired output frequency f (+13 dBm in
put With harmonics <-50 dBc. 50 to 1280 MHz): f/2, -15 dB;
3f/2, -15 dB.
Input SWR: 1.5 typical.
Input/output impedance: 50n nominal.
Operating temperature range: 0° to +50°C.
Connectors: input, type N male; output, type N female.
Size: 161 Lx 30 W x 20.5 mm H (6 J/8" x 13/ 16" x 1)/16").

Weight: net, .02 kg (0.5 lb); shipping, 0.4 kg (lIb).

Down-Converted Output
Frequency range: 10 kHz to II MHz.
Level range: 0 to -107 dBm
Level flatness: RF source flatness ±O.5 dB (referred to 4.0 MHz).
Total level accuracy: ± (I dB plus input level accuracy).
Harmonics: > 35 dB below the carrier (dBc).
Intermixing spurious: >60 dBc.
Local oscillator feed-through (50 MHz): < -100 dBm.

Ordering Information
UP 11509A Fuseholder
UP 11687A 50n-75n Adapter
UP 11690A Frequency Doubler
UP 11710B Down Converter

Opt 001 Combining Kit
Opt 910 Additional operating & service manual

UP 11721A Frequency Doubler
2il" Fast ship product - see pg. 766

Price
$275
$2152il"
$315

$3200
$160

$3.50
$700



BSIGNAL GENERATORS
Signal Simulator System, de - 50 MHz
Models 8770S, 8770A, 11776A

• A new soun::e of '·rea!·life"3ignals to 50MHz
• Excellent spectral purity
• Accurate margin test., with precise degradations
• The standard for simulatin~] complex signals

• Accelerate R&D turnaround
• Reduce artificial guard bands
• 125MHz sample rate
• 12-bit resolution, 512K word memory

Simulate Signals for Radar, EW, Communications,
Magnetic Disk and Other Applications

Today's sophisticated electronic systems require "real-life" func
tional testing to ensure that they will perform properly under their
intended operating conditions. The HP 8770S accurately simulates
real-life signals in radar, EW, communications, magnetic disk and
other applications. The HP 8770S helps test if your radar can detect
multiple targets. It tests if your EW receiver can correctly identify
possible threats. It tests if your digital receiver can reconstruct trans
mitted signals in the presence of jamming. And, in magnetic disk ap
plications, it simulates the signals necessary to test sensitive
read/write and servo circuitry.

Description
The HP 8770S Signal Simulator System consists of the:
• HP 8770A Arbitrary Waveform Synthesizer
• HP 9000 Series 300 Technical Computer
• HP 11776A Waveform Generation Software.
Design waveforms with the software, then generate the waveforms

with the HP 8770A. Use this advanced simulation system to generate
complex baseband and IF signals from dc to 50 MHz. Add precise
amounts of distortion and noise to test the operating margins of your
system early in the development cycle. All signal parameters are
under complete software control, allowing quick changes to meet new
test demands. The HP 8770A has a complete HP-IB command set for
full automatic control and easy downloading of waveform data previ·
ously defined by the HP 11776A or by other means. Regardless of
your application, the use of precise complex test signals improves the
evaluation of your circuits and systems.

The HP 8770A Arbitrary Waveform Synthesizer (AWS) forms
the heart of the HP 8770S. Advanced digital synthesis techniques en
sure precise waveform generation.

Features
• 8 ns Sample Update Rate

• l2-bit Words
• 125 MHz Internal Clock

(phase-locks to crystal osc.)
• Special "Deglitching" Circuits

• 110 dB RF Attenuator

• 5l2K Memory

Benefits
• Rapid Signal Parameter

Changes
• High Amplitude Resolution
• Time Base with Synthesizer

Accuracy
• Low Harmonic and Spurious

Distortion Levels
• l2-bit Resolution Even at Low

Signal Levels
• Highly Complex Waveforms,

Longer Waveform Sequences

The HP 11776A Waveform Generation Software operates on the
HP 9000 Series 300 technical computers. It consists of the Waveform
Generation Language (WGL), an HP BASIC 5.1 operating system,
and application disks for powerful waveform development. Use over
100 easy commands and math functions to create and manipulate
waveforms as desired. Add noise or spurs to generate real-life test
signals. Add waveforms together to create harmonically distorted
waves, or multiply waves to create complex modulated signals. Create
waves in either the frequency or time domain and quickly convert
from one to the other. Capture data from other instruments such as
spectrum analyzers and oscilloscopes. Once waveforms have been de
veloped, you can download them into the HP 8770A for immediate
generation or store them on a disk for later use in multiple stations.
Thus, WGL makes "what if' testing to determine a device's perform
ance easy and affordable.

Build Waveform libraries for Complete Tests
Any HP-IB computer can control the HP 8770A and download

previously defined waveform data. Generate a library of test
waveforms with the HP 11776A software. Then download them to
the HP 8770A from the computer in your ATE system for use in your
applications.

Stretch Memory with Sequencing
Certain parts of waveforms often repeat themselves and quickly fill

up even the largest memory. This leaves less memory to define the rest
of the desired test signal. The HP 8770A avoids this problem by al
lowing sections of memory (packets) to be repeated any number of
times and in any order. This sequencing capability and the large
5l2K word memory free large amounts of memory for greater flexi
bility when defining complex waves. Many test signals can also be
stored simultaneously in the memory and accessed at any time with
the sequencer. In a production ATE environment, this substantially
decreases download time, reducing costs.

Applications Overview

Radar
The HP 8770S simulates multiple targets for more effective radar

testing. Simulate complex radar video and IF signals. Add noise,
pulse jitter, and clutter. Shape radar chirps to exact specifications.
Stagger multiple radar pulses. Vary the PRF as a function of time.
Control radar pulse parameters with extremely precise resolution. Fi
nally, manipulate doppler shift and range or superimpose multiple
targets together, resulting in complex, demanding test signals.
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Number of DAC bits: 12 true bits, monotonic
Amplitude Resolution: .024% of full scale
Amplitude Flatness: <±0.65 dB ( <0.1 dB w/predistortion)
Phase Linearity (de - SOMHz): ±5° «±I 0 w/predistortion)
Output Impedance: 50!'! (75 !'! for option 002)
Output SWR: < 1.2: I
Connector: Type N (female)

Spectral Purity
Harmonic Distortion (output level = +10dBm):

-501----'

Doppler shifted return of moving target

Electronic Warfare
Simulate MOP, exotic threats, and other complex modulated sig

nals to test next-generation EW receivers and signal processors. Vary
pulse amplitudes, rise and fall times, pulse width, PRI, and stagger, of
individual radars.

Worst
Harmonic

(dBc)

-40
,.- SpEC

~_-_-~-TYPICAL

-40

Inband Spurious and Nonharmonic Distortion:

TYPICAL

,.-----SPEC

-80L----1,L-0---~20:----~30~---:4~0------:5-;;0;-

Frequency (MHZ)

Spur
Level
(dBc)

Antenna scan pattern

-80 L----l.L0---2~0:-----:!30:-----:4~0------:5:';0:

Fundamental Frequency (MHz)

Two-Tone Intermodulation Distortion: <-65dBc for a 10.000
MHz and 10.124 MHz signal at +4 dBm each.
SSB Phase Noise@10MHz: <-120 dBc/Hz @ 10kHz offset.

Modulation Capabilities
AM, FM, <PM, Chirp, Pulse, Digital (BPSK, QPSK, BPSK,
QAM), Antenna Scan, I/Q.

External System Triggering: Repetitive, Single-Shot, Gated;
Outputs: Scan Start, Packet Start, Sequence Start, Equal Address,
Packet Advance Ready.
Inputs: Packet Advance Trigger, System Start Trigger, System
Stop Trigger.

Clock
Sampling Clock Rate: 125 MHZ (externally variable)
Reference Oscillator: 10 MHz quartz crystal. Aging rate
<5xIOE-I0/day after a 24 hour warmup and an oscillator time-off
of less than 24 hours.

Remote Operation
HP-IB, 16-bit GPIO parallel port

General
Operating Temperature: 15-40 C
Power: 445 VA
Weight: Net, 23.6 kg (52Ib), Shipping, 29.5 kg (65 lb)
Size: 235 H x 425.5 W x 622 mm D (9.25" x 16.75" x 24.5")

Communications
The HP 8770S is an excellent signal simulator for conventional an

alog communication systems, digital microwave radios, and satellite
communications systems. Design and generate amplitude-, frequen
cy-, and phase-modulated communications signals with digital preci
sion. Exploit memory sequencing to hop from one frequency to the
next with fast frequency switching speed and phase continuity. Simu
late Nyquist filter responses in software to eliminate time-consuming
and costly hardware filters.

Missing bit

Magnetic Disk
The signal simulation system continues to be extremely successful

in magnetic disk applications. Replace the head disk assembly to test
read/servo channel boards for design integrity, calibrate disk media
certifiers, or verify board operation in production test. Test bit shift
susceptibility to less than SOps shift resolution.

Other Applications
• Video and Imaging
• Component Test

HP 8770A Performance Characteristics
Frequency

Range: dc to 50 MHz
Frequency Switching Speed: 8 ns, phase continuous

RF output
Power range: +10 dBm to -110 dBm
Attenuator: 110 dB in 10 dB steps
Max Output Voltage: 2 V Pop into 50 or 75 ohms

Ordering Information
UP 8770S Signal Simulator System
To ensure coordination of shipments and compatibility
of instruments, computers and software, use the system
model number when ordering individual components.
Obtain the HP 8770A and HP 11776A Data Sheet and
an HP 8770S Ordering Guide from your local sales of
fice.
HP 8770A Arbitrary Waveform Synthesizer

Option 002: 75 ohm Output Impedance
UP 11776A Waveform Generation Software (5.25 N

Diskettes Standard)
Option 630: 3.5" Diskettes Only

Price
$0

$25.000
N/C

$6.500

N/C



BSIGNAL GENERATORS
Vector Signal Generator
Model 8780A

• 700 MHz of arbitrary modulation using vector or "I,Q"
inputs

• 10 MHz to 3 GHz IF testing
• Pulse modulation with 1 ns rise times
• Coherent Carrier Output

• BPSK, QPSK, 8PSK, 16QAM, 64QAM, digital
modulation and Pulse

• Wideband FM: over 50 MHz p-p deviations
• Linear amplitude modulation with >50 dB dynamic

range and 350 MHz bandwidth

FM Scalar
Digital Receiver carrier recovery Receiver AGC testing

loop characterization and compression measurements

Vector SimUlating doppler shifts N/A
FM N/A Receiver AGC testing

Scalar Receiver AGC testing N/A

Digital modulation
HP 8780A offers a more convenient way to generate modulations

using only digital inputs. The Vector Signal Generator generates sev
eral standard modulations (BPSK, QPSK, 8PSK, 16QAM, and
64QAM with Opt. 064) using digital inputs, and other common mod
ulations can be generated by combining the Vector Signal Generator
modulations. For example, the HP 8780A can generate TDMA
(time-division-multiple-access) modulation by combining Burst mod
ulation with one of the PSK modulations. Radar Barker codes and
spread spectrum modulations can be generated in similar ways.

The Vector Signal Generator frequency modulation capabilities
are also wideband with peak-to-peak deviations up to 50 MHz and
rates up to 12 MHz. The FM performance has low distortion and
good low frequency response for satellite video applications. If wider
deviations are required, the FM input can be safely overdriven for
typical deviations of >200 MHz pop.

The Vector Signal Generator also generates simultaneous modula
tions to simplify receiver tests and IF measurements. For example,
the envelope of a digitally modulated signal can be varied to test re
ceiver AGC performance, or a Barker-coded radar modulation can be
simultaneously frequency modulated to simulate doppler shifts. The
table below shows which modulations can be combined and some ap
plications for the combinations.

width. With the proper I and Q signals, the Vector Signal Generator
can generate an infinite variety of modulations. Some of the most
likely sources for I and Q driving signals are two HP 8770A Arbitrary
Waveform Synthesizers, the output of a signal generator and quadra
ture hybrid or other baseband waveform generators.

The HP 8780A generates extremely wideband AM (350 MHz)
with typical dynamic range and accuracy of 50 dB and 2% respective
ly. A variety of amplitude-only modulations like gaussian-shaped
pulses and pulse trains of different amplitudes can be easily generated
using this technique.

I.a
ANALOG INPUTS

1
FM DIGITAL LINES SCALAR

Description
The HP 8780A Vector Signal Generator is a synthesized IF source

with exceptional modulation for modern receiver and component test
ing. It is capable of modulation bandwidths almost 100 times wider
than previous synthesizers, and has built-in DACs (digital-to-analog
converters) to simplify generation of common digital modulations. Its
extra-wide modulation bandwidth comes from a vector modulator
that effectively doubles baseband modulation bandwidths for 700
MHz of output modulation. The Vector Signal Generator's wideband
modulation is complemented with an unmodulated coherent carrier
output for demodulation of test signals.

-{>--l
-----·---L-COHERENT

REFERENCE

HP 8780A Block Diagram
The Vector Signal Generator offers a wide variety of modulation

using both digital and analog inputs. It generates many standard digi
tal modulations like QPSK and 16QAM and traditional modulations
like FM, AM and pulse. By combining the different modulation
types, signals as diverse as Barker-coded radar pulses and doppler
shifted satellite signals can be simulated.
Applications

The Vector Signal Generator is well suited to receiver measure
ments where wideband or complex modulations are required. Its co
herent carrier output makes it particularly valuable for systems
employing vector demodulators and for pulsed phase measurements
of components.
Modulation

The Vector Signal Generator vector modulation capabilities are
some of its most valuable. The 350 MHz I and Q (In-phase and
Quadrature-phase) analog inputs combine to generate arbitrary
phase and amplitude modulation within a 700 MHz output band-



-55dBc
-106dBc
-l17dBe
-130dBc

ACFM
typical

10 MHz-3 GHz

HP 8780A Specifications

Frequency
Range: 10 MHz to 3 GHz.
Resolution: I Hz.
Switching speed: typically <220 ms normally
Accuracy and stability: Same as reference oscillator «5 X

lO-lOjday after 10 day warm up for in
ternal reference).

Output
Level range: + 10 to -100 dBm <2.5 GHz,

+4 to -100 dBm :;;2.5 GHz.
(+ 12 dBm :0;3 GHz with Opt 064)

Resolution: 0.1 dB.
Accuracy: ±2.5 dB for levels ~-30 dBm,

±3.5 dB for levels <-30 dBm and >-100 dBm.
SWR: typically < 1.3:1.
Flatness: ± IdB.

Coherent Carrier Output
Unmodulated (except for FM) and unleveled version of front panel
RF output available at rear panel.
Frequency range: 10 MHz to 3 GHz.
Output level: typically> -20 dBm (+ 10 dBm with Opt. 002), speci
fied >-20 dBm from 10 MHz to 200 MHz. Harmonics may be >-5
dBc with Opt. 002.

Spectral Purity
Residual phase noise
Offset from carrier CWO CWO DCFM

specified typical typical
at 1GHz 10 MHz-3 GHz 10 MHz-3 GHz

100 Hz -84dBe -93dBe -74dBc
I KHz -lOOdBe -107dBe -103dBc
100 KHz -llOdBe -115dBc -115dBc
I MHz -ll4dBc -lI7dBe -ll7dBe
10 MHz (>+7dBm) -130dBe -130dBe -130dBc
'Digital, vector, and scalar residual phase noise is the same as CWo
Harmonics: <-35dBc for output levels :O;+7dBm to 2.5 GHz.
Non-harmonically related spurious for CW, digital, vector, and
scalar modulated signals >-40dBm:

<-60 dBc for 10 MHz to 3 GHz, ~20 MHz from carrier
<-55 dBc for 10 MHz to 3 GHz, <20 MHz from carrier
<-55 dBc for <10 MHz & >3 GHz to 18 GHz.

Residual FM for CW, digital, vector or scalar modulated signals:
<4 Hz rms for 300 Hz to 3 kHz detection BW at 50 MHz.

AC Coupled Frequency Modulation
Rates (3 dB frequencies): 20 Hz to 12 MHz.
Deviation ranges: 50 kHz to 50 MHz peak-to-peak (up to >200

MHz pop possible with slightly higher distortion
by overdriving FM input).

Sensitivity: IV peak-to-peak for displayed deviation. .
Sensitivity Accuracy: <7.5% for rates 50 Hz to 6 MHz and devia-

tions <30 MHz pop.
Input impedance: 50 ohms nominal.
Residual FM tor 300 Hz to 3 kHz BW and 50kHz deviation range:
<200 Hzrms.
Supplemental Characteristics

Distortion to 3 MH.t rates at 10 MHz pop: <.75%.
Carrier spurious responses (>20 kHz ottset): <-60 dBc.
Frequency tlatness (50 Hz to 8 MHz): < ±0.5dB.
Differential gain at 27.6 MHz pop: <2%.
Ditterential phase at 27.6 MHz pop: <I degree.
Field time distortion: < I%.
Luminance-to-chrominance delay: <20 ns.

DC Coupled Frequency Modulation
Maximum rate (3 dB frequency): 10 kHz.
Devi~t!0!1 ranges: 150 Hz to 150 kHz peak-to-peak.
SensitivIty: IV peak-to-peak for displayed deviation.
Sensitivity Accuracy: < 10% for rates < I kHz and

deviations < 150 kHz Pop.
Distortion at 1kHz rate and 150 kHz pop deviation: <5%
Input impedance: 50 ohms nominal.
Residual FM for 300 Hz to 3 kHz BW and 150kHz deviation range:
<5 Hz rms.
Supplemental Characteristics

Carrier spurious responses: <-60 dBc for> I kHz offsets,
<-50 dBc for 100 Hz - I kHz oiT
sets.

Digital Modulation
Modulation types: BPSK, QPSK, 8PSK, 16QAM (64QAM with

Opt. 064), Arbitrary 2-State, Burst.
Simultaneous burst: Available with BPSK, QPSK, 8PSK, or CW

(Burst/8PSK not available with Opt. 064).
Alternate level: Available with BPSK, QPSK, BPSK and Burst,

QPSK and Burst (last two not available with Opt.
064.)

1<0: Available with all digital modulations.
Clock modes: Single, separate I and Q (except with Opt. 064), or

asyn.chronous,
Parallel data rates: 0 to 150 MHz clocked (except 64 QAM),

o to 100 MHz clocked 64QAM w/Opt. 064,
o to 50 MHz asynchronous.

Serial data rates (only with Opt. 064): 0 to 150 MHz clock and data
line for 0 to 25 MHz
64QAM clock rate.

Data input levels: ECL (-2V termination), ground, or variable
-2,5V to 2.5V.
Baseband tilters: Three internal; external ports supplied.
Data and clock input impedances: 50 ohms nominal.
Data and clock drive requirements: 0.3 to 3.0 Vp-p.
Data dc accuracy at 140 MHz carrier and ~+7dBm levels:

±1.0% of full scale for BPSK, QPSK, ± 1.2% of full scale for
8PSK, ±2% of full scale for 16QAM, 2-state, alt-Ivl, I<Q.

Burst dc on/ott ratio: >50 dB for 140 MHz carrier.
Supplemental Characteristics 10 MHz to 3 GHz

Data asymmetry: < I ns for clocked modes.
Data skew: <I ns for single clock operation.

Pulse Modulation (Burst)
Pulse rates: 0 to 75 MHz.
Pulse dc on/ott ratio: >50 dB for 140 MHz carrier (except Opt.

064).
Pulse rise/tall times: ~ Ins

Scalar Modulation/AM
Traditional AM modulation requires a dc offset of 0.5 V to be added
to the scalar input.
SensitiVity: 0 to + I volt for 0 to full scale envelope modula tion
DC accuracy: <2% of full scale for 140 MHz carrier and for +7 dBm

levels.
DC ottsets: < I % of full scale
Frequency response: dc to 500 kHz (-3dB).
Input impedance: 10k ohms nominal.

Vector Modulation (using analog IIQ inputs)
Frequency response: dc to 350 MHz (-3dB) at I GHz carrier fre
quency.
DC accuracy: < 1.5% of full scale for 140 MHz carrier at <+7 dBm

and vI2+ Q2 :0: 0.5V. -
DC ottsets: < I% of full scale for 140 MHz carrier.
Sensitivity: ±0.5V into 50 ohms for ± 100% I and Q.
Supplemental Characteristics over 10 MHz to 3 GHz trequency
range

Input impedance: 50 ohms.
SWR: < 1.5: I dc to 350 MHz.
Frequency Response: dc to 350 MHz for carriers 400 MHz to 3
GHz.

Remote Programming
All functions HP-IB programmable except line switch. The

HP 8780A can output over the interface frequency and output level
settings, error/malfunction codes, and operational status codes.
Interface Functions: SH 1, AHl, T6, TEO, L3, LEO, SR 1, RLl,

PPI, DCI, DTO, CO.

General
Operating temperature range: 0 degrees C to +55 degrees C.
Power: 100, 120,220,240 V, +5%, -10%, 48-440 Hz; 500 VA max.
Weight: net, 31.5 kg (70 Ib). Shipping, 35.5 kg (78 Ib).
Size: 177 mm H X 425 mm W X 637 mm D (7.0" x 16.7" X 25.1").

Ordering Information Price
HP ~780A Vector Signal Generator $58.000
Option 001: Rear panel output and modulation inputs $450
Option 002: +10 dBm Coherent Carrier output $1.900
Option 064: 64 QAM modulation $0
Option 907: Front Panel Handles $65
Option 908: Rack Mount Flanges $35
Option 909: Handles and Flanges $90
Option 915: Service Manual $45
Option 916: Extra Operating Manual $25

B



BSIGNAL GENERATORS
Signal Simulation for Agile and Wideband Modulation Systems
Models 86792A, 8770A, 8780A

e
Frequency Agile Signal Simulator
Description

Combining the modulation flexibility of direct-digital synthesis
with a frequency-agile direct synthesizer sets a new standard in high
performance signal simulation. Especially suited for radarlEW
threat simulation and secure communications tranceiver test, the Fre
quency Agile Signal Simulator switches from 10 MHz to 3 GHz in
less than 250 nanoseconds. With a 40-MHz modulation bandwidth
and 0.125 Hz carrier resolution, this system has arbitrary and inde
pendent control of carrier modulation including FM, ~M, AM, and
pulse. Real-time data downloading facilitates generation of signals
whose characteristics change dynamically.

Vector Arbitrary Waveform Synthesizer
Simulation of Complex Wideband Signals with I/O
Modulation

The Vector Arbitrary Waveform Synthesizer (VAWS) simulates
extremely complex signals which allow the functional testing of non
agile communications, radar and EW systems and subsystems. Two
HP 8770A Arbitrary Waveform Generators provide the complex
modulating signals to an HP 8780A Vector Signal Generator's I and
Q modulation inputs. Because I/Q or Vector modulation is used, the
signal can be completely defined in terms of phase, magnitude and
frequency. The modulation can be arbitrarily defined, and the effects
of actual hardware and environment on a signal can be simulated.

A complete simulation system for your EW, radar, and commu
nication testing requirements

Instruments-on-a-Disk (ID's)
To exploit the broad variety of potential applications, the simulator

includes an easy-to-use system interface that supports Instruments
on-a-Disk. These ID's make the system test-specific, such as the Ra
dar Simulator ID suited for simulating agile threats including anten
na scans, windows, exotic profiles, and unintentional modulation-on
pulse.

RF IF BASEBAND

DEMOD I I SIGNAL I
L- ---lr-+!PROCESSOR

A sample of communications simulation capabilities:
• BPSK to 256 QAM
.QPR
.GMSK
.TDMA
• Filter Simulation
• Compression
• Static and Dynamic Multipath Fading
• Doppler
• System (RF) or subsystem (IF and BB) level signals
• Coherent reference and Baseband I & Q signals

These capabilities allow the functional testing of complete receiv
ers or receiver subsystems. Dynamic equalizers, carrier recovery, and
dynamic linearization circuits are among those that can be fully
stressed with calibrated repeatable signals from VAWS.

A sample of Radar simulation capabilities:
• Fully synthesized 100 MHz chirps
• Phase coded signals
• Coherent transmitter simulation
• Coherent reference and Baseband I & Q signals

These capabilities allow the testing of compression radar receivers
at the system or subsystem level. Compressors and other components
can be characterized with a precise synthesized signal. The coherent
reference and baseband I & Q signals simplify coherent receiver test
ing.

• Vector Signa; Generator

HP-IB
,.-----, ,..---------,

Contact HP for more technical and performance information.

D

• HP Series 200/300 • 2 Arbitrary Waveform
Computer Synthesizers

• HP 11775Al76A
Waveform generation
Software

Specifications
Frequency

Range: 10 MHz to 3 GHz
Resolution: 0.125 Hz
Switching Speed: 250 nsec over full 3-GHz agile bandwidth

Modulation Capability
Bandwidth: 40 MHz POp
Types: Simultaneous FM, ~M, AM, pulse, agility, user-defined
Output
Power Range: + I0 to -107 dBm

Spectral Purity
SSB Phase Noise: -120 dBc/Hz (typical @ 10 kHz offset from
2 GHz carrier)
Harmonics: < -35 dBc
Spurious: < -55 dBc
Contact HP for more technical and performance information.



SIGNAL GENERATORS 8
Synthesized Sweepers 383

Models 83408, 83418

• 1 to 4 Hz frequency resolution
• Low spurious and phase noise
• 100 ns leveled pulse width capability
• +10 dBm to -110 dBm calibrated output

• Complete analog sweeper
• DC to 100 kHz amplitude modulation
• <-50 dBc harmonics 1.4 to 20 GHz, on

HP 8341B opt. 003

~
-''''._'. .

SYSTEM;

30 Hz

Ollset from Carrier
HP 83408 Phase Noise performance from 2.3 to 7.0 GHz.

Stepped CW Switching Times
The HP 8340Bj8341B feature CW switching times of better than

50 ms (typically <35 ms). Additionally, a Fast Phase-lock program
ming command can be used to reduce typical CW switching times to
between II and 22 ms (depending on frequency step size and absolute
frequency value).

Frequency Precision and Spectral Purity
The synthesized broadband frequency coverage and the precise I to

4 Hz frequency resolution (depending on frequency band) are gener
ated by indirect synthesis techniques, enabling HP 8340B/
8341 B to achieve the same low single-sideband phase noise perform
ance as the HP 8671B, 8672A and 8673 series Synthesized Signal
Generators.

MKR 6. 4.1211 GHz
-72 40 dBATTEN 20 dB10 l2J dB'"

-f1i=MAR ER il=4. 0

~-72 40 B

--4
'I

I

.. ..., ...... rrr .~..... .,.....,. •• ~."- ---. ~

I-p REF

10 dB/

Harmonic Performance of the HP 83418 Opt. 003

For additional performance and ordering information about the HP
8340B/8341 B. refer to page 394.

L-_L-_L-._-'---__-'---__-"-__-'---_...L-_--'--__.L_,
ST.-.RT 3.0 GHz STOP 18.121 GHz

RES 81or' 3121 kH'Z 1/8W 1121 kHz SWP 1 S0 SIOIC

Output Power
The HP 8340B/8341 B provide high output power which can be

varied all the way down to the minimum level (-110 dBm) with .05
dB resolution and feature power sweep capability with >20 dB dy
namic range for complete characterization of level-sensitive devices.

Pulse, Amplitude, and Frequency Modulation
The HP 8340B/8341B have high-performance pulse modulators

with ON/OFF ratio >80 dB and rise and fall times <25 ns. Pulse
amplitude is leveled and can be as narrow as 100 ns. The HP
8340B/8341 B also feature dc-coupled amplitude modulation with a 3
dB bandwidth of 100 kHz and a minimum depth of 90%. Pulse and
amplitude modulation can be used simultaneously.

The HP 8340B/8341 B also offer frequency modulation capability,
with modulation rates from 50 kHz to 10 MHz and peak deviations to
10MHz.

HP 8341 B Option 003: -50 dBc Harmonics
Option 003 on the HP 8341 B delivers excellent harmonic perform

ance with harmonics at least 50 dB below the carrier from 1.4 to 20
GHz.

• =Specilication

- =Typical
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HP 83418

HP 83408/83418 Synthesized Sweepers
The HP 8340B/8341 B Synthesized Sweepers deliver the combined

high-performance of a synthesizer and a broadband sweep oscillator
in one instrument that is completely controllable via the Hewlett
Packard Interface Bus (HP-IB), This efficient combination of per
formance and versatility is ideal for manual or automatic test systems
and enables the HP 8340B/8341B to replace a sweep oscillator, a
frequency counter, an RF synthesizer, and a microwave synthesizer.



BSIGNAL GENERATORS
Solid-State Microwave Signal Generators
Models 8683/86848,0

• Portable signal generators with high performance
modulation

• Wide frequency ranges from 2.3-18 GHz

• Wideband FM for satellite video ± 10 MHz peak devia
tion

• dc-10 MHz FM rates

HP 86840

HP 8683/8684 Microwave Signal Generators
The HP 8683 and 8684 are rugged portable signal generators

designed for demanding benchtop and field maintenance environ
ments. Operating in four overlapping frequency ranges, with a choice
of features including a high performance internal pulse generator, the
family provides a wide range of benefits for various radar, communi
cations and electronic warfare applications.

86848

7 8 9 10 11

Clean, Stable, Cavity-Tuned Oscillator
At the heart of each signal generator is a mechanically tuned cavity

oscillator. State-of-the-art electronics teamed with sophisticated
mechanical design provide excellent frequency stability, spectral pu
rity and quick warm-up times necessary for accurate measurements.
With low spurious outputs and a low noise floor, the HP 8683 and
8684 are excellent for receiver sensitivity measurements and out-of
channel communications receiver measurements where high perform
ance at low signal levels is required.

Microprocessor-Enhanced Measurement Accuracy
Characteristics of microwave components such as oscillators, am

plifiers, and attenuators vary considerably with frequency and power
level. An internal microprocessor effectively compensates for these
variations, providing accurate output level in dBm, dB relative to a
user-selected power level, or power level with a specified cable offset.
These conveniences translate to faster measurements and reduced
possibility of operator error in interpreting observations.

Reliability and Serviceability
The HP 8683 and 8684 were designed with high reliability and ser

viceability as major considerations. The instruments exceed rigorous
military specifications (MIL-T-28800C Class V) for operating and
non-operating temperature, humidity, condensation, shock and vibra
tion, and EMI. The instruments success in these tests is an indication

that they are rugged enough to provide accurate, reliable measure
ments in environments where many instruments would fail. For added
reliability Option 002 may be selected for reverse power protection.
With this option the possibility of instrument failure due to operator
error is substantially reduced, allowing for as much as 10 watts aver
age or 2000 watts peak reverse power with no damage to the instru
ment. The reliability of these generators is reflected in a
demonstrated MTBF in excess of 20,000 hours.

Confidence in signal generator performance is provided by diagnos
tic tests which automatically execute at turn-on and monitor most
critical nodes prior to entering the operation mode. If a failure is de
tected, in most cases it can be isolated to at least the circuit function
level with the aid of the front panel display. The generators' open,
accessible internal design and complete service manuals result in ex
cellent serviceability, minimizing repair time if a failure should occur.

HP 8683/8684 B,D Features
A variety of modulation capabilities, frequency ranges, and power

specifications are available in the HP 8683/8684 Microwave Signal
Generator family.

With high performance AM, FM and pulse modulation, including
a built in pulse generator, the HP 8683/84 provides the capability to
test modern communications, radar and EW systems. The calibrated
FM with rates from dc to 10 MHz and peak deviations to 5 MHz is
ideal for communications receiver testing. Combine the high per
formance FM with the fast « IOns rise and fall) and deep (>80 dB
ON/OFF) pulse modulation and simulate radar chirps. Simultane
ous AM and pulse modulation simulate antenna scan patterns or use
the AM to simulate fading on an FM, chirped or pulse modulated
signal. Basic receiver sensitivity and AGC measurements can be per
formed easily.

For users with multi-band, broadband or general purpose applica
tions, the D models, with twice the frequency coverage of the B mod
els, offer exceptional performance, versatility and economy in a single
box. Not only is frequency coverage increased, but in doubled mode,
FM peak deviation is also doubled to 10 MHz at dc to 10 MHz rates
making possible the direct test of satellite video receivers. If required,
the high-power Option 001 may be selected to boost maximum output
power in the frequency-doubled bands from -3 dBm to the + I0 dBm
level already provided in the main bands. By combining proven, rug-



ged, dependable design with the versatility of twice the frequency cov
erage and wideband FM, the D models offer cost-effective, high per
formance solutions to radar and communications receiver test
problems.

Distinguishing features of the B, &Dmodels·
B D

Output Power +10 dBm +10 dBm,-3 dBm'
Opt 001 Power N/A +10 dBm'
Internal Pulse Yes YesGenerator/Modulator
FM Deviation 5MHz 10 MHz'(DC To 10MHz Rate)
1 These speclflcetlons lor the doubled mode

HP 86838/D, HP 86848/D Specifications

Frequency Specifications
Range

HP 8883B: 2.3--{).5 GHz.
HP 8883D: 2.3-13.0 GHz.
HP 8884B: 5.4-12.5 GHz.
HP 8884D: 5.4-18.0 GHz.

Resolution: HP 8683, 5 MHz using a 4 digit LED display; HP 8684, 10
MHz using a 3 '/> digit LED display.
Calibration accuracy: HP 8683B/D, ± 1.25% <4.0 GHz, ±0.75% 4.0
to 6.5 GHz; HP 8683D x2 band, ±1.25% 6.5 to 8.0 GHz, ±0.75% >8
GHz; HP 8684B/D, ,1,1.25% 5.4 to 9.0 GHz, ,1,0.75% 9.0 to 12.5 GHz;
HP 8684D x2 band, ,1,1.25% 12.5 to 18.0 GHz.
Stllbillty (typical)

v•• time (20 min. litter turn-on): dO kHz/min.
v•. time (IO min. lifter turn-on): <100 kHz/hr.
v•• temperllture (O to 55"C): HP 8683. <15 MHz; HP 8684, dO
MHz.
v•• line voltllge (trlln.ient. of+5%/-10%): <20 ppm.

Amplitude Modulation
Depth (1 kHz rate): 0-70%.
Rates (3 dB BW at 40% depth): de to 10 kHz (de coupled); 50 Hz to
10 kHz (ac coupled).
Distortion (THD): < 10% at 40% depth and I kHz rate.
Indicllted AM IIccurllcy (depth 50%, 1 kHz rllte): ±5% of full
scale.
Incidental FM (30% AM depth): <15 kHz peak to peak. «30 kHz p
p in doubled band, HP 8683/84D.)
Internal AM: fixed I kHz nom. square wave with 50 ±5% duty cycle.

Frequency Modulation
Peak deviation: HP 8683/84 B, ±5 MHz; HP 8683/84D,
±5 MHz (main); ±IO MHz (x2 band).
Rates (3 dB BW): de to 10 MHz, 100 Hz to 10 MHz (ac coupled).
Distortion: <5% at 100 kHz rate and <1 MHz peak deviation.
Indicllted accurllcy (typ., 10 MHzlV rllnge): ±10% of full scale.
deviations <5 MHz. 100 kHz rate.
Incidental AM (rate <100 kHz, peak deViation <1 MHz): <6%.
Internal FM: FM sawtooth with a fixed sweep rate of I kHz nom. and
variable deviation up to ±5 MHz (±10 MHz for D models, x2 bands).
Phase lock input: typical sensitivity of -5 MHz/V.

Pulse Modulation
HP 8883/84 BID Internal Pulse Generator

Rate: 10 Hz to I MHz continuously adjustable in 5 ranges.
Width: 50 ns to 100 ms continuously adjustable in 7 ranges.
Delay (time between sync out and video out): <50 ns to 100 ms in
7 ranges with continuous adjustment within ranges.
Accuracy: calibration accuracy is 20% of full scale.

HP 8883/84 BID External Pulse Input ReqUirements
Rate: 0 to I MHz.
Width: > 100 ns.
Level: on >+ 1.0 V peak; off <+0.4 V peak.

HP 8883/84 BID RF Pulse Specifications
Rise/fall time: <10 ns.
On/o" rallo: >80 dB.
MInimum pulse width: < 100 ns.
Maximum pulse repetition frequency: > I MHz.
Peak pulse power: ",0.5 dB of level set in CW mode.

B

General
Operating temperature range: 0° to 55° C.
EMI: MIL-STD-461, VDE0871, CISPR Pub. II.
Safety: meets the requirements of lEe 348.
Power: 100, 120,220 or 240V, +5%, -10%; 48 to 66 Hz; (Opt. 003
adds 400 Hz operation at 100 or 120 V); <200 VA max.
Dimensions: 145 H x 457 W x 472 mm D (5.7" x 18" x 18.6").
Weight: HP 8683, 17.9kg (39 Ib) net, 23.4 kg (51 Ib) shipping; HP
8684, 16.5 kg (36Ib) net, 22.0 kg (48 Ib) shipping.

Spectral Purity
Harmonics ( <18GHz, at specified max output): <- 25 dBc.
HP 8683/84D harmonics are unspecified in x2 frequency band.
Fundamental feedthrough (at specified max. output): HP 8683D,
<-25 dBc 6.5-9.5 GHz; HP 8684D, <-25 dBc 12.5-18.0 GHz. Not
specified for D models with Option 00 I.
Spurious (non-harmonically related): <-80 dBc; typ, <-90 dBc.
Residual FM (50 Hz to 15 kHz post detection BW): <5 kHz peak.
HP 8683/84D in doubled band: < 10 kHz peak.
Single-.idebllnd phll.e noi.e (lIvg. rm., 1 Hz BW, 10 kHz o"'et
from carrier, typical): HP 8683B, <-72 dBc; HP 8683D. <-66 dBc;
HP 8684B, <-65 dBc; HP 8684D. <-59 dBc.
Residual AM (avg. rms, 300 Hz to 15 kHz post detection BW):
<0.15%.

Output Specifications
Range (leveled into 500): HP 8683/84B, + 10 to -130 dBm; HP
8683/84D, + 10 to -130 dBm (main band), -3 to -130 dBm (x2 band),
+10 dBm in x2 bands available with Option 001.
Resolution: 0.1 dB using a 3 1> digit LED display.
Accuracy: ±2.5 dB from maximum specified output power to -110
dBm (to -100 dBm in x2 bands); ",3.5 dB to -120 dB and 0 to +10
dBm for Opt 001. Typ. <,1,0.9 dB at -JOOdBm. Option 002 affects level
accuracy <±0.5 dB.
Flatness (power level >-10 dBm): ±1.0 dB. (Not for Opt. 001)
RevefH power protection: the standard models typically accept 1
watt avg. or 100 walls peak power with no damage resulting. Option
002 (on B models only) increases this protection to 10 watts avg. or 2kW
peak.
Auxilillry output: rear panel. typically >-15 dBm into 500. prior to
AM. pulse. or frequency doubling; source impedance approx. 500.

Ordering Information
HP 86838 Microwave Signal Generator
HP 86848 Microwave Signal Generator
HP8683/848

Option W30: Two years additional return-to-HP
warranty

HP 8683D Microwave Signal Generator
Option 001 + 10 dBm in x2 band, HP 86830

HP 8684D Microwave Signal Generator
Option 001: +10 dBm in x2 band, HP 8684D

HP8683/84D
Option W30: Two years additional return-to-HP
warranty

Option 002: Reverse power protection
(except D models)

Option 003: 400 Hz line frequency
operation (all models)

Option 910: Extra operating and
service manual

Option 913: Rack mounting flange kit
HP 11727A Support kit

Price
$16,400
$16,400

+$300

$20,500
+$3000
$20,500
+$5000

+$380

-$725

-$180

+$25
+$35
$475



SIGNAL GENERATORS
Synthesized CW Generator
Model 8671B

• 2 to 18 GHz frequency 'ange
• +8 dBIll calibrated output power
• Low spurious signals

• Low phase noise
• 128 dB dynamic range
• 1 to 3 kHz frequency resolution

~
:.ISICN~L'~CI. :
SYSTEMS

HP 86718

Spectral Purity
Single-sideband phase noise (1 Hz BW, CW mode):

HP 86718 Synthesized CW Generator
The HP 8671B is an economy 2.0 to 18.0 GHz synthesized CW

generator. It meets all the requirements for a clean CW source. It
features synthesized output with I, 2 or 3 kHz resolution, 128 dB
dynamic range, +8dBm calibrated output power, full programmabili
ty, low phase noise and low spurious signals.

General Purpose Measurements
For applications requiring a microwave local oscillator, the HP

8671 B is the ideal solution. A simple, uncluttered, easy to use genera
tor, the HP 8671B provides accurate, clean signals to upconvert and
downconvert signals into the desired measurement frequency range.

The +8dBm output capability (with plenty of reserve) is just what
you need to drive mixers. You can now take full advantage of the
entire 2.0 to 18.0 GHz frequency range from a single instrument. The
HP 8671B provides broadband synthesizer capability for the price of
a non-synthesized source.

As a microwave source for downconversion, important measure
ments like noise figure and modulation analysis become more afforda
ble. The HP 8671B with an external mixer allows youlo make these
measurements at an IF with the HP 8970A and 8970B Noise Figure
Meters and the HP 8901A/B and HP 8902A Modulation Analyzers.
Other downconverted measurements may include network, spectrum,
and waveform analysis.

ATE System~.

The +8dBm output capability of the HP 8671B provides the extra
margin you need for automated systems. Higher power at the source
means sufficient power at the unit under test, even after losses
through cables and switches. For automated systems, the require
ments for low phase noise, low spurious signals, and precise frequency
settability are easily accomodated by the HP 8671 B.

HP 8671B Specifications
Frequency Characteristics
Frequency range: 2.0-18.0 GHz (18.6 GHz overrange).
Frequency bands and resolution: band I: 2.0 to 6.2 GHz 1 kHz

band 2: 6.2 to 12.4 GHz 2 kHz
band 3: 12.4 to 18.0 GHz 3

kHz
Time base: internal 10 MHz «5 X 1O-10/day aging rate) or exter
nal 5 or 10 MHz.
Frequency switching time: < 15 ms to be within specified resolution,
all bands.

General
Operating temperature range: O°C to +55°C.
Power: 100. 120. 220, 240 V, + 5%, -10%, 48-66 Hz; 300 VA max.
Weight: net, 27 kg (60 lb). Shipping, 32.5 kg (72 lb).
Size: 133 mm H x 425 mm W x 603 mm D (5.25" x 16.75" x 23.75N

).

Oftset Irom F.

Fe <300 Hz 300 Hz to 1 kHz >1 kHz

Band I -50 dBc -60 dBc -65 dBc

Band 2 -44 dBc -54 dBc -59 dBc

Band 3 -40 dBc -50 dBc -55 dBc

+$60
+470

Price
$24,000

+$55
+$33
+$80

Ordering Information
HP 8671B Synthesized CW Generator
Option 907: Front panel handle kit
Option 908: Rack mounting flange kit
Option 909: Front panel handle kit plus rack mounting
flange kit
Option 910: Extra operating and service manual
Option W30: Two additional years of return to HP
warranty

Output Characteristics
Output level (+15°C to +35°C): +8 to -120 dBm
Flatness (0 dBm range, +15°C to +35°C): ±0.75 dB, Band I,
±1.00 dB, Band 2, ± 1.25 dB, Band 3.
Output level sWitching time: <20 ms, internally leveled

< 10 ms, typical within one output
level range

Source impedance: 50 ohms nominal.

Remote Operation
Frequency: Programmable over full range with same resolution as
manual mode
Output Level: Programmable in 1 dB steps
RF: Choice of either ON or OFF
ALC: Choice of either internal leveling, diode leveling, or power meter
leveling
Interface functions:

SHI, AHl, T6, TEO, L4, LEO, SRI, RLO, PP2, DCl, DTO, CO, El.

Harmonics (up to maximum frequency, output level meter read
ings <0 dB on 0 dBm range and below): <-25 dBc.
Sub-harmonics and multiples thereof: <-25 dBc.
Spurious

Non-harmonically related: <- 70 dBc, Band 1; <-64 dBc, Band
2; <-60 dBc, Band 3.
Power line related and fan rotation related within 5 Hz below
line frequency and mUltiples thereof:

-100 dBc

100 kHz

-110 dBc

-104 dBc

-76 dBc

-86 dBc

10 kHz

-80 dBc

-68 dBc

-72 dBc

1kHz

-78 dBc

Oftset Irom F

-64 dBc

100 Hz

-60 dBc

-70 dBc

10 Hz

-48 dBc

-58 dBc

-52 dBc
Band l

Band 2

Band 3



SIGNAL GENERATORS 1
387

1
Synthesized S,gnai Generators

Model 8673E

.2to18GHz
• i8 to 120 dBm calibrated l)utput
• 0.1 dB resolution, di9itally displayed

• AM/FM/Pulse MGdulatio;
• Low spurious aild phase;:..>H
• 1 to 3 kHz frequency res(i'J~:o"

General
Operating temperature range: O°C to +55°C
Power: 100, 120,220, 240V, +5%, -10%; 48-66Hz; 400 VA max
Weight: 29kg (64 lb.) net
Size: 620mm D x 425mm W x 146mm H (24.4" x 16.8" x 5.7")

+-$65
+-'])730

Price
1> '6."00

t-$55
t $\j
i~~()

10MHz10 MHzJV (unlocked) SO Hz - 2MHz, (typical)

Digital Sweep Characteristics
Identical to HP 8673B/C/D

Remote Programming
All functions HP-IB programmable except line switch.

Interface functions: SHI, AH1, T5, TEO, L3, LEO, SRI, RLl, PP1,
DC1, DTl, CO, E1

Ordering Information
HP 8673E Synthesized Signal Generator
Option 907: Front panel handle kit
Option 908: Rack mounting flange kit
Option 909: Front panel handle with rack mounting
flange kit
Option 910: Extra manual
Option W30: Two additional years of return to HP
warranty

Output Characteristics
Output level (+15°C to +35°C): +8 to -120 dBm
Resolution: O.ldB, digital display

Pulse Modulation
ON/OFF ratio: ~70 dB
Risellall times: <50 ns, typical
Pulse repetition frequency: 50 Hz to 1MHz
Minimum duty cycle: <0.0001 for leveled performance

AmplitUde Modulation
Depth: 0 to 75%, at OdBm maximum carrier level, 15°C to 35°C
Rate (30% depth): 10 Hz - 50kHz, ±3dB
Sensitivity: 30%/V and 100%/V ranges

Frequency Modulation
Deviation Range Rate (±3 dB BW) Maximum Peak Deviation

30 kHzJV 100 Hz - 2MHzHthe smaller of 3MHz or:

100kHzJV 100Hz-2MHz

300 kHzJV 3 kHz - 2MHz fmod X5,2.0 - 6.6 GHz

1MHzJV 3 kHz - 2 MHz fmod X10,6.6 - 12.3 GHz

3MHzJV 3kHz - 2MHz fmod XIS, 12.3 - 18.0 GHz

Many More Features
The HP 8673E includes many more features including excellent

spectral purity and a YIG-tuned oscillator phase-locked to a 10 MHz
quartz crystal reference. Full HP-IB and digital sweep capability
identical to the HP 8673B/C/D is also included.

Exceptional Output Performance
The HP 8673E provides frequency coverage from 2.0 to 18.0 GHz

with resolution of 1,2, or 3kHz depending upon frequency band. Opti
mized for output level flexibility, power is internally (or externally)
leveled and calibrated from -120 dBm to +8 dBm. Adding to your
measurement convenience, the output level is displayed on the front
panel with 0.1 dB resolution with a digital display.

HP 8673E Specifications

Frequency Characterlshcl;;
Range: 2.0 - 18.0 GHz (1.95 - 18.6 GHz overrange)
Resolution: 1kHz, 2.0 - 6.6 GHz

2kHz, 6.6 - 12.3 GHz
3kHz, 12.3-18.0 GHz

Spectral Purity
Single-sideband phase noise (1Hz BW, 1kHz oftset, CW mode):
$-60dBc
Harmonics: $-40dBc at +3dBm
Subharmonics and multiples thereof: -35dBc at + 3dBm

Flexible Modulation
As a full performance synthesized signal generator, the HP 8673E

includes amplitude, frequency, and pulse modulation capability. AM
depth up to 75% at rates up to 10kHz is ideal for most applications.
The HP 8673E features two types of FM: locked and unlocked opera
tion. In the locked mode, operation is like other synthesizers providing
up to 3MHz deviation that is dependent upon modulation index. The
unlocked mode allows up to 10 MHz deviation at rates as low as 50
Hz. Internally leveled pulse modulation over the entire 2 to 18 GHz
range with ON/OFF ratios> 70 dB is available with any externally
supplied TTL-level input signals. Output pulses will have rise/fall
times typically less than 50 ns.

HP 8673E

HP 8673E Synthesized Signal Generator
The HP 8673E is a synthesized signal generator that delivers value

oriented performance in precise microwave signal simulation. It is op
timized for applications requiring high performance signal generation
in the 2.0 to 18.0 GHz frequency range while also providing 128 dB
dynamic output range. The HP 8673E includes the necessary modu
lation features required in a full performance microwave synthesizer.



8 SIGNAL GENERATORS
Synthesized Signal Generators (cont'd)
Models 86738, 8673C, 86730, 8673G

• 10 MHz to 26.5 GHz frequency range
• <-60 dBc harmonics/subharmonics
• Low spurious and phase noise

HP 86738
DESIGNED FOR..
SYSTEMS

HP 86738, 8673C, 86730 and 8673G Synthesized
Signal Generators

The HP 8673B/C/D/G Synthesized Signal Generators are full
performance synthesizers designed to generate precise microwave sig
nals over the 50 MHz to 26.5 GHz frequency range. These generators
offer calibrated and leveled power, AM, FM, pulse modulation (ex
cept HP 8673G), digital sweep, programmability, and frequency ex
tension capability to 60 GHz. The HP 8673B/G pair cover the 2.0 to
26.5 GHz range, while the HP 8673C/D pair cover from 50 MHz to
18.6 GHz and 26.5 GHz respectively.

Exceptional Value CW Generator
The new HP 8673G is the world's lowest priced 2.0-26.0 GHz syn

thesized CW generator. Satisfying all the requirements for a clean
CW source, it features the same excellent spectral purity, output
range, mm drive capability, digital sweep, and HP-IB programability
featured in all the HP 8673 family. The HP 8673G is the ideal CW
generator for local oscillator, up/down conversion, and exciter appli
cations to 26 GHz.

• +8 to -100 dBm calibrated output
• Internally leveled AM/FM/pulse modulation
• Frequency extension capability to 60 GHz

HP 86730

Wide Dynamic Output Range
For broadband component and receiver testing applications, the

HP 8673B/C/D/G delivers exceptionally flat power output across
the full frequency ranges. For receiver sensitivity measurements,
power is internally (or externally) leveled to -100 dBm. Maximum
available power varies with frequency as shown in Figure I.

Internally Leveled Pulse Modulation (except HP 8673G)
The HP 8673B/C/D features an internal pulse modulator that

provides high-quality pulse modulation over the entire 50 MHz - 26.5
GHz range. Since the modulation is done before the frequency multi
plication, the peak pulsed power can be leveled and calibrated to with
in typically +1.5-1.0 dBm of the set level referenced to CW.
External TTL level pulse rates up to I MHz and pulse widths as nar
row as 100 ns can be easily accommodated by the HP 8673B/C/D to
provide ON/OFF ratios in excess of 80dE.

2 4 6 8 10 12 14 16 18 20 22 24 26
Output Frequency (GHz)

Figure 1. Maximum power typically available from HP 86730,
8673C, 86738/G, and 86738/G Option 008 at 25°C

Excellent Spectral Purity
A variety of applications ranging from microwave radar to commu

nications systems require the frequency stability available from the
HP 8673B/C/D/G. The broadband frequency coverage is derived
from multiplying a fundamental 2.0 to 6.6 GHz YIG-tuned oscilla
tor. This technique provides the wide frequency coverage in a single
instrument. Indirect synthesis phase-locks the YIG-tuned oscillator
to a 10 MHz quartz crystal reference to provide excellent long term
and short term stability (frequency drift <5 X 10-10 per day). Phase
locked loops are optimized for lowest possible single-sideband phase
noise. The HP 8673C and HP 8673D include an internal tracking
YIG-filter to further reduce unwanted harmonic, subharmonic, and
nonharmonic spurious signals above 1.2 GHz to <-60dBc.

~
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Calibrated AM/FM Modulation (except HP 8673G)
AM and FM capability is included in the HP 8673B/C/D to ex

pand the versatility in receiver testing applications. AM depth at
rates up to 100 kHz can be accurately set using the front panel meter.
Six ranges of metered FM are available at rates and peak deviations
up to 10 MHz. Both AM depth and FM deviation are linearly con
trolled by varying the externally supplied modulating input voltage
up to IV peak. Simultaneous modulation of AM, FM, and pulse is
possible to simulate complex environments.

Frequency Extension to 60 GHz
The HP 8673B/C/D/G can be used as microwave drivers for the

HP 83550-series millimeter wave source modules. This combination
(with the addition of the HP 8349B Microwave Amplifier) can pro
vide leveled output signals up to 60 GHz with the "System Leveling"
mode. The resultant output frequency can be displayed on the HP
8673B/C/D/G front panel by entering the multiplication factor of
the source module.

Full Programmability and Digital Sweep
The HP 8673B/C/D/G provides full programmability of all front

panel functions for automatic test applications. Output level can be
controlled in steps as fine as 0.1 dB. An internal microprocessor is used
to simplify HP-IB program code generation and follow front-panel
keystroke sequences. This design allows the implementation of digital
sweep. Sweep spans can be set over the entire frequency range with
variable rates, step sizes, and selectable markers available.
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i$950

+$55
+$4'
+$85
-'-$20
+$65

+$870

$1,005

+$55
+$33
+$80

.,.$900

$53.000

"$65
+$65

$48,000

+$75
+$7,000
H5,000

Pulse Modulation (except HP 8673G)
ON/OFF ratio: >80 dB.
Riseltall times: <20 ns, Band 0; <35 ns, Bands 1-4.
Minimum leveled pulse width: < I00 ns.
Pulse repetition frequency: dc-I MHz.
Maximum peak power: same as in CW mode.
Peak level accuracy (relative to CW, +15°C to +35°C):
±1.5 dB.

Pulse modulation input requirements: normal mode, positive-true
TTL levels; complement mode, negative-true TTL levels.
Video feedthrough: typically <-50 dBc.
Amplitude Modulation (except HP 8673G)
Rates (3 dB BW, 30% depth): 20 Hz-I 00 kHz.
Sensitivity: 30%/V, 100%/V ranges. Max. input I V peak into 600 n.
Frequency Modulation (except HP 8673G)

Sensitivity Rate (3 dB BW, typical) Mallmum Peak Deviation
30 kHzJV 50 Hz to 10 MHz Hthe smaller of 10 MHz or:
100 kHzJV 50 Hz to 10 MHz fmod X 5, Band 0
300 kHzJV 1kHz to 10 MHz fmod x5. Band 1
1 MHzJV 1kHz to 10 MHz fmod x 10, Band 2
3 MHzJV 1kHz to 10 MHz fmod x 15. Band 3
10 MHzJV 1kHz to 10 MHz fmod x20. Band 4

Digital Sweep Characteristics
Sweep function: start/stop or D.F (span) sweep.
Sweep modes: manual, auto, or single sweep.
Step size: maximum of 9999 frequency points per sweep; minimum
step size equals frequency resolution.
Dwell time: set from I to 255 ms per frequency.
Markers: 5 independent, settable frequency markers.
Sweep outputs: 0 to + 10 V ramp start to stop; 0.5 V/GHz ramp; Z·
axis blanking/markers; tone marker; penlift.
Remote Programming

All functions HP-IB programmable except line switch. The HP
8673B/C/D/G can output over the interface frequency and output
level settings, error/malfunction codes, and operational status codes.
Interface functions:

SHI, AHI, TS, TEO, L3, LEO, SRI, RLl, PPI, DCI, DT1, CO,
EI.

General
Operating temperature range: O°C to +55°C.
Power: 100. 120,220,240 V, +5%, -10%,48-66 Hz; 400 VA max.
(HP 8673B/G), 500 VA max. (HP 8673CID)
Weight: HI' 8673B/G: net 29 kg (64Ib); shipping 34.5 kg (76Ib).
HP 8673C/D: net 42.4 kg (94 lb.); shipping 46.5 kg (103 Ib).
Size: HP 8673B/G: 133 mm x 425 mm x 603 mm (5.25" x 16.75" x
23.75") HxWxD. HP8673C/D: 234 mm x 425 mm x 613 mm (9.2" x
16.8" x 24.1") HxWxD.
Ordering Infe;rmation Price
HP 8673G Synthesized Signal Generator $29,000
HP 8673B Synthesized Signal Generator $42,000
Option 001: Delete RF output attenuator· -$600
Option 002: Delete reference oscillator··$735
Option 003: Operation at 400 Hz line· +$460
Option 004: Rear panel RF output +$75
Option 005: Rear panel RF output without RF --$52:'
attenuator·
Option 008: Chassis slide kit
Option 008: +7 dBm output level
Option 008: +8 dBm output level (HP 8673G
only)
Option 907: Front panel handle kit
Option 908: Rack mounting flange kit
Option 909: Combination of Opt. 907 plus 908
Option W30: Two additional years of return-to-HP
warranty
Option 910: Extra operating and service manual
Option 915: Service manual for HP 8673G only
HP 8673C Synthesized Signal Generator
Options 001, 002, 003, 004, 005, and 008: same as
HP 8673B
Option 908: Rack mounting flange kit
Option 913: Rack flanges for standard front handles
Option 910: Service and extra operating manual
Option 915: Service manual
Option 918: Extra operating manual
Option W30: Two additional years of return to HP
warranty
HP 8673D Synthesized Signal Generator
Options 001, 002, 003, 004, 005, 008, 908, 913, 910,
915, and 916: Same as HP 8673C
Option W30: Two additional years of return to HP
warranty
HP 11726A Support Kit (for HP 8673B)
•Consult facto for HP86
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SSB
Noise Level
11 Hz BWI
dB Below

Carrier

8673B/G 8673C 86730
Level (dBm) Freq. (GHz) Level (dBm) Freq. (GHz) Level (dBm) Freq.(GHz)

+8 to -100 2-18 +11 to -100 05-2.0 +11 to -100 .05-2.0
+4 to -100 lB-22 +5 to -100 2-16 +5 to -100 2-22
Oto-IOO 22-26 ~2 to -100 16-18.6 +6 to -100 22-26

Fc
OffNI from Fe

<300 Hz 300 Hz 101kHz >1 kHz
Band 0 -50 dBc -60 dBc -65 dBc
Band 1 -50 dBc -60 dBc -65 dBc
Band 2 -44 dBc -54 dBc -59 dBc
Band 3 -40 dBc -50 dBc -55 dBc
Band 4 -38 dBc -48 dBc -53 dBc

Offset from F
Fc 10 Hz 100 Hz 1kHz 10 kHz 100 kHz

Band 0 -64 dBc -70 dBc -78 dBc -86 dBc -105 dBc

Band 1 -58 dBc -70 dBc -78 dBc -86 dBc -110 dBc
Band 2 -52 dBc -64 dBc -72 dBc -80 dBc -104 dBc

Band 3 -48 dBc -60 dBc -68 dBc -76 dBc -100 dBc
Band 4 -46 dBc -58 dBc -66 dBc -74 dBc -98 dBc

Flatness (0 dBm range, +15°C to +35°C): ±0.5 dB through Band
0, ±0.75 dB through Band I, ±1.0 dB through Band 2, ±1.25 dB
through Band 3, ±1.75 dB through Band 4.
Remote programming output level resolution: 0.1 dB.
Source impedance: 50 ohms nominal.

Output Characteristics
Output level (+15°C to +35°C)"

-30 ~------~-----r--~---,---

Figure 2. Typical HP 8673B/C/D/G single-sideband phase noise
performance using the internal standard, Band 1.

Harmonics (up to maximum frequency, output level meter read
ings <0 dB on 0 dBm range and below): <-40 dBc (HP 8673B/G).
<-40 dBc, 50MHz-1.2GHz, <-60 dBc, 1.2-26.0 GHz (HP 8673C/D).
Sub-harmonics and multiples thereof: <-60 dBc (HP 8673C/D)
<-25 dBc, Bands 1-3; <-20 dBc, Band 4 (HP 8673B/G).
Spurious (CW and AM modes)

Non-harmonically related: <-60 dBc, Band 0; <-70 dBc, Band
I; <-64 dBc, Band 2; <-60 dBc, Band 3; <-58 dBc, Band 4.
Power line related and fan rotation related within 5 Hz below
line frequency and multiples thereof:

HP 8673B/C/D/G Specifications
Frequency Characteristics
Frequency Range: HP 8673B/G: 2.0-26.0 GHz (1.95 to 26.5 GHz

in overrange).
HP 8673C: 0.05-18.6 GHz (0.01-18.6 GHz in
overrange) .
HP 8673D: 0.05-26.0 GHz (0.01-26.5 GHz in
overrange) .

Frequency Bands: Band 0: 0.05-2.0 GHz
Band I: 2.0-6.6 GHz
Band 2: 6.6-12.3 GHz
Band 3: 12.3-18.6 GHz
Band 4: 18.6-26.0 GHz

Frequency Resolution: I kHz Band 0 and 13kHz Band 3
2 kHz Band 24kHz Band 4

Time base: internal 10 MHz «5 x 1O-1°/day aging rate) or external
5 or 10 MHz.
Frequency sWitching time: <25 ms (HP 8673B/G) and <50 ms
(HP 8673C/D) to be within specified resolution, all bands.
Spectral Purity
Single-sideband phase noise (1 Hz BW, CW mode):



BSIGNAL GENERATORS
Synthesized Signal Generators
Models 8672A and 8672S

• 2 to 18 GHz frequency range
• Low spurious and phase nOise
• Metered AM/FM

• 10 MHz-18 GHz frequency range
• Internal pulse modulator
• HP-IB programmability

HP 8672A HP 86725 ~
);."""'''_,c.. :
SYSTEMS

HP8672A and 8672S Synthesized Signal
Generators

The HP 8672A Synthesized Signal Generator delivers precise micro
wave signals over the 2.0 to 18.0 GHz frequency range. It features cali
brated and leveled output power, AM/FM modulation capability, and
full HP-IB programmability.

The HP 8672A delivers exceptionally flat power across the full fre
quency range. For receiver sensitivity measurements, power is internally
(or externally) leveled and calibrated to -120 dBm.

The HP 8672S consists of an HP 8672A and an HP 86720A frequen
cy extension unit. This unit uses a heterodyne technique to extend the
frequency coverage down to 10 MHz. It also adds pulse modulation ca
pabilityover the entire 10 MHz to 18.0 GHz frequency range. Cali
brated output level in this mode is available up to 2 GHz, while >80 dB
ON/OFF ratio is available across the entire 18 GHz frequency range.

Specifications for the HP 8672S are identical to those of a standard
HP 8672A for the 2 to 18 GHz frequency range with the exception of 1
dB less maximum output power and no AM modulation below 2 GHz.

Existing HP 8672A Signal Generators can be retrofitted to the HP
8672S configuration by ordering the HP 86720A Frequency Extension
Unit and an HP 11731A or 11732A Frequency Extension Retrofit Kit.

HP 8672A and 8672S Specifications

ModUlation Characteristics
Amplitude Modulation: same as HP 8673B/C/D (2-18 GHz)
Frequency Modulation: same as HP 8673B/C/D
Pulse Modulation: HP 8672S only

>80 dB ON jOFF ratio; < 15 ns rise/fall times; peak pulsed power with
in 1.0 dB of level selected in CW modefor 0.01-2 GHz, uncalibrated for
2.0-18.0 GHz.

General
Programming: all functions HP-IB programmable except line switches
and meter mode.
Interface functions: SHI, AHl, T6, TEO, L4, LEO, SRI, RLO, PP2,
DCI, DTO, CO, E1.
Operating temperature range: 0 to +55°C.
Power: 100, 120,220, 240V, +5%, -10%, 48-66 Hz; 400 VA max.
Weight: HP 8672A: net 27 kg (60 Ib); shipping 32.5 kg (72 Ib).

HP 8672S: net 39.5 kg (87Ib); shipping 43.6 kg (96 Ib).
Size: HP 8672A: 133 mm X 425 mm X 603 mm (5.25" X 16.75" X

23.75") H X W X D
HP 8672S: 222 mm X 425 mm X 620 mm (8.8" X 16.8" X 24.4")
HxWxD

Frequency Characteristics
Frequency range: HP 8672A: 2.0-18.0 GHz (18.6 GHz overrange)

HP 8672S: 0.01-18.0 GHz (18.6 GHz overrange)
Frequency bands and resolution:

Band 0: 0.Ql - 2.0 GHz 1 kHz
Band 1: 2.0 - 6.2 GHz 1 kHz
Band 2: 6.2 - 12.4 GHz 2 kHz
Band 3: 12.4 - 18.0 GHz 3 kHz

Time base: internal 10 MHz «5 x IO- Io/day aging rate) or external
5 or 10 MHz.
Frequency switching time: <20 ms to be within specified resolution,
all bands.

Spectral Purity
Single-sideband phase noise: same as HP 8673B/C(D
Harmonics (up to maximum frequency, output leve meter read
ings <0 dB on 0 dBm range and below): <-25 dBc.
Sub-harmonics and multiples thereof: <-25 dBc, Bands 1-3.
Spurious (CW and AM modes): Same as HP 8673BjCjD

Output Characteristics
Output level (+15°C to +35°C): HP 8672A: +8 to -120 dBm
HP 8672S: +13 dBm to -120 dBm, 0.01-2.0 GHz; +2 dBm to -120
dBm, 2.0-18.0 GHz
Flatness (0 dBm range, +15°C to +35°C):
HP 8672A: same as HP 8673B/C/D
HP 8672S: same as HP 8672A degraded by ±0.25 dB
Remote programming output level resolution: 1.0 dB.
Source impedance: 50 ohms nominal.

Ordering Information
HP 8672A Synthesized Signal Generator
Option 001: Delete RF output attenuator
Option 002: Delete reference oscillator
Option 003: Operation at 50/60/400 Hz line
Option 004: Rear panel RF output
Option 005: Rear panel RF output without RF attenu
ator
Option 008: Chassis slide kit
Option 907: Front panel handle kit
Option 908: Rack mounting flange kit
Option 909: Combination of Opt. 907 plus 908
Option W30: Two additional years of return to HP war-

ranty
Option 910: Extra operating and service manual
HP 8672S Synthesized Signal Generator
Options 001 and 002: same as HP 8672A
Option 004: Rear panel RF output
Option 005: Rear panel RF output w/0 RF attenuator
Option 008: Chassis slide kit
Option 009: Delete internal pulse modulator
Option 010: Delete pulse modulator and step attenuator
Option 908: Rack flange kit
Option 913: Rack flanges for standard front panel han
dles
Option 910: Extra operating and service manuals
HP 86720A Frequency Extension Unit
HP 11731A Frequency Extension Retrofit Kit
HP 11732A Frequency Extension Retrofit Kit
HP 11712A Support Kit

Price
$39,000

-$600
-$550
~$250

+$75
-$525

+$45
+$55
+$33
~$80

/$760

+$60
$55,000

+$150
-$450
+$80

--$1,100
-$1,700

+$55
+$45

+$80
$17,000

$1,000
No Charge

$800



SIGNAL GENERATORS B
PIN Modulators, Pulse Driver, Pulse Modulator 391

Models 8730 Series, 8403A, 11720A

HP 8403A

2 to 18 GHz Pulse Modulat~Jr

• < 10 ns rise and fall times
• >80 dB ON/OFF ratio

..........
HP 11720AHP 87308 Series

HP 8730 Series PIN Modulators
With HP 8730 series PIN Modulators, signal sources, including

klystrons, can be pulse-modulated, leveled or amplitude-modulated
with sinusoidal and complex waveforms. Fast rise times, low inciden
tal FM and a nearly constant impedance match to source and load are
typical of these absorption-type modulators.

HP 8403A Specifications

Output Characteristics (available separately at front panel).
For driVing HP 8730 PIN modulators: AM and pulse output, pulse
output specially shaped for optimum RF rise and decay times.
For general pulse applications: positive dc-coupled pulse 25 to 30
volts in amplitude, approximately symmetrical about 0 volt; no AM
signal.

Modulation
Internal Square Wave

Frequency: variable from 50 Hz to 50 kHz.
Symmetry: better than 45/55%.

Internal Pulse
Repetition rate: variable from 50 Hz to 50 kHz.
Delay: variable from 0.1 jJ.S to 100 jJ.S, between sync out pulse and
RF output pulse.
Width: variable from 0.1 jJ.S to 100 jJ.S.

HP 8403A Modulator
The HP 8403A provides complete control of the HP 8730 Series

PIN modulators, supplying the appropriate modulation wave shapes
and bias levels for fast rise times, rated on/off ratios and amplitude
modulation. An internal square-wave and pulse modulator with PRF
of 50 Hz to 50 kHz and adjustable pulse width and delay also provide
square wave and pulses for general pulse applications. For applica
tions requiring an absorption-type modulator plus controls in a single
unit, a PIN modulator can be installed inside the HP 8403A, for any
specified frequency range.

Price
$3350

+$5.00
+$70.00

Ordering Information
HP 11720A Pulse Modulator

Option 910: Extra manual
Option W30: Two additional years of return to HP
warranty

HP 11720A Specifications
Frequency range: 2 to 18 GHz.
ON/OFF ratio: > 80 dB.
Rise and fall times: < IOns.
Insertion loss: <6 dB, 2 to 12.4 GHz; < 10 dB, 2 to 18 GHz.
Maximum RF input power: +20 dBm.
Maximum repetition rate: > 5 MHz.
Minimum RF pulse width: <50 ns.
Video feedthrough: <60 mV peak-to-peak.
Pulse Input

Normal mode: >3 V (on), <0.5 V (off).
Complement mode: <0.5 V (on), >3 V (off).
Impedance: 50 n nominal.

Operating temperature: O°C to +55°C.
Power: 100, 120, 220, 240 V + 5, -10%; 48-400 Hz; 25 VA max.
Weight: net, 2.6 kg (5 Ib 12 oz); shipping, 3.6 kg (8Ib).
Size: 101 mm H x 212 mm W x 290 mm 0 (4.0" x 8.4" x 11.4").
!-2 MW x 3112 H X Ii 0 System II Module.

HP 11720A Pulse Modulator
The HP 11720A Pulse Modulator is a high performance micro

wave pulse modulator covering the range of 2 to 18 GHz. Because of
this wide frequency coverage, it can be used to increase the modula
tion capabilities of many microwave sources (sweepers or signal gen
erators) and eliminate the need for several individual modulators in
broadband applications.

In addition to wide frequency coverage, the HP 11720A features
extremely short rise and fall times (<10 ns) and a high on/off ratio
(>80 dB), making it suitable for almost any pulsed RF application.

The modulator used in the HP 11720A is a unique series-shunt
PIN diode switch offering superior performance to that of a simple
shunt-diode switch which reflects the input power back to the source
in the "off" state. In the HP 11720A the series components reduce
this reflection without significantly increasing the insertion loss.

The HP 11720A contains all the necessary modulator drive circuit
ry to achieve specified performance so that a standard pulse genera
tor, or any other source that can deliver> 3 V peak into 50 ohms, can
supply the input. In addition, a normal/complement function is pro
vided to adapt the HP 11720A to positive-true or negative-true logic
inputs.

Price
$3200

$1950
$1950
$2050
$2200
$2200

Price

-+ $1900
+$2000
+$2150
'-$2150

+$50
+$35

+$7.50

Rise lime/
Fall lime
nanosec

40/30
30120
30120
30120
30120

1.512.0
1.612.0
2.012.0
2.012.2
2M2

General
Power: 115 or 230 volts ± 10%,50 to 400 Hz, approximately 10 watts.
]Size: 96 H x 425 W x 467 mm D (3.75" x 16.73" x 18.4").

\

Weight: net, 7.4 kg (16.5 Ib). Shipping, 9 kg (20 Ib).

Ordering Information
IHP 8403A Modulator

!options
1002: HP 8731 B PIN Modulator installed in HP 8403A
1004: HP 8732B PIN Modulator installed in HP 8403A
006: HP 8733B PIN Modulator installed in HP 8403A
:008: HP 8734B PIN Modulator installed in HP 8403A
009: Input and Output Connectors on rear panel
:908: Rack flange kit
1910: Extra Manual

HP 8730 Series Specifications
HP Model Fl1quency Attn SWR

Range Min/Max On/OIl
(GHz) (dB)

8731B-HI0' 0.4 -1.2 2.0/35
8731B 0.8 - 2.4 2.0/SO
87328 1.8 -4.5 4.0/SO
87338 3.7 -8.3 3.0/SO
87348 7.0 - 12.4 5.0/SO

l'Externai high-pass filter reqUired.



SWEEP OSCILLATORS
General Information
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Alternate Sweep Measurement

Sweep Oscillators
Sweep oscillators are important in a num

ber of applications where the characteristics
of a device or system must be determined
over a continuous range of frequencies. By
replacing laborious point-by-point tech
niques, swept measurements increase the
speed and convenience of broadband testing.
The continuous frequency characterization
of the unknown device or system also elimi
nates the chance of missing important infor
mation between frequency points.

Hewlett-Packard sweepers cover the entire
frequency spectrum from dc to 60 GHz. The
HP 8620 and HP 8350 family of solid state
oscillators provide a versatile choice of con
figurations-single band, straddle band, or
very wide band plug-ins. The HP 8340B and
the HP 8341 B are broadband synthesizers
that combine the excellent stability, frequen
cy accuracy, and phase noise of a synthesizer
with the versatile characteristics of a sweep
oscillator. And for coverage in the millime
ter-wave frequency range, the HP 83550-se
ries frequency multipliers effectively extend
the excellent performance of Hewlett
Packard's sweep oscillator family to 60 GHz.

A chart of the complete frequency cover
age of Hewlett-Packard's line of sweep oscil
lators is shown on page 393.
Sweep Flexibility

Every HP sweeper has several different
sweep modes available for setting the fre
quency limits of the instrument. A full band
or independently adjustable start/stop fre
quency sweep can be selected. Alternately, a
marker sweep or a symmetrical ~F sweep
about the desired center frequency can be
chosen. Sweep times from 0.01 to more than
100 seconds are possible.

Marker capability, both Z-axis intensity
dots and RF pips, are available on HP sweep
ers to note important measurement frequen
cies. Two or more independent markers are
offered on all sweepers with up to five mark
ers on the HP 8340B/41B and HP 8350
mainframe. Crystal markers are also offered
on the HP 86222B, 83522A, and 83525A/B
RF plug-ins.

Another powerful feature available on the
HP 8340B/8341B and 8350 sweeper main
frame is Save/Recall Mode where up to nine
complete front panel states can be stored in
memory and later recalled when the mea
surement is repeated.

The HP 8340/8341, 8350 sweep oscillator
mainframe and 83500 series RF plug-ins of
fer total HP-IB control of all front panel
functions.
Power Output and Leveling

Power output is continuously adjustable at
the front panel with built-in attenuators
available on most plug-ins for greater power
control. Internal or external leveling capabil
ity ensures high accuracy when making
swept measurements.

For applications that require high power,
the HP 83550A with the HP 8350 sweep os
cillator mainframe offers at least +20 dBm
of leveled output power from 2 to 18.6 GHz
and + 18 dBm to 20 GHz.

When higher output is required from an
existing source, the HP 8349B microwave
amplifier (2 to 20 GHz) can be driven by the
RF output of the sweeper to provide a full
+20 dBm of output power from 2 to 18.6
GHz, The amplifier can be easily leveled via
its built-in directional detector and the auto
matic level control (ALe) circuitry of the
sweeper.

Power as well as frequency can be swept
with the HP 8340B/8341B or the HP 8350
and 83500 series plug-ins using the Power
Sweep function. This means that both the
frequency response and power response of
level sensitive devices like transistors and
amplifiers can be measured using the same
test set-up. Using the power sweep function
the 1 dB gain compression can easily be mea
sured at a CW frequency. Also, the ability to
alternate between two successive sweeps al
lows a swept measurement of the I dB gain
compression point.

Modulation
Modulation capabilities further extend the

sweeper's usefulness both as a sweeper and a
signal generator for signal simulations. The
sweep oscillators described here offer versa
tile pulse, FM and AM modulation capabili
ties.

All HP 83500 and most 86200 series plug
ins (when used with the HP 8350 sweep oscil
lator mainframe) are capable of producing
the 27.8 kHz square wave modulation re
quired by the HP 8757A scalar network ana
lyzer directly, eliminating the need for an
external modulator. The HP 8340B/8341B
may be externally modulated with the 27.8
kHz square wave, via the scalar analyzer's
modulator drive.
Low Harmonics

For those measurements requiring low
harmonics from a swept source there are sev
eral choices available. The HP 83592C RF
plug-in for the HP 8350 sweep oscillator
mainframe offers -55 dBc harmonic sup
pression from 3.5 to 20 GHz. The HP
83596A/83597A RF plug-ins provide -50
dBc harmonic suppression from 2.4 to 20
GHz, and -40 dBc from 20 to 40 GHz. The
HP 8341B Option 003 specifies -50 dBc
harmonics from 1.4 to 20 GHz.
Covering Millimeter-wave Frequencies

The new HP 83550-series millimeter-wave
source modules answer the growing need for
high-performance sweep oscillators in the
millimeter-wave frequency ranges. The
source modules are frequency multipliers
that effectively extend the excellent perform
ance of HP sweep oscillators covering the 11
to 20 GHz range to the 26.5 to 40 GHz (HP
83554A), the 33 to 50 GHz (HP 83555A),
and the 40 to 60 GHz (HP 83556A) millime
ter-wave frequency ranges.



on microwave components such as amplifiers,
transistors or mixers. The HP 8340B/ 41 B
can also be used as a microwave LO in an HP
8902S and 8952S measurement systems that
makes several important measurements on
microwave sources.

Two-tone sweep testing of devices such as
mixers and receiver front ends requires two

network analyzers such as the HP 8510. Ex
tremely high performance vector measure
ments can be made with the HP
8340B/8341B and the HP 8510.

Noise figure measurements above 1600
MHz can be made using the HP 8970 noise
figure meter with either the HP
8340B/8341 B or the HP 8350 serving as the
local oscillator. With this equipment noise
figure and gain measurements can be made

""!!!",
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Sweeper Applications
Sweepers are an integral part of many

kinds of test applications. Their versatility
and extensive feature set make them the per
fect choice for scalar/vector network analy
sis, noise figure measurements, frequency
translation measurements, signal simulation
and many other applications. The sweepers
described here are designed to be compatible
with all relevant measurement solutions from
HP.

Sweepers are used extensively with swept
scalar network analyzers to characterize the
amplitude responses of broadband devices or
with vector network analyzers when the am
plitude and phase characteristics of the de
vice (i.e. s-parameters) are needed.
Examples of such analyzers are the HP
8757 A scalar network analyzer and the HP
8510 vector network analyzer. The HP
8340B/8341B and HP 8350B sweepers can
be controlled by these analyzers via a private
"system interface bus." This makes use of
the sweepers full programmability and cre
ates synergistic performance.

For scalar measurements requiring more
dynamic range, the HP 8349B microwave
amplifier can be used to extend the dynamic
range from 76 dB to typically> 90 dB.

For measurements that require an entirely
spurious-free environment and phase infor
mation, sweepers may be used with vector

Sweep Oscillator-Summary Chart

28V drive If

HP 8970B Noise Figure Meter

11'0- 1600 MH'

signals offset from each other by the IF. This
is accomplished by phase-locking the differ
ence frequency of two sweep oscillators to a
very stable source. The sweepers may then be
swept across the band of interest.

In communications applications where up
converter simulation is required in conjunc
tion with the HP Microwave Link Analyzer,
several of the HP 86200 series plug-ins are
compatible (as an option) with such a system
to permit very accurate RF to RF, RF to IF
and RF to BB distortion measurements.

The modulation and built-in attenuator
features of Hewlett-Packard sweep oscilla
tors make them useful in many traditional
CW signal generator applications. The excel
lent stability, phase noise, frequency range
and modulation capability of the HP 8340B
and 834 I B make them well suited for most of
these applications. In addition, the accuracy,
linearity, and flatness of the HP 83500/
86200 series broadband plug-ins make them
more than adequate in many applications re
quiring a general purpose CW generator. For
wideband applications these RF plug-ins fea
ture performance that rivals octave band os
cillators in the areas of frequency purity and
accuracy, harmonics, flatness. and power.

A Product Line Summary of Swept Mi
crowave Sources (HP Part No. 5956-4350),
as well as specific data sheets, application
notes and product notes are available from
your local Hewlett- Packard sales office.

8

Model Number

Frequency 8350 8620 Other 10 100 I 2 4 8 12 18 26 40 50 60
Range' Series Series" Sweepers MHz MHz GHz GHz GHz GHz GHz GHz GHz GHz GHz GHz

10 MHz·2.4 GHz 83522A 86222A1B
10 MHz-8.4 GHz 83525AJB
10 MHz·20 GHz 83592A1B/C 8341B

10 MHz·265 GHz 83595A 83408
10 MHz-40 GHz 83597A

1.7-4.3 GHz 86235A
2-84 GHz 83540AlB 86240AlB

3.6·8.6 GHz 86240C
2-18.6 GHz 86290B/C
2-20 GHz 83590A
2·22 GHz 86290B Opt H08

2-26.5 GHz 83594A
2.4-40 GHz 83596A

3.2-65 GHz 86241A -f--+
5.9-9.0 GHz 86242D .~
59-124 GHz 83545A 86245A

f----t7-11 GHz 86250D Opt H08
7.5-18.6 GHz 86251 A
8·12.4 GHz 86250D
8-20 GHz 83550A

10-15.5 GHz 86260B .-;:
12A-1B GHz 86260A
17-22 GHz 86260C ::.-18-26.5 GHz 83570A ...-26.5·40 GHz 83572A1B

\

26.5-40 GHz'" 83554A -33-50 GHz'" 83555A ~I----

<\0·60 GHz'" 83556A

'Other Special Frequency Ranges Can Be ProYlded Upon Request.
"HP 86200 Series RF Plug-ins are usable With the HP 8350B Mainframe via the HP 11869A Adapter.
'''The HP B3550·senes millimeter-wave source modules are frequency multipliers that require a+17 dBm microwave input. See page 403.



BSWEEP OSCiLLATORS
Synthesized Sweepets
Models 83408, 83418

• 1 to 4 Hz frec"erH," cr"'·.f"iulj,,,)

• Low spuriou" 'md 011<,0(' new;;
• f-10dBmto ~1O-m .:aJi:-:atedoutput

• Pulse, AmplitUde and F,'2qu8!I;V !V1odulation
• Complete analog sweeper
• <-50 dSe harmcnies 1A to 20 GHz on HP 83418

Option 003
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SYSTEMS

HP 8340B

HP 83408/83418 Synthesized Sweepers
The HP 8340B and 8341B Synthesized Sweepers deliver the com

bined high performance of a synthesizer and a broadband sweep oscil
lator in one instrument that is completely controllable via the
Hewlett-Packard Interface Bus (HP-IB). This efficient combination
of performance and versatility is ideal for manual or automatic test
systems and in many cases enables the HP 8340B/8341B to replace a
sweep oscillator, a frequency counter, an RF synthesizer, and a mi
crowave synthesizer.

HP 8341B Option 003: 50 dBc Harmonics
Option 003 on the HP 8341 B delivers excellent harmonic perform

ance, at least 50 dB below a 1.4 to 20 GHz carrier. This low-harmon
ics option is particularly useful for demanding EW receiver testing,
and scalar analysis of frequency selective devices such as filters.

HP 8340B/83418 Phase Noise performance from 2.3 to 7.0
GHz.

Swept Capability
Analog sweep widths as narrow as 100 Hz or as broad as the full

frequency range of the HP 8340B/8341 B permit rapid and thorough
testing of any device within their broad frequency ranges. To simplify
swept measurements, five frequency markers are provided along with
useful marker functions such as marker sweep, marker to center fre
quency (MKR-CF), and marker difference.

Pulse, AmplitUde, and Frequency Modulation
The HP 8340B/8341B have a high-performance pulse modulator

with ON/OFF ratio >80 dB and rise and fall times <25 ns. Pulse
amplitude is leveled and can be as narrow as 100 ns. The HP
8340B/8341B also feature dc-coupled amplitude modulation with a
3 dB bandwidth of 100 kHz and a minimum depth of 90%, and fre
quency modUlation with rates from 50 kHz to 10 MHz and peak devi
ations to 10 MHz. And with the HP 8340B/8341 B, pulse, amplitude,
and frequency modulation can be used simultaneously.

Output Power
The HP 8340B/8341B provide high output power which can be

controlled down to -110 dBm with 0.05 dB resolution. High power
resolution is complemented by outstanding accuracy and flatness.
The HP 8340B/8341 B also feature power sweep capability with >20
dB dynamic range for complete characterization of level-sensitive de
vices.
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Frequency Prec,sion and Spe:tral Purity
The synthesized broadband frequency coverage (l0 MHz to 26.5

GHz on the HP 8340B and 10 MHz to 20 GHz on the HP 8341B)
and the precise I to 4 Hz frequency resolution (depending on frequen
cy band) are generated by indirect synthesis techniques, enabling the
HP 8340B/8341B to achieve the same low single-sideband phase
noise performance as the HP 8671 B, 8672A and 8673 series Synthe
sized Signal Generators, The HP 8340B/8341 B long-term stability is
also outstanding at 1X10-9/day.

The HP 8340B/8341 B feature CW switching times of better than
50 ms (typically <35 ms). Additionally, a "Fast Phase-lock" pro
gramming command can be used to reduce typical CW switching
times to between 11 and 22 ms (depending on frequency step size and
absolute frequency value).
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HP 83418 400 kHz sweep of 832 MHz SAW resonator

Network Analyzer Companions
Besides being excellent stand-alone general purpose sources, the

HP 8340B/834l B are also ideal sources for precision microwave net
work analysis, where a significant part of measurement accuracy de
pends on the frequency accuracy, stability, signal purity, and
source/analyzer interface of the sweeper used. As well as being the
preferred HP 8510 vector network analyzer source, the HP
8340B/8341B can be teamed with the HP 8757/8756 Scalar Net
work Analyzers for precision scalar analysis, magnitude-only applica
tions where data at accurate frequencies is needed. In addition to
frequency accuracy, the HP 8340B/8341B have a "phase-locked
sweep." For sweep widths of n X 5 MHz or less (n = frequency band
number), one of the phase-locked loops is swept, producing synthesizer
class frequency accuracy and stability in a continuous sweep. As an
example, see the figure at right, where an 832 MHz SAW resonator is
swept over a width of 400 kHz by an HP 8341B with less than 60 Hz
of residual FM.

HP 83408/83418 Specifications Summary
(see technical data sheet for complete specifications)

(All specifications apply to the 8341 B up to 20 GHz)

Frequency

Range: HP 8340B, 10 MHz to 26.5 GHz
HP 8341B, 10 MHz to 20.0 GHz

Resolution (CW Mode):
I Hz, 0.01 to <7.0 GHz
2 Hz, 7.0 to <13.5 GHz
3 Hz, 13.5 to <20.0 GHz
4 Hz, 20.0 to 26.5 GHz

Time Base: Internal 10 MHz time base. Aging rate: less than
I X 1O-9/day and 2 X 1O-7/year after 30 day warm-up.

Swept Capability: Analog sweep, l1F from 100 Hz to 26.49 GHz
(19.99 GHz on 8341 B); sweep times from 45 ms to 200 sec full span.

Spectral Purity

Harmonics (up to 26.5 GHz) of output frequency:
<-35 dBc

Subharmonics and Multiples thereof (up to 26.5 GHz) of output
frequency:

<-25 dBc, 7.0 to <20.0 GHz
<-20 dBc, 20.0 to 26.5 GHz

HP 8341 B Option 003 Harmonics, Subharmonics and Multiples
thereof (up to 20.0 GHz):

<-35 dBc, 0.01 to < 1.4 GHz
<-50 dBc, 1.4 to 20.0 GHz

Non-Harmonically Related Spurious (CW and Manual Sweep
mode only):

-50 dBc, 0.01 to <2.3 GHz
-70 dBc, 2.3 to <7.0 GHz
-64 dBc, 7.0 to <13.5 GHz
-60 dBc, 13.5 to <20.0 GHz
-58 dBc, 20.0 to 26.5 GHz

Single-Sideband Phase Noise (dBc/I Hz Noise BW, CW Mode):

Ofnet from Carrier
Frequency

Range (6Hz) 30 Hz 100 Hz 1kHz 10 kHz 100 kHz
0.01 to < 2.3 -64 -70 -78 -86 -107
2.3 to < 7.0 -64 -70 -78 -86 -107
7.0 to <13.5 -58 -64 -72 -SO -101

13.5 to <20.0 -54 -60 -68 -76 - 97
20.0 to 26.5 -52 -58 -66 -74 - 95

RF Output
Range: -110 dBm to +20 dBm
Resolution: 0.05 dB in ENTRY DISPLAY

Maximum Leveled Power:
+ 10.0 dBm, om to <2.3 GHz
+12.0 dBm, 2.3 to <7.0 GHz
+10.0 dBm, 7.0 to < 13.5 GHz
+9.0 dBm, 13.5 to <20.0 GHz
+3.0 dBm, 20.0 to <23.0 GHz
+ 1.0 dBm, 23.0 to 26.5 GHz

RF Output Connector: APC-3.5 Male on HP 8340B, Type N
Female on HP 8341B; nominal 50 ohm output impedance.

Modulation
Pulse Modulation

ON/OFF Ratio: >80 dB
Rise and Fall Times: :<;;25 ns
Minimum Internally Leveled RF Pulse Width: :<;; 100 ns
Minimum Unleveled RF Pulse Width: typically :<;;25 ns

Amplitude Modulation
Rates (3 dB BW): DC to 100 kHz
Depth: 0 to 90%
Sensitivity: 100%/V

Frequency Modulation
Modulation Rate (3 dB BW): 50 kHz to 10 MHz
Peak Deviation: The lesser of 10 MHz or

5 X Mod Rate, 0.01 to <7.0 GHz
10 X Mod Rate, 7.0 to <13.5 GHz
15 X Mod Rate, 13.5 to <20.0 GHz
20 X Mod Rate, 20.0 to 26.5 GHz

Sensitivity: either I MHz/Volt or 10 MHz/Volt, user selectable.

Ordering Information Price
HP 8340B Synthesized Sweeper $57.500

Opt 001: Front RF Output without Attenuator less $1.000
Opt 004: Rear RF Output with Attenuator add S200
Opt 005: Rear RF Output Without Attenuator less $1.800
Opt 008: I kHz Frequency Resolution less $8.000

HP 8341B Synthesized Sweeper $39.500
Opt 003: Low Harmonics add $1 .500
Opt 004: Rear RF Output with Attenuator add $200
Higher power and other special options are available. Please con-

tact your local Hewlett-Packard sales representative for specifica
tions and ordering information.



SWEEP OSCILLATORS
Model 8350 Series: 10 MHz to 40 GHz
Model 8350 Series

• Versatile microprocessor controlled mainframe
• Single-band, straddle-band and broad band plug-ins
• 10 MHz to 40 GHz from a single plug-in

HP 83508

HP 8350 System
The HP 8350 is a powerful general-purpose source for swept micro

wave measurements, wideband CW signal generation and automatic
testing. It incorporates the efficiency of microprocessor control with
state-of-the-art YIG-tuned oscillators and GaAs FET amplifiers to
produce a high performance sweep oscillator system ideally suited for
either manual or automatic measurements.

You can easily configure a source to meet your application's fre
quency coverage and power requirements. Just combine the versatile
HP 8350 mainframe with any of the 34 standard RF plug-ins (see
table at right) and you are ready to make measurements. Both the
advanced HP 83500 series plug-ins and the existing HP 86200 series
plug-ins (via the HP 11869A adapter) are accepted by the HP 8350
mainframe.

HP 8350 Mainframe
The HP 8350 has been designed to include many features that not

only speed up and simplify measurements but also improve accuracy.
In addition, it is compatible with HP network analyzers, counters,
noise figure meters, power meters, and microwave link analyzers to
provide complete solutions.

All function values (sweep limit frequencies, marker frequencies,
etc.) are indicated on high resolution digital displays. Function values
are easily modified using the appropriate knob, step keys, or data en-
try keyboard. .

Five independent, continuously variable markers are available to
note your measurement frequencies. The active marker frequency or
the difference frequency between any two markers is read easily from
a high resolution digital display. You can also use marker sweep to
zoom in on a particular frequency span while retaining your original
sweep limits.

Another particularly useful feature in making repetitive measure
ments is the HP 8350's Save/Recall Mode. Once the sweeper has
been set for a particular measurement, all front panel settings (HP
8350 and HP 83500 series plug-in) can be Saved and later Recalled
to repeat the measurement by accessing one of nine internal storage
registers.

In the past, HP-IB programming of sweepers was limited to a series
of CW frequencies. With the HP 8350 all front panel functions, e.g.
sweeps, markers, sweep time, ev~n output power (HP ~3?00.seri7s
plug-ins) can be programmed. This means there are no lImitatIOns In
designing your own customized test systems. Utilizing the Learn
Mode function, the HP 8350 becomes a "talker" as well as "listener"
on the bus, transferring all manually entered front panel controls to
the computer.

Full compatibility with both the HP 8510 Network Analyzer, the
HP 8757A Scalar Network Analyzer are provided for convenient vec
tor and scalar measurements with the HP 8350. The HP 5343A
Counter can be combined with the HP 8350 to measure Start, Stop,
or marker frequencies with up to 100 kHz accuracy while sweeping.
Microwave noise figure measurements may be made using the HP
8350 with the HP 8970 Noise Figure Meter. In addition, the HP
8350B, with an appropriate plug-in driving the HP 8349B microwave
amplifier, provides up to +20 dBm of output power across a 2 to 18.6
GHz range.

• 10 mW output power to 26.5 GHz
• Total HP-IB programmability

HP 83500 Series Plug-Ins
Broadband frequency coverage from 10 MHz to 40 GHz with high

output power is provided in the HP 83500 series RF plug-ins. One
plug-in, the HP 83597A covers the entire 10 MHz to 40 GHz fre
quency range with -50 dBc harmonics from 2.4 to 20 GHz and -40
dBc from 20 to 40 GHz. The HP 83595A, operates from 10 MHz to
26.5 GHz without sacrificing frequency accuracy (±12 MHz at 26.5
GHz). The HP 83592C, 10 MHz to 20 GHz RF plug-in has -55 dBc
harmonics and subharmonics from 2 to 20 GHz. The HP 83550A
provides + 20 dBm of output power from 8.0 to 18.6 Ghz, + I8 dBm
from 18.6 to 20.0 GHz and also has a built-in source module interface
to drive the HP 83550-series millimeter-wave source modules. The 18
GHz to 26.5 GHz band is filled by the HP 83570A RF plug-in and
boasts a 10 mW power level (comparable to most BWOs). The milli
meter-wave bands are covered by the HP 83550-series millimeter
wave source modules, frequency multipliers that provide coverage in
the 26.5 to 40 GHz (HP 83554A), 33 to 50 GHz (HP 83555A), and
40 to 60 GHz (HP 83556A) bands by effectively extending the char
acteristics of an II to 20 GHz microwave source to the millimeter
frequency range.

The HP 83500 series plug-ins offer output power level control pre
viously unavailable on a swept source. Power level control is cali
brated with 0.1 dB resolution and up to 80 dB range (with Opt 002
attenuator). Calibrated power sweeps are available for characterizing
device performance as a function of power. Slope and internal level
ing controls are standard on all units. The HP 83500 series plug-ins
(except the HP 83572A/B) are also capable of power meter leveling
with the HP 432A/B/C, 436A, and 438A power meters.

All HP 83500 series front panel functions are HP-IB program
mable including power level. This means your automatic test systems
can now characterize a device both as a function of frequency and
input power level.

HP 86200 Series Plug-Ins
Simply combining the HP 86200 series plug-in (including the one

you may already own) with an HP 11869A Adapter makes all the
convenient digital controls, markers, and HP-IB capability of the HP
8350 immediately available to you. The HP 86200 series are a partic
ularly attractive plug-in choice when economical single-band opera
tion is desired with the HP 8350 mainframe. For measurements with
HP Microwave Link Analyzers, specially characterized HP 86200 se
ries plug-ins can be used with the HP 8350 to create an upconverter
for communications distortion measurements.

The HP 86290B/C plug-ins cover the 2-18 GHz frequency range
with 10 mW and 20 mW of output power respectively. Frequency
accuracy at 18 GHz is 20 MHz, exceeding that available on most
single-band plug-ins. Both HP 83500 series and HP 86200 series
plug-ins compatible with the HP 8350 mainframe are summarized in
the table. Note that the HP ll869A Adapter is required with all HP
86200 series plug-ins.



• Accurate, high resolution, digital displays
• Five markers with marker ~ and marker sweep
• Save/recall 9 complete front panel states

• Accepts all HP 83500 series plug-ins
• Total HP-IB programmability
• Compatible with HP Network Analyzers

HP 83508
~

C""\")R. :
SYSTEMS

CF Resolution: 0.00038% (262,144 points across band).
ilF Resolution: 0.1 % of full band (1024 points across band),

0.012% of band for '/. of band or less, 0.0015% of
band for '/64 of band or less.

Display resolution: 5 digits.
CW operation: single frequency RF output.

CW resolution: same as CF.
Vernier: adjusts CW frequency or swept center frequency up to
0.05% of RF plug-in band being swept.

Vernier resolution: 4 ppm (64 points between each CW point; 262,
144 points across band).

Ollset: allows the CW frequency or center frequency to be offset by
any amount up to the full range of the plug-in.
Frequency markers: five frequency markers are independently ad
justable and fully calibrated over the entire sweep range. Amplitude
or intensity markers available.

Resolution: 0.4% of selected sweep width (256 points/sweep).

HP 83508
Sweep Oscillator applications are greatly enhanced by the features

of the HP 8350B. Along with the traditional swept and CW frequen
cy functions, the HP 8350B adds extensive marker capabilities, versa
tile data entry and complete HP-IB programmability. Besides the
popular HP 83500-series RF plug-ins, the HP 8350B also accepts the
HP 86200-series plug-ins via the HP 11869A adapter. And the HP
8350B is directly compatible with such measurement systems as the
HP 8510 vector network analyzer and the HP 8757A scalar network
analyzer. Frequency accuracy is easily enhanced by using the HP
5343A counter to count the START, STOP, or ACTIVE MARKER
frequencies.

The HP 8350B has three methods of changing function values: con
trol knobs, keyboard entry, or step key entry.

Five markers are available with the HP 8350B. These markers,
combined with the high resolution digital readout, make the accurate
location of important frequency responses easy. A key marker fea
ture, markeril, computes the difference between any two markers.
The markers can also modify the center frequency (marker.....CF) or
the START/STOP frequency (Marker Sweep).

A necessity in making repetitive measurements or automatic tests
is the Save/Recall feature. This feature supplies nine memory loca
tions, each storing a complete front panel set-up. Nonvolatile memory
is included so that all memories are retained even when line power is
removed.

The HP 8350B makes "simultaneous" comparison of two separate
frequency ranges or power levels easy via the alternate sweep mode.
When the alternate sweep mode is activated, the HP 8350B alternates
between the current front panel setting and any stored memory set
ting on successive sweeps. The output from this function may be
processed through a network analyzer such as the HP 8757 A and
viewed on a two channel display.

All front panel controls (except the ac line switch) may be
programmed or controlled via the HP-IB. The HP 8350B may inter
act as a listener or as a talker on the HP-IB.

A self test is performed at turn on or whenever the instrument pre
set function is activated. This function verifies that the HP 8350B is
functioning properly. If there is a problem, error codes are displayed
on the front panel to help locate the problem quickly to the board and
component level.

HP 83508 Specifications

Sweep and Trigger Modes
Internal: sweep recurs automatically.
Line: sweep triggered by ac power line frequency.
External trigger: sweep is actua ted by external trigger signal.
Single: selects mode and triggers a single sweep.
Sweep time: continuously adjustable from 10 ms to 100 seconds.
Manual sweep: continuous manual adjustment of frequency between
end frequencies.
External sweep: sweep is controlled by external signal applied to
SWP OUTPUT/SWP INPUT connector.
Sweep output: direct-coupled sawtooth, zero to approximately +10
volts, concurrent with swept RF output.

Instrument State Storage
Save nlrecall n: 9 different front panel settings can be stored.
Alt n: causes the RF output to alternate on successive sweeps between
the current front panel setting and a setting stored in memory.

Modulation
External AM: refer to RF unit specifications.
Internal AM: Selectable to 27.8 kHz or 1 kHz. On/off ratio, refer to
RF unit specifications.
External FM: refer to RF unit specifications.

Remote Programming (HP-IB)
The HP 8350B has both input and output capability. All front pan

el controls except the ac line power switch are programmable.
Frequency resolution: same as CF/ ilF plus vernier.
Power resolution: see HP 83500 Series Plug-ins.
HP-IB interface functions: SH1, AH1, T6. L4, SRI, RLl, PPO,
DC1, DT1, CO, El.

General Specifications
Nonvolatile memory: continuous memory that retains the contents
of all instrument state storage registers, the HP- IB address, and cur
rent instrument state when ac line power is off.
Operating temperature range: O°C to +55°C.
Power: 100, 120,220 or 240 volts ± 10%, 50 to 60 Hz (Option 400,60
to 400 Hz). Approximately 270 volt-amps including RF unit.
Weight (not including RF unit): Net 16.5 kg (36.41b). Shipping 22.7
kg (50 Ib).
Dimensions: 425 mm wide, 133.3 mm high, 422 mm deep (16.75" x
5.25" x 16.6").

Frequency Control Functions
Refer to RF plug-in for frequency range, linearity and accuracy

specifications.
START/STOP sweep: sweeps up from the START frequency to thc
STOP frequency.
CF/ilF Sweep: sweeps symmetrically upward, centered on CF.

ilF: frequency width of sweep continuously adjustable from zero
to 100% of frequency range.

Ordering Information
HP 8350B Sweep Oscillator Mainframe
Options

803: HP 5343A Interface Cables
910: Extra Manual
W30: Two Years Extended Service

For transit cases see page 742

Price
:54.900

add $60
add $1-:0

add $100



BSWEEP OSCILLATORS
Model 8350 Series: RF Plug-Ins

Plug-ins Compatible With The HP 11869A Adapter
The HP 11869A adapter attaches to the back of the HP 86200

series plug-in and is equipped with a switch for setting the specific
interface code for the plug-in being used.

The following plug-ins will operate in the HP 8350 by using the HP
11869A.

HP 86220A1.2
HP 86222A/B
HP 86230BI.2
HP 86235A

HP 86240A/B/C
HP 86241A J

HP 86242N/C/D2

HP 86245A

HP 86250A' /BI /C/D2
HP 86251Al
HP 86260AI/BJ/CJ
HP 86290N/B/C

add S200

add S200

Price
5700

HP 11869A Adapter
The HP 11869A adapter provides the electrical and mechanical

interface between the HP 8350 and 86200 series plug-ins. All of the
HP 8350's standard operating features, including HP-IB remote pro
gramming, are available. However, specific plug-in functions (output
power level, RF on/off, etc.) cannot be controlled or remotely
programmed by the HP 8350 mainframe.

See page 405 for HP 86200 series plug-in specifications.

RF Plug-in Summary

Ordering Information
HP 11869A Adapter
Options
004: Extension Cables for Plug-ins with Rear Panel RF

Output
006: Type N Aux Out Interface Connector for HP

86251A and 86290A2/B/C
, Not compatible with 27.8 kHz square wave modulation.
, Models HP 862308. 86290A, 86250Al8/C, and 86242A1C are obsolele. However, existing mod

els can interface to HP 83508 mainframe via the HP 11869A adapter.

'Requires a special PROM for the HP 11869A, which is shipped with every HP 86251A, 86260
B/C.

Broad·band Plug·ins

Straddle·band Plug·ins

Single·band Plug·ins

Frequency Leveled Frequency Complete
HP Model range power accuracy specifications
number (GHz) output (MHz) on page

83597A 0.01-40 1 mW ±20 401
83596A 2.4-40 I mW ±20 401
83595A 0.01-26.5 2.5 mW ±12 399
83594A 2-26.5 2.5 mW ±12 399

83592A1B 0.01-20 10 mW/20 mW' ±10 399
83592C 0.01-20 4mW ±IO 399
83590A 2-20 10 mW ±10 399

83525A1B 0.Ql-8.4 20 mW/IO mW ±12 402
83522A 0.01-2.4 20 mW ±5 402

86222A1B 0.01-2.4 20mW ±10 405
86290B 2-18.6 10mW ±30 405
86290C 2-18.6 20 mW ±30 405

83540AlB 2-8.4 40 mW/20mW ±12 402
86240A 2-8.4 40 mW ±20 405
86240B 2-8.4 20 mW ±20 405
86240C 3.6-8.6 40 mW ±20 405
86251A 7.5-18.6 10 mW ±20 405
83550A 8.0-20.0 100 mW/63 mW" ±20 402

86235A 1.7-4.3 40 mW ±20 405
86241A 3.2-6.5 5 mW ±30 405
86242D 5.9-9 10 mW ±35 405
83545A 5.9-12.4 50 mW ±20 402
86245A 5.9-12.4 50 mW ±40 405
86250D 8.0-12.4 10 mW ±40 405
86260B 10-15.5 10 mW ±50 405
86260A 12.4-18 10mW ±50 405
86260C 17-22 10 mW ±50 405
83570A 18-26.5 10 mW ±30 402
83572A 26.5-40 1.6 mW (Opt 001) ±100 402
83572B 26.5-40 4 mW (Opt 001) ±IOO 402

NOTE: The HP 11869A Adapter is required to interface HP 86200 series plug-ins with the HP 8350B mainframe.
'HP 83592B: 20 mW to 18.6 GHz.
"HP 83550A: 100 mWto 18.6GHz.
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Model 8350 Series: Broadband RF Plug-Ins 399

Models 83595A, 83592A/B/C, 83594A, 83590A

• ~55 dBc harmonics an" subhalf110!lics from 35 to 20
GHz

• Internal leveling and slo;Jf" stanfjal(j

• HP-IB

• Calibrated output power with 0.1 dB resolution
• ,13 dBm from 0.01 to 18.6 GHz
• 12 MHz frequency accuracy at 26.5 3Hz............
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2.0 GHz 1.8 GHz/DIV 20.0 GHz

The HP 83590 series plug-ins feature wideband frequency cover
age as exemplified by the HP 83595A which covers 0.01-26.5 GHz in
a single sweep. While the HP 83590 series feature broadband sweeps,
they still maintain narrowband precision. The frequency output ex
hibits excellent stability and accuracy. At 26.5 GHz the HP 83595A
maintains an accuracy of ± 12 MHz. The HP 83592B does not sacri
fice power for broadband high frequency coverage; the output power
is internally leveled for a minimum +13 dBm (to 18.6 GHz) output
with ±0.9 dB flatness. The HP 83592C provides a clean test signal
with -55 dBc harmonic and subharmonic levels (3.5-20 GHz) to
maximize dynamic range. Power output capabilities have been ex
panded to provide power sweep and slope control. In addition, the HP
83590 series plug-ins are completely HP-IB programmable.

The most outstanding feature of the HP 83590 series plug-ins is
their broad frequency range. Innovative technology is used to create
this precision frequency range. The principle behind this technology
is the Switched YIG Tuned Multiplier circuit (SYTM). The YTM
circuit uses the output of a fundamental oscillator to drive a high
efficiency multiplier that has been integrated with a tracking YIG
filter in order to create and select high order harmonics to be used as
output frequencies.

A figure of merit for the HP 83590 series is their flat output power
over the entire frequency range. The output power is internally lev
eled within 0.9 dB with a displayed resolution of 0.1 dB. The power
level may be controlled to a minimum settable power level of -5 dBm
(-2 dBm for the HP 83592B). This level may be extended to -75
dBm on the HP 83592A and HP 83590A or to -72 dBm on the HP
83592B with Option 002 (70 dB Step Attenuator), or to -60 dBm on
the HP 83592C, the HP 83595A and HP 83594A with Option 002
(55 dB Step Attenuator).

Since power parameters are critical to high frequency measure
ments, the HP 83590 Series (along with all HP 83500 series plug-ins)
offer many modes of power output. In addition to a single power out
put, the HP 83590 Series offer a Power Sweep function. The Power
Sweep function sweeps a power range for characterizing level sensi
tive devices like amplifiers and transistors. The Slope mode is supplied
to provide compensation for cable or test set losses. In all these modes
the power output is internally monitored and leveled. If preferred, the
power may be externally leveled. The HP 83590 Series plug-ins are
capable of power meter leveling with the HP 432A/B/C, 436A, and
438A power meters.

HP-IB programmability is an essential feature when one of the HP
83590 series is used in automatic test systems. For example, the auto
mated tests of amplifiers for gain compression are possible. These
plug-ins are completely programmable, which means the power mode
may be selected and the power level may be set with .01 dB resolution.

Output Characteristics
Output Power Resolution

Displayed: 0.1 dB
Programmable/Settable: 0.01 dB

Power Sweep (with Option 002 Power Sweep cannot cross an at
tenuator step)

Calibrated Range: > IS dB (>9 dB)'
Accuracy (including linearity), typical: 1.5 dB

Power Slope (with Option 002 Power Slope cannot cross an attenu
ator step)

Calibrated Range: Up to 5 dB/GHz; up to 15 dB (9 dB') for full
sweep
Linearity, typical: 0.2 dB (0.3 dBl)

Residual AM in 100 kHz Bandwidth, typical: -50 dBc
Source Output VSWR (50 ohm nominal): <1.9
Modulation Characteristics
External AM

Frequency Response, typical: 100 kHz
Range of Amplitude Control, typical: 15 dB
Sensitivity, typical: I dB/V

Internal Square Wave Modulation
I kHz of 27.8 kHz square wave modulation selectable by internal

jumper in HP 8350B. The 27.8 kHz modulation ensures operation
with all Hewlett-Packard scalar network analyzers.

On/Oft Ratio: > 30 dB
Symmetry: 40/60

External Pulse Modulation (HP 83592A/B/C, 83595A specifica
tions only)

Pulse Input: TTL compatible
Rise/Fall Time, typical: IS nsec (0.01-2.5 GHz)

10 nsec (2.5-20 GHz or 26.5 GHz)
Minimum RF Pulse Width:

Internally Leveled, typical: I nsec
Unleveled. typical: 200 nsec (0.01-2.5 GHz)

100 nsec (2.5-20 GHz or 26.5 GHz)
External FM

Maximum Deviations for Modulation Frequencies:
DC to 100 Hz: ± 75 MHz
100 Hz to I MHz: ± 7 MHz
1 MHz to 2 MHz: ± 5 MHz
2 MHz to 10 MHz: ± I MHz

Sensitivity (switch selectable), typical
FM Mode: -20 MHz/V
Phase-lock Mode: 6 MHz/V



SWEEP OSCILLATORS
Model 8350 Series: Broadband RF Plug-Ins (cont'd)
Models 83595A, 83592A/B/C, 83594A, 83590A

General Specifications
Minimum Sweep Time

HP 83590A, 83592A/B/C: 10 msec for single band, 25 msec for
full sweep

HP 83594A, 83595A: 10 msec for single band, 30 msec for full
sweep
Auxiliary Output (rear panel fundamental oscillator output, nomi
nally 0 dBm):

HP 83590A, 83594A: 2.0-7.0 GHz
HP 83592A/B/C, 83595A: 2.3-7.0 GHz

Frequency Reference Output (rear panel BNC output, switch se
lectable):

I Y /GHz « 18 GHz) or 0.5 Y /GHz « 20 GHz or <26.5 GHz) ±
25 mY
RF Output Connector

HP 83590A, 83592A/B/C: Type N female
HP 83594A, 83595A: Type APC 3.5 male

Weight:
HP 83590A, 83594A: Net 5.7 kg (12.45 Ib), Shipping 8.75 kg
(19.25 Ib)
HP 83592A/B/C, 83595A: Net 6.0 kg (13.2 Ib), Shipping 9.2 kg
(20Ib)

Ordering Information
HP 83590A 2.0 to 20 GHz RF Plug-in
HP 83592A 0.01 to 20 GHz RF Plug-in
HP 835928 0.01 to 20 GHz (high power) RF Plug-in
HP 83592C 0.01 to 20 GHz (low harmonics) RF
Plug-in
HP 83594A 2.0 to 26.5 GHz RF Plug-in
HP 83595A 0.01 to 26.5 GHz RF Plug-in

Option 002 Rear Panel RF Output
Option 004: 70 dB Step Attenuator (HP 83590A,

83592A/B)
55 dB Step Attenuator (HP 83592C,
83594A,83595A)

~ 18.500
$20,500
$23,500
$22,000

$24,200
$26.000

Add $200
Add $1,500

Band Band Band Band Band Full
0 1 2 3 4 Band

Frequency Characteristics
Range

HP 83590A 2-7 7-13.5 13.5-20 2-20
HP 83592A/B/C .01-2.4 2.4-7 7-13.5 13.5-20 .01-20
HP 83594A 2-7 7-135 13.5·20 20-265 2-26.5
HP 83595A .01-2.4 2.4-7 7-135 13.5-20 20-265 .01-26.5

Accuracy (MHz, 25'C)
CW Mode ±5 ±5 ±IO ±10 ±12
All Sweep Modes (sweep time> 100 ms) ±15 ±20 ±25 ±30 ±35 ±35 (±50')

Linearity (MHz), typical ±2 ±2 ±4 ±6 ±10 ±10 (±15')

Stability, typical
With Temperature (MHzI'C) ±0.2 ±0.2 ±0.4 ±0.6 ±0.8
With 10 dB Power Change (kHz) ±200 ±200 ±400 ±600 ±800
With 3: 1 Load SWR (kHz) ±100 ±IOO ±200 ±300 ±400
With Time' (kHz) ±100 ±100 ±200 ±300 ±400

Residual FM (kHz peak,
10 Hz-l0 kHz bandwidth) <5 <5 <7 <9 <12

Output Characteristics
Maximum Leveled Power (mW, 25'C) 10 (20') 10 (20',4') 10 (20'.4') 10 (2.5') 2.5 10 (25')

With Option 002 10 (16') 7 (14',3.2') 6.3 (13',2.5') 5 (1.4') 1.25 5 (1.25',1.4')

Power Level Accuracy (dB)
Internally Leveled ±1.5 ±1.3 ±1.3 ±1.4 ±1.7 ±1.5 (±1.8')

Power Variation (dB, max specilied power)
Internally Leveled ±0.9 ±0.7 ±0.7 ±0.8 ±0.9 ±0.9 (±1.0')
Externally Leveled' ±0.2 (0.25') ±0.2 (0.25') ±0.2 (0.25') ±02 (0.25') ±0.2 (0.253

)

Minimum Setlable Power (dBm) -5 (-2') -5 (-2') -5 (-2') -5 (-2') -5 (-2')
With Option 002 -60 -60 -60 -60 -60

(-72'.-75') (-72',-75') (-72',-75') (-72',-75') (-72',-75')

Spurious Signals (dBc, max specified power)
Harmonically Related <-25 <-25 <-25 <-25 <-20
Non-harmonics (-20',-45') (-55') (-55') (-55')

<-25 <-50 (-55') <-50 (-55') <-50 (-55') <-50

1 HP 83594A, 83595A specifications only.
, 10 minute period after one hour warm-up at same frequency.
3 HP 83592B specifications only.
• HP 83592C specifications only.
'Negative crystal detector (sweep time> 100 msec) or HP 432MB/C, 436A or 438A Power Meter (sweep time ~ 100 sec), eXCludes coupler/detector variation.
• HP 83592A specifications only.
, HP 83592C only: <-25 dBc (.01-1.4 GHz)

<-45 dBc (1.4-2.4 GHz)
<-50 dBc (2.4-3.5 GHz)
<-55 dBc (3.5-20 GHz)



$33,500
$30.000

add $200

• 10 MHz to 40 GHz frequency coverage with the 2.4 mm
coaxial connector

• 50 dBc harmonics and subharmonics from 1.5 to 20
GHz, -40 dBc from 20 to 40 GHz

e
HP 83597A

The HP 83597A and 83596A RF plug-ins provide the highest per
formance and reliability available up to 40 GHz from a swept source.
They feature high output power, as well as excellent harmonic per
formance. They also incorporate the 2.4 mm connector which makes
high performance broadband coaxial measurements possible. The su
periority of the 2.4 mm connector lies in its ruggedness, repeatable
performance and excellent match over the entire frequency range.

A 40 GHz broadband swept scalar measurement system is easy to
configure using this sweep oscillator with the HP 8757A Scalar Net
work Analyzer, and the appropriate 2.4 mm scalar network analyzer
accessories. With -50 dBc of harmonic and subharmonic suppression
from 1.5 to 20 GHz, and -40 dBc from 20 to 40 GHz, these plug-ins
are the ideal choice for scalar network analysis.

The broadband frequency coverage and high output power of the
HP 83597A and 83596A plug-ins make them ideal as local oscillators
for down-converting high frequency signals to a lower intermediate
frequency. These plug-ins provide the broadest frequency coverage
for mixer measurement systems or coaxial noise figure measurements
with the HP 8970B Noise Figure Meter.

The outstanding performance of the HP 83597A and 83596A plug
ins make them especially attractive as stand-alone sources for various
signal generation and simulation applications. Frequency accuracies
of better than ±5 to ±20 MHz are specified depending on the fre
quency of operation. These plug-ins additionally have very flexible
amplitude, frequency and pulse modulation capabilities.
Output Characteristics
Output Power Resolution
Displayed: 0.1 dB
Programmable/Settable: 0.01 dB
Minimum Settable Power: -15 dBm
Power Variation:
Externally Leveled (excluding coupler/detector variation)

Negative Crystal detector2 or HP 432A/B/C. 436A or 438A
Power Meter9

: ±0.2 dB, typical

SWEEP OSCILLATORS B
Model 8350 Series: Broadband RF Plug-ins 401

Models 83597A, 83596A

Power Sweep
Calibrated Range: > 19 dB (<18.6 GHz), >15 dB (> 18.6 GHz)
Accuracy (including linearity): ± 1.5 dB. typical
Resolution (displayed): 0.1 dB

Power Slope
Calibrated Range: up to 5 dB/GHz, up to 15 dB for full sweep
Linearity: 0.2 dB, typical
Resolution (displayed): 0.01 dB/GHz

Residual AM in 100 kHz Bandwidth: -50 dBc. typical
Source Output VSWR (50 Ohm, nominal impedance): <2.0:1,
typical
Modulation Characteristics
External AM
Frequency Response: 100 kHz. typical
Maximum Input: 15V
Range of Amplitude Control: 15 dB, typical
Sensitivity: 1 dB/V, typical
Input Impedance: approximately 25 kfl
Internal Square Wave Modulation
I kHz or 27.778 kHz square wave modulation selectable by internal
jumper in HP 8350B. The 27.778 kHz modulation ensures operation
with all Hewlett-Packard scalar network analyzers.

On/Off Ratio: >30 dB
External Pulse Modulation:
Rise/Fall Time (neglecting overshoot): dO nsec, typical
Minimum RF Pulse Width:

Internally Leveled: < 1.5 p'sec, typical
Unleveled: < I p.sec. typical

On/Off Ratio: >60 dB, typical
External FM
Maximum Deviations for Modulation Frequencies:

DC to 100 Hz: ± 75 MHz (cross-over coupled),
± 12 MHz (direct coupled)

100 Hz to I MHz: ±7 MHz
1 MHz to 2 MHz: ±5 MHz
2 MHz to 10 MHz: ±l MHz

Sensitivity (switch selectable):
FM Mode: -20 MHz/V, typical
Phase-lock Mode: -6 MHz/V. typical

General Specifications
Minimum Sweep Time: 30 ms for a single band, 75 ms for <20
GHz sweep width, 150 ms for> 20 GHz sweep width.

Auxiliary Output: Rear panel 2.3-7.0 GHz fundamental oscillator
output. nominally 0 dBm.
Frequency Reference Output: Switch selectable 0.5 V/GHz
(0.01-38 GHz) or 0.25V /GHz (0.01-40 GHz), ±25 mV «2.4 GHz)
or ±100 mV (>2.4 GHz).
RF Output Connector: Type 2.4 mm male.

Weight: Net 6.5 kg (14.4 lb), Shipping 9.5 kg (211b).
Ordering Information
UP 83S97A 10 MHz to 40 GHz RF Plug-In
UP 83S96A 2.4 GHz to 40 GHz RF Plug-In
Opt. 004 Rear Panel RF Output

Band 0 Band 1 Band 2 Band 3 Band 4 Full Band

it 25'C ±5'C.
;2- For sweep times;> 100 ms.
:3. 10 Hz to 10 kHz bandwidth, CW mode with CW filter on.
'4. Typically degrades 0.1 dB/'C above 25°C.

Frequency Characteriltics
Range

HP 83597A
HP 83596A

Accuracy'
CW Mode:
All Sweep Modes:'

Residual FM (peak)':
Output Characteristici
Maximum Leveled Power'"

Power Level Accuracy'-'"
Power Variation'"

I

Spurious Signall'
Harmonics and Subharmonics

Non-harmonics:

0.01·2.4 GHz

±5 MHz
±15 MHz
<5 kHz

2.5 mW

±1.5 dB
±0.9 dB

<-25 dBc (<1.5 GHz)
<-50 dBc (>15 GHz)
<-25 dBc

2.4-7.0 GHz 7.0-13.5 GHz 13.5-20.0 GHz 20.0-40,0 GHz
2.4-7.0 GHz 7.0-13.5 GHz 13.5-20.0 GHz 20.0-40,0 GHz

±5 MHz ±10 MHz ±10 MHz ±20 MHz
±20 MHz ±25 MHz ±30 MHz ±50 MHz
<5 kHz <7 kHz <9 kHz <18 kHz

2.5 mW 2.5 mW 2,5 mW (<18.6 GHz) 1mW
1mW (> 18.6 GHz)

±1.3 dB ±1.3 dB ±1.4 dB ±2,0 dB
±0.7 dB ±0.7 dB ±0.8 dB ±1.2 dB

<-50 dEc <-50 dBc <-50 dBc <-40 dBc'

<-50 dEc <-50 dEc <-50 dEc <-50 dEc
5. Includes power level variations.
6. Degrades typically ±0.05 dB/'C outside the 20'C-30'C range.
7. At specified maximum leveled power.
8. Typically <-40 dBc above 40 GHz.
g. For sweep times;> 10 sec and ;>2.5 sec/GHz.

0,01-40.0 GHz
2.4-400 GHz

±75 MHz

±20 dB
±1.3 dB
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Model 8350 Series RF Plug-Ins
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HP 83500 Series Plug~n$:

Specification$ Summary

Frequency Characteri$tics
Range (GHz) 0.01-2.4 0.01-8.4 0.01-84 2-8.4 2-8.4 8-20 5.9-12.4 18-26.5 26.5-40 26.5-40
Accuracy (MHz, 25'C)

CW Mode ±5 ±12' ±12' ±12 ±12 ±20 ±20 ±30 ±IOO ±100
All Sweep Modes (sweep time >100 ms) ±15 ±20' ±20' ±20 ±20 ±50 ±35 ±55 ±150 ±150

Residual FM
(kHz peak. 10 Hz-to kHz bandwidth) <5 <7' <7' <7 <7 <25 <15 dO (60 (60

Output Characteri$tic$
Maximum Leveled Power (mW, 25'C) >20 >20 >10 >40 >20 >100' >50 >to >2' >5'
Power Level Accuracy (dB)

internally Leveled ±I ±1.5 ±1.5 ±1.5 ±1.5 ±1.5 ±I ±1.8 ±I.5' ±lS
Power Variation (dB, at max specified power)

Internally Leveled ±0.25 ±I ±! ±I ±I ±1.25 ±0.6 ±1.4 ±3' ±3'
Externally Leveled, typical

(excluding couplerldetector variations) ±O.l ±O.I ±O.I ±O.I ±O.l ±0.1 ±0.1 ±0.1 ±0.2 ±0.2
Spurious Signals (dBc, at max specified power)

Harmonically Related <-25 <-20 <-45' (-20 <-45 <-20' <_30 10 <-25 (-20 <-20
Non-harmonics <-25 (-60' <-60' <-60 (-60 (-50 <-60 (-50 (-50 <-50

Source SWR, typical
(50 ohms nominal, Internally leveled) <1.5 <1.6' <1.6' <1.6 <1.6 <2.5 <1.6 <2.5 <1.5' <1.5'

Modulation Characleri$lics
External Pulse, typical

Rise/Fall Time (ns) n/a 20' 20' 20 20 25 15 20 300/50" 300/50"
Minimum RF Pulse Width

Leveled (~s) n/a I' 5' I 5 I I I o/a n/a
Unleveled (ns) n/a 100' 100' 100 100 100 100 100 500" 500"

External FM
Maximum Deviation (MHz)

DC to 100Hz Rates ±75 ±75 ±75 ±75 ±75 ±75 ±75 ±75 ±150 ±150
100Hz to 200 kHz Rates ±7 ±7 ±7 ±7 ±7 ±12 ±7 ±7 ±3.5 ±3.5
200 kHz to 1MHz Rates ±7 ±7 ±7 ±7 ±7 ±12 ±7 ±7 nla n/a
I MHz to 2 MHz Rates ±5 ±5 ±5 ±5 ±5 ±12 ±5 ±5 n/a nla
2 MHz to 6 MHz Rates ±1 ±I ±I ±l ±l ±12 ±1.5 ±l n/a nla
6 MHz to 10 MHz Rates ±1 ±I ±I ±I ±l ±1.5 ±I n/a nla

Sensitivity (MHz/volt), typical -20/-6 -20/-6 -20/-6 -20/-6 -20/-6 -201-6 -201-6 -20/-6 -20/-6 -20/-6
External AM

Frequency response (kHz), typical 100 100 100 100 100 100 100 100 10 10
Range (dB), typical >15 >15 >15 >15 >15 >20 >15 >11 >7' >11'
Sensitivity (dB/volts) tl tl tl +I tl -1 +I +1 +1' +1'

Internal AM (1 kHz/27.8 kHz square wave)
OnlOff Ratio (dB) >30 >40' >40' >30 >30 >30 >40 >25 >20" >20"

Prices
Plug-in $8.20\; $12.800 $14000 $9.900 ,Ii: $1600: HQW W 500 mOOD $18000
With Opt 001 nla n/a nia n/a " 1 " $1600 $1600

(Calibrated External Leveling)
With Opt 002 $1,005 $U05 , $1.185 , $1.105 $1:U', - $1.30" Sl ,- 'I "\

(70 dB Attenuator)
With Opt 004 $200 + $200 - $2CO + $200 ' $200 - $20e) 1"1 a

(Rear Panel RF Output)
With Opt 006 nla n,d n/a n/(j n ~1 ,1 'I $1.805 . $ 300

(Internal Pulse/Square Wave Modulation)
With Opt W30 $1'0 t 1250 T $270 ~ $200 - $2iC - 13CO $2Uu $"'{' + $290 ~ mO.:'..'-+'J

(Two Years Extended Service)

, Enhanced frequency accuracy is provided by internal crystal markers of 10 MHz and 50 MHz (over fUll range for HP 83522A, and below 2 GHz for HP 83525A!B). 1 MHz harmonic markers are ava~able

below 1GHz.
, WR42 waveguide RF output connector type.
, WR28 waveguide RF output connector type.
'Specifications apply from 2-8.4 GHz only. 0.01-2 GHz specifications are the same as the HP 83522A plug-in.
'63 mW from 18.6-20 GHz.
• Unleveled output power.
'Externally leveled (requires option 001 which consists of acalibrated crystal detector, external coupler, and BNC cable).
• Specifications apply only from 2-8.4 GHz.
, -15 dBc from 8-11 GHz.
" -17 dBc from 5.9-7 GHz.
" Requires option 006 which provides internal pulse and square wave modulation capability.
"50 dB step attenuator.
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HP 83550 Series Millimeter -Wave Source Modules 403

Models 83554A, 83555A and 83556A

• 26.5 to 60 GHz frequency range
• Internally-leveled high output power
• Can be driven by rnanv HP microwave sources

• Source module remote DiC im to [J mot";' length
• Low entry cost

High Output Power
Internally-leveled output power from the source modules is rated at

+8 dBm for the HP 83554A, +3 dBm for the HP 83555A and +3
dBm for the HP 83556A. This high output power can permit the
source module to serve as a mixer LO in some applications, and also
expands the available dynamic range in frequency response measure
ments.

HP 8341B/B349B/83554A AM Performance
at 30 GHz. AM rate is 17 kHz and depth is

70%.

HP 8340B/8349B/83554A Pulse
Performance at 3S GHz. Pulse width ~ 5~S.

Pulse, AM and FM Modulac>ion
The high performance pulse modulators of the HP synthesized

sources offer >80 dB ON/OFF ratio and <50 ns rise and fall times.
Pulse amplitudes are leveled for pulse widths as narrow as Ills.

The HP 8340B/8341B also feature dc-coupled AM with a 3 dB
bandwidth of 100 kHz. Pulse and amplitude modulation can be used
to simultaneously simulate antenna scan patterns.

The HP 83550 series source modules offer 20 to 50 dBc of harmon
ic and subharmonic suppression depending on the source configura
tion used. The high stability and low phase noise characteristics of the
HP 8340B/8341B or HP 8673B/C/D synthesizers (combined with
the required HP 8349B amplifier) are also translated through the
source modules and are available for a variety of signal simulation
applications.

The three HP 83550 series millimeter-wave source modules pro
vide a simple approach to extend the frequency range of II to 20 GHz
sources to cover 26.5 to 40 GHz (HP 83554A), 33 to 50 GHz (HP
83555A) and 40 to 60 GHz (HP 83556A) bands. The HP 83550 se
ries source modules offer internally-leveled high output power, full
waveguide band frequency coverage, and the high frequency accura
cy and resolution of the driving microwave source.

As shown in Figure I, there are two basic ways of configuring a
millimeter-wave source to best suit your specific needs. Your choice
can range from a sweep oscillator (HP 8350B/83550A) to a sophisti
cated synthesized sweeper (HP 8341 B/8349B).

HP 8350B/83550A
Sweep Oscillator

26.5, 40 GHz

FM rates between 100 Hz and 10 MHz may be applied to the HP
8673B/C/D synthesizer input to achieve deviations up to 20 MHz
(HP 83554A) and 30 MHz (HP 83555A, 83556A) at millimeter
wave frequencies.

OR

HP 8350B/8359x
HP8340B
HP8341B
HP 8673B/C/O

HP Microwave Sources

HP 83555A
mm-Wave

Source Module

HP 83556A
mm·Wave

Source Module

33·50 GHz

40, BO GHz

Operational Simplicity
Simple front panel operations let you enter a display multiplier, so

that the actual output frequency of the source module may be entered
and displayed directly on the microwave source driver. The output
power of the source module is displayed on the source or amplifier
(depending on your millimeter-wave source configuration) and can be
controlled again from the microwave driver.

In addition, the small size of the HP 83550-series source modules
allows you to use them even on a crowded benchtop. The source mod
ules may be placed up to I meter from the driving source allowing you
to bring your source to your test system instead of the other way
around.

This combination of performance and versatility, plus total HP-IB
programmability (via the microwave source driver), makes the HP
millimeter-wave sources ideal in many automatic test or bench appli
cations.

Frequency Precision and Spectral Purity
An advantage of using frequency multiplication to generate milli

meter-wave signals is that the module output translates many of the
capabilities and features of the microwave source driver. The fre
quency accuracy and resolution are multiplied by a factor of two or
three depending on whether the drive frequency is doubled or tripled.
For example, a millimeter-wave source based on the HP
8341 B/8349B will have frequency resolution of 6 Hz from 26.5 to 40
GHz, and 9 Hz from 40 to 60 GHz.

All at a Lower Cost
The HP 83550-series source modules combines performance and

quality with a low cost of entry. This is possible because the source
modules are baCkward-compatible with existing HP microwave
sources. Thus, you can generate a full waveguide band of millimeter
wave frequencies for just the cost of the HP 8349B and a source mod
ule. Also, the cost of ownership to you is reduced even further by the
two-year warranty on the microcircuits of the HP 83550-series source
modules and the HP 8349B microwave amplifier.



BSWEEP OSCILLATORS
HP 83550 Series Millimeter-Wave Source Modules (cont'd)
Models 83SS4A, 83555A and 83SS6A

HP 83554A Output
Characteristics 1 HP 8350B/83550A

HP 8350B/
83590 Series/8349B

HP 83408/83498.
HP 83418/83498 HP 8673B/C/D/8349B

Maximum Leveled Power (25'C±5'C) +8 dBm, 26.5-37.2 GHz +8 dBm, 26.5-37.2 GHz +8 dBm, 26.5-37.2 GHz +8 dBm, 26.5-37.2 GHz
+7 dBm, 37.2-40.0 GHz +7 dBm, 37.2-40.0 GHz +7 dBm, 37.2-40.0 GHz +7 dBm, 37.2-40.0 GHz

Minimum Settable Power: -5 dBm -5 dBm -5 dBm -5dBm
Power Level Accuracy' (25'C±5'C) ±2.00 dB ±2.00 dB ±2.00 dB ±2.00 dB
Power Flatness (at max leveled power) ±1.50 dB ±1.50 dB' ±1.50 dB' ±1.50 dB'
Source Output SWR <2.0 <2.0 <2.0 <2.0
Spurious Signals (expressed in dB

relative to the carrier level (dBc)).
Harmonically related spurious:
26.5 to 26.7 GHz <-25 dBc <-25 dBc <-25 dBc <-25 dBc
26.7 to 40.0 GHz <-50 dBc <-20 dBc' <-20 dBc' <-20 dBc'

HP 83555A Output Characteristics1 HP 8350B/83550A
HP 8350B/

83590 Series/83498
HP 8340B/8349B
HP 83418/8349B HP 8673B/C/D/8349B

Maximum Leveled Power (25'C±5'C) +3 dBm +3 dBm +3 dBm +3 dBm
Minimum Settable Power: -5dBm -5 dBm -5 dBm -5 dBm

Power Level Accuracy' (25'C±5'C) ±2.00 dB ±2.00 dB ±2.00 dB ±2.00 dB
Power Flatness (at max leveled power) ±1.50 dB ±1.50 dB' ±1.50 dB' ±1.50 dB'
Source Output VSWR <2.0 <2.0 <2.0 <2.0
Spurious Signals (expressed in dB relative to the carrier

level (dBc)).
Harmonically related spurious:
33.0 to 37.5 GHz <-20 dBc <-20 dBc <-20 dBc <-20 dBc
37.5 to 49.5 GHz <-50 dBc <-20 dBc' <-20 dBc' <-20 dBc'
49.5 to 50.0 GHz <-20 dBc <-20 dBc <-20 dBc <-20 dBc

HP 83556A Output Characteristics1 HP 8350B/83550A
HP 8350B/

83590 Series/8349B
HP 8340B/83498,
HP 8341B/83498 HP 86738/C/D/8349B

Maximum Leveled Power (25'C±5'C) +3 dBm +3 dBm +3 dBm +3 dBm
Minimum Settable Power: -5 dBm -5dBm -5dBm -5 dBm

Power Level Accuracy' (25'C±5'C) ±2.25 dB ±2.25 dB ±2.25 dB ±2.25 dB
Power Flatness (at max leveled power) ±1.75 dB ±1.75 dB' ±1.75 dB' ±1.75 dB'

Source Output VSWR <2.0 <2.0 <2.0 <2.0
Spurious Signals (expressed in dB relative to the carrier

level (dBc)).
Harmonically related spurious:
40.0 to 45.0 GHz <-20 dBc <-20 dBc <-20 dBc <-20 dBc
45.0 to 60.0 GHz <-50 dBc <-20 dBc' <-20 dBc' <-20 dBc'

'All specifications apply to Internally leveled operation only.
'SpeCified with ,e.pacllo HP 83550A or HP 8349B power display. Includes power levaillatness.
'Must have 0.5 VIGHz modification on microwave source.
'Except for the HP 83592C which is -45 dBc.
'Except for the HP 8341 B Option 003 which is -40 dBC.
'Except for the HP 8673C/D which are -50 dBc.

Furnished with Each Source Module: Operating and Service Man
ual, Modification Procedures for 0.5 V/GHz output, Type-N RF Ca
ble, Module Base Assembly, Synthesizer Interface Cable.

General Specifications
Waveguide Output Connector

HP 83554A: EIA size WR 28 waveguide; JAN UG-599 flange.
HP 83555A: EIA size WR 22 waveguide; JAN UG-383 flange.
HP 83556A: EIA size WR 19 waveguide; JAN UG-383 (mod.)
flange.

Weight: ~et. 1.7 kg (4Ib).
Dimensions: Module, 80 mm Wx 80 mm Hx 210 mm D (3.15" X
3.15" X 8.27")

Other Specifications
Frequency Resolution: 2 (HP 83554A) or 3 (HP 83555A, 83556A)
times the resolution of the input frequency.
Frequency Accuracy and Stability: 2 (HP 83554A) or 3 (HP
83555A, 83556A) times the accuracy and stability of the input fre
quency for sweep oscillator. Same as the time base for synthesized
sources.
Single-Sideband Phase Noise (synthesized sources only): Same as
the input signal plus 6 dB (HP 83554A) or 10 dB (HP 83555A,
83556A).
External Pulse Modulation:

OnlOff Ratio: >80 dB (>60 dB, for HP 8350B/83550A)
Minimum Leveled RF Pulse Width: IlLS (5ILs, for HP 8673)
Minimum Unleveled RF Pulse Width: 100 ns (50 ns, for HP 8673)

Amplitude Modulation:
Rate (3 dB BW): DC-IOO kHz (DC-80 kHz, for HP 8673)
Sensitivity: 1 dB/V (I00%/V. for synthesized sources)

Frequency Modulation:
Maximum Deviations: Follows input with 2 (HP 83554A) or 3
(HP 83555A. 83556A) times the deviation.
Output Sensitivity: 2 (HP 83554A) or 3 (HP 83555A. 83556A)
times the input sensitivity.

Ordering Information
HP 83554A 26.5-40.0 GHz mm-Wave Source Module
HP 83555A 33.0-50.0 GHz mm-Wave Source Module
HP 83556A 40.0-60.0 GHz mm-Wave Source Module

Opt 910: Extra Manual
Opt W30: Two Years Extended Service

$9.000
'[;9.000
$9.000

~,dd $40
"ddS160
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Model 88200 Series

/ Broadband 7 Straddle·Band / Single·Band I
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Frequency Characteristics
Range (GHz) 0.01-2.4 2.0-18.6 2.0-8.4 2.0-84 3.6-8.6 7.5-18.6 17-4.3 3.2-6.5 59-9.0 5.9-12.4 8.0-12.4 100-15.5 12.4-18.0 17.0-22.0
Accuracy (MHz, 25'C)

±50 ±50 ±50CW Mode ±IO ±30 ±25 ±25 ±25 ±60 ±20 ±30 ±35 ±40 ±40
Remote Programming, typical ±1.5 ±2.5 ±3.5 ±3.5 ±3.5 ±20 ±2.5 ±10.5 ±5.0 ±20 ±20 ±25 ±25 ±25
All Sweep Modes

±33 ±50 ±50 ±70 ±70 ±70(sweep time >100 ms) ±15 ±40 ±40 ±50 ±35 ±60 ±30 ±40
Residual FM

(kHz peak, 10 Hz-1O kHz
<7 <30 <9 <9 <9 <20bandwidth) <5 <25 <25 <25 <15 <15 <15 <7

Output Characteristics

Maximum Leveled Power
(mW, 25'C) >20 >10 >40 >20 >40 >10 >40 >5 >10 >50 >10 >10 >10 >10

Power Variation (dB, at max
specified power)

±0.7 ±0.7 ±0.7Internally Leveled ±0.25 ±0.7 ±2 ±2 ±2 ±0.8 ±2 ±0.8 ±0.5 ±0.6 ±0.5
Externally Leveled

(excluding coupler and
detector variations) ±0.1 ±0.15 ±O.l ±0.1 ±0.1 ±0.15 ±0.1 ±0.1 ±0.1 ±O.l ±0.1 ±O.l ±0.1 ±0.1

Spurious Signals (dBc, at max
specified power)

Harmonically Related <-25 <-25 <-16 <-45 <-16 <-35 <-20 <-16 <-30 <-17 <-30 <-25 <-25 <-25
Non-harmonics <-25 <-50 <-60 <-60 <-60 <-50 <-60 <-60 <-60 <-60 <-60 <-50 <-50 <-50

Source SWR (50 ohms nominal,
internally leveled) <1.5 <1.9 <1.6 <1.6 <1.6 <1.9 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6

Modulation Characteristics
External Pulse

RiselFall Time, typical (ns) nla nla 20 20 20 nla 20 nla nla nla nla nla nla nla
OnlOff Ratio (dB) 40 40 40 40

For Input (volts) +6 +6 +6 +6
External FM'

Maximum Deviation (MHz)
DC to 100 Hz Rates ±75 ±75 ±75 ±75 ±75 ±75 ±25 ±150 ±150 ±150
100 Hz to 1 MHz Rates ±5 ±5 ±5 ±5 MLA' ±5 ±5 ±2 ±15 ±15 ±15
1 MHz to 2MHz Rates ±2 ±5 ±2 ±2 ±5 ±2 ±5 ±5 ±5
DC to 200 Hz Rates ±75 ±75 ±75
200 Hz to 200 kHz Rates ±5 ±5 ±5

Sensitivity, nominal
(MHz/volt) -201-6 -201-6 -201-6 -201-6 -201-6 -201-6 -201-6 -6 -201-6 -201-6 -201-6 -201-6 -201-6 -201-6

External AM
Linear Mode

Frequency Response,
Typical (kHz) 150 300 50 50 50 300 50 30 30 30 30 300 300 300

Attenuation (dB), typical, >30 >30 >30 >30 >30 >30 >30 >25 >20 >20 >20 >25 >25 >25
For Input (volts) +6 +5 +5 +5 +5 +5 +5 -10 +6 +6 +6 -10 -10 -10

Square Wave Mode
OnlOff Ratio (dB), nla >30 nla nla nla >30 nla nla >40 >40 >40 nla nla nla

For Input (volts) +6 +6 +6 +6 +6
Compatible with HP 8757/8756

Mod Dnve signal Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes No No No
Internal AM

1kHz Square Wave
OnlOff Ratio (dB) >30 >25 >40 >40 >40 >25 >40 >25 >40 >40 >40 >25 >25 >25

Prices--
$7.000 $15.600

Plug-in (86222A i86290C $6.600 $7.800 $7600 $12,500 $6.200 $5.400 $6400 $8100 $6.300 $7700 $7.500 $9.950
$6.000, $20000)

With Opt 002
(70 dB Attenuator) + $750 fl··· J + $905 + $905 + $905 nJa + $850 n/3 n/a n/a

With Opt 004
(Rear Panel RF Output) T $100 ' $100 • $200 + $200 .- $200 " $200 .,. $200 .,. $200 - $200 - $200 - $200 + $200 .,. $200 +$200

'HP 86222A speciflcallons Identical to HP 862228, except that the HP 862228 has 1, 10, and 50 MHz crystal markers which allow enhancement of frequency accuracy to better than ±200 kHz.
'HP 86290C specifications identical to HP 862908, except that the HP 86290C has maximum leveled power >20 mW. HP 862908 specifications listed apply to frequencies 6 to 12.4 GHz.
'Many HP 86200 series plug-ins have optional Microwave Link Analyzer (MLA) compatibility capabilities.



BAMPLIFIERS
RF Amplifier
Model 8347A

• Broadband 100 kHz to 3 GHz coverage
• ;20 dBm output pov\ier
• Low harrncnics

• 25 dB gain
• Internally leveled

e
HP 8347A

Simplified Block Diagram

Specifications
Frequency Range: 100 kHz to 3 GHz
Maximum Leveled Output Power: ;:::+20 dBm
Output Power Leveling Range (;:::300 kHz): +2 to +20 dBm
Power Flatness (internally-leveled, ±300 kHz): ± 1.5 dB
Gain: ;:::25 dB
Harmonics (at +20 dBm output)

Internal Leveling Off (ALC Off): ::0;-25 dBc
Internal Leveling On (ALC On): ::0;-20 dBc

The HP 8347A is a general-purpose broadband instrumentation
amplifier capable of providing gain and power to overcome systematic
RF losses, drive high-power devices, or improve measurement system
performance.

Switching and signal routing in ATE systems, frequency conver
sion, and long transmission paths to remote devices like antennas on
towers are examples of systematic power losses. With more than 25
dB of gain, the HP 8347A can overcome such losses, and its internal
leveling loop can reduce mismatch and reflection effects in a system.

Many devices, like mixers, power amplifiers, and optical modula
tors, require high-power drive signals. These devices are often very
level-sensitive as well. The flat, leveled, +20 dBm output power of the
HP 8347A allows proper device operation or complete characteriza
tion.

EMI, surveillance, and other demanding small-signal measure
ments sometimes stretch the capabilities of even the best test equip
ment. The HP 8347A can be used as a preamplifier to increase
sensitivity in spectrum analysis and frequency counting applications,
and can also extend dynamic range and increase low-level sweep
speed in network analysis.

RF
Input----"\If)(}If----I

Power
Control

Knob

~--.........---RFOutput

.. 4 __ Detector
Output

Improve HP H753 Dynamic Range or Sweep Time
Using the illustrated configuration, the HP 8753 RF network ana

lyzer dynamic range can be improved from 100 to 120 dB, or alterna
tively, sweep time increased by almost 100 times.

HP 8753
RF Network Analyzer

o
o

HP 8347A
RF Amplifier

Ext Am In

Supplemental Characteristics
Maximum Input for Minimum Internally-Leveled

Output: -14 dBm
1 dB Compression Point: +22 dBm
Third-Order Intercept: +30 dBm
RF Input and Output Impedances: 50 ohms
VSWR

Input: 2.0:1
Output

Internally-Leveled: 1.5: 1
Unleveled

Below 2 GHz: 2.0:1
2 to 3 GHz: 3.0:1

Reverse Isolation: 60 dB
Noise Figure

10 MHz to 3 GHz: 15 dB
Below 10 MHz: 20 dB

General
RF Input and Output Connectors: Type N female.
Dimensions: 102 H X 213 W X 298 mm D (4.0" X 8.4" X 11.8").
Weight: Net 4 kg (8 lb). Shipping 5 kg (11 Ib).

HP 8753 Out

Extended Dynamic Range Configuration
Ordering Information
HP 8347A RF Amplifier

Price
S3,950



AMPLIFIERS 8
Microwave Preamplifer and Amplifer 407

Models 8449A, 11975A

• 2 to 22 GHz
• 28 dB gain
• 10 dB noise figure

e
• 2 to 8 GHz wideband frequency coverage
• 40 milliwatt (+ 16 d Bm) output power
• Adjustable, calibrated power level

HP 8449A HP 11975A
~~iL7)

SYSTEMS

Gain
15 dB
11 dB
9 dB

aljd 15()
add $5

add $53

Price
$4500

3cid $100
add $90

Price
$7500

add $50
add $49
add $25

add $150

Noise Figure: 13 dB typical
Output power: +6 to + 16 dBm adjustable
Input: SMA connector (female)
Output: SMA connector (female)
Maximum Input: +30 dBm; ±35 Vdc.
VSWR: 1.7:1 (ALC on)
Reverse isolation: >40 dB
Spectral purity: TOI = + 25 dBm typical

General specifications
Power ReqUirements: 100, 120,220, or 240 Vac, 48 to 440 Hz, 36
VA.
Environmental: MIL-T-28800C, TypeIlI, Class # 5, Style E.
EMI: CE03 and RE020fMIL STO 461A and CISPR Pub 11 (1975).
Weight: 3.904 kg (6.8 Ib). Shipping 5.45kg (12.21b)
Size: 102Hx213Wx297mmD (4.O"x8.4"xl1.7")

Ordering Information
HP 11975A Amplifier

Option 001 Type N Connectors
Option W30 2 Years Additional Hardware Serv
ice
Option 907 Front Handles
Option 910 Extra Manual
HP PIN 5061-0072 Rack Mount Kit

Ordering Information
HP 8449A Preamplifier

Option 907 Front Handle Kit
Option 908 Rack Mount Kit
Option 910 Extra Manual
Option W30 2 Years Additional Hardware Service

HP 11975A Microwave Amplifi~r

This general purpose, leveled microwave amplifier has a frequency
range of 2 to 8 GHz and an adjustable output of +6 to + 16 dBm. In
addition, the amplifier has an adjustable bias current output port that
supplies a maximum of ± 11 milliamps at ± 3 volts. This bias current
is needed by some external harmonic mixers. The amplifier has auto
matic leveling control (ALC) that can be switched on and off. An
"unleveled" light indicates that ALC is off.

Use the HP 11975A as a LO dirver for the HP 11970/71 series
harmonic mixers to achieve maximum performance.

Frequency Specifications
Range: 2 to 8 GHz
Flatness: ± 1.0 dB, ±0.5 dB typical

Input and Output Specifications
Minimum small-signal gain: Frequency

2.0 to 4.5 GHz
4.5 to 6.1 GHz
6.1 to 8.0 GHz

Improve Sensitivity and Reduce Measurement
Time
HP 8449A Preamplifer

This 2 to 22 GHz high gain, low noise preamplifier increases the
sensitivity of any microwave spectrum analyzer. By improving sensi
tivity, you can detect and analyze very low level signals in dramatical
ly reduced measurement time. Ordinarily, detecting low level signals
requires the use of narrow bandwidths. As bandwidths are narrowed,
however, sweeptime becomes longer and measurement speed is re
duced. The improved sensitivity added by the HP 8449A lets you wid
en bandwidths and measure low level signals using much shorter
sweeptimes.

Frequency Specifications
Range: 2.0 to 22.0 GHz
Flatness: ±2.5 dB, 2 to 22 GHz

Input and Output Speciiications
Minimum Small Signal Gain: 23 dB; 28 dB (25°C)
Noise Figure: < 10 dB

Typical System Performance With Addition of HP 8449A
(25° C):

Displayed Average Noise Level (dBm)
Frequency 8566B 8S62A

(10 Hz Res BW) (100 Hz Res BW)
4 GHz -155 -145
8 GHz -152 -139
16GHz -148 -135
22 GHz -144 -130

Output Power: At 1 dB gain compression; + 5 dBm (typical)
Input: SMA, 50 n characteristic
Output: SMA, 50 n characteristic
Maximum Safe Power Input: + 20 dBm (100 mW)
Maximum DC Input: 20V
VSWR: (Typical) 2:1,2 to 18 GHz, input & output

2.5:1,18 to 22 GHz, input
2.2:1, 18 to 22 GHz, output

Reverse Isolation: > 70 dB (typical)
Spectral Purity: TOI = + 15 dBm at output (typical)

General Specifications
Power Requirements: 100,120,220, or 240 Volts (+ 10%), 47-440
Hz
Temperature Range: 0° to +55°C operation; _40° to +75°C stor
age
Environmental: MIL·T·28800C, Type Ill, Calss5, Style E
EMI: MIL-STD-461B CE03 and RE02 of; CISPR Publication 11
(1975); FTZ 1046
Weight: 2.9 kg (6.41bs.)
Size: 102Hx213Wx297mmD (4.0"x8.4"xl1.7")



El AMPLIFIERS
Microwave Amplifier
Model 8349B

• Continuous 2 to 20 GHz coverage
• 15 dB gain to 18.6 GHz

• 100 milliwatts across 2 to 18.6 GHz
• < 13 dB typical noise figure

'VSWR from 18,0 to 20,0 GHz I, typical

Frequency Specifications
Range: 2-20 GHz

Output
Frequency InputRange (GHz) Leveled Unleveled (typical)

2.0 to 5.0 ~2.8 ~25 ~4.8

5,0 to 11.0 ~2,B ~2.5 ~3.8

11.0 to 18,0 ~28 ~2.5 ~3.2
18.0 to 20,0' <2,8 <2.5 <3.2

Output
Frequency

Range (GHz) Leveled Unleveled
2,0 to IB,6 19 dBm (80mW) 20 dBm (lOOmW)
18,6 to 200 17 dBm (50mW) 18 dBm (63mW)

1 dB Compression Point: +21 dBm, nominal
Power Flatness (Leveled): ± 1.25 dB
Minimum Small Signal Gain (at -5 dBm input):

2.0 to 18.6 GHz: 15dB
18.6 to 20.0 GHz: 12dB

Noise Figure: < 13 dB, typical
Impedance (Input and Output): 50 ohms, nominal
VSWR:

Output and Input Specifications (25°C ±5°C)
Minimum Output Power (at +5dBm input)·

The dynamic range of a scalar network analyzer measurement sys
tem is limited by the maximum output power of the microwave source
and the sensitivity of the detectors. Using the illustrated configura
tion, up to 100 dB of dynamic range can be achieved by combining the
calibrated dynamic range of the reference detector (R) with that of
the transmission detector (B) in a ratio measurement (B/R). The HP
8349B makes this possible by extending the external crystal leveling
power control of the microwave source. Hewlett-Packard Application
Note 327-1 discusses this application in detail.

RFI susceptibility tests can also greatly benefit from the high quali
ty amplifying characteristics of the HP 8349B.HP8349B ~ ~

The HP 8349B Microwave Amplifier delivers increased microwave
power performance across a 2 to 20 GHz frequency range. This gen
eral-purpose broadband power amplifier is designed for maximum re
liability and configured for the greatest convenience in interfacing
with Hewlett-Packard's microwave sources, the HP 8350B Sweep
Oscillator, HP 8340B/8341 B Synthesized Sweepers, and HP 8671 B,
8672A, or 8673 series Synthesized Signal Generators.

Providing 100 mW (+20 dBm) of unleveled output power from 2 to
18.6 GHz, 63 mW (+ 18 dBm) from 18.6 to 20 GHz, the HP 8349B
offers one of the broadest operating bandwidths available from a solid
state power amplifier. This performance is achieved using a multiple
stage GaAs FET design, resulting in > 15 dB of gain from 2 to 18.6
GHz, and> 12 dB of gain from 18.6 to 20 GHz.

The HP 8349B can also provide externally-leveled output power
without using an external coupler and detector, since these compo
nents are built-in and are compatible with Hewlett-Packard micro
wave sources. The HP 8349B is also equipped with an output power
display, minimizing the need for an external power meter and en
hancing the amplifier's utility. For example, the HP 8349B can be
placed at the end of a long RF cable where the microwave output
needs to be amplified, leveled and monitored.

Naturally, the versatile power control features of the microwave
source (e.g., calibrated power, power sweep, power slope and remote
power control via the Hewlett-Packard Interface Bus) can be accu
rately transmitted through the HP 8349B during external leveling op
erations.

The HP 8349B also has a built-in source module interface, en
abling it to properly bias and control the HP 83550 series millimeter
wave source modules. Using the HP 8349B and a millimeter source
module extends the capabilities of any II to 20 GHz HP microwave
source to millimeter-wave frequencies.

Extended Dynamic Range Configuration

Applications
The broadband high power of the HP 8349B is ideal, whether in a

versatile bench-top arrangement or a dedicated rack-mount system.
In antenna testing, the HP 8349B can be placed at the end of long RF
cables, delivering high power right to the device under test. In
EW/ECM systems, the HP 8349B can be combined with the HP
8340B/8341B, or the HP 8673 series Synthesized Signal Generators
to provide high power pulses with little degradation in pulse perform
ance. The HP 8349B is also an excellent choice as a microwave driver
for TWTs, high power amplifiers, or mixers. And with a typical noise
figure < 13 dB, the HP 8349B is often used as a pre-amplifier for spec
trum analyzers and frequency counters.

Price
$7.850

add $100
add $100

Ordering Information
HP 83498 2 to 20 GHz Microwave Amplifier

Opt 001 Rear Panel RF Input/Output
Opt 002 Rear Panel RF Input with Front Panel RF

Output

General
Reverse Isolation: >50 dB, typical
RF Input/Output Connectors: Type N Female
Size: 133 H x 214 W x 366 mm D (5.2" x 8.36" x 13,6").
Weight: Net, 7 kg (l5Ib); shipping, 14 kg (31 Ib).

Pulse Transmission Capability
Rise/Fall Time: < IOns typical

Maximum Continuous Input, to the input or output ports:
+27 dBm (RF), ±IOY (DC)

Spectral Purity
Harmonics (at +20 dBm output):

2.0 to 11.0 GHz: <-20 dBc
11.0 to 20.0 GHz: < -30 dBc typical

Non-Harmonic Spurious: S-55 dBc.
Third Order Intercept: + 33 dBm, nominal.

o I
__ __--..J

o

HP8757A
Scelar Network Anelyrer

HP 8349B
F-------~ Microwave

Amplifier

Extarnal Crystal
Leveling

Device Under
rast

HP 8360B/83592C
Sweep Ooclllator



• Wide band (multi-decade)
• Low noise
• Flat response

AMPLIFIERS B
RF Amplifiers 409

Models 8447A1D/E/F

RF voltmeters, EMI meters, power meters, and other devices; or to
increase the maximum power available from a signal generator or
sweeper.

Broadband Frequency Coverage
The HP 8447 series offers an amplifier for nearly every application

in the 100 kHz to 1.3 GHz frequency range. The amplifiers' wide
bandwidths are compatible with other wideband instruments used for
making measurements involving broadband spectra.

Options
Standard connectors are BNC (f) on all amplifiers.

Option 010 N (f) connectors on single channel amplifier.
Option 001 Dual channel amplifier, BNC (f) connectors.
Option OIl Dual channel amplifier, N (f) connectors.
Note: dual-channel amplifiers are ideal for dual-channel systems such
as oscilloscopes or network analyzers. Channels may also be cascaded
for increased small-signal gain.

General
Weight: net, 1.56 kg (3.4lb). Shipping, 2.30 kg (5.1 Ib).
Size: 85.8 H x 130 W x 216 mm D (3.4" x 5.1" x 8.5").
Power requirements: 110 or 230 V ac ± 10%,48-440 Hz, 15 watts.

HP 84470

The HP 8447 series of general-purpose amplifiers offers high relia
bility and the convenience of a small, lightweight package.

High Performance
These low noise, high gain amplifiers provide the flat frequency re

sponse and low distortion required for a wide range of uses. They can
be used to improve the sensitivity of counters, spectrum analyzers,

Specifications

Ordering Information

HP 8447A Preamp
Opt 910: Extra Operating and Service Manual

(HP 8447A)
HP 8447D Preamp
HP 8447E Power Amp
HP 8447F Preamp-Power Amp
Opt H64: 9 KHz - 1300 MHz Preamp
Opt 910: Extra Operating and Service Manual

(HP 8447D/E/F)

Price

51300
$2

$[400
$1600
$2400

$0
5i4

HP 8447A Preamp HP 8447D Preamp HP 8447E Power Amp HP 8447F Preamp-Power Amp

Frequency Range 01-400 MHz 100 kHz-1.3 GHz 100 kHz-1.3 GHz 100 kHz-IJ GHz

Typical 3dB 50 kHz-700 MHz 75 kHz-1.7 GHz 75 kHz-14 GHz 50 kHz-14 GHz
BandWidth

Gain 20 dB ± 1.0 dB >25 dB 22 dB ±l.5 dB
(Mean. per channel) at 10 MHz (20'C-30'C) (20'C-30'C) (20'C-30'C)

20 dB ± 1.7 dB
at 10 MHz (O'C-55'C) T

Gain Flatness .1.1.8 dB &7 dB ±1.5 dB ±1.5 dB
:<:...,

Across Full (0' -55'C) (20' -30'C)
00...

Frequency Range Characteristic :e:
c

Noise Figure <7 dB <8.5 dB <11 dB typical
,.
:z
c

Output Power >+6 dBm >+7 dBm >+125dBm 00...
for I dB Gain typical 100 MHz· I GHz ~
Compression n

0

Harmonic -32 dB for 0 dBm -30 dB for 0 dBm -30 dB for +B is:

'"Distortion output output (typical) dBm output Z

Output 25 dBm -30 dBm -20 dBm
19
Z

tor <-60 dB (Characteristic) ,.
Harmonic U>

Distortion Z

VSWR <1.7 <2.0 input <2.2 input
~...

<2.2 output <2.5 output
,.
n

1-1300 MHz 1-1300 MHz "",.
Impedance 50 P. 50 P. 50 n ~

.j.

Reverse Isolation >30 dB >40 dB >40 dB

Maximum DC .1.10 V ±IOV ±IO V
Voltage Input

Options Available 001 001.010, OIl 010 010

Option Prices add $600 add $650, $100, $1000 add SIOO add $385



BFREQUENCY, FUNCTION & WAVEFORM SYNTHESIZERS
General Information

Introduction
Hewlett-Packard offers a wide variety of

signal sources for almost any application, in
cluding function generators, and frequency
or waveform synthesizers. Output frequen
cies range from I ILHz to 80 MHz.

For higher frequency applications, refer to
the "Signal Generators" and "Sweep Oscil
lators" sections of this catalog.

Standard
Standard function generators typically of

fer a variety of waveforms, such as sine
wave, square, triangle and ramp.

The HP 8111 A offers, in addition, pulse
capabilities and the HP 3312A has modula
tion and sweeping capabilities. Both genera
tors can be used in manual operation only.

Multi-Functional
Functionality describes function genera

tors which are capable of more than generat
ing a variety of waveforms. For example up
to ISO vectors can be defined with the
HP 3314A for the generation of arbitrary
signals.

HP Function Generators Summary I

Analog/Digital Arbitrary Waveforms
The HP 8175A Digital Signal Generator

is a data generator, which provides, with the
option 002, arbitrary signals on two analog
channels. Digital pattern and analog signals
can also be generated simultaneously.

Synthesized Arbitrary Waveforms
The HP 8770A in conjunction with an

HP 9000 series 300 Desktop Computer and
the HP I 1776A Waveform Generation Soft
ware is a complete system for the generation
of most complex arbitrary waveforms with
synthesizer accuracy. Waveforms can be cre
ated in both the time and frequency domain.

Multifunction Synthesized Waveforms
The HP 8904A Multifunction Synthesizer

digitally creates a multitude of complex
signals from six simple waveforms. It begins
with a Synthesizer/Function generator offer-

ing standard waveforms, DC and noise. Op
tion 00 I adds three channels which can mod
ulate the first synthesizer, option 002 adds a
second independent synthesizer output.
Modulation capabilities include AM, FM,
PM, DSB and pulse.

Fast
These instruments offer all of the standard

waveforms over the full frequency range up
to 50 MHz. The HP 8116A and HP 8165A
combine these features with different modes,
modulation and sweep capabilities. Both in
struments can be used as pulse generators.
The HP 8165A with its frequency stability of
I ppm/day has synthesizer quality.

Standard Multi-Functional Fast

I HP Models 8111A 3312A 3314A 8904A 8175A 8770A 8116A 8165A

Sine Wave
Min. Frequency 1Hz O,IHz ImHz OHz DC DC ImHz ImHz
Max. Frequency 20MHz 13MHz 20MHz 600kHz 25M Hz 50MHz 50MHz 50MHz

Waveforms
Square IHz-20MHz 0,IHz-13MHz ImHz-20MHz 0, I Hz-50kHz Full Full ImHz-50MHz ImHz-50MHz
Triangle 1Hz-20MHz 0,IHz-13MHz I mHz-20MHz 0,1 Hz-50kHz Arbitrary Arbitrary ImHz-50MHz ImHz-50MHz
Ramp 1Hz-20MHz 0,IHz-13MHz 0,IHz-50kHz Waveform Waveform ImHz-50MHz ImHz-50MHz
Pulse IHz-20MHz ImHz-50MHz ImHz-20MHz
Arbitrary 150 vectors

Modes Creates Full Full
Trigger ext inUext inUext signals from Arbitrary Arbitrary inUext ext
Gate ext inUext inUext six basic Waveform Waveform ext ext
Counted Burst 1to 1999 I to 1999 Waveforms 1-1999 1-1999

Modulation
AM inUext ext int Full Full ext ext
FM inUext ext int Arbitrary Arbitrary ext ext
PM int Waveform Waveform ext
PWM HP 11776A ext

Sweep
Lin inUext int int Full Full ext
Log. int Arbitrary Arbitrary inUext inUext
VCO ext inUext ext int Waveform Waveform ext ext

Output (into 50 Ohms)
Amplitude (p.p) 16V 10V IOV 10V 16V 2V 16V 20V
DC Offset ±8V ±5V ±5V ±5V ±8V ±8V ±IOV
Output Impedance-Q 50 50 50 50 50 50 50 50/1000

Programmability HP-IB HP-IB HP-IB HP-IB HP-IB HP-IB

also I;' 4 internal 2 analog HPSeries 300
cycle channels. One outputs Controller.

Notes bursts, IS modulated dlg./analog plus HP
phase or sequenced signals 11776A
lock simultaneously Software

recommended

Catalog page 425 426 427 412 420 378 423 422
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Synthesizers

Synthesizers provide sinewaves with the
focus on a very high frequency stability and
excellent level accuracy. You can choose
among different output impedances. The
HP 3335A generates sinewaves up to
81 MHz and the HP 3336A/B/C has modu
lation capabilities.

HP Function Generators Summary II

Synthesized Function Generators
Synthesized function generators combine

the frequency stability of a synthesizer with
the feature set of the function generator. The
HP 3325B has excellent synthesizer per
formance and versatile sweep modes which
are phase continuous over the full frequency
range. In addition, the HP 3325B pro
vides various modulation capabilities. The
HP 3326A plays a special part because of its
two channels, which can be combined in vari
ous ways to produce two-tone signals or cali
brated two-phase signals.

Which function generator do you
need?

HP's function generators and synthesizers
are the best solution for most applications.
The tables shown on these two pages will help
you to determine the right one for your appli
cation. The instruments are split into catego
ries, depending on their main specifications.
For an explanation of the instrument's full
range of capabilities, see the following infor
mation.

Broad application range
If your applications involve a large variety

of measurements then one of HP's standard
function generators is the right solution.

SYNTHESIZERS SYNTHESIZED FUNCTION GENERATORS Simulating real life signals

I HP Models 3335A 3336A/8/C
HP's Arbitrary Function Generators are

8904A 8165A 33258 3326A dedicated for the simulation of real-life sig-

Sinewave
nals. Ranging from disc drive or video test

Min. Frequency 200Hz 10Hz OHz ImHz I~Hz DC signals to mechanical vibration simulation.
Max. Frequency 81MHz 21MHz 600kHz 50MHz 21MHz 13MHz Applications such as VOR, FM stereo and

communications signalling are covered by
Frequ. Stability 1O·'/day 1.5xlO 'Iday 50xI0·' lO·'/day lO·'/month lO-'lmonth the Multifunction Synthesizer HP 8904A.

Frequ. Resolution ImHz l~Hz 100mHz I~Hz l~Hz I~Hz

Waveforms
Versatility and speed

Square DC -50 ~Hz lmHz-50MHz DC . 11 MHz DC -13MHz
Many applications require standard

Triangle DC· 50 ~Hz ImHz·50MHz DC -ll~Hz waveforms over the full frequency range up
Ramp DC -50 ~Hz ImHz·50MHz DC -11kHz to 50 MHz and with versatile operating
Pulse lmHz·20MHz DC -13MHz modes. These requirements can be fulfilled

Modulation
with the HP 8l16A and HP 8165A. Espe-

AM ext int ext int/ext int/ext
cially for those applications requiring

FM int ext 50 MHz in conjunction with good frequency
PM ext int int/ext int/ext stability the HP 8l65A can be recommend-
PWM ext ed.

Sweep
lin. int int int e,t Int int Highly accurate reference sources
tog. int int/ext int
Discrete int int int Applications such as PLL-testing, calibra-
VCO ext tion of measurement instruments and testing

of Frequency Division Multiplex equipment
Level Range -50 U -87 to +13dBm -71 to +8dBm lOV(p-p) 20V(p·p) 10V(pp) 10V(p-p) are ideally suited for HP's synthesizers. The

Level Resolution 0.01 dB 0.001 dB 3';' digits 3digits 4dig,ts 4digits
very stable frequency source and the excel-
lent level accuracy make these synthesizers

Level Accuracy ±0.1 dB ±0.08 dB ",009 dB ±0.7 dB ±0.9 dB ±1.0 dB
the right choice if a reference source is re-
quired.

DC Offset-SOIl ±5V ±lOV ±5V ±5V

Output impedance·g 5017511241 50/7511241 50 50 50 50
Accuracy and versatility

135 1351150/600 Synthesized function generators are for

Spurious -75 dBc -70 dBc -40 dBc
those applications which require a combina-

-63 dBc -70 dBc -70 dBc tion of an accurate frequency source and a

Phase noise -58 to -70 dBc -64 dBc -60 dBc -66 dBc
versatile function generator. Sweeping over
the entire frequency range without any phase

up to 4 Modulation 2channels, discontinuity makes the HP 3325B and the
channels and source can two-tone HP 3326A ideal for applications such as sim-

Notes two outputs be used and two ulation of rotation signals and filter testing.
for two separately phase signals Even the calibration of phase measuring in-
phase Signals struments is possible by programming a cer-

Catalog page 418 419 412 422 414 416 tain phase offset between two generators or
using the HP 3326A's two outputs.



8 FREQUENCY, FUNCTION &WAVEFORM SYNTHESIZERS
Multifunction Synthesizer
Model 8904A

• Sinewaves dc to 600 kHz
• Square, ramp, triangle dc to 50 kHz
• Direct digital synthesis
• Tone, DTMF, digital sequence modes

• One or two outputs
• One to four internal channels
• AM, FM, 0M, DSBSC and pulse modulation
• External timing control for fast hop

••••••

HP 8904A -
HP~m
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CIl •
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HP 8904A Multifunction Synthesizer
The HP 8904A Multifunction Synthesizer uses the latest VSLIC

technology to create complex signals from six fundamental
waveforms. The standard HP 8904A digitally synthesizes precise
sine, square, triangle, ramp, white noise, and dc waveforms and routes
these signals to a single output. Option 001 adds three more identical
internal synthesizers (channels) which either can modulate the first
synthesizer or be summed to the output. Frequency, amplitude,
waveform, phase, and destination can be set independently for each
synthesizer. Available modulation types for channel A include AM,
FM, ~M, DSBSC, and pulse modulation. Option 002 adds a second
output, providing a second, separate signal for two-channel applica
tions. Option 003 adds fast hop and digital modulation capability to
the HP 8904A. All this unique capability makes the HP 8904A a
powerful new tool for demanding applications like VOR, ILS, FM
Stereo, and communications signaling.

Function Synthesizer
The HP 8904A Multifunction Synthesizer delivers synthesizer ac

curacy, along with six waveforms in a compact, economical package.
Broad sinewave frequency coverage from 0 Hz to 600 kHz with 0.1
Hz resolution make the HP 8904A ideal for a number of low-frequen
cy applications. In addition to sinewave generation, the HP 8904A
has five other standard functions: square, triangle, ramp, dc, and
Gaussian white noise. Of these five, square, ramp, and triangle func
tions are available from 0 Hz to 50 kHz. All waveform values in the
HP 8904A are DIGITALLY calculated in real time by Hewlett
Packard's Digital Waveform Synthesis Ie. The use of this chip re
sults in signals with very weB-defined accuracy and exact repeatabili
ty.

Two Outputs
Option 002 adds a second, identical synthesizer and floating output

section to make the HP 8904A TWO synthesizers in one half-rack
width instrument. Frequency, amplitude, waveform, and phase can
be independently set for each of the two synthesizers.

Although both synthesizers are independent, the relative phase be
tween the two outputs can be controlled precisely. Either synthesizer
can be varied in phase from 0 degrees to 359.9 degrees with a resolu
tion of 0.1 degree. Testing phase detectors, servo systems, shaft en
coders, sonar, and other phase sensitive two-port devices is easy and
accurate with the HP 8904A Option 002.

Complex Signal Generation
By adding three more (total of four) internal synthesizers which

can modulate or be summed with synthesizer A (channel A), Option

001 is the key to complex signal generation for the HP 8904A Mul
tifunction Synthesizer. All four internal synthesizers can be set to
generate different waveforms, frequencies, amplitudes, and phase off
sets at the same time. These signals then can be DIGITALLY
summed before routing to the output. In addition to summing, Option
001 allows channels B, C, and D to be used as modulation sources for
channel A. The allowable modulation types for channel A are: AM,
FM, ~M, DSBSC (Double Sideband Suppressed Carrier) and pulse
modulation. Using summation and modulation, the HP 8904A Op
tion 001 can generate precise VOR composite, ILS composite, and
FM Stereo Multiplex composite signals. Only your imagination limits
the possibilities for signal generating with the HP 8904A Multifunc
tion Synthesizer.

Communication Signaling
In addition to the extra channels, Option 00 I also adds three se

quence modes to the HP 8904A: tone sequence mode, DTMF se
quence mode, and digital sequence mode. These modes make the HP
8904A a powerful tool for generating sequences used in communica
tions signaling. Tone sequence mode allows entry of sixteen unique
sine wave tones, each with an "on-time" and "off-time". From these
sixteen tones, sequences can be built up to a length of 250 tones. The
minimum on and off time duration is 800 J.l,S with 10J.l,s resolution
while the maximum value is 655.35 ms. Digital sequence mode can
generate digital bit streams up to 1000 bits in length. Minimum peri
od in the digital mode is 100J.l,s with IOJ.I,s resolution. On and off
"levels" in the digital mode can be set to any value for simulating
different logic families and asserted "high" or asserted "low" logic
conventions. For ease of entry, data may be entered in binary, octal,
or hexidecimal formats. All three modes contain extensive sequence
editing features and three control modes: single sequence, continu
ously repeat sequence, and manual step-through the sequence.

Fast Hop
Option 003 adds the ability to hop the HP 8904A in frequency,

phase, and/or amplitude. Up to 16 frequency/phase/amplitude
states can be entered into the "HOP RAM" memory. To hop, an ex
ternal device must address the four-bit TTL-level address bus provid
ed on the digital port connector on the rear panel. As the address
supplied to the bus is varied, the HP 8904A will hop to the frequen
cy/phase/amplitude state that corresponds to that address of the
HOP RAM memory. Fast hop can be performed only on channel A.
Phase continuous frequency switching can be done in as little as 8J.1,s.
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General
Output impedance: 50n±3% typically, 0.1 Hz to 600 kHz.
Output type: floating or grounded, HP-IB programmable.
Maximum float voltage (signal+float): lOY peak maximum from
high or low side to chassis ground.
Operating temperature range: 0 0 C to 50 0 C.
Storage temperature range: _20 0 C to 70 0 C.
Humidity range: 95% RH, O°C to 40 0 C.
Remote operation: HP-IB. All functions except the line switch are
remotely controllable.
HP-IB functions: SHl, AHl, T6, TEO, L4, LEO, SRI, RLl, PPl,
DCl, DTO, CO.
Power requirements: 100V, 120V; ±1O%; 48 to 440 Hz.
220V, 240V; ± I0%; 48 to 66 Hz. 80 VA max.
Weight: Net, 5.9 kg (12.8 Ib); shipping, 13 kg (28.6 Ib).
Size: 133H X 213W X 513 mmD (5.25" X 8.36" X 20.2").

Ordering Information
HP 8904A Multifunction Synthesizer (one output
standard)

Opt 001 Add three (two when ordered with option
002) internal channels. Channel A modulation,
summation, and sequence capability
Opt 002 Add second internal sythesizer and output
Opt 003 Add fast hop and digital modulation
capability
Opt 004 Connectors on rear panel only
Opt 907 Front Handle Kit (5061-9689)
Opt 910 2 sets of operating and service manuals
Opt 915 Service manual supplied with instrument
Opt W30 2 years additional hardware service

08955-80014 560n feedthrough barrel for 600n out
put impedance
5081-9857 Rack Mount Adapter Kit (for rack mount
ing a single HP 8904A)
5081-9897 Support Shelf Kit (for rack mounting two
HP 8904s side by side)
HP 8904A Retrofit Kits (customer retrofittable):
HP 11816A Retrofit Kit for option 001
HP 11817A Retrofit Kit for option 002
HP 11818A Retrofit Kit for option 003

Pulse or DSBSC Modulation (with Option 001)
Rate: 0 Hz to 50 kHz (up 600 kHz for DSBSC).

Summation (with Option 001)
Two, three or four channels may be summed into a single output.

Two or three channels may be summed for modulation of channel A.
All combinations of channels are acceptable, EXCEPT FOR: [A+C
and B+D at the same time] or [A+D and B+C at the same time].
FM stereo mUltiplex separation (L-R): typically >65 dB, audio
frequency 20 Hz to 15 kHz.
Channel to channel phase accuracy (equal amplitude sinewaves
summed toone output): ± 0.1 ° or 30 ns, 0.1 Hz to 100 kHz, which
ever is greater.

Tone Sequence (with Option 001)
Number of dinerent frequencies: 16 user-definable tones each
with an individual on time and off time.
OnIon time duration: 0 ms, 0.80 ms to 655.35 ms.
Sequence length: 250 tones, user-definable from front panel or
HP-IB programmable.

DTMF Sequence (with Option 001)
Number of tone pairs: 16 standard DTMF tone pairs
(0-9, A-D, #, *).
OnlOff time duration: 0 ms, 1.0 ms to 655.35 ms.
Sequence length: 250 DTMF tones, user-definable from front
panel or HP-IB programmable.

Digital Sequence (with Option 001)
User definable: On level, Off level, and period.
Sequence entry: Binary, Octal, or Hexidecimal.
Sequence length: up to 1000 bits.
Period duration: 0.10 ms to 655.35 ms.

Phase Modulation (with Option 001)
Rate: 0 Hz to 600 kHz.
Range: 0 0 to 179.9°/channel, except:
[(mod. freq. X deviation/57.3) + carrier freq.] <= 600 kHz.
Resolution: 0.1 ° or 0.001 radians.

Frequency Modulation (with Option 001)
Range: 0 Hz to 600 kHz.
Deviation range: 0 Hz to 600 kHz.
Resolution: 0.1 Hz or 3 '/2 digits, whichever is less.

AC Amplitude
Range: 0 to 10V p-p into a 500 load.
Resolution: 3 1/2digits.
Accuracy (>40 mY p-p into SOn):

Sine: 1%,0.1 Hz to 100 kHz; 3%, 100 kHz to 600 kHz.
Flatness (>830 mY p-p into SOn): ±0.1 % (±0.OO9 dB), 0.1 Hz to
100 kHz. ±1.0% (±0.09 dB), 100 kHz to 600 kHz.

DC Amplitude
Range: 0 to ±10V open circuit.
Resolution: 3 1/2digits.
Accuracy: ±6 mV or ±0.6%, whichever is greater.

Option 001 Specifications
Modulation for channel A ONLY, and specified for sinewave carri

er and modulation. Internal channels B, C, and D can be used to mod
ulate channel A either collectively with one modulation type, or to
provide simultaneous modulation of channel A with any of the availa
ble modulation types. External modulation is NOT possible.

Gaussian Noise
Spectral characteristic: Equal energy per unit bandwidth
("white").
Flatness (> 100 mY pop into SOn): typically

±0.5 dB, 0.1 Hz to 100 kHz.
±1.0 dB, 100 kHz to 600 kHz.

Amplitude Modulation (with Option 001)
Rate: 0 Hz to 600 kHz.
Depth range: 0% to 100% of carrier amplitude.
Resolution: 0.1 % of carrier amplitude.

Typical THD+Noise in 80 kHz measurement BW at 5V..p into a 50n Load.

1:::8 ] E1
:c 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz
... Frequency

Phase (sine wave)
Range: 00 to 359.9 0

•

Resolution: 0.1 o.

Increment accuracy (relative to 00 for a fixed frequency):
±0.05°, 0.1 Hz to 100 kHz.

Spectral Purity (sine wave)
THD+N (including spurs, amplitUde >50 mY rms):

-63 dBc rms (0.07%), 20 Hz to 7.5 kHz, 30 kHz BW.
-63 dBc rms (0.07%), 7.5 kHz to 20 kHz, 80 kHz BW.
-55 dBc rms (0.18%), 20 kHz to 100 kHz, 750 kHz BW.

Frequency
Range:

Sinewave: 0 Hz to 600 kHz.
Square, triangle, ramp: 0 Hz to 50 kHz.

Resolution: 0.1 Hz.
Accuracy:

Internal 10 MHz timebase: ±50 ppm.

HP 8904A Specifications



FREQUENCY, FUNCTION & WAVEFORM SYNTHESIZERS
1 f.LHz to 21 MHz Synthesizer/Function Generator
Model 3325B

• Synthesizer
• Function Generator
• Internal Modulation Source

• Log, Lin, Discrete Sweep
• Excellent Signal Purity
• HP-IB or RS232 Programmable

HP 33258 e ~
' ESI(~NElJFOR. :
SYSTEMS

The HP 3325B is a II-tHz to 21 MHz Synthesizer/Function Gener
ator with high performance, exceptional versatility and value. Testing
is made fast and efficient in general purpose applications whether on
the bench or in ATE systems.

Synthesizer Precision
HP 3325B frequency accuracy is determined by a precision fre

quency reference and can be set with a resolution of I I-tHz. It has up
to -65 dBc harmonic and -70 dBc spurious levels for precision mea
surements. The phase of the output signal can be precisely controlled
±719.9 deg with 0.1 deg resolution, and multiple HP 3325B's can be
locked together for multi-phase applications.

Function Generator Versatility
Precision squarewaves to 10.999,999 MHz have 20 ns risetimes

with synthesizer accuracy and precision. Triangle and ramp
waveshapes are also available with .05% linearity up to 10.999,999
kHz. DC and phase offset can be added to these waveshapes. The
modulation source can be used as an arbitrary function generator via
HP-IB, providing user-defined waveshapes. These features make the
HP 3325B one ofthe most versatile sources for bench or ATE system
applications. Save-recall memory includes lOnon-volatile memory
locations, for simple and rapid access to frequently used test setups.

Discrete Sweep
The enhanced feature set of the HP 3325B includes 100-segment

discrete sweep capability which allows arbitrarily defined multi-seg
ment linear or stepped sweeps and tone sequences. This compliments
its linear and log, phase continuous sweep capability.

Internal Modulation Source
A built-in programmable modulation source provides sine, square

and arbitrary waveshapes for internal amplitude or phase modula
tion, or for use as a second source. In addition, a rear panel sync out
put provides a TTL compatible dc to 60 MHz signal with I I-tHz
resolution for use as a precision, high resolution clock signal, and ex
tended frequency coverage.

ATE Systems Compatibility
All functions, including frequency, amplitude, phase, modulation,

sweep and waveshapes are programmable via HP-IB or RS232 inter
face. The HP 3325B is fully compatible in form, fit and function, with
the HP 3325A. All HP-IB programs written for the HP 3325A are
fully compatible with the HP 3325B. An isolated interface, combined
with floating outputs and inputs assures trouble free operation in a
systems environment. The main output can be switched to the rear
panel by a simple front panel keystroke, or under program control for
optimum systems configuration.

Easy to Maintain
General or specific self-tests can be initiated from the front panel or

by remote control. Pass/fail indications and specific self-test status
reports are provided on the display and through the remote interfaces.
Elapsed time and instrument identification information is available
from the HP 3325B's memory to determine when calibration is re
quired.

Specifications

Waveforms
Sine, Square, Triangle, negative and positive Ramps.

Frequency
Range

Sine: I I-tHz to 20.999 999 999 MHz
Square: I I-tHz to 10.999999999 MHz
Triangle/ramps: II-tHz to 10.999999999 kHz

Resolution: I I-tHz, < 100 kHz
I mHz 2> 100 kHz

Accuracy: ±5 X 10-6,200 to 30°C at time of calibration
Warm-up time: 20 minutes to within specified accuracy

Main Signal Output (all waveforms)
Impedance: 50 12
Connector: BNC; switchable to front or rear panel, nonswitchable
with option 002, except by internal cable change.



Harmonic Level
-65 dB
-60 dB
-40 dB
-30 dB
-25 dB

HP-IB Interface Functions: SHI, AHI, T6, L3, SRI, RLl, PPO,
DCI, DTI, CO, El.

Option 001 High Stability Frequency Reference
Aging rate: ± 5 x 1O-8/week (72-h warm up); ±I x 1O-7/month (af
ter 15 days continuous operation).
Ambient stability: ±5 x 10-8 (0° to +55°C).
Warm-up time: reference will be within ±I X 10-7 of final value 15
minutes after turn-on for an off time of less than 24 hours.

General
Operating environment

Temperature: O°C to 55°C.
Relative humidity: 95%, O°C to 40°C.
Altitude: '0 15,000 ft.

Power: 100/120/220/240 V, +5%, -10%,48 to 66 Hz; 90 VA, 120
VA with all options; 10 VA standby.
Weight: 9 kg (20 Ib) net; 14.5 kg (32 Ib) shipping.
Size: 132.6 H x 425.5 W x 497.8 mm D (5.25" x 16.75 " x 19.63").

Option 002 High Voltage Output
Frequency range: 111Hz to I MHz

Amplitude
Range: 4.00 mVpp to 40.00 Vpp (~500 n, s 500 pF load).
Accuracy: ± 2% of full output for each range at 2 kHz.
Flatness: ± I0% relative to programmed amplitude
Sinewave distortion: harmonically related signals will be the
same as the standard instrument to I MHz
Maximum output current: 20 rnA pk.
Output impedance: < 2 n at dc, < 10 n at I MHz
DC offset range: 4 times the specified range of the standard instru
ment.

$\70

Price
$4,590

$765
$255

$56W

$33W

$82W

Ordering Information'
HP 33258 Frequency Synthesizer

Opt 001: High Stability Frequency Reference
Opt 002: High Voltage Output
Opt 907: Front Handle Kit (standalone orders P/N

HP 5061-0089)
Opt 908: Rack Flange Kit (standalone orders

PIN HP 5061-0077)
Opt 909: Rack Flange and Handle Combination Kit

(standalone orders P/N HP 5061-0083)
Opt W30: Extended Warranty

'HP-IB cable not supplied. See page 56t
~ Fast-Ship product see page 766.

Phase continuity: sweep is phase continuous over the full frequency
range of the main output.

Modulation Source
Frequency Range: Sine 0.1 Hz to 10kHz, square 0.1 Hz to 2 kHz.
Frequency Accuracy: 0.1 %, typical.
Amplitude Range: 0.1 Vp-p to 12 Vp-p.
Amplitude Accuracy: ±200 mV, typical.
Impedance: Drives 10 kOhm or greater load.
Sinewave Purity: -34 dBc or better, typical.
Waveforms: Sine, square, arbitrary.

Auxiliary Inputs and Outputs
Reference input: for phase-locking HP 3325A to an external fre
quency reference signal from 0 dBm to +20 dBm into 50 n. Reference
signal must be a subharmonic of 10 MHz from I MHz to 10 MHz.

Auxiliary frequency output: 21 MHz to 60.999 999 999 MHz,
under range coverage to 19.000000 001 MHz, frequency selection
from front panel; 0 dBm; output impedance 50 n.
Sync Output: Square wave with V (high) ~ 1.2 V, V (low) '0 0.2 V
into 50 Ohm. Frequency range is the same as main signal for front
panel sync and dc to 60 MHz for rear panel sync.
X-Axis drive: 0 to >+10 V dc linear ramp proportional to sweep fre
quency, linearity, 10-90%, ± 0.1 % of final value.
1 MHz reference output: 0 dBm output for phase-locking additional
instruments to the HP 33258.
10 MHz oven output: 0 dBm internal high stability frequency refer
ence output for phase-locking HP 3325B. (Opt. 00 I only)

DC Offset
Range: dc only (no ac signal): 0 to ±5.0 V/50 n.
dc + ac: Maximum dc offset ±4.5 Von highest range, decreasing to

±4.5 mV on lowest range.
Resolution: 4 digits

Sinewave Amplitude Modulation
Modulation depth at lull output for each range: 0-100%
Modulation frequency range: dc to 400 kHz (0-21 MHz carrier
frequency)
Sensitivity: ±5 V peak for 100% modulation

Sinewave Phase Modulation
Range: ±850°, ±5 V input
Modulation frequency range: dc -5 kHz

Frequency Sweep
Sweep Time

Linear: 0.01 s to 1000s.
Logarithmic: 1 s to 1000s single, 0.1 s to 1000s continuous.

Discrete Sweep
Number of Segments: 100 maximum.
Time/Segment: 0.01 s to 1000s, 0.01 s resolution.

Maximum sweep width: full frequency range of the main signal out
put for the waveform in use, except minimum log start frequency is I
Hz.

Resolution: 0.03% of full range or 0.01 dB (4 digits).

Amplitude Accuracy (without dc offset, relative to programmed
amplitude and accuracy)
Sinewave Amplitude Accuracy
1 mHz to 100 kHz: ±O.I dB, ~3 Vpp; ±0.2 dB, <3 Vpp
100 kHz to 20 MHz: ±OA dB, ~3 Vpp; ±0.6 dB, 0.1 to 3 Vpp
Squarewave Amplitude Accuracy
1 mHz to 100 kHz: 1%, ~3 Vpp; 2.2%, <3 Vpp
100 kHz to 10 MHz: 11.1%, ~3 Vpp; 13.6%, <3 Vpp
Triangle Amplitude Accuracy
1 mHz to 2 kHz: 1.5%, ~3 Vpp; 2.7%, <3 Vpp
2 kHz to 10 kHz: 5%, ~3 Vpp; 6.2%, <3 Vpp

Sinewave Spectral Purity
Phase noise: -60 dB for a 30 kHz band centered on a 20 MHz carri
er (excluding ±1 Hz about the carrier) with high-stability option 001
installed.
Spurious: all non-harmonically related output signals will be more
than 70 dB below the carrier (60 dB with dc offset), or Jess than -90
dBm, whichever is greater.
Sinewave harmonic distortion: harmonically related signals will be
less than the following levels (relative to the fundamental) at full out
put for each range:

Frequency Range
0.1 Hz to 50 kHz
50 kHz to 200 kHz
200 kHz to 2 MHz
2 MHz to 15 MHz
15 MHz to 20 MHz

Squarewave Characteristics
Riselfall time: '020 ns, 10% to 90% at full output
Overshoot: '05% of peak to peak amplitude, at full output
Settling time: < I I1S to settle to within .05% of final value.

Phase Offset
Range: ± 719.9° with respect to arbitrary starting phase or assigned
zero phase
Resolution: 0.1 °
Accuracy: ",,0.2°

Function Sine Square Triangle/Ramps
Units
Displayed min mal min mal min mal

peak-peak 1.000 mV 10.00 V 1.000 mV 10.00 V 1.000 mV 10.00 V
rml 0.354 mV 3.536 V 0.500 mV 5.000 V 0.289 mV 2.887 V
dBm (50 Q) -56.02 +23.98 -53.01 +26.99 -57.78 +22.22

Amplitude
Range: 1 mV to 10 Vp-p in 8 amplitude ranges, 1-3-10 sequence (10
dB steps), into 50 n load.



BFREQUENCY, FUNCTION & WAVEFORM SYNTHESIZERS
Two-Channel Synthesizer, DC to 13 MHz
Model 3326A
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HP 3326A

The HP 3326A Two-Channel Synthesizer combines two indepen
dent synthesizers, flexible modulation, and control circuitry into a sin
gle, powerful package. This single instrument can provide precise
phase offset, two-tone sweep, fast frequency switching, internal mod
ulation, and pulse signals for bench or systems use.

Complete Two-Phase Solution
The HP 3326A can provide two signals whose phase is adjustable

and calibrated anywhere in its 13 MHz frequency range without an
external phasemeter.

Self-calibration can be performed internally or externally and
yields accuracy of ±0.2 degrees below 100 kHz. Phase can be set with
0.01 degree resolution at all frequencies. Using its unique phase-cali
bration circuitry, calibrated multi-phase signals are easily achieved
with two or more HP 3326As.

Powerful Two-Tone Capability
The HP 3326A is the single-source answer for producing a wide

variety of broadband two-tone signals. It's two channels can be offset
up to ± 100 kHz, either in the CW mode or while sweeping.

Channel amplitudes and functions (sine or square) can be selected
independently and provided from separate outputs or through the
built-in signal combiner. Low sinewave distortion (harmonics are at
least -70 dBc below 100 kHz) makes low-distortion intermodulation
measurements a simple task.

Versatile ATE Source
With two complete synthesizers in a single instrument, rack space

and power are conserved. Features like internal amplitude and phase
modulation, two-tone, and pulse modes allow this one instrument to
do the job of several sources.

All functions, modes, and parameters of the HP 3326A are com
pletely programmable over the HP-IB. Maximum accuracy is en
sured with amplitude/phase calibrations that can be enabled,
disabled and initiated under remote control.

High Performance Modulation and Pulses
Precise amplitude and phase modulation is easy with both channels

of the HP 3326A. Each channel can be used with simultaneous AM
and PM, or one channel can modulate the other. Amplitude modula
tion frequency is dc to 100 kHz and envelope distortion is better than
-46 dB.

In the pulse mode both pulse and pulse-complement outputs are
provided. Symmetry range is 1% to 99% and is settable in 0.1 % incre
ments. In addition, both pulse amplitudes and their offsets are inde
pendently controllable.

Other Features
The HP 3326A has a host of convenience features to speed and

simplify signal generation. Nine complete setup states can be stored
in non-volatile memory, along with automatic storage of the power
off state. A discrete sweep mode is available to generate from 2 to 63

frequency pairs with dwell times individually selectable for each fre
quency and each channel. Several flexible triggering modes allow
hardware or software triggers to initiate frequency, amplitude, or
phase changes, and sweeps.

DC offset is available in all modes, and all outputs are floating.
Frequency resolution is II digits, and all sweeps and frequency
changes are phase-continuous.

Specifications
For complete specifications refer to the HP 3326A data sheet.

Operating Modes
Two Channel: Channels A and B are independent.
Two-Phase: Channels A and B are the same frequency, with cali
brated phase offset between the two signals.
Two-Tone: Channel B frequency offset 0 to 100 kHz from channel A
frequency.
Pulse: Channel B is the complement of Channel A.

Frequency (Waveforms are Sine, Square, Pulse, and DC)
Range: 0 Hz to 13 MHz.
Resolution: 1 ILHz below 100 kHz, 1 mHz at and above 100 kHz.
Stability: ±5xl 0-6/year, 20° to 30°C. See also option 001, High Sta
bility Frequency Reference.
Accuracy: ±5xlO-6of selected value, 20° to 30°C, at time of calibra
tion with standard frequency reference.

Sinewave Spectral Purity
Harmonics: Harmonically related signals will be less than the follow
ing levels relative to the fundamental, or <-90 dBm, whichever is
greater:

10 Hz 50 kHz 100 kHz I MHz 13 MHz
+23.98 dBm .. - - - - - - - - _. - - -- - -- - - - -- - - - _. - - - -- - - - -- - - - -- - - - -- - - - - - --

-80 dBc -70 dBc -55 dBc -30 dBc
+13.98 dBm - _. -- - - - -. - - _.- -. - - _. - - -- - - - - - - - - - - - -- -- - -- - - --

-80 dBc -80 dBc -65 dBc -50 dBc
-56.02 dBm - - -- - - - -- _. - - _.- -. - - _. - - -- - - - - - - - - - - - - - - - - - - - - --

Integrated Phase noise: -63 dBe (Option 001 only, for a 30 kHz
band centered on a 10 MHz carrier excluding ±I Hz about the carri
er).

Main Signal Outputs (Channels A & B, All Waveforms Un
less Noted)
Connectors: Front panel BNC female.
Impedance: 50 Q; output may be floated to ±42 V peak.
Sync A: TTL level squarewave at Channel A frequency.

Output Amplitude (Sine Mode)
Range: I mVpp to 10 Vpp in 8 ranges without DC offset. See also
option 002 High Voltage Output.
Units: Volts peak-peak, Volts rms, dBm (50 Q), dBV.



±1.0 dB
-56.02 dBm -- -- - - -- -- --- - -- -_. -- - ---- - -- -- -_. --- -- -- -- -- -- - -- -- -- --

Resolution: 0.1 % of full range for peak-peak entry.
0.3% of full range for rms entry.
0.01 dB for dBm or dBV entry.

Accuracy: Relative to programmed value after self-calibration
0.001 Hz 100 kHz I MHz 13 MHz

+23.98 dBm -- -- -- -- --- - -- -- - -- -. - - -- -- -- - -- -- - - --_. -_. - -- - -- -- -- ---
±0.1 dB ±0.3 dB ±0.6 dB

+3.98 dBm ---- - -- -- - -- - -- - ---. - -- --- -- -- -.- - --- - - -- -- -- -- - -- - - --_.-
±0.8 dB

DC Offset
Range: (See also option 002, high voltage output).
DC only: 0 to ±5 V.
DC+AC: DC+AC peak ±SV; Max. DC offset is affected by AC
range, Maximum is ±4.5 V decreasing to ±4.5 mV on lowest range.
Resolution: 3 digits.
Accuracy: (After self-calibration).
DC only: ± 75 mV.
DC+AC: (Sinewave) 10 Hz to I MHz: ±2% of range.

I MHz to 13 MHz: ±5% of range.

Squarewave and Pulse Characteristics
Risellall time: ~ IS ns, 10% to 90% at full output.
Overshoot: ~5% of peak-to-peak amplitude at full output.
Pulse width range: I% to 99% of period or 20 ns, whichever is
greater.
Pulse width resolution: 0.0 I% of period.
Pulse width accuracy: ~±I% of period ±20 ns.
Amplitude accuracy: ±2%, 0.001 Hz to 100 kHz, 100 mVpp-1.00

Vpp
±I% .001 Hz to 100 kHz, 1.00 Vpp-IO.OO
Vpp

Auxiliary Outputs (All Connectors are Rear-Panel BNC)
10 MHz reference: +3 dBm output to phase lock other instruments
to the HP 3326A.
10 MHz oven output: +3 dBm oven-stabilized frequency reference
(option 001 only).
X-axis drive: Linear ramp proportional to sweep time.
Z-axis blank: TTL low during sweep.
Sweep Marker: TTL low at selected marker frequency in sweep.
20-33 MHz LO: > 100 mVpk square wave output offset 20 MHz from
Channel B output.

Auxiliary Inputs (All Connectors are Rear-Panel BNC)
Reference Input: For phase-locking to an external frequency refer
ence. Signal of 1,2,5, or 10 MHz,.±IO ppm, 0 to +20 dBm.
External Trigger Input: TTL level to initiate linear or discrete sweep
on high to low transition.
Channel A and B external phase calibration inputs
Channel A and B external amplitude modulation inputs
Channel A and B external phase modulation inputs

HP-IB Remote Control
Compatible with IEEE Standard 488-1978.
Interface Functions:
SHI,AHI ,T6,L4,SRI,RLl ,PPO,DCI,DTI ,CO,E I.

Option 001 High Stability Frequency Reference
Stability: ±5X 10'8/week after 72 hours continuous operation.

± IX1O-7/month after IS days continuous operation.

Output Combiner
Channel A and B are combined on the Channel A output. B output

is off. Combiner may be used in the two-channel, two-phase, and two
tone modes. DC offset is automatically set to 0 V.
Frequency Range: DC to 13 MHz.
Return Loss: >20 dB.

±0.5 dB±0.2 dB-36.02 dBm

Phase Offset
(Channel A vs B in Two-Phase mode)
Range: ± 720 degrees.
Resolution: 0.01 degree.
Accuracy: After self-calibration, for equal-level sinewaves I V to
10 V peak-peak

0.1 Hz to 10 Hz ±0.5 degrees
10 Hz to 100 kHz ±0.2 degrees
100 kHz to I MHz ±0.3 degrees
I MHz to 13 MHz ±2.0 degrees

Option 002 High Voltage Output
Multiplies the output level by 4 and expands the allowable DC off

set range. Specifications apply to both channels in all modes with the
internal combiner off.
Frequency range: DC to I MHz.
Output impedance: <2 n, DC to 50 kHz; < lOn, 50 kHz to I MHz.
Amplitude range: 4 mV to 40 Vpp into> Ik n, <200 pF load without
DC offset (must be entered in peak-to-peak units only).
DC offset: ±20 V, independent of amplitude range. DC + AC peak
must not exceed 20 V.

Option 003 Rear Terminal Outputs
Provides Channel A and B main outputs only on rear panel BNe's.

Front panel main outputs are removed. Specifications unchanged.

General
Power: 100/120/220/240 V, +5%, -10%, 48 to 66 Hz; 290 VA max.
Weight: 27 kg (60 Ib) net, 37 kg (81 Ib) shipping.
Dimensions: 177 mm H x 425.5 mm W x 497.8 mm D (7" x 163/4" x
19ljs").

Accessories Available
HP 15507A Isolator: For isolation of signal ground between frequen
cy reference and instrument input/output.
HP 9211-2656 transit case for protection in transportation and stor
age.

Amplitude Modulation
Specifications apply to Channel A and Channel B with external

modulation or to Channel A internal modulation with Channel B as
the modulation source. External modulation is allowed in all modes;
internal modulation is allowed only in the two-channel mode.
Waveforms: Sine, square, or (external only) pulse, DC, etc.
Frequency Range: Carrier: DC to 13 MHz

Modulation: DC to 100 kHz.
Modulation Depth: 0 to 100%.

Phase Modulation
Specifications apply to Channel A and Channel B with external

modulation or to Channel A internal modulation with Channel B as
the modulation source. External modulation is allowed in all modes;
internal modulation is allowed only in the two-channel mode.
Waveforms: Sine, square, or (external only) pulse
Frequency Range: Carrier: DC to 13 MHz

Modulation: DC to 5 kHz.
Phase Deviation: 0 0 to 3600

•

Frequency Sweep
Sweep Types: Linear, discrete.
Sweep Forms: Triangle, ramp.
Sweep Time: 5 ms to 1000 s.
Sweep Elements (Discrete): 2 to 63 frequency pairs and dwell times,
user defined; dwell times = 5 ms to 1000 s/element.
Maximum Sweep Width: 13 MHz.

Ordering Information
HP 3326A Two-Channel Synthesizer

Opt 001: High Stability Frequency Reference
Opt 002: High Voltage Output
Opt 003: Rear Terminal Outputs (Rear only)
Opt 907: Front Handle Kit
Opt 908: Rack Flange Kit
Opt 909: Rack Flange and Handle Combination Kit
Opt 910: Extra Operating Manual
Opt 914: Delete Service Manual
Opt W30: Extended Warranty

Price
$9,760

$665
$305
N/C

$61
$36
$92

$102
less $1 I5

$190



BFREQUENCY, FUNCTION &WAVEFORM SYNTHESIZERS
Synthesizer/Level Generator 200 Hz to 81 MHz
Model 3335A

• High spectral purity
• Precision amplitude control
• 1 mHz resolution

002/004: Equipped with 7511 unbalanced and 12411 and 13511 bal
anced connectors as follows

Option Fi\$ WECO Spacing Accep\$
Type WECO Type

750 002 4778 N/A 358A
004 560A 439A1440A

1240 002 4778 16 mm (.625') 372A
004 560A 127 mm (0.5') 443A

1350 002/004 223A 16 mm (.625') 241A

003: 7511 unbalanced BNC output and 15011 balanced output using a
pair of BNC connectors at 20 mm (0.80 in.) spacings.
Note: only one connector option (Opt. 002/003/004) may be ordered
per instrument.

HP-IB Programmability
IEEE STD 488-1978 Definition SHO, AHI, TO, L2, SRO, RLl,

PPO, DCI, DTO. CO.

Internal Storage
Up to 10 different front panel settings (frequency, level, ~ incr,

etc.) can be stored in internal memory registers for later recall. The
DISPLAY key allows viewing of register contents without altering
the synthesizer output.

Frequency Stability
The HP 3335A synthesizes its output frequency from an internal

temperature-controlled crystal oscillator which provides ± I x
1O-8/day frequency stability (±5 x 10-10 is optional). The HP 3335A
can also be phase-locked to any external frequency standards.

Precision Amplitude
Increasing channel capacity of Frequency Division Multiplex

(FDM) systems is continually placing more stringent requirements
on the testing of transmission parameters. To meet these performance
standards, the HP 3335A incorporates a state-of-the-art attenuator
resulting in attenuator accuracies of up to ±.025 dB over the 81 MHz
frequency range.

Anenuator:
Range: a to 98 dB in 2 dB steps
Accuracy: (1 year)

Abbreviated Specifications
(For complete specifications, refer to the HP 3335A data sheet.)
Frequency Range

Standard: 200 Hz-81 MHz;
Option 002/004: 7511, 200 Hz-81 MHz; 12411, 10 kHz-IO MHz;
135/15011,10 kHz - 2 MHz.
Option 003: 7511, 200 Hz-81 MHz; 15011, 10 kHz - 2 MHz.

Frequency resolution: .001 Hz.
Stability, long term: ±I X 10-8/day; ±I X 10-7/month.
Option 001 (high stability frequency reference).

Aging rate: ±5 X 1O- 10/day; ±2 X 10-8/month; ±I X 10-7/year.
Warmup: Within 5 X 10-9 of final value 20 minutes after turn-on at
25°C.

Spectral Purity
Harmonic distortion: 200 Hz-IO MHz: <-45 dBc; 10 MHz-80
MHz; <-40 dBc.
Phase noise (30 kHz band, excluding ± I Hz, centered on the carri
er): 9.9 MHz: <-63 dBc; 20 MHz; <-70 dBc; 40 MHz: <-64 dBc;
80 MHz: <-58 dBc.
Spurious: Nonharmonically related signals: the greater of -75 dBc
or -125 dBm (50/7511), -97 dBm (12411), -68 dBm (135/15011).
AmplitUde Range

Standard: 5011: + 13.01 dBm to -86.98 dBm; 7511: + 11.25 dBm to
-88.74 dBm.
Option 002/004: 75/124/13511: + 11.25 dBm to -88.74 dBm.
Option 003: 75/15011: +11.25 dBm to -88.74 dBm.

Signal balance (12411, 135[1, 15011 balanced outputs): >60 dB at
100 kHz.
Resolution: 0.01 dB.
Absolute level accuracy (max. output at 100 kHz, 10°C to 35°C):
50/7511 ± 0.05 dB; 124/135/15011: ±O.I dB.
Flatness (relative to 100 kHz, full amplitude): 50/7511: I kHz -25
MHz: ±0.07 dB, 200 Hz - 80 MHz: ±0.15 dB; 12411:50 kHz - 10
MHz: ±0.15 dB, 10 kHz - 10 MHz ±OA dB; 135/15011: 10 kHz - 2
MHz: ±0.18 dB.

~
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Description
Covering a frequency range of 200 Hz-81 MHz, the HP 3335A

Synthesizer/Level Generator has performance characteristics that
make it ideally suited for the telecommunications industry, as well as
for traditional synthesizer applications, including testing of Frequen
cy Division Multiplex (FDM) equipment and R&D and production
testing of communications systems. It features precision level control,
millihertz resolution, high spectral purity, internal frequency sweep,
HP-IB programmability and numerous user conveniences.

HP 3335A

Automatic Frequency Sweep
The HP 3335A combines the precision frequency accuracy and sta

bility of a synthesizer with the time-saving convenience of a digital
sweeper.

SOD: ATTENUATION

f
--

io to 38 d8 --I

,,

",,40 to 58 d8 ---I
60t09~dB~

~REQUENCY

± 025 d8

± 03 dB
± 09 dB

Ordering Information
HP 3335A Synthesizer/Level Generator

Opt 001: High-stability reference ±5 X IO- Io/day
Opt 002: Connector (75/124/13511)
Opt 003: Connector (75/15011)
Opt 004: Connector (7511, miniature WECO
on 124/13511)
Opt W30: Extended Warranty

± 04 dBr-----! ± 09 dB
± 20 dB

SLMS - Tracking Generator
The HP 3335A operates as a tracking generator with the HP

3746A/B Selective Level Measuring Set (SLMS), or the HP
3586A/B/C Selective Level Meter for automatic or semi-automatic
testing of FDM systems. For closed-loop tracking where the HP
3335A and HP 3746A/B are in the same location, the frequency of
the generator is controlled by the microprocessor in the SLMS.

Options
Standard: Equipped with switch-selectable 5011 and 75 11 outputs
(BNC connectors).
001: High-stability frequency reference.

lSD:

ATTENUATION

L 010t8d8 _;

~t058d8 _ I
,~'_60 to 98 d8 I

200HZ
FREQUENCY

25 MHz 80 MHz

Price
$11,300

$]235
$560
$355
$560

$400
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19. Synthesizer/Level Generator

Model 3336C
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HP 3336C ..
SYSTEMS

Price

$5,000
$66S
$665

:556
$33
$R2

$190

Note: Amplitude Accuracy is the sum of the Absolute Accuracy and, as necessary, Flatness and
Allenuator Accuracy.

Phase Offset
Range: ± 719.9° with respect to arbitrary reference phase.

Amplitude Modulation
Modulation depth: 0 to 100%.
Modulation frequency range: SO Hz to SO kHz.
Envelope distortion: <-30 dB to 80% modulation (I kHz modu
lating freq.).

Phase Modulation
Range: 0° to ±8S0° .
Linearity: ±O.S% from best fit straight line.
Modulation frequency range: DC to S kHz.
Input sensitivity: ±S Y peak for 8S0° phase shift (170° /volt).

Frequency Sweep
Sweep time: Linear; om s to 99.99 s. Single Log; 2 s to 99.99 s.
Continuous Log; 0.1 s to 99.99 s.
Maximum sweep width: Specified frequency range of selected out
put.
Minimum sweep width: Log; I decade. Linear; minimum BW
(Hz) = .1 (Hz/s) x Sweep Time (s).
Phase continuity: Phase is continuous over full frequency range.
Sweep flatness: Fast leveling ±O.IS dB, 10kHz to 20 MHz, .03 s
sweep time. Normal leveling; ±O.IS dB, SO Hz to I MIIz, O.Ss
sweep time.

HP-IB Interface Functions:
SHI, AHI, T6, U, SRI, RLl, PPO. DCI, DTO, CO, EI.
General
Operating Environment

Temperature: 0° to SsoC.
Relative humidity: ::;8S%, 0° to 40°C.
Altitude: ::;IS,OOO ft, (4600 metres).
Storage temperatures: -Soo to +6SoC.
Storage altitude: ::;SO,OOO ft, (lS,240 metres).
Power requirements: 100/120/220/240 Y, +S%, -10%, 48 to 66
Hz, 60 Y A, (100 YA with all options), 10 VA standby.
Size: 132.6 mm H x 42S.S mm W x 497.8 mm D, (S.2" x 16.8" x
19.6").
Weight: Net, 10 kg. (22 Ib). Shipping, IS.S kg. (34 lb).

Ordering Information

HP 3336C Synthesizer/Level Generator (General
Purpose)

Opt 004 High Stability Frequency Reference
Opt 005 High Accuracy Attenuator
Opt 907 Front Handle Kit
Opt 908 Rack Flange Kit
Opt 909 Rack Flange and Handle Kit
Opt W30 Extended Warranty

10 to 19.99 dB
20 10 39.99 dB
40 to 79.99 dB

Other Features
Models HP 3336 A & B are also available for the telecommunica

tions industry (see page S02). All three models (the HP 3336A, B &
C) have 10 storage registers; amplitude blanking capability during
frequency switching; linear or logarithmic phase continuous sweep
capabilities; RPG (rotary pulse generator) to simplify modification of
any digit in the display; phase offset capability; output connector and
impedance flexibility; AM and PM modulation; and many other fea
tures. Refer to the data sheet for complete information.

Abbreviated Specifications
Frequency
Range: 10 Hz to 20.999 999 999 MHz.
Resolution: I ~Hz for frequencies <100 kHz, I mHz for frequencies
~IOO kHz.
Aging rate: ±S x 1O-6/year (20 0 to 30°e).
Warm-up time: 30 minutes to within specified accuracy.

Amplitude
Range: SO!"l: -71.23 to +8.76 dBm; 7S fl: -72.99 to 7.00 dBm.
Absolute accuracy: ±.OS dB, 20 0 to 30°C (for the top 9.99 dB of
amplitude range at 10 kHz), ±.08 dB, 0 0 to SsoC.
Flatness: SO/7S fl, ±O.I dB (±0.07 dB with option OOS) referenced to
10 kHz.
Attenuator Accuracy: (Instruments without option OOS).

Description
Covering a frequency range of 10 Hz to 20.999 MHz, the HP

3336C is designed for traditional synthesizer applications as well as
R&D and production testing of systems or components. It features
precision level control, high spectral purity, optional frequency stabil
ity of ±S x 1O-8/week, internal frequency sweep and numerous user
conveniences. All models include HP-IB.

Precision Frequency Measurements
Major advances in HP technology have provided a single loop,

fractional-N synthesis technique which allows synthesizer accuracy
with II digits of resolution, with completely phase continuous fre
quency sweep over any of the instrument's frequency ranges.
Microhertz resolution below 100 kHz allows precise frequency mea
surements over a range of 10Hz to 20.999 999 999 MHz. Harmonics
are below -60 dBc over the range from SO Hz to I MHz (-SO dBc to
20 MHz), with spurious signals below -70 dBc or -100 dBm in the
standard instrument, -liS dBm with an option. Integrated Phase
Noise is -64 dBc (30 kHz BW).

±0.05 dB Amplitude Accuracy
New HP attenuator technology coupled with custom designs in lev

eling loops and thermal converters produce amplitude accuracies seen
only in instruments at much greater cost. The fast leveling loop makes
extremely flat sweeps possible at high sweep speeds. External leveling
is also available for those custom applications where a control loop is
desired.
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Dual Arbitrary Waveform Generator
Model 8175A Option 002

• 2 analog channels / 1 kpoints ea / 50 MHz ea
• individual datapoint durations 20 ns to 9.99 s
• 10 bit amplitude resolution
• digital and analog signals simultaneously

• 4 waveform entry modes; calculator, graphical editing,
abs. and reI. levels, various codings

• up to 32 Vp-p output voltage (into open), separately
programmable offset (max ± 16 V)

HP 8175A, Option 002; Data Page:
Waveform Setup

Application Examples

With the Option 002, the Dual Arbitrary Waveform Generator,
the HP 8l75A offers the new Arbitrary Waveform mode in addition
to the existing Parallel and Serial modes. In the Arbitrary Waveform
mode, you have: Dual arbitrary waveform channels, and simultane
ous equivalent digital signals. This means you have the ideal source
for difficult applications, for example:
- simulation of two dependent variables, like force and distance, at the

same time.
- digital and analog stimulation of devices like programmable filters.
- stimulus and compare signals at the same time for DACs or ADCs.

The arbitrary outputs are 50 Mpointsjs, synchronous, but indepen
dent in shape and amplitude (max 16 V pop into 50 Ohm and max 32
V pop into open), and the waveforms can be set up by means of: a)
algorithms (a fundamental set of mathematical functions are availa
ble, including noise), b) interpolations (linear and spline), c) graphic
or tabular entry of instantaneous level (or amplitude and offset), d)
tabular entry of equivalent digital pattern. Additionally, any existing
waveform can be modified. One way is simply by tabular or graphical
editing. A more powerful alternative is the "Combine" feature. This
allows you to combine an algorithm arithmetically with any desired
part of the current waveform.

For further information about the digital capabilities of the HP 8175A see page 318.

The comprehensive feature set, together with the outstandin
mcmory management and interaction capability, mean that "real
life" simulation for the most exacting circuits is within your grasp.



Data Page: Calculator
The built in Calculator provides a comfortable method of setting

up very complex, mathematically-definable waveforms by simply en
tering the formula. Softkeys support most of the fundamental mathe
matical functions. The Combine capability allows any previously
generated function to be combined with the current calculated func
tion. By this means, noise can be introduced into any desired parts of
the waveform.

Specifications
apply for operating temperatures from 0° to 55°C.

Option 002 Dual Arbitrary Waveform Generator (can be
retrofitted in HP service office)
Number of Analog Outputs: 2
Number of Bits: 10
Number of Data Points:

Horizontal: 1024 points
Vertical: 1000 points with additional 24 points override

800 points for 16 V POp Output Voltage Range
640 points for 32 V Pop Output Voltage Range

Difterential Non-Linearity: :0; I LSB (monotonic)
Output Impedance: 50 Ohm ±5%

Output Levels
Load Impedance: 50 Ohm:

7 Output Voltage Ranges: 0.2 V to 16 V, Res. 0.2 mV to 20 mV
2 Oftset Ranges: ±0.8 V and ±8 V (Output Volt. Range> I V)

Load Impedance: 2:50 kOhm
7 Output Voltage Ranges: 0.5 V to 32 V, Res. 0.5 mV to 50 mV
2 Oftset Ranges: ±1.6 V and ±16 V (Output Volt. R. >2V)

Accuracy (Output A and Output B)
Amplitude Accuracy: ±4% ±4 LSB
Offset Accuracy: ± 1% of programmed value

±2% of (progr. High Level of pop Output Volt. +
progr. Low Level of pop Output Volt.) (if High and

Low Level are identical in magnitude. but opposite in sign, this error

will be zero).

Da t a I!l!IDIlII!mII Se t up
Used Format Allocat Ion lE!li1III

Da t a Page (ARB) _

D U I

Address Name --- ARB A -- --- ARB B -- --TRG-- -Ouratlon-
IIi1mImJI IIilB!m!I A B

1823 3.24 V 8.8 mV 8 8 9.99 5

8880 1.66 V 4.2 mV 8 8 28 "'0801 1. 76 V 5.2 mV 1 8 28 "'0802 2.18 V 8.6 mV I 8 28 "5
8803 2.04 V + 8.0 mV 1 8 180 "'llD -III wm V lIII mm2 mV 0 Ii) ••0005 + 2.28 V + 9.6 mV 8 8 20 "5
8886 2.88 V + 8.4 mV 8 8 1.8 m'
0007 2.10 Y 8.6 mY 8 8 28 ~,

0008 2.00 Y 7.6 m'l 8 8 28 "'8009 2.16 V 9.2 mV e 8 20 ~s Price

$3465
$36W

$204

$36

$11200

Ordering Information

HP 8175A Digital/Analog Signal Generator
Note: HP 8175A must be ordered with at least

option #002 or one of the digital options
(refer to page 319).

Opt. 002 Dual Arbitrary Waveform Generator
Opt. 908 Rack Flange Kit (P/N 5061-9678)
Opt. 910 Additional Operating/

Programming/Service Manual
Opt. 916 Additional Programming Manual
W Fast-Ship product see page 766

plus:
into 50 Ohm: ±10 mV for 0.2 V, 0.5 V and 1 V ranges

or: ±25 mV for 2 V and 5 V range
or: ±50 mV for 10 V and 16 V range

into 2:50 kOhm: ±20 mV for 0.5 V, 1 V and 2 V ranges
or: ±50 mV for 5 V and 10 V range
or: ±100 mV for 20 V and 32 V range

Timing (for Output A and B)
The maximum sample update rate is 50 MHz.
The Data Point Duration is 20 ns to 9.99 s.

Trigger Output Characteristics:
Number of Trigger Output Channels: 2
Trigger Output Impedance: 50 Ohm ±5%
Trigger Output Levels: EeL into 50 Ohm

TTL into 50 Ohm and 2: 50 kOhm
Trigger Pulse Width: The trigger can be set for each individual

data point to High Level or Low Level. The
trigger width depends on the programmed
Data Point Duration.

Upper Llmlt: • 8.88,
Lower Limit: 5.52 V
Upper Limit: of 1€lZ.2 mV
Lower Limit: 182.4 mV

16 V J

ARB B: Amplitude Range: [288 mY]
Offset: + 33.8 mV

ARB A, Amp II tude Range:

Data Page: Pattern/Level Set-Up
Data Points of a waveform can be entered and displayed in absolute

or relative levels or in various codes. Comprehensive waveform edit
ing support is provided. For instance, segments of data points can be
moved or copied to other memory locations or waveform segments
can easily be exchanged between the two analog channels. In this way
it is easy to produce phase shifted signals. Graphical editing of the
waveform, including interpolation between data points, is possible on
this menu.
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50 MHz Programmable Signal Source
Model 8165A

• Pulse/function capability
• Sine, triangle, square to 50 MHz
- Pulses and ramps to 20 MHz

- Trigger, gate and counted burst
- Synthesizer stability, precision amplitude
• Storage of operating parameters

.WiI.-.-
-:J

..
SYSTEMS

Picture shows 8165A with option 002, AM and Logarithmic Sweep.

i'1C~-

Versatility and Simplicity for Systems and Bench
The HP 8165A Programmable Signal Source is a versatile function

generator with good accuracy and many trigger features.
Microprocessor control assures rapid, accurate setup whether pro
gramming locally or via HP-IB.

Operating Set Storage
Ten complete sets of operating information can be stored and recal

led. In the event of power failure, battery back up retains all data plus
the active settings.

Stability and Resolution
Stable frequency is ensured with an internal crystal. The four-digit

frequency display provides a I IlHz resolution in the I to 9.999 mHz
range. In Normal mode, the accuracy is 0.001% with a stability of
±I X 10-6 •

Specifications

Waveforms and Frequency Range
Sine, square, triangle (50% duty cycle): 1.000 mHz to 50.00 MHz.
Pulse/ramp (20, 80% symmetry): 1.000 mHz to 19.99 MHz.
Haversine/havertriangle: please inquire for special option.

Output Characteristics
Range: amplitude and offset independently variable within ± 10 V

window.
Source impedance: selectable 50 fl ± I % or I kfl ± 10%
Amplitude: 10.0 mVpp to 10.0 Vpp (50 fl into 50 fl)

2.00 Vpp to 20.0 Vpp (I kfl into 50 fl)

Square/Pulse Characteristics
Transition times: (10% to 90%): ~ 5 ns (50 fl into 50 fl), ~ 7 ns (I kfl

into 50 fl)
PreshootlOvershoot/Ringing: S ±5% (50 fl into 50 fl), ± 10%

(I kfl into 50 fl).
Triangle/Ramp Characteristics
Linearity: (10% to 90%): S ± 1% (S ± 5% above 5 MHz).

Operating Modes
Norm (continuous phase locked), VCO (external sweep voltage),
Trig (ext or man. one-shot), Gate, Burst (1-9999 counted cycles),
Frequency Modulation
HP-IB: control and learn capability for all modes and parameters.
Interface functions': SHI, AHI, T6, L4, SRI, RLl, PPO, DCO,

DTl, CO, EJ.

General
Memory: non volatile. 10 addressable locations plus one for active
operating state. Each location can store a complete set of operating
parameters and modes.
Power: 100/120/220/240 Vrms; ±5%, -10%; 48 to 66 Hz,

200 VA max.
Operating temperature: 0° to 50°C
Weight: net 12 kg (26.5 lbs). Shipping 16 kg (35.3 Ibs).
Size: 133 H x 426 W x 422 mm D (5.2" x 16.8" x 16.6").

Accuracy Sine Square Triangle Ramp Pulse
VVrms (50") (20%-80") (20%-80")

<1kHz ±3% ±2% ±3% ±3% ±2%
IKHz-4.99MHz ±3% ±2% ±3% ±5% ±2%
5 MHz-19.9MHz ±8% ±5% ±IO% ±10% ±5%
2Q,1Hz-50MHz ±8% ~5% +5% to -20% - -

Offset: 0 ±IO mV to ±5.00 V (50 fl into 50 n)
o± 20 mV to ± 10.0 V (I kU into 50 fl)

Accuracy: ± 1% programmed value ± 1% signal Vpp ± 20 mY.
Sine Characteristics
Distortion: total harmonic distortion (THD) for fundamental up to

I MHz: 38 dBc.
Harmonic signals: (fundamental above I MHz): ~ -30 dB.

Ordering Information
HP 8165A Programmable Signal Source**
Opt. 002: AM and logarithmic sweep
Opt. 003: Rear Panel Connectors
Opt. 907: Front Handle Kit (Part No HP 5061-9689)
Opt. 908: Rack Mount Flange Kit (Part No HP 5061-

9677)
Opt. 909: Opt 907, 908 combined (Part No HP 5061-

9683)
Opt. 910: Additional Operating and Service Manual
Opt. wao: 2 years additional hardware service
*For more on these codes refer to the HP-IB section 01 this catalog.

* *HP-IB cables not supplied. see page 561.

W Fast-Ship product-see page 766

Price
$8350

add $1070
N/C

add $56W
add $33 W

add $82 W

add $71
$200
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231 mHz-50 MHz Pulse/Function Generator

Model 8116A

• Sine, triangle, square, haverfunctions and dc
• 1 mHz-50 MHz, 32 Vpp for all waveforms
• Variable (10 ns min) pulse width, 6 ns transitions

• Wide range of operating capability
• Self-prompting operating concept
• Error recognition and self test

~
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SYSTEMS

Picture shows
8116A with
Option 001, Burst
and Logarithmic
Sweep.

The fully programmable HP 8116A features pulse as well as func
tion generator capabilities in one small unit. A broad I mHz-50 MHz
band for all waveforms and a wide choice of operating and modulat
ing modes assure high flexibility. These factors, plus good repeatabili
ty, make the HP 8116A a sound, long-term investment.

Unique Operating Concept Saves Engineering Time
HP's custom IC's have made it feasible to put the many HP 8116A

capabilities into such a small volume. Handling is simplified by a
unique, microprocessor-controlled, operating concept which ensures a
clear overview of the compact front panel at all times. When the mode
and waveform have been selected, illuminated labels show which pa
rameters must be set. There's no clutter, no confusion.
Auto vernier. In normal mode, the HP 8116A's auto-vernier incre
ments any desired parameter continuously until a stop signal is ap
plied. This means that thresholds can be measured automatically,
without a controller.
Level or amplitude programming. The HP 8116A's output can be
programmed in terms of high and low levels or in terms of amplitude
and offset. Consequently a direct, automatic, conversion is always
feasible so that the HP 8116A can be programmed in the same terms
as the device is specified.
Safe limit. Devices can be protected by the limit feature. This pre
vents the output from exceeding a given magnitude.

Rectangular Waveforms
For applications such as laser diodes or dc motors, square waves

can be programmed for constant duty cycles from 10% to 90%. For
digital test, or for simulating very low duty-cycle events, pulse width
can be programmed down to IOns. Square wave and Pulse modes
provide clean 6 ns edges that are ideal for many technologies. Pulse
width modulation and pulse recovery capability are available in Pulse
mode.

Sine and Triangle Functions
10% to 90% duty cycle, programmable in I%steps, provides ramps

and asymmetrical sine waves for testing YCO's, servos, amplifier lin
earity and industrial process control systems. Haverfunctions,

available in External Trigger, Gate and Burst modes, extend the ap
plications to areas such as telephone line and vibration testing.

Modulation
All waveforms can be amplitude or frequency modulated. YCO op

eration allows frequency variation over two decades with an external
voltage; consequently transducer output can be conditioned for mag
tape recording, or frequency-shift keying or linear sweep can be car
ried out.

Option 001
10 1/2-decade log sweep. Sweep mode covers the wide I mHz - 50
MHz band in a single up sweep. Test setups require no more than an
x-Y recorder or scope because all necessary control signals are avail
able. The HP 8116A sweeps can be internally triggered, if desired.
Accurate, counted bursts. A preprogrammed number of cycles of
any waveform can be generated in Burst mode. With sine, triangle
and square functions, bursts can be triggered internally as well as ex
ternally.
Hold capability. For material stress testing, low frequency functions
can be held at instantaneous levels. Hold is controlled by an external
signal.

Low-Cost Automation for Bench and Systems
Powerful capability, small size and wide specified temperature

range make the HP 8116A a good choice for automatic test systems.
Also, the low cost means that it's now realistic to automate those rou
tine bench jobs and leave more time for design. Comfortable software
features such as easy syntax and flexible format contribute to rapid
system design.

Operating Confidence
There's reliance in the HP 8116A's output because proper opera

tion is always ensured by the instrument's error detector. This helps
the user to recover from an incorrect front panel or programming op
eration by indicating the offending parameter. Also, the built-in test
and diagnosis feature verifies correct function each time the instru
ment is switched on.

Specifications overleaf



BFREQUENCY, FUNCTION &WAVEFORM SYNTHESIZERS
1 mHz-50 MHz Pulse/Function Generator (cont'd)
Model 8116A

HP-IB Capability
All manual key operations are programmable. Talk mode provides

learn, status byte and error report capabilities.

Pulse Width Modulation
Range: 10 ns to I sin 8 non-overlapping decade ranges.

Max. width ratio: 10:1.
Sensitivity: ±9 V for I: I0 ratio.

Voltage-Controlled Oscillator
Range: 2 decades in range I MHz-50 MHz.
Sensitivity: 0.1 V to 10 V for 2 decades.
Modulating frequency: dc to I kHz.

Auxiliary Modes
Manual: simulates external input.
1 cycle (option 001): triggers single output cycle in Trigger, Gate

and Ext Burst modes.
Auto vernier: continuous vernier which can be remotely or manually

stopped.
Limit: programmable maximum output levels to protect DUT.
Complement: selectable normal/complement output.
Disable: relay disconnects output.

Memory
Battery-backup RAM retains current operating state.

General
Repeatability: factor 4 better than accuracy.
Environmental

Storage temperature: -40°C to +70°C.
Operating temperature: O°C to 55°C.
Humidity: 95% RH, O°C to 40°C.

Power: 100/120/220/240 V rms; +5%, -10%; 48 to 440 Hz;
120 VA max.

Weight: net, 5.9 kg (13Ib). Shipping, 8.0 kg (18 Ib).
Size: 89 H x 212.3 W x 422 mm D (3.5" x 8.36" x 16.6").

Prices
$3775

add $S 10
add $41

S38~

$51 ~
$31 ~
$25~

Ordering Information
HP 8116A Programmable Pulse/Function Generator·
Opt. 001: Burst and Logarithmic Sweep
Opt. 910: Extra Operating & Service Manual
HP 5061-9701: Bail Handle Kit
HP 5061-9672: Rack Mount Kit (single HP 8116A)
HP 5061-9674: Rack Mount Kit (two instruments)
HP 5061-9694: Lock Link Kit (for use with

HP 5061-9674)
'HP-IB cables not supplied. see page 561.

~ Fast-Ship product - see page 766

Auxiliary Inputs and Outputs
External Input

Threshold: ±IO V adjustable.
Max input voltage: ±20 V.
Sensitivity: 500 mVpp.
Min pulse width: 10 ns.
Input impedance: 10 kg typo
Trigger slope: positive, negative and off.

Control Input
Max input voltage: ± 20 V.
Input impedance: 10 kg typo

Trigger Output
Output levels: 0/2.4 V typo
Output impedance: 50 ohm typo

X-Output (Option 001) for sweep X-V recording (rear panel).
Output levels: 0 V (= start frequency) to 10 V max.
Slope: 1.5 V per sweep decade.

Marker Output (Option 001) for sweep (rear panel).
Output levels: TTL
Leading edge: positive at selected marker frequency.

Hold Input (Option 001), rear panel.
Input levels: TTL
Leading edge: positive transition causes HP 8116A output

(f < 10 Hz) to hold at instantaneous level. Output
droop 0.01 % per second.

Max input Voltage: ±20 V

Timing
Frequency

Range: I mHz to 50 MHz (3-digit resolution).
Accuracy' (pulse mode, 50% d/c): ±3% ±0.3 mHz below 100 kHz,

±5% above 100 kHz.
Jitter (pulse mode, 50% d/c): <0.1% + 100 ps.
Stability: ±2% (I hour), ±5% (24 hours).

Duty cycle: (sine, triangle, square, haversine, havertriangle).
Range: 10% to 90% (20% to 80% above I MHz), 2-digit resolution.
Accuracy': ±0.5 digits (±3 digits above I MHz).

Pulse Width
Range: 10.0 ns to 999 ms (3-digit resolution).
Accuracy': ±5% ± 2 ns.
Jitter: <0.1% (0.2% + 200 ps for width ~IO ILS).

Output Characteristics
(voltages double into high impedance).

Amplitude
Range: 10.0 mVpp to 16.0 Vpp (3-digit resolution).
Accuracy': ±5% (at I kHz for sine and triangle).
Flatness (sine): ±3% (±5% above I MHz, +5 -15% above

10 MHz).
Flatness (triangle): ±3% (±5% above I MHz, +5-25% above

10 MHz).
Oftset and dc Mode

Range: 0.00 to ±7.95 V (0 to ±795 mV for amplitude
< 100 mVpp).

Resolution: 3 digits.
Accuracy': 0.5% of setting ± I% of ampl ± 40 mV (+2 mV if ampl

< 100 mVpp, ±20 mV in dc mode).
Distortion (sine, normal mode, 50% duty cycle).

Total harmonic distortion (10 HZ~50 kHz): <I % (-40 dB)·.
Harmonic related signals (50 kHz-1 MHz): <-34 dB,

(1 MHz-50 MHz): <-23 dB·.
·May increase by 3 dB below 10'C and above 45'C.

Control Modes
Frequency modulation: ±5% max deviation.

Sensitivity: I V for I% deviation.
Modulating frequency: dc to 20 kHz.

Amplitude Modulation
Sensitivity: ±2.5 V for 100% mod. (+2.5 V to -7.5 V for DSBSC).
Modulating frequency: dc to I MHz.

'Applies from 15'C to 35'C, %-error increases 0.05 per 'C outside this range.

Additional Modes in HP 8116A Option 001
Logarithmic Up Sweep (for all waveforms).

Range: Start and stop frequencies selectable up to full range
(I mHz-50 MHz).

Sweep time: selectable in 1-2-5 sequence from 10 ms to 500
seconds per decade.

Sweep repetition: continuous sweeps (internal sweep) or external
ly triggered.

Counted Burst· (for all waveforms).
Burst length: I to 1999 cycles.
Burst repetition: internally triggered at selectable intervals from

100 ns to 999 ms (except in Pulse mode), or ex
ternally triggered, up to 40 MHz.

'Selectable (_90') start-phase for haversine, havertriangle.

Non-linearity (triangle, ramp, 100 mHz-I MHz): <±3%.
Pulse and Square Wave Characteristics

Transitions: <7 ns.
Pulse perturbations: <±5% ±2 mY.
Output impedance: 50 ohm ±5%.

Operating Modes
Normal, trigger·, gate·, external width.

Specifications
Specifications apply with 50-ohm load and temperatures in the

range O°C to 55°C.

Functions
Sine, triangle, ramp, square, pulse, haversine, havertriangle, dc.
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251 Hz-:20 MHz Pulse/Function Generator

Model 8111A

• Sine, triangle, square, haverfunctions
• 20 MHz, 32 Vpp for all waveforms
• Variable duty cycle or pulse width

• Trigger, gate, VCO and optional burs\
• Digital display for all parameters
• Error recognition

Picture shows
8111A with
Option 001,
Counted Burst.

Range:
Resolution:
Accuracy:

Price
$2500';E

add $480
add $39

$38 ';E
$51 ';E
$31 ';E
$25 ';E

VCO range: 2 decades, ext. signa1 0.1 V to 10 V (de to I kHz).
Burst length: I to 1999 periods for all waveforms.

General
Repeatability: factor 2.5 better than accuracy.
Environmental

Storage temperature: -40°C to +75°e.
Operating temperature: ooe to 55°C.
Humidity: 95% RH, ooe to 40°C.

Power: 100/120/220/240 V rms; +5% - 10%; 48 to 440 Hz;
70 VA max.

Weight: net, 4.6 kg (lOlb). Shipping, 6.6 kg(15Ib).
Size: 89 H x 212.3 W x 345 mm D (3.5" x 8.36" x 13.6").

Ordering Information
HP 8111A Pulse/Function Generator
Opt. 001: Burst
Opt. 910: Extra Operating and Service Manual
HP 5061-9701: Bail Handle Kit
HP 5061-9672 Rack Mount Kit (single HP 8111 A)
HP 5061-9674 Rack Mount Kit (two instruments)
HP 5061-9694 Lock Link Kit (for use with HP

5061-9674)
~ Fast-Ship product-see page 766

Output Characteristics
(voltages double into high impedance)
Amplitude

Range: 1.60 mVpp to 16.00 Vpp (3\-1 digit resolution).
Accuracy: ±5% (at I kHz for sine and triangle).
Flatness (sine, triangle): ±3% (+ 10%, -15% above I MHz).

Offset
Range: 0.00 mV to ±8.00 V (3-digit resolution).
Accuracy: ±5% setting ±2% amplitude ±20 mV

(ampl;:. 160 mVpp),
±5% setting ±2% amplitude ±1 mV
(ampl < 160 mVpp).

Distortion: THD (I Hz-I MHz) < 3% (-30 dB); harmonics
(I MHz-20 MHz) < -26 dB. Distortion may increase by
3 dB below 10°C and above 45°C.

Linearity (triangle): < ±3% « ± I% below I MHz)
Pulse and Squarewave Performance

Transitions: < IOns.
Perturbations: < ±5% «±IO% below 0.16 Vpp).

Output impedance: ±50 ohm ±5%.

Modes
normal, trigger*, gate*, veo and (Option 001) burst*.
•Adjustable start-phase tor haversine, haverlriangle

Timing
Frequency

Range: 1.00 Hz to 20.0 MHz (3-digit resolution).
Accuracy (50% duty cycle): 5% (±10% below 10 Hz).
Jitter: <0.1 % + 50 ps.
Stability: ±0.2% (1 hour), ±0.5% (24 hours).

Duty Cycle (sine, triangle, square, haverfunctions):
Calibrated Variable (below 1 MHz)

50% nominal 10% to 90%.
2digits 2 digits.
'"1 digit ±6 digits

(±3 in range 20 to 80%).

Waveforms
SlOe, triangle, ramp, square, pulse, haverfunctions.

Specifications (50-ohm load resistance)

The HP 8111 A combines pulse generator and function generator
capabilities in a single, compact unit. Triggered operation for all
waveforms, and the ability to define rectangular wavcforms in terms
of pulse width or duty cycle, are examples of the HP 8111 A's versatil
ity,

Pulse Width
Range: 25.0 ns to 100 ms (3-digit resolution).
Accuracy: ±5% ±2 ns.

Flexible
Operating modes include veo which permits frequency-shift key

ing and dc-to-frequency conversion as well as sweep and FM applica
tions. Option 00 I's Burst mode simplifies tone burst generation and
digital preconditioning by generating a precise number of waveform
cycles. An "extra cycle" feature activated after a burst allows critical
events to be examined.

Pulse mode's variable width down to 25 ns and clean IOns transi
tions provide useful digital test capability. High analog flexibility is
assured because all waveforms can be generated in trigger, gate and
burst modes. Adjustable duty cycle up to 999 kHz means that CRT
sawtooth waveforms and rectangular signals for dc motor control can
be simulated.

Saves Space and Equipment
Small size and manifold capability make the HP 8111 A an ideal

source for service and bench. Digital display, error detector and good
repeatability assure high operating confidence. This reduces the need
for output monitoring and consequently saves equipment.



BFREQUENCY, FUNCTION & WAVEFORM SYNTHESIZERS
Function Generator
Model 3312A

• Two function generators in orle instrument
• AM-FM, sweep, trigger, gate and burst (internal and external)

HP 3312A

$1,450 ....
$80

Description
Hewlett-Packard's 3312 A Function Generator combines two sepa

rate, independent function generators with a modulator section in one
compact instrument.

The main generator can-via pushbutton control-be triggered by
the modulation generator to provide sweep functions, AM, FM or
tone burst.

Ten Vp-p into 50 Qprovides adequate power for most applications.
The output attenuator has a range of more than 10,000: I so clean
low-level signals from 10 V to I mVp-p into 50 Q can be obtained,
The main generator includes dc offset up to 10 volts p-p into 50 Q,

The HP 3312A is an effective low cost solution for generating a
multitude of functions,

Specifications
Output waveforms: Sine, square, triangle, ± ramp, pulse, AM, FM,
sweep, triggered and gated,

Frequency Characteristil:s
Range: 0, I Hz to 13 MHz in 8 decades ranges,
Dial accuracy: ±5% of full scale, Unspecified in Uncal Mode,
Square wave rise or fall time (10% to 90%): <20 ns.
Aberrations: < 10%.
Triangle linearity error: <1 % at 100 Hz,
Variable symmetry: 80:20:80 to I MHz,
Sine wave distortion: <0,5% (-46 dB) THD from 10Hz to 50 kHz.
(10 kHz range maximum). >30 dB below fundamental from 50 kHz
to 13 MHz, at full-rated output.

Output Characteristics
Impedance: 50 Q ± 10%,
Level: 20 Vp-p into open circuit, > 10 Vp-p into 50 Q at I kHz,
Level flatness (sine wave): <±3% from 10 Hz to 100 kHz at full
rated output (1 kHz reference). <±IO% from 100 kHz to 10 MHz,
Attenuator: I: I, 10: I, 100: I, 1000: I and> 10: I continuous controL
Attenuator error: <5%,
Sync output: Impedance: 50 Q ± I 0%, > I Vp-p square wave into
open circuit. Duty cycle varies with symmetry controL
DC offset: Variable up to ± 10 volts, Instantaneous ac voltage + Vdc
offset cannot exceed ± 10 V (open circuit) or ± 5 V (terminated 50
ohm),

Modulation Characteristics
Types: Internal AM, FM, sweep, trigger, gate or burst; external AM,
FM, sweep, trigger, gate or burst.
Waveforms: Sine, square, triangle, ramp or variable symmetry pulse,
Frequency range: 0,0 I Hz to 10kHz,
Output level: > I,0 Vp-p into 10 kQ,

Amplitude Modulation
Depth: 0 to 100%.
Modulation frequency: 0,01 Hz to 10 kHz (internal), DC to > I
MHz (external).
Carrier 3 dB bandwidth: < I00 Hz to > 5 MHz,
Carrier envelope distortion: < 2% at 70% sine wave modulation with
fc = I MHz, fm = I kHz,
External sensitivity: <10 Vp-p for 100% modulation.
Frequency Modulation
Deviation: 0 to ±5% (internal).
Modulation frequency: Internal: 0,01 Hz to 10 kHz; external: DC to
>50 kHz,
Distortion: <-35 dB at fc = 10 MHz, fm = I kHz, 100 KHz peak
deviation.
Sweep Characteristics
Sweep width: > 100: I on any range.
Sweep rate: 0.01 Hz to 10 kHz, 90:10 ramp, and 0 Hz Range (pro
vides manual setting of "Sweep Start" without modulation generator
oscillating),
Sweep mode: Repetitive linear sweep between start and stop fre
quency settings. Retrace time can be increased with symmetry
-controL
Ramp output: 0 to > -4 V into 5 kQ.
Gate Characteristics
Start/stop phase range: +90° to -80° .
Frequency range: 0, I Hz ,0 I MHz (useful to 10 MHz),
Gating signal frequency range (external): DC to I MHz, TTL
compatible,
External Frequency Control
Range: 1000: I on any range.
Input requirement: With dial set at 10,0 to -2 V ±20% will linearly
decrease ~reque~cy >.1 O~O: 1. ~n ~c voltage will FM the frequency
about a dial settmg wlthm the hmlts (0.1 < f < 10) x range setting,
Linearity: 0.5% of Fmax for Fmax ~ I MHz 5,0% of Fmax for Fmax
> I MHz, Deviation is from a best fit straight line, VCO frequency
span" 100:1.
Input impedance: 2.8 kQ ±5%.
General
Operating temperature: O°C to +55°C; specifications apply from
O°C to 40°C,
Storage temperature: -40°C to +75°C.
Power: 100 V, 120 V, 220 V, 240 V +5%, -10%, switchable; 48 Hz to
440 Hz; ,,30 VA,
Size: 102 mm H x 213 mm W x 377 mm D (4" x 8A" x 14,8"),
Weight: Net, 3,8 kg (8Alb), Shipping, 5,9 kg (13 Ib),
HP 3312A Function Generator
Option W30: Extended Warranty

.... Fast-Ship product - see page 766.
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1 mHz to 20 MHz Function Generator with Arbitrary Waveforms 427

Model 3314A

• Lin/Log sweeps
• AM/FMIVCO
• Phase lock xN and ~N

• Gate and counted burst
• 1/2 cycle mode
• Arbitrary waveform generator

HP 3314A

HP 3314A Multi-Waveform Generator
The HP 3314A is a Function/Waveform Generator with the preci

sion and versatility to produce numerous waveforms. Its feature set
includes accurate sine, square, and triangle waves, with ramps and
pulses available using variable symmetry. Additional features include
counted bursts, gate, lin/log sweeps, AM, FM/VCO, dc offset, and
phase lock. For increased versatility, the Arbitrary waveform mode
allows a countless number of user defined waveforms. Since complete
programmability is provided, all of these capabilities are available for
ATE systems, as well as bench appl ications.

Precise Functions
The HP 3314A provides sine, square, and triangle waveforms from

0.001 Hz to 19.99 MHz with an amplitude range of 0.01 mV to 10
Vp-p into 50 ohms, with optional 30 Vp-p into> 500 ohms.

Continuous waveforms are provided with high accuracy and low
distortion, with frequency accuracy on the upper ranges of 0.01 % and
sine distortion <-55 dBc to 50 kHz.

Pulses and ramps are provided to 2 MHz using the variable symme
try control over the full 5% to 95% symmetry range. This provides
narrow pulses with 9 ns rise/ fall times for digital circuit testing, and
positive or negative ramps for amplifier testing and process control.

Independent dc offset to ±5 V (into 50 ohms) can be added to any
ac signal. A post-attenuator summing technique is used to provide
large ac signals with small offsets and vice versa.

Burst and Gate
The HP 33l4A's N Cycle burst mode generates an integer number

of complete cycles at each trigger. Bursts of 1 to 1999 cycles are possi
ble for use in applications ranging from sonar testing to digital cir
cuits. Variable symmetry and start/stop phase can be used to produce
single ramps and haverwaves.

Like burst mode, gate mode can be triggered internally or external
ly. In gate, the HP 3314A output consists of complete cycles, pulses or
arbitrary waveforms which start when the trigger is true, and stop
after the trigger goes false. In gate and burst modes, the full frequen
cy range applies for sine, square, triangle, pulse, and ramp
waveforms.

New 1/2 Cycle and "Integer" Phase Lock Modes
The new 1/2 Cycle burst mode allows simulation of specialized sig

nals found in electronics. At each trigger, alternating V2 cycles of sines
or triangles are produced. With the addition of variable start/stop
phase and symmetry, pulses with variable rise/fall time and over
shoot can be produced. Repetition rate, V2 cycle frequency, symmetry,
and phase can be set independently to produce a variety of
waveforms.

The Fin X N and Fin ~ N modes provide powerful phase locking
capability. With "integer" phase lock, fractions or multiples of the
reference signal can be provided, and ±200 deg of phase offset is
available. Since the HP 3314A phase locks to the plus or minus edge
of the trigger signal, it can lock to a variety of signals such as sines,
squares, pulses, ramps, and others-with complete control of output
function, symmetry, N, phase, amplitude and offset.

Modulation and Sweep
Complete AM, FM/VCO modulation give the HP 3314A versatile

signal modifying capabilities. With 100 kHz bandwidths, AM and
FM/VCO can be used separately or simultaneously to produce a
multitude of waveforms.

Multi-frequency measurements can be made with the HP 3314A's
sweep capabilities. Linear, logarithmic, and manual sweep make
measurements of filters, amplifiers, and other networks convenient
and accurate. X drive, marker, and trigger output signals are also
provided.

Arbitrary Waveforms
For specialized low frequency applications, the HP 3314A's Arbi

trary (ARB) waveform mode lets you create custom waveforms as a
series of voltage ramps or vectors. Values are easy to enter from the
front panel using the modify knob as a "pencil" and an oscilloscope as
a "pad". For remote programming, use a desktop or mainframe com
puter to calculate the values, then program them using the HP-IB.
Arbitrary waveforms are automatically stored in non-volatile memo
ry for quick recall.

Two Sources in One
A square wave trigger source is included for generation of complex

waveforms with a single HP 3314A. The 0.5 mHz to 500 kHz internal
trigger is useful in gated, burst, and phase locked waveforms. This
signal is provided as an output for synchronizing the HP 3314A to
other devices.

Source for your System
Because all front panel controls are programmable, the HP

33l4A's precision and versatility can be utilized in automated test
systems.

System efficiency can be improved with standard features such as
Service Request (SRQ) interrupt capability and buffered transfer
mode.

In production test environments, the HP 3314A's Query com
mands can be used when an operator and computer are sharing con
trol of the instrumentation. Parameters can be read from the HP
33l4A into the computer where its computational capabilities can be
utilized.
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1 mHz to 20 MHz Function Generator with Arbitrary Waveforms (cont'd)
Model 3314A

SAMPLE WAVEFORMS

x

Counted burst with ext. trigger

Ramp output phase locked to internal
trigger. Shown with sync output.

Sine, square, and triangle to 20 MHz

FM and AM (suppressed carrier)

1/2 cycle mode simulating overshoot
and variable rise/fall pulses

sine x
arbitrary waveform

Arbitrary Waveforms Made Easy
With complete control of each vector, the modify knob is used as a I.

"pencil" to draw the waveform on an oscilloscope.
1. After -20 unit vectors have been inserted, use modify to set the

marker, VMKR, to # I. Then set the height of # 1 to 400.
2. Press V LEN and use modify to set the length to 3. 2.
3. Press V HGT twice, and set the height of #2 to -190.
4. Continue to use V HGT and V LEN to create the desired

waveform, and INS (insert) or DEL (delete) vectors as needed. Am-
plitude and frequency can now be set without affecting the vector val- 3.
ues. Waveform parameters are automatically stored in non-volatile
memory while they are being created.

5. Later, if a slightly different waveform is needed, just use the
marker to select an individual vector, and modify its height and 4.
length without affecting the height and length of other vectors!

5.

Specifications
Frequency
Frequency range: 0.00 I Hz to 19.99 MHz-sine, square and triangle
waveforms, 0.001 Hz through 2 MHz range when symmetry r" 50%.
Resolution: 3Y2 digits.
Frequency Accuracy
Hp·IB Minimum Frequency Maximum, Range Range Hold Autorange Frequency Accuracy

1 2 Hz .001 Hz .OO! Hz 1.999 Hz ±(0.4% setting +
2 20 Hz 0.01 Hz 1.50 Hz 19.99 Hz 0.2% range)

3 200 Hz OO.! Hz 15.0 Hz 199.9 Hz
4 2 kHz 001. Hz 150. Hz 1999. Hz ±(0.2% setting +
5 20 kHz 0.01 kHz 1.50 kHz 19.99 kHz 0.1% range)
6 200 kHz 00.1 kHz 15.0 kHz 199.9 kHz

Amplitude
Amplitude range: 0.01 mVp-p to 10 Vp-p into 50 Q.

Resolution: 3Y2 digits.

Hp·IB Step
# Range Minimum Maximum Attenuator

1 10 mV 0.00 mV 10.00 mV 60 dB
2 100mV 10.0 mV 100.0 mV 40 dB
3 I V .100 V 1.000 V 20 dB
4 IOV 1.00 V 1000 V odB

Absolute Amplitude Accuracy 10 kHz, 1.00-10.00 Vp-p, Auto
range ON
±(I % of display + 0.035 Vp-p), sine and square wave.
±(l % of display + 0.06 Vp-p), triangle.

Flatness-sine wave: Relative to 10 kHz, 1.00 V to 10.0 V (Range 4).
±(0.01%setting

20 Hz

.07 dB

50 kHz

.33 dB

I MHz 19.99 MHz

1.5 dB



B
Frequency Sweep

Range Start Stop Sweep
(decades) Freq Freq Time

linear ato 2 ~.OOI Hz ~19.99 MHz 7.2 ms to
1999 slsweep

log I to 7 ~0.2 Hz ~1999MHz 40 ms to
(integer only) 1999 sldecade

Trigger level: Selectable to 0 V or + I V.
Trigger level hysteresis: ±0.15 V.

Input resistance = I kQ.

Symmetry
Symmetry range: 5% to 95% of period.
Frequency range: 2 Hz to 2 MHz ranges.

'add 4 dB for ambient temperature 0 to 5°C and 45 to 55°C. 20 Hz to 50 kHz

Modulation Inputs

Waveform Characteristics
Sine Harmonic Distortion

Individual harmonics will be below these levels, relative to the fun
damental. Offset = OV. Function Invert = OFF. Range Hold =
OFF.

Bandwidth Sensnivity Range Z

AM de to 100 kHz 2Vp·p for 100% >100% 10kU
-I Vdc for
suppressed carrier

FM 100 Hz to 100 kHz ±I Vp for ±I% 1%of Freq. 10 kU
of range deviation range

yeO de to 100 kHz 10%Ivoit +1 to-IOV 10 kU

Arbitrary Waveforms
Output consists of a series of voltage ramps called vectors. Arbitra

ry waveforms can be composed of 2 to ISO vectors. A maximum of
160 vectors can be stored in six available storage registers with a min
imum of 2 vectors per waveform (#1 and return-to-start vectors).

Waveform Parameters

Key Range Description
~t 0.2ms to sets the time value for each unit

19.99 ms oj VLEN (length)
VHGT ato +1999 sets the relative height of an

individual vector
VlEN 1to 127 sets the length in time of an

individual vector in integral multiples
of t>t

VMKR 1 to 150 marker is used to select an
individual vector

INS insert IS used to add avector
Immediately atter the marker location

DEL deletes the vector at marker location
FREQ .002 Hz to Freq ~

1
2.5 kHz ~t(VLEN, +VLEN, + ... VLENn)

AMPTD 01 mV to sets amplitude window for ARB
10 Vp-p wavelorm

OFFSET oto ±5Vdc offsets the ARB waveform
independent of AMPTD setting

PHASE +90' to -90' sets wave start/stop voltage
within the window defined by
AMPTD

-25 dB I
1999 kHz 1999 MHz

-40 dB

50 kHz

-55 dB'

20 Hz

Manual Sweep
Modify knob tunes between start and stop frequencies. X drive fol
lows sweep.

X Drive Start/Stop Voltage
-5 V to +5 V into I krlload.

Z Axis Output
Blanking Pulse, > + 5 V.
Baseline,OV ± I V.
Marker Pulse, < -5 V into I kflload.

Option 001 - Voltage Multiplier
Simultaneous x3 amplitude output on rear panel (into >500 Q).

30 Vp-p max, dc to I MHz.

Marker output: Located on Z axis rear panel connector.
Sync output: Low during the return-to-start vector.
Gate mode: Allows external gating of ARB output (complete ARB
waveforms only).

General
Specifications Apply When

Main signal output terminated into 50 ± 0.1 fl.
Warm-up> 30 minutes.
Within ±5°C and 24 hours of last internal calibration.

Temperature: 0 to 55°C.
Relative humidity: <95% at 40°C.
Altitude: < 15,000 ft.
Storage temperature:-40 to +75°C.
Power

100/120/220/240 V + 5% -10%,48 to 66 Hz
95 VA maximum.

Weight: Net, 7.3 kg (l6Ib). Shipping, 10.5 kg (23Ib).

Dimensions: 132.6 mm (5.22 in.) H x 212.3 mm (8.36 in.) W x 419.0
mm (16.50 in.) D.

HP-IB
IEEE Standard 488-1978 abbreviated definition.
SHI AHI T6 TEO L3 LEO SRI RLI PPO DCI DTI CO E2.

Accessories
Transit case for one HP 3314A.
HP P/N9211-2677.

Square Wave Rise/Fall Time
< 9 ns, 10% to 90% at 10 Vp-p output.

N Integer
N = I to 1999, Preset to I.
For Phase-lock Fin + N, Fin X N
or N CYCLE (counted burst).

Function Invert
Inverts ac portion of signal outputs.
Sine, square, triangle, ramp, pulse, and ARBs.
Does not affect Sync and Trigger outputs or de offset setting.

Phase
Phase Offset-Phase Lock Modes

Resolution: 0.1 °.
Range: ±199.9°.
Accuracy: ±2° (50 Hz to 25 kHz).
Phase Offset is Referenced to

Signal output for Fin + N.
Signal input for Fin X N.

Start/Stop Phase-Burst Modes
Resolution: 0.1 0.

Range: ±90.0° for frequencies to 19.99 MHz.
Accuracy: ±3° (applies from .001 Hz to I kHz).

Trigger
Internal Trigger

Range: .002 ms (500 kHz) to 1999 s (0.5 mHz) square wave.
Period Accuracy:
± (0.01 % + 50 ppmjyear) of displayed interval (excluding sweep
intervals).
Trigger output: Low <0.5 V, high> 2.5 V; output resistance I kll.

External Trigger
For Gate, N Cycle, V2 Cycle, Fin X N, Fin + N, and external sweep
triggers.
Frequency range: 50 Hz to 20 MHz.
Trigger slope: Selectable, positive or negative.

Ordering Information
HP 3314A Function Generator

Opt 001: Simultaneous X3 Output
Opt W30: Extended Warranty

Price
$4,485

S2SS
5190



8 FREQUENCY, FUNCTION & WAVEFORM SYNTHESIZERS
Universal Source
HP 3245A

• Precision DC Outputs with 6'12 Digits of Resolution
• Synthesized AC With 0.4% Amplitude Accuracy
• Sine, Square, Triangle, and ARB to 1 MHz
• Ramp and Pulse to 100 KHz

• Non volatile storage of up to 14 setups
• Second Channel Output Available
• Phase Continuous Frequency Changes
• Optional Software for Waveform Modification

e

Model 3245A

«!D
E:>IGNE:JFOfl. :

SYSTEMS

Description
The HP 3245A Universal Source offers a unique mix of precision

DC capabilities with versatile AC performance, including arbitrary
waveform generation. This versatility can be put to advantage on the
bench, where the HP 3245A may well be all the source you will ever
need. The HP 3245A can also fit into your Computer Aided Test Sys
tem, providing the capabilities of AC, DC, and second channel op
tions in a single 3.5" tall instrument.
Precision DC

The HP 3245A provides precision DC outputs of both voltage and
current. In the high-resolution mode, you get 24-bit resolution with
60 ppm, 90-day accuracy. The low-resolution mode provides 12-bit
resolution with 100 usee settling times. This type of precision means
you can use the liP 3245A to test AID converters, Voltage to Fre
quency converters, VCO's, transducers, and anywhere that a highly
accurate DC voltage or current is required. There are two output
ranges in the high resolution mode; ± I volt and ± I0 volts. In the low
resolution mode, there are 7 ranges. In current, there are four ranges
of output, from 0.1 rnA to 100 rnA. Output impedance is selectable as
either zero ohms or 50 ohms.
AccurateAC

The HP 3245A can generate AC voltage outputs, including sine,
triangle, and square waves, at frequencies of up to I MHz. Variable
duty-cycle pulse and ramp outputs can be generated at up to 100 kHz.
In the AC mode, the HP 3245A can make phase continuous frequen
cy changes "on-the-f1y". All AC waveforms are synthesized, and have
0.001 Hz resolution and 50 ppm frequency accuracy. 90-dayampli
tude accuracy for Sine, Ramp, and ARB is 0.35% of output + 0.41 %
of range.
Second Channel Option

The addition of a second channel allows for the generation of two
waveforms, either independent, or phase related to one another. The
second channel output can be phase synchronized to the first channel,
or to an external input. Such capabilities are especially useful if you
are doing modem testing, tone sequence generation, DTMF genera
tion, or FSK generation, or anywhere where two outputs are required.

Arbitrary Waveform
The HP 3245A offers arbitrary waveform operation at a full I

MHz bandwidth. This is acomplished by a sampling technique
whereby the values loaded into RAM are sampled at approximately
4.3 MHz and then run through a 1.25 MHz 5-pole low-pass filter.
This allows full I MHz rep rate while maintaining 0.001 Hz resolu
tion at any frequency. The HP 3245A can also store multiple arrays
that can be accessed for arbitrary waveform generation. Array depth
is 2048 bytes.
Waveform Generation Software

A powerful software package, useful for creating specialized
waveforms, is available as an option to the HP 3245A. This menu
driven software facilitates the capture of a waveform using a seperate
hardware digitizer, such as the HP 3458A. The waveform can then be
modified, if desired. The waveform can then be played back via the
HP 3245A. The use of a graphics tablet makes the modifying of
waveforms especially easy. The software also contains a library of
standard waveforms which can be used as is, or mixed with other
waveforms to generate complex outputs.
System Operation

The HP 3245A includes features that make it especially powerful
in system applications. Because it contains many BASIC-like con
structs, such as IF .. THEN and FOR .. NEXT, it is possible to have
the HP 3245A do much of the work that normally would require in
tervention from the host computer. Now, subroutines can be
downloaded to the HP 3245A, which can then run stand-alone, mini
mizing host computer interaction. Built in math capabilities add to
the power of the HP 3245A. Electronic calibration is both easy and
accurate, and does not require that the instrument be removed from a
rack or opened up to perform a calibration.

All the above features combine to make the HP 3245A a truly uni
versal source, combining precision DC outputs, accurate AC
waveforms, and arbitrary waveform capabilities, all in a single instru
ment.
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'additional fixed SPUriOUS response >4MHz: 500 ~Vrms

Squarewave Characteristics (SO fl Mode):
risetime: <2S0 nSEC, 10% to 90%
settling time: < I /-tSEC to I% of amplitude
overshoot: < S% of peak-to-peak amplitude
duty cycle range: S% to 9S%, 0 to 100 kHz

50% above 100 kHz
duty cycle accuracy: ±(0.8% of period + 120nSEC)

Frequency Resolution: .001 Hz
Frequency Accuracy: ±SO ppm, 18 to 28 C
Frequency Temperature Coefficient: ± I ppm/C
Phase Offset:

Range: -360 to +360 degrees
Resolution: < .001 degrees

Ramp Linearity to 1 kHz (SO flMode):
.3% of pop value measured @SO% duty cycle from 10% to 90%
point

Ramp Duty Cycle Range: S% to 9S% with < .1 % resolution)

Amplitude can be set from 10% to 100% of range.

AC Amplitude Accuracy (Sine, Ramp, Arbitrary)
24 Hour: Teal ± IC 0.16% of output + .2S% of range
90 Day: Tcal ±SC 0.29% of output + .36% of range

Sinewave Characteristics (SO flMode)'
Harmonic and

Spurious Levels THO (ampl ~ Flatness in
(ampl ~50%) 50% of range) reference to

Frequency of rangel* 1 kHz
dkHz < - 62 dB < - 56 dB .07 dB
to 10 kHz < - 62 dB < - 50 dB .07 dB
to 30 kHz < - 55 dB < - 48 dB .07 dB
to 100 kHz < - 46 dB < --46 dB .20 dB
to 300 kHz < - 40 dB - .60 dB
to I MHz < - 40 dB - 200 dB

AC Volts Output Characteristics (sine, square, ramp, arbitra
ry)
Frequency Range:
oto 1 MHz for sine, arbitrary and square (at SO% duty cycle)
oto 100 kHz for ramp
oto 100 kHz for square w/Duty cycle not equal to SO%

AmDlitude and/or Offset Resolution:
Range 50 QMode oQMode

(Peak·Peak) Resolution Resolution
.15625V 79 ~V -

.3125V 157 ~V 157 ~V

.625V 313 ~V 313~V

1.25V 625 ~V 625 ~V

2.5V 1250 ~V 1250 ~V

5V 25 mV 2.5 mV
IOV 5.0 mV 5.0 mV
20V - 10.0 mV

90 DAY: Teal ±5C. After one hour warm-up.

High Resolution Mode Low Resol ution Mode
Range Accuracy Range Accuracy

100mA .0202% +3.3 ~ 100mA .32% +400 ~A

10mA .0074% +220 nA 10mA .30% +52 ~A

ImA .0052% +20 nA ImA .25% +3.8 ~A

O.lmA .0052% +3.3 nA O.lmA .25% + .38 ~A

100/-tSEC
2S/-tSEC

S/-tSEC

enng orma Ion nce
High Low HP 3245A Universal Source $4200

Range Resolution Resolution Option 001 Second Channel Output $2500

O.lmA O.lnA 50nA Option 005 Waveform Generation Software $400

ImA InA 500nA Option 907 Front Handle Kit $51

10mA 10nA 5~A
Option 908 Rack Flange Kit $31
Option 909 Rack flange and Handle Combination Kit $73

100mA 100nA 50~A Option W30 Extended Warranty $126

Range High Resolution Mode Low Resolution Mode

10V 0.0007% +85 ~V 0.09% of Output +0.02% of range
1V 0.0008% + 15 ~V (for all ranges)

90 DAY' Teal ±5°C

24 Hour: Teal ±1C

DC Current Output
Resolution

DC Volts Accuracy « 10 Hz noise): ± (% of programmed output
+ volts), impedance mode, > IMohm load. Teal is the temperature of
calibration from 18°C to 28°e. One hour warm-up.

High Resolution Mode Low Resolution Mode

Range Accuracy Range Accuracy

10V .0038% +180 ~V 10V .17% +37mV
IV .0042% + 31 ~V 5V .17% +19mV

2.5V .17% +9.2mV
1.25V .17% +4.6mV
.625V .17% +2.5mV

.3125V .17% + I.3mV
.15625V .17% + .73mV

Noise and spurious responses (to 2S0 kHz)'

Current Compliance: 100 rnA on all ranges
Settling Time (Delay 0):

High Resolution Mode:
.1 % of step: 20 mSEC
.001% of step: 40 mSEC
(1 SEC if function changed)

Low Resolution Mode:
.1 % of step (0 fl Mode):

(SO fl Mode):
.S% of step (SO fl Mode):

Overshoot:
High Resolution Mode: <S% of step + .IS% of range
Low Resolution Mode: <30% of step + 2% of range

Low Resolution Mode

DC Volts Output
High Resolution Mode

oQMode 50 QMode
Range Resolution Resolution

.078125V - 40 ~V

15625V 79 ~V 79 ~V

.3125V 157 ~V \57 ~V

.625V 313 ~V 313 ~V

1.25V 625 ~V 625 ~V

2.5V 1250 ~V 1250 ~V

5V 2.5 ~V 2.5 mV
lOY 5.0 mV -

Peak-lo-Peak RMS

I High Resolution Mode 2mV .6mV
Low Resolution Mode .2% of range +2 mV .02% or range +60 ~V

oQMode 50 QMode
Range Resolution Resolution

IV I ~V .5 ~V

10V 10 ~V 5~V



PULSE GENERATORS
General Information

Analog and Digital Test
HP's pulse generators range from simple,

inexpensive units to high performance,
microprocessor-based instruments offering
precision pulse generation. Depending on
model, variable clock speeds to 1 GHz and
variable amplitudes up to 100 V are availa
ble.

Pulse parameters are independently varia
ble for thorough characterization and worst
case testing. Variable pulse transitions per
mit parametric analysis like trigger circuit
hysteresis, and the fastest settings are ideal
for at-speed logic test and amplifier transient
investigations.

Pulse/function generators combine pulse
capability with all features expected of a
function generator. The benefits are high
flexibility for analog requirements plus an
entry into logic test.

Operating Comfort
Clear front panel layout, guided parame

ter selection, and error detection and recov
ery features, mean quick familiarization and
rapid, error-free use. In addition, great em
phasis is placed on ruggedness. reliability
and serviceability. The generators are devel
oped and produced using high quality stand
ard components and custom-designed ICs.
Resultant technical benefits are, for exam-

pie, broad operating temperature range and
clean 50-Ohm output impedance.

Selectable polarity, complement and offset
help make hook-up simpler and, for further
flexibility, inverters, adders and splitters are
available (page 444*).

Complex waveform capability allows
glitches, ringing and multi-level signals to be
simulated. Constant numbers of pulses, unaf
fected by other parameters are available in
HP's counted burst mode.

Bench and Automatic Test
A new generation of very versatile models

offer good repeatability and high operating
comfort for fast, accurate testing. These in
struments also offer HP-IB which makes
bench automation a reality for time-consum
ing tests. Setup time is a minimum because
the syntax is simple and uses the same com
mand sequence as the front panel.

Straight-forward syntax helps develop
ATS software quickly; good repeatability
and error reporting eliminate the need for
software measurement loops. Specified per
formance over the entire O°C to 55°C oper
ating temperature range guarantees
reliability in system racks.

Time Synthesis (page 445*)
Time Synthesizers are mainly used in ra

dar and laser ranging, component and circuit
testing, and precise triggering and cali
brating applications. They give a precisely
timed output pulse with an accurate, adjusta
ble delay which may be incremented in steps
as small as 50 pico-seconds. A fixed, virtually
jitter-free insertion delay allows phase lock
ing to equipment under test.

Technologies Covered
CMOS: HP 8011A, 8111A, 8112A, 811SA,

811M, 8160A. 816SA
HCMOS: HP 8131A, 8161A
TTL: HP 8012B. 8013B, 8111A, 8112A,

811SA. 8116A, 8160A, 816SA
lS-TTL: HP 8082A, 8131A, 8161A
ECl: HP 8080A, 8082A, 8131A, 8161A
GaAs: HP 813lA



Pulse Generator Selection Chart 8
Pulse Generators Pulse/Function Generators

@j) ~ ~ ~ -. ~ .1'!'W.
HP Model 2148 80llA 80128 80138 8082A 8080A 8ll2A 8ll5A 8160A 8161A 8131A 8111A 8ll6A 8165A

Page 441 442 442 442 443 444 434 435 438 438 436 425 423 422
Timing

Max frequency (MHz) 10 20 50 50 250 300/1000 50 50 50 100 500 20 50 50

Transition time (ns) 15 10 5var 3.5 1var 08/0.3 5var 6.5 var 6 var 1.3 var 0.2 10 6 5

Var width (ns) min 25 25 10 10 2 Sp Opt 10 10 10 4 05 25 10 10

Square/duty cycle (%) 1-;0 Sq Sq Sq Sq Sq 1-99 1-99 1-70 10-90 10-90 20/50/80

Variable delay · · · · · · · · · ·
Output (max values are qioted : see SPjCifications Tconditions).
Amplitude (V) 100 16 10·1 10 5 412.4 32 32 20 5 5 32 32 20

OffsetlWindow (V) ±2.51±7.5 ±2.5/±7.5 ±2/±5 ±2/±4 ±16/±16 ±16/±16 ±20/±20 ±5/±5 ±2.5/±5 ±16/±16 ±16/±16 ±1O/±10

Format I t/- I . I · I · · · · · · · · · · ·• = positive, negative, symmetrical, normal and complement formats.

Outputs I I 1 t and - I Configur- 1 2 2-chan 2-chan 2-chan I 1 1
able option option option

Channel addition · · ·
Additional outputs Compl Campi Campi

Operating Modes
Trigger · . · · · · · · · · · · ·Ext width · · · · · · ·
Gate · · · · · · · · · · · · ·Ext burst Option Option · · · · Option Option ·Int burst Option
Double pulse · · · · · · · · ·Control (Modulation)

Modes · · · · ·
Pulse Generator Definitions

RI"GINc.,.VE)
I eg+3'io

,-Repeatability: When an insttument
operatttS under the same en'lliron
mental Conditions. and with the
same settings. the value of a para
meter will lie within a band inside
the accuracy window. Repeatability
defines the width of this band.

Lilten Time: The time an instrument occupies the bus to receive and verify
a message. The NRFD signal is active during this perioo.

Settling Tima: The time taken by the instrument to execute an HP-I B
message, and for ttle output to settle wittlin ttle accuracy specification.
NRFD inactive.
Execution Time: The sum of Listen Time and Settling Time.

Talk Time: The time an instrument occupies the bus to output a specified
string. Output data is typically instrument error status, or current or stored
parameters.

Preshoot, Overshoot, Ringing: Pre
shoot and overshoot are peak
distortions preceeding/following
an edge. Ringing is the positive
peak and negative peak distortion
excluding overshoot, on pulse top
or base. A combined preshoot
overshoot, ringing specification of
e.g. ± 5 % implittS:

• Overshoot/undershoot < 5 %,
• Largest pulse-top oscillation < ± 5 %,

of pulse amplitude.

Output Impedance/Resistance: Effective pulse source impedance/de resistance.

Reflection Coafficiant: Reflection at pulse generator output expressed in
percent of incident pulse amplitude. (Test pulse edges correspond to genera
tor's fastest transitions).

HP -tB Programming llme~

---------,

Duty Cycle: Percentage ratio of pulse width to perioo. In pulse/function
generators, this term is also used to define sine and triangle symmetry.

---------t 1------W10TliIn 'CO", n
~~!-

:i J----.:" 1)-
-J -----.y

i------="'-----1

·Pul6ie generators use baseline offset.
Function generaror outputs are
wmmerrical and consequently UUJ

median offset

Pulse Amplitude (alternative
to level definition): Pulse
amplitude and offset· are
specified. Any limitation is
expressed by a window (max
tligh level, min low level).

Pulse Level: High level and low
level. Any limitation is expressed
by an amplitude specification.

Stability: Long-term average instability, expressed as percentage of main
parameter over a specific time duration, e.g. hour. year. Excludes jitter.

Jitter: Short-term instability of one event with respect to another. Unless
stated otherwise. value is POp, expressed as a percentage of the main
parameter.

Linearity: Peak deviation of an
edge from a straight line through

I the 10 %-- and 90 %-amplitude
points. expressed as percen-
tage of pulse amplitlJde

i Transition Tima: Interval between

I
,the 10%- and 9O%-amplitude ---- --_1O'Oll

points on the leading/trailing AaAmJDE

edge. \

I f l~AIIPlJT\JDE
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DISPLAYED
DELAY

Delay: The specified and displayed
value is that obtained wittl the
fastest leading edge. For a slower
edge. the actual delay exceeds

the displayed delay by the
combined sh itt of start-
point and median.

Pulse Width: The specified and dis
played value is that obtained with
fastest edges; essentially equal to
the interval from the start of the
leading edge to the start of the
trailing edge.

By designing so that the pulse
edges turn about their start points,
the interval from leading edge start
to trailing edge start stays unchan
ged" when transition times are
varied. This is more convenient for
programming and the width display
is easy to interpret.

·In practice, stan points may shift
wirh change in transition rime.

Addilionallnformation for Pulse Generat()r~ Wlnl Variable 1r"I-"I'.I0[\ Times

Pulse Delay: Interval between leading edge medians of trigger output
pulse and output pulse.

Double Pulse: Interval between leading edge medians 01 the double pulse.

Interchannel Osley!Skew: Interval between corresponding leading edge medians.!

Pulse Width: InteNal bet'Neen leading- and trailing-edge medians.

Time RIJfBfBnce Point: Median (50 % amplitude point on pulse edge).

Pulse Period: The time interval bet'Neen the leading edge medians of
consecutive trigger output pulses.

Trigger Delay: Interval between trigger point of input signal and the
trigger output pulse's leading edge median. Applies in trigger, external
width. gate and burst modes.

Yc
™ISPOlNTIMV8E:

~~~TIllGGER
INPUT I

8lGNAL I TRIGGEf< n
11nQOEJI i- DEUlY .,

""""' , ......--------
_ _ --+-1._----l.pt

i
I
1_~l!~EPUlSEJ

I I

~~
:. c,~,_. .n

~~l-
i 1- -1 "n ~'.J-iANNlL
I I ELAYS'<fW

F'~n,-- _



BPULSE GENERATORS
Programmable Low Cost Pulse Generator
Model 8112A

• Full pulse capability
• Modulation
• Ramps and haversines

• Width/duty cycle
• Device protection
• Error recognition and self test

HP8112A

Prices
$5600

add $49
$38W
$51 W
$31 W
$25W

The HP 8112A is a fully programmable 50 MHz pulse generator
with 5 ns transitions and 32 Vpp (into open circuit) max output am·
plitude. All pulse parameters are variable including delay and double
pulse spacing.

Besides the comprehensive trigger modes, external modulation ca
pabilities extend applicability. 3-level signals and upper level, width,
period and delay-modulated signals are available. These can be com
bined with the trigger modes so that complex real-life signals like
modulated bursts are simulated easily.

Step response and trigger hysteresis measurements require fast
transitions or sawtooth signals as obtained in the HP 8112A's linear
transition mode-either fixed 5 ns or variable from 6.5 ns. The new
cosine transitions, also variable from 6.5 ns, mean that band-filtered
signals are now just as simple to obtain.

Sensitive devices are protected by programming output limits and
the upper level can be controlled by the device supply. Also, constant
energy or constant width can be programmed.

Dual channel operation is feasible by operating HP 8112A's in a
master /slave combination.

For really easy operation a green button gives error-free settings. A
new softkey operating concept plus detailed error recognition make
the HP 8112A's powerful versatility easy to handle.

Specifications
Specifications apply with 50-ohm load, and temperatures in the range
O°C to 55°C.

Timing (specifications apply for min transition times)
Period: 20.0 ns to 950 ms.
Delay: 75.0 ns to 950 ms.
Double pulse: 20.0 ns to 950 ms.
Width: 10.0 ns to 950 ms.
Accuracy: ± 5% of progr value ± 2 ns (delay: ± 4 ns).
Duty cycle: 1% to 99% (Min: 10 ns. Max: period -10 ns).
Accuracy: ± 10% of progr value.
Pulse Characteristics (voltages double when driving into open
circuit)
Levels
High level: -7.90 V to 8.00 V.
Low level: -8.00 V to 7.90 V.

Accuracy: ± I% of progr value ± 3% amplitude ± 40 mV.
Settling time: 100 ns + transition time.
Transition times
Fixed: 5 ns typical
Linear and Cosine: 6.5 ns to 95.0 ms (max edge ratio I:20 within a
1.5-decade range. Ranges overlap by 0.5 decade).
Accuracy: ± 5% of programmed value ± 2 ns.
Preshoot, overshoot, ringing: ± 5% ± 10 mV (variable transitions),
± 10% ± 10 mV (fixed transitions).
Output resistance: 50 ohm ± 5%.

Operating modes: Normal, Trigger, Gate, Ext Width (pulse resto
ration), Ext Burst (I to 1999 pulses).

Control (ModUlation) Modes
Period, delay. width covered in 8 non-overlapping decades (max in
put frequency 8 kHz.).
High level: -8 V to +8 V, independent of progr low level (min input
transition 200 ILS).

General
HP-IB: all keys programmable. Learn, status and error reporting ca

pability. Interface functions: SHI, AHI, T6, L4, SRI, RLl,
PPO, DCI, DTl.

Memory: retains current operating state. 9 store/recall locations, I
fixed set of parameters.

Repeatability: factor 4 better than accuracy.
Environmental
Storage temperature: -40°C to +65°C.
Operating temperature: O°C to 55°C.
Humidity: 95% RH, O°C to 40°C.
Power: 100/120/220/240 V rms; +5%; -10%; 48 to 440 Hz;

120 VA max
Weight: net, 5.9 kg (l3Ib). Shipping, 8.0 kg (18 Ib).
Size: 89 H x 212.3 W x 450 mm D (3.5" x 8.36" x 17.7").
Ordering Information
HP 8112A Programmable Pulse Generator'
Opt. 910 Extra Operating and Service Manual
HP 5061-9701 Bail Handle Kit
HP 5061-9672 Rack Mount Kit (single HP 8112A)
HP 5061-9674 Rack Mount Kit (two instruments)
HP 5061-9694 Lock Link Kit (for use with HP 5061

9674)
• HP-IB cables not supplied. see page 561
W Fast-Ship product-see page 766



PULSE GENERATORS 8
50 MHz Dual Channel Pulse Generator 435

Model 8115A

• Two 50 MHz output channels
• Variable transitions, width, delay
• Variable high and low level

e

HP 8115A

• Channel addition mode
• Control capabilities
• CRT for convenient operation

$32

t\./C
$100

$lOOW

$138
$106

Price
$9,800

$36W

-40°C to +65°C
O°C to 55°C
lOO-120/220-240 Vrms, ±I 0%,450 VA
max., 48-66 Hz
16 kg (35.5 lb)
190 mm * 426 mm * 584 mm,
[7.5 in * 16.75 in * 23 in]
I year recommendedRecalibration Period

Ordering Information
HP 8115A 50 MHz Dual Channel Pulse Generator
Options
908 Rack Flange Kit (P/N 5061-9678)
910 Set of Operating/Programming and

Service Manuals
915 Service Manual (P/N 08115-90001)
916 Additional Operating and Programming

Manual (P/N 08115-900 II)
HOI Prepared for Rack Slide Kit

(P /N 1494-0059 required)
W30 Two additional years of HP service
Accessories
p /~ 1494-0059 Rack Slide Kit (requires #H01)
W Fast-Ship product-see page 766.

Weight
Dimensions (H"W"D)

Repeatability

Supplemental Specifications
Trigger Modes Manual, Auto, Trigger, Gate
Addition Adds up channel 2 to channel I.
Control Modes High level, Period, Delay, Width

General
Storage Temperature
Operating Temperature
Power

20 ns to 950 ms (max: PER - WID)
±5% of progr. value ±2 ns [±2% ±2 ns]
DEL and DOUB are mutually exclusive

Width (WID) 10 ns to 950 ms (max: PER - 10 ns)
Accuracy ±5% of progr. value ±2 ns [±2% ±2 ns]
Linear Transitions (between 10% and 90% of ampl)
Range 6.5 ns to 95 ms
Accuracy ±5% of progr. value ±2 ns [±5% ±2 ns]

Output (voltages double when driving into open)
High Level -7.90 V to +8.00 V
Low Level -8.00 V to + 7.90 V
Resolution 3 digits (best case 10 mY)
Level-Accuracy ± 1% of progr. value -1=3% of amp!.

±40 mV [±I% ±I% ±20 mY]
factor 4 better than accuracy

Double Pulse (DOUB)
Accuracy

Specifications
Specifications describe the instrument's warranted performance

(30 minutes warm-up, 50-ohm load) at O°C to 55°C [20°C to 30°C]
ambient temperature.

Two Channels I Channel Addition
Two channels are available; they are designed as parameter-inde

pendent but synchronous outputs. With thc delay capability, phase
shifted signals can be achieved. The two channels can be added, thus
3-level, 4-level signals or spikes can be created.

Timing Parameters
(measured at 50% of amplitude with fastest edges).
Common Specifications:
Resolution 3 digits (best case 100 ps)
Repeatability factor 4 better than accuracy
RMS-jitter* 0.05% of programmed value + 30 ps
Period (PER) 20 ns to 950 ms
Accuracy ±5% of progr. value ±2 ns [±2% ± Ins]
Delay (DEL) 75 ns to 950 ms (max: PER + 55 ns)
Accuracy ±5% of progr. value ±4 ns [±2% ±4 ns]
•see page 433

Bench and ATE-System suitable
The HP 8115A is a fully programmable 50 MHz dual channel

pulse generator, which delivers pulse trains with up to 32 Vp-p into
high impedance and variable transitions from 6.5 ns up to 95 ms.

The HP 8115A is suitable to operate as a stand-alone instrument or
in an ATE-System. The specifications are for a wide temperature
range, O°C to 55°C, useful for ATE-Systems. Much higher accuracy
is achieved in the limited temperature range 20°C to 30°C; this is
useful for bench-top applications which require higher accuracy. The
high and low level for each channel is independently programmable.
The output voltages can also be programmed as amplitude and offset.



BPULSE GENERATORS
500 MHz High-speed Pulse Generator
Model 8131A

• 1/2 (optional) channels / 500 MHz repetition rate
• <200 ps fixed transitions
• minimum resolutions: 10 ps; 10 mV

e

pr,.. .

• suitable for SICMOS, ECl, and GaAs technology
• 1 GHz Transducer Mode
• fully HP-IB programmable

HP 8131A
~c:r:!i~~

SYSTEMS

200 ps Transition Times
The HP 8131A delivers excellent performance to help you solve

high-speed measurement problems. Transition times of less than
200 ps from the 10% to 90% amplitude (20% to 80% of amplitude:
typical ISO ps) enable repeatable and reliable timing measurements
on high speed digital circuits. Since compromises in edge speed di
rectly affect your measurement accuracy, the clean and sharp edges
offered by the HP 8131 A minimize errors due to threshold uncertain
ties. Matching the requirements of the most advanced ECL and
GaAs devices, you now can characterize components and circuits
with repetition rates up to 500 MHz (in Transducer Mode up to I
GHz). The HP 8131A is the first product that offers 200 ps edge
speed in a fuIly programmable product which makes it extremely use
ful not only in R&D environments but also in high speed production
test applications.

10 ps Timing Resolution
The high timing resolution allows precisely measure timing para

meters like setup and hold times. Especially in the two channel ver
sion, the ability to precisely position sharp pulses anywhere within a
period with independent delay and width makes the HP 8131 A a very
useful tool in evaluating fast digital circuits. With a timing resolution
that is about one order of magnitude higher than the typical gate de
lay of ECL devices, it is easy to detect trends when varying a critical
pulse parameter without losing a required timing relation. Spikes can
be simulated with 500 ps smaIl pulses, and in combination with the 10
ps width resolution, timing and energy related failures can be ex
amined.

5V Amplitude and 10 mV Resolution
The 5Y amplitude makes it possible to stimulate high speed circuits

such as ECL, GaAs, or BICMOS devices. In addition, you now can
test the excess-voltage immunity of your high speed components and
evaluate crosstalk caused by 5 Y, 200 ps transitions. The 10 mY reso
lution helps to slowly approach the threshold levels of digital circuits.
The minimum amplitude of 100 mY is enough to check for minimum
signal swing up to a 500 MHz (1 GHz in Transducer Mode) repeti
tion rate. In combination with the full programmability, you now can
do detailed analysis of critical level conditions in an automated test
routine.

500 MHz Repetition Rate
The 500 MHz repetition rate of the HP 8131 A establishes a new

class of high speed programmable pulse generator, which allows test
ing at the maximum toggle rate of your ECL, CMOS and complex
GaAs devices. Now it is possible to perform functional and paramet
ric tests of fast digital circuits under program control. In R&D, this
means more reliable tests under repeatable conditions and easy docu
mentation of test results. In production, the programmability opens
new possibilities to functionally test high speed digital components
with significantly higher throughput under well defined conditions.
For the first time. the HP 8131 A can test digital components at rated
speed, thus increasing your confidence in the performance of your de
vice and ensuring high quality of your product.

1 GHz Transducer Mode
If you need to functionally test your component at frequencies be

yond 500 MHz, the I GHz transducer mode allows to shape an exter
nally provided sinewave into a squarewave with transition times of
200 ps. Especially if you need a very fast, programmable clock source,
the combination of the HP 8131 A and a microwave signal generator
is ideal. This way, you can test maximum toggle frequency with a true
digital I G Hz signal and still have parametric capabilities up to 500
MHz for in-depth characterization of your circuit.



$200

$106
$32

Price
$14,300

$120~

$120
$180~

NjC
$7,450
$36~

$138

Operating Modes
Auto: Continuous pulse stream
Trigger: Each active input transition generates a single output pulse
Gate: External signal enables period generation. First output pulse
synchronous with leading edge. Last pulse always completed.
E. Width: Restoration of external signal with selectable output levels
E. Burst: Each active input transition generates a preprogrammed
number of pulses (I to 9999), max. burst frequency is 200 MHz.
Transducer: Restoration of external sinewave signal (up to I GHz)
with fixed transition times and selectable output levels.
Limit: Max. high and low levels into 50 Ohm can be limited to protect
the device under test. Pushing the limit key will set limits to actual
levels which then can not be exceeded as long as the mode is active.
Manual: Simulates an external input signal
Complement: Both channels can be switched to normal/complement
separately
Disable: Relays can enable/disable both channels separately
Set: Sets parameters to fixed ratio relative to period.
Store: Stores complete setting in displayed location
Recall: Recalls complete setting in displayed location.

General
Storage Temperature: -40°C to +65°C
Operating Temperature: O°C to 55°C
Power: 100-120/220-240 Vrms, ±10%, 400 VA max., 48-66 Hz
Weight: 20 kg (44.4lb)
Dimensions (H*W*D) 145 mm * 426 mm * 525 mm,

[5.7 in * 16.75 in * 20.65 in]
Recalibration Period: 1 year recommended

Ordering Information
HP 8131A 500 MHz Pulse Generator
Options

Opt. 001 Rear Panel Connectors
Opt. 020 Second channel
Opt. 908 Rack Mount Flange Kit (P/N 5061-9678)
Opt. 910 Set of Operating/Programming and Service

Manual
Opt. 915 Service Manual (P/N 08131-90001)
Opt. 916 Additional Operating and Programming Man

ual (P/N 08131-90011)
Opt. W30 Two additional years of Return-to HP service

Accessories
HP 8493A Option 010; 10 dB Attenuator
HP 8493A Option 020; 20dB Attenuator
PIN 8120-4948 Cable, Coax (SMA)
~ Fast-ship product - see page 766

Specifications
Specifications describe the instrument's warranted performance

(30 minutes warm-up, 50-Ohm load) at O°C to 55°C ambient tem
perature.

Timing Parameters (measured at 50% of amplitude)
Common Specification
Resolution: 3 digits (best case: lOps)
Period: 2 ns to 99.9 ms
Delay: 20 ns to 99.9 ms
measured between trigger out and main out.
Double Pulse: 2 ns to 99.9 ms
Double Pulse and Delay are mutually exclusive.
Width: 500 ps to 99.9 ms
Constant Duty Cycle:
Range: 1% to 70%, min. width 0.5 ns
Resolution: 1%
Transition Times: (fixed leading and trailing edges)
10%-90% of amplitude: <200 ps
20%-80% of amplitude: < 150 ps typically
Differential outputs
Output Levels: (into 50 fl, output levels double when driving into
open circuits, instrument disables outputs if voltage exceeds 6 V)
Amplitude: 100 mVpp to 5.0 Vpp
Offset: -4.95 V to +4.95 V
Resolution: 3 digits (best case: 10 mY)
Settling Time: IOns

Supplementary Characteristics
(values describe typical, non-warranted performance)
Inputs and Outputs
External Input:
Trigger slopes can be selected pos/neg.
Input impedance: 50 Ohm
Threshold: -5 V to +5 V
Input Frequency: dc to 500 MHz
Min. pulse width: 1 ns
Input sensitivity: ~ 300 mV (p-p)
Transducer Input:
Input Impedance: 50 Ohm
Input transition: <50 ns.
Input Frequency: 10 MHz to 1 GHz
Input sensitivity: ~ 600 mV (p-p)
Trigger Output:
Levels: high OV, Low-0.6 V
Delay from external input to trigger output: < IOns
source impedance: 50 Ohm

HP-IB Capabilities
All modes and parameters are fully HP-IB programmable.



8 PULSE GENERATORS
Programmable Precision Pulse Generators
Models 8160A, 8161A

• 50 MHz repetition rate
• 6.0 ns variable transition time
• 20 V output amplitude

• 1-3% pulse parameter accuracy
• Full dual channel capability (option 020)
• 1 year recalibration period
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Picture shows 8160A
with Option 020, Dual Channel
with Option 700, MATE/CIIL compatibility

• 100 MHz repetition rate
• 1.3 ns variable transition time
• 5 V amplitude

• 1-3% basic timing accuracy
• Full dual channel capability (option 020)
• 1 year recalibration period
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The HP 8160A and 816lA are fully programmable pulse genera
tors designed for high performance applications on the bench and in
automatic test systems. Operation is made easy because the pulse pa
rameters are controlled independently and do not inter· react. Dual
channel options permit synchronous or complex waveforms to be gen
erated. With its 50 MHz repetition rate, 20 V output, and 6 ns varia
ble transition times, the HP 8160A is a general purpose pulse
generator. The HP 8161A covers the high end of technology with its
100 MHz,S V and 1.3 ns variable transition times. Measured be
tween the 20% to 80% amplitude points, these transitions are faster
than I ns and meet ECL requirements.

[f]
IAADDsl

Transponder circuits
need accurate delavs, often
with respect to a' double
pulse interrogation signal.
In the HP 8160A, this is ar
ranged by opera ting one
channel in double pulse
mode and setting up the
transponder delay in the
other.

B

HP 8161A input pulse (upper) and
Eel memory output pulse (lower),

A critical test for digital
circuits and Ie's is its glitch
and noise sensitivity, which
can be easily performed
with the A ADD B mode.

[f]
IA ADD BI

Combining high programming accuracy with microprocessor
based control capabilities, pulses can be set up without a measuring
instrument. Pulse parameters are entered and displayed numerically,
and generated with a basic timing accuracy of 1-3%, depending upon
parameter.

An easy-to-use HP-IB interface brings high·accuracy pulses to au
tomatic test. All parameters and operating modes are remotely
programmable using straight-forward command sequences. Faster,
easier program generation and reduced software costs are direct ben
efits.

Precision Pulse Generation
Both models provide precision control over all parameters of their

output pulses. The HP 8160A's leading and trailing edge transition
times may be independently programmed down to 6 ns. The HP
8161A's transitions have a common control from 1.3 ns to 5 ns, and
are independent above 5 ns. Variable transition times are indispensa
ble when digital Ie's need to be characterized: either the Ie's data
sheeted input transition time is required, or the Ie's functioning
range with various transitions needs to be evaluated.

Direct entry of the high and low levels of the output pulse enables
easy adjustment to the logic levels concerned. Pulse width is variable
from 4 ns (HP 8161 A) or IOns (HP 8) 60A) to I s, giving a wide
range of duty cycle programmability. Delay shifts the output pulse in
relation to the trigger output or, in double pulse mode, defines the
pulse spacing.

In the dual-channel versions, double pulse can be selected in either
or both channels. This means, for example, that simultaneous clock
and data signals can be generated.

Complex Signals
Independent pulse parameters plus individual programmability of

the Option 020's dual outputs are augmented by the A ADD B mode.
Summation allows complex signals to be precisely and easily set up.
Here are some examples:

Counted Burst
Using Burst Mode, a predetermined number of pulses is generated

independent of frequency. Bursts from 0 to 9999 pulses in length may
be produced, and can be triggered via an external signal manually or
with an HP-IB command.

Wide Temperature Range for System Reliability
The HP 8160A's and 8161A's 0-50°C operating range ensures cal

culable performance. Indeed, temperatures will generally be between
20-40°C where there is no derating factor.

User Features
Fast, Reliable Setup

Microprocessor control promotes highly accurate pulses. Parame
ters are directly entered via the instrument's keyboard, and are then
displayed on numeric LED's with 3-digit resolution.

In bench applications, the vernier controls give a fine adjust capa
bility to "tweak-in" any pulse parameter. You can increment or dec
rement the selected parameter either in single steps or at speed.

Error detection by the microprocessor further simplifies pulse set·
up by solving the old problem of incompatible settings. Should pulse
width exceed pulse period, for example, the microprocessor indicates
a TIMING error. All possible mis-settings are detected and the type
of error is indicated to aid rapid correction.

HP-IB Programming
Microprocessor control over all interface functions makes remote

programming as easy and straight-forward as manual control. The
instruments employ keystroke programming so that data entry via the
HP-IB is an exact simulation of manual entry. Bus commands for
each front panel key simply replace manual keystrokes.

Applications such as ra
dar coincidence circuits
and special codes in com- ~
munications require 3- and SEBP
4-level signals. These are
conveniently generated by
combining channel A and IA ADD S I
channel B pulses.

Parameter Storage
Complete parameter and mode information for 9 independent in

strument set-ups can be stored. Waveforms may be stored and recal
led either manually or via the HP-IB.

By utilizing a single command to recall an entire instrument set·up,
controller time is saved. In simple repetitive testing applications, stor
age of test waveforms gives a high degree of user convenience without
an external controller.

Specifications overlea!



PULSE GENERATORS
Programmable Precision Pulse Generators (cont'd)
Models 8160A, 8161A

Learn Mode
When interrogated by the system controller, the instruments out

put a character string to the interface bus. This string completely de
scribes the pulser's current set-up or anyone of its stored parameter
sets. Using Learn Mode, you can enter and tryout waveforms manu
ally and then automatically transfer them via the HP-IB to the con
troller for storage in a program.

Verification Software for the 8160A
Test system accuracy is guaranteed by accessory software which

verifies the HP 8160A's performance standards. The software is fully
documented and comes recorded on a cassette suitable for HP Model
9825A Desktop Computer.

In the event of a failure, downtime is minimized because the soft
ware also delivers diagnostic information to accelerate repair and cal
ibration.

Specifications
(50-ohm source into 50-ohm load). Standard instruments are single channel. Option 020 provides independent dual channels with common pulse
period.

Timing (with minimum transitions) HP Model 8160A HP Model 8161A

Period
Range: 20 ns to 999 ms. 10 ns to 980 ms.
Accuracy: ±3% of progr value ±0.3 ns (period < 100 ns); ±3% of progr value ±0.5 ns (period < 100 ns);

±2% of progr value (period;> 100 ns). ±2% of progr value (period? 100 ns).
Max Jitter: 0.1 %of progr value T 50 ps. 0.1 %of progr value +50 ps.

Delay, Double Pulse, Width
Delay Range: 0.0 ns to 999 ms. 0.0 ns to 990 ms.
Double Pulse Range: 20.0 ns to 999 ms. 8.0 ns to 990 ms.
Width Range: 10.0 ns to 999 ms. 4.0 ns to 990 ms.
Accuracy: ±I %of progr value ±Ins. ±I%of progr value ±I ns.
Max Jitter: 0.1% +50 ps (~999 ns); 0.1 %T 50 ps (~999 ns);

0.05% (999 ns < -~9.99 ~s); 0.05% (999 ns <-~999 ~s);

0.005% (>9.99 ~s). 0.005% (>9.99 ~s).

Output Characteristics
50 II into open

Outpullevels 50 II into 50 II or 1 kll into 50 II
High Level Range: -9.89 Vto 9.99 V -197 Vto 199 V -4.95 Vto 5.00 V.
Low Level Range: -9.99 Vto 9.89 V. -199 Vto 197 V -5.00 Vto 4.95 V.
Amplitude: 0.10 Vmin, 9.99 Vmax. 0.2 Vmin, 19.9 Vmax 0.06 Vmin, 5.00 Vmax.
Level Accuracy: ±1% of progr value ±I %of progr value

±I %of ampl ±50 mV. ±3% of ampl ±25 mV.
Settling Time: 40 ns. 20 ns plus transition time.

Transition Times (10 - 90% amplitude)
Leading Edge: 6.0 ns to 9.99 ms. 1.3 ns to 900 ~s.

Trailing Edge: 6.0 ns to 9.99 ms. 1.3 ns to 900 ~s.

Accuracy: ±3% of progr value ±Ins. ±IO% of progr value ±I ns.
Linearity: ±3% for transitions> 30 ns. ±5% for transitions> 30 ns.

Preshoot, Overshoot, Ringing: ±5% of ampl ±IO mV. ±5% of ampl ±IO mV (may increase to ±IO% of
ampl ±IO mV for transitions <2.5 ns).

AADD B: Adds channel Aand Boutputs (Opt 020 only). Adds channel Aand Boutputs (Opt 020 only).

Output Format: Normal/Complement Selectable. (Independently Simultaneous Normal and Complement Outputs. (lnde-
selectable in each channel in Option 020.) pendently selectable in each channel in Option 020.)

Source Impedance: 50 ohm/I kohm selectable. 50 ohm.

Operating modes: Normal, Trigger, Gate, Ext Burst (0---9999
pulses).

HP-IB capability: all modes and parameters can be programmed.
Talk mode for status, error messages, stored pa
rameters.

Memory: 9 programmable locations*,
I location for active operating state*,
1 location with fixed parameter set.

Capacity: I complete operating state per location.
*Battery baCk-Up for power-off storage

General
Recalibration period: 1 year.
Repeatability: factor 2 better than specified accuracy.
Operating temperature: ooe to 50°C (Specifications apply from
20 D C to 40°C. Accuracy derating factors for ooe to 20°C and 40°C
to 50°C).
Power: 115/230 V ac + 10%, -22%, 48-66 Hz; 675 VA max.
Weight: net 20.8 kg (46Ibs). Shipping 25 kg (551bs).
Size: 178 H x 426 x 530 mm D (7" x 16.8" x 20.9").

Ordering Information

HP 8160A/8161A Programmable Pulse
Generator'

Opt. 001: Rear panel inputs and outputs
Opt. 020: Second channel (Rate common)
Opt. 700: Built-in MATE/CIIL compatibil-

ity
Opt. 907: Front handle kit (P/N HP 5061

9690)
Opt. 908: Rack flange kit (P/N HP 5061·

9678)
Opt. 909: Opt 907, 908, combined

(P/N HP 5061-9684)
Opt. 910: Additional Operating Manual
Opt. W30: Two additional years of HP

service
• HP-IB cables not supplied, see page 561
~ Fast-Ship product-see page 766

Price

HP 8160A HP 8161A

SI 5,1 00 S17,500

N/C N/C
$7,040 $7,550
$3.060 $3.060

$66~ $66~

'li3()~ $36~

$92~ $92~

$122 $153
$450 $450



PULSE GENERATORS El
Fast, High Power Pulse Generator 441

Model 214B

• High power 100 V, 2 A output
• 10 MHz repetition rate

• Constant duty cycle
• Counted pulse burst option
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add $34

add $823:

add $333:

Prices
$4800

add $660
n/c

add $120
add $563:

Accuracy: ±(l5% of setting + 1% of full scale).
Trigger Output

Amplitude: ::0:+5 V (50 ohm into open circuit).
Pulse width: IOns typical.

External Operating Modes
External Input (impedance 10 k ohm, dc coupled)

Repetition rate: dc to 10 MHz. SensitiVity: 500 mVpp, dc cou
pled.
Slope: pos. or neg. Trigger level: +5 V to -5 V adjustable.
Maximum input level: ± 100 V. Trigger pulse width: ::0: IOns.

EXT TRIG mode: an output pulse is generated for each input pulse.
GATE mode: gate signal turns on rep. rate generator synchronously.
Last pulse always completed.
BURST mode (optional): preselected number of pulses generated on
receipt of trigger signal. Number of pulses: I to 9999. Minimum
spacing between bursts: 200 ns.
Manual: pushbutton can be used for triggering single pulses (EXT
TRIG mode), generating gate signals (GATE mode) or triggering
pulse bursts (BURST mode).

Output
Amplitude: 0.3 V to 100 V in 5 ranges. Calibrated vernier provides
adjustment within ranges. Vernier accuracy: ± I0% of setting.
Source impedance: fixed 50 fl nominal on ranges up to 10 V. Select
able 50 fl nominal or HI-Z on 10 - 30 - 100 V ranges (with 50 fl / 50 fl
impedance, amplitude decreases to 5 - 15 ~ 50 V).
Polarity: pos. or neg. selectable.
Transition times: s 15 ns for leading and trailing edges.
Pulse top perturbations: s±5% of amplitude.

General
Operating temperature: O°C to 55°C.
Power: 100/120/220/240 Vrms; +5%, -10%,48 to 66 Hz,

360 VA max.
Size: 133 mm H x 426 mm W x 422 mm D (5.2" x 16.8" x 16.6").
Weight: net 13.6 kg (30 Ib). Shipping 15.6 kg (34.3Ib).

Ordering Information
HP 214B Pulse Generator
Opt. 001: Counted Burst
Opt. 002: Rear Panel Connectors
Opt. 003: 48-440 Hz Line
Opt. 907: Front Handle Kit (part number HP 5061

9689).
Opt. 908: Rack Mount Kit (part number HP 5061

9677).
Opt. 909: Opt 907, 908 Combined (part number HP

5061-9683).
Opt. 910: extra Operating and Service Manual
3: Fast-Ship product-see page 766

Specifications

Timing
Repetition rate: 10Hz to 10 MHz in 6 ranges. In 30 V - 100 V ampli
tude range, maximum rep. rate is 4 MHz. Calibrated vernier provides
continuous adjustment within ranges. Vernier accuracy: ±(lO% of
setting + I% full scale). Period Jitter: sO. I% + 300 ps.
Pulse delay/advance: pulse can be delayed/advanced with respect
to the trigger output from 10 ns to 10 ms (± fixed delay of 45 ns) in 5
ranges. Calibrated vernier provides continuous adjustment within
ranges. Vernier accuracy: ±(IO% of setting + 1% full scale) + fixed
delay. Position Jitter: sO. I % + 500 ps
Maximum pulse position duty cycle: ::0:50%
Double pulse: 5 MHz maximum in all ranges except 30 V - 100 V
range which is max. 2 MHz. Minimum separation is 100 ns.
Pulse width: 25 ns to 10 ms in 6 decade ranges. Calibrated vernier
provides continuous adjustment within ranges. Accuracy: ±(IO% of
setting + I % full scale) + 5 ns. Width Jitter: sO.1 % + 500 ps.
Max. duty cycle: ~ 10% for 30 - 100 V range. ::0:50% all other ranges.
Constant duty cycle mode (disabled in ext. trigger mode): duty
cycle of output pulse remains constant as the period is varied. The
duty cycle limits in this mode are typically 8% fixed for the 10 M - I
MHz range (max. 4 MHz); 2.5% to 10% for I MHz - .1 MHz range;
.25% to 10% for .1 MHz - 10 kHz range; 0.1% for all other ranges.
Calibrated vernier provides continuous adjustment within ranges.

Picture shows 214B with Option 001, Counted Burst.

The HP 214B pulse generator employs semiconductor technology for
high power pulse generation at up to 10 MHz repetition rate. Deliver
ing 100 V pulses with 15 ns risetimes, the HP 214B meets the speed
demands of today's applications.

State-of-the-art VMOS FETS used as current sources for the out
put amplifier tubes enable pulse width to be specified down to 25 ns.
The HP 214B is thus well-equipped for low duty cycle applications
such as laser diode pulsing or transient simulation.

Where changing duty cycle threatens destruction to the device
under test, the HP 214B Constant Duty Cycle (CDC) mode provides
device protection. In CDC operation the duty cycle, hence power, re
mains constant as frequency is varied. The HP 214B is itself protected
against excessive duty cycles via an overload protect circuit.

Easy operation is assured by the timing error indication. Calibrated
dials enable fast accurate adjustments. Operating into unmatched
loads, clean pulse shape is guaranteed by the low reactance 50 fl
source impedance. Pulse distortions such as preshoot and overshoot
are specified as 5% at all amplitudes.



PULSE GENERATORS
20/50 MHz Pulse Sources
Models 8011A/8012B & 8013B

• Repetition rates up to 50 MHz
• Fixed transitions down to 3.5 ns
• Variable transitions from 5 ns to 0.5 s

• Output voltage up to 16V
• Up to 2 ch., select. output formats
• Selectable source impedance

HP 8011A HP 80128 HP 80138

NORM COMPL

POS n J [
0 VOLT

SYM n :::J C 0 VOLT
"-J~ 0

o VOLT

NEG U ] l

The HP 8011A 20 MHz, HP 8012B and
HP 8013B 50 MHz Pulse Sources are versa
tile and reliable low-cost pulse generators.
They provide the suitable solution to almost
all digital logic testing problems. The simple
and logical operation, which is achieved by a
clearly designed front panel, guarantees rap
id familiarization; the risk of setting up in
compatible parameters is minimized. The
instruments feature normal and complement
output modes and a switchable internal 50
Ohm source. These features and perform
ance emphasize the cost effectiveness of these
models for many applications.

... f,peCI Ica Ions
Model HP 8011A HP 80128 HP 80138

Parameter

Period 50ns to lOs 20ns to Is 20ns to Is

Pulse width 25ns to lOOms IOns to Is IOns to Is

Duty Cycle >50% 40% to 75% 40% to 75%
in pulse compl. 100% 100% 100%

Pulse delay - 35ns to Is 35ns to Is

Transition Times dOns fixed 6ns to 0.5s 5ns fixed
(int. Load IN) - 5ns to 0.5s 3.5ns fixed

jitter 0.1 %of prog. 0.1 %of prog. 0.1 %of prog.
value +50ps value +50ps value +500s

max. out. voltage
50 Ohm source to
50 Ohm load 8V 5V 5V
into open 16V 10V 10V
offset - ±2.5V ±2.5V
overshoot, ringing <±5% <±5% <±5%
may increase to: <±IO% if ccw <±IO% for <±IO% for

of vernier int. load OUT int. load OUT
switchable
Source impedance yes yes yes
50 Ohm / high imp

Square wave,
max frequency 10MHz 25MHz 25MHz

s

$20
$13

$235~

$370

Price
$1250
$1950
$1900

Accessories
HP 15179 Rack Mounting Kit

Adaptor for rack-mounting one or two pulse
generators HP 8011A, HP 8012B or HP
8013B

~ Fast-Ship Product - see page 766.

General
Operating temperature: O°C to 55°C
Humidity: 95% RH from O°C to 40°C
Power: 100/120/220/240 Vrms,+5%,-1O%, 48 to 440 Hz, 70 VA

max.
Weight: 4 kg (9 lbs)
Dimensions (HxWxD): 142 mm x 200 mm x 330 mm

5.6 in x 7.9 in x 13 in
Ordering Information
HP 8011A 20 MHz Pulse Generator
HP 8012B 50 MHz Pulse Generator
HP 8013B 50 MHz Pulse Generator
Options
001 Counted Burst for HP 801lA
910 Additional Operating and Service Manual

for HP 801lA or HP 8012B

Operating Modes
HP 8011A
Manual: front panel pushbutton for generating single pulse
Ext. Repetition Rate: 0 Hz to 20 MHz. In square wave mode, output
frequency is half the input frequency.
Trigger source: manual or ext. signal. Min. ext. signal width> IOns.
Pulse burst mode (option 001): preselected number (up to 9999) of
pulses generated on receipt of trigger.
Burst trigger source: man. or ext. signal. Min. signal width is 25 ns.
HP 8012B & HP 8013B
Manual: front panel pushbutton for generating single pulse
Ext. Repetition Rate: 0 Hz to 50 MHz. In square wave mode, output
frequency is half the input frequency.
Trigger source: manual or ext. signal. Min. ext. signal width> 7 ns.
Gate mode: Last pulse is completed even if the gate signal ends dur
ing pulse.

Supplemental Specifications
(values describe typical, non-warranted performance)



• < 1 ns variable transition times
• Ultra-clean 50 ohm source

HP 8082A

PULSE GENERATORS B
250 MHz Fast Pulse Source 443

Model8082A

• Switch-selectable Eel levels
• Dual ±5 V outputs

AMPUWOt [IIi
NTO~Oi: L(),>,ll

Pulse width: 2.4 ns to 0.5 ms in 6 ranges.
Width jitter: <0.1 % of setting +50 ps.
Width duty cycle: > 50%.
Square wave: delay and double pulse are disabled, max. Rep. Rate
250 MHz. Duty cycle is 50% ±IO% up to 100 MHz, 50% ±15% for
> 100 MHz.
Trigger output: negative going Square Wave (50% duty cycle typ.)
> 500 mV from 50 Q into 50 Q. Internal 50 Q can be switched off by
slide-switch on PC-board. Amplitude up to I V into 50 Q up to 200
MHz.
Trigger output protection: cannot by damaged by short circuit or
application of external ±200 rnA.

External Operating Modes
External Input

Input impedance: 50 Q ± 10%. de coupled.
Maximum input: ±6 V.
Trigger level: adjustable -1.5 V to + 1.5 V.
Slope control: positive, negative or manual selectable. In the manu
al position all ext. functions can be controlled by push button. Button
pushed in simulates an "on-signal."
Sensitivity: sine-wave >200 mV pop pulses >200 mY.
Repetition rate: 0 to 250 MHz.

External-Controlled Modes
External trigger: there is approximately 7 ns delay between the ex
ternal input and the trigger output. Rep. rate is externally controlled
(is triggered by external signal). Trigger output provides the pulse
shaped input signal.
Synchronous gating: gating signal turns rep. rate generator on.
Last pulse normal width even if gate ends during pulse.
External width: output pulse width determined by width of drive
input. Rep. rate and delay are disabled. Trigger output provides
shaped input signal.

General
Operating temperature: O°C to 55°C.
Power: 100/120/220/240 Vrms; +5%, -10%; 48-440 Hz.

85 VA max.
Weight: net, 7.9 kg (l7.44Ib). Shipping 8.9 kg (19.63 Ib).
Size: 133 mm H x 426 W x 345 mm D (5.2" x 16.75" x 13.6").

The HP 8082A is a fast pulse generator with all pulse parameters
variable. With repetition rates to 250 MHz, transition times down to
I ns and amplitudes to 5 V, the HP 8082A is ideally suited for state-of
the-art TTL and ECL logic designs. Using the HP 8082A, you can
rapidly test logic circuits under all operating conditions by simply vary
ing pulse parameters. Although a highly sophisticated instrument, the
HP 8082A is still easy to operate because of its logical front panel lay
out and switch selectable ECL output levels. Another feature that con
tributes to ease of operation is the square wave mode. You can, for
example, carry out toggle rate tests in this mode up to 250 MHz with
out having to worry about pulse duty cycle.

Hybrid IC's, manufactured by Hewlett-Packard, are used extensive
ly in the design of the HP 8082A. These ICs eliminate the need for fans,
reduce power consumption and enable a low reactance 50 ohm source
impedance to be used. This source impedance absorbs 98% of reflec
tions from signals up to 4 V amplitude.

Specifications

Pulse Characteristics (50 nsource and load impedance)
Transition times: (10% to 90%): I ns to 0.5 ms in 6 ranges at ampli
tudes> 1.8 V and >4.5 V respectively in the two upper output ranges.
Minimum value may increase to 1.2 ns at other amplitudes. Lead
ing/trailing times are common on fastest range, and independently va
riable over I: I 0 ratio on other ranges.
Overshoot and ringing: ~ ± 10% of pulse amplitude may increase to
±IO% with amplitude vernier CCW.
Preshoot: ~±5% of pulse amplitude.
Linearity: linearity aberration for both slopes ~5% for transition times
>5 ns.
Output: maximum amplitude is 5 V from 50 Q into 50 Q. Maximum
output voltage is ±5 V (amplitude + offset).
Offset: ± 2 V, into 50 Q.
DC-source impedance: 50 fl +5% -10%.
Reflection coefficient: 5% in ECL setting, increasing to 15% in 5 V
range.
Output protection: cannot be damaged by open or short circuits or
application of ext. ~±6 V or ±200 rnA independent of control settings.
Attenuator: two separate three step-attenuators reduce the outputs to
I V. Vernier is common for both outputs and reduces the output to 0.4
V minimum. A further position provides ECL-compatible outputs
(-0.9 V to -1.7 V typo open circuit).

Timing
Repetition rate: 250 MHz to I kHz in 6 ranges.
Period jitter: <0.1 % of setting + 50 pS.
Delay: 2 ns -0.5 ms in 6 ranges plus typo 17 ns fxd. with respect to

trigger output. Duty cycle> 50%.
Delay jitter: <0.1 % of setting +50 ps.
Double pUlse: up to 125 MHz max. (simulates 250 MHz).

Ordering Information
HP 8082A Pulse Generator
Opt. 907: Front Handle Kit (part number HP 5061

9689).
Opt. 908: Rack Flange Kit (part number HP 5061

9677).
Opt. 909: Opt 907,908 Combined (part number HP

5061-9683).
Opt. 910: Additional Operating and Service Manual
~ Fast-Ship product-see page 766

Price
$5810

add $55~

add$33~

add $82~

add $28



BPULSE GENERATORS
Configurable Pulse/Data Stimuli
HP 8080A Series

Example: HP a080A 804
• 1 GHz, 300 ps transitions
• Interchannel delay

Example: HP 8080A 001
• 300 MHz, 800 ps transitions
• Manually programmable data

HP 8091A
Rate
Generator

HP 8092A
Delay
Generator

CHA CHB
HP 8093A

Output Amplifiers

HP 15400A
Blank
Panel

HP 8081A
Rate Generator

HP 8084A
Word Generator

HP 8083A
Output Amplifier

$3,000
add $55W
add $33 W
add $82 W

ask for
information

and prices
ask for

information
a nd prices

Opt. Series 0: Single- and Multi-Channel Data Gener
ator systems

General

Operating temperatures: O°C to 55°C.
Power: 115/230 V rms; + 10%, -22%; 48 to 66 Hz, 200 VA max.
Weight: (typical, HP 8080A Mainframe plus full complement of

modules) 9.4 kg (16.6Ibs) net; 19.7 kg (43.3Ibs) shipping.
Size: (HP 8080A Mainframe): 133 H x 426 W x 422 mm D (5.24" x

16.77" x 16.61").

Ordering Information
HP 8080A Mainframe
Opt. 907: Front handle kit (P/N HP5061-9689)
Opt. 908: Rack flange kit (P/N HP5061-9677)
Opt. 909: Opt 907, 908 combined (P/N HP5061-9683)
Opt. Series S: Single- and Multi-Channel Pulse

Generator systems

Leading Characteristics (50-ohm load)

HP 8080A 504

Research and development in advanced technologies such as
subnanosecond ICs, fiber optics and nucleonics, require fast
pulses for thorough characterization. HP 8080A configurations
can generate simultaneous 1 GHz clock and simulated NRZ da
ta for testing today's fastest memories. (see 8080A#S04,
above). Another example (8080A#D03) is simultaneous normal
and complement data with up to 64 bits and fast 300 ps edges.

A series of Multi-channel Data and Pulse Generator configu
rations are available, and further variations can be factory-sys
temized on request.

Full details on all the modules and some of the factory
systemized configurations are contained in the HP8080A data
sheet. Users who wish to do their own systemizing should re
quest the Systemizing Guide (publication number 5952-9546).

Timing
Repetition rate: 100 Hz - I GHz.
Interchannel delay: ± 9.9 ns in 0.1 ns steps.
Channel B divider: 0.5 f selectable for simulating NRZ data.
Width: Square wave.

Modes: Int, Ext Width, Gate, Manual.
Independent 50-ohm Outputs

Amplitude: 0.6 V to 1.2 Vpp.
Offset: ± 1.2 V.
Transitions times (10% to 90%): dOO ps.
Polarity: selectable
Format: Normal/Complement selectable

HP 8080A 001

Timing
Repetition rate: 10 Hz-300 MHz.
Width: square wave (RZ) or NRZ.

Modes: Int, Ext/Manual Width.
Data cycle modes: Ext/Man Single and Gated Cycle, Auto Cycle.
Data: Serial, 16/32/64 bit selectable.
Simultaneous Normal and Complement 50-ohm Outputs

Amplitude: 0.2 V to 2 V.
Offset: ± I V.
Transition times (10% to 90%): <800 ps.
Polarity: selectable.

HP 808IA 300 MHz Rate Generator module
HP 8083A 300 MHz Output Amplified module
HP 8084A 300 MHz Word Generator module
HP 809IA I GHz Rate Generator module
HP 8092A I GHz Delay Generator module
HP 8093A I GHz Output Amplifier module
HP 8093A Opt HOI: Variable-width operation

(requires HP 80nA)
Additional manuals: Opt 910, per module

Accessories Available
HP I5400A Blank Panel, ';" mainframe width
HP I540IA Blank Panel, '/8 mainframe width
HP I5402A BNC Feedthru panel, '/8 width

Pulse Generator Accessories

HP 15104A/15115A HP 15116A
HP 15I04A Pulse Adder/Splitter dc to 2 GHz
HP I51l6A Pulse Inverter 3 MHz to 2 GHz
HP I51l5A Pulse Splitter/Inverter 3 MHz to 2 GHz
W Fast-Ship product - see page 766

$1.785
$1,785
$4,280
$5,400
$4,280
$2,955

add $480

add $28

$130
$92

$290

$120
$220
$220



• Precise digital delays 0-160 ms
• 50 ps increments
• Jitter 100 ps

HP 5359A

PULSE GENERATORS 8
High Resolution Time Synthesizer 445

Model 5359A

• Programmable
• Fully synchronous to external trigger
• Automatic calibration

EDGE 2

External trigger input: -2 V to + 2 V slope selectable.
Sync output: I V-50 n; 5 V - I Mn. Width 35 ns nominal.
Output Pulse

Amplitude: 0.5 V to 5 V into 50 n.
Polarity: positive or negative.
Offset: -I V to I V, or OFF.
Transition time: < 5 ns.

External voltage must not be applied. Offset and Amplitude voltage
into 50 n may be displayed.
EDGE 1 OUTPUT (rear panel): occurs in Sync with leading edge of
output pulse (same spec. as Sync out).
EDGE 2 OUTPUT (rear panel): occurs in Sync with falling edge of
output pulse (same spec. as Sync out).
Events mode: substitutes external input (to 100 MHz) for the inter
nally counted clock (delay and width must both be specified in terms
of events instead of time).
Triggered frequency mode: the same as internal frequency mode
except the output is a burst beginning in synchronism with an exter
nal trigger signal, and continues for the duration of this signal.
Calibrate mode: performs an internal calibration to remove the ef
fects of internal delay differences.
External probes: provides outputs to control the HP 53638 probes
and accepts inputs from the probes to include external devices in the
calibration loop.
HP-IB: All controls except trigger levels are programmable as stand
ard.
Time Base
High Stability Oven Oscillator

Frequency: 10 MHz.
Aging: <5 X 10- IO/day.
Temperature: <2.5 X 10-9, O°C to 50°C.
Line voltage: <I X 10-10, ± 10% from nominal.

Size: 133 H x 426 W x 521 mm D (5.25 in. x 16.75 in. x 20.50 in.).
Weight: 13.6 kg (30 Ib).
Power requirements: 100, 120,220, or 240 Vac +5% -10%, 48 to
66 Hz, less than 250 VA.
Front handles: supplied with instrument.

HP 5359A Time Synthesizer
The HP 5359A Time Synthesizer produces two extremely precise,

low jitter time delays. These delays, Td and Tw, are individually se
lectable by means of the keyboard, in 50 ps or greater steps to gener
ate delays of up to 160 ms.

EXTERNAL SYNC PULSE ~L- _

6~~.::6
SYNC OUTPUT PULSE 1~"""'T-d::F---T-w---L--

OUTPUT PULSE _

EOGE 1 _-:.I__h I,

I I fL
The HP 5359A has many applications and may be used for the

calibration of Radar, Loran, DME and Tacan Systems, or for preci
sion generation of delayed sweeps in oscilloscopes, and for extremely
accurate "time positioning" control of external gates on frequency
counters. In component and circuit test, the instrument may be used
for extremely accurate delay line simulation.

Condensed Specifications

Modes
External trigger mode: the delays from the sync out to the begin
ning of the output pulse, and the width of the output pulse, are se
lected.
Internal trigger mode: the "period" or "frequency", and the width
of the output pulse, are selected.

Range
Delay Td: 0 ns to 160 ms.
Width Tw: 5 ns to 160 ms (width & delay :0;160 ms).
Period: 100 ns min or width + 85 ns; 160 ms max.
Frequency: same as corresponding "period".

Repetition rate: 10 MHz max.
Accuracy: ±I ns ± time base error (± 100 ps ± time base error after
external calibration).
Insertion delay: fixed at < 150 ns; selectable as < 50 ns for delays
> 100 ns.
Jitter: typical 100 ps rms; maximum 200 ps rms (delays to 10 ms).

Ordering Information
HP 5359A Time Synthesizer

Opt 908 Rack Flange Kit for use without handles
Opt 913 Rack Flange Kit for use with supplied han
dles

HP 10870A Service Kit

Price
$13.200

+ $32.50
+ $35

$930



BPOWER SUPPLIES
General Information

Introduction
Hewlett-Packard's extensive variety of power supplies serve a wide

range of applications, in research and development, industrial appli
cations, and computer automated test systems. All power supplies are
designed for high reliability and ease of use. Hewlett-Packard pro
vides advanced capabilities through innovative technology.

••

The "One-Box Solution"
Hewlett-Packard has power supplies which can be remotely

programmed via resistance, voltage, or directly through the HP-IB.
The new "One-Box Solution" system power supplies (HP models
6030A-6038A, 662IA-6627A, 6632A-6634A) have built-in HP-IB
programmers for voltage and current. Also included is a built-in
DVM and precision current shunt for measured read-back of voltage
and current via the HP-IB.

Power Supply Selection Tables - Page 450
There are three selection tables
• HP-IB Programmable Power Supplies
• Analog Programmable Power Supplies
• Special Purpose and Laboratory Bench Power Supplies
Choose the table that most closely fits your requirements. Each ta

ble is structured in ascending order of maximum output voltage. Up
on selection of a model which fits your needs reference the
appropriate page number for further information. If you are unsure
of a selection or require additional information contact the nearest
Hewlett-Packard sales office. A complete listing of Hewlett-Packard
sales offices can be found toward the rear of this catalog.

New 1989/90 Power
Supply Catalog

For more details concerning
Hewlett-Packard power sup
plies, ask your HP sales repre
sentative for a DC Power Supply
Catalog, or fill in the card at the
rear of this catalog.



Electronic Loads
• HP-IB Control and Readback
• Analog Programming
• Built-in Pulse Waveform
• 300 Watt Single Input
• 1800 Watt Multiple Input

Page 448

HP-IB Programmable
Power Supplies Pages 454 to 469

• 100 Watt Single Output
• Multiple Output
• 200 and 1000 Watt Autoranging
• CIIL Programming
• Precision Bipolar

Analog Programmable
Power Supplies Pages 470 to 477

• HP-IB Programmer for Analog Programmable
Power Supplies

• General Purpose 25-200 Watt
• 200 and 1000 Watt Autoranging
• General Purpose 120-2000 Watt
• General Purpose 300-11,000 Watt

Special Purpose and Laboratory
Bench Supplies Pages 478 to 483

• Bipolar/Amplifiers
• Single Output Bench
• Dual Output Bench
• Triple Output Bench
• Precision Voltage and Current Sources



BPOWER SUPPLIES
Model 6060A 300 Watt Single Input Electronic Load

• 300 Watt load: 0-60 A, 3-60 V Autoranging
• HP-IB control of current, voltage, and resistance
• HP-IB read back of current, voltage, and power

e

• External analog programming of current in Constant
Current mode

• Built-in programmable pulse waveform generation.
• Protection from overpower, overtemperature,

overcurrent, overvoltage and reverse polarity

~
;ES'GNED'()R. :
SYSTEMS

HP 6060A With Option 020 front panel binding posts

HP 6060A Electrical Specifications
Modes: Constant current (CC), constant voltage (CV), and constant

resistance (CR)
Autoranging input: 0-60 A, 3-60 V, (current derated from 0-3 volts)

power limited to 300 W at 40 C (225 watts at 55
C)

Programmable ranges in CC mode: 0-6 A, 0-60 A
Programmable ranges in CR mode: 0.033-1.0 ohm, 1-1000 ohms,

10-10,000 ohms
Programming Accuracy: ±O.I% ±65ma (in 60A CC range)
Programming Resolution: 16mA (in 60A CC range)
Current Readback Resolution: 16mA
Voltage Readback Resolution: 16mV
Current Readback Accuracy: 0.05% ±65 rna
Voltage Readback Accuracy: 0.05% ±45 mv
Built-in pulse waveform generation:

Frequency (0.25 Hz - 10 kHz);
Duty cycle (9-91 %);
Slew rate (1.0 A/mS to 5 A/IJ.S) in 60 A range

Analog programming bandwidth in CC mode: 10 kHz
Programmable electronic short: 33 milliohms (20 mohms typical)
Programmable electronic open: 30 k ohms (typical)

Description

HP 6060A 300 Watt Single Input Electronic Load
Key Features
• Parallelable in constant current mode
• Software calibration
• Non-volatile user-defined power-up state
• Front panel voltmeter, ammeter, and full feature keypad
• IEEE 488.2 and HP-SL compatible instruction set
• Trigger for external synchronization
• Analog voltage & current monitors
• Remote voltage sensing
• Control signal for external disconnect or shorting relay
• Rack mountable (3.5")
• Fan speed control for low acoustic noise

The new HP 6060A 300 Watt Single Input Electronic Load is
designed for test, evaluation, and burn-in of DC power supplies, bat
teries, and power components. It is suitable for applications in areas
such as R&D, production test, and field repair. The Electronic Load
Family offers advantages in performance, quality, reliability, and
price/performance. The built-in HP-IB interface further simplifies
system integration and allows control and readback of all load func
tions.

The features and instruction set of the HP 6060A Single Input
Load are compatible with the HP 6050A mainframe load products
(see page 449). For example, test programs developed for an HP
6060A 300 Watt Single Electronic Load can be used later for an HP
60502A 300 Watt Module Load in another application.

The HP 6060A 300 watt load is suitable for bench use too. The
front panel keypad allows easy, repeatable and reliable control of the
load when it is used manually. Front panel settings are remembered
after AC power is removed. The front panel LCD meters indicate
voltage, current, and power readings. Connection to the load is made
at the rear panel; front panel binding posts are available as an option.

Ordering Information
HP 6060A: 300 Watt Single Input Load

Option 100: 87-106 Vac, 48-63 Hz, (for Japan only)
Option 120: 104-127 Vac, 48-63 Hz
Option 220: 191-233 Vac, 48-63 Hz
Option 240: 209-250 Vac, 48-63 Hz
Option 020: Front Panel Binding Posts
Option 908: Rack Mount Kit for one unit with no

handles
Option 909: Rack Mount Kit for one unit with

handles
Option 910: Extra Manuals

Price
$1995
N/C
N/C
N/C
N/C

$80
$31

$74

$31



POWER SUPPLIES 8
Model 6050A 1800 Watt Multiple Input Electronic Load Mainframe 449

• HP 60502A Module: 0-60 A 3-60 V Autoranging (pow
er limited to 300 W)

• HP 60501 Module: 0-30 A, 3-60 V Autoranging (power
limited to 150 W)

• HP-IB control of current, voltage, and resistance

• HP-IB read back of current, voltage, and power
• External analog proglamming of current in Constant

Current mode
• Built-in pulse/continuous waveform generation

e

Mainframe Mechanical Specifications:
A full-rack Systems II compatible load mainframe system. Occu

pies 7 inches vertical rack space. Fan-cooled. Mainframe accommo
dates up to six 300W, six 150W, or any combination of modules up to
1800 watts total power.

Programming Resolution: 16mA (in 60A CC range)
Programmable electronic short: 33 milliohms (20 mohms typical)
Current Readback Resolution: 16mA
Voltage Readback Resolution: 16mV
Current Readback Accuracy: 0.05% ±65 rnA
Voltage Readback Accuracy: 0.05% ±45 mY
Modes: Constant Current (CC), constant voltagc (CV), constant re
sistance (CR)
Built-in pulse waveform generation: Frequency (0.25-10 kHz);

Duty cycle (9-91 %);
Slew rate (l.0 A/ms - 5 A/,.s) in 60A range

Analog programming bandwidth in CC mode: 10kHz

HP 60501A Electrical Characteristics:
The HP 6050lA 150 Watt Load Module is the second member of a

growing family of HP loads. The HP 6050lA final specifications were
unavailable at the time this catalog was printed; expected electrical
characteristics are:
Autoranglng input: 0-30A, 3-60 Y, (current derated from 0-3 volts)
power limited to 150 Walts
Programmable ranges in CC mode: 0-3 A, 0-30 A
Programmable ranges in CR mode: 0.067-2 ohm, 2-2000 ohms, 20
20,000 ohms
Modes: Constant Current (CC), constant voltage (CY), constant re
sistance (CR)
Pulse waveform programmable modes: frequency, duty cycle, and
slew rate

-HP 6050A load Mainframe

Description
HP 6050A 1800 Watt Multiple Input
Electronic Load Mainframe
Key Features
• Programmable amplitude, frequency, duty cycle and slew rate
• Protection from overpower, overtemperature, overcurrent,

overvoltage and reverse polarity
• Load modules are parallelable in constant current mode
• Software calibration
• Non-volatile state storage, including user-defined power-up state
• Front panel voltmeter, ammeter, and full feature keypad
• IEEE 488.2 and HP-SL compatible instruction set
• Hardware and software triggering for synchronization
• Analog voltage and current monitors
• Remote voltage sense
• Digital I/O port for external disconnect relay and/or short relay
• Fan speed control for low acoustic noise

The new HP 6050A 1800 Wall Electronic Load Mainframe, the
HP60502A 300 Watt Module and the HP60501A 150 Watt Module
are designed for test, evaluation, and burn-in of DC power supplies,
batteries, and power components. They are suitable for applications
in areas such as R&D, production test, and field repair.

The Electronic Load Family offers advantages in performance,
quality, reliability, and price/performance. The HP 6050A Main
frame's built-in HP-IB interface simplifies system integration and al
lows control and readback of each module's functions using a single
HP-IB address. The load modules are user installable for easy initial
installation, reconfiguration, or service. The mainframe has six slots.
The HP 60502A and HP 60501A occupy one slot each.

The features and instruction set of the HP 60502A and HP 6050lA
Load Modules are compatible with the HP 6060A Single Input Load.
For example, test programs developed for an HP 6060A 300 Watt
Single Electronic Load or an HP 60502A 300 Watt Module Load are
interchangeable. Programming meets all currently defined HP-SL
standards and therefore assures programming compatibility with fu
ture products.

The HP 6050A 1800 Watt Load Mainframe is suitable for bench
use too. The front panel keypad allows easy, repeatable, and reliable
front panel control of the load when it is used manually. Front panel
settings are remembered after AC power is removed. The front panel
LCD meters indicate voltage, current, and power readings of the se
lected channel.

HP 60502A Electrical Specifications:
Autoranging input: 0-60 A, 3-60 V, (current derated from 0-3 volts)
power limited to 300 W
Programmable ranges in CC mode: 0-6 A, 0-60 A
Programmable ranges in CR mode: 0.033-1.0 ohm, 1-1000 ohms,
10-10,000 ohms
Programming Accuracy: ±O.l% ±65 rnA (in 60A CC range)

Ordering Information
HP 6050A: 1800 Watt Load Mainframe
(NOTE: Line voltage option (100, 120,220,240) must
be specified)

Option 100: 87-106 Yac, 48-63 Hz, (for Japan only)
Option 120: 104-127 Yac, 48-63 Hz
Option 220: 191-233 Vac, 48-63 Hz
Option 240: 209-250 Yac, 48-63 Hz
Option 908: Rack Mount Kit for one mainframe
wlout handles
Option 909: Rack Mount Kit for one mainframe with
handles
Option 910: Extra Operating and Service Manual

HP 60502A: 300 Watt Single Input Load Module
Option 910: Extra Operating and Service Manual

HP 60S01A: 150 Watt Single Input Load Module
Option 910: Extra Operating and Service Manual

Price
$1995

N/C
~/C
NjC
N/C

$31

$89

$31
$1550

$31
$1250

$31



8 POWER SUPPLIES
Voltage Rating Index

QD
ESICNED ~OR. ..

SYSTEMS

HP-IB Programmable Supplies

The power supplies listed in this table are directly programmable via the HP-IB. Their system oriented features include remote programming
and readback in a single unit.

Max Max
Volts Amps HP
(DC) (DC) Type Model Number Page

6.7 30 HP-IB Autoranging 6033A 460

7 5 Multiple Output Linear 6623A 456
6624A 456

7 0.5 Precision MUltiple Linear 6625A 458
6626A 458

7 10 Multiple Output Linear 6621A 456
6623A 456

7 120 HP-IB Autoranging 6031A 460

±10 0.Q1 DAC Programmer 59501B 469

16 2 Precision Multiple Linear 6625 458
6626 458

20 2 Multiple Output Linear 6623A 456
6624A 456
6627A 456

20 4 Multiple Output Linear 6621A 456
6622A 456
6623A 456

20 5 Single Output Linear 6632A 454

20 10 High Performance Autorangingt 6oo2A 456

20 10 HP-IB Autoranging 6033A 460

20 10 HP-IB Autoranging 6038A 460

20 50 HP-IB Autoranging 6031A 460

20 50 HP-IB Autoranging 6032A 460

50 0.8 MUltiple Output Linear 6623A 456
6624A 456
6627A 456

50 I Precision MUltiple Linear 6625A 458
6626A 458

±50 ±1 Precision Bipolar Voltage' 6l30C 468

50 2 MUltiple Output Linear 6622A 456

50 2 Single Output Linear 6633A 454

50 4 High Performance Autoranging 6002A 467

±50 ±5 Precision Bipolar Voltage" 6129C 468

60 3.3 Hp·IB Autoranging 6038A 460

60 17 HP-IB Autoranging 6030A 460

60 17.5 HP-IB Autoranging 6032A 460

±100 ±0.16 Precision Bipolar Current' 6140A 468

±100 ±0.5 Precision Bipolar Voltage' 6131C 468

100 1 Single Output Linear 6634A 454

200 17 HP-IB Autoranging 6030A 460

• Does not include remote programming and readback in a single unit

t Option 001 must be ordered to operate the HP 6002A on the HP·IB.



Analog Programmable Supplies
The power supplies listed in this table are programmable with either an analog voltage or resistance signal. They may be incorporated into a

system application or a laboratory or bench environment.

Max Max HP Max Max HP
Volts Amps Model Volts Amps Model
(DC) (DC) Type Number Page (DC) (DC) Type Number Pae:e

6.7 30 Autoranging 6023A 472 40 5.7 Autoranging 6024A 472

7 120 Autoranging 6011 A 472 40 10 CV/CC 62678 474

7.5 5 CVlCC 6281A 470 40 25 CVlCC 64348 476

8 1000 CV/CC 6464C 476 40 30 Autoranging 60128 472

10 10 CV/CC 6282A 470 40 30 CV/CC 62688 474

10 50 CV/CC 6259B 474 40 50 CV/CC 62698 474

10 100 CV/CC 62608 474 50 0.5 Precision Current 6177C 483

15 200 CV/CC 6453A 476 50 1 Dual Output (50 V, 50 V) 6228B 470

16 600 CV/CC 6466C 476 ±50 ±1 Bipolar PSA 6826A 478

18 500 CV/CC 6466C 476 60 0.5 CV/CC 6206B 479

20 0.6 Dual Output (20 V, 20 V) 6205C 479 60 1 CV/CC 6294A 470

20 1.5 CV/CC 6200B 479 60 3 CV/CC 6296A 470

±20 ±2 Bipolar PSA 6825A 478 60 3.3 Autoranging 6024A 472

20 3 CVlCC 6284A 470 60 15 CVlCC 6274B 474

20 3 Dual Output (20 V, 20 V) 6253A 470 60 17 Autoranging 60 lOA 472

20 10 Autoranging 6023A 472 60 17.5 Autoranging 6012B 472

20 10 Autoranging 6024A 472 64 50 CV/CC 6459A 476

20 10 CVlCC 6263B 474 64 150 CV/CC 6472C 476

20 10 CV/CC 6286A 470 100 0.25 Precision Current 6181C 483

20 20 CV/CC 6264B 474 ±100 ±05 Bipolar PSA 6827A 478

20 50 Autoranging 60llA 472 100 0.75 CV/CC 6299A 470

20 50 Autoranging 6012B 472 110 100 CV/CC 6475C 476

20 50 CV/CC 6261B 474 120 2.5 CV/CC 6443B 476

25 2 Dual Output (25 V, 25 V) 6227B 470 200 5 Autoranging 6010A 472

30 1 CV/CC 6206B 479 220 50 CVlCC 6477C 476

36 100 CVlCC 64568 476 300 0.1 Precision Current 6186C 475

36 300 CV/CC 6469C 476 300 35 CVlCC 6479C 476

40 0.3 Dual Output (40 V, 40 V) 6205C 479 320 0.1 CV/CC 62098 479

40 0.75 CVlCC 62008 479 440 25 CV/CC 6483C 476

40 1.5 CV/CC 6289A 470 500 20 CVlCC 6483C 476

40 1.5 Dual Output (40 V, 40 V) 6255A 470 600 1.5 cV/ce 6448B 476

40 5 CVlCC 6266B 474 600 15 CV/CC 6483C 476

40 5 CVlCC 6291A 470

B



8 POWER SUPPLIES
Voltage Rating Index (cont'd)

Special Purpose and Laboratory Bench Power Supplies
The power supplies listed in this table include special purpose (current sources, bipolar, four-quadrant power supplies and precision power

supplies) and laboratory bench power supplies. Although some of the special purpose supplies may be programmed with an analog signal, most of
the power supplies listed here are controlled manually

Max Max
Volts Amps HP
(DC) (DC) Type Model Number Page

6 1 Triple Output (6. ±18 V) 6235A 479

6 2.5 Triple Output (6, ±20 V) 62368 479

10 1 CV/CC 6214C 479

18 1 Triple Output (18, ±20 V) 62378 479

±18 0.2 Triple Output (6, ±18 V) 6235A 479

±20 0.5 Triple Output (6. ±20 V) 62368 479

±20 0.5 Triple Output (18, ±20 V) 6237B 479

±20 ±2 8ipolar Amplifier 6825A 478

20 2 Precision Voltage 6114A 482

25 0.2 Dual Output (25, 25 V) 6234A 479

25 0.4 CV/CC 6216C 479

40 1 Precision Voltage 6114A 482

50 0.2 CVlCC 6218C 479

50 0.5 Precision Current 6177C 483

50 0.8 Precision Voltage 6115A 482

±50 ±1 Bipolar Amplifier 6824A 478

±50 ±1 Bipolar Amplifier 6826A 478

100 0.1 CVlCC 6212C 479

100 0.25 Precision Current 6181C 483

100 0.4 Precision Voltage 6115A 482

±100 ±0.5 Bipolar Amplifier 6827A 478

300 0.1 Precision Current 6186C 483



POWER SUPPLIES 8
Power Supply Terms and Specification Definitions 453

Power Supply Terms
Ambient temperature: the temperature of the air immediately sur
rounding the power supply.
Auto-parallel operation: a master-slave connection of the outputs of
two or more supplies used for obtaining a current output greater than
can be obtained from one supply.
Autoranging power supply: a power supply that can provide maxi
mum rated power over a wide range of voltage and current without
external intervention to change range.
Auto-series operation: a master-slave connection of the outputs of
two or more supplies used for obtaining a voltage grea ter than can be
obtained from one supply.
Auto-tracking operation: a master-slave connection of two or more
supplies each of which has one of its output terminals in common with
one of the output terminals of all of the other supplies.
Complementary tracking: a master-slave interconnection of two
supplies in which the voltage of the slave is equal to or proportional to
that of the master and of opposite polarity with respect to a common
point.
Compliance voltage: the output voltage of a power supply operating
in the constant-current mode.
Constant-current (CC) power supply: a power supply that stabi
lizes output current with respect to changes in influence quantities.
Thus, for a change in load resistance, the output current remains con
stant while the output voltage changes by whatever amount necessary
to accomplish this.
Constant-voltage (CV) power supply: a power supply that stabi
lizes output voltage with respect to changes in influence quantities.
Thus, for a change in load resistance, the output voltage remains con
stant while the output current changes by whatever amount necessary
to accomplish this.
Constant-voltage/constant-current (CVlCC) power supply: a
power supply that operates as a constant voltage power supply or a
constant-current power supply depending on load conditions. It acts
as a constant-voltage source for comparatively large values of load
resistance and as a constant-current source for comparatively small
values of load resistance.
Constant-voltage/current-limiting (CV/CL) power supply: a
power supply similar to a constant-voltage/constant-current supply
except that at comparatively small values of load resistance, its out
put current is limited instead of being stabilized.
Crowbar: see overvoltage protection.
Current limiting: the action of limiting the output current of a con
stant-voltage supply to some predetermined maximum value (fixed or
adjustable) and automatically restoring the output voltage to its nor
mal value when the overload or short circuit is removed. There are
three types of current limiting: I) by constant-voltage/constant-cur
rent crossover, 2) by decreasing the output voltage as the current in
creases, 3) by decreasing both voltage and current as the load
resistance decreases (referred to as foldback or cutback current
limiting).
Drift: the maximum change of an output voltage or current during an
8-hour period following a 30-minute warmup, with all influence and
control quantities maintained constant during the warm-up time and
the period of drift measurement. Drift includes both periodic and ran
dom deviations over the bandwidth from zero frequency (dc) to a
specified upper frequency limit (usually 20 Hz).
Load effect: formerly known as load regulation, load effect is the
change in the steady-state value of the stabilized output voltage or
current resulting from a full-load change in the load current of a con
stant-voltage supply or the load voltage of a constant-current supply,
with all other influence quantities maintained constant.
Load effect transient recovery time: the time interval between a
specified step change in the load current of a constant-voltage supply
(usually a full-load or 5-ampere change, whichever is smaller) or in
the load voltage of a constant-current supply and the instant when the
stabilized output quantity returns to and stays within the specified
transient recovery band.
Master-slave operation: a method of interconnecting two or more
supplies such that one of them (the master) serves to control the
others (the slaves). The outputs of the slave supplies always remain
equal to or proportional to the output of the master. The outputs of

the master supply and of one or more slaves may be connected in
series, in parallel, or with just their negative or positive output termi
nals in common. (See also complementary tracking.)
Nominal value: the value that exists "in name only," not the actual
value. For example, in the case of a power supply with a calibrated
output control, the nominal value is the value indicated by the control
setting. For a supply with a fixed output, the nominal output is the
output indicated on the nameplate. The nominal value of a l20-volt ±
10% line voltage is 120 volts.
Output impedance: the complex ratio of a sinusoidal voltage and
sinusoidal current at the output terminals, the one being caused by
the other and being of external origin.
Overcurrent protection: protection of the power supply and / or con
nected equipment against excessive output current.
Overtemperature protection: protection of the power supply or
parts of it against temperatures exceeding specified values.
Overvoltage protection: protection of the power supply and/or con
nected equipment against excessive output voltage. Overvoltage pro
tection is usually by means of a crowbar protection circuit, which
rapidly places a low resistance shunt across the supply's output termi
nals to reduce output voltage to a low value if a predetermined voltage
is exceeded. A supply equipped with an overvoltage crowbar must al
so be protected by a means of limiting or interrupting output current.
PARD (acronym for periodic and random deViation): the term
PARD replaces the former term ripple and noise. PARD is the peri
odic and random deviation of a dc output voltage or current from its
average value, over a specified bandwidth (20 Hz to 20 MHz) and
with all influence and control quantities maintained constant.
Programming speed: the maximum time required for the program
med output voltage or current to change from a specified initial value
(usually zero or maximum output) to a value within a specified toler
ance band of a specified newly programmed value (for most models
99.9% or 0.1 % of maximum output, respectively; 99% and 1% for the
HP 6114A, 6115A, 6177C-6186C, and HP 6434B-6483C) following
the onset of a step change in an analog programming signal, or the
gating of a digital signal.
Remote control: also referred to as remote programming, remote
control is the setting of the power supply voltage, current, or other
function by means of an external control quantity such as a variable
resistance, voltage, or current, or a digital signal.
Remote sensing: remote sensing. or remote error sensing, is a means
by which a power supply monitors the stabilized voltage directly at
the load using extra sensing leads. The resulting circuit action com
pensates for voltage drops in the load leads (up to a specified limit).
Resolution: for a beneh supply, the smallest change in output voltage
or current that can be obtained using the front panel controls. For a
system supply, the smallest change that can be obtained using either
the front panel controls or a computer.
Reverse voltage protection: protection of the power supply against
reverse voltage applied at the output terminals.
Slave operation: see master-slave operation.
Source effect: formerly known as line regulation, source effect is the
change in the steady-state value of the stabilized output voltage on
current resulting from any change in the source voltage within its
specified range, with all other influence quantities maintained con
stant. Source effect may be measured at any output voltage and cur
rent within rating.
Temperature effect coefficient: the maximum steady-state change
in a power supply's output voltage or current per degree Celsius fol
lowing a change in the ambient temperature within specified limits,
with all other influence quantities maintained constant.
Voltage limiting: the action of limiting the output voltage of a con
stant-current supply to some predetermined maximum value (fixed or
adjustable) and automatically restoring the output current to its nor
mal value when the load conditions are restored to normal. There are
two types of voltage limiting: I) by constant-voltage/constant-cur
rent crossover, 2) by decreasing the output current as the voltage in
creases.
Warm-up time: the time interval after switching on a power supply
until it complies with all performance specifications.



BPOWER SUPPLIES
Single Output Linear System Power Supplies
Models 6632A, 6633A and 6634A

• 100 Watt Linear Output
• Current Sinking Capability
• Built-in HP-IB Interface

• Overvoltage & Overcurrent Protection
• Readback Measured Voltage and Current

Output Via HP-IB

HP 6633A

Description

HP Models 6632A-6634A
HP Models 6632A-6634A are 100 Watt, single output, series pass

regulated power supplies optimized for systems applications. They
provide a high performance output with a fu\l set of programmable
features.

The fo\lowing voltage and current combinations are available:

feature enables calibration of these models via the HP-IB while
mounted in the rack. An internal jumper is provided which, when re
moved, prevents recalibration of the power supply.

Fast/Normal Mode Operation
A rear-panel switch designates one of two operating modes. In Fast

Mode, the output capacitors are disconnected to speed up the output
response time. Normal Mode is optimized for minimal output PARD.
See specifications for more information.

Most importantly, these models are one-box solutions for system
power supply requirements. Both the voltage and current output can
be programmed for either CV or CC operation. A built-in DVM and
precision current shunt measure (readback) the actual power supply
output. The internal HP-IB interface a\lows for complete program
mability, including status reporting and interrupt generation with us
er designated fault conditions. In addition, programming commands
(such as VSET for voltage programming) are easy-to-use and self
documenting.

HP 6632A: 0-20 V
HP 6633A: 0-50 V
HP 6634A: 0-100 V

0-±5 A
0-±2 A
O-±I A

Front Panel Binding Posts (Option 020)
Option 020 adds a front panel output in para\lel with the rear panel

output terminal strip. These front panel binding posts provide flexibil
ity in accessing the power supply output, and are very useful in bench
applications and system development.

Isolation, Polarity Reversal Relay and DFIIRI (Option
760)

Optional built-in relays provide output connect/disconnect and po
larity reversal. Discrete Fault Indicator and Remote Inhibit lines are
included along with a quick disconnect DC output terminal connec
tor. See page 465 for more detail.

Current Sinking
HP Models 6632A-6634A sink as we\l as source current. This pro

vides very fast down programming times and speeds throughput in
production test applications. The negative current setting tracks the
user-programmed positive current (CC) setting.

Remote Sensing
Remote sense terminals allow for precise voltage regulation at the

load. This feature will compensate for load lead IR drops of up to 2
volts per lead.

Protection Features
HP Models 6632A-6634A have Overvoltage and Overcurrent pro

tection. Both features are programmable via the front panel keypad
and HP-IB. The Overvoltage protection includes an SCR crowbar.

Selftest
HP Models 6632A-6634A have a built-in selftest capability. This

feature verifies the function of all HP-1B circuitry, D/ A's, and A/D's
at power on and upon HP-1B command.

Software Calibration
Software calibration eliminates shock sensitive potentiometers nor

mally used for calibration of power supplies and programmers. This

HP-IB Functions
The following functions can be programmed via the HP-IB:
Programmable Functions Readback Functions
- Voltage Output - Actual Measured Voltage Output
- Current Output - Actual Measured Current Output
- Overvoltage Protection - - Present Status
- Overcurrent Protection - Accumulated Status
- - Output Enable/Disable - Programming Error Codes
- Fault Interrupt - Fault Codes
- Software Calibration - Service Request
- Selftest

Specifications (Data Subject to Change)
HP-IB Interface Functions: The following HP-1B functions are im
plemented:

SHI, AHI T6, L4, SRI, RLI, PPI, DCI, DTO and El.
Safety Agency Compliance: HP Models 6632A-6634A power supplies
are designed to comply with the following regulatory standards:

IEC 348, VDE 0411, UL 1244 and CSA Electrical Bulletin 556B.
Weight kg (Ib) (all models): Net 10.5 (23), Shipping 12.3 (27)
Input Current: 100 VAC 120 VAC 220 VAC 240 VAC
(Max. rms all models) 3,3 A 2.9 A 1.7 A 1.6 A
Input requirements: 350 VA max.

250 watts max.



8
Specifications (Data Subject to Change)

• 'Spec,f,caliOn under Local Sensing.

Note: Specifications are worst case unless otherwise noted. Volts 0·20 V 0.50 V 0·100 V

Amps 0·5 A 0·2 A 0·1 A

Watts 100 W 100 W 100 W

Hewlett·Packard Model Specified over an operating temperature range of 0-55'C. 6632A 6633A 6634A

Load Effect (Load Regulation): For a load change from zero to maximum Voltage 2 mV 4 mV 5 mV

rated voltage or current of the supply"· Current I mA I mA I mA

Source Effect (Line Regulation): Given for any change within the rated line Voltage 0.5 mV I mV I mV
voltage for any output within the rated output voltage, current, and power

Current 0.5 mA 0.25 mA 0.25 mAof the supply.

PARD (Ripple and Noise): rms/peak-peak (20 Hz - 20 MHz). Voltage(Normal) 0.3 mV/3 mV 0.5 mV/3 mV 0.5 mV/3 mV

Voltage(Fast) I mVIlO mV 1mVIl5 mV 2 mV/25 mV

Current(rms) 2 mA 2 mA 2 mA

Drift (Stability): Change in output over 8-hour interval under constant line, Voltage 0.01%+0,5 mV 0.01%+1 mV 0.01%+1 mV
load, and ambient temperature following 30-minute warm-up. Current 0.01%+1 mA 0.01%+0.5 mA 0.01%+0.3 mA

Load Effect Transient Recovery: Maximum time required for output voltage Normal 100/,s 100/,s 100/,s
to recover within aband of 0.1%of rated voltage around the nominal volt-

50/,s 50/,s 50/,sage following a 50% change in load current. Fast

Programming: (25±5'C) Given for control of the output over the HP·IB or Resolution 5 mV 12.5 mV 25 mV
with front panel controls. Voltage

Accuracy 0.05%+10 mV 0.06%+20 mV 0.05%+50 mV

Resolution 1.25 mA 0.5 mA 0.25 mA
+Current

Accuracy 0.15%+7 mA 0.15%+2 mA 0.15%+1 mA

Minimum CC programming current. 20mA 8 mA 4 mA

Temperature Coefficient: Output change per degree Celsius change in am- Voltage 70ppm+0.25 mV 70ppm+0.5 mV 70ppm+1 mV
bient following 30-minute warm-up. +Current 150ppm+500 ~ 150ppm+150 I'A 150ppm+751'A

Output Response: Maximum time for output voltage to change within TrlTl 15 ms 15 ms 15 ms
±0.025% of final value (LSB), and from 10% to 90%, or 90% to 10% of Normal
voltage excursion (TrITt). LSB 60 ms 60 ms 60 ms

TrITf 400l's 400/,s 400/,s
Fast

LSB 2 ms 2ms 2 ms

HP·IB Programming Command Processing Time: (Display disabled) Typical 10 ms 10 ms 10 ms

Voltmeter: (25±5'C) Refers to data read back to the controller from the Resolution 5 mV 12.5 mV 25 mV
HP-IB and as viewed via the front panel display. Accuracy 0.07%+15 mV 007%+30 mV 0.06%+70 mV

Ammeter. (25±5'C) Refers to data read back to the controller from the Resolution 1.25 mA 0,5 mA 0.25 mA
HP-IB and as viewed via the front panel display. Accuracy 0.18%+9 mA 0.17%+3 mA 0.15%+2 mA

DC Output Isolation: Maximum voltage either output terminal (±) may be from chassis ground. ±240 VDC ±240 VDC ±240 VDC

Remote Sensing: Maximum allowable voltage drop per load lead. 2 VDC 2 VDC 2 VDC
..

Dimensions

[JII ~~YI[---'-I--=3-.. --"--j~
I 4126~7~~m \ SIDE

REAR

Ordering Information Price*
6632A: 20 volts, 5 amperes $1600
6633A: 50 volts, 2 amperes $1600
6634A: 100 volts. I amperes $1600

(NOTE: Line voltage Option (100, 120,220 or 240) must be specified)
100: 87-106 Vac, 48-63 Hz, (for Japan only) N/C
120: 104-127 Vac, 48-63 Hz. N/C
220: 191-233 Vac, 48-63 Hz. N/C
240: 209-250 Vac, 48-63 Hz_ N IC
020: Front Output Binding Posts $77
760: Isolation and Polarity Reversal Relay $395
908: Rack Mount Kit for one unit. add $31
(HP PIN 5061-9674)
909: Rack Mount Kit with Handles $74
(HP PIN 5061-9675)
Accessory: Rack Slide Kit (HP PIN 1494-0059) $100
910: One each extra operating and service manuals. add $31

(Operating manual only is shipped with standard unit.)
W30: 2 Year Additional Hardware Service $50
•Prices apply for domestic U.S.A. customers only.

TOP

T
~46"'tI\

13.6"

~~1

+s + - -5 ...L

1@~~tztzi@1
iERWINAl STRIP DETAIL
SCREW SIZE' M3.5 x 0.6



8 POWER SUPPLIES
Multiple Output Linear System Power Supplies
Models 6621A, 6622A, 6623A, 6624A and 6627A

• 2, 3 or 4 Independent Isolated Outputs per Model
.160 Watts Total Output Power per Model
• HP-IB Programming of Voltage and Current

~
F.SIGNE~,ru;.. :

SYSTEMS

Description
These HP-IB multiple output series regulated system power sup

plies feature a combination of intelligence, performance and low price
which makes them the choice for power systems applications.

Five models, each offering a total of 160 watts output power, offer a
variety of output combinations of 40 and 80 watts with voltages up to
50 volts and currents to 10 amps. Each output can produce power in
two ranges (see fig. 1). For example, model 6622A has two 80 watt
outputs. Each of these can produce 80 watts at either 20 volts or 50
volts. When operating below 20 volts, each output can source or sink
up to 4 amps. When operating between 20 volts and 50 volts, it can
source or sink up to 2 amps. Output combinations include:

6621A - 2 outputs at 80 watts, either 0-7 or 0-20 volts
6622A - 2 outputs at 80 watts, either 0-20 or 0-50 volts
6623A - I output at 80 watts, 0-7 or 0-20 volts; 1 at 40 watts, 0-20

or 0-50 volts; I at 40 watts, 0-7 or 0-20 volts
6624A - 4 outputs at 40 watts: two at 0-7 or 0-20 volts and two at

0-20 or 0-50 volts
6627A - 4 outputs at 40 watts, either 0-20 or 0-50 volts
The built-in interface is tailored to the power supply, resulting in

simpler programming. Specifications supplied with these power sup
plies already take both the power supply and programming interface
into account as a system. Self-contained measurement and readback
capabilities eliminate the need for scanning the output or using a sep
arate DVM.

VOLTAGE

I VMAX (HIGH RANGEl

VMAX (LOW RANGElL- -,

L- ."......~_ CURRENT

'MAX 'MAX
<HI RANGEl (LOW RANGEl

Fig 1. Output Characteristic Curve for HP 662X Series Power
Supplies

Programming Capabilities
These power supplies share the programming command set of HP

Models 6632A-6634A and 6030A-6038A programmable power sup
plies. (see page 460) The following functions are implemented:

Output Voltage and Current Programming
Output Voltage and Current Measurement and Readback
Present and Accumulated Status Readback
Programmable Service Request Mask
Programmable Overcurrent Protection
Programmable Overvoltage Protection
Storage and Recall of Programmed Value Sets (all outputs)
Echo Queries of Programmable Functions/Settings
Output Channel Enable/Disable
Programming Syntax Error Detection
Reprogramming Delay Time for Service Request Mask

• HP-IB Measurement of Voltage and Current
• Full Local Control or Local Lockout
• Programmable Overvoltage and Overcurrent

Protection

Operating voltage and current range is selected programmatically,
with the last parameter programmed (voltage or current) determin
ing the range. No separate command is required to switch output
range.

Programmed command processing time is typically 7 milliseconds.
Response time to within settling band is additional.

Protection Features
Local lockout capability enables the programmer to disable all

front panel controls over the HP-IB except the channel select (to al
low display of the output voltage and current of any channel.)

Protection against overcurrent conditions is provided by either the
current limit or overcurrent protection. Current limit will prevent the
output current from exceeding a programmed value, while overcur
rent protection will disable the supply if that value of current is
reached. Current limit is always active, while overcurrent protection
can be enabled or disabled.

As an example of its use, consider testing PC board subassemblies
with a programmable power supply. A shorted component would
cause current to be drawn from the power supply at the current limit
value, possibly burning the board. Enabling overcurrent protection
would cause the power supply to disable itself when the current limit
value is reached, thus minimizing damage.

Protection against output overvoltage conditions is also provided.
Normally, the power supply voltage will not exceed the programmed
voltage setting. Programmable overvoltage protection guards your
load against hardware faults by disabling and down-programming
the power supply output if the programmed overvoltage setting is ex
ceeded. A crowbar circuit is activated and shorts the output under
these conditions.

This series also provides protection from unregulated output in the
event of line voltage dropout and also guards against overtemperature
conditions. The output is disabled when either of these conditions ex
ists.

A service request can be generated to inform the controller in the
event of any user-defined combination of overvoltage, overcurrent,
overtemperature or mode change.

Fault trips which disable the output can be reset over the HP-IB.

Output Ratings And Combinations

OUTPUT CHANNEL NUMBER OF OUTPUTS PER MODEL
Hi Range Low Range
Volts/ Volts/ 6627A 6624A 6623A 6622A 6621A
Amps Amps (4 output) (4 output) (3 output) (2 output) (2 output)

0-20/ 0-71 2 I
0-2 0-5

0-50/ 0-20/ 4 2 I
0-0.8 0-2

0-20/ 0-71 1 2
0-4 0-10
0-50/ 0-20/ 2
0-2 0-4



$75

add $31

N/C
N/C
N/C
N/C

add $510
add $255

add $31
add $82

Software Calibration And Selftest
With this series of power supplies, calibration is performed without

removing the instrument's cover. All that is required is a shunt, a
dvm, a controller and a few lines of code. Simple commands instruct
the power supply to go to preset adjustment points, where voltages or
currents are read with the dvm and shunt. Then the readings are sent
to the power supply, which adjusts its calibration. Calibration is
maintained through line voltage cycling.

Calibration integrity can be assured by using a jumper inside the
box which, when removed, will prevent the supply from accepting cal
ibration commands.

These supplies also have considerable selftest capability, which is
exercised at power on and upon receipt of the selflest command over
the HP-IB. Running selftests over the HP-IB will not cause the out
put to change.

System Configuration
This series of power supplies offers a number of significant benefits

in the area of simplicity and flexibility of system configuration.
A convenient rear panel line voltage module allows switching of

input line voltage without removing the covers. (The line voltage op
tion determines line cord plug configuration.)

For applications which require different combinations of voltage
and current for different loads, the dual range full power feature will
be useful (see fig. I). If this is not enough, two outputs can be com
bined in parallel or series combinations for more power at a given
voltage or current level.

Where a precisely regulated VOltage is required at the load, remote
sensing at the load can be used. This capability will compensate for
load lead IR drops of up to I volt per load lead. Add 1mV to the load
effect specification for each 200 mV drop in the negative load lead
when remote sensing.

All outputs of these power supplies are isolated for up to 240 volts
dc from chassis ground and each other.

For applications which require a hardware trip signal separate
from the HP-IB remote disable, terminals are provided on the rear
panel barrier block of each output which provide bidirectional
overvoltage protection trip capability. These terminals can be used to
monitor for an OVP trip signal, strapped together to disable all out
puts when one OVP is tripped or used as a remote disable separate
from the HP- TB.

These models can sink as well as source current. This means that
downprogramming without a load takes the same time as upprogram
mingo Quick discharging of reactive loads is another benefit resulting
from this capability.

Front Panel Control
To aid in system program development, the following capabilities

of these power supplies are controllable from the front panel:
• Output Channel Select • Voltage Setting

(Controls and Display) • Current Setting
• QVP Setting • SRQ Mask Delay Time
• Overcurrent Protection Enable • Output Enable/Disable
• Storage and Recall of • OVP, OCP Reset

Programmed Settings • Local

The alphanumeric LCD display will normally display output volt
age and current for the channel selected. When programming from
the front panel, the function being programmed and the present value
will be displayed. Fault conditions will be spelled out in alpha charac
ters. Output channel is indicated by an annunciator.

Changing the HP-IB address is done from the front panel, using
the address key and the numeric keypad.

CIIL Programming (Option 700)
Enables programming in CIIL, Control Intermediate Interface

Language. Includes Option 750. Consult page 466 for more detail.

Relay Controls, Fault Indicator, and Remote Inhibit
Option 750

The new Option 750 for the HP 662XA series mcludes protection
features and relay controls. The protection features include the dis
crete fault indicator line (FLT) and the remote inhibit line (INH).
The relay controls (RLY), together with external user-supplied relay
such as the HP 59510A or HP 59511A, physically disconnect the
power supply outputs from the load (or system). Each of the four
open collector RLY controls can sink 120 rnA. They can be program·
med over HP·IB with the RELAY and OUT commands or operated
with the front panel OUTPUT ON/OFF function key. See pages 464
for further information.

General Specifications
HP-IB interface functions: SHI, AH1, T6, L4, SRI, RLl, PP1,
DCI, DTO.
Safety agency compliance: This series of power supplies is designed
to comply with the following regulatory standards: IEC 348, VDE
0411, UL 1244, ANSI C39.5, and CSA Electrical Bulletin 556B.
Dimensions (aU models): 132.6 mm H x 425.5 mm W x 497.8 mm D.
(5.22 in. H x 16.75 in. W x 19.6 in. D)
Input current: 100 VAC 120 VAC 220 VAC 240 VAC

(max.rms, all models) 6.3 A 5.4 A 3.0 A 3.0 A
Weights kg(lb) (aU models): Net 17.4(38) Shipping 22.7(50)

Prices And Option Descriptions
8621A: Dual output system power supply. $3400
8622A: Dual output system power supply. $3400
6623A: Triple output system power supply. $3900
6624A: Quad output system power supply. $4400
8627A: Quad output system power supply. $4400
(NOTE: Line voltage option (100, 120, 220 or 240) must be speci
fied)
100: 87- 106 Vac, 47-66 Hz. (for Japan only)
120: 104-127 Vac, 47-66 Hz.
220: 191-233 Vac, 47-66 Hz.
240: 209-250 Vac. 47-66 Hz.
700: CIIL programming for MATE in place of HP-IB
750: Protection Feature and Relay Controls
908: Rack Mount Kit for one unit (no handles)
909: Rack kit with handles
910: One each extra operating and service manuals.

(Operating manual only is shipped with standard
unit.)

W30: 2 Years Additional Hardware Service

Output Channel Specifications (READ ACROSS FROM PREVIOUS PAGE) (at 0' to 55' Cunless otherwise specified)

HP·IB OUTPUT SETTINGS
Hp·IB MEASUREMENT

REGULATION PROGRAMMING SPEEDREADBACK ACCURACY PARD (p-p/rms)
RESOLUTION ACCURACY" ** LOAD EFFECT SOURCE EFFECT TIME RESPONSE SETTLING

VOLTAGE CURRENT VOLTAGE CURRENT VOLTAGE CURRENT VOLTAGE CURRENT VOLTAGE CURRENT VOLTAGE CURRENT CONSTANT TIME BAND

6 mV 25 mA 19 mV t 50 mAt 20 mV t lOrnA t 3 mVi I rnA 2mV 1 rnA 1 mVt I rnA t 250 IJS 2 ms 20mV
0.06%' 0.16%' 0.05%' 0.1%' 500 uV rms 0.01%' 0.06%'

15 mV 10 rnA 50mV t 20 rnA t 50 mV t 4mAt 3 mVi I rnA 2mV 0.5 mA 1 mV t 1 mA t 750 ~s 6 ms 50mV
0.06%' 0.16%' 0.05%' 0.1%' 500 uV rms 0.01%' 0.06%'

6 mV 50 rnA 19 mVt 100 mA t 20mVt 20mAt 3 mV! 1 ml\ 2mV 2 rnA 1 mVt 2 rnA t 250 ~s 2rns 20mV
0.06%' 0.16%' 0.05%' 0.1%' 500 uV rrns 0.01%' 0.06%'

15 mV 20 rnA 50 mVt 4Oml\t 50 mV t 8mA t 3 mVi 1 ml\ 2 mV 1 rnA 1 mVt 2 rnA t 750 ~s 6 ms 50 mV
0.06%' 0.16%' 0.05%' 0.1%' 500 uV rms 0.01%' 0.06%'

*0/. or setting. • • For a ±5°C range about the calibration temperature



BPOWER SUPPLIES
Precision Multiple Output System Power Supplies
Models HP 6625A and HP 6626A

• 2 or 4 Independent Isolated Outputs per Model
• 14 bit Programming of Voltage or Current
• Two ranges cover: 0.5 mv to 50 volts; 1 J.la to 2 amps

e
• HP-IB Control and Measurement of Voltage

and Current
• Current Sinking Capability for Fast Response
• Extensive Protection for DUT and Power Supply

Description
These HP-IB precIsIOn multiple output series regulated system

power supplies provide a combination of features and performance
that make them an excellent choice for automated component testing
and other system applications requiring precision control.

Most importantly, these models are one-box solutions for those ap
plications that require both sourcing and measurement of the load
voltage and current. The built in DVM and precision current shunt
allow readback of actual power supply output variables over the
HP-IB.

Two models provide different combinations of two output types: the
25 watt output offers 50 volts at 0.5 amps with a rectangular output
characteristic; the 50 watt output offers 50 volts or 2 amps, with an L
shaped output characteristic (see fig.!.). The HP 6625A is a dual
output supply offering one of each output type for a total of 75 watts.
The HP 6626A is a quad output supply offering two of each output
type for a total of 150 watts.

Each output offers a high and low range of operation for both volt
age and current. These ranges may be selected independently, and the
resulting output combinations are shown in the table on the facing
page.

+V
+V

22J0mH lR 2R

~HI RR~GE VOlTRGE RND CURRENT
Il1J lO RRNGE VOL TRGE HI RRNGE CUf!REr,T
Il1J HI RRNGE VOL TROE lO RRNGE Ci ~RRENT
II lO RR~GE VOL TRGE lO RR,~GE CURRENT

Figure 1: Output characteristics for HP 6625A and HP 6626A

Current Sinking
Each output has the capability to sink well as source current, so

that voltage down-programming can be accomplished as quickly as
up-programming, even without a load.

Remote Sensing
Remote sense terminals allow for precise voltage regulation at the

load. These power supplies can accommodate up to 10 volts of sense
lead drop (within a maximum of 50 volts at the output terminals of
the power supply).

Output Configuration Flexibility
Outputs of the same type can be operated in series or parallel com

binations for increased output voltage or current capability. All out
puts of these supplies are isolated for up to 240 volts dc from chassis
ground and from each other.

Bi-polar operation can be achieved by connecting two outputs of
the same type in a series opposing mode.

Programming Capabilities
The internal HP-IB interface allows complete programmability,

including status reporting and interrupt generation with user desig
nated fault conditions. Programming commands (such as VSET for
voltage programming) are easy to use and self documenting. These
power supplies share the programming command set of HP Models
6621A-6624A, 6632A-6634A, and 6030A-6038A programmable
supplies as described on page 462. The following functions are imple
mented:

Output Voltage and Current Programming
Voltage and Current Range Programming
Output Voltage and Current Measurement and Readback
Present and Accumulated Status Readback
Programmable Service Request Mask
Programmable Overvoltage and Overcurrent Protection
Storage and Recall of Programmed Voltage and Current Values

for all outputs
Echo Queries of Programmable Functions and Settings
Output Enable or Disable
Programming Syntax Error Detection
Programmable Delay Time for Service Request and Over Current

Protection Mask
Software Calibration of Voltage, Current, and Overvoltage
HP-18 Interface Selftest
Message Display Capability on the Front Panel
Programmed command processing time is typically 7 milliseconds.

Response time to within settling band is additional (see Output Re
sponse specification on the facing page).

Front Panel Control
To aid in system program development, a wide range of control

capabilities are provided from the front panel.
• Output Channel Select • Voltage and Current Setting

(Controls and Display) • Output Range Setting
• OVP Setting • Output Enable/Disable
• Overcurrent Protection • OVP, OCP Reset

Enable • Local / HP-18 Operation
• Storage and Recall of

Programmed Settings
• Setting the HP-IB Address

The alphanumeric LCD display will normally display output volt
age and current for the channe1 selected. When programming from
the front panel, the function being programmed will be displayed.
Fault conditions will be spelled out in alpha characters. Output chan
nel is indicated by annunciators.
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Calibration is maintained through input line voltage cycling. An

internal jumper can be removed to prevent the supply from accepting
unintentional calibra tion commands.

The selftest is exercised at power on and upon receipt of the selftest
command over the HP-IB. Running selftests over the HP-1B will not
cause the output to change.

General Specifications
For additional output channel specifications, see ta ble below.

Output Response: (all outputs)
Max Output Programming Time: 6 ms
Max Time Constant: 750 fJs
Settling Band: Within 50 mV of programmed value
Command Processing Time: Typically 7 ms (with front panel dis
play disabled)

Load Transient Recovery: (all outputs) Time to recover within
75 mV of nominal value: 75 p,S
Current Sink Capability: (for any voltage above 4 volts)

50 watt outputs: I amp (2 amp below 16 volts)
25 watt outputs: 0.5 amps

HP-IB inlerface functions: SHI, AHl, T6, L4, SRI, RLI. PPI,
DC I, DTO, CO, EI. For more information on these codes, refer to the
HP-1B section of this catalog.
Safety agency compliance: This series of power supplies is designed
to comply with the following regulatory standards: lEC 348, VDE
0411, UL 1244, ANSI C39.5, and CSA Electrical Bulletin 5568.
Size (all models): 132.6 mm H x 422.5 mm W x 497.8 mm D.

(5.22" x 16.75" x 19.6")
Input current: 100VAC 120VAC 220VAC 240VAC

(max. rms, all models) 6.3 A 5.4 A 3.0 A 3.0 A
Weight kg (Ib) (all models): Net 17.4 (38) Shipping 22.7(50)

Protection Features
Local lockout capability enables the programmer to disable all

front panel controls over the HP-IB except the channel select (for
moni toring purposes).

All outputs have both Overvoltage and Overcurrent protection.
The Overcurrent protection will disable the supply if the programmed
current limit is reached. Programmable Overvoltage protection
guards your load against hardware faults by disabling and down
programming the power supply if the programmed overvoltage set
ting is exceeded. A crowbar circuit is activated and shorts the output
under these conditions.

This series also provides protection from unregulated output in the
event of line voltage dropout, and guards against overtemperature.
The output is disabled when either of these conditions exists.

A service request can be generated to inform the controller in the
event of any user-defined combination of overvoltage, overcurrent,
overtemperature or mode change. Fault trips which disable the out
put can be reset over the HP-IB.

For applications which require a hardware trip signal separate
from the HP-IB remote disable, terminals are provided on the rear
panel barrier block of each output which have bi-directional trip ca
pability. These terminals can be used to monitor for an OVP trip sig
nal, can be strapped together to disable all outputs when one OVP is
tripped, or can be used as a remote disable, separate from the HP-IB.

Relay Controls, Discrete Fault Indicator,
and Remote Inhibit

Option 750 for the Models 6625A and 6626A includes additional
protection features and relay controls. Included is a discrete fault in
dicator line (FLT) and the remote inhibit line (INH). The relay con
trols (RLY), together with external user supplied relays or accessory
relays such as the HP 59510A or HP 59511A, physically disconnect
the power supply outputs from the load (or system). Each of the four
open collector RLY controls can sink 120 rna. They can be program
med over HP-1B with the RELAY and OUT commands or operated
with the front panel OUTPUT ON/OFF function key. See page 464
for a complete description of the Models 595 lOA and 59511 A Relay
Boxes.

Software Calibration and Selftest
Just as on the HP 662XA and 663XA series, calibration can be

performed without removing the instrument's cover. All that is re
quired is a shunt, a DVM, a controller and a few lines of code. Simple
commands instruct the power supply to go to preset adjustment
points, where voltages or currents are read with the DVM and shunt.
Then the readings are sent to the power supply which adjusts its cali
bration.

Prices and Option Descriptions
6625A: Dual output system power supply.
6626A: Quad output system power supply.
NOTE: Line voltage option (100, 120, 220, 240)
must be specified.
100: 87- 106 VAC, 47-66 Hz. (for Japan only)
120: 104-127 VAC, 47-66 Hz.
220: 191-233 VAC, 47-66 Hz.
240: 209-250 VAC, 47-66 Hz.
750: Relay Control and DFljRI
908: Rack Mount Kit for one unit (no handles)
909: Rack Kit with handles
910: One each extra operating and service manuals
(Operating manual only is shipped with standard unit.)

$4500
$7500

N/C
N/C
N/C
N/C

add $255
add $31
add $82
add $31

Output Channel Specifications (at O°C to 50°C unless otherwise specified)
TYPE OPERATING OUTPUT READBACK PARD REGULATION

RANGE SETiiNG RESOLUTION ACCURACY' RESOLUTION ACCURACY' rms/p-p LOAD EFFECT SOURCE EFFECT

2S watt Lo RangelVoltage 0-7 volts 0.5 mY I.S mY to.016% O.S mY 2 mY to.016% O.S mY/3 mY OSmY O.SmY
Lo Range/Current 0-15mA 1"A 15 11ft, to.04% 111ft, IS 11ft, &03% 0.1 mA!- 5"A 511ft,

Hi RangelVollage o-SO volts 4mY 10 mY to.016% 4mY 10 mY to.016% O.S mVl3 mY OSmY O.SmY
Hi Range/Current (H).5 amps 40 11ft, 100 11ft, to.04% SO "A 130"A to.03% 0.1 mA!- S"A SIIft,

SO walt Lo RangelVoitage 0-16 volts I mY 3mY +0016% I mY 3.5 mY to.016% O.S mY/3 mY 0.5mY 0.5 mV
Lo Range/Current 0-0.2 amps 15 "A 18S11ft, to.04% 15 pA 2S0"A to.04% 0.1 mA!- 10"A 1O"A

Hi RangeNoltage 0-50 volts 4mY 10 mV to.016% 4mY 10 mY to.016% 0.5 mVl3 mY 0.5 mV 0.5 mV
Hi Range/Current 0-2 amps 160 "A 500 11ft, to.04% 160 11ft, 550"A to.04% 0.1 mA!- 10pA 10 "A

• For a±5°Crange about the calibration temperature



8POWER SUPPLIES
Autoranging System Power Supplies
Models 6030A, 6031A, 6032A, 6033A, and 6038A

• HP-IB programming of voltage and current
• Readback of voltage, current and status
• Overvoltage and overcurrent protection

• Optional CIIL programming
• Built-in self-test and diagnostics
• Up to 1200 watts output
• Full local control enable/disable

HP 6033A, 6038A HP 6033A and 6038A
with Opt 001

HP 6030A, 6031A and 6032A

Description
.These HP-1B CV ICC de power supplies have many productivity

orIented features which make them easy to program, integrate into
systems and use.

A conventional power supply subsystem capable of monitoring and
controlling power supply voltage and current requires a variety of
hardware in addition to the actual supply. These new power supplies,
however, have built-in capabilities which eliminate the need for DIA
programmers, DVMs, and associated auxiliary circuitry. Fewer in
struments mean less rack space, easier calculation of system specifica
tions, quicker configurations, higher system reliability, more rapid
troubleshooting, and simpler software. As autoranging power sup
plies, these models can provide a wide and continuous range of volt
age and current combinations at the maximum rated power. This
often allows both present and future requirements to be satisfied with
fewer supplies, also reducing the number of instruments in the sys
tem.

Front Panel Control
Most of the extensive programmable instruction set can be simulat

ed with front panel controls, thus facilitating design and debugging of
system hardware and software. During system operation, if local con
trol is not needed, the front panel controls can be disabled with a com
puter command. If operator interaction is required, a computer
command can place limits on the output voltage and current availa
ble. Often, control and monitoring via the front panel is very useful
during system development, but not needed afterwards. If the system
is reproduced without further development, power supplies without
front panel controls and meters (Option 001) can then be used. Or
dering your power supplies with Option 001 significantly decreases
the cost.

Specifications

Ratings

Autoranging Output" HP
Volts Amperes V, P, V, P, V, P, Model

().20 0-30 20V 200W 14V 242W 6.7V 200W 6033A

0·20 0-120 20V l000W 14V 1064W 7V 840W 6031A

()'60 0-10 60V 200W 40V 240W 20V 200W 6038A

0-60 0·50 60V lOOOW 40V 1200W 20V lOOOW 6032A

0-200 0-17 200V lOOOW 120V 1200W 60V 1020W 6030A
•See the generalized autoranging output characteristic curve.

Protection Features
Because of the delicate nature of most loads, these system power

supplies provide several different types of protection. Since they are
CVICC supplies, both the output voltage and current will be auto
matically limited to the programmed values. If reaching a program
med value indicates an undesirable condition, the power supply can
be instr~cted to automatically down-program to zero output. For ex
ample, lf the programmed current limit is reached while testing a PC
board assembly, it may indicate a shorted component. In this case, the
FOLDBACK feature. if enabled, would be able to serve as an over
current protection circuit and down-program the power supply auto
matically. FOLDBACK can be enabled and reset over the HP-IB.

The built-in overvoltage protection circuit is adjustable with a front
panel control. The set trip level can be displayed on the front panel
?'Ieter and also can be read back over the HP-IB, thus making adjust
Ing the level easy. The OVP circuit, once tripped, can be reset over the
HP-IB.

Production procedures sometimes require the operator to adjust
the output voltage or current of a power supply locally with the front
panel controls. If this is done, programmed levels can be set to limit
the available adjustment range to a safe margin.

Potentially harmful conditions, such as overtemperature and high
or low ac input, will trigger the power supply to automatically down
program to zero output. When these conditions occur, or the
FOLDBACK or OVP circuits trip, LEDs on the front panel light to
indicate the failure. This status can also be read back to the computer
over the HP-1B and can be used to generate interrupts.

Regulation 10% Change
Transient

Load Effect Source Effect Recovery

Ti~
Voltage Current Voltage Current Level

0.01% 0.01% 0.01% 0.01% lm~
+2mV +9mA +ImV t6mA SOmV

0.01% 0.01% 0.01% 0.01% 2m~
t3mV tl5mA t2mV t25mA l00mV
0.01% 0.01% 0.01% 0.01% 1~t3mV t5mA t2mV t2mA 75mV
0.01% 0.01% 0.01% 0.Ql% 2ms
t5mV tl0mA t3mV +I0mA lOOmV
0.01% 0.01% 0.01% 0.01% 2m~
t5mV tlOmA t5mV t5mA 150mV



Generalized autoranging output characteristic curve

N/C

add $ 82
add $ 31
add $ 31

add $ 50

less $300

N/C
N/C
N/C

add $510
add $ 77

General

Weight· kg (Ibs)

Net Shipping Price

9.6(21) 11.4{2S) $2575

17.2(38) 22.7(SO) $3400

9.6(21) lt4{2S) $2575

163(36) 21.8(48) $3400

163(36) 21.7(48) $3400

Option Descriptions
001: Front panel which has only line switch, line

indicator, and OVP adjust.
100: 87·106 Vac, 48-63 Hz. This option is for use in

Japan only. The power supply output power is
75% of the output power available with the
other line voltage options.

120: 104- 127 Vac, 48-63 Hz.
220: 191-233 Vac, 48-63 Hz.
240: 208-250 Vac, 48-63 Hz.
700: CIlL programming language
800: Rack mount kit for two units side by side. This

applies to HP 6033A and 6038A only.
908: Raek mount kit for a single unit. A blank filler

panel is supplied when this option is ordered
with HP 6033A and 6038A.

HP 6033A and 6038A
HP 6030A, 6031A and 6032A

910: One extra operating and service manual shipped
with each power supply.

W30: 2 Years Additional Hardware Service

fault mode. INH is a two pin TTL input port that provides a means
for disabling the power supply directly. Both the Fault Indicator and
Remote Inhibit Lines are separate from, and in addition to, the
HP-IB programming control;. See page 466 for more details.
Isolation/Polarity Reversal Relay Control

These models can control HP Models S9SI0A, S9SIIA relay de
vices with HP-IB commands. This applies to HP 603XA series prod
ucts manufactured after May I, 1988. Consult HP regarding retrofit
kit for older HP 603XA series power supplies. See page 464 for more
details.
CIIL Programming Language (Option 700)

Option 700 enables programming in CIlL (Control Interface In
termediate Language). CIIL is a test instrument module program
ming language standard used in military test equipment applications.
See page 466 for more details.

PARD (rmsjp-p)
20 Hz·20 MHz Resolution Accuracy AC Input Current

100 120 220 240
Voltage Current Voltage Current Voltage Current Vac Vac Vac Vac

SmV 7.SmA 0.03S% 0.15% 6.0A 6.SA 3.8A 3.6A
3mV/30mV l5mA/- +9mV +20mA

SmV 30rnA 0.03S% 025% 24A 24A lSA 14A
8mV/SOmV 120mA/- +lSmV +2S0mA

lSmV 2.SmA 0.035% 0.085% 6.0A 6.SA 3.8A 3.6A
3mVI3OrnV SmA/- HOmV +IOmA

15mV 12.5mA 0.035% 0.2% 24A 24A 15A 14A
8mV/40mV 25mAl- +40mV +8SmA

50mV 4.25mA 0.03S% 0.2% 24A 24A 15A 14A
22mV/5OmV 15mA/- +14SmV +25mA

Remote Control

For added flexibility now a CIIL programming language, Option
700, is available.

System Configuration
If your application requires more power than the output capability

of a single unit, you can use an auto-series connection for greater out
put voltage or an auto-parallel connection for greater output current.
Consult your local HP sales office regarding restrictions/limitations
for auto-series and auto-parallel operation.

Remote sensing can be used to maintain the CV load effect specifi
cation at the load with up to 0.5 volt drop per load lead, and sense
wires which are less than 0.2 ohm per lead. Operation is possible with
up to 2.0 volts drop per lead; however, the load effect specification
may be degraded.

Either terminal may be grounded, or may be floated up to ± 240 (±
550 volts for the HP 6030A) volts from chassis ground.

Analog programming inputs and monitoring terminals are provid
ed on the rear panel in addition to the HP-IB programming capabili
ties. Zero to full scale voltage or current can be programmed with
either 0-5 volt voltage signals, or 0-4000 ohm resistance signals. The
monitoring terminals present 0-5 volt buffered signals which are pro
portional to the output voltage and current.

HP models 6030A, 603 IA, 6032A, and 6038A are stable when op
erating in CC into inductive loads up to 100 mH, and the HP 6033A
and 6038A can handle up to I H. A special modification is available
for HP Models 6030A, 6031 A and 6032A to ensure stable operation
when operating into inductive loads up to 10 H.

General Specifications
HP-IB interface functions: SHI, T6, AHI, L4, SRI, RLl, PPl. DCI,
DTl.
Dimensions: HP 6033A and 6038A: 177.0 mm H x 212.3 mm W x
443.6 mm D (6.97" x 8.36" x 17.872")
HP 6030A, 6031 A and 6032A: 132.6 mm H x 425.5 mm W x 503.7
mm D (5.2" x 16.75" x 19.83")
Fault Indicator and Remote Inhibit

These HP-IB DC power supplies include a discrete fault indicator
line (FLT) and remote inhibit line (INH). FLT is a two pin TTL
output port that will go true whenever the power supply goes into

Specifications cont.

Programmable Features
Below are the parameters which can be programmed on the HP

6030A - 6038A and the information which is available for readback
over the HP-IB. All of these features are included with the standard
user-friendly programming language.

Programmable Functions Readback Functions
Output Voltage Programmed Voltage
Output Current Programmed Current
Output Disable/Enable Actual Voltage
Soft Voltage Limit Actual Current
Soft Current Limit OVP Trip Level
Group Trigger Soft Voltage Limit
Foldback Mode Soft Current Limit
Device Clear Foldback Mode
Interrupt Mask Present Status
Interrupt Delay Accumulated Status
Preset Power Supply States Interrupt Mask
Self-Test Programming Error Codes
Local Lockout Self Test Error Codes

Output Disable/Enable
Device ID



8 POWER SUPPLIES
System Power Supply Programming Features

HP-IB system power supplies are extremely easy to program. The
following tables are a complete list of the available programming and
readback commands. These commands only apply to the models as
listed. •

Core Commands

HP 6030A
to HP 6621A HP 6632A

HP 6033A, to to
Command Header Description HP 6038A HP 6627A HP 6634A

Set voltage VSET Programs output voltage setting X X X

Set current ISET Programs output current setting X X X

Voltage readback VOUT? Returns measured voltage value X X X

Current readback lOUT? Returns measured current value X X X

Service request SRQ Enble or disable service request capability X X X

Status STS? Returns contents of present status register X X X

Accumulated status ASTS? Returns contents of accumulated status register X X X

Fault FAULT? Returns contents of fault register X X x

Error ERR? Returns programming error code X X X

Clear supply CLR Clears all settins and returns power supply to initial X X X
power-on values

Output on/off OUT Enable or disable output X X X

Unmask UNMASK Defines conditions which generate afault that is X X X
latched into the fault register

Reprogram delay (in seconds) DLY Delays the power supply from registering afault X X X
when these fault conditions are true temporarily

Model number ID? Returns model number X X X

Selftest TEST? Initiate selftest X X X

Reset overvoltage OVRST Resets OVP once it's been triggered 1 X 1

Reset overcurrent OCRST Resets OCP once it's been triggered 1 X 1

Reset RST Resets OVP, OCP or foldback when triggered X X

1. Reset (RST) performs the identical function as both OVRST and OCRST.
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Extended Commands
HP 6030A

to HP 6621A HP 6632A
HP 6033A, to to

Command Header Description HP 6038A HP 6627A HP 6634A

Set overvoltage OVSET Sets overvoltage trip level X X

DC protection on/off OCP Enable or disable over current protection 1 X X +'

Power-on SRQ on/off PON Enable or disable service request capability at power-on X X

Display on/off DSP Turns on/off the front panel display X X

Calibration mode CMODE Turns calibration mode on or off X X

Voltage setting VSET? Returns programmed voltage value X X

Current setting ISET? Returns programmed current value X X

OVP setting OVSET? Returns programmed OVP trip level X' X

OC protection on/off OCP? Returns condition of OCP (enabled/disabled) 1 X

Output on/off OUT? Returns condition of the output (on/off) X X

Unmask setting UNMASK? Returns anumber corresponding to the unmasked X X
settings in the fault register

Delay setting DLY? Returns delay setting X X

Store settings STO Stores voltage and current settings X X

Recall settings RCL Recalls stored settings X X

Trigger TRG Implements values stored using hold command X

Hold HOLD Stores values which are implemented by the trigger X
command

Voltage maximum VMAX Sets maximum voltage value power supply will accept X

Current maximum IMAX Sets maximum current value power supply will accept X

Foldback FOLD Enable or disable foldback X

Service request setting SRQ? Returns condition of SRQ (enabled/disabled) X X

Power-on SRQ on/off PON? Returns condition of the SRQ at power-on X
(enabled/disabled)

Display on/off aSP? Returns condition of front panel display (enabled/disabled) X

Display character DSP Displays messages of up to 12 characters on the front X
panel display

Foldback setting FOLD? Reports foldback setting X 1 1

Isolation & Polarity Reversal Relay Commands
Relay Open/Close Relay Enables and disables relay X X X

Relay State Relay1 Returns open/close condition X X

DC Output DC Enables/disables power supply output X X X

DC Output State DO Returns enable/disable condition of power supply output X X
Output OUT Enables/disables both relay and power supply output X X X
Output State OUT? Returns condition of relay and power supply output X X

Polarity Reverse POL Reverses polarity of relay X X

Polarity State POL? Returns condition of relay normal/reverse X

Power-on setting DCPON Sets condition (enable/disable) at power-on of relay and X
power supply output

Power-on setting RLYPON Sets condition (enable/disable) at power-on of relay X
1. Foldback (HP Models 6030A-6033A, 6038A) is a protection feature similar to ovecurrent protection (HP 6621A-6627A and HP 6632A-6634A).
• Header is OVP? (HP ModelS 6030A-6033A, 603M)



BPOWER SUPPLIES
DC Output Connect/Disconnect and Polarity Reversal Relays
Models HP 59510A and HP 59511A
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• Switches and Sequences Power and Sense Leads
• Switches Up to 200 Vdc
• Switches Up to 60 Amperes

device control using HP-IB commands, allowing control of power
supply and relay as one unit, is possible when used with an HP system
power supply.

• DC Output Isolation from Load
• DC Output Polarity Reversal (HP 59511A only)
• Remote Control
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HP 59510A/59511A Configurations

Application
A common application for the 5951 OA and 59511 A is to isolate the

device under test from the power source. Before applying power to the
OUT a system voltmeter or the built-in readback feature of the HP
Systems Power Supplies is used to verify that the output voltage is at
its intended value. With the isolation relays open, the power supply is
programmed to the test value and measured with the system voltme
ter. If the value is correct the relays are closed and power is applied to
the OUT. Similarly, when the test is completed, a measurement with
the system voltmeter reconfirms that the power supply voltage is cor
rect before opening the isolation relays and disconnecting the OUT.

Reliability
Both power and sense relays use mercury contacts for high reliabil

ity and long life.

HP 59511A

Compatibility
HP Models 59510A and 59511A can be used with any dc power

supply subject to the relay devices voltage and current operating
range.

Description
HP Models 59510A and 59511A are remote controllable isolation

relay devices. These devices are connected between the dc power sup
ply and the load. They provide physical isolation of the power supply
or any test instrument from the load. The HP 59511 A also provides
the capability of reversing the output polarity of the power supply for
reverse bias applications. These devices can be configured to switch dc
power to multiple test fixtures and can be used to provide an extra
measure of protection in the case of a fault condition where emergen
cy shutdown is required. An internal power supply provides power for
the relay coils.

Mounting
Both models can be mounted on anyone of three sides with ma

chine screws. Rack mount kit (Option 850) facilitates mounting ei
ther to the rear (e.g., behind the power supply) or front of an
equipment rack. Two relay devices can be mounted side by side with
two rack mount kits. Relay devices must be mounted vertically.

Sequencing
The internal microprocessor sequences the switching of power and

sense leads. This protects the load by minimizing possible voltage
overshoots.

HP 6030A-6033A and HP 6038A
When connected to the HP 59510A or 59511A through the signal

port, HP-IB relay commands" can be sent directly to the power sup
ply to control the relay device. This saves time and effort by eliminat
ing the need to control the relay device separately. One bus address
controls both power supply and relay. This applies to HP Models
6030A-6033A and 6038A manufactured after May I, 1988. Consult
HP regarding a retrofit kit for older models.

The HP 59510A and 59511A are provided with filters that reduce
the maximum output noise (PARD) of the HP 6032A, 6033A and
6038A to 20 mY pop.

Protection
The relay device can be inhibited (returned to normally open con

tact state) by asserting the remote inhibit line. This provides an added
emergency shutdown mechanism that can be daisy-chained with oth
er instruments. In the event of a power loss the relay will return to the
normally open contact state.

Remote Control
HP Models 5951 OA and 59511A are controlled through a TTL sig

nal port. This provides the user flexibility in method of control. Relay

HP 6621A-6624A and HP 6627A with Option 750
Relay Control and DFI/RI

This option provides a 12 pin logic port located on the rear of the
power supply which provides control of up to four external relays (HP
59510A) and provides Discrete Fault Indicator and Remote Inhibit·.
Two HP 59511A isolation/polarity reversal relays can be controlled.
Power supply front panel and HP-IB commands" can control relay
devices. See page 457 for ordering information.

• Refer to page 466 for more details regarding Discrete Fault Indicator and Remote Inhibit.
•• Refer to page 463 for a listing of HP-IB relay commands.



HP 59511A Connected to an HP 6030A System DC Power
Supply
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Rear panel of HP 6624A equipped with 12 pin
logic port and DFIIRI (Option 750)

HP 59510A. 59511A Specifications
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Option Descriptions
HP 59510A: DC Output Connect/Disconnect Relay
HP 59511A: DC Output Connect/Disconnect and Po
larity Reversal Relay
Note: Line voltage option (100. 120, 220. or 240)
must be specified
100: 87-106 Vac, 48-63 Hz (for Japan only)
120: 104-127 Vac, 48-63 Hz
220: 191-233 Vac, 48-63 Hz
240: 208-250 Vac, 48-63 Hz
850: Rack Mount Kit
910: One extra operating and service manual
W30: 2-years Additional Hardware Service

Prices
$895.00
1,195.00

N/C
N/C
N/C
N/C
75.00
25.00
50.00

Operating Range: (Both Models)

Inductive Load: 10 mH maximum
Isolation:

Input to Output: 200 Vdc
Input/Output to Ground: 500 Vdc
Control (nL) to Ground: 240 Vdc

Settling Time (nL Control):
Connect: 440 ms
Disconnect: 160 ms
Polarity Reversal: 600 ms

DC Voltage Drop (at 60 A): 0.5 V maximum (each relay)
AC Input: 100 Vac, 120 Vac, 220 Vac, 240 Vac
Maximum Input Power: 60 VA
Dimensions: (All Models) 130.6 mm H x 185.4 mm W x 198.6 mm
D (5.14· x 7.26· x 7.8V)
Weight: HP 59510A 2.3 kg (5 lb.) net

HP 59511A 3.6 kg (8 lb.) net
Mounting Orientation: within ±IOo from vertical

Relay card built into HP Models 6632A-6634A when equipped
with Option 760.

HP 6632A-6634A with Option 760
Built-in Relay and DFIIRI

This option provides isolation and polarity reversal relays built into
the power supply. Discrete Fault Indicator and Remote Inhibit- ca
pabilities are included. HP-IB commands" sent to the power supply
control the relay functions. Both switched and unswitched output ter
minals are provided on the rear panel of the power supply. (Front
Panel Binding Posts on models equipped with Option 020 are un
switched.) See page 455 for ordering information.

• Reier to page 466 for more details regarding Discrete Fault Indicator and Remote Inhibit.
.. Reier to page 463 lor elisting of HP·IB comman



8 POWER SUPPLIES
Protection Features and CIIL Programming

CIIL Programming for the
MUltiple Output and Autoranging
System DC Power Supplies

Protection Features for
Programmable System Power Supplies

.. Can be accessed from Sertal Poll Register only.

Status, Accumulated Status and Fault Register Contents

Remote Inhibit Line
The remote inhibit line, INH, is a two pin TTL input port accessi

ble from the rear panel of our system DC power supplies. This line
provides the means for disabling the power supply directly, without
involving the HP-IB. When the INH line is invoked, the power supply
output goes to zero and the Remote Inhibit (RI) bit is set in the status
register.

Together, the FLT and INH lines can be used in a variety of con
figurations to provide added protection.

These features are standard with HP's line of programmable sys
tem DC power supplies, Models HP 6030A-6033A and 6038A. HP
Models 6621A-6627A incorporate these features in Option 750. See
pages 456 through 459 for ordering information. HP Models 6632A
6634A incorporate these features in option 760. See page 455 for or
dering information.

By programming a special mask register, the programmer can se
lect which of these nine conditions will cause the power supply to
enter Fault Mode. For example, if constant voltage operation is pre
ferred, then the user can set up the power supply to enter Fault Mode
if it goes into constant current. Any or all of the conditions in the
status register can be masked to cause a fault if they occur.

Both the FLT line and the HP-IB SRQ line are set by the same
fault register. The FLT line will provide redundancy for the SRQ line
in the event of an HP-IB or controller interruption or failure.

Discrete Fault Indicator or Status Monitor Line
The fault indicator line, FLT, is a two pin TTL output port accessi

ble on the rear panel of our system DC power supplies. The FLT line
will go true whenever the power supply has gone into Fault Mode.
The conditions which could cause the supply to enter Fault Mode are
listed below.

,
HP 6OJOA HP6621A HP6632A

to to to
HP 6033A, HP6624A, HP6634A
HP 6038A HP6627A

tCV Constant Voltage Mode X X X
tCC Constant Current Mode X X X
-CC Negative Constant Current X X
OV Overvoltage Protection Tripped X X X
OT Overtemperature Protection Tripped X X X
UNR Unregulated X X
OC Overcurrent Protection Tripped X X
FOLD Same as OC (Overcurrent) X
ERR Programming Error X . X
RI Remote Inhibit X X X

The FLT and INH lines can be chained together to cause a
network of power supplies to shut down if a fault occurs.

CIIL (Control Interface Intermediate Language) is now a test in
strument module programming language standard for many military
test equipment programs, including all new U.S. Air Force programs
and some U.S. Navy and U.S. Marine programs.

CIlL, which is a compiled form of ATLAS, provides a uniform
programming format for all basic test instrumentation. The CIIL
standard reduces the effort required for system upgrades and modifi
cations, such as those needed to keep a system up to date with the
latest technology.

One difficulty with CIIL is how to handle instrument capabilities
that do not fit in with any approved CIIL command. Such commands
are handled in the instrument's native language which is accessible
through the CIIL Go to Alternate Language <GAL> command.

The CIIL programmable HP Power Supply (ordered as Option
700) contains a CIIL interpreter in ROM internal to the power sup
ply.

HP system DC power supplies with Option 700 are designed to fol
low the guidelines of CIIL standard 2806763 Rev. B. The signal type
produced by a DC power supply is designated by the CIIL noun
<DCS>. Of the many noun modifiers defined by CIIL, five apply to
the DC signal produced by an HP system power supply. These are
voltage <VOLT>, current <CURR>, voltage limit <VLTL>, cur
rent limit <CURL>, and settling time <SETT>.

The following CIIL commands are accepted: FNC, SET, SRX,
SRN, INX, FTH, RST, OPN, CLS, STA, 1ST, CNF, and GAL.

All of the basic functions of a standard HP system power supply
can be implemented with the Option 700 unit. Output voltage and
current measurement readback is implemented with the CIIL
<lNX> and <FTH> commands. Some features, such as the
Foldback protection available with the HP 603XA series or the Over
Current Protection available with the HP 662XA series, must be
programmed in the alternate language because CIIL does not provide
for them. The alternate language also contains most of the standard
HP system DC power supply commands, including all of the output
setting commands, the measurement readback commands, the echo
query commands, the output disable command, and the self test, sta
tus, reset, and clear commands.

Option 700 is available with HP's line of programable system DC
power supplies, Models HP 6030A-6033A and 6038A, 6621A,
6622A, 6623A, 6624A and 6627A.
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POWER SUPPLIES 8
200 Watt System Power Supply 467

Model6002A

• 200 watt autoranging dc output
• Constant-voltage/constant-current operation
• HP-IB programming option

• Built-in overvoltage protection crowbar
• CV/CC operating status indicators
• Remote analog programming and sensing

~
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HP 6002A Autoranging DC Power Supply

Options
001: HP-IB interface
800: rack flange kit to mount 2 locked HP 6002As
908: rack mounting adapter kit for one HP 6002A;
includes blank filler panel.
910: one extra operating and service manual
W30: 2 Years Additional Hardware Service

VOLTS

HP-IB Option
Programmable ranges: high: 0-50 Y or 0-10 A,

low: 0-10 Y or 0-2 A.
Programming speed: same as response time.
Accuracy: hi range: CY, 0.2% +25 mY; CC, 0.2% +25 rnA.

10 range: CY, 0.2% + 10 mY; CC, 0.2% +25 rnA.
Resolution: hi range: CY, 50 mY; CC, 10 rnA. (12 bit)

10 range: CY, 10 mY; CC, 2 rnA. (12 bit)
Isolation: 250 volts dc from bus data lines to power supply.

Load effect: constant-voltage, 0.01% + I mY. Constant-current,
0.01% + I rnA.
Source effect: CY, 0.01 % + I mY; CC, 0.01 % + I rnA.
PARD (ripple and noise): rms/p-p, 20 Hz to 20 MHz; CY, I mY /10
mY; CC, 5 rnA rms.
Temperature coefficient: CY, 0.02% + 200 J.LYr C; CC 0.02%
+5 mArC.
Drift: CY, 0.05% + I mY/8 h; CC, 0.05% +5 mA/8 h.
Load transient recovery: 100 J.Ls for output voltage to recover within
15 mY of nominal voltage setting followmg a load current change of
50% to 100% or 100% to 50% of full load current.
Response time: maximum time for output voltage to change be
tween 0 to 99.9% or 100% to 0.1 % of maximum rated output voltage.
Up Programming: no load, 100 ms; full load, 100 ms. Down Program
mmg: no load, 400 ms; full load, 200 ms.
Overvoltage protection: trip voltage adjustable from 2.5 Y to 60 Y.
DC output isolation: 150 Y dc.
Power: 100, 120, 220, or 240 Y ac (-13%, +6%), 48-63 Hz.
Temperature rating: O°C to 55°C operating, -40°C to +75°C stor
age. Supply is cooled by built-in fan.
Size: 180 H x 212 W x 422 mm D (6.97" x 8.36" x 16.6").
Weight: net, 14.5 kg (32 Ib); shipping, 15.9 kg (35 Ib).

Autoranging Output Characteristic

50,...-----...

HP 6002A

Description
The HP 6002A dc power supply offers an exceptional combination

of perform~nce and flexibility .. It employs a unique control concept
whlc~ p.rovlde~ for an autor.anglng output with the performance char
acterlstlcs of linear regulatlon. The HP 6002A is a 200 watt CY ICC
power sUI?Ply, which may be remotely programmed via the HP-IB
when equIpped with Option 001.

As an autor~nging power supply, the HP 6002A can provide 200
watts over a WIde range of voltage and currents without external in
tervention. This allows it to take the place of multiple conventional
power supplies. For example, the HP 6002A can replace both a 50
volt, 4 ampere supply and a 20 volt, 10 ampere supply.

System Features/Remote Control
Analog programming of output voltages and current can be accom

phsh.ed through the use of remotely controlled resistance or voltage
apphed to rear panel terminals. Additional control terminals are pro
v.lded for remote load voltage sensing, auto-series or parallel opera
tIOn, and for remotely activating the crowbar circuit. A pulse output
from th.e crowbar terminal indicates the overvoltage circuit has been
self-actlvated. A voltage step change appearing on terminal indicates
a changeover to or from constant-current operation.

HP-IB Option
Digital programming via Option 001 permits control of output

voltage or current by the Hewlett-Packard Interface Bus (HP-IB).
Two programmable ranges allow better resolution below 10 volts or 2
amperes. The selection of HP-IB control of either voltage or current is
done by rear panel switches. The IEEE 488 interface functions sup
ported by the HP 6002A with Option 001 are basic listener (L2) and
acceptor handshake (AHl). Complete explanation of these interface
functions is available in the IEEE Std. 488-1978.

Specifications
DC ou~pu.t: voltage and current output can be adjusted over the
ranges mdlcated by front panel controls, analog programming or an
optional HP-IB interface. '

Voltage: 0-50 Y. Current: 0 -10 A.
Maximum 200 watts output from 20 Y to 50 Y.



POWER SUPPLIES
Precision Bipolar System Supplies
Models 6129C-6131C & 6140A

• Fast, accurate, high resolution programming
• Bipolar output
• Current sink or source

HP 6131C (top) & 6129C

• Programmable current latch (on voltage sources) or
voltage limit (on current sources)

• Isolated output

Specifications

Binary BCD
Instruments Instruments

Option J20 &POS Option J99

Xl Range XI0 Range Xl Range XlO Range

HP 6129C
Output ±16.384 V. 5 A ±50.00 V, 5A ±9.999 V. 5A ±50.00 V. 5A
Accuracy 1.5 mV 15 mV 1.5 mV 15 mV
Resolution 0.5 mV 5 mV 1 mV 10 mV

HP moc
Output ±16.384 V. 1A ±50.00 V. 1A ±9.999 V. 1 A ±50.00 V. lA
Accuracy 1.5 mV 10 mV 1 mV 10 mV
Resolution 0.5 mV 5 mV 1 mV 10 mV

HP 6131C
Output ±16.384 V, 05 A ±100.00 V. 0.5 A ±9999 V. 0.5 A ±99.99 V. 0.5 A
Accuracy 1.5 mV 10 mV 1 mV 10 mV
Resolution 0.5 mV 5 mV 1 mV 10 mV

HP 6140A
Output ±16.384 mAo 100 V ±163.84 mAo 100 V ±9.999 mAo 100 V ±99.99 mAo 100 V
Accuracy 1 ~A ±0.01% 1O~. ±0.01% 10~. ±0.01% 1O~. ±0.01%
Resolution 05~ 5~ I~ 10~

Options
Description

The family of Precision Bipolar System Supplies consists of three
voltage sources (HP 6129C, 6130C and 6131C) and one current
source (HP 6140A). They provide easy, fast and accurate program
ming of their dc outputs, with many features oriented specifically to
wards efficient integration in automatic systems.

Isolation
All digital inputs are completely isolated from the analog outputs.

Programmable Current limit (Voltage Source)
Valuable loads can be protected by a user programmable current

latch. Output power goes to zero when the latch circuit is tripped. The
reaction time to the latch can be adjusted, if desired, to avoid tripping
when reprogramming with a capacitive load. There is also a fixed cur
rent limit at 110% of rated current output.

Current Monitoring Terminals (Voltage Sources)
A voltage is available at the rear barrier strip which is proportional

to the output current.

Analog Input
An ac signal may be injected into the output amplifier to simulate

various noise and ripple conditions.

Precision Bipolar System Current Source
The HP 6140A Current Source has features which correspond to

the voltage sources. It has a programmable voltage limit, voltage
monitoring terminal, as well as isolation, and analog input capabili
ties.

Accessories Furnished
HP 1251-0086 50-contact rear plug.
HP 5060-7948 Plug-in extender board for voltage source.
HP 5060-7948/5060-7982. Two plug-in extender boards for current
source.

AC Power Option
028: transformer tap change for 230 V ac ±IO%,
single-phase input on HP 6130C and 6131 C.
(HP 6l29C and 6l40A are 115/230 switch selectable.)
J20: 16 bit binary interface for HP l2661A I/O
programmer card for Hewlett-Packard computers.

Accessories Available
HP 145338: Pocket programmer permits manual pro
gramming of all input functions by switch closure.
HP 14534A: Pocket programmer extension cable (3 ft).
HP 14535A: HP computer interface kit includes HP
12661A computer I/O card, HP l4539A cable, verifi
cation software and RTE Driver. Up to eight PBSS's
may be controlled from one HP 14535A.
HP 14536A: Chaining cable connects an additional
PBSS to the existing chain of PBSS's.

Ordering Information
An interlace option must be ordered.
HP 6129C: Digital Voltage Source
Opt 908: Rack Flange Kit
HP 6130C, 6131C: Digital Voltage Source
HP 6140A: Digital Current Source
Opt 908: Rack Flange Kit
Opt 910: One extra operating and service manual
shipped with each power supply

Price

N/C

N/C

$500
$250

5i2.000

$350

$J 0,000
add $51

$5.500
$10,000
add $38

$15



POWER SUPPLIES 8
Digital Programmable: HP-IB Programmer 469

Model 595018

• HP-IB power supply control
• HP-IB-to-power-supply isolation
• Programmable range

HP 595018

Description
The HP 59501 B is an isolated digital-to-analog converter designed

to provide a convenient interface between the Hewlett-Packard Inter
face Bus and HP power supplies. With the HP 59501B, a wide range
of dc voltages and currents becomes automatically controllable via
the HP-IB. With proper wiring, the built-in isolation devices protect
other instrumentation on the HP-IB from damage that could be
caused by power supply outputs. In addition, an internal control cir
cuit holds the output level near zero until programmed data is re
ceived. A programmable High/Low range control improves
resolution by ten-to-one.

Power supply control is accomplished through the HP 59501B's
programmable output voltage and programming network (see be
low). By making the appropriate connections between the 59501B's
rear terminals and the remote programming terminals on the supply,
the output voltage (or current) of the supply can be programmed
from zero to its full rated output. The HP 59501 B front panel controls
provide fast and easy calibration of power supply outputs. The Zero
Adjust enables the user to correct for small offsets in power supply
response to programmed inputs. The Power Supply Full Scale Adjust
(part of programming network) enables the user to set the maximum
output desired from the power supply when the HP 59501B is
programmed to its maximum value. For example, this adjustment
would normally be used to calibrate the maximum programmable
output of a 320Vdc power supply to 320 volts. However, it could also
be used to set the maximum to 200 volts.

The HP 59501B also can be used directly as a low level dc signal
source. Unipolar and bipolar output modes are available with output
voltages programmable from zero to 9.99 volts, or minus 10.0 to plus
9.98 volts. Output current up to 10 milliamperes is available and is
automatically limited to protect the HP 59501B and user equipment.
The HP 59501 B produces a full scale voltage change in approximate
ly 250 JLS from the time the digital data is received.

• Programmable 10-volt dc output
• Unipolar/bipolar operation
• Fast digital to analog conversion

Specifications
Digital to Analog Converter
DC output voltage: programmable in high or low ranges within the
voltage limits shown below. Output mode is unipolar or bipolar and is
selected by a rear panel switch.

Unipolar: 0 to 9.99 V (low range, 0 to 0.999 V).
Bipolar: -10 to +9.98 V (low range, -I to +0.998 V).

DC output current: 10 mA maximum.
PARD (ripple and noise): 2 mV rms/l0 mV pop.
Resolution: unipolar, 10 mV (low range, I mY). Bipolar, 20 mV (low
range,2 mY).
Accuracy: specified at 23°C ±5°C.

Unipolar: 0.1 % +5 mV (low range, 0.1 % + 1 mY).
Bipolar: 0.1 % +I0 mV (low range, 0.1 % + 2 mV).

Stability: change in output over 8 hour interval under constant line,
load, and ambient following a 30 minute warm-up. Stability is includ
ed in accuracy specification measurements over the temperature
range indicated.

Unipolar: 0.04% + 0.5 mV (low range, 0.04% +0.1 mY).
Bipolar: 0.04% + I mV (low range, 0.04% +0.2 mY).

Temperature coe"icient: unipolar, O.OI%/oC +0.5 mVrC (low
range, O.I%;oC +0.1 mVrC). Bipolar, 0.01%/ °c +0.5 mVrC
(low range, 0.01 %/oC +0.1 mVrC).
Zero adjust: plus or minus 250 millivolts.
D/A full scale adjust: plus or minus 5%.
Programming speed: the time required for output to go from zero to
99% of programmed output change is 250 JLS (measured with resistive
load connected to output terminals).

Power Supply Programming
Programming network specifications: in the following specifica
tions, M represents the calibrated full scale value of the supply being
programmed and P is the actual programmed output. The full scale
value (M) can be any value within the supply's output range and is
calibrated with the HP 5950 IB programmed to its maximum high
range output.
Accuracy: specified at 23°C ±5°C.

Unipolar: 0.05% M +0.25% P (low range, 0.01% M + 0.25% Pl.
BIpolar: 0.1 % M +0.25% P (low range, 0.02% M +0.25% Pl.

Isolation: 600 V dc between HP-IB data lines and output terminals.
Temperature coe"icient: 0.005% M;oe + 0.015% pre (low
range, 0.01% Mre +0.015% prC).
Programming resolution: 0.1 % M (low range, 0.01% M).
Programming speed: D/ A programming speed plus the program
ming speed of the power supply.

General
Temperature range: operation, 0 to 55°C; storage, -40 to 75°C.
Power: 100, 120,220, or 240 Vac (+6% -13%) 47-63 Hz, 10 VA
(selectable on rear panel).
Size: 101.6 H x 212.9 W x 294.6 mm D (4" x 8.38" x 11.6").
Weight: net, 1.82 kg (4Ib); shipping, 2.27 kg (SIb).

Several programming notes are
available to assist in operating
the HP 595018 Power Supply
Programmer with the HP desktop
computers. For more on free
publications, see page 792.

Price
$850

Price
$80

$87.50

Accessories
HP 5060-0173: rack mounting adapter kit for one HP
59501B
HP 5060-0174: rack mounting adapter kit to connect
two HP 59501 B's

Ordering Information
HP 59501B HP-lB Isolated D/A Power Supply
Programmer
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BPOWER SUPPLIES
General Purpose: 25-200 W Output
Models 6227~6299A

• Constant voltage/constant current operation
• Remote sensing and programming
• Auto-series, -parallel, & -tracking operation

HP 6281A, 6284A, 6289A,
6294A, 6299A

Description

HP 6281A-6299A Single Output
This series of medium-power constant voltage/constant current

power supplies is available in two power ranges: 37-75 watts (pack
aged in 3'!2-inch high half-rack cases) and 100-200 watts (packaged
in SIf4-inch high half-rack cases). All models except HP 6294A and
6299A have separate coarse and fine voltage and current controls that
allow the voltage and current outputs to be varied from zero to the
maximum rated values. The latter two models have ten-turn voltage
controls. Crossover from constant voltage to constant current opera
tion occurs automatically when the load current exceeds the value
established by the current control settings. A four-position meter
function switch selects either of two output voltage or output current
ranges (Xl, XO.l) for display on the panel meter.

The 37-75 walt models are of the series-regulated type. They have
excellent regulation and ripple characteristics and include a special
output-capacitor discharge circuit for improved programming speed.
The 100-200 watt models employ a series-regulator/SCR-preregu
lator configuration to achieve the high efficiency necessary for a con
vection-cooled package of this size. They also have excellent
regulation, low ripple and noise, and moderate programming speeds.

Specifications

• Front and rear output terminals
• Floating output-use as positive or negative source
• Bench or rack mounting

HP 6282A, 6286A,
6291 A, 6296A

HP 6253A and 6255A Dual Output
These versatile dual-output models each contain two identical, in

dependently adjustable 60 watt power supplies in a full-rack width
case. The regulator, voltage and current control, and metering cir
cuits of each section of the supply are electrically identical to those of
the individual 37-75 watt models described above.

By combining the versatility of a dual power supply with the flexi
bility of auto-series and auto-parallel operation, twice the maximum
rated output voltage or current of each section can be obtained from
the one supply. In addition, using the supply's auto-tracking capabil
ity, opposite-polarity voltages (±20 V for HP 6253A or ±40 V for HP
6255A) are possible.

HP 62278 and 62288 Dual Output
These versatile lab supplies each house two identical SO W regulat

ed power supplies. A convenient front panel switch selects either inde
pendent or tracking operation. In the track mode, the right supply
tracks the left within 0.2% ±2 mY. The tracking mode is especially
useful for powering operational amplifiers, push-pull stages, deflec
tion systems, or any application where plus and minus voltages must
track with insignificant error. The independent mode permits opera
tion of the two supplies individually, in auto-parallel or in auto
series.

RATINGS PERFORMANCE

DC Output Load Effect Source Effect PARD (rmsjp-p) Drift (stability)

Volts Amperes HP Model Voltage Current Voltage Current Voltage Current Voltage Current

0-7.5 0-5 6281A 5 mV 0.01%+250 )fA ·O.OI%..1'··.~··mV·· 0.01%+ 250 ~ 200 pWlrnV 4 mA rms 0.1% +2.5 mV 0.1% H2.5mA
0-10 0-10 6282A 0.01% + I mV 0.05% + I mA 0.01% + I mV 0.05% + I mA 500 pV/25 mV 5 mA rms 0.1% + 2.5 mV 0.1% + 25 mA

0-20 0-3
6253A' 0.01% + 4 0.01% + 250 ~. .O.Q2%+?mV o.Ql%+250"A 200 pV/l mY 2 mA rms 0.1 %+2.5 mY 0.1% + 7.5 mA0-20 0-3

0-20 0-3 6284A 0.01% + 4 mY 0.01% + 250 ~ 0.01% + 2mV 0.01%+ 250 ~A 200 ~V/I mY 2 mA rms 0.1% + 2.5 mY 0.1% + 7.5 mA

0-20 0-10 6286A 0.01% + I mV' 0.05% + ImA O.OI%+lm'V 0.05% + I mA 500 pV/25 mV 5 mA rms 0.1% + 2.5 mY 0.1% + 25 mA

0-25 0-2
62278' 0.01% + 1mY 0.01% + 250"A I mY lOO"A 250 ~Y/4 mY 250"AI2 mA 0.2% + 2 mY 0.2% + 3mA0-25 {}-2

{}-40 {}-1.5
62'5A' 0.01% + 2mV 0.01%.+ 250 iIA +2 nW 0.01% 250"A 200 pV/lmV 500 ~ rms 0.1% + 2.5 mV 0.1%+4mA{}-40 {}-1.5

{}-40 {}-1.5 6289A 0.01% + 2 mV 0.01% + 250 ~ 0.01% + 2mV 0.01% +250 ~A 200 ~Vfl mV 500 ~ rms 0.1% + 25 mV 0.1%+4mA
{}-40 {}-5 6291A 0.01% + I mV 0.05%+ 1rnA 0.01%+.1 mV 0.05%+ 1mA 500 ~V125 mV 3 mA rms 0.1% + 2.5 mV 0.1% + 12.5mA
{}-50 0-1

62288' 0.01% + I mV 0.01% + 250~ I mY 100~ 250 ~V/4 mV 250"AI2 mA 0.2% + 2 mY 0.2% + 1.5 mA0-50 0-1
<Hi0 {}-I 6294A 0.01% + 2 mV 0.Ol%+250~ 0.01% +2 mV 0.01% + 250 ~ 200 ~V/I mY 500 ~ rms 0.1% + 2.5 mY 0.1% + 2.5 mA
<Hi0 0-3 6296A 0.01% + I mV 0.05% + I mA 0.01% + 1 mV 0.05% + 1mA 500 ~V125 mV 3 mA rms 0.1% + 2.5 mV 0.1% + 7.5 mA

0-100 0-0.75 6299A 0.01% + 2mV 0.01% + 250~ .v.vr.,. ·.<m' 0.01% + 250 ~ 200 ~V!I mV 500 ~ rms 0.1% + 2.5 mV O.l%+2mA

•Models 62278, 62288, 6253A. and 6255A contain two identical, independently-adjustable power supplies.
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N/C

add $87

HP 6253A. 6255A

Each side of the dual supply can be operated as a constant voltage
or constant current source. and each has its own crowbar for
overvoltage protection. In the tracking mode. an overvoltage condi
tion in either supply trips both crowbars. The power supply outputs
are isolated up to 300 V from output to chassis or output to output.

Specifications-General
Load effect transient recovery: time. 50 /LS; level. 15 mY.
Meter accuracy: 3% of full scale.
Power: standard input voltage is 115 V ac ± 10%. Order Option 028
for 230 V ac ± 10% operation. Input power frequency, maximum in
put current. maximum power consumption are:
HP 6227B and 6228B, 48-63 Hz, 2.7 A, 260 W;
HP 6253A. 48-440 Hz, 2.6 A, 235 W; HP 6255A, 48-440 Hz, 2.6 A,
235 W; HP 6281A, 48-440 Hz, 1.3 A. 118 W; HP 6282A, 57-63 Hz,
3.5 A. 200 W; HP 6284A, 48-440 Hz, I.5 A, 128 W; HP 6286A.
57-63 Hz, 5.5 A, 320 W; HP 6289A, 48-440 Hz, 1.3 A, 110 W; HP
6291A, 57-63 Hz, 5.5 A. 280 W; HP 6294A, 48-440 Hz, 1.3 A. 114
W; HP 6296A. 57-63 Hz, 4.5 A, 250 W; HP 6299A, 48-440 Hz. I.5
A, 135 W.
Size: 6227B, 6228B: 155 H x 197 W x 309.55 mm 0 (63/,," x 71S/,," x
12'/16").
HP 6253A, 6255A: 87 H x 483 W x 403 mm 0 (31/16" x 19" X15'/8").
HP 6281A, 6284A, 6289A. 6294A, 6299A: 87 H x 209 W x 398 mm
D (31/16" x 8'/)2" X 15'/8").
HP 6282A, 6286A, 6291A, 6296A: 131 H x 210 W x 435 mm 0 (5/)2"
X81/4" x 1718").

Option Descriptions
005: 50 Hz ac input: optimizes power supplies that re
quire adjustment/modification for 50 Hz operation.
010: Chassis slides. Enable convenient access to rack
mounted power supply for maintenance.

Specifications, continued

HP 62278, 62288

011: Internal overvoltage protection crowbar. Protects
sensitive loads against power supply failure or operator
error. Monitors the output voltage and places a virtual
short circuit (conducting SCR) across load after preset
trip voltage is exceeded.
HP 6281A. 6284A, 6289A, 6294A, 6299A
HP 6282A. 6286A, 6291A, 6296A
HP 6253A, 6255A
028: 230 Vac ± 10%, single-phase input. Factory modi
fication reconnects the multi-tap input power trans
former for 230 V operation.
040: Interfacing for Multiprogrammer operation.
Prepares standard HP power supplies for resistance
programming by the HP 6940B, 6942A, 6944A or
6954A. Price per output.
910: one additional operating and service manual
shipped with the power supply
HP 6227
HP 6253A, 6255A, 6228B
HP 6281A, 6282A, 6284A, 6286A, 6289A, 6291A,
6294A, 6296A, 6299A

Accessories
HP 14513A: 3.5 in. high rack kit for one HP 6281A,
6284A, 6289A, 6294A, 6299A
HP 14523A: 3.5 in. high rack kit for two above supplies
HP 14515A: 5.25 in. high rack kit for one HP 6282A.
6286A. 6291A, 6296A
HP 14525A: 5.25 in. high rack kit for two above sup
plies
HP 5060-8760: blank filler panel for HP 6227B. 6228B
HP 5060-8762: adapter frame for rack mounting one or
two HP 6227B, 6228B

add $128
add $209
add $209

N/C

add $153

add $10
add $7.65
add $5.20

$57

$31
$62

$36

$44W
$150W

REMOTE CONTROl FEATURES GENERAL

Resistance Coefficient Voltage Coelficient Speed, UP' Speed, DOWN' Overvoltage Weight

Voltage Current Voltage Current NL FL NL FL Range Margin Net ShippiAg OptionsA Price

200 llIV ±I% 2OOll/A ±IO% I VNrl% 0.2 VIA ±IO% I ms 2 ms 10 rn~ 16 iTls 2.5--10 V 4% + 2V 6.4kg/14Ib 7.2 kg.l16 Ib 11.28,40 $1000

200 ON ±1% loofl/A ±10% 1 VNrl% 100 mV/A ±IO% 70 ms 200 ms 9s 40 ms 1-13 V 7%+ 1V 11.3 kg.l25 Ib 136 kg.l30 Ib 5, ll, 28, 40 $1200

200 llIV ±1 % 5OOll/A ±10% 1VN±I% 0.33 VIA ±10% 30ms BOms !400ms IlOOms (2.5--23 4%+ 2V 12.7 kg/28 Ib 17.7 kg.l391b 10. 11, 28, 40 U650

200 UN ±I% 5OOfl/A ±10% 1VN±I% 0.33 VIA ±10% 30 ms 80 ms 400 ms 100 ms 2.5--23 V 4% + 2V 6.4kg.lI4Ib 7.2 kg.l161b 11.28.40 $850

200 llIV ±1% looll/A±IO% 1VN ±1% 100 mVIA ±IO% 150 ms 150 ms 19s Itoms IZ-22V 7%+ I V 10.8 kg/~Ib 13.1 kg/29lb 5, II, 28 $1250

200 UN ±1% 500 fl/A ±IO% I VN ±1% .5 VIA ±IO% 40 ms 200 ms 400 ms 75 ms 5·28 V 7% + 1.5 \ II ka124 ib 12.9 kg/281b 40 $1930

200 lIN ±I% 500 filA ±IO% 1VN±I% 0.66 VIA ±IO% 15 ms 45 ms !200fl1$ 14().ro~. 12.$-4.4 V 4%+ 2V l2.7 kg/2& Ib 17.7 kg/39 Ib 10, 11, 28, 40 $1650

200nN±I% 500 OIA ±IO% I VN±l% 0.66 VIA ±IO% 15ms 45 ms 200 ms 40 ms 25-44 V 4% +2V 6.4 kg.l141b 72 kg.ll6 ib ll, 28, 40 S850

200 llIV ±I% 2OO'JIA ±10% 1VN±I% 200 mVIA ±10% 275 ms 275rns 13s 275ms 6-43 V 1% + 1V 11.3 kg.l2& Ib 12.7 kg.l281b 5, 11,28 $1250

200nN±I% 1kfl/A±IO% 1VN±l% I VlA.ilO% 50 ms 350 ms 1 s 50 ms 5·55 V 1% + 1.5 V 11 ka1241b 12.9 kg.l281b 40 $1930

300llN ±I% I kfl/A ±10% I VN±I% I VIA ±IO% 25ms BO ms 12.s 1175.ms 15-65V 4% +2V 5.9 kg/131b 6.8 kg/15 Ib 11,28,40 $900

300 llIV ±1% 500 iliA ±10% 1VN ±1% 333 mVIA ±10% 600 ms 600 ms 5 s 200 ms 9-66 V 7% + I V 11.3 kg/25 Ib 12.7 kg/28 Ib 5. II. 28 $1250

300llIV ±I% I kfl/A ±IO% I VN±I% 1.3 VIA ±10% 25ms 200ms 11.5 s·· 200ms 2(l.-!06 V 4% + 2v 5.9 kg.I!3lb 6.8 kg.l15 Ib 11,28.40 $900

'UP = increasing output voltage. Nl = No output load current. Fl = Full rated output load current.
~ Fast-Ship product - see page 766.



BPOWER SUPPLIES
Autoranging Power Supplies
Models 6010A, 6011A, 60128, 6023A, and 6024A

• Complete front panel control/display
• Constant voltage/constant current operation
• Remote programming and sensing

• Autoranging output
• High efficiency, compact, and light weight
• Ten-turn voltage and current controls

HP 6024A HP 6010A, 6011A, 6012B HP 6023A

Description

HP Models 6010A, 6011A, 60128, and 6023A
This versatile family of dc power supplies provides laboratory

grade performance along with many features to mcet both laboratory
and system needs.

Ten-turn front panel controls provide the means to precisely adjust
the output voltage and current. The settings of these controls can be
observed on the front panel meters by pressing the Display Settings
button. This allows the current limit to be set when operating in the
CV mode without shorting the output terminals and the voltage limit
to be set when operating in the CC mode without opening the load
leads.

Three and one-half digit front panel meters provide a convenient
means for monitoring the output voltage and current. The accuracy of
these meters allow them to replace external DVMs and monitor resis
tors in many applications that require monitoring of the power supply
output.

The overvoltage protection (OVP) trip level can also be displayed
on the front panel meters, allowing the trip level to be accurately ad
justed without actually activating the OVP circuitry or disconnecting
loads. In addition to the protection provided to the power supply and
load by the OVP, these supplies also have protection against operat
ing under excessive ac line or thermal conditions.

As autoranging power supplies, these units can operate at their
maximum rated power over a wide and continuous range of voltage
and current combinations. This often allows both present and future
requirements to be satisfied with fewer supplies.

HP Model 6023A is stable when operating in the CC mode into in
ductive loads up to one henry. HP Models 6010A, 601lA and 60128
are stable when operating in the CC mode into inductive loads up to
100 mH, and a special modification is available for these three models
to assure stability with loads up to ten henries.

System Features
The output voltage and current of these supplies can be remotely

controlled with either 0-5 volt or 0-4000 ohm analog programming
signals. The actual output levels can be monitored without complicat
ed external circuitry by connecting DVMs to the buffered 0-5 volt
monitor outputs. All programming and monitoring signals are refer
enced to the same common and are accessed through the rear panel
barrier strip.

Either terminal may be grounded, or floated up to ± 240 volts from
chassis ground for the HP 6011 A, 6012B and 6023A, and ±550 volts
for the HP 601 OA.

If more output voltage or current is needed than a single unit can
provide, auto-series or auto-parallel configurations can be used. Up to
four 1000-watt units, or up to two 200-watt units can be connected in
auto-parallel, and any combination can be used in auto-series provid
ing up to 240 volts total (550 Vdc for HP 6010A) from chassis ground
including output voltage. Remote sensing can be used to maintain the
CV load effect specification at the load with up to 0.5 volt drop per
load lead and sense wires that are less than 0.2 ohm per lead. Opera
tion is possible with up to 2.0 volts per lead; however, load effect speci
fication may be degraded. For more system control and monitoring
capabilities, see Option 002.

S T fipeCI Ica Ions
10%

Ratings" Regulation
Change

Transient
Load Effect Source Effect Recovery

Autoranging Output" HP ~Volts Amperes V, P, V, P, V, P, Model Voltage Current Voltage Current Level

0.01% 0.01% 0.01% 0.01%
~().20 0-30 20V 200W 14V 242W 6.7V 200W 6023A +2mV +9mA +ImV +6mA 50mV

0.01% 0.01% 001% 0.01%
~0-20 0-120 20V IOOOW 14V 1064W 7V 840W 60l1A +3mV +I5mA +2mV +25mA 100mV

0.01% 0.01% 0.01% 0.01%
~().60 ().IO 60V 200W 40V 240W 20V 200W 6024A +3mV +3mA +5mV +5mA 75mV

0.01% 0.01% 001% 0.01%
~0-60 0·50 60V l000W 40V 1200W 20V lOOOW 60128 +5mV +I0mA +3mV +lOrnA 100mV

0.01% 0.01% 0.01% 0.01%
~().200 017 200V IOOOW 120V 1200W 60V 1020W 6010A +5mV +IOmA +5mV +5mA 150mV

'See the generalized autoranglng output Characte"stlc curve.



B
HP Model 6024A

As an autoranging de power supply, the HP 6024A can provide 200
watts over a wide and continuous range of voltage and current combi
nations, with maximums of 60 volts and 10 amperes. This provides
greater flexibility than traditional power supplies that have only one
maximum power point.

Ten-turn potentiometers provide precise control of the output volt
age and current. The output levels can be observed on the separate
front panel voltage and current meters. Terminals are available on
both the front and rear panel for load connections.

The built-in OVP is adjustable from the front panel. Other protec
tion features include over-temperature and high ac line detection.

The HP 6024A has many system oriented features. It can be re
motely programmed with 0-5 volt or 0-2500 ohm analog signals. The
output current can be easily monitored without an external shunt
with the proportional 0-5 volt buffered monitor output. Remote sens
ing can be used to eliminate the effects of voltage drops in the load
leads, and either terminal may be floated up to ±240 volts from chas
sis ground. Several units can be combined in auto-series, auto-paral
lel, and auto-tracking configurations, further increasing the HP
6024A's flexibility.
For more system features, see Option 002.

General Specifications
Dimensions
HP 8010A, 8011A and 80128: 132.6 mm H x 425.5 mm W x 516.4
mm D (5.2" x 16.75" x 20.33").
HP 8023A: 177.0 mm H x 212.3 mm W x 443.6 mm D (6.97" x 8.36"
x 17.872").
HP 8024A: 133.4 mm H x 212.3 mm W x 415.33 D (5.25" x 8.36" x
16.35").

Generalized autoranging output characteristic curve

These features can all be taken advantage of with an HP 6940B or
6942A Multiprogrammer instrument sub-system configured with an
HP 69520A or 69709A Power Supply Programming Card. The Mul
tiprogrammer provides a cost-effective solution for controlling a
group of power supplies, and also can provide many other digital and
analog monitoring and control functions, all on the HP-IB. The volt
age and current programming resolution available with either card is
1/ 1000th of full scale.

The features available with Option 002 can also be interfaced to
your own external circuitry rather than an HP Multiprogrammer.

Ordering Information Price
Option Descriptions
002: provides extra programming and monitoring ca- $335.00

pabilities for system use. A card inserted into the
power supply is accessible through a 37-pin con-
nector on the rear panel. It provides easy access to
the control and monitor signals available on
standard units, as well as these additional fea-
tures:

• OVP trip and reset
• power supply inhibit
• status bits indicating CV mode, CC mode, unregulated output,

OVP tripped, overtemperature condition, and ac line drop-out
• remote programming via a 0-2 mA current sink
• bias supplies for your circuitry: +5 volts at 100 rnA, + 15 volts at 75

rnA, and -15 volts at 75 rnA.
• buffered 0-5 volt outputs representing both the output voltage and

output current. (HP 6010A, 6011A, 6012B, and 6023A provide
this feature standard, but HP 6024A only provides a scaled 0-5 volt
output to represent the output current, not the output voltage.)

• programmable remote/local for use when programming with a
current sink.

100: 87-106 Vac, 48-63 Hz. HP 6024A Only! This op
tion is for use in Japan only. The power supply
output power is 75% of the output power available
with the other line voltage options. For HP 6024A
only.

120: 104 to 127 Vac, 48-63 Hz.
220: 191 to 233 Vac, 48-63 Hz.
240: 208 to 250 Vac, 48-63 Hz.
800: Rack-mount kit for two units side by side. This

applies to HP 6023A and 6024A only.
HP 6023A
HP 6024A

908: Rack-mount kit for a single unit. A blank filler
panel is supplied when ordered for half rack width
units.

HP 6010A, 601lA, 60l2B
HP 6023A
HP 6024A

910: One extra operating and service manual shipped
with each power supply.

HP 6024A
HP 6010A, 6011A, 6012B, 6023A

N/C
N/C
N/C
N/C

$77.00
$71.00

$31.00
$82.00
$~~.OO

$10.00
$20.00

An ac Input optIon must be specified when ordering.

Programming Response Time General'

UP DOWN
PARD (rms/p"p)

20Hx·20MHz AC Input Current Weight kg (Ibs)

Settling Full Full Light Load 100 120 220 240
Voltage Current Band Load No load Load Time Load Vac Vat Vat Vac Net Shipping Price

3% 15~ 5mV tOOms lOOms 6.5 3.8 3.6 8.6 (19) 10.5 (23)
30 mV 200ms SOOms SOD - A A A $1900

8~ 120~ 30mV 300ms 300 ms 24 15 14 16.8 (37) 222 (49)
50 mV SOOms 1.5 sec 500 - A A A $2800

3% 5my- 60mV 5.3 5.3 2.9 2.7 5.4 (12) 7.3 (16)
30 mV 200ms 200ms 300ms 600ms Open $1550A A A A

8% 25~ 24 15 14 15.9 (35) 213 (47)
40 mV 90 mV 300ms 300ms 2.0 sec 3.0 sec 1000 - A A A $2800

2% 15my_ 300mV 300ms 300ms 600ms 3.5 sec Open - 24 15 14 16.3 (36) 21.7 (48)
50mV A A A $2800

·



BPOWER SUPPLIES
General Purpose: 200-2000 W Output
Models 62598-62748

• Built-in overvoltage protection
• Constant voltage/constant current operation
• Remote programming and sensing

• Remote sensing
• Auto-series, -parallel, and -tracking operation
• <::50 /-LS load transient recovery

I,
--, ~... [=1

• •
••

HP 6263B, 6266B

HP 6259B, 62608, 62618, 6268B, 62698

HP 6264B, 62678

Description

Models 62598-62748
This series of high-performance constant voltage/constant current

supplies includes twelve models with output rating from 10 to 60 V.
All models employ a transistor series-regulator /triac-preregulator
circuit to achieve high efficiency, excellent regulation, low ripple and
noise, and moderate programming speeds in a compact full-rack
width package.

Separate coarse and fine voltage and current controls allow the
voltage and current outputs to be varied from zero to the maximum
rated value, crossover from constant voltage to constant current oper
ation occurs automatically when the load current exceeds the value
established by the current control settings.

Additional features include built-in overvoltage crowbar protec
tion; remote error sensing; and auto-series, auto-parallel, and auto
tracking operation. The crowbar trip point adjustment and associated
overvoltage indicator are conveniently located on the front panel.

Auto-series, auto-parallel, and auto-tracking connections should
ordinarily include no more than three supplies. If a specific applica
tion requires the use of more than three supplies in any of the three
connections, consult your local HP Field Engineer for additional in
formation .

All dc output, ac input, sensing, control, and programming connec
tions are made to rear-panel terminals. Either the positive or negative
output terminal may be grounded or the supplies may be operated
floating at up to 300 volts above ground. Models 6263B, 6264B,
6266B and 6267B are convection cooled. All other models in this se
ries employ cooling fans. Models which output more than 200 watts
are equipped with terminal blocks for ac input and are not shipped
with line cords.

•

• •

•I

HP 6274B

Specificationst
RATINGS PERFORMANCE

DC Output load Effect Source Effect PARD (rms/p-p) Drift (stability)

Volts Amperes HP Model Voltage Current Voltage Current Voltage Current Voltage Current

0-10 0-50 62598 0.01%+2OO~V 0.02% +I rnA •. Q.Ol% t200"V' 0.02% +I rnA 500 "VIS mV 25 mA rms 0.03% +2 mV 0.03% +lOrnA

0-10 0-100 62608 0.01%+200 "V 0.02% +2 mA 0.01%+200 ~V 0.02% +2mA 500 ~V/5 mV 50 mA rms 0.03% +2 mV 0.03% +20 mA

0-20 0-10 62638 0.01% +200 "V 0.02% +500 ,.A ·0.!}1% -b2(}(}~'" 0.02% +500,.A 200~VIIO mV 3 mA rms 0.03% +500 ~V 0.03% +6 rnA

0-20 0-20 62648 0.01%+200 ~V 0.02% +500,.A 0.01% +200 ~V 0.02% +500,.A 200 ~V/10 mV 5 mA rms 0.03% +500 ~V 0.03% +6 mA

0-20 0-50 62618 0.01% +200 ~V 0.02% +- 1mA 0.01%+200 ~V 0.02% +1mA 500 ~V/5 mV 25 mA rms 0.03% +2 mV 0.03% +lOmA

0-40 0-5 62668 0.01%+200 ~V 0.02% +500,.A 0.01%+200 ~V 0.02% +500,.A 200 ~V/1O mV 3 mA rms 0.03% +500 ~V 0.03% +3 mA

0-40 0-10 62678 0.01%+2DO~V 0.02% +500 ,.A 0.01%+200 "V .0.02% +500 ,.A 200 ~VIlO mV 3 mA rms 0.03% +2mV 0.03% +3 rnA

0-40 0-30 62688 0.01%+200 ~V 0.02% +2 mA 0.01%+200 ~V 0.02% +2 mA 1mVI5 mV 20 mA rms 0.03% +2 mV 0.03% +5 mA

Q-4O 0-50 62698 0.01%+200ipV 0.02% +2mA 0.0\%-1- 200pV .0.02% +2mA 1mV/5 mV 25 mA rms 0.03% +2 mV 0.03% +10 mA

0-60 0-15 62748 0.01%+200 ~V 0.02% +500 ~A 0.01% +200 ~V 0.02% +500 ~A 200 ~V120 mV 5 mA rms 0.03% +2 mV 0.03% +5 mA

tRefer 10 page 453 for complete specification definitions.



Models 6259B - 6274B can be HP-IB controlled by using the
HP 59501B HP-IB Programmer.

Option Descriptions
005: 50 Hz ac input: optimizes power supplies that
require adjustment/modification for 50 Hz operation.
010: chassis slides. For access to rack mounted power
supplies: HP 6263B, 6264B, 6266B, 6267B
HP 6274B, 6259B, 6260B, 6261 B, 6268B, 6269B
016: Model 6260B only. 115 Vac ± 10% single phase
input. Consists of replacing power transformer and cir
cuit breaker, and reconnecting bias transformer, RFI
choke and fans.
022: voltage and current programming adjust. Allows
the V and I programming coefficients and zero output
to be conveniently adjusted to 0.1 % accuracy via access
holes in the rear panel. Consists of four potentiometers
and resistors located inside the rear panel.
026: 115 Vac ± 10%, single phase input. Consists of
replacing the input circuit breaker and reconnecting the
power transformer, bias transformer, RFI choke, and
fans. Models 6259B, 6261 Band 6268B only.
027: 208 Vac, ± 10%, single phase input. Consists of
reconnecting power transformer taps, and other compo
nents where necessary.
028: 230 Vac ± 10%, single phase input. Consists of
reconnecting power transformer taps, and other compo
nents where necessary.
040: Multiprogrammer interface. Prepares standard
HP power supplies for resistance programming by the
HP 6940B, 6942A, 6944A or 6954A Multiprogram
mers. This option includes Option 022, special calibra
tion, and protection check-out procedures (where
required).
910: one additional operating and service manual
shipped with each power supply. HP 6259B-62748

N/C

N/C

N/C

Price

add $78

add $62

add $7.65

N/C

add $88
add $163
add $122

oCJ
t, t .•

!.. "~o
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AC line connections: three wire, five foot ac power cord includ
ed-HP 6263B and 6266B.

Three-terminal barrier strip provided on power supply for ac power
connections-HP 6259B, 6260B, 6261 B, 6264B, 6267B, 6268B,
6269B and 6274B.
Size
HP 6263B, 6266B: 83.7 H x 483 W x 479.4 mm D (3.296" x 19" x
18.875").
HP 6264B, 6267B, 6274B: 127 H x 483 W x 479.4 mm D (5.00" x 19"
x 18.875").
HP 6259B, 6260B, 6261B, 6268B, 6269B: 173 H x 483 W x 479.4
mm D; (6.812" x 19" x 18.875").

Specification-General
Load effect transient recovery: time, 50 /lS; Level, 10 mY.
Resolution: voltage control, less than 0.02%; current control, less
than 0.15%.
Temperature coefficient per DC: 0.0 I % of output plus 200 /l V.
Temperature ratings: operating, 0 to 55°C; storage, -40 to 75°C.
Remote control programming: these power supplies are capable of
being programmed in constant voltage and constant current opera
tion by using an external resistance or de voltage with coefficients as
shown in the table below.

Rear terminal wiring configurations for remote control operation
are specified in the operating and service manual supplied with the
power supply. For remote control programming procedures and tim
ing considerations, contact your local HP field engineer.
Power: input voltage tolerance is ±10%, 57-63 Hz. For other input
voltage and frequency options available, see option listing in the spec
ifications table below. Standard input voltage, maximum input cur
rent, and maximum power are:
HP 6259B, 230 V ac, 6 A, 850 W;
HP 6260B, 230 Vac, 12 A, 1600 W;
HP 6263B, 115 V ac, 4.5 A, 350 W;
HP 6266B, 115 V ac, 4 A, 325 W;
HP 6268B, 230 V ac, 12 A, 1600 W;
HP 6261B, 230 V ac, 12 A 1500 W;
HP 6264B, 115 V ac, 8 A, 600 W;
HP 6267B, 115 V ac, 8 A, 550 W;
HP 6269B, 230 V ac, 18 A, 2500 W;
HP 6274B, 115 V ac, 15 A, 1200 W;

Specifications, Continued
REMOTE CONTROL FEATURES GENERAL

Resistance CoeIl. Voltage Coefl. Speed Up' Speed Down' Overvollage Weight

Voltage Current Voltage Current NL FL NL FL Range Margin Net Shipping Options Price

200 UN ±I% 41l/A ± 10% 1 VN±I% 10 mV/A ±IO% 70 ms 70 ms 200 ms lOOms 2-12 V 5% +2V 31.3 kg/69 Ib 35.3 kgl78 Ib 5. 10, 22, 26, 27, 40 $2100

200DN±1% 21l/A ±IO% I VN±I% 5 mViA ±IO% 70 ms 70 ms 200 ms 75 ms 2-12 V 5%+ 2V 43.9 kg/97 Ib 48 kg/l06 Ib 5, 10. 16, 22, 27. 40 $2450

2001l/V ±l% 100ll/A ±IO% I VN±l% 50 mV/A ±10% 150 ms 150 ms 7 5 3SO ms 2-23 V 5%+ 1 V 15.4 kg/34 Ib 18.6 kg/41 Ib 5,10,22,27,28,40 $:625

200 UN ±l% 10 IliA ±IO% 1VN±I% 25 mV/A ±10% 140 ms 140ms 105 ISO ms 2S-23V 5%+ 1V 21.3 kg/47 Ib 24.5 kg/54 Ib 5, 10. 22. 27. 28. 40 $1750

200 UN ±1% 41l/A ±IO% 1VN±l% 10 mVIA ±IO% ISO ms 150ms 250 ms 250 ms 2-23 V 5%+ 2 V 353 kg/78 Ib 39.4 kg/87 Ib 5,10,22,26,27,40 $2250

200 UN ±I% 200 D/A ±IO% I VN ±l% 100 mV/A ±IO% 275 ms 275 ms 135 1.55 2.5-45 V 5% +1V 15.4 kg/34 Ib 18.6 kg/41 Ib 5. 10, 22, 27. 28, 40 $1625

200 UN ±I% 100WA ±10% 1 VN±l% 50 mViA ±10% 275 ms 275 ms 135 750 ms 2.5-45 V 5%+ 1V 17.7 kg/39 Ib 20.8 kg/461b 5, 10, 22. 27, 28, 40 $1750

200 ON ±l% 61l/A±10% 1 VN ±1% 16.7 mV/A ±10% 300ms 300ms Is 650 ms 4-45 V 5% + I V 344 kg/76 Ib 38.1 kg/84 Ib 5, 10. 22. 26, 27, 40 $2250

200 Il/V ±I% 4 WA ±10% 1 VN±l% 10 mViA ±IO% 350 ms 350 ms I 5 600 ms 4-45 V 5%+ 1V 403 kg/89 Ib 44 kg/981b 5,10,22,27,40 $2350

300 Il/V ±1% 67\lJA ±10% 1 VN ,1% 33.3 mV/A ±10% 600 ms 600 ms 405 800 ms 6-<i6 V 5% +1V 21.7 kg/48 Ib 245 kl'/54 Ib 5.10.22,27,28.40 $1800

'Up = increasing oulpul voltage. NL ~ No outpul load currenl. FL ~ Full rated oulpulload current



8 POWER SUPPLIES
General Purpose: 300-11,000 W Output
Models 6434B-6483C

• Outstanding value-low cost/watt
• Up to 75% efficiency at full output
• Constant voltage/constant current operation

HP 6434B-6483C

Description

This series of SCR-regulated power supplies is designed for medi
um to high-power applications requiring a fixed or variable de source
with moderate regulation and ripple. For supplies with better regula
tion, faster response time, and lower ripple, see models HP
6259B-6274B on page 474.

Operating Features
All supplies in this series are of the constant voltage/constant cur

rent type. Large easy-to-read panel meters continuously monitor out
put voltage current.

Input and output power, remote sensing, remote programming, and
auto-series, -parallel, and -tracking connections are made to bus bars
and terminal blocks on the rear panel.

Specificationst

Protective Features
In addition to the overload protection inherent in constant voltage/

constant current operation, there are many other built-in protective
features included in these supplies. The features vary within the three
model classifications as follows:
HP 6434B-6448B: (1) Reverse voltage protection. (2) Fused ac in
put.
HP 6453A, 6456B, 6459A: (I) AC line loss protection circuit
monitors 3-phase input and cuts off SCR's and opens output bus if a
phase drops out; operation resumes when ac input returns to normal.
(2) 3-phase input circuit breaker. (3) Optional internal crowbar (Op
tion 006) protects load from overvoltage condition.
HP 6464C-6483C: (I) High-temperature protection thermostat
opens input to power transformer and lights front panel indicator if
supply overheats. (2) Prolonged overload protection circuit is activated
and lights front panel indicator if output current exceeds approximate
ly 115% of maximum rating. (3) Optional internal crowbar (except on
HP 6464C) protects load from overvoltage condition. (4) Turn-on cir
cuit limits peak line current during start-up into low impedance loads.
(5) Phase-balance circuit permits operation with line-to-line input volt
age imbalance up to 8%. (6) Overcurrent and over-voltage circuits of
master slave supplies used in auto-series, -paranel, or -tracking opera
tion can be interlocked.

Auto-Series, -Parallel, -Tracking Operation
Supplies may be connected in auto-series, or auto-tracking (except

HP 6448B and 6483C, which cannot be connected in auto-series).
Up to three lower-power models (HP 6434B-6448B) may be con

nected in any of the above configurations. Higher-power model (HP
6453A/6483C) interconnection should ordinarily include no more
than two supplies.

Remote Programming
The voltage and current outputs of the supplies can be programmed

by a remote resistance, or for most models, a remote voltage source.
Programming speeds and coefficients are detailed in the specifications
table.

AC Power ReqUirements
The ac power requirements vary with the three model classifica

tions (see option listings). When powered from a 50 Hz source (possi
ble with option 005), the rms ripple and transient response
specifications increase by 50%. The pop ripple specification is un
changed by line frequency.

RATINGS PERFORMANCE

DC Output Load Effect Source Effect
PARD a Temperature

Volts§ Amperes§ HP Model Voltage Current Voltage Current rms/p-p Coefficient Drtft

0-8 0-1000 6464C 0.05%+ 5 mV 0.1% + 1A 0.05% + 5 mV 0.1% + I A SOmVll V 0.03% + 100 uV 0.03% + I mV
0-15 0-200 6453A 0.2% +10 mVtt l%or2Att 0.2% + 10 mVtt 1% or 2 Att 150 mV rms 0.05% + 2 mV 0.25% + 10 mV
0-16 or 18 0-600 or SOO' 6466C 0.05% + 5 mV 0.1% + 0.6 A 0.05% + 5 mV 0.1% + 0.6A ISO mVlI V 0.03% + 200 uV 0.2% + I mV
0-36 0-100 64568 0.2% + 10 mvtt I %or I Att 0.2% + 10 mVtt 1% or 1Atl 180 mV rms 0.05% + 2 mV 0.25% + 10 mV
0-36 0-300 6469C 0.05% + 5 mV O.1%+0.3A 0.05% + 5 mV 0.1% + 0.3 A ISO mV/l V 0.03% + 400 uV 0.15%+ I mV
0-40 0-25 64348 40 mV 200 mA 18 mV 200 mA 40 mV/500 mV 0.03% t 5 mV O.1%+20mV
0-64 0-50 6459A 0.2% + 10 mVtt 1% or 0.5 Att 0.2% + 10 mVtt 1% or 0.5 Att 160 mV rms 0,05% + 2 mV 0,25% +10 mV
0-64 0-1 SO 6472C 0.05% + 100 mV O.l%+O.l5A 0.05% + 100 mV 0,1% + 0.15 A 160 mV/2 V 0,03% + 4 mV 0.15% + 16 mV
0-110 0-100 6475C 0.05% + 100 mV 0.1% + 0.1 A 0.05% + 100 mV 0.1% + O.lA 200 mVI2 V 0.03% + 5 mV 0.15% + 20 mV
0-120 0-2.5 64438 120 mV 25 mA 60 mV 25 mA 240 mV/400 mV 0.03% + 20 mV 0.1% + 60 mV
0-220 0-50 6477C 0.05% + 100 mV 0,1% + 50 mA 0.05% + 100 mV 0.1% + 50 mA 330 mV/2 V 0.03%+ 8 mV 0.15% + 35 mV
0-300 0-35 6479C 0,05% + 100 mV 0,1% + 35 mA 0.05% + 100 mV 0,1% + 35 mA 330 mV/3 V 0,03% + 11 mV 0.15% +45 mV
0-440, 500 Or 600 0-25,20, 15' 6483C 0.05% + 100 mV 0.1% + 35 mA 0.5% + 100 mV 0.1% + 35 mA 600 mVl5 V 0.03% + 20 mV 0.15% + SO mV
1-600 5 mA-1.5 A 64488 I V 40 mA 600mV 15 mA 600 mVl2 V 003% + 100 mV 0.1% + 300mV

tReler to page 453 for complete specification definitions.
ttSpecified for combined line and load regUlation.
A For operation with a 50 Hz input (possible only with Option 005), the rms ripple and transient

response specifications are increased by 50%.
• The output current rating is given in the same order corresponding with the voltage rating.

§ Under light loading condilions, power supply may not meet all publishec specifications. The
graph on the next page defines Ihe permissible operating regions for CV and CC modes of oper
ation.
For operatiOn with a 50 Hz input (possible only with Option 005), output current is linearly derat
ed from 100% at 40°C to 60% at 50°C.
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$10

$100

SI53

N/C

add SI5

add SI02

add S410
add S590
add $525
add $475
add S133
add $260
add S260

N/C
N/C

add S260
N/C

add $505
add S665
add S260
add $153

N/C
add $102

N/C

HP 6453A, 64568, 6459A
An ac input option must be specified when ordering.
AC input connections are by means of a 4-conductor
connector at rear of unit. Low voltage (208 V, 230 V)
models are furnished with an Arrow Hart and Hage-
man plug (HP 1251-6896). High voltage (380 V, 400
V, 460 V) models are furnished with an Arrow Hart
and Hageman plug (HP 1251-6897).
001: 208 V ac, ±IO%, 3-phase, 15.5 A/phase,
57-63 Hz
002: 230 V ac, ± 10%, 3-phase, 14 A/phase, 57-63 Hz
003: 460 V ac, ± 10%, 3-phase, 7 A/phase, 57·63 Hz
005: realignment for 50 Hz operation
006: overvoltage protection crowbar for

HP 6453A, 6459A
HP6456B

010: chassis slides
031: 380 V ac, ± 10%, 3-phase, 8.5 A/phase,
57-63 Hz
032: 400 V ac, ± 10%, 3-phase- 8.0 A/phase,
57-63 Hz
910: one extra operating and service manual shipped
with each power supply.
HP 6464C·6483C
An ac input option must be specified when ordering.
AC input connections are by means of enclosed 4-wire
terminal block
001: 208 V ac, ± 10%, 3-phase, 55 A/phase, 57-63 Hz
002: 230 V ac, ± 10%, 3-phase, 50 A/phase, 57-63 Hz
003: 460 V ac, ± 10%, 3-phase, 25 A/phase, 57-63 Hz
005: realignment for 50 Hz operation
006: internal overvoltage protection crowbar for

HP 6477C, 6479C, 6483C
HP 6466C
HP 6469C
HP 6472C, 6475C

023: rack mounting attachments for standard 19" rack
031: 380 V ac, ± 10%, 3-phase, 30 A/phase, 57-63 Hz
032: 400 V ac, ± 10%, 3-phase, 28.5 A/phase,
57-63 Hz
040: prepares power supply to be programmed with
resistance by an HP 6940B. 6942A, 6944A or 6954A.
910: one extra operating and service manual shipped
with each power supply.

Accessory
14545A: casters for HP 6464C-6483C-set of four

Price
N/C
N/C

add $163
N/C
N/C

add $10

I
I
I

UNSPECIFIED REGION FOR CC OPERATION. I
IIEETS SPECIFICATIONS IN CV OPERATION. I

I
I
I

I
UNSPECIFIED REGION FOR BOTH CC AND I

CV IIOOES OF OPERATION. :
UNSPECIFIED REGION FOR CV OPERATION. I

MEETS SPECIFICATIONS IN CC I
EATI .•

5 100

100~--- --- - - - - - - --- ---- --.,

~ POWER SUPPLIES IIEET ALL :
SPECIFICATIONS IN NON- SHADED REGION r

REMon CONTROL GENERAL

Load Trauient Resistance Coefficient Voltage Coelficientt Up Down Net Weight
Resolution Reeoveryil

V C
Voltage Current Voltage Current NL FL NL FL Kg Ib Options Price

8mV 1A 100 ms. 500 mV 200UIV ±2% Ill/A ±2% 1VN±l% 6.2 mVlA.)% 1;6 s 0.6s 6 s 0.1 s 235 518 1,2.3.5,23,31,32,40 112500

65 mV I A 50 ms, 150 mV 200 fIN ±2% Ill/A 0.4 VN 30 mViA I s 0.5 s 20 s 0.2 s 108 238 I. 2. 3, 5, 6, 10,31; 32 $6200

18mV 0.5 A 100 ms, 500 mV 200UIV ±2% 1;66U1A ±2% 1VN±I% 10.3 mVlA *7% 1;6 s 0.6s 15 s 0.2 s 226 500 1,2,3,5,6,23,31,32. 40 112000

90 mV 0.5 A 50 ms, 300 mV 200 {IN ±2% 2UlA 166 mVN 60 mViA 1 s 0.5 s 60 s 0.5 s 108 238 I, 2,3. 5. 6, 10. 31, 32 15800

36mV 0.3 A 100 ms, 500 mV 2OO'J/II ±2% 3.33 'iliA .2% IVN 20.6 mV/A ±7% 1.6 s 3s 20 s 0.5 s 226 500 1,2,3,5.6,23.31.32,40 111500

10 mV 12.5 mA 200 ms, 200 mV 200 fIN ±2% 12 UlA IVN .. 0.3 s 1.2 s 75 s Us 30.4 67 5, 10 27,28 $2150

lOOmV 0.25 A SO ms, 600 mV 300 UIV ±2% 4 UlA 94mVN 120mVlA 1s 0.5 s 45 s 0.7 s 108 238 I, 2, 3, 5, 6, 10. 31, 32 $5800

64 mV 0.15 mA 100 ms, 750 mV 300 fIN ±2% 6.7 WA ±2% I VN ±3% 41.2 mViA ±7% 1.4 s 2.5 s 55 s 0.7 s 226 500 1.2,3.5,6,23,31.32.40 1\1500

22mV 0.lA 100 ms. 1V 300 UIV ±2% 10WA±2% I VN ±3% 62 mVlA ±7% 1.5s 2s 80s 0.7 s 226 500 1,2,3,5,6,23,31,32 $11500

30mV 1.3 mA 200 ms, 600 mV 300WA ±2% 120WA IVN .. 0.5 s 2 s 210 s 2 s 14 31 5, 10, 27, 28 $1850

4-4 mV SOmA lOOms, 2 V 300'J/II ±2% 20'J/II ±2% I VN ±3% 124 mV/A±7% 1.5 s 25 95 s I s 226 500 1,2,3,5,6,23,31,32 $11500
GOmV 35 mA looms,3V 300 fIN ±2% 28.6 UlA ±2% I VN ±3% 177 mViA ±7% 1.55 2s 75 s 1.6 s 226 500 1,2,3.5,6,23.31; 32 111500

GOmV 25mA 100 ms, 5 V 300UIV ±2% 4Oll/A ±2% I VN±3% 0.25 VIA ;,7% 1.55 2S 120 s 2 s 226 500 1; 2, 3. 5.6. 23, 31, 32 $12000

60 mV 0.75 rnA 200 ms, 3V 300UIV ±2% 600 UlA IVN ,. 0.2 s I s 45 s 2 s 27,6 61 5. 10. 27, 28 12150

Option Descriptions

POWEll SlJ'IllYOUTPUT RESTRICTIONS AS A FUNCTION CE LOAOlNG

An ac input option must be specified when ordering.

HP 64348-64488
Sid: 115 V ac, ± 10%, single phase, 57-63 Hz
005: realignment for 50 Hz operation
010: chassis slides
027: 208 V ac, ± 10%, single phase, 57-63 Hz
028: 230 V ac, ± 10%, single phase, 57-63 Hz
910: one extra operating and service manual shipped
with each power supply

Specifications, continued

Size
Model 6443B: 89 H x 483 W x 445 mm 0 (3.5" x 19" x 17.5").
Models 6434B,& 6448B: 133 Hx483 W x432mm 0 (5.25" x 19" x
17").
Models 6453A, 6456B, & 6459A: 356 H x 483 W x 500 mm 0 (14" x
19" x 19.7").
Models 6464C, 6466C, 6469C, 6472C, 6475C, 6477C, 6479C, &
6483C: 705 H x483 W x 715 mm 0 (27.75" x 19" x 28.12").

Line Cords
Line cords are not supplied with models 6434B, 6448B and 6453A

6483C.

aFor operation with a 50 Hz input (possible only with Option 005l. the rms ripple and transient response specifications are increased by 50%.
<<This feature is not available.
<An ac input option must be Specified when ordering these 3-phase models.
tSpecial Option J30 must be ordered wKh models 64346-64486 and 6466C-6483C to be programmed with an HP 595016 Power Supply Pr09rammer. Contact your local HP Field Engineer for ordering
instructions.



POWER SUPPLIES
Special Purpose: DC Power Supply!Amplifiers
Models 6824A-6827A

• High speed remote programming
• Overload protection
• Wide-band response

HP 6825A-6827A

Description
The Power Supply/Amplifier is a general-purpose instrument use

ful in any laboratory engaged in research and development of elec
tronic systems, circuitry, or components. The unit can be operated in
one of two basic operating modes: power supply or amplifier. Termi
nals at the rear permit access to various internal control points to fur
ther expand the operational capabilities of the instrument. The
resulting flexibility lends the Power Supply/Amplifier to an almost
unlimited number of applications.

Models 6825A Through 6827A
These models feature dual-range output and constant-voltage/

constant-current operation. Output voltage and current as a dc sup
ply, or gain as a power amplifier, are remotely controllable and are
compatible with Hewlett-Packard Multiprogrammer Systems.

The unit can furnish a bipolar, constant-voltage or constant-cur
rent output. It can be remotely programmed with a resistance, volt
age, or current and its high speed programming characteristics adapt
it to a wide variety of laboratory and production testing applications.
The unit can sink, as well as source, current permitting it to serve as a
variable load device.

As a direct-coupled power amplifier, each unit offcrs a signal-to
noise ratio of approximately 80 dB at full output with low distortion
and a frequency response up to 40 kHz in the fixed gain mode.

Specifications

• Bipolar voltage
• Current sink or source

HP 6824A

Model 6824A
Although this model does not provide quite the level of perform

ance and flexibility of Models 6825A through 6827A, it is lower in
cost and is suitable for many applications.

As a power supply, this unit offers constant-voltage/current-limit
ing operation, remote programming, and auto-series, auto-parallel
operation.

As a power amplifier, the unit exhibits a high signal- to-noise ratio
with a 20 dB gain from dc to 10 kHz. It is useful in servo systems, as a
pulse or oscillator amplifier, for motor control, and a variety of other
applications.

General Specifications
Temperature: operating, 0 to 55°C: storage, -40 to +75°C.
Power: HP 6824A, standard input voltage is 104-127 V ac, 48-63
Hz. Order Option 028 for 230 V ± I0% operation. HP 6825A, 6826A,
6827A, switchable, 100, 120,220, or 240 V ac, -13% +6%, 48-63
Hz, 150 W.
Size: HP 6824A, 131 H x 209 W x 303 mm D (5'/32" x 87/32" X

11"/16"). HP 6825A, 6826A & 6827A, 155 H x 198 W x 316 mm D
(63/,," x 725/32" x 127/16").
Weight: HP 6824A, 7.7 kg (17 Ib); 6825A, 6826A & 6827A, 8.2 kg
(18 lb).

RATINGS POWER SUPPLY PERFORMANCE POWER AMPLIFIER PERFORMANCE

DC Output PARD (rms/p-p) Transient Recovery Resolution Voltage Gain Frequency Resp<lnse, +1, -3 dB Distortion at full output

Volts Amperes HP Model Voltage Current Time Level Voltage Current Fixed Variable Fixed Gain Variable Gain 100 Hz 10 kHz Options Price

-5 Vto +5 V/ 0-2.0 A 6825A 10/30 mV 5/15 mA lOOpS 20 mV 40mV 6 mA IX 0-2X de -40 kHz dc-15kHz 0.1% THO 0.5% 910 $2750
-20 Vto +20 V Both Ranges 4X 0-8X

-5 Vto +5 V/ O-LOA 6826A 6/35 mV 08/5 rnA 1001'S 50 mV 100 mV 3 mA IX 0-2X de -40 kHz de -15 kHz 01% THO 0.5% 910 $2750
-50 Vto +50 V Both Ranges lOX 0-20X

-10 Vto +10 VI 0-0.5 A 6827A 10/50 mV 0.4/5 mA lOOps l00mV 200mV L5 rnA 2X 0-4X de -30 kHz de -15 kHz 0.1% THO 1% 910 $2750
-100 Vto +100 V Both Ranges 20X 0-4OX

-50 Vto+50V 0-1.0 A 6824A 10 mV rms - 100 ~s 0.02% +5 mV - - - O-IOX - de -10 kHz 0.1% THO - 910 $1825

Options Descriptions
028: 230 V ac ± 10%, single phase input
910: one additional manual shipped with each power
supply HP 6824A,

HP 6825A, 6826A, 6827A

Prices
N/C

add $5.20
add $15

Accessories
HP 5060-8762: adapter frame for rack mounting one
or two HP 6825A-6827A units
HP 5060-8760: blank filler panel to be used with above
units
HP 14515A: rack mounting kit for one HP 6824A
HP 14525A: rack mounting kit for two HP 6824As

$150

$44

$62
$36



• HP 6212C-6218C ... 10 watts output
• Compact, impact-resistant stackable case
• Short-circuit proof

POWER SUPPLIES 8
Laboratory: Single & Multiple Output, 10W to 38W 479

Models 6200C-6218C and 6234A-6237B

• HP 62008-62098 ... 30 watts output
• Auto series, parallel, and tracking
• Remote sensing

Single Output: HP 6212C-6218C Single Output: HP 62008-62098 Dual Output: HP 6234A

Description-Single Output Models

Models 6212C-6218C
These popular low-cost CVICC bench supplies are designed for

general laboratory use and are equipped with front-panel mounted
voltage and current controls, a combination volt/ammeter, and out
put binding posts. Output voltage and current are continuously varia
ble, via coarse and fine controls from 0 to 15% above the maximum
rated output. A switch selects either output voltage or current for dis
play on the panel meter.

Load connections are made via three binding posts. Either the + or
the - post may be grounded through an adjacent GND terminal or
the supply may be operated floating at up to 300 volts above ground.

The supplies can also be operated as constant current sources with
500 p.A load regulation. All of these models can be connected in series
or parallel.

The molded, impact-resistant case includes an interlocking feature
for stacking several units vertically, thus minimizing bench space re
quired for multiple supplies. Alternatively, up to three units can be
mounted side by side in a 19" rack using Rack Mounting Kit HP
14521B. These supplies measure 86 H x 133 W x 368 mmD (3.40" x
5.25" x 8") and weigh 2 kg (4.4lb).

Models 62008-62098
This series of low-cost bench supplies includes three models cover

ing an output voltage range from 0-20 V to 0-320 V. All models are
equipped with ten-turn voltage and current controls, (except the HP
6206B, which does not have a current control), volt/ampere meter,
meter function/range switch, and front and rear output terminals. In
addition, on the dual-range models (HP 6200B and 6206B), an out
put range switch permits the selection of either a high or a low output
voltage range.

The constant voltage/current limiting supply, HP 6206B, is short
circuit protected by a fixed current limiting circuit which is activated
at approximately 110% of rated load current. The current-limit point
can be reduced by changing the value of a single internal resistor. For
the constant voltage/constant current supplies, ten-turn current con
trols allow the current-limit point to be set to any value within the
current rating. Using these controls the CVICC supplies can also be
operated as constant-current sources.

Units may be bench operated or rack mounted individually or in
pairs using accessory rack mounting hardware.

All models in this group of supplies measure 89 H x 216 W x 317
mm 0 (3.50" x 8.50" x 12.50") and weigh 4.5 kg (10 Ib).

Description-Dual Output Models
Model 6234A

Model 6234A is a low-cost, dual-output bench power supply with
two independently adjustable and isolated power sources in one com
pact unit. Both of the dc power sources are of thc constant voltage/
current limit type with each output voltage being adjustable continu
ously over a 0 to 25 V range. The maximum current available per
output is 0.2 A and is limited automatically to prevent overload.

The HP 6234A offers considerable flexibility to the user with out
put voltages that can be arranged to provide identical or different
voltages in any polarity combination with respect to 0 or other com
mon positive or negative voltage points. The outputs can also be con
nected in series to provide up to 50 V at 0.2 A. Both sourccs are fully
isolated to permit either of the output terminals to be grounded.

.With pushbutton switches, users can select either voltage or cur
rent for each output to be monitored on the unit's meter. Other fea
tures include two multiple-turn controls for precise voltage setting,
regulation to 0.01 %, and ripple and noise of less than 200 microvolts
rms.

With dimensions of only 93 mm high, 157 mm wide and 210 mm
deep (3.64" x 6.17" x 8.25"), the HP 6234A supply takes up a mini
mum amount of bench space. Its weight is 2.3 kg (5 Ib). The unit can
be powered from a 115 V or an optional 230 V, 47-63 Hz ac input,
(Option 028).

Model 6205C
This low-cost bench supply is equipped with ten-turn output volt

age controls, volt/ampere meter, meter function/ range switch, and
front and rear output terminals. In addition, an output range switch
permits the selection of either a high or a low output vol tage range.

Model 6205C combines the versatility of a dual power supply with
the flexibility of auto-parallel and auto-series operation to extend the
output ratings of this supply to 20 V/1.2 A, 40 V/0.6 A, and 80 V/0.3
A. In addition, using the supply's auto-tracking capability, opposite



8 POWER SUPPLIES
Laboratory: Single & Multiple Output, 10W to 38W (cont'd)
Models 6200B-6218C and 6234A-6237B

• Dual output to 24 watts
• Short-circuit proof
• Independent voltage controls

• Triple output to 38 watts
• Short circuit proof
• Tracking c± 20 volt outputs

Dual Output: HP 6205C Triple Output: HP 6235A Triple Output: HP 62368, 62378

polarity voltages (±20 V, ±40 V) can conveniently be obtained from
this one supply.

This constant voltage/current limiting supply is short-circuit pro
tected by a fixed current limiting circuit which is activated at approxi
mately 110% of rated load current. The current-limit point can be
reduced by changing the value of a single internal resistor. Units may
be bench operated or rack mounted individually or in pairs using ac
cessory rack mounting hardware.

Description-Triple Output Models

HP 6235A
. This compact, low-cost, three-in-one power supply is a handy addi

tion to the lab bench where single or multiple voltages are needed for
designing and testing breadboards and prototypes. The HP 6235A
delivers three adjustable dc output voltages: 0 to +6 V at I A, 0 to
+ 18 V at 0.2 A, and 0 to -18 V at 0.2 A. A single 0 to 36 volt output
at 0.2 A can also be obtained by connecting across the + 18 V and -18
V terminals.

The controls, meter, and binding posts are conveniently arranged
on the front panel. One voltage control simultaneously adjusts the
+ 18 V and -18 V outputs, which track one another and can be used
to power operational amplifiers and other circuits requiring balanced
positive and negative voltages. The supply's dual outputs have added
versatility with an adjustable tracking ratio control (TRACK) that
can set the negative output to a lower voltage than the positive output.
Once the tracking ratio control has established a voltage ratio be
tween the positive and negative outputs, the ratio remains constant as
the + 18 V voltage control is adjusted. A third control sets the 0 to +6
V output voltage.

The supply is a constant voltage/current limit type with each out
put voltage continuously adjustable over its range, while the maxi
mum current available is automatically limited to prevent over
loading. The power supply's outputs share a common terminal and
are isolated from chassis ground so that any output terminal can be
grounded if desired. Each output voltage or current can be quickly
selected and monitored with the push-button meter switches.

Model 6235A measures 89 H x 157 W x 210 mm 0 (3.5" x 6.17" x
8.25") and weighs 2.3 kg (Sib).

HP 62368 and 62378
Mi~roprocessors,digital and linear integrated circuits, and displays

used In lab development frequently require triple output power sup
plies for operating prototypes. The HP 6236B and 6237B are valued
additio~s to the design bench due to their multiple output voltages,
small Size, ease of operation and application-related performance.

These compact constant voltage/current limiting supplies combine
oto ± 20 V tracking outputs rated at 0.5 A with a single output rated
at ~ to +6 volts at up to 2.5 A in the HP 6236B, and 0 to + 18 volts at I
A In the HP 6237B.

Controls, meters, and binding posts are logically arranged on a
~eatly laid out front panel. One voltage control simultaneously ad
Justs the 20 V and -20 V outputs, which track within 1% to power
operational amplifiers and circuits requiring balanced voltages. A
tracking ratio control can disable the I: I tracking feature and set the
negative output to a lower voltage than that of the positive output.
Once the tracking ratio control has established a voltage ratio be
tween the positive and negative outputs, the ratio remains constant as
the ±20 V voltage control varies both outputs. Another voltage con
trol sets the 0 to +6 V (HP 6236B) or 0 to + 18 V (HP 6237B) output.

All outputs are protected against overload and short-circuit dam
age by fixed current limiting circuits. For any overload condition, the
+20 V and -20 V outputs in both models are limited to 0.55 A and
the + 18 V output in the HP 6237B is limited to 1.1 A. The overload
protection circuit for the +6 V output in the HP 6236B has a current
fold back characteristic that reduces the maximum available current
from about 2.75 A at a 6 V terminal voltage to 1 A at zero volts (or
short circuited). This foldback limiting characteristic maximizes the
available current in the important 5 to 6-volt range while minimizing
dissipation during overloads.

Anot?er protective feature safeguards sensitive load circuitry by
preventing an output voltage overshoot when the supply is turned on
or off.

Separate dual-range panel meters allow both the voltage and cur
rent of any output to be monitored simultaneously. A three-position
switch selects the output which the meters will monitor.

Both models measure only 89 H x 216 W x 319 mm 0 (3.5" x 8.5" x
12.5") and weigh 4.3 kg (9.5 lb).



Specifications

RATINGS PERFORMANCE GENERAL

DC Output Control Remote
Load Source PARD Mode and Control Power

Vola Amps HP Model Effect Effect rms/P'P Resolution Coefficiena 115 Vat± lOll Options Price

SINGLE OUTPUT-IO WATTS

0-10 0-1 6214C 4mV 4mV 2OO~Vll mV CVlCC .. 48-440 Hz 28 $370
5mV/75~ 0.3 A, 28 W

0-25 0-04 6216C 4mV 4mV 200~VlI mV CV/CC .. 48-440 Hz 28 WO
5mv/20~ 03 A, 28 W

0-50 0-0.2 621ac 4mV 4mV 200 ~Vll mV CVlCC .. 48-440 Hz 28 1370
10mV/I0~ 03 A, 28 W

0-100 0-0.1 6212C 8 mV 4mV 200 ~Vl1 mV CVlCC .. 48-440 Hz 28 $450
20mV/I0~ 03A,28W

SINGLE OUTPUT-UP TO 30 WATTS

Dual range CVlCC 20001V ± 1% 48-440 Hz
0-20 or 0-1.5 0.51dl1A ± 10%
0-40 0-0.75 62008 0.01% + 4 mV 0.01% + 4 mV 200 ~Vll mV 10 mVl2 mA or 11,28 \825

1 kllIA ± 10% 0.9 A, 70 W

Dual range CV/CL 30001V ± 1% 48-440 Hz
0-30 or 0-1 62068 0.01% + 4mV 001% +4 mV 200 ~Vll mV 10mV/' I A, 66 W 1l.28 1825
~O 0-0.5

0-320 0-0.1 62098 0.02% + 2mV 0.02% + 2 mV 1mVl40 mV CVlCC 30001V ± 1% 43-63 Hz 28 1975
40 mVl200 ~ 150 klIIA ± 10% 1A, 60W

DUAL OUTPUT-IO WATTS

Dual output 104-127 Vac
0-25 and 0.2 6234A 0.01% + 1mV 0.01% + 1mV 200 ~V/1 mV CVlCL .. 47-63 Hz 28 $550
0-25 0.2 0.26A, 35 W

DUAL OUTPUT-24 WATTS

Two dual ranges CV/CL 2000IV ± 1% 48-440 Hz
0-20/0-40 and 0-0.6/0.3 6205C 0.01% t4mV 0.01% + 4 mV 200 ~V/l mV 10 mVl' 0.5A,50W 11,28 $825
0-20/0-40 0-0.6/0.3 40

TRIPLE OUTPUT-13 WATTS

Triple output
Ot06and 0-1 8mV 8mV I mVl5 mV CV/CL .. 47-63 Hz
Oto 18and 0-0.2 6235A 10 mV 15 mV 1mVl5 mV .. 0.26 A, 35 W 28 i600
oto -18 0-0.2 10mV 15 mV 1mV/5 mV ..

TRIPLE OUTPUT-35 WATTS*

Triple output 100
oto +6 and 2.5 104-127 Vac 120
oto +20 and 0.5 62368 0.01% + 2mV 0.01% + 2 mV 350 ~Vl1.5 mV CV/CL .. 47-63 Hz 220 1800
Oto -20 0.5 70 mV!' 1.2 A, 112 W 240

TRIPLE OUTPUT-38 WATTS*

Triple Output 104-127 Vac 100
oto +18 and 1 47-63 Hz 120 $8)0
oto +20 and 0.5 62378 0.01% + 2mV 0.01% +2 mV 350 ~Vl1.5 mV CVlCL .. 1.2A,1l2W 220
oto -20 0.5 70 mVl' 240

·flxed current limit
• ·remote control not available*ae Input vollage option must be speenied when ordering

B

Option Descriptions

011: internal overvoltage protection crowbar. Protects
delicate loads against power supply failure or operator
error. Dual output model has dual crowbar.

HP 6200B, 6206B
HP 6205C

028: 230 Vac ± 10%, single phase input. Consists of
reconnecting power transformer taps, and other compo
nents where necessary.
040: Multiprogrammer interface. Prepares HP 6205C
power supplies for resistance programming by the HP
6940B or 6942A Multiprogrammer
100: 87-106 Vac, 47-63 Hz, single phase input

add::; 102
add S204

]\;C

add S7S

NC

120: 104-127 Vac, 47-63 Hz, single phase input 1\C
220: 191-233 Vac, 47-63 Hz, single phase input NC
240: 208-250 Vac, 47-63 Hz, single phase input NC
910: one additional operating and service manual is
shipped with each power supply
HP 6200B-6237B Jdd $5.20

Accessories
HP 145l3A: rack kit for one HP 6200-6209B, 6236B, $57
or 6237B supply
HP 14523A: rack kit for two of the above power sup- 53 \
plies
HP 14521C: rack kit for one, two or three HP 6212C- SW7
6218C power supplies

W Fast-Ship product see page 766.



BPOWER SUPPLIES
Special Purpose; Precision Voltage Sources
Models 6114A and 6115A

• 0.025% output voltage accuracy
• Pushbutton voltage control
• Five minute warm-up

• May be used with HP-IB Power Supply Programmer
• Overvoltage and overcurrent indicators
• Built-in overvoltage crowbar

at the load may be required to maintain power supply stability under
all loading conditions when the output capacitor is disconnected.

Overvoltage Protection
A built-in overvoltage protection circuit (an SeR crowbar)

monitors the output and reduces the output voltage and current to
zero whenever a preset voltage limit (adjustable from the front panel)
is exceeded. This feature provides a convenient method of limiting the
maximum output voltage supplied to voltage-sensitive loads.

Specifications
DC Output: voltage and current output can be adjusted over the
range indicated by front-panel controls or analog programming.
HP 6114A: 0-20 volts, 0-2 amperes

20-40 volts, 0-1 amperes
HP 6115A: 0- 50 volts, 0-0.8 amperes

50-100 volts, 0-0.4 amperes
Both models feature automatic dual-range operation, which elimi
nates manual range switching.
Load effect: constant-voltage deviation, 0.0005% + 100 )lV. con
stant-current deviation, 0.01 % +500/LA.
Source effect: over the rated input voltage range: constant-voltage,
0.0005% + 100/LV; constant-current, 0.005% +40/LA.
PARD (ripple and noise): rms/p-p, 20 Hz to 20 MHz; ev 40
)lV/200/LV, ee 200/LA/I mAo
Temperature coefficient: CV, 0.0001% + IS /LV;oC; CC, 0.02% +
50 )lA/oe.
Drift: CV, 0.0015% + 15 /LV per 8 hours, 0.0075% + 30/LV per 90
days.
Output voltage accuracy: output voltage accuracy obtained from
front-panel controls at 23 ± 3°e at any ac line voltage and load cur
rent within rating and following a five-minute warm-up: 0.025% + 1.0
mY.
Resolution: front-panel voltage control, 200 /LV; front-panel current
control, 2 rnA.
Output impedance: typical value is approximated by 0.05 mn in se
ries with 3 mHo
Load transient recovery time: less than 50 /LS is required for output
voltage (constantvoltage operation) to recover within 50 mV of the
nominal output level following a change in output current equal to the
current rating of the supply.
Remote programming speed: up programming of voltage at full
load: HP 6114A, 1.75s; HP 6115A, 4.5s. Down programming, no
load: HP 6114A, 350 ms; HP 6115A, 500 ms.
Overvoltage protection crowbar: adjustable front-panel screwdriv
er control from 0.5 to 45 volts on the HP 6114A and 0.5 to 110 volts
on the HP 6115A.
Power: 104-127 or 208-254 Vac (switchable), 48-440Hz, 150 VA
max.
Temperature rating: operating, 0 to 50°C; storage, -40 to +75°C.
Size: 197 mm W x 165 mm H x 337mm 0 (7.75" x 6.5" x 13.25")
Weight: 7.7 kg 071b) net, 9.5 kg (21Ib) shipping.

HP 6114A & 6115A

Description
HP Models 6114A and 6115A

These 40-watt precision power supplies are high-accuracy instru
ments designed for use as low-cost calibrators, working voltage stand
ards, systems reference supplies, or high-performance lab supplies.
They are ideal for applications where an accurate, highly stable, and
easy-to-use source of dc voltage is required.
Output Ratings

Both models feature automatic dual-range operation. For example,
the HP 6114A can supply 0-20V at 0-2A, and 20-40V at O-IA, with
out manual range switching. Automatic output current range cross
over occurs when the supply is providing greater than one-half of the
maximum rated output voltage.
Output Voltage Controls

Pushbutton voltage controls allow the output voltage to be set rap
idly and accurately. The setting is displayed in large, easy-to-read
numerals. A four-digit pushbutton switch increases or decreases the
output voltage in unit steps, and the switches go directly from "9" to
"0" without backing down. A fifth digit, set via a separate front-panel
control, provides output voltage resolution of 200 !J.V.

The output voltage accuracy is 0.025% (250 ppm) plus I mV - for
example, at 40 volts output, the output voltage of Model 6114A is
accurate within ± 11 mV. This accuracy is attained after only five
minutes' warmup, thus making these supplies especially suitable as
portable calibrators.
Output Current Controls

A front-panel current control allows the maximum output current
of these supplies to be set to any desired value within the maximum
rating. Using this control, the supplies can be operated as constant
current sources with 0.01% current regulation. A current mode indi
cator (a light-emitting diode) immediately lights when the supply is
operated in the gross current limit region or when the output current
level established by the setting of the front-panel control is reached.
When the indicator is lighted, the output voltage is uncalibrated, but
the front panel voltmeter continues to indicate the output voltage with
an accuracy of 2%. A ten-turn current control with a three-digit grad
uated dial provides 2 rnA current resolution.
Remote Programming

Models 6114A and 6115A are designed to be programmed with
either the HP Multiprogrammer or the Hp·IB Isolated 0/A Power
Supply Programmer. Interfacing for Multiprogrammer operation is
included as a standard feature in these models; therefore, the addition
of Option 040 is not required. See pages 469, 598 and 603 for addi
tional information on digital programming interfaces for power sup
plies. Both supplies can also be remote programmed by means of an
external voltage or resistance. However, most specifications will
change to those of the programming source.

The output capacitor can be disconnected to reduce current surges,
thereby improving the performance of the supply as a constant-cur
rent source; this also increases the programming speed by approxi
mately an order of magnitude. Note, however, that some capacitance

Accessories
5060-8762: adapter frame for rack mounting one or two
Ij2 rack width units. This frame applies to HP 6114A,
6115A
5060-8760: blank filler panel. This '/2 rack width panel
applies to HP 6114A, 611 SA

Ordering Information
HP 6114A Precision Power Supply
HP 6115A Precision Power Supply

Price
$150

$44

$1900
$1900



• Continuously variable voltage limit
• Output useful to micro-ampere region

POWER SUPPLIES B
Special Purpose: Precision Constant Current Sources 483

Models 6177C, 6181C & 6186C

• High output impedance---no output capacitor

HP 6177C, 6181C

HP 6186C

voltage to vary from zero to maximum.
Source effect (line regUlation): less than 25 ppm of output + 5 ppm
of range switch setting for any change in the line voltage between 104
and 127 V ac at any output current and voltage within rating.
Load effect transient recovery: less than 800 /-lS for recovery to
within 1% of nominal output current following a full load change in
output voltage. (On HP 6l86C, recovery time for 100 mAIIO mAl
1 rnA ranges is I ms/1.6 ms/4 ms, respectively.)
Temperature coeffic;ient: output change per degree C is less than 75
ppm of output current +5 ppm of range switch setting.
Drift (stability): less than 100 ppm of output current +25 ppm of
range switch setting. Stability is measured for eight hours after one
hour warm-up under conditions of constant line, load, temperature,
and output setting.
Resolution: 0.03% of range switch setting.
Temperature rating: operating 0, to 55°C; storage, -40 to +75°C.

Description
These solid-state constant-current sources are ideal for semicon

ductor circuit development, component testing, and precision electro
plating applications,

Their high-speed remote programming characteristics make these
supplies useful in testing and sorting semiconductors, resistors, relays,
meters, etc_ The ability to superimpose ac modulation on the de out
put permits the supplies to be used for measurement of dynamic or
incremental impedance of circuit components. When remotely
programmed, accuracy, stability and some other specifications
change to those of the programming source.

Specifications
Load effect (load regUlation): less than 25 ppm of output + 5 ppm of
range switch setting for a load change which causes the output

Accessories
UP 5060-8764: rack adapter for rack mounting one or
two HP 6177C or 6181C supplies
UP 5060-8762: rack adapter for rack mounting one or
two HP 6186C supplies
UP 5060--8530: filler panel for HP 6177C, 6181 C
UP 5060-8760: filler panel for HP 6186C

Options
028: 230 Vac ±IO%, single-phase input.
910: one additional operating and service manual

Ordering Information
UP 6177C, 6181C Constant Current Source
HP 6186C Constant Current Source

Price
$150

$\50

$77.50
$44

",/e
add $7.65

$1750
$2650

Model HP 6177C HP 6181C HP 6186C

Output Current tt 0-500 mA 0-250 mA 0-100 mA

Voltage Compliance /J. 0-50 Vde 0-100 Vde 0-300 Vde

A 0-5 mA 0-2.5 mA 0-1 mA

Output Ranges B 0-50 mA 0-25 mA 0-10 mA

C 0-500 mA 0-250 mA 0-100 mA

AC Input mv ac ;0<10%,48-63 Hz; 115 Vac ;0<10%, 48-63 Hz; 1151230 Vac, 48-63 Hz;
0.6 A, 55 Wat 115 Vac 0.6 A, 55 Wat 115 Vac 0.9 A, 90Wat 115 Vac
For 230 Vac see Option 028 For 230 Vac see Option 028 1151230 Vac sWitch

Range A 200 mVimA I V/mA 10 VlmA
Voltage Control (accuracy: 0.5% of output

Range B 20 mVimA 100 mV/mA I V/mA
Constant Current current +.04% of range)

Range C 2 mV/mA 10 mV/mA 100 mV/mA

Remote Range A 400 ohms/mA 2 kll/mA 10 knimA

Programming
Resistance Control (accuracy: 1%of

Range B 40 ohms/mA 200 ohms/mA 1knImA
output current +0.04% of range)

Range C 40hms/mA 200hms/mA 100 n1mA

Voltage limit Voltage Control (Accuracy: 20%) IVIV I VIV I VIV

Remote Resistance Control 8700hmsIV 4350hmsIV 8200hmsIV
Programming Accuracy 25% 25% 15%

Range A R= 330 Meg, C= 500 pF R= 1330 Meg, C= 10 pF R= 10,000 Meg, C= 900 pF

Typical Output Impedance (R in parallel with C)' Range B R= 33 Meg, C= O.OOS ~F R=133 Meg, C=100 pF R=1,000 Meg, C= 700 pF

Range C R= 3.3 Meg, C= 0.05 ~F R= 133 Meg, C=1000 pF R~IOO Meg, C=ISOO pF

Range A 1.6 ~ rms/40 ~ pop 0.8~ rms/20 ~ pop 0.2 ~ rms/S ~ pop
PARD (Ripple and Noise): rms/p-p (20 Hz to 20 MHz) Range B 16 ~ rms/200~ Pop 8~ rms/IOO ~A pop 2~ rms/SO ~ pop
with either output terminal grounded Range C 160~ rms/I mA pop 80~ rms/SOO ~ pop 20 ~ rms/500 ~A pop
Programming Speed: from 0 to 99% of range switch setting with a
resistive load 6 ms 6 ms 10 ms
"(Output Current Modulation)

Dimensions: 7.7S' (W) x 3.44' (H) x 12.38' (D) 7.7S' (W) x3.44' (H) x 12.38' (0) 7.75' (W) x 3.44' (H) x 12.38' (D)
197 mm (W) x 88 mm (H) x 31S mm (D) 197 mm (W) x 88 mm (H) x 315 mm (D) 197 mm (W) x 158 mm (H) x 31S mm (0

Weight: (Net/Shipping) 4S3 kg (10 Ib)/S.9 kg (13 Ib) 4.53 kg (10 Ib/S.9 kg (13 Ib) 59 kg (13Ib)l7.7 kg (17 Ib)

• This network is a simplified representation of acomplex network. The formula Z ~ R)V~
is used for frequencies up to 1 MHz by substituting the values given for Rand C. Above
1MHz, the output impedance is greater than the formula would indicate.

• • Output current can be modulated 100% up to 50 Hz; percent modulation decreases

linearly to 10% at 500 Hz.
tt For operation above 40'C the maximum output current must be reduced linearly to 80% of

rating at 55'C (maximum temperature).
~ Minimum voltage obtainable with voltage limit control is 0.5 V.



8 FREQUENCY & TIME STANDARDS
General Information

Hewlett-Packard Time and
Frequency Standard

The Hewlett-Packard House Standard at
the Santa Clara Division consists of an en
semble of five Hewlett-Packard Cesium
Beam Standards each with the Option 004
High Performance Tube.

The standard is compared to the U.S. Na
val Observatory Master Clock in Washing
ton, D.C. by means of the Global Positioning
(GPS) navigation system. It is also compared
with the U.S. National Bureau of Standards
Frequency Standard (NBS FS) at Boulder,
Colorado by means of GPS through the Na
val Observatory. The frequency uncertainty
of the standard is within a few parts in 1013

with respect to the standards maintained by
the NBS and the USNO.

Time is maintained relative to the Naval
Observatory and the National Bureau of
Standards master clocks to an accuracy of
better than ± 1.0 microseconds. This accura
cy is verified with flying clock trips from the
Naval Observatory to both Hewlett-Packard
Santa Clara Division and Hewlett-Packard
Geneva. Both locations have been designated
U.S. Naval Observatory Time Reference
Stations.

Standby Power Supplies
Minimum down-time, important for any

system, is vital to a time standard. Its worth
depends directly on continuity of operation.
Noninterrupted operation is also important
to ultra-precise quartz oscillators.

Hewlett-Packard standby power supplies
ensure continued operation despite line inter
ruptions, and operate over a range of ac line
voltage to supply regulated dc to operate fre
quency standards and frequency dividers and
clocks. The batteries in the supplies assume
the full load immediately when ac power
fails.

The U.S. National Bureau of Standards
(NBS) and USNO provide the official basis
for Standard Time for the United States. The
UTC signal is broadcast from the NBS sta
tions WWV and WWVB and by several oth
er stations throughout the world. (See
Hewlett-Packard Application Note 52-1,
Fundamentals of Time and Frequency
Standards, for a list of stations broadcasting
time signals).

Frequency Standards and Clocks
Frequency standards and clocks have no

fundamental differences-they are based
upon dual aspects of the same phenomenon.
Time and frequency are intangible quantities
which can be measured only with respect to
some physical quantity. The basic unit of
time, the second, is defined as the duration of
9,192,631,770 periods of transition within
the cesium atom, Conversely an unknown
frequency is determined by counting the
number of cycles over the period of a second.
The Master Clock at the U.S. Naval Obser
vatory, one of the world's most accurate
clocks, is made of an ensemble of more than a
dozen Hewlett-Packard cesium beam fre
quency standards. The USNO directly con
trols the distribution of precise time and time
interval (frequency) from Naval radio sta
tions, Loran-C (operated by U.S. Coast
Guard), Omega and Satellite Navigation
Systems. Hewlett-Packard portable cesium
standards, "flying clocks," are used to peri
odically check the synchronization between
these stations and the Master Clock.

Hewlett-Packard cesium beam standards
are widely used to drive precision clocks be
cause of the extremely good long-term stabil
ity and reliability of this primary standard. If
a quartz oscillator or other secondary stand
ard is used, it must be evaluated for rate of
drift and be corrected periodically.

Time Scale
The time interval of the atomic time scale

is the International Second, defined in Octo
ber 1967 by the Thirteenth General Confer
ence of Weights and Measures. Since
January 1972 the frequency offset between
UTC and Atomic Time has been zero and the
UTC time scale is kept in synchronism with
the rotation of the earth to within ±0,9 sec
ond by step-time adjustments of exactly I
second, when needed (see Hewlett-Packard
Application Note 52-2).

Quartz Crystal Oscillators
Quartz oscillators are used in virtually ev

ery frequency control application including
atomic standards. The excellent short-term
stability and spectral purity of the quartz os
cillators used in Hewlett-Packard atomic
standards contribute to the high quality of
the output signal of these standards. For less
demanding applications where some long
term drift can be tolerated, quartz oscillators
are used as independent frequency sources.

TABLE 1Comparison of Frequency Standards

Standard Principal construction feature Principal advantage

Cesium Atomic Beam Resonator Controlled Beam of tree ce~um atoms, spatially state se· High intrinsic reproducibility and long·term
Oscillator. lected, is subjected to a microwave signal at stability. Designated as primary standard

resonance frequency. for definition of time interval.

Rubidium Gas Cell Resonator Controlled Os- Gas buffered resonance cell with optically Compact and light weight. High degree of
cillator. pumped state selection. short-term stability.

Quartz Crystal Oscillator. Piezoelectrically active Quartz crystal with Very compact, light and rugged. Inexpen-
electroniC stabilization. sive.

Types of Frequency Standards
At the present time, three types of fre

quency standards are in common use. These
are:

1. The cesium atomic beam controlled os
cillator.

2. The rubidium gas cell controlled oscilla
tor, and

3. The quartz crystal oscillator.
Hewlett-Packard manufactures all three

types of frequency standards. Of these three
standards, the first is a primary frequency
standard and the last two are secondary fre
quency standards. The distinction between a
primary standard and a secondary standard
is that the primary standard does not require
any other reference for calibration; whereas
the secondary standard requires calibrations
both during manufacturing and at inter
vals during use depending on the accuracy
desired.

RUbidium Frequency Standard
Rubidium frequency standards feature a

high order of both short-term and long-term
frequency stability. These are both impor
tant in certain fields such as deep-space com
munications, satellite ranging, and doppler
radar.

Rubidium standards are similar to cesium
beam standards in that an atomic resonant
element prevents drift of a quartz oscillator
through a frequency lock-loop. Yet the ru
bidium gas cell is dependent upon gas mix
ture and gas pressure in the cell. It must be
calibrated and then it is subject to a small de
gree of drift. The drift is typically 100 times
less than the best quartz crystal standard.

Cesium Beam Frequency Standard
Cesium beam standards are in use wher

ever the goal is a very high accuracy primary
frequency standard. In fact, the NBS fre
quency standard itself is of the cesium beam
type. The cesium beam standard is an atomic
resonance device which provides access to
one of nature's invariant frequencies in ac
cord with the principles of quantum mechan
ics. The cesium standard is a true primary
standard and requires no other reference for
calibration.

Hewlett-Packard offers frequency stand
ards and clocks which provide accurate fre
quency, time interval and timekeeping
capabilities. Further, Hewlett-Packard
standards provide means for comparing these
quantities against national standards such as
the National Bureau of Standards (NBS)
and the U.S. Naval Observatory. Units of
frequency or time cannot be kept in a vault
for ready reference. They must be generated
for each use, hence be regularly compared
against recognized primary standards.

Frequency standards and clock systems
manufactured by Hewlett-Packard are used
for control and calibration at observatories,
nationai centers for measurement standards,
physical research laboratories, missile and
satellite tracking stations, communication
systems, radio navigation systems, manufac
turing plants and radio monitoring and trans
mitting stations.



FREQUENCY &TIME STANDARDS BS5
Primary Standards

Models 50618

HP 50618
• Improved accuracy ±3 x 10- 12

• Primary standard
• Proven reliability

HP 5061B

HP 5061B Cesium Beam Standard
The first Hewlett-Packard Cesium Beam Standard, the HP 5060A,

was introduced in 1964. This was followed in 1967 with the improved
HP 5061A, in 1973 with the high performance beam tube option for
the HP 5061A and in 1986 with the 5061B. Since this time the accu
racy and reliability of Hewlett-Packard cesium beam standards con
tinues to be demonstrated and these standards have become the
world-wide standard for frequency and time keeping. The HP 5061B
has provision for an optional digital divider and reliable, easy-to-read
LCD clock (Option 003) and for a battery with 3/. hour standby pow
er capacity with automatic charging.

Reliability and warranty: over 100 million operation hours have
proven the performance and reliability of Hewlett-Packard cesium
beam standards in various world-wide applications. The units have
provided dependable microsecond accuracy in aircraft, ship and fixed
environments.

A five-year warranty on the HP 5061 B standard cesium beam tube
is provided as a result of proven field reliability. This warranty in
cludes replacement of the cesium beam tube if it should fail within the
warranty period.

Option 004, High Performance Cesium Beam Tube
with three-year warranty

HP 5061B with Opt 004, High Performance
Cesium Beam Tube

The Hewlett-Packard 5061B primary frequency standard with the
Option 004 Cesium Beam Tube offers increased stability and accura
cy in the instrument which has become the worldwide standard of
frequency and time keeping since its introduction in 1967. Improve
ments in magnetic shielding, ruggedization and environmental per
formance permit improved performance and expansion of navigation
and communication systems.

HP 50618, Opt 004
• Accuracy ±2 x 10-12

• Settability ± 1 x 10-13

• Time domain stability 5 x 10-12 (1 s avg)

The design concept of the high-performance beam tube includes
unique HP designed dual-beam optics with higher beam intensity to
accomplish better short-term stability and greater immunity to ef
fects of shock and vibration. A 50 percent increase in resonance cavity
length without change in the overall beam tube size contributes to
better accuracy and settability because of the high Q of the narrower
resonant line width. This tube retains the unique cesium standard fea
ture of virtually no long term instability or aging.

The intrinsic accuracy is improved to ±2 X 10-12 which provides an
excellent reference standard without need of calibration. Ifdesired, as
in many timekeeping applications, two or more units may be cali
brated to determine the difference in rate or may be adjusted to the
same frequency. With the improved settability specifications of I X
10-13 small changes in frequency are accomplished rapidly and accu
rately. A provision for degaussing the tube without adversely affect
ing the instrument operation allows removal of any residual magnetic
field in the tube. This is important in achieving the settability per
formance.

The short term stability specification is improved by a factor of ten
with this tube. The 5 X 10- '2 (I s avg.) performance compares very
favorably with that of rubidium type standards which are noted for
their excellent short term stability. An important advantage from the
better short term stability is the capability to make measurements to
I sigma precision, of I X 10-12 in about one minute compared to the
two hours required previously. The HP 5061 B with the Option 004
High Performance Tube has the same high reliability as the HP
5061 B with the standard tube. The new high performance tube is
warranted for three years, but is designed to have the same long life as
the standard tube.*
HP E21-5061B Flying Clock

The HP E21-5061B consists of a HP 5061B Cesium Beam Stand
ard with Option 003 LCD Clock and Special Option E21, all fastened
to an HP 5089A Standby to form a portable unit. The power supply,
which can be operated from II to 30 V dc, 85 to 255 V ac, will provide
approximately 10 hours standby power (from sealed immobilized
electrolyte lead calcium batteries) for the HP 5061B Cesium Beam
Standard.

This wide range of operating power capabilities enable the HP
E21-5061B to operate on local power in virtually any country in the
world. The 10 hours standby capability makes it possible to travel
where there is no power available and, of course, allows the HP E21
5061 B to conveniently be transported between power sources and op
erated in almost any air or surface vehicle as a "flying clock" (see
Hewlett-Packard Journal, August 1966 and December 1967).

The Option 004 tube, because of the improved shielding, offers a
significant increase in accuracy under the varying earth's magnetic
field conditions experienced by flying clocks and is a desirable addi
tion to the HP E21-5061 B. In addition, the better short term stability
permits more accurate and rapid comparison of standards.
*See page 488 for ordering information.



BFREQUENCY & TIME STANDARDS
Secondary Standards
Model5065A

• Compact, high reliability, proven performance
• Long term drift rate < 1 x 10 "/month
• Time domain stability <5 x 10- 13 (100 s, avg)
• High reliability

• Proven performance
• Compact
• Long-term drift rate < 1 x 10 11/month
• Time domain stability· 5 x 10 13 (100 s, avg.)

HP 5065A Rubidium Frequency Standard
The HP 5065A is an atomic-type secondary frequency standard

which uses a rubidium vapor resonance cell as the stabilizing element.
As a result, it has long-term stability of better than I x 10-11 per
month which exceeds that of high quality quartz oscillator frequency
standards by 50 to 100 times. Furthermore, it has excellent short
term stability. These features contribute to its desirability as a coher
ent signal source, as a master oscillator for radio and radar systems
where special requirements for stability and/or narrow bandwidth
must be met, as a precision time keeper where the better performance
of a cesium beam primary standard is not required, and as a house
frequency standard for improved accuracy with fewer NBS calibra
tions compared to that required with quartz standards.

Front panel controls and circuit check meter of the HP 5065A are
protected by a panel door. The magnetic field control provides fine
frequency adjustment with which the frequency can be set to a preci
sion of better than 2 x 10-12 without reference to a chart. The low
noise quartz oscillator is phase-locked to the atomic frequency and
provides the standard 5 MHz, I MHz, and 100 kHz outputs. The
circuit check meter with selector switch monitors key voltages and
currents for routine maintenance readings, calibration procedures,
and fault finding.

The HP 5065A is designed for assured operation-to give the user
confidence that the standard output signals are correct and locked to
the atomic frequency. Logic within the unit maintains power to a
"continuous" operation light on the front panel. If operation is inter
rupted, even momentarily, for any reason the light goes out and stays
out until manually reset. An integrator limit light warns when the
frequency correcting servo loop is approaching the limit of its dynam
ic range.

The HP 5065A is contained in a small-size package and is light
weight in comparison to a cesium beam standard. Additionally the
rubidium resonance cell is much more frequency stable than quartz
oscillators while subjected to shock and vibration, EMC, humidity,
and magnetic field effects.
Reliability and warranty: the most significant module in the HP
5065A in terms of performance is the Rubidium Vapor Frequency
Reference (RVFR). This temperature controlled, magnetically
shielded unit includes the Rb gas cell and a photo sensitive detector

designed for maximum possible reliability. Field experience, includ
ing several million hours of operation, have demonstrated this reli
ability and the RVFR is now warranted for a period of three years.
This increased warranty protects the owner in the event of random
failure.

The Option 001 Digital Clock has an easy to read LED time-of-day
display. The olive black upper panel provides a dark background
around the readout for excellent contrast and readability. Initial
clock setting is accomplished by means of pushbuttons easily accessi
ble by removing the top cover. The LED display offers high reliabili
ty, freedom from errors due to mechanical shock, and performance
over the full environmental range of the HP 5065A. A sync button on
the digital divider permits automatic synchronization of this I PPS
pulse to an external pulse. The clock 1 PPS is adjustable in decade
steps from 1 itS to 1 s, with respect to the synchronized reference, with
6 thumbwheel switches. A screwdriver adjustment allows fine contin
uous adjustment over a range of 1 itS.

To conserve battery power, the display is not illuminated when ac
power is not available. A STANDBY READ pushbutton below the
display is used for readout when operating on the internal battery or
external dc.

The Option 002 Standby Battery provides the HP 5065A with a
minimum of 10 minutes standby power at 25°C. Switchover from line
to battery is automatic so there is no interruption of operation if ac
line power should fail. A front panel ac interruption light warns when
ac power has failed or has been disconnected. Fast or float charging
rates may be selected when ac power is available.

The Option 003 combines the Option 001 Clock and Option 002
Battery and should be specified if both Options 001 and 002 are re
quired.

HP E21- 5065A Portable Time Standard
HP E21- 5065A Portable Time Standard is a complete system for

precision timekeeping and for transporting time from one location to
another. It consists of the HP 5065A Rubidium Standard with digital
clock and divider (Option 00 I) and the HP 5089A Power Supply with
6 or more hours standby capability. The component units are held
together by side bars, and the interconnecting cables are protected by
a back cover.



• High spectral purity
• Well-buffered outputs
• Aging < 5 x 10 10 per day

FREQUENCY & TIME STANDARDS 8
87Secondary Standards

Model105B

• Excellent stability
• High reliability
• Built-in 8-hour standby battery

HP 1058

Short-term stability: for S MHz output only.

Temperature: <2.5 X 10-9 total change O°C to 50°C.
Load: ±I X 10-10 open to short circuit, 50 Q R, L or C load change.
Supply voltage: ±5 X 10- 11 for 22-30 V dcfrom 26 V dc reference
and for 115/230 V ±10%.
Warm-up (at 25°C): to within S X 10-9 of final frequency in IS
min.

Distortion (5 MHz, 1 MHz,100 kHz) Below Rated Output
Harmonic: >40 dB.
Non-harmonic: >80 dB.

Frequency Adjustments
Fine: ±5 X 10-8 range with digital dial reading parts in 1010•

Coarse: 1 X 10-6 front-panel screwdriver control.
Phase locking: external +S V to -5 V allows >2 X 10-8 frequency
control for locking to external source.

Environmental
Temperature, operating: ODC to +SO°C.
Temperature, storage: -40°C to +SO°C (+75° C without stand
by battery).
Altitude: 15.24 km (SO,OOO ft.).

Standby supply capacity: 8 hours at 2SoC ambient temperatures.
Power reqUirements: 11S/230 V ±1O%, 50--400 Hz at 18 W (70 W
warm-up) Add I W for float charge and 12 W for fast charge. 22-30
V dc at 8 W (16 W warm-up).
Size: 88 mm H x 425 mm W x 286 mm D (315/32 in. x 16% in. x 11 tA
in.).
Weight: 105B-net, 11 kg (24Ib). Shipping, 14 kg (31 lb).

HP 1058 Quartz Oscillator
The HP 10SB Quartz Oscillator provides state-of-the-art perform

ance in precision frequency and time systems because of its excellent
long and short term stability characteristics, spectrally pure output,
unexcelled reliability, and ability to operate under a wide range of
environmental conditions. The HP 10SB fills a need for a small and
economical yet highly stable precision quartz oscillator for frequency
and time standards. The HP 10SB can be operated from the ac line. It
also has a built-in 8-hour standby battery for uninterrupted operation
should line power fail. The S MHz, I MHz and 100 kHz buffered
sinusoidal outputs have excellent short term stability (S parts in 1012

rms for I s averaging time) and aging rate « 5 parts in 1010 per day).

The HP 10SB features rapid warm-up. Typically, the oscillator will
be within S parts in 109 of the final frequency in IS minutes after an
"off" period of 24 hours. The basis of these oscillators is an extremely
stable "SC" cut quartz crystal developed by Hewlett-Packard. New
technologies in the crystal mounting and packaging have resulted in a
cleaner crystal which in turn has a lower aging rate. The crystal, oscil
lator and AGC circuit are all enclosed in a proportional oven which
reduces the temperature effects on these components and circuits.

Particular care was taken to provide a spectrally pure S MHz out
put which, when multiplied high into the microwave region, provides
signals with spectra only a few cycles wide. Spectra less than 1 Hz
wide can be obtained in X-band (8.2 to 12.4 GHz). The stability and
purity of the S MHz output make it suitable for doppler measure
ments, microwave spectroscopy, and similar applications where the
reference frequency must be multiplied by a large factor.

Specifications

Outputs: S MHz, I MHz, 100 kHz; I V rms into 50 Q front and rear
connectors.
Clock output: 1 MHz or 100 kHz; 0.5 V rms into 11d2, rear connec
tor. Normally supplied wired for 1 MHz output.

Frequency Stability
Aging rate: < 5 X 10-10 per 24 hours.

r(seC) uLlf/f(2,r)
10-' 1.5 X 10 -10

10-1 1.5 X 10-11

10" 5X 10-12

Ordering Information
HP 105B Quartz Oscillator

Opt 908 Rack Flange Kit
Opt 910 Extra manual

Price
$7500
+ $45
+ S25



BFREQUENCY &TIME STANDARDS
Frequency Standards
Models 50618, 5065A, 1058

S d dFT f,Decl Ica Ions - reauency tan ar s
Instrument: HP 50618 Option 004 HP 50618 HP 5065A HP 1058
Type of Standard: Cesium Cesium Rubidium Quartz
Accuracy: maintained in a dc magnetic field to ±3xlO-" ±5xlO- JZ
2gauss over a temperature range of 0-50'C
Accuracy: limited temp. range 'I) ±2xlO- 12 ±3xlO-12 5xlO-lo/day

Reproducibility ±1.5xlO-JZ ±3xlO-"

Retrace ±5xlO- l3 ±3x1O-\2

Settability (frequency) ±lxIO-\' ±7x1O-\' ±2x1O-\2 Ix1O-\O

Long·term Stability ±2xlO-\2(4) ±2x1O-JZ (4) ±lxlO-n/month

DC Magnetic Field Stability\ freq. change, any <±2xlO-\' <±2xlO-12 <±5xlO-12

orientation in a 2gauss field (I gauss field)

Time Constant, quartz OSC. control loop Is Is
Warm-up Time at 25 'C 30 min 45 min 5xI0-\1 4 hrs'" 5xlO-'/15 min

Tube Warranty 3 yrs. 5yrs. 3 yrs.
Sinusodial Outputs 10 MHz, 5 MHz, I MHz, 100 kHz 5 MHz, I MHz, 100 KHz 5M, 1M, lOOk, Clock (1M)

Output Voltage I volt into 50 !l

Harmonic Distortion >40 dB (from rated output)
Non-Harmonic Distortion >80 dB (from rated output)

Temperature, Operating 0-50'C

Temperature, Non-operating -40 to 70'C'3\ -40 to 50°C

Power, AC 50,60 or 400 Hz ±IO%, 115/230V ±IO%, 44W (Cesium), 49W (Rb), 19W(71W Warm-up)

Power, DC 22 to 30V, 30W 23 to 30V, 35W 8W (16W Warm-up)

Power, AC/DC with options· add 5 to 16W oto 16W

Dimensions (HxWxD): mm: 221x425x416 133x425x416 88.2x425x2B6
inches: 8.7xI6.7xI6.4 5.2xI6.7xI6.4 315h2x163/,xI1 1/,

Weight (Ib/kg) 68/30.9 64129.1 34/15.4 24/109
2/0.9

Option 002 3.5/1.6
Option 003 612.7 612.7

Time Standard (Clock)
1 PPS Outputs: Master:

Clock: Front and Rear BNC Front BNC

Amplitude 10V Peak into 50 !lload

Width 20 ~s min.
Rise Time <50 ns
Fall Time <50 ns

Jitter, pulse-ta-pulse <I ns, rms

Synchronization Automatic, 100 ± 100 ns delay

Clock Pulse Adjustment Range: .l~stols

Clock Display: LCD LCD LED

Standby Power Supply-Capacity at 25'Cw/elk 45 min. 45 min. 10 min. 6 hrs

Recharge Automatic switch fast/float

(1) Static mechanical and atmospheric and electromagnetic environment ±2.5'C range at any temperature between 15 and 35'C.
(2) After 24 hours off @25'C.
(3) If options installed in HP 5065A, Non-Op. Temp -40'C to +50'C.
(4) For life of Cesium Beam tUbe.
NOTE: Tubes are intrinsically capable of meeting these specifications when installed in HP 5061B's currently in production.

s

Ordering Information
HP 5081B Cesium Frequency Standard

Opt 003 Clock and Standby Power Supply
Opt 004 High Performance Beam Tube
Opt 908 Rack Flange Kit

Special Option HP E21-5061B Flying Clock
Consists of: HP5061B, Opt 003, E21, + 5089A.
(The 50618, + Opt 003 are not included in the E21
price.)
Weight: 64 kg (1411b).
Size: 425 H x 405 W x 546 mm D (16.7 in. x 15.9 x

21.5 inches) includes handles.
HP 10638A Degausser

Price
$33,500

$4,400
$5,700

$45
+$6,950

$1,550

Special Option K34-59991A Phase Comparator
HP 5085A Rubidium Frequency Standard

Opt 001 Clock
Opt 002 Standby Power Supply
Opt 003 Clock and Standby Power Supply
Opt 908 Rack Flange Kit

Special Option HP E21-5065A Portable Standard
Consists of: HP 5065A, E21, Opt 001 + 5089A

Standby power supply. (The 5065A, + Opt 001 are not
included in the E21 price.)

Weight: 50 kg (110 Ib).
Size: 314 H x 425 W x 546 mm D (8.4 x 16.7 x 21.5

inches) includes handles.

$1,700
$28,300

$3,600
$850

$4,500
$45

+$7,075



FREQUENCY & TIME STANDARDS
Accessories

Models 5061B, J45-5061B, 10638A, K34-59991A B

HP 10638A

,,"

10638A DEGAUSSER
t<t Wl EI T'·I' A r_ '-" D

• ..
•

HP K34-59991A

HP 10638A Degausser
The HP 10638A Degausser is designed for use with the Option 004

High Performance Cesium Beam Tube without interrupting normal
operation. The degausser removes residual magnetism in the shields
of the beam tube which can build up over time, due to a changing
magnetic environment, and can cause a frequency offset. Relaxation
of the residual magnetism insures a settability of ± I X IO-D, al
lowing stable precise changes in output frequency and a reproduc
tibility of ± 1.5 X 10-12

• The degausser should be used when initially
setting up the HP 5061B with Option 004 or after the instrument has
been moved or adjusted.·

HP 50618 with Option 003, Time Standard and
Standby Power Supply

The HP 5061B has provision for an optional digital divider and
reliable, easy to read LCD, time-of-day, 24-hour digital clock (Op
tion 003). By including this option, the number of applications and
the versatility of the cesium standard is increased. The one-pulse-per
second output can simplify the comparison with other standards
(such as portable and secondary standards) as well as GPS and Loran
Systems. The techniques for such comparisons are described in Appli
cation Note AN-52. Option 003 also includes an internal battery
power supply which will provide at least 45 minutes of standby power
if the line power should fail. This will prevent phase and frequency
interruptions due to intermittent or an extended power failure. Bat
tery power also enables moving the cesium beam standard to locations
of other secondary standards without losing time.·

HP K34-59991A Phase Comparator
The HP K34-59991A Broadband Linear Phase Comparator accu

rately compares the phase relationship of the output signals of two
frequency standards having the same nominal frequency. This will
enable resolving extremely small differences between precision fre
quency sources. The Phase Comparator operates over a frequency
range of 10 kHz to 50 MHz and input levels between 100 mV and 10
V rms. A linear de output voltage, proportional to the phase differ
ences between the two standards, is available at both the front and
rear panels. This voltage is also monitored on a front-panel meter and
is suitable for driving a stripchart recorder, thus allowing longterm
monitoring of the frequency standards. By using this comparator,
very small frequency differences can be detected and adjustments can
be made to frequency standards to correct for timekeeping errors.·

HP J45-5061 Certified Stability of 1 x 10 13

The HP J45-5061 B is a special option which will certify that the
Model HP 5061 B with standard Options 003 and 004 has stability
performance of better than or equal to 1 X 10 13 in a day, when mea
sured each day for any five consecutive days. This means that the
cesium standards absolute deviation from the HP Santa Clara Divi
sion House Standard is less than or equal to 8.64 ns per day on each of
the five consecutive days during the certification. The certification ap
plies only to original shipments and is performed under calibration
laboratory conditions with the cesium beam tube degaussed and oper
ating in a stable magnetic environment and over a restricted tempera
ture range of ±2.5 degrees range at any temperature between 15 and
35 degrees C.·

• See page 488 for ordering information.



8 FREQUENCY & TIME STANDARDS
Accessories (cont'd)
Model5087A

• Versatile with 3 input and 12 output channels
• Low noise, high stability, and isolation

• Exceptional phase stability
• Plug-in modular construction

HP 5087A

HP 5087A Distribution Amplifier
The Hewlett-Packard 5087A Distribution Amplifier provides the

isolation and flexibility required for distribution of the output of high
quality frequency standards. Low distortion and excellent isolation
make it ideal for providing multiple outputs from atomic or crystal
frequency standards. The 3 input channels will accept 10 MHz, 5
MHz, 1 MHz or 100 kHz in any combination. The number ofoutputs
for each channel is selectable up to a total of 12 outputs. The output
levels are individually adjustable from 0 to 3 V rms. All input and
output levels are monitored on a front-panel meter.

The Distribution Amplifier features plug-in modular construction,
short circuit isolation, exceptional phase stability, low noise and
cross-talk, and uninterrupted switchover to standby dc in event of ac
power failure.

The shielding around each input and output plug-in amplifier as
sures minimum noise and crosstalk. The tuned output amplifiers pro
vide clean signals and high channel-to-channel isolation.

The instrument is designed for maximum versatility and can be
supplied to meet a wide variety of special requirements. The standard
configuration of input and output amplifiers is shown in Figure 1.

Several other commonly used configurations are also available and
special combinations of the various input and output modules can be
supplied. Input and output amplifiers can be added or the configura
tion easily changed at any time.

Isolation
Load (open or short on any other channel)

Amplitude change: 0.1 %.
Phase change: <0.1 ns at 5 or 10 MHz.

<0.5 ns at 1 MHz.
<5.0 ns at 100 kHz.

Injected signal: 1 V signal up to 50 MHz applied to any output ex
cept 10 MHz, will be down more than 60 dB in all other outputs; 10
MHz output channel will be down more than 50 dB.
SSB phase noise (5 MHZ): > 145 dB below signal in 1 Hz BW for
frequencies> I kHz from carrier.
Short term stability degradation (5 MHZ): < I x 10.12 in 10 kHz
band. (l s average).

Environmental
Temperature: MIL-E-16400, Class 4.

Operating: 0-50°C; storage: _62° to +75°C.
Stability

Amplitude: ±0.5 dB, 0° to 50°C.
Phase: <0.1 ns;oC., 5 and 10 MHz.

Humidity: 95% at 40°C.
Altitude: up to 30,000 ft.

General
Power: 115 or 230 V ± 10%, 48 to 440 Hz, 20 VA, max, or 22-30 V
dc, 500 milliamperes, max.
Dimensions: 88 mm H x 425 mm W x 286 mm D (3.5 in. x 16.7 in. x
11.3 in.).
Weight: typical, Opt 031-Net 7 kg (l5Ib).

A

c

INPUT
PREAMPS

OUTPUT
AMPLIFIERS

10

11

12

Ordering Information
HP 5087A Distribution Amplifier Mainframe
Normal Configurations (input and output amplifiers)

Opt 0315,1 and 0.1 MHz inputs and 4 outputs at
each frequency
Opt 032 Single 5 MHz input and 12 outputs
Opt 033 Single 10 MHz input and 12 outputs
Opt 034 Single 5 MHz input, 4 each outputs at 5, 1
and 0.1 MHz

Price
$2200

+ $2220

+ $2060
+ $2060
+ $2270

Figure 1. HP 5087A Distribution Amplifier with Option 031,
Standard Configuration input and output amplifiers.

Specifications
Inputs: (up to three, rear panel BNC).
Frequencies: 10 MHz, 5 MHz, 1 MHz or 100 kHz.
Level: 0.3 to 3.0 V rms, 50 ohms.

Outputs (up to 12 rear panel BNC).
Frequencies: 10 MHz, 5 MHz, I MHz or 100 kHz.
Level: 0-3 V into 50 ohms (screwdriver adjustment).
Harmonic distortion: >40 dB below rated output.
Non-harmonic distortion: >80 dB below rated output.

Special Configurations
Input Preamplifiers (up to 3 total)

Opt 004 Input Preamplifier (0.1 to 10 MHz)
Opt 005 5 to I MHz Input Divider
Opt 006 I to 0.1 MHz Input Divider
Opt 0115 to 10 MHz Input Doubler
Opt 013 10 to 5 MHz Input Divider
Opt 014 10 to 1 MHz Input Divider

Output Amplifiers (up to 12 total)
Opt 001 5 MHz Output Amplifier
Opt 002 1 MHz Output Amplifier
Opt 003 0.1 MHz Output Amplifier
Opt 012 10 MHz Output Amplifier
Opt 908 Rack Flange Kit

+ $80
+ $180
+ $250
+ $250
+ $210
+ $310

+ $165
+ $165
+ $180
+ $210
+ $35



• 15 ampere-hour capacity
• Maintenance free lead-calcium batteries

FREQUENCY & TIME STANDARDS
Accessories

Model5089A

• Used in "Flying Clocks"
• Automatic recharge

B

HP 5089A

The HP 5089A tells you its operational status at a glance through
three LED lamps: GREEN indicates the battery is being charged;
YELLOW indicates there has been an ac line failure; a RED lamp
lights when the battery is almost fully discharged. Two front-panel
meters show battery voltage and charge/discharge current.

Batteries
The HP 5089A utilizes the "immobilized electrolyte" technology

in its maintenance-free lead-calcium batteries. The lead-calcium grid
gives these batteries longer life with better reliability than conven
tionally designed batteries. The batteries are double sealed to provide
virtually leakproof, and thus maintenance-free operation.

HP 5089A Specifications
Input Voltage

AC charging: 85 V to 130 V ac rms, 48 to 440 Hz, 300 VA max.
85 V to 255 V ac rms, 48 to 66 Hz, 300 VA max.

DC operation: II V to 30 V dc, 110 W max.
Output voltage: 22 V to 28 V dc (nominal). 2 A maximum.
Standby capacity: 15 AH at +25°C when fully charged.
Recharge: complete recharge in 24 hours when operating from ac
line.
External low battery voltage alarm: floating contact closure at rear
panel barrier block for external visible or audible "low battery" warn
ing. Contact rating is 30 V dc at 2 amperes.
Operating Environment

Temperature: O°C to 50°C.
Humidity: up to 95% at 40°C (with no internal condensation).
Altitude: 12,000 metres (40,000 feet).

Storage Environment
Temperature: -40°C to +65°C.
Humidity: up to 95% noncondensing.
Altitude: 15,000 metres (50,000 feet).

Dimensions: 177 mmH x 425 mmW x 416 mmD (7 in. x 16.7 in. x
16.4 in).
Weight: net weight 30.5 kg (67 Ib).

HP 5089A Standby Power Supply
The HP 5089A Standby Power Supply furnishes dc power to keep

frequency or time standard systems operating during extended inter
ruptions of ac line power. For applications where it is essential to
maintain continuous operation and avoid loss of precise time, the use
of a standby power supply is an absolute necessity. This unit is
designed for use with Hewlett-Packard Cesium Beam Standards, Ru
bidium Vapor Standards, Quartz Standards, and other equipment
which will operate from 22 to 28 V dc. No switching is used in trans
ferring power from line to battery operation and back again, thus as
suring uninterrupted operation.

Versatility
The HP 5089A is an extremely versatile unit. It was designed both

as a portable power supply for the HP 5061B and HP 5065A "flying
clocks", and as a standby supply for stationary applications.

Portable Applications
Portable or "flying clock" applications require a power supply to

operate from a wide range of power sources, along with the standby
capability to maintain continuous operation where no external power
is available. A special inverter permits operation from a 12 V dc auto
mobile battery. In addition, the 85 to 255 V ac, and 11 to 30 V dc
capability enables the HP 5089A to operate from almost any power
source in the world. The 15 ampere-hour standby batteries are the
double sealed lead-calcium type, and thus are virtually spillproof.
Mounting hardware is available to attach the HP 5089A to either the
HP 5061B or the HP 5065A standards to make a portable frequency
time standard package. These portable packages are available from
Hewlett-Packard under HP E21-5061B and HP E21-5065A.

Stationary Applications
Stationary applications require long periods of power supply opera

tion in a float or standby mode. Then, when an ac supply failure oc
curs, the supply must provide full standby capability. The charging
circuits inside the HP 5089A are designed to charge the batteries in
such a way that they will provide both long, trouble-free, reliable op
eration, and full standby power. After use, when ac power is restored,
the HP 5089A will fully recharge its batteries. The double sealed bat
teries will not leak or require maintenance of any kind. Thus, the HP
5089A allows you to add standby capability to your system with very
little increase in maintenance costs.

Ease of Operation
In normal operation there is virtually no required operator inter

vention. The HP 5089A automatically maintains the batteries in a
fully charged state, ready to supply standby power. Should regular
line power fail, the HP 5089A will provide uninterrupted dc power (to
the limit of its standby capacity) for your equipment. After normal
operating power is restored, the HP 5089A will automatically
recharge its batteries back to the standby level.

Accessories Supplied
HP 05061-6091: AC Power Input Cable Assembly
HP 05089-60102: DC Power Input Cable Assembly
HP 05089-60101: DC Output Cable Assembly
HP 5060-0169: Extender Board Assy (Dual 25 Pin)

Ordering Information
HP 5089A Standby Power Supply

Opt 001 Spare Al Board Assembly (HP 05089
60001)

Opt 908 Rack Mounting Adapter Kit
Opt 910 Extra Operating and Service Manual

Price
$6100
+$800

+$45
+$25





TELECOM/DATACOM TEST

Telecommunications
Te8t Equlpment••••~•••••'••••Ili........................ 494

Data Communications
Te8t Equipment........................................ 511

Testing of data-commu ion and telecommq.ni-
cation equipment is' candy different from
the testing of other equipment and devices. These
measurement instruments often deal with special
ized signal formats and may be portable,
standalone, or programmable. Therefore, we have
separated the equipment for making these tests
from the rest of the product groups. This group
consists of the largely analog test equipment
needed for telecommunications test, as well as the
digital sources and analysis equipment needed for
datacom test.

Telecom/D



BTELECOMMUNICATIONS TEST EQUIPMENT
Digital Communications Measurement

HP 3764A Opt 001 • • • • • • • • •• • • •
~

• • •HP J764A Opt 002

HP 3116A • • •
HP3116B • • •
HP 3119C • -. •
HP 37190 • • •
HP 37BOA '" '" '" '" '" '" '" • • •
HP 37Bl/B2A • • • • • • •
HP 37Bl/B2B • • • • • • •
HP 37B5A • • • • •
HP 37858 • • • • • •
HP 37B7B • • • • • • • • •
HP 37B9A • • • • • •
HP 37B9B * • • • • • • • •

A See options 101,102, 103

*OSI access/measurement via built-in demultiplexer

Digital Leased Service
Measurements

In ~orth America, digital leased services
include TI (1.544 Mb/s) and digital data
system (2.4/4.8/9.6/56 kb/s). The

As the network has evolved, DS3 has be
come the high-capacity building block, while
DS I has become the local distribution unit.
For testing all three hierarchy levels, the HP
378lB Pattern Generator and HP 3782B Er
ror Detector can interface and measure at
DSl, DS2 and DS3. The two-box configura
tion gives flexibility for end-to-end trials or
for tests where multiple generators are re
quired.

The HP 3789 DS3 Transmission Test Set
is available in two models - the HP 3789A
has the basic pattern generation and error
detection capability required for installation
and network maintenance applications.

The HP 3789B is a more sophisticated set
that not only measures BER and jitter on a
DS3 signal, but also extracts and measures
BER and jitter on each of the component
DSI digroups, making it an ideal trouble
shooting aid.

For further analysis, any DS I stream can
be demultiplexed and output to either the HP
3776 PCM Terminal Test Set or HP 3787B
Digital Data Test Set for PCM voice fre
quency or digital channel measurements re
spectively.

Jitter and Digital Networks
When digital networks were small and

transmission paths relatively short, timing
jitter was not a major problem to system pro
viders. However, the rapid deployment of
digital networks has resulted in jitter-associ
ated problems. For example, faults associat
ed with aging of components and the use of
digital transmission equipment from differ
ent manufacturers has led to jitter becoming
recognized as a major source of errors and
other transmission impairments. Dedicated
jitter test sets such as the HP 3785 Jitter
Generator and Receiver have both jitter gen
eration and measurement capability to help
manufacturers design equipment to achieve
satisfactory jitter performance. In operation
al digital networks, jitter accumulation var
ies with the traffic pattern content.
Incorporating jitter measurements into BER
test sets such as the HP 3764A, HP 3787B
and HP 3789B couples the analysis of timing
jitter with error analysis to pinpoint fault
mechanisms efficiently.

HP 3787B Digital Data Test Set measures
both error and jitter performance on these TI
and DDS services. It has subrate drop and in
sert capability to allow connection to DS I
crossconnect, Access Switch to Digital
Crossconnect Systems (DCS) and can per
form measurements on customer subrate pri
mary and secondary channels.

CEPT INTERFACES IGENERALI
PURPOSE ll NORTH AMERICAN l

INTERFACES

Digital Transmission (TOM)
Transmission measurements have shifted

from basic measures of bit error ratio and
peak-peak jitter towards more thorough
analysis of systems in terms of error perform
ance or distribution with time. There is an
increasing emphasis on evaluating "availa
bility" of digital circuits.

North American Hierarchy
The North American hierarchy has three

levels: DSI (1.544 Mb/s), DS2 (6.312
Mb/s) and DS3 (44.736 Mb/s).

CEPT Hierarchy
The CEPT digital hierarchy has four cur

rently defined levels for network interconnec
tion and test: 2, 8, 34 and 140 Mb/s.

The HP 3764A Digital Transmission Ana
lyzer is available in a number of variants to
cater for different testing needs: a 2, 8, 34,
and 140 Mb/s BER version for general net
work test; a 140 Mb/s BER only version for
high-capacity trunk testing, and a 140 Mb/s
BER and jitter version for troubleshooting
and manufacturing applications.

All versions of the instrument provide
6.821 error analysis and there is a choice of
built-in printer or cassette for logging mea
surement and analysis results.

For testing on lower-capacity systems, the
HP 3780A Pattern Generator/Error Detec
tor provides flexible operation at rates up to
50 Mb/s in a single package. The HP 3781A
Pattern Generator and HP 3782A Error De
tector give similar capability with a two-box
package that is useful in field trial testing or
when multiple generators are needed to test
load a system. HP-IB control is provided for
system test applications.

PCM Conversion Measurements
Today's circuit-switched integrated digital

networks (ION) are almost all based on 64
kb/s PCM voice channels using either CEPT
A-law or Bell wlaw coding formats. These
circuits can also carry multiplexed, low
speed or wide-band high-speed data. The key
to testing these circuits is the ability to mea
sure PCM voice and analog data transmis
sion performance at both analog and digital
access points, that is, in a mixed ana
log/digital network.

The HP 3776A/B Terminal Test Set, for
use mainly in installation and commission
ing, can make both PCM voice and analog
data measurements in both analog and digi
tal domains. It can also be connected to test
ports of digital cross-connect switches. The
HP 3779A/B Primary Multiplex Analyzer is
optimized for R&D, production test and
commissioning of line cards and PCM mul
tiplexers/ channel banks.
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Models 3776A, 3776B, 3779C, 3779D, 3777A

HP 3776A1B
• Voice, PCM and data (option 001) measurenlt::nts in

one portable instrulllent
• Network test of 4 kHz chanllels at VF and 2/1.5 Mb/s

PCM interfaces
• A-A, A-D & D-A measurements (for full & half-chdnnel

tests)
• Direct output to printer or plotter
• Set and monitor framing and signaling bits

HP3779C/D
• Manufacturing/R&D test of digital line Cards/channel

banks
• A-A, A-D & D-A measurements (tor full & '"lalf-channel

tests)
• Comprehensive PCM in-b,md arid out-of-band mea

surements (to 40 kHz)
• Limit checking, sequencing, and direct control of print

er and channel selector for ease of system integration
• Complex impedance ternllnations

Ii? ; flO DOD

HP3776A HP 3779C

No. of Connectors
Channell Slemeni 3-Pln WECO 310

6 Opt H07 Opt HI6
12 Opt 002 Opt 003
18 Opt HI3 Opt HI7
24 Opt HI4 Opt 001
30 Std Opt HOS

HP 3778A1B PCM Terminal Test Set
The HP 3776A is designed for CEPTICCITT compatible net

works. Model 3776B is designed for BelliJapanese/CCITT compati
ble networks. Full ordering details and specifications are contained in
the data sheet and specification booklet.
• HP 3776A has 30/31 channel voice testing capability
• HP 3776B has Bell extended superframe (ESF) & B8ZS line cod

ing capability

HP 3776A
The HP 3776A has 30/31 channel voice test capability. The VF

and PCM interfaces allow multiplexers to be tested to CCITT G.712
to G.714 recommendations. Data Option'(OOI) measurements con
form to relevant CCITT '0' Series recommendations.

HP 37768
The HP 3776B has selectable Bell standard or Bell extended super

frame (ESF) capability. Line coding is either AMI or B8ZS (clear
channel). HP 3776B Option 002 has modified measurements and 1
214 connectors for Japan. The VF and PCM interfaces allow channel
banks to be tested to BSTR PUB 43801 specifications. Data Option
(001) measurement methods conform to IEEE STD 743 - 1984.

HP 3777A Channel Selector
• DC to 110 kHz
• 2-wire/4-wire balanced switching
• Remote control only (HP-IB)

The HP 3777A is a 4-pole access switch for telecom applications. It
may be configured as a single 4-wire switch or as two, independent, 2
wire switches. Channel capacity is arranged by adding standard mod
ules. Unselected channels are switched to 600 ohm terminations. Spe
cial options are available with other termination values including
none (open circuit).

HP 3777A Options

37790
The HP 3779D tests channel bank performance as specified in

BSTR PUB 43801 in A-A, A-D and D-A measurement modes.

HP 3779C
The HP 3779C performs A-A measurements to CCITT G.712/3

standards. A-D and D-A measurements are performed to CCITT
G.714. Multiplex alignment and alarm functions can be tested auto
matically in D-A mode.

Price
$22,200
$17,100

$80
$60

$320
$490

Ordering Information
HP 3779C Primary Multiplex Analyzer (CEPT)
HP 3779D Primary Multiplex Analyzer (Bell)
HP 15512A Cable
HP 15513A Cable
HP 155158 Loop Holding Unit
HP 15518A/8/C Loop Holding Accessory

Accessories
HP 15518A18: dual-port loop-holding accessory for HP 3776A/B
HP 155158: loop-holding unit, 24 mA current sink; WECO connec
tors
HP 15512A: 1m length 600 ohm bal cable; Siemens 3-pin connector
both ends
HP 15513A: 1m length 600 ohm bal cable; WECO 310jackplug both
ends

HP 3779C/D Primary Multiplex Analyzer
The HP 3779C is designed for CEPTICCITT compatible net

works. Model 3779D is designed for BelliJapanese/CCITT compati
ble networks. Full ordering details and specifications are contained in
the data sheet and specification booklet.
• The standard PMA has VF interfaces for A-A measurements and

E&M signaling distortion capability.
• A-D and D-A measurements are optional providing all measure

ment modes and a single-channel TTL- compatible interface for
codec and line card testing.

Price
$12,100
$13,300

$5,300

Ordering Information
HP 3778A PCM Terminal Test Set (CEPT)
HP 37788 PCM Terminal Test Set (Bell)
HP 3777A Channel Selector
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Dedicated PCM/TDM Error Measuring Sets
Models 3781A, 3782A, 37818, 37828

HP 3781A1B
• Versatile selection of test patterns
• Internal jitter modulation
• Additional delayed data output

HP 3782A/B
• Binary and code error measurements
• Error ratio, error count error seconds and error-free

seconds displayed
• Powerful error distribution analysis

HP 37818

~
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HP 37828

The HP 3781A Pattern Generator and HP 3782A Error Detector
form a high performance error measuring system which complements
the HP 3780A Pattern Generator/Error Detector. Designed to con
form with CEPT and CCITT standards, the HP 3781A/3782A pro
vide four bit rates (up to 50 Mb/s) of the digital hierarchy in one
compact system. Applications of the system are in R&D, field trial
and production testing, especially where an automatic and remote
measurement capability via the HP-IB is required.

In the HP 3781 A, binary or code errors can be injected as single
shot or at 10-3 or 10-5 rates into a wide range of PRBS and 16-bit
WORD test patterns coded in AMI or HDB3. The test patterns pro
vided include standard 29_1, 2\5-1, and 223-1 bit PRBS to CCITT
Recommendations, fully programmable 16-bit WORD, and two 8-bit
WORDS which may be alternated under the control of an external
signal. Zero substitution (up to 120 zeros) for PRBS patterns is in
cluded to examine, for example, the clock recovery performance of
regenerators. 75 n unbalanced and 120 n balanced pseudo-ternary
outputs and binary TTL monitor outputs are provided. A jitter modu
lation input facility is provided for simple oscillator connection, with
direct LED display of pk-pk bits of jitter. This can be used to measure
the input jitter tolerance of digital transmission equipment. A second
data output with 12 bits delay provides adequate simulation of an
independent sequence for thorough testing of digital radio systems.
As an option, four extra data outputs coded in AMI or HDB3 can be
included on the rear panel for driving adjacent radio channels.

The HP 3782A detects binary or code errors which can be dis
played in the form of error ratio, error count, error seconds, and error
free seconds over a wide choice of gating periods. All four results are
computed simultaneously over the same gating period. For ease of use
there is a built-in automatic check for compatibility of switch position
combinations. An error code flashes on the display if incompatibility
is detected. When the monitor mode is used, the HP 3782A can be
used for in-service monitoring of digital transmission links.

Measurement results are available on the HP-IB and a rear panel
result threshold switch allows pre-selection of an error threshold
above which results will be printed. This provides useful data reduc
tion and a first order error distribution analysis. With a built-in real
time clock, results can be output with time, if required.

The HP 378IB Pattern Generator and HP 3782B Error Detector
form a dedicated error measurement system for testing and evaluat
ing the performance of Bell digital transmission terminal and link
equipment, up to and including the DS-3 level in the digital hierar
chy. The HP 3781B/3782B can be used in production testing, field
installation, and maintenance of the Bell digital transmission system,
including PCM/TDM transmission over cable, radio, satellite, and
fibre optic links. The principal application is at the DS-3 level in the
Bell digital hierarchy.

The HP 3781B/3782B are designed to interface at Bell System
standard cross connect points with appropriate ternary coding and
interface voltage levels at each hierarchial level. Interfacing at the
DS-I C and DS-2levels is limited to Tl-C and T2 line systems. At the
DS-3 level, a choice of four data formats is available. Alternatively,
binary ECL interfaces can be used.

The HP 3781 B Pattern Generator provides a selection of standard
29 - I ,2\5 - I, and 220 - I bit PRBS and fixed WORD test patterns
with a choice of single error or I in 105error simulation on the digital
data stream for normal measurements and troubleshooting. A pattern
of 17 ones/ 15 zeros and zero substitution (up to 999 zeros) for PRBS
patterns are included to examine phase sensitive circuitry such as
clock recovery of regenerators. A jitter modulation input facility is
provided for simple oscillator connection, with direct LED display of
pk-pk bits of jitter. This can be used to measure the input jitter toler
ance of digital transmission equipment. A second DS-3 output chan
nel with 22 bits delay provides adequate simulation of an independent
sequence for thorough testing of digital radio systems. As an optional
extra, four DSX-3 BNC outputs on the rear panel can be included for
driving adjacent radio channels.

The HP 3782B Error Detector detects any binary or code errors
generated by the system under test. At the DS-3 level, it can perform
in-service or out-of-service measurements of parity errors within the
digital transmission system. The HP 3782B can measure simultane
ously error rate, error count, error seconds, and error free seconds
over a single gating period. When the DS-3 MON facility is used, in
service measurements (eg parity errors) of live traffic are possible.
For ease of use, there is a built-in automatic check for compatibility
of switch position combinations. An error code flashes on the display
if incompatibility is detected. Hard copies of results can be obtained
on a printer via HP-IB control, either in the "talk-only" or "ad
dressable" modes. In addition, a preselectable error rate threshold
and a real time clock allows selection for printing results which ex
ceed a defined threshold (with local time, if required).

Ordering Information
HP 3781A Pattern Generator

Option W30: 2 years Additional Hardware Service
HP 3782A Error Detector

Option W30: 2 years Additional Hardware Service

Prices
$8,750

$140
$8,000

$130

Ordering Information
HP 37818 Pattern Generator

Option W30: 2 years Additional Hardware Service
HP 37828 Error Detector

Option W30: 2 years Additional Hardware Service

Prices
$9,400

$160
$8.700

$140
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PCM/TDM Error Measuring Set & Digital Transmission Analyzer 497

Models 3780A, 3764A

HP 3780A
• Easy-to-use portable unit
• Binary and code error measurements
• Clock frequency offset generation and measurement
• Ternary coded and binary interfaces
• Data logging and graphs to external printer

HP 3764A
• Error analysis at 2, 8, 34 & 139 Mbit/s based on latest

G.821 Recommendation or error & jitter measurement
and analysis at 139 Mbitls only

• Powerful data logging facilities
• Single key measurement set-up using preset memory
• Portable single-unit construction

HP 3780A
Option 001

HP 3764A
Option 001

CD
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HP 3780A Pattern Generator/Error Detector
The HP 3780A Pattern Generator/Error Detection is a Compre

hensive error measuring set in one portable package for use in manu
facturing, field trials, commissioning and maintenance of digital
transmission terminal and link equipment.

The instrument measures binary errors and code errors in digital
transmission equipment operating at rates between I kb/s and 50
Mb/s. Frequency offset generation and measurement are provided at
the standard PCM/TDM transmission rates.

A range of standard PRBS test patterns and automatic pattern rec
ognition/ synchronisation are provided for simple performance
checks. It also has flexible WORD generation and zero substitution to
explore regenerator timing recovery performance and detect system
atic errors.

Binary clock and data or ternary coded data interfaces can be se
lected with automatic equalisation at 2, 8 and 34 Mb/s on the Receiv
er.

Results are displayed as error COUNT or BER over a range of
gating periods, and can be logged or presented graphically on an ex
ternal printer.

HP 3764A Digital Transmission Analyzer
The HP 3764A Digital Transmission Analyzer is available in three

versions. The standard instrument offers a low-cost solution to users
who want to perform error measurements at 139 Mb/s only. The op
tion 00 I instrument is a multi rate error analyzer in a single, rugged,
low-weight case particularly suited to field installation and mainte
nance applications. The option 002 instrument performs a fuJI set of
bit error and jitter measurements at 139 Mb/s to match development
or manufacturing requirements.

Specifications Summary
Generator Section
Clocks: Standard & Opt 002, 139.264 MHz with fixed frequency
offsets; Opt 001, 139.264,34.368,8.448 & 2.048 MHz, with fixed
frequency offsets available as Opt 005.
Data outputs: CMI format at 139 Mb/s; HDB3 format at 34, 8 & 2
Mb/s; binary-RZ from I kb/s to 150 Mb/s, NRZ from 1 kb/s to 170
Mb/s (using external clock source), ECL levels, 75 ohm unbalanced.
Data patterns: PRBS 215_1 and 223_1; word, programmable 16-bit or
two alternating 8-bit words; errors, single error or fixed 1 x 10-3 rate.

Receiver Section
Recovered clock: 139.264 Mb/s ± 3 Mb/s; 34, 8, 2 Mb/s ± 100
ppm.
Binary clock: 1 kHz to 170 MHz.
Data inputs: 75 ohm terminated; monitor (25 dB additional gain);
binary, RZ or NRZ, ECL levels.
Error analysis: Error count, error ratio, error seconds, error-free
seconds, % unavailability, % errored seconds, % severely-errored
seconds, % degraded minutes. All measurements made simultaneous
ly and in accordance with CCITT Recommendation G.821.
Jitter analysis: Peak-to-Peak, hit count, hit seconds, hit-free seconds.
Further analysis possible using internal jitter filters and demodulated
jitter output.
Internal printer: Any combination of analysis parameters can be se
lected for printing.

NC
$190

S2700
S860

$1460

Price
$IOROO

$860

Ordering Information
HP 3764A Standard: Error analysis at 139 Mb/s.

Option 003: Standard with 3 additional delayed out·
puts.
Option 002: Error & jitter analysis at 139 Mb/s.
Option 001: Error analysis at 2, 8, 34 & 139 Mb/s.
Option 005: Multirate fixed-frequency offsets for Op
tion 001.
Option 010: Tape cartridge unit replaces the printer.
Option W30: 2 years Additional Hardware Service

NC

NC

NC

$270

S1\0
5320

$750

5650

$140

$270

-s ISO

Price
$8,600

Word/Connector Options
Option 001: all words replaced by a 16 bit front panel
programmable word.
Option 002: Siemens 1.6 mm connectors.
Option 003: options 001 and 002 combined.

Frequency Offset Option
Option 099: frequency offset measurement only, fre
quency offset generation deleted.

Ordering Information
HP 3780A Standard: internal fixed rates of 2048, 8448
& 1536 kb/s; HDB3/HDB2 ternary coding.

Option 232: RS-232 printer port replaces BCD
printer and plotter outputs.
Option W30: 2 years Additional Hardware Service

Frequency/Ternary coding Options
Option 100: internal fixed rates of 2048, 8448 &
34368 kb/s; HDB3/HDB2 ternary coding.
Option 101: internal fixed rates of 1544, 6312 &
44736 kb/s; B6ZS/B3ZS ternary coding.
Option 102: internal fixed rates of 1544,6312 & 3152
kb/s; B6ZS/B3ZS ternary coding.
Option 103: internal fixed rates of 2048, 8448 &
34368 kb/s; 223_1 PRBS replaces 29_1; HDB3 terna
ry coding.
Option 104: as option 103 but with Siemens 1.6 mm
connectors.
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Dedicated PCM/TDM Jitter Generator and Receiver
Models 3785A, 37858

• Jitter generation and measurement on data and clock
• Jitter specifications designed to CCITT recommenda

tion 0.171
• Transient-free sweeping of inter nal CCITT defined jit

ter tolerance masks

• Single portable unit for up to 4 internal bit rates
• Built-in measurement filters to CCfTT recommenda

tions
• Comprehensive jitter analys!s agaillst real-time and jit

ter amplitude
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HP 3785A (2048,8448,34368 and, optionally, 25776 kHz)
CEPT

HP 3785B (DS-1, DS-1C, DS-2 and DS-3)
Bell

~
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The HP 3785A/B JitteT Generator and Receiver is a dedicated jit
ter measurement system for testing and evaluating the performance
of CEPT or Bell digital transmission terminal and link equipment up
to and including the third level (34368 kb/s or DS·3) in the digital
hierarchy. The HP 3785A/B can be used in production testing, field
installation and maintenance of the CEPT or Bell digital transmission
system including PCM/TDM transmission over cable, radio, satel
lite, and fiber optic links. The principal application is thorough testing
to current CCITT Recommendations at each level in the digital hier
archy.

In addition to providing a comprehensive measurement capability
which includes in-service jitter measurements, the microprocessor
controlled Jitter Generator and Receiver is easy to use with ergo
nomic layout of switches and connectors on the front panel. The
instrument is designed to interface fully with the HP-lB, allowing
bus-controlled operation and automatic measurement sequencing.

The Jitter Generator may be used to phase modulate an internally
provided crystal clock, an externally applied clock (at a nominal digi
tal hierarchy bit rate) or an externally applied data stream. Sinusoid
al modulation is provided by an internal synthesizer whose amplitude
and frequency can be set manually or swept, transient-free, through a
CCITT shaped jitter tolerance mask programmed into the instru
ment. Alternatively, external modulating signals can be applied. The
amplitude of generated jitter in unit intervals (U.I.) pk-pk and the
frequency of internal modulation are in accordance with CCITT Rec
ommendation 0.171 and are displayed on the front panel.

The modulated clock output can be applied to an external pattern
generator such as the HP 3780A, 3781A or 3782B. For jitter transfer
function measurements, the CCITT standard 1000 repetitive pattern
is provided within the HP 3785A/B. Jitter modulation can also be
applied to a test signal passing through the instrument from Data
Input to Data Output in Thru-data mode. This feature is particularly
useful when measuring the jitter tolerance and transfer function of
equipment which requires framing and control bits, for example a
demultiplexer.

• Jitter hit seconds count of the number of seconds in which one or
more jitter hits occur

• Jitter hit-free seconds count of the number of seconds which are
free of jitter hits

• Maximum absolute jitter amplitude in U. I. pk-pk is held during the
jitter analysis gating period
Simultaneous measurement of all six parameters is possible with

result display selection. The Receiver has a built-in real-time clock
and interval timer which can be used to log time varying jitter ampli
tude for later analysis.

The measurements can be made on clock or data inputs with or
without internal filtering. Two high pass filters and one low pass filter
as specified by CCITT arc provided for each of the four bit rates. In
addition, external filters can be connected between the demodulated
jitter output and the measuring circuitry input. The demodulated jit
ter output can also be used to measure rms jitter amplitude on an
external voltmeter or to display jitter spectrum on an external analyz
er.

The clock reference for the jitter measurements can be internally
derived from the applied data or clock via a narrow band phase
locked loop or externally derived from an applied reference.

The data input allows out-of-service or in-service measurements.
The MON facility for in-service measurements has built-in addition
al gain to compensate for the flat loss at the protected monitor points.

HP-IB Operation
The capabilities of the HP 3785A/B can be enhanced by using the

HP-lB to provide remote operation and automatic sequencing of reo
sults.

The HP-lB facility offers several principal features:

• Remote control of front panel switches and pushbuttons using pro
gramming codes

• Control codes which are set to default values on power-on and can
bc user-defined with the controller

• The ability to transfer instrument measurement configurations to
an external storage medium so that they can be used to set the in
strument up at a later time.

• Output of the result data to a printer (eg HP Thinkjet Printer) or
storage memory

Measurements
The Jitter Receiver offers six types of measurement:

• Absolute jitter amplitude in U.I. pk-pk
• Jitter peak. positive or negative
• Jitter hit count of the number of times received jitter exceeds a

user-defined hit threshold in U.1. pk

Ordering Information
HP 3785A Jitter Generator and Receiver (CEPT)
HP 37858 Jitter Generator and Receiver (Bell)
HP 3785A Option W30: 2 years Additional Hardware

Service
HP 37858 Option W30: 2 years Additional Hardware

Service

Price
$14,000
$16,000

$240

$210
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99DS3 Transmission Test Sets

Models 3789A1B

• Binary bit-by-bit error dAtection
• Parity, Frame and BPV error measuremAnts
• Error analysis to latest recommendations
• Portahle, singlA-unit construction
• Single-key measurement setup using preset memory
• Integrated access switch controller

u
u -:,." \t

• Built-in DS3 to OS 1 demultiplexer (B only)
• Error & Jitter tests at DS1 & DS3 (8 only)
• External Events and Voltages monitor inputs
• Optional DC operation from station batteries
• Full remote control via HP-IB and RS-232-C
• Optional built-in data loqger

HP 3789A
RS-232-C ~

ESIC'NED"c.,<". ·SYSTEMS

HP 3789B Option 003/010
RS-232-C

$1400

$8,300

$1 L200

$X'iO
$"50
1>700

$0
$0

$45
$220

HP 3789A1B DS3 Transmission Test Set
The HP 3789A and HP 3789B are new OS3 test sets which provide

users with a choice of how best to satisfy all of their main test require
ments with one integrated instrument.

Applications
• System turn up checks • Outage detection & isolation
• Routine testing of trunks • Trouble referral verification
• Fault sectionalization • Equipment & route
• Identifying fault mechanisms assessment
• Preventive maintenance • Lon~term performance
• Service quality verification mOnItonng

The HP 3789A has all the basic pattern generation and error mea
surement capability required for the installation, commissioning and
maintenance of OS3 transmission systems. The integrated package is
easy-to-use manually and has HP-IB and RS-232-C ports for auto
mated test and remote monitoring applications. A built-in access
switch controller to select from a number of OS3 inputs is included as
standard. Its capability can be extended with an optional built-in
printer and 24/48 volt OC operation.

The HP 3789B is a more powerful and sophisticated test set which
offers extraordinary troubleshooting capability. It has all the power of
the HP 3789A but in addition it has a built-in demultiplexer which
allows it to perform measurements on both OS 1 and OS3 signals from
a OS3 access point. Optional enhancements include: jitter measure
ments at OSI and OS3; the ability to perform and display any two
measurements simultaneously; OC operation from 24/48 volt station
batteries; and a choice of built-in printer or disc drive for data log
ging.

Specification Summary (for both the A & B models except as noted)

Measurements
DS3 Errors: Bit, Frame, Parity and Code (BPV) in the form of

Error Count, Error Ratio, Error Sees/Error Free Sees.
DS3 Analysis: %Availability, %Unavailability, %Error Sees, %Oe

graded Mins. These can be configured to give numeric results or
Pass/Fail results for go/no go tests.

DS3 Jitter (UP 37898 only): Jitter Hit Count, Hit Bit Count, Hit
Bit Ratio. Hit Second/Hit Free Second Count, Maximum Peak Am
plitude.

DSI Errors (HP 37898 only): Bit, Frame, CRC (Extended Super
frame Format only)

DSI Jitter (UP 37898 only): Max pk-pk, Max Positive Peak, Max
Negative Peak, Jitter Hit Count.

Error 8ursts: The number of bursts with> 100 errors is counted.
Error Second Distribution: Error Seconds containing 1 error, 2 to

10 errors and> 10 errors are counted. The total for each group is
counted.

Generator
Data Outputs: OS3 Hi; OSX-3; OS3 900' levels, selectable. Six

outputs are provided. Framing: On or off, selectable.
Patterns: PRBS: 215-1; WORD: 8 bit programmable; Blue Signal
Clock: Internal: 44.736 MHz ± 20ppm; External: 44.736 MHz ± 2%

Receiver
Data Input: Line Code: B3ZS; Rate: 44.736 MHz; Levels: OS3 Hi;

OSX-3; OS3 Lo; OSX-3 Lo; 900'; 900' Lo.
DSI Output (UP 37898 Only): This output provides a selected OS I

digroup signal demultiplexed by the HP 3789B from the input OS3
signal which may be further demultiplexed by external equipment for
testing at lower rates. Both WECO 310 and bantam jacks are provided.

Level/Impedance/Shape: As per Bell Compatibility Bulletin No. 119
for the OS I crossconnect.

Coding: AMI or B8ZS selectable

External Control
Both HP-IB and RS-232-C ports are fitted as standard. Either can

be used to control the HP 3789A/B remotely and to dump measure
ment results to an external printer.

General
Power Supply: AC: 90 to 126V and 196 to 253V: 48 to 66 Hz; approx
175 watts consumption. DC: -22V to -57V (with option 005); ap
prox 210 watts consumption.
Dimensions: 191mm high; 426mm wide; 559mm deep (7.5 X 16.75 X
22 ins.)
Net Weight: 16kg (35Ib) approx depending on option structure
Operating T~i'lperature: 0° to +50°C
Storage Temperature: -20° to + 70°C

Ordering Information
UP 3789A: The standard package consists of receiver; generator with
6 O/P's; both HP-IB and RS-232-C ports fitted; real-time clock;
WECO 560A type connectors fitted to Rx and Tx; integral access
switch controller. For additional capability select from the following:
Option 005: Built-in operation from 24/48V OC supplies $850
Option 010: 24-col built-in printer $"50
Option 100: WECO 477 type connectors on the Tx and Rx $0
Option 200: BNC connectors on the Tx and Rx $0
Option 908: 19-inch rack mount 1>45
Option W30: 2 Years Additional Hardware Service $165

HP 3789B
The standard package consists of receiver; generator with 60/P's;

built-in demultiplexer to OSI; OSl output port; both HP-IB and RS
232-C ports fitted; real-time clock; WECO 560A type connectors fit
ted to Rx and Tx; integral access switch controller. For additional
capability select from the following:
Option 003: 2nd measurement capability (including jitter
measurements at OSl and OS3)
Option 005: Built-in operation from 24/48V OC supplies
Option 010*: 24-col built-in printer
Option 011 *: Built-in 3.5-inch disc drive
Option 100: WECO 477 type connectors on the Tx and Rx
Option 200: BNC connectors on the Tx and Rx
Option 908: 19-inch rack mount
Option W30: 2 Years Additional Hardware Service
'NOTE: Options 010 and 011 are mutually exclusive. HP 3789B

HP 3789A DS3 Transmission Test Set

HP 3789B DS3 Transmission Test Set



TELECOMMUNICATIONS TEST EQUIPMENT
A total Solution for Digital Data Services and Equipment Testing
Model 3787B

Signaling System No.7 and OMI testing
For the development or maintenance of DMI (Digital Multiplexed

Interface) and Signaling Systems No.7, you can connect a protocol
analyzer to the HP 3787B and substitute the BER test pattern with
one from the protocol analyzer. In this mode, the HP 3787B acts like
a DSI Channel Access Unit - enabling any 'B' or '0' channel to be
accessed for protocol analysis.

• ISDN 'B' or '0' channel Protocol Analyzer interface
• Comprehensive bit error measurements and analysis

at DS 1C, DS 1, DSO and DDS interfaces.
• Sub-rate drop and insert capability.
• Built-in data logging capability.
• DS 1 Jitter analysis.

Who needs an HP 37878?
If you are involved in manufacturing, installing, commissioning or

maintaining combined DSI/ IC/DDS systems you have the problem
of buying test gear to match your test requirements. You need
OS I / IC testers, DDS testers and DS I/ IC channel access equipment
etc.

The HP 3787B solves this problem by satisfying all of these test
requirements and more in a single unit. The combination of three test
sets in one is not the end of our total solution - we also have a built-in
printer, many methods for presenting the error information (e.g.
Count, BER, ES, EFS etc) and error analysis (e.g. % Availability,
%EFS, %Severely Errored Seconds, Consecutive SES etc.).

$800
$500
$150
$100
$160

Prices
$8000

HP 37878 Options
001: DSI Jitter.
002: DC Capability.
909: 19-inch Rackmount.
910: Extra Operating and Service Manuals.
Option W30: 2 Years Additional Hardware Service.

Ordering Information
HP 37878 Digital Data Test Set.

DS1 Jitter Measurement (Option 001)
Peak-to-Peak Jitter: Range 0.00 to 10.00 Unit Intervals (UI) pk-to
pk, in 0.01 UI steps.
Jitter Filters: LP=2Hz to 40kHz, HPJ+LP=IOHz to 40kHz,
HP2+LP=8kHz to 40kHz.
Jitter Threshold: 0.05 to 10.00 UI pk-to-pk in 0.01 UI pk-to-pk in
crements.
Jitter Hit Measurements: Jitter Hit Count, Jitter Hit Bit Count, Jit
ter Hit Bit Ratio, Jitter Hit seconds, Jitter Hit Free Seconds.

Measurement Capability
Operating Frequency: DSO (64kbit/s), DSI (J.544Mbit/s), DSIC
(3.152Mbit/s).
Framing: DSI (SF, ESF, TlDM and Ft only), DSIC and DSOB.
Line Code: B8ZS, AMI.
Error Types: Logic (Binary), Bipolar Violations, Frame Word,
CRC-6 Word.
Error Results: Error Count, Error Ratio, Error Seconds, Error Free
Seconds, % Error Free Seconds.
Error Analysis: % Availability, % Unavailability, % Severely Errored
Seconds, % Error Seconds, % Degraded Minutes. Count Consecutive
SES, Count SES, Count ES, Count Deg Min.
Alarm Seconds: Instrument Power Loss Seconds, Signal Loss
Seconds, AIS Seconds, Frame Loss Seconds (ie DS IC, DS I or
DSOB), Test Pattern Loss Seconds.
Frame Slips (Controlled): Duplicated frames are indicated as posi
tive frame slips. Deleted frames are indicated as negative frame slips.
Protocol Analyzer Interface: RS-232-C 4-wire synchronous inter
face. When interfacing at DS I or DSO, the following channels can be
accessed: DDS primary and secondary channels, ISDN 'B' or 'D'
channels (64/56 kbit/s), ESF datalink or D4 Fs channel.
DS1/DS1C Signal Voltage: Positive and Negative peak voltage dis
played.
DSO Bit Monitor: Selected received customer bytes displayed.
Signalling Bits: A,B (SF) or A,B,C,D (ESF) signalling bits can be
set and displayed when 56kbit/s circuit switched is selected.

Drop and Insert
If the Transmitter/receiver signal is suitably framed (eg a DSI

ESF signal), test patterns or control codes can be inserted
to/extracted from the following:

An individual customer timeslot (64k and 56kbit/s).
DDS 2.4k, 4.8k, 9.6k, 19.2k and 56 kbit/s primary and secondary

channels (DSOA and DSOB).
4kbit/s Datalink (DSI ESF).
4kbit/s Fs channel (DS 1Ft).
8kbit/s R-channel (DSI TI DM).

RS-232-C~
,:.""cce. ..
SYSTEMS

Description
The HP 3787B Digital Data Test Set is a Bit Error Rate Tester

(BERT) designed for use on TI leased, Digital Data System (DDS),
56kbit/s switched and Packet Switched services transmission line and
multiplexing equipment.

Digital data circuits are sold with a guaranteed Quality-of-Service
(eg DDS circuits offer >99.5% Error Free Seconds in a 24 hour peri
od and 99.95% Availability). To maintain this high quality of service,
Service Providers need test equipment that will provide in-service net
work monitoring and fast out-of-service testing.

The HP 3787B has a comprehensive range of in-service features
(eg. Frame, CRC, BPV and Jitter analysis, alarm monitoring, inter
nal printer for data logging etc) which maximizes circuit availability
by detecting circuit deteriorations and intermittents, before they seri
ously affect the service.

The HP 3787B also provides comprehensive out-of-service features
(eg Logic (binary) test patterns, Frame Slips, full range of TI/DDS
loopback codes etc) which are used to provide qualitative results for
circuit troubleshooting and end-to-end test results which relate to ac
tual in-service performance.

HP 3787B Digital Data Test Set

HP 37878

Specifications
For details, ask your local HP sales Office for an HP 3787B data

sheet and specification booklet.

Accessories available
HP 15668A: Front Panel DDS Clock Cable.
HP 15669A: Rear Panel DDS Clock Cable.

$125
$125



TELECOMMUNICATIONS TEST EQUIPMENT 0
Radio & FDM Carrier Test/Radio System Test LJ

Constellation Pattern from the HP 3709B
showing measurements (16 QAM radio}
FDM Measurements

Frequency Division Multiplex (FDM) sys
tems are the traditional method of transmit
ting a number of telecommunications
channels over a single wideband transmission
medium. Each channel is allocated part of
the frequency spectrum, from 12-24 channels
in narrow satellite or radio systems, to 2700
or 3600 channels in high capacity systems.

The HP 3746A Selective Level Measure
ment SET (SLMS), developed from the HP
3586A/B, has been optimized for FDM
maintenance measurements, particularly in
automatic network monitoring systems. Cus
tomers expect high network performance
levels so rapid fault location and system deg
radation analysis is necessary. Hewlett
Packard offers two automatic FDM network
monitoring systems designed around the HP
3746A SLMS: the HP 37051S based on the
HP 9000 series 300, and the HP 37050S
system based on the HP 1000 A-series com
puter. The HP 37051 S is a low-cost mea
surement system for smaller networks
providing control of up to 10 remote mea
surement subsystems. The system stores
database information on the test points and
allows running of an automatic measurement
system using sequencing files. These can be
interrupted at any time for demand measure
ments.

The HP 37050 S system has all of these
features and in addition can control up to 16
remote subsystems per computer. It provides
comprehensive data reduction and results
reporting - for the larger system this is essen
tial. The computer utilizes powerful Real
Time Executive (RTE) operating system
software, so (unlike the HP 37051 S) can
provide simultaneous measurements at mul
tiple sites and support several users at local
or remote terminals. The HP 37050 S can be
readily extended to cover a very large net
work by linking computers using distributed
system software.
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Standard out-of-service measurements
made using the HP 3708A
HP 3709B

The HP 3709B Constellation Analyzer
provides the power of constellation analysis
in one portable package. This instrument de
tects and isolates radio impairments, and
quantifies distortions into constellation clo
sure, lock and quad angle error and eye re
duction measurements. It also provides
detailed non-linear distortion measurements
which provide ra pid radio pre-distorter &
RF amplifier optimisation. Thinkjet printer
connection provides hardcopy constellation
display and measurement output for building
radio impairment 'catalogs'. Permanent re
sults storage is possible with this feature.
HP-IB control provides measurement result
access to a remote computer. This permits
partial remote operation. The HP 3709B
provides measurement analysis for all com
mon modulation schemes: QPSK, 16 QAM,
64 QAM, 256 QAM, 9 QPR, 25 QPR, 49
QPR and 81 QPR. Designed for manufactur
ers and operators, this easy to use, low cost
instrument finds application in manufacture,
installation, commissioning and maintenance
of digital radio systems. It is also used in
FDMA SCPC satellite systems.

,
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DIGITAL RADIO BLOCK DIAGRAM

TOM SIGNAL

HP 370BA
The HP 3708A Noise and Interference

Test Set provides accurate C/N and C/I ra
tio conditions for making out-of-service C/N
vs BER and C/I vs BER measurements.
These tests simulate noise and interference
conditions experienced in radio equipment
and over radio links. In one portable pack
age, this instrument provides noise and inter
ference simulation and is used to predict
background (residual) BER in a short time.
The HP 3708A also has direct application in
satellite and narrowbandwidth systems.
Designed for R&D, manufacturers and oper
ators, this versatile instrument provides cali
bra ted meas ureme nts for accura te
performance assessment, in both factory and
field conditions.

Digital Radio System Measurements
Digital microwave systems form part of

many communications networks. They are
cost effective and simpler to install than cable
or fiber. A digital radio carries a stream of
digital information by modulating an RF
carrier to a number of discrete amplitude and
phase states. To handle increasing data re
quirements, carriers have adopted higher or
der modulation schemes. More complex
schemes such as 64 QAM and 256 QAM are
less resilient to impairments than less com
plex modulation formats. Satellite and mili
tary users adopt low order modulation
schemes such as QPSK because they are less
susceptible to error and data corruption.

Some analog measurements are suitable
for digital radio systems, but specific dedicat
ed measurements are also required to fully
characterize digital radio performance. For
example, the evaluation of Bit Error Ratio
(BER) performance under flat fade condi
tions and at residual noise levels. New tech
niques are now available to allow in-service
performance evaluation; Constellation anal
ysis provides detailed information about
overall radio performance at a glance, with
out the need to take the radio out of service.
More powerful than eye pattern analysis,
constellation analysis provides more infor
mation in greater detail.

'e +- 900

-----------------

Digital Radio Block diagram



8 TELECOMMUNICATIONS TEST EQUIPMENT
Selective Level Meter and Synthesizer
Models 3586A1B & 3336A1B
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HP 3586A Selective level Meter (CCrTT)

General
The HP 3586A/B Selective Level Meters and HP 3336A/B

Tracking Synthesizers offer the high performance necessary to meet
the demanding requirements in the design, manufacture, commis
sioning and maintenance of Frequency Division Multiplex (FDM)
systems. The HP 3586 and HP 3336 "A" models meet CCITT re
quirements, and the "B" models meet North American (Bell) stand
ards. Both are fully programmable over the HP Interface Bus. The
HP 3586A & B Selective Level Meter provides a unique combination
of features, including wideband power and optional telephone impair
ment measurement of impulse noise, phase jitter, noise with tone, and
signal-to-noise with tone ratio. The HP 3586A & B's wide frequency
coverage to 32.5 MHz allows measurements to be made at
both voice channel and carrier frequencies. Microprocessor control
adds many ease-of-use features such as amplitude offset measure
ments of tone and noise level in units of dBmO, dBmCO, or dBpWO.
Convenience features include simultaneous analog and digital level
displays, precise frequency setting with HP's fractional N synthesized
local oscillator, accurate frequency counter and tone measurements
with automatic channel alignment for 800 Hz (CCJTT) or 1004 Hz
(Bell) test tone or carrier frequency reference.

The HP 3336 A/B Synthesizer/Level Generator is an excellent
precision tracking signal source for the HP 3586A and B Selective
Level Meter. When the Selective Level Meter and Synthesizer are in
the tracking mode, the frequency of the synthesizer is automatically
set to the frequency of the SLM. Frequency overage is 10Hz to 20.9
MHz, making the HP 3336 A and B useful for telephone circuit loop
testing on most FDM systems, transfer function and distortion mea
surements in telecommunications manufacturing.

Carrier Frequency and Voice Channel
The HP 3586A & B can make both carrier frequency measure

ments to 32.5 MHz and voice channel measurements from 50 Hz to
100 kHz.

You can measure tone levels, idle channel noise or weighted noise
at voice channel, then compare at carrier frequency.

Tran~mission Impairments
The Transmission Impairments capability permits phase jitter,

weighted noise, noise-with-tone, signal-to-noise-with-tone ratio, and
single level impulse noise measurements. The HP 3586A & B capa
bility to make these transmission impairment measurements at both
FDM voice channel and carrier frequencies is unique.

Frequency and Amplitude Precision
The HP 3336 A/B provides frequency resolution of one microhertz

(.000001 Hz) up to 100 kHz and one millihertz (.001 Hz) to 20.9
MHz. Level accuracy is ±.15 dB at full output over the full frequency
range with ±.12 dB optional. Harmonic levels are more than 60 dB
down up to I MHz and more than 50 dB down up to 20.9 MHz,
performance not previously available in a synthesizer.

HP 3336A Synthesizer/level Generator (CCITT)

FDM Testing
The flexible output section allows different connectors to be provid

ed either by option or special request. Frequency entry is accom
plished by keyboard or analog control for manual tuning or frequency
stepping of any digit.

The Amplitude Blanking feature allows testing of operational
FDM systems without disturbing adjacent channels while the fre
quency is changed. The output is blanked to less than -85 dBm until
the next desired frequency is reached.

General Purpose Features
The HP 3336 A/B Synthesizer provides wide band sweep capabil

ity-sweep the full frequency range (or as little as two microhertz),
log or linear, single or continuous. Single phase lock loop design
means the sweep is phase continuous and you can modulate with AM
to 50 kHz or PM to 5 kHz. Ten storage registers can be used to keep
different test settings available for repetitive test. All necessary func
tions on the HP 3336 A/B can be remotely programmed by HP-IB
control for automatic testing.

Designed-In Serviceability
The HP 3586 A/B Selective Level Meter and the HP 3336 A/B

Synthesizer/Level Generator have been designed for reliable opera
tion and excellent accessibility with many useful service features.

North American (Bell) and CCITT ReqUirements
The HP 3586A & B Selective Level Meter and HP 3336 A & B

Synthesizer/Level Generator are designed to meet most world-wide
connector and impedance requirements for both carrier and voice
channel measurements. Special or regional connectors can be provid
ed by option or special request.

Input Configuration

CCITT Requirements
HP 3586A SLM 750/10 kU Unbalanced

150 D. 600 nilO kll Balanced

HP 3336A Synthesizer 75 n Unbalanced
150 n, 600 n Balance<!

North American (Bell) ReqUirements
HP 35868SLM 750/10 kll Unbalanced

124 D, 135 D. 600 UIIO kn Balanced

HP 33368 Synthesizer 75 DUnbalanced
124 n, 135 n, 600 n Balanced

Fully Programmable
HP-IB control is standard, allowing automatic operation to be con

trolled by a desktop calculator such as the HP 9816A, Series 200, or
300, or by a mainframe computer, such as the HP 1000. FDM tests
such as surveillance can be made from a remote location to reduce
maintenance costs and increase troubleshooting efficiency.

High Impedance Accessory Probes
Models HP 15580A and HP 1558lB unbalanced high impedance

probes are available for use with the HP 3586A/B to facilitate bridg
ing measurements.
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HP 3586A1B Abbreviated Specifications
Frequency

100 Hz to 108 kHz
Noise Floor (full scale setting -35 to -120 dBm)

:!:2.0dB I
32 MHz

1__:!:_2_.0_d_B_-+I__:!:_1_.0_d_B__1
200 Hz 20 kHz 10 MHz

Intermodulation distortion: Two-tone second and third order, sepa
ration 7 kHz to I MHz, 75 dB below full scale. Either tone ~ 10 MHz,
-70 dB.
Wideband power accuracy: After calibration, 100 dB range, aver
aging on, -45 to +20 dBm.

HP 3586B

50 Hz to 325 MHz

HP 3586ASignal
Input

75 II Unbalanced

135 \1 Balanced

124 \1 Balanced

150 \! Balanced

600 \1 Balanced

The 124 lI, 135 lI, 150 Q and 600 Q inputs are usable over wider
frequency ranges, but are not specified in under and overrange opera
tion.
Frequency resolution: 0.1 Hz.
Center frequency accuracy: ±I x 1O-5/year (±2 x 1O-7/year with
option 004).
Counter accuracy: ± 1.0 Hz in addition to center frequency accura
cy for signals within the 60 dB bandwidth of the IF filter chosen or
greater than -100 dBm (largest signal measured).
Frequency display: 9 digit LED.

Selectivity
3 dB Bandwidth, ±10%

HP 3586 (CCITT) HP 35868 (N. American)

20 Hz 20 Hz
400 Hz 400 Hz
3100 Hz 3100 Hz

Psophometric C-Message
Noise Weighting Noise Weighting

Adjacent channel rejection: 75 dB minimum at ±2850 Hz, 3100
HzBW.
Passband lIatness: ±0.3 dB.

Frequency Bandwidth Noise Level

100 kHz to 32.5 MHz 3100. 1740, 2000 Hz -116 dBm

20 Hz. 400 Hz -120 dBm

10 kHz to 100 kHz All -105 dBm

The noise floor for full scale settings of -30 to + 25 dBm will be 80
dB below full scale for> 100 kHz, or 60 dB below full scale for 2 kHz
100 kHz.

Signal Inputs

HP Model Impedance Frequency Mating Connector

3586A 75 ohms unbalanced 50 Hz to 32.5 MHz BNC

150 ohms balanced 4kHz to 1MHz Siemens 3-prong

600 ohms balanced 100 Hz to 108 kHz 9 Rel6AC

35868 75 ohms unbalanced 50 Hz to 32.5 MHz WECO 439/440A

124 ohms balanced 4kHz to 10 MHz WECO 443A

135 ohms balanced 4 kHz to 1 MHz WECO 241A

600 ohms balanced 100Hz to 108 kHz WECO 310

d8 Below Full Scale Accuracy Correction

oto -20 dB ±.25 dB
-2010 -40 dB ±.50 dB
-40 to -SO dB ±2.00 dB

Demodulated Audio Output
Output Level: 0 dBm into a 600 Ilload, adjustable.
Output Connector: Mates with WECO 347A.

Balance

Tracking Generator: 0 dBm rear panel tracking output.
External Reference Input: 10 MHz -i- n, where n = 1,2,3 ... 10.
Reference Output: 10 MHz, +8 dBm output.

Auxiliary Signal Inputs/Outputs

Additional Options
HP 3586A (CCITT)

Opt 001: 75 Il input connector option. Siemens 1.6/5.6 mm coaxial
connector replaces BNC.
Opt 004: High Stability Frequency reference 10 MHz oven stabi
lized reference oscillator improves frequency stability to ±2 x
1O-7/year.

HP 3586B (N. American)
Opt 001: 75 II and 124 II input connector option. Changes 75 Q

input connector to mate with WECO 358A and 124 Q input to mate
with WECO 372A.
Opt 004: High Stability Frequency reference. Same as Opt 004-HP
3586A.

Connector Options
Opt 001 (HP 3586A): 75 ohms mates with Siemens 1.6/5.6 mm
coaxial.
Opt 001 (HP 3586B): 75 ohms mates with WECO 358A.

124 ohms mates with WECO 372A.
(Contact local sales office for other special connectors.)

Return loss: -30 dB (50/75l1); -25 dB (600 Q).

Input Frequency Balance

12411 10 kHz to 10 MHz -36 dB
mOor 1500 10 kHz to 1MHz -36 dB
600 0 50 Hz to 108 kHz -40 dB

± .40 dB ±20 dB ±.25 dB

±95 dB ± .75 dB

+20

Amplitude

Measurement range: +20 to -130 dBm.
Amplitude resolution: .0 I dB.
Level accuracy: 10 dB autorange, low distortion mode, after calibra
tion. 20 Hz and 400 Hz BW below -80 dBm.

75 Q Input

-100

200 Hz 20 kHz 18 MHz 32.5 MHz
12411lnpul (HP 3586B): ±0.6 dB, 4kHz to 10 kHz; ±.35 dB, 50 kHzlo 5MHz; ±.50 dB, 10 kHzlo 50
kHz. and 5 MHz to 10 MHz for +2010 -80 dBm.
135ll/150 II input (HP 3586A or B): ±0.6 dB, 4kHz to 10 kHz; ±.35 dB. 50 kHz 10 1MHz; ±.50 dB
10 kHz 10 50 kHz for +20 10 -80 dBm.
600 II inpul (3586 AlB): ±.35 dB 100 Hz 10 108 kHz for +20 10 -80 dBm.
Level accuracy:100 dB range (alter calibration): Add correction to
10 dB auto-range accuracy for dB below full scale. (Not required
when in 10 dB autorange).

-80

Input Level
dBm

Dynamic Range
Spurious Responses

Image rejection (100-132 MHz): -80 dBc.
IF rejection: 15625 Hz, -80 dBc; 50 MHz, -60 dBc.

Non-harmonic spurious signals: > 1600 Hz offset, -80 dBc; 300
Hz to 1600 Hz offset, -75 dBc.

Distortion
Harmonic distortion: -70 dB below full scale (>4 kHz on 7511 and
600 II inputs), low distortion mode.



BTELECOMMUNICATIONS TEST EQUIPMENT
Selective Level Meter and Synthesizer (cont'd)
Models 3586A1B & 3336 AlB

All balanced outputs are usable over wider frequency ranges but are
not specified in under and overrange operation.

Resolution: I J.lHz for frequencies < 100 kHz, I mHz for frequencies
~ 100 kHz.
Aging rate (instruments without option 004): ±5 x 10-6/year
(20° to 30°C).
Warm-up time: 30 minutes.

Amplitude

Range: 75 and 600 fl outputs: -72.99 to +7.00 dBm.
124, 135 and 150 fl outputs: -78.23 to + 1.76 dBm.
Level accuracy, 20° to 30°C

•high accuracy attenualor
1240 oulput: 50 kHzto 10.9 MHz ± .15 dB -8.23 to 1.76 dBm. ±0.3 dB - 18.23 to -8.24 dBm, ±.35
dB -38.23 to -18.24 dBm ±.4 dB -78.23 to -38.24 dBm.
1350/150 0 output: 10 kHz to 2.09 MHz. ±.17 dB -8.23 to +1.76 dBm, ±.32 dB - 18.23 to -8.24
dBm, ±.37 dB -38.23 to -18.24 dBm, ±.42 dB -78.23 to -38.24 dBm.
600 output: 200 Hz to 109.9 kHz, ±.30 dB -3.00 to +7.00 dBm/ ±.40 dB - 13.00 to 2.99 dBm, ±.45
dB -33.00 to -12.99 dBm ±.50 dB -72.9910 -32.99dBm.
1. Add ±O.08 dB for 0° to 55°C operation.
2. Warm·up lime is 30 minutes.

Amplitude blanking: <-85 dBm output during blanking.
Spectral Purity

Phase noise: <-72 dB, HP 3336A and HP 3336B, for a 3 kHz
band, 2 kHz either side of a 20 MHz carrier.
Harmonic level: -35 dB, 10 Hz to 30 Hz; -50 dB, 30 Hz to 50 Hz;
-60 dB, 50 Hz to I MHz; -55 dB, I MHz to 5 MHz; -50 dB, 5
MHz to 20 MHz.

Probe power: Front panel dc output for HP active high impedance
accessory probes.
HP-IB Interface Functions: Rear panel interface meeting IEEE 488
1978 for remote operation. Used for tracking synthesizer interface.
SHI, AHI, T6, L3, SRI, RLI, PPI, DCI, CO, EI.
Additional outputs: Rear panel demodulated audio; phase jitter;
meter; Fo (0-32 MHz).

General
Operating Environment

Temperature: 0° to 55°C.
Relative humidity: 95%, 0° to 40°C.
Altitude: ~ 15,000 ft; ~4600 metres.

Storage Environment
Temperature: -40°C to 75°C.
Altitude: ~50,000 ft; ~ 15,240 metres.
Power: 100/120/220/240 V, +5%, -10% 48 to 66 Hz, 150 VA.
Weight: 23 kg (50 Ib) net; 30 kg (65 Ib) shipping.
Size: 177 mm H x 425.5 mm W x 466.7 mm D (7" x 16.75" x
18.38").

HP 3336 A & B Abbreviated Specifications
(See data sheet or manual for complete specifications)

Frequency
Frequency Range of Signal Outputs

$5,200
SI02

Price

5100
$750

$5,200
SI02
S665
5665

$11,200
5100
5750

$11,200

Ordering Information

HP 3586A Selective Level Meter (CCITT)
Opt 001: 1.6/5.6 mm 75 fl Connector
Opt 004: High Stability Frequency Reference

HP 35868 Selective Level Meter (N. American)
Opt 001: 75 fl Connector mates with WECO 358A
and 124 fl Connector mates with WECO 372A
Opt 004: Same as HP 3586A

HP 3336A Synthesizer/Level Generator (CCITT)
Opt 001: 1.6/5.6 mm 75 fl Connector
Opt 004: High Stability Frequency Reference
Opt 005: High Precision Attenuator

HP 33368 Synthesizer/Level Generator
(N. American)

Opt 001: 75 fl WECO 358A, 124 fl WECO 372A
Opt 004. 005: Same as HP 3336A

General

Operating Environment
Temperature: 0° to 55°C.
Relative humidity: ~85%, 0° to 40°C.
Altitude: ~ 15,000 ft., ~4600 metres.

Storage Environment
Temperature: _50° to +65°C.
Altitude: ~ 50,000 ft., ~ 15,240 metres.
Power requirements: 100/120/220/240 V, +5%, -10%, 48 to 66
Hz, 60 VA, (100 VA with all options), 10 VA standby.

Size: 132.6 mm high x425.5 mm widex425.5 mmdeep (5~" x 16%" x
16W').
Weight: Net wt., 10 kg (22Ib). Shipping wt., 15.5 kg (34Ib).

Spurious: All non-harmonically related signals will be more than 70
dB below the fundamental or -100 dBm (-115 dBm with option 005
except 150 or 600 fl), whichever is greater.

Phase Offset
Range: ±719.9° with respect to arbitrary starting phase or assigned
zero phase.
Resolution: 0.1 ° .
Increment accuracy: ±0.2°.
Ambient stability: ± 1.0 degree of phase per degree C.

Frequency Sweep
Sweep time: Linear sweep, 0.01 s to 99.99 s; single log sweep, 2 s to
99.99 s; continuous log sweep, 0.1 s to 99.99 s.
Maximum sweep width: Specified frequency range of selected out
put.
Minimum sweep width: Log sweep, I decade; linear sweep, mini
mum sweepwidth (Hz) = 0.1 (Hz/s) x sweep time(s).
Phase continuity: Sweep is phase continuous over full frequency
range.
Sweep flatness: ±0.15 dB, fast leveling, 10kHz to 20 MHz,
0.03 s sweep time; ±0.15 dB, normal leveling, 50 Hz to I MHz, 0.5 s
sweep time.

Amplitude modulation: Modulation depth, 0 to 100%. Modulation
frequency range, 50 Hz to 50 kHz.
Phase modulation: Range, 0 to ±850° . Linearity, ±0.5% from best fit
straight line. Modulation frequency range, dc to 5 kHz.
External leveling: Input from an external voltage source to regulate
the signal amplitude at a remote point.
HP-IB Interface Functions: Rear panel interface meeting IEEE 488
1978 for remote operation. Used for tracking synthesizer interface.
SHI, AHI, T6, L3, SRI, RLI, PPO, DCI, CO, EI.

Options

Option 001, HP 3336A1B Synthesizer/Level Generator
1.6/5.6 mm 75fl input, (HP 3336A). 75fl mates with WECO 358A,
(HP 3336B). 124fl connector mates with WECO 372A, (HP 3336B).

Option 004, High Stability Frequency Reference
Aging rate: ±5 x 10-s/week after 72 hours continuous operation ±8
x 10-7/ month after 15 days continuous operation.
Ambient stability: ±5 x 10-7 maximum, 0° to 55°C.

Option 005, high accuracy attenuator: Improves level accuracy and
spurious level. See main specifications.

20.9 MHz

HP 3336B

00
± .12 dB

00
± .16 dB

.00
± .18 dB

00

~,
± .22 dB

75 fl Output
with Option 005*

dBm
+ 7.

10 Hz to 20999999999 MHz

HP 3336A

-3

-13

-33.

-72.
10MHz 20.9MHz 10 Hz2MHz

75 fl Output

Signal Output

135 0 Balanced

600 0 Balanced

150 0 Balanced

124 0 Balanced

75 0 Unbalanced

±.15 dB

± .25 dB ± .30dB ± .35dB

± .30 dB ± .35 dB ± .40dB

± .35 dB ± .40 dB ± .45dB

dBm
+ 7.00

-72.~

10Hz

-3.00

-13.00

- 33.00
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15 Hz to 50 kHz Selective Voltmeter

Model 3581C
• Voice grade testing
• Wideband data circuit testing
• Single frequency interference
• Spectrum analysis

HP 3581C

Sweep
Scan width: SO Hz to SO kHz. These scans can be adjusted to cover a
group of frequencies within the overall instrument range.
Sweep error light: This LED indicates a sweep that is too fast to
capture full response.
• Note: these specifications cover the full temperature frequency and amplitude range, and re
present worst case. Accuracy Is signilicanlly better for measurements not at the extremes.

Description
The HP 3S81C Selective Voltmeter has found wide application in

testing special service circuits in both inside and outside plant mainte
nance. The HP 3S81 C is used to do spectrum analysis, measure non
linear distortion (harmonic distortion) and to locate and measure un
wanted spurious and induced tones. The unit can be operated from ac
line or from optional internal batteries.

Specifications
Frequency range: IS Hz to SO kHz.
Display: S digit LED readout. Resolution: I Hz. Accuracy: ±3.S Hz.
Typical stability: ± 10 Hz/h after I hour. ±S Hz;oC.
Automatic frequency control (AFC), hold-in range: ±800 Hz.
PUll-in range: >S X bandwidth for 3 Hz to 100 Hz bandwidth; >SOO
Hz for 300 Hz bandwidth for full-scale signal.
Lock frequency: Center of passband ± I Hz.

Price

$6,900
$700
$335
$300

Ordering Information

HP 3581C Selective Voltmeter
Opt 001: Battery Pack, Dust Cover
Opt 003: Rack Mount
Opt W3D: Extended Warranty

External trigger: A short to ground stops normal sweep. Opening the
short then enables a sweep.

Input
Unbalanced (UNBAL)

Impedance: I MU/40 pF.
Balanced/Bridged (BRDG)

Impedance: 10 kU.
Frequency response: 40 Hz-20 kHz, ±O.S dB for signals <20
dBm.

Balanced/Terminated (TERM)
Impedance: 600 U/900 Q balanced.
Frequency response: Same as balanced/bridging.

Input connector: Accepts WECO 310 plug.

Output Characteristics
Tracking generator output (Also known as BFO or tracking oscilla
tor output). Switchable on rear panel to restored output (HP 3S81 C
acts as a narrow band amplifier).

Range: 0 to 2 V rms.
Frequency response: ±3% IS Hz to SO kHz.

LO output: 100 mV signal from I MHz to I.S MHz as input is tuned
from 0 to SO kz.
Output connector: WECO 310, for connection to tracking generator
output or restored output. In addition to monitoring restored output
with headphones, an internal speaker also provides an audio indica
tion of signal content.
Restored output: Acts as a narrow band amplifier.
x-v recorder analog oUlputs: 0 to +SV ±2.S%.

General
Operating temperature range: O°C to S5°C.
Humidity: 9S% relative, maximum at 40°C.
Power requirements: 100 V, 120 V, 220 V, 240 V +5% -10%,10
VA typical, 48 Hz to 440 Hz.
Size: 203.2 mm H x 285.8 mm W x 412.8 mm D (8" x 11'/4" x 16'/4").
Weight: II.S kg (23Ib); Option 001, 13.S kg (30 Ib).
Accessory available: HP 7090A Measurement Plotting System.
Option 001: rechargeable battery: Used to make floating measure
ments; 12 hours to fully charge. Also includes front panel dust cover.

±10%
±3%

Linear
01.4%
±S%
±2%
±3%

±ldB
±I dB

Log
±OA dB
±O.S dB
±2dB

±0.3 dB

Amplitude
Instrument Range

Linear: 30 V to 100 nV full scale.
Log: + 30 dBm or dBV to -ISO dBm or dBV.

Amplitude Accuracy·
IS Hz-SO kHz, frequency response
Switching between bandwidths (@ 2So C)
Amplitude display
Input attenuator
Amplitude reference level, Most sensitive
range

All other ranges
Dynamic range: >80 dB.
Noise sidebands: Greater than 70 dB below CW signal. 10
bandwidths away from signal.
IF feedthrough: Input level> 10 V: -60 dB; input level <10 V: -70
dB.
Spurious responses: >80 dB below input reference level.
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Selective Level Measuring Set, Access/Distribution Switches
Models 3746A, 3754A, 3755A, 3756A, 3757A

HP 3746A
• Fast, accurate measurements on frequency division

mUltiplex (FDM) systems
• Selective filters for pilot, channel and (optionally) group

power and weighted noise measurements
• Automatic tuning to stored frequency plans with com

parison of measured level to stored limits

HP 3746A

HP 3754A, 3755A, 3756A, 3757A

• Select 1 from a possible 10 RF inputs/outputs
• Cascade up to 111 switches to allow selection from

1000 inputs/outputs
• Mix different switches for the most cost-effective solu

tion

•
HP 3757A

HP 3754A

HP 3746A Selective Level Measuring Set (SLMS)
(50 Hz to 32 MHz)

The HP 3746A SLMS makes fast, accurate selective level mea
surements. A built-in synthesiser gives high tuning accuracy and 1 Hz
resolution across the entire 50 Hz to 32 MHz frequency range. Tun
ing can be performed by: entering a single frequency, stepping be
tween frequency limits, stepping through a set of unrelated
frequencies, or by FDM plan description.

The instrument's measurement filters are purpose designed for
FDM testing. The flat-topped 3.1 kHz channel filter extracts a voice
channel while rejecting adjacent carriers, pilots and other traffic. The
38 Hz pilot filter is flat topped over 22 Hz so AFC is not required, but
rejects adjacent tones so that carrier leak can be tested on an active
system. A built-in counter can be used to check tone frequencies. Op
tions include: group power, C-message or psophometric noise mea
surements, noise-with-tone, phase jitter and single-level impulse
noise.

The SLMS is optimised for FDM maintenance measurements and
network monitoring. It has built-in "intelligence" to allow scanning
of FDM signals and limit checking of measured levels. Special hot
tone search routines can rapidly detect high-level signals (See Appli
cation Note AN 323). The SLMS can directly control access switches
for system applications, and has a built-in real-time clock and printer
drivers for data logging. It is fully HP-IB programmable, and can be
used as the heart of a self-contained measurement system, or inte
grated into a computer-controlled systems such as the HP 37050S
FDM Network Monitoring System or HP 37051S Measurement Sys
tem.

Ordering Information
HP 15580A Active Probe
HP 155818 Passive Probe
HP 15582A Return Loss Kit
HP 15589A Instrument Cart

Price
$490
$400
$710
$830

• • • • • • • ••• •
HP 3756A

HP 3755A

HP 3754A, HP 3756A, HP 3757A Switches and HP
3755A Switch Controller

The HP 3754A, 3756A and 3757A Switches and the HP 3755A
Switch Controller have been developed to meet the requirements of
four main areas:
I. Frequency division multiplex (FOM) system surveillance and

maintenance - the switch arrangement is used in conjunction with
a selective level measuring set (SLMS), such as the HP 3746A, to
monitor pilot and traffic levels at various points in the multiplex.
The HP 3746A SLMS can control the access switches directly
without needing the HP 3755A Switch Controller.

2. Production testing - where automatic selection or distribution of
RF signals is required.

3. IF access and distribution - 70 MHz IF signals can be switched
using the HP 3756A for connection to the HP 3717A 70 MHz
Modulator/Oemodulator.

4. Access and distribution of digital communications signals up to 34
Mb/s (CEPT) or 44.7 Mb/s (OS-3).

Options: The standard versions of these switches have BNC connec
tors and 75 ohm terminations. Different connectors are available as
options on some models and 50 ohm versions are available as options
or to special order on all models - see data sheet for full details.

HP 3746A Options
001: Siemens series 1.6/5.6 mm 75 ohm connectors
005: WECO 477B/223A (equivalent) connectors
011: 48 kHz group filter
012: tracking generator
014: high stability frequency reference
015: channel impairments - CCITT
016: channel impairments - North America

HP 3746A Selective Level Measuring Set

N/C
$70

$1,150
$360
$760
$520
$520

$13,600

Ordering Information
HP 3754A 25 MHz Access Switch
HP 3755A Switch Controller
HP 3756A 90 MHz Bi-directional Switch
HP 3757A 8.5 MHz Access Switch

Price
$2,900
$2,800
$3,600
$1,150
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Microwave Link Analyzer 507

Models 3711A/3712A, 37308, 3717A, 83508, 86200 Series RF Plug-ins

• Comprehensive testing of microwave radio links and
components.

• Baseband and IF (70/140 MHz) interface on MLA.
• Extension to RF (0.5 to 18 GHz) with up/down converter.

• Baseband qualitative measurements via 70 MHz modu
lator/demodulator.

• Test analog and digital radios.

RF to IF Down Conversion

HP 3730B Mainframe HP 3737B plug-in

MLA Upconverter Simulation

PriceOrdering Information

HP 8350B/86245A

70/140 MHz IF MLA System

HP 3711A IF/BB Transmitter
HP 3791 B BB Transmitter (Plug-in)
HP 3712A IF/BB Receiver
HP 3793B Ditt. Phase Detector (Plug-in)

70 MHz Modulator/Demodulator

MLA System:

HP 3711A IF/BB Transmitter
HP 37918 BB Transmitter (Plug-in)
HP 3712A IF/BB Receiver
HP 37938 Diff. Phase Detector (Plug-in)

$8,500
$1.850

$ J0.500
$2,000

See data sheet for details of connector, test tone and other options,
and accessories.

Plug·in MLA Option Freq Range (GHz)
Model Numbef Number

86222A1B H80 0.5· 2.4
86235A 008 1.7. 4.3
86240C 3.6· 8.6
862420 008 5.9· 9.0
86245A 008 5.9· 12.4
862500 008 8.0· 12.4
86260B H82 10.0·15.5
86260A H82 12.0 ·18.0

HP 3717A

HP 3711A/3712A Microwave Link Analyzer
The HP 3711A/3712A MLA system provides a comprehensive

range of microwave radio measurements at baseband and IF (70 or
140 MHz) including: amplitude and group delay response, modula
tor/demodulator linearity and sensitivity, differential gain and phase,
power and frequency. The MLA measures individual components of
an analog or digital radio system or a complete link, without needing
a reference channel.

The HP 8350B Sweeper with HP 86200 series of MLA Upcon
verter Simulation Plug-ins upconverts the MLA transmitter signal to
RF channels in the range 0.5 to 18 GHz. (The HP 11869A Adapter is
required for HP 8350B.)

The HP 3730B RF Down Converter with plug-ins converts RF sig
nals in the 1.7 to 14.5 GHz range to a 140 MHz or 70 MHz IF. (This
range can be extended with external LOs.)

Together, the HP 8350B and HP 3730B extend the MLA system to
make measurements on RF channels and devices over bandwidths of
up to I GHz.

At non-demodulating repeater stations, the HP 3717A 70MHz
ModulatorjDemodulator allows qualitative baseband tests such as
white-noise loading, TV waveform testing and baseband-frequency
response to complement the MLA swept IF measurements. The HP
3717A is a high-quality modem which can be substituted for opera
tional equipment to isolate system faults.

HP 37308 Down Converter
HP 37368 RF Module 1.7 to 4.2 GHz
HP 37378 RF Module 3.7 to 8.5 GHz
HP 37388 RF Module 5.9 to 11.7 GHz
HP 37398 RF Module 10.7 to 14.5 GHz

See data sheet for details of options and accessories.

HP 83508 Sweeper Mainframe
HP 11869A Adapter

HP 86200 MLA Upconverter Simulation Plug-ins

HP 3717A 70 MHz Modulator/Demodulator
See data sheet for details of connector, emphasis

network and other options.

$5,200
$6,600
$7.900
$9.300

$ J3,400

$4,900
$700

$14,500
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Microwave Radio Noise and Interference Test Set; Digital Radio Constellation Analyzer
Models 3708A, 3709B, 15709A

HP 3708A
• Carrier tracking maintains accurate & repeatable CIN

& CII conditions
• Fast, alternative residual BER measurement
• Accurate simulation of radio system interference

HP 370BA

HP 3709B
• For troubleshooting, fine-tuning and preventive

maintenance
• Identifies digital radio impairments
• Analyzes magnitude of distortions

HP 37098

HP 3708A Noise and Interference Test Set
To minimise lost transmission revenue and the cost of equipment

repair, an accurate, overall performance assessment of radio systems
is required. This allows potential faults to be corrected before they
begin to cause problems. The HP 3708A provides an accurate method
of assessing performance of microwave radio and satellite modem sys
tems by providing the Carrier to Noise (C/N) and Carrier to Inter
ference (C/I) conditions necessary to make C/N & C/I vs Bit Error
Ratio (BER) measurements.

The instrument is designed for easy access to the IF section of the
radio system. The carrier level is monitored and calibrated levels of
interference and Gaussian noise are added to stress the system in a
controlled way. Accurate and repeatable C/N and C/I ratios can be
maintained even in the presence of severe signal variations.

The HP 3708A has the flexibility to accommodate a wide variety of
radio designs, a selection of calibrated internal filters giving accurate
ly specified Carrier to Noise ratios in any noise bandwidth. The inter
ference facility allows the addition of a wide variety of interference
signals to accurately simulate the effects of radio interference on sys
tem performance.

CCIR recommendations 594 recognize the importance of residual
BER in assessing the overall performance of digital radio systems.
The HP 3708A provides the capability to significantly reduce residual
BER measurement time, and increase the confidence in measurement
accuracy.

From initial manufacturing test to final commissioning and routine
maintenance, the HP 3708A makes a significant contribution to radio
testing, improving your measurements, and saving you money. It pro
vides a valuable addition to your tool kit.

Options
Std: 75 ohm unbalanced connector, Reference tone oscillator fre
quency is 70/140 MHz.
001: 50 ohm unbalanced connector.
Special options: Reference tone oscillator frequencies, specifically
for portable application of the HP 3708A in determining residual
BER, are available on a special order basis.

HP 15709A

HP 3709B Constellation Analyzer
The HP 3709B is used to characterize the performance and condi

tion of digital radios both in-service and out-of-service by analysis of
constellation patterns. In addition to displaying constellation pat
terns, the HP 3709B can measure the linear and non-linear distor
tions revealed by the patterns, and can provide a formatted report
containing the pattern and measurement results on a ThinkJet print
er.

Measurements
Constellation: closure, lock angle error, quad angle error, non-linear
distortion: rms non-linear distortion, am-am, am-pm
Modulation schemes: QPSK, 16QAM, 64QAM, 256QAM, 9QPR,
25QPR, 49QPR, 8IQPR.

Monitor Points
(1) I and Q signals: Any of the above schemes with signal levels in
the range 30 to 400 mY p-p across the constellation. (dc offset must
be no more than 0.5 X signal amplitude).
(2) Clock: I MHz to 80 MHz (100 mY to I Y p-p)
Impedance level: All HP 3709B inputs are 75 ohm terminated.

Options
001: 50 ohm unbalanced input connectors
003: Siemens series 1.6/5.6 mm input connectors
130: High Impedance Interface Kit. Contains I x HP 15709A High
Impedance Interface and 3 x HP 10435A/I0017A I metre 10:1
probes
Special Options: A low bit rate version (0.1 - 8 MHz) is available to
special order.

HP 15709A High Impedance Interface
This specially designed accessory provides three high impedance,

filtered inputs which allow the HP 3709B to be connected to radios
without protected 75 or 50 ohm monitor points, using standard oscil
loscope passive probes (eg HP 10017A 10:1, I metre probe).
Gain: X 5 (= overall X 0.5 gain when used with 10:1 probes)
Impedance: I Mohm.

HP 3708A Noise and Interference Test Set $15,900 HP 3709B Constellation Display $11,200
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Vector Signal Generator and Analyzers, I*Q Tutor 509

Models 878DA, 898DA, 8981A, 11738A1B

TransitionsClOCK Instant

Q

1*0 Tutor is available on the HP 9000 Series 200 computers,
or on the HP Vectra or IBM PC, PC/XT, or PC/AT.

Ordering Information
HP 11738A runs on the HP 9000 Model 2l6A, 217A, and 236A com
puters with 640 Kbytes of memory, or the model 236C with 896
Kbytes. It requires BASIC 2.0 or BASIC 3.0 with Graph and
GraphX extensions. Price $95.00
HP 117388 runs on the HP Vectra and most IBM PC-compatible
computers (PC/XT/ AT) with a monochrome or color graphics card.

Price $95.00

Eye diagram and vector diagram of a OPSK Signal as viewed on
the 1*0 Tutor screen.

I*Q Tutor
Imagine a practice workbench that simulates a full digital commu

nications system from voice channel through transmission and back
to voice. I*Q Tutor is just that - it's an interactive software training
package that simulates the major building blocks of a modern digital
communications system. Whether used in a university setting or
R&D lab, I*Q Tutor provides insight to the trade-offs of modern digi
tal communications designs.

On the computer screen, the user selects the system node to be ex
amined. Time and frequency domain signals can be viewed at that
node, as well as vector signals. Notebook pages for each system node
explain what is happening to the signal.

The power and versatility of I*Q Tutor come from the ease of
changing system parameters, and then viewing the effects of those
changes. For instance, the user can change signal-to-noise ratio, or
select from several different filter alphas, to examine how these
changes affect the system error rate and bandwidth. An advanced de
sign screen is available for exploring multipath fades, AM-AM, and
AM-PM distortion effects.

I*Q Tutor
• Models a modern digital microwave radio system
• Shows time, vector, and constellation diagrams
• Simulates system degradations such as noise, mul

tipath fades, and nonlinearities
• Includes training manual with lab exercises

HP 8980A/8981A

HP 8780A Vector Signal Generator
The HP 8780A Vector Signal Generator is a synthesized source

with exceptional modulation for modern digital microwave radio and
satellite communications testing. The Vector Signal Generator offers
a wide variety of modulation using both digital and analog inputs. It
generates standard formats from BPSK to 64QAM and traditional
modulation like FM, AM, and pulse, as well as sophisticated complex
modulation.

HP 8980A Vector Analyzer and HP 8981A Vector
Modulation Analyzer

The HP Vector Analyzer are two-channel X-Y sampling oscillo
scopes designed to analyze the in-phase (I) and quadrature phase (Q)
components of modern digital microwave radio signals such as
QPSK, l6QAM, and 256QAM. The HP 898lA adds a 50 MHz to
200 MHz demodulator.
Applications

The vector signal j!.enerator, vector analyzer and vector modulation
analyzer are well SUIted to testing modern terrestrial and satellite re
ceivers and transmitters.

The HP 8780A standard modulation patterns - BPSK, QPSK,
8PSK, l6QAM and 64QAM (with Opt. 064) - are easily generated
using standard data generators. Asynchronous TDMA modulation
can he simulated using the Burst feature along with one of the PSK
modulations. A coherent carrier output simplifies quadrature and
gain alignment of vector (I/Q) demodulators.

The HP 8980A constellation analysis feature gives non-instrusive
measures ofclosure, quadrature error, and lock angle error for partial
response and QAM formats from QPSK to 256QAM. In addition,
the HP 8981A extends these measurements to I.F. signals by accu
rately demodulating them to measure modulators.

For more information about the HP 8780A. HP 8980A and the HP
8981 A. refer to the Signal Generator and Signal Analyzer section of
this catalog.

HP 8780A
• 10 MHz to 3 GHz synthesizer
• BPSK, OPSK, BPSK, 160AM, Optional 640AM
• Burst digital modulation

HP 8980A
• Analyzes coherent phase and amplitude modulation
• 350 MHz I vs. 0 bandwidth
• Markers for measuring phase, amplitude and time
• 12-bit digitizing for HP-IB measurements

HP 8981A
• Adds 50 MHz to 200 MHz I/O demodulator
• Demodulates up to 70 MHz B.W. communications sig

nals
• <0.5° quadrature error and <0.1 dB amplitude imbal

ance
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Operational Support Systems
Models 370505, 370515, 371005

HP 370505, HP 370515

• Continually monitor FDM network performance
• Early identification of degradations allows effective

preventative maintenance
• Collect performance statistics on leased facilities
• Minimize repair time through rapid fault identification

By continually monitoring the performance of an FDM transmis
sion network, the HP 37050S and HP 37051S systems allow deterio
rations or faults to be isolated and rectified in the shortest possible
time. The HP 37050S has been designed to meet the demands of
large, high-capacity FDM networks, whereas the HP 37051S pro
vides a low-cost solution for small FDM networks.

Both systems combine the extensive measurement capability and
built-in intelligence of HP 3746A Selective Level Measuring Sets
(SLMSs) with access switches and dedicated control software to pro
vide comprehensive measurements which include:

Pilots Channel noise
Carrier leaks Inter-supergroup slot noise
Power Fast 'hot tone' searches

Automatic measurement sequences can be created for network
monitoring. User-initiated measurements, temporarily interrupting
any sequence, can be made to investigate a problem highlighted
through monitoring.

HP 370505 FDM Network Monitoring 5ystem
The HP 37050S is a flexible, automatic measurement system

designed for comprehensive performance monitoring of large FDM
transmission networks.

The system operates under the direct control of an HP 1000 A
Series computer system which simultaneously gathers measurement
data from up to 16 remote sites. Simultaneous access to system facili
ties by a number of users is accommodated. Specialized results modes
are provided that reduce the mass of data available to only that which
is relevant.

Two or more computer systems can be linked together enabling an
HP 37050S system to be expanded beyond 16 sites.

HP 37051S FDM Measurement System
The HP 37051S is the ideal answer for the operator of a small

FDM network who wishes to make measurements at several remote
FDM installations and present the information obtained at one cen
trallocation.

This system operates under the control of an HP 9000 Series 300
computer that provides control of up to 10 remote sites in succession.

HP 37051S operators can expand their monitoring system to the
HP 37050S as their network grows or needs change.

HP371005

• Remotely test private circuits from a convenient cen
tral site without moving from the keyboard of a com
puter terminal

• Dramatically improve the productiVity of telephone
maintenance operations by reducing troubleshooting
and technician-travel time

• User-friendly software means no special keyboard
skills are required

• Software-generated reports and features which save
time and effort

The HP 37100S Remote Access and Test System
The HP 37100S Remote Access and Test System (HP RATES)

provides the hardware, software and support for nationwide testing
and troubleshooting of special-service metallic telephone lines. Appli
cations include testing of 2, 4, 6 or 8-wire private circuits which are
permanently routed through the equipment and can be accessed and
tested at a remote site under the control of a central-site operator.

The HP RATES system uses the well-proven HP 1000 A-Series
computer as the system controller running applications software
packages, controlling the remote site access and test equipment via
modem connections over dedicated or dial-up telephone lines. An op
erator using a terminal connected to the central site computer, inter
acts with the applications software to verify circuit performance,
accessing the circuit at a remote location and performing the tests
from the central location. Extensive use is made of a graphics screen
presentation to ensure a user-friendly man/machine interface which
relates directly to the tests being performed.

The HP RATES system has been designed to be modular at all
levels, providing solutions for the large and small telephone compa
nies. The modularity allows expansion throughout: additional cir
cuits, extra test features and more test personnel are all easily
accommodated.
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Protocol Analyzers [J

Protocol Analyzers
In data communications, protocol can bc defined as "rules gov

erning the exchange of information between two pieces of data
processing equipment". Different test applications and environments
require different protocol analyzers. Hewlett-Packard offers a family
of five powerful, general purpose protocol analyzers with software
and accessories to meet your special needs. Modern high-speed mul
tivendor, real-time, complex networks make tools for network man
agement a must. A protocol analyzer can make complex testing and
network optimization easy with protocol analysis tools for manage
ment, installation, maintenance and research and development.

Wide Area Network (WAN) Protocol Analysis
Hewlett-Packard offers a family of three protocol analyzers to

meet different wide area networking application requirements. While
maintaining family compatibility, each analyzer is tailored for a dif
ferent environment with different features and characteristics. The
HP 4951C, HP 4952A and HP 4954A have common operating, setup,
mass store, remote transfer and display characteristics. An overview
of the differences can be seen in the chart below.

Local Area Network (LAN) Protocol Analysis
In addition to the family of three WAN protocol analyzers, Hew

lett-Packard offers two versatile local area network (LAN) protocol
analyzers to assist you with IEEE 802.3, Ethernet, TCP/IP,
StarLAN and MAP networks.

The HP 4972A is a high performance protocol analyzer for manag
ing performance and troubleshooting problems on your IEEE 802.3,

Ethernet, TCPliP or StarLAN networks. The HP 49748 is a devel
opment performance tool for MAP 3.0.

Individual product specific information can be found on the
following pages.

HP 4951C HP4952A HP 4954A

Size (HWD-cm) 16.0x27.9x34.3 cm Same 196x42.5x56.5cm
(HWD-inches) 6.3xll.Oxl3.5 in. As HP 4951C 7.7xI6.7x22.2 In.

Display Size 5-in. diagonal Same As HP 4951C 9-in. diagonal

Weight 6.7 kg (14.8 Ib) 7 kg (15.4 Ib) 21.17 kg (46.7 Ib)

Price (typical) $4,400 $7,250 $17,000

Operating Speeds 50 bps-19.2 kbps 50 bps-64 kbps 50 bps-72 kbps

Autoconfigure Yes Yes No

Data Buffer Size 32K byte 32K byte, 256K byte
Opt. '/4 Mbyte

Mass Storage 3.5·ln. floppy 3.5-ln. floppy 3.5-in. floppy
20M byte hard disc

BERT Yes Yes No
SNA Decode FID 2 only All FID types, All FID types

User definable

SNA Testing 3270 tester 3270 tester SNA development language,
3270 development,
LU6.2 development

SNA Performance Analysis Link level stats Link level stats SNAIBisync
network performance

analysis
X.25 Decode Complete Complete, Complete

User definable,
Facility decode

X.25 Testing X.25 prewritten X.25 test library Monitor/Simulate
menu programs and emulator

X.25 Performance Analysis Link level stats Link level stats X.25 network
periormance analysis

DDCMP Monitor/Simulate Monitor/Simulate Monitor/Simulate
X.21 - Monitor/Simulate, Monitor/Simulate,

Prewritten tests State language

Signalling System #7 - - Monitor/Simulate

Programming Language Menus Enhanced menus Menus
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Protocol Analyzers
Model HP 4951C and HP 4952A

$500

$650

$900

$125
$49

$495
$420
$240Z

$350
$500
$500

$210
$350
$350
$500

$900

$170
$350
$350
$350

$650

$800
$1,350

$1,000

$1,500
$500

$300
$6,750

$800
$1,350

Price
$3,825

3270 Installation and Maintenance
If you have IBM 3270 or compatible terminal systems, you know

that problems with newly installed or suspect systems can devastate
hosts and users. The HP 183320 (HP 4951C) and HP 18263A (HP
4952A) 3270 installation and maintenance software packages pro
vide easy, automatic, offiine testing of multiple 3270 clusters by emu
lating many of the functions of a host computer.

Data Communications Test Library
This library of prewritten tests, is standard with every HP 4951 C

and HP 4952A at no additional cost. The library contains 58 general
purpose monitor and simulate programs on a single 3,/,- diskette to
help you evaluate your network quickly and easily. Programs are
written to diagnose common datacomm problems. The tests can be
tailored for special configurations and applications. The library also
contains installation and acceptance tests for printers and terminals.

X.25 Troubleshooting
Both analyzers provide X.25 troubleshooting. The HP 4952A also

has an enhanced X.25 analysis package (HP 18266A) which allows
you to create five custom X.25 decode displays. A decode is also pro
vided to decode all components of each packet including facilities,
calling/called addresses, cause and diagnostic codes, registration and
call user data. The HP 18267A X.25 Test Library and Emulator pro
vides a library of X.25 tests written in an emulator, and a procedure
for using tests to troubleshoot X.25 installations.

Ordering Information
HP 4951C Protocol Analyzer (interface pod not
included)

Opt 101 HP 18174A RS-449/422A/423A interface
pod
Opt 102 HP 18180A RS-232C/V.24 and RS
449/422A/423A interface pod
Opt 103 HP 18179A RS-232C/V.24 interface pod
with full breakout box
Opt 105 HP 18177A V.35 interface pod
Opt 106 HP 18160A RS-232C/V.24 and V.35 inter
face pod
Opt W30 2 Years additional hardware service

HP 183310 SNA, OOCMP, X.25 analysis
HP 183320 3270 installation and maintenance
HP 183330 X.25 and SNA link level performance
analysis
HP 18347A/X HP 4951C training course

HP 4952A Protocol Analyzer (interface pod not
included)

Opt 002 Extended memory plus
Opt 101 HP 18174A RS-449/422A/423A interface
pod
Opt 102 HP 18180A RS-232C/V.24 and RS·
449/422A/423A interface pod
Opt 103 HP 18179A RS-232C/V.24 interface pod

with full breakout box
Opt 104 HP 18260A X.21 and RS-232C/V.24 inter
face pod
Opt 105 HP 18177A V.35 interface pod
Opt 106 HP 18160A RS-232C/V.24 and V.35 inter
face pod
Opt W30 2 Years additional hardware service

HP 18281A SNA analysis
HP 18263A 3270 installation and maintenance
HP 18264A X.25 and SNA link level performance
analysis
HP 18285A OOCMP analysis
HP 18288A Enhanced X.25 analysis
HP 18287A X.25 test library and emulator

HP 4951C and HP 4952A Common
Accessories
HP 18190A Soft vinyl carrying case
HP 92192A Box of 10 31/,- double sided discs
HP 22250 RS-232C/V.24 ThinkJet printer
9211-1291 Hard transit case
HP 92204N Oata tracker breakout box

Additional HP 4952A Features
.64kbps
• 314M byte extended volatile capture buffer (Option 002)
• 128K bytes nonvolatile application storage (Option 002)
• Unattended remote testing except 3/4 M byte optional buffer
• Cursor timing to allow timing measurements to be made on screen
• Enhanced programming features: run time user comments,

softkey triggering, subroutines
• Buffer data filtering to maximize capture buffer
• Selective store to disc to capture only events of interest
• Complete disc copying capability

Datacomm Testing Solutions

HP 4951C and HP 4952A Features
• Autoconfigure to automatically determine line parameters and to

monitor data with the push of a key.
• 3'12- microfloppy disc to store 618K bytes of data, timing, lead

status, programs and configurations.
• AS-170 video pori to view data externally.
• Printouts to all RS-232C/V.24 ASCII printers via a separate port.
• Nonvolatile memory to store data, programs and configurations.

X.25 and SNA Link Level Performance Analysis
Link level statistics packages, the HP 183330 for the HP 4951C

and the HP 18264A for the HP 4952A, transform the instruments
into statistical performance analyzers for the link level (level 2) of
SNA and X.25 networks (SOLC and HOLC).

These solutions provide a new way for network troubleshooters to
look at data communication links. Key link events indicate the health
of the network and are displayed in columns. Bar charts show line
utilization real time. These statistics can be stored to disc and re
viewed at a later time.

Applications
The HP 4951C and HP 4952A allow you to monitor and decode

data transmission, test remote facilities from your location, simulate
network components, and perform bit error rate tests. They can also
be used as asynchronous terminals or to install and maintain 3270
equipment, and to perform link level performance analysis. Protocols
that can be tested include Async, BSC, SOLC (NRZI), HOLC,
X.25, SNA, DOCMP and user-defined protocols. The HP 4952A also
tests X.21.

HP 4951C/HP 4952A

HP 4951C and HP 4952A Protocol Analyzers
The HP 4951 C (19.2 kbps) and HP 4952A (64 kbps synchronous)

are portable protocol analyzers used for troubleshooting during in
stallation, maintenance and design of data communication networks
and equipment.
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Model HP 4954A

Price
$15,850

$1,150
$L!50
$1,450
$1,150

$3,500
$450
$900

$2.500
$1,000
$2,000

$300
$1,200
$1,200

Physical Specifications
Dimensions
44.9 cm x 43.1 cm x 55.8 cm (7.75 in. x 17 in. x 22 in.) Rack mounta
ble
Weight
20 kg (44Ib)

Ordering Information
HP 4954A: Protocol Analyzer (interface pod not
included)

Opt. 100 Adds RS-232CjV.24 interface pod
Opt. 101 Adds RS-449 interface pod
Opt. 102 Adds V.35 interface pod
Opt. 103 Adds MIL-188C interface pod

Application Software
HP 18352A X.21 State Simulator
HP 18353A Password Security
HP 18355A CCITT#7JCCS7 Analysis
HP 18360A SNA Emulation Language
HP 18361A 3270 Device Exerciser
HP 18362A LU6.2 Node Exerciser
HP 18369A Asynchronous Terminal Emulator
HP 18370A X.25 Network Performance Analysis
HP 18371A SNAjBSC Network Performance
Analysis

HP 4954A

X.25 Network Performance Analyzer
The HP 18370A X.25 Network Performance Analyzer is an HP
4954A software solution that gathers statistical information about
the performance of an X.25 data link. The following information is
available in both tabular and graphical format:
Efficiency: Throughput, Utilization, PacketsjSeconds, and Data
Packet Size
Error and Incidents: Link Setups, Link Disconnects, Bad FCSs,
Abort Sequences, REJ Frames, FRMR Frames, Resets, Restarts,
and Unsuccessful Calls
Response Times: Link Setup, Link Disconnect, Call Setup, Call
Clear, Reset, and Restart

SNA/Bisync Network Performance Analyzer
The HP 18371A SNAjBisync network performance analyzer con

sists of two software programs designed to aid in the management of
IBM and IBM compatible data networks. Statistical information can
be gathered about the performance of an SNA or Bisync data link.
When analyzing an SNA data link, the following information is avail
able in both tabular and graphical format:
• Utilization: Session Control BIU, Data Flow Control BIU, Func

tion Management Data BIU, Total BIU, and Total Line Utiliza
tion.

• Error and Incidents: Bad and Aborted Frames, Rejects, Frame
Rejects, Negative Response RUs, Link Setups, Link Disconnects,
Binds, Unbinds, and Sense Data of a definable value.

• Response Times: System Response, Confirmation Response and
Transaction Response.
Similar bisync related measurements are provided when analyzing
a bisync data link.

X.21 Development System
The HP 18352A X.21 State Simulator is an HP 4954A software so
lution that is specifically designed to aid in the development of X.21
DTEs and DCEs. It consists of an X.21 specific softkey driven pro
gramming language combined with a state level decode. This state
level decode explicitly shows the current and past states of the inter
face in terms of the actual CCITT X.21 state number.

Included with the X.21 state simulator is the X.21 DTE analysis
pack; a set of user modifiable tests written in the X.21 state simulator
language that thoroughly tests an X.21 DTE for protocol conform
ance.

HP 4954A Protocol Analyzer
The HP 4954A is a high speed, (72 kbps) multi-protocol, expand

able protocol analyzer for designing datacomm products and analyz
ing network performance. Softkey driven operation combined with a
variety of display formats allows you to quickly and efficiently identi
fy problems, perform tests and solve complex problems. The general
purpose capability of the HP 4954A can be expanded through appli
cation software to offer enhanced capability for currently supported,
or new and emerging protocols. The standard mass storage, a 20 M
byte hard disc and 3.5-in. floppy, may be extended through HP-IB to
literally hundreds of megabytes of on-line data storage.

Features
High speed state-of-the art multiprocessor design guarantees re
liable sophisticated analysis and simulation of full duplex bit oriented
protocols to 72 kbps and data capture of bit oriented protocols at low
er line utilizations up to 256 kbps.
Multi-protocol testing capabilities allow you to monitor, analyze,
and simulate popular protocols such as X.25, SNAjSDLC, Bisync,
Async, DDCMP, X.75, HDLC, BSC-framed X.25, and character
oriented synchronous protocols. X.21, and CCITT 7JCCS7 support
is also available through easy to use application software.
Mass storage with an integral 20 M byte hard disc and 613K byte
3.5 in. floppy disc provide easy access to setup menus, user written
programs, buffer data, application programs, and data codes. Any
HP 4954A file may be autoloaded at power-on to instantly configure
the protocol analyzer for your individual needs. The 4954A's mass
storage capacity can be further extended through HP-IB subset 80
disc drives. Setup menus, user written programs and buffer data
stored to floppy disc may be shared with the HP 4951C and HP
4952A.
The internal 256 K byte data capture buffer can be expanded
through the integral hard disc up to 20 M bytes. Even greater data
capture buffers are possible with external HP-IB driven disc drives.
Programming flexibility through high level protocol analysis and
simulation is a standard capability of the HP 4954A. Custom mea
surements and tests are easy to perform with softkey driven entry of
monitor and simulation programs with triggering based upon
datacomm events. The HP 4954A gives you programmatic control of
send strings, timers and counters.
Electromagnetic Compatibility: Tested for compliance with VDE
0871 Level B, radiated and conducted.

Datacomm Solutions
Expandability is provided with extensive application software

memory which makes the HP 4954A one of the most expandable pro
tocol analyzers available. Many software and hardware accessories
are now available to broaden the HP 4954A analysis and simulation
capabilities. For example, the SNA Emulation Language eases the
development and testing of SNA compatible products. A variety of
physical interface pods enables the HP 4954A to access the most
common datacomm interfaces such as RS-232CjV.24, V.35, RS
449, and MIL-188C and X.21.

SNA Development System
The HP 18360A SNA Emulation Language is an HP 4954A soft
ware solution that is specifically designed to aid in the development of
SNA compatible devices. It consists of an SNA specific softkey driv
en programming language combined with complete link and path
control emulators. The HP 18361A SNA 3270 Device Exerciser and
HP 18362A LU6.2 Node Exerciser are user-modifiable tests written
in the SNA Emulation Language to thoroughly test 3270 and LU6.2
devices.
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LAN Protocol Analyzers
Model HP 4972A and HP 4974S/AB

HP 4972A
HP 49745

Price
$17,000

$1,500
$600
$500

$30
$To Be

Announced

$4,690

SIM5

$95
S845
S148

HP 49748 MAP Protocol Analyzer
The HP 4974S is an HP Vectra-based protocol analyzer for testing

and debugging MAP communications software. The analyzer con
nects directly to IEEE 802.4 broadband or carrierband networks.
Frames are captured as they occur on the network and decoded in
accordance with the MAP protocol specifications.

Protocols supported by the MAP protocol analyzer include IEEE
802.4, IEEE 802.2 Link Layer, ISO Network, ISO Transport Class
4, ISO Session, ISO Presentation. ACSE, FTAM, MMS, DS and
NM.
Applications

The HP 4974S MAP protocol analyzer provides an independent
view of protocol events and a summary representation of protocol
data unit header values. This time-saving information is helpful in
network troubleshooting situations.

Interoperability testing is easier when protocol data units from two
dissimilar devices are viewed in the same format.

Communications software debugging is faster when protocol trans
actions can be seen as they appeared on the network.

Configuration and integration of equipment is simplified by view
ing exchange negotiation and configuration values as they affect your
network.

Common protocol and configuration mismatches are identifiable 
often saving hours of guesswork and experimentation.
Ordering Information

The HP 4974S can be ordered as a complete system, or the MAP
interface equipment and software can be ordered for installation in a
PCIAT compatible computer.
HP 49745 MAP Protocol Analyzer System Price
HP 4974A Protocol Analyzer $To Be Announced

Includes: HP MAP analysis software
HP MAP network interface card
HP MAP network interface pod
Vectra windows

HP D1342A Vectra ES/12 PC, Model 42
Includes: 640K byte RAM, 5'/4" 1.2M byte flexible

disc, flexible disc controller, 40M byte hard
disc, hard disc controller, seriallparellel in-
terface, HP-HIL port, HP terminal pro-
gram, IBM compatible keyboard, EGA
card, system documentation.

HP 45951B Vectra DOS 3.2
HP 35743A EGA display
HP 46080A HP mouse
HP 45944A Vectra ES112 expanded memory card

Opt 001 2M byte expanded memory

Troubleshooting Features
• Softkey guided programming language to write application pro

grams and to selectively capture frames from the network. It makes
programming easy even for the first time user. Network conditions
can be tested and logged to disc for further evaluation.

• 20M byte internal disc to store test setups, programs and statisti
calor frame data.

• Hardcopy output of all displays with an HP 2225A ThinkJet or
HP 3630A PaintJet (color) printer.

• Optional remote interface to control the analyzer or transfer files
with another HP 4972A or IBM PC-compatible via RS-232CI
V.24 link.

• Upper layer protocol analysis tools to provide protocol decodes
and performance measurements for upper layer protocols of
TCPlIP and other protocols.

Physical Specifications
Dimensions: 44.9 x 43.1 x 55.8 cm (7.75 x 17 x 22 in.)
Weight: 19 kg (42Ib)

Ordering Information
HP 4972A Protocol Analyzer

Opt 011 RGB color video outputs
Opt 002 Remote interface (RS-232C/V.24)
Opt 005 StarLAN (Daisy-chain interface)
Opt 908 Rack mount kit

HP 18221A TCPlIP protocol analysis pack

Performance Measurement
To assist in the management of network performance, the

HP 4972A provides statistical information on network, node and con
nection levels. Errors and other operating parameters are measured
and counted for each node. Automatic test sequences make it easy to
set up long term tests and repeat the tests at regular intervals. A back
ground traffic generator allows you to measure network performance
under different loading conditions, and thereby anticipate and plan
for future growth. Graphical displays (color with option) make your
network activity easy to understand. The performance management
software will help you fine-tune your Ethernet, IEEE 802.3 and
StarLAN networks.

HP 4972A LAN Protocol Analyzer
The HP 4972A is a high-performance protocol analyzer for man

aging performance and for troubleshooting problems on your IEEE
802.3, Ethernet, or StarLAN local area network. The HP 4972A pro
vides accurate and complete information under all operating condi
tions.
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Model 37900A/B

• A powerful test solution for No. 7 Common Channel
Signaling

• Non-intrusive monitoring and analysis of signaling link
data

• Level 3 & 4 decoding of data to CCITT-defined mne
monics and descriptions

• Programmable NO.7 device emulation using SOL lan
guage commands

HP 37900AlB e
Description

The HP 37900A/B Signaling Test Set is a high-performance solu
tion for testing the demanding CCITT No.7 Common Channel Sig
naling protocol (Signaling System No.7). The powerful multi
processor design consists of three major elements:
Signaling link processor - containing the modular interfaces and
the Signaling System No.7 Level I & 2 processors;
Controller - providing data processing and storage; and
Software - giving "user friendly" displays to control the extensive
measurement/analysis features and configure the modular interfaces.
Major features - non-intrusive monitoring and recording of signal
units from up to four signaling links (37900B) optional interfaces for
datacom and telecom application; real-time and post analysis of No. 7
data; level 3/4 data display with decoding; and emulation for re
sponse testing or simulation of No. 7 devices.

Assessing No.7 network performance
Troubleshooting and assessing the efficiency of No.7 signaling

links is achieved by using the HP 37900A/B to non-intrusively moni
tor signaling links and record No.7 signal units. Real-time analysis of
the signaling data, with dynamic display of loading levels and error
rate, allows problems to be assessed quickly. Accurate performance
measures are obtained by analyzing recorded data to provide statisti
cal reports of signaling message types, signal unit loading levels, and
error types/rates. Easily defined triggers and filters simplify trouble
shooting faults by ensuring only the data of interest is captured. Un
derstanding recorded signaling data is simplfied by automatic
decoding of level 3 (message transfer part) and level 4 (user part)
messages to CCITT-defined mnemonics or descriptions. Many search
and display features aid examination of recorded data, thus reducing
both evaluation time and troubleshooting effort.

Improving test efficiency
Conducting commissioning, acceptance, qualification, conform

ance or production tests on No.7 equipment can be labour intensive
and time consuming. By programming the HP 37900A/B to auto
matically carry out test procedures, test time will be reduced and pro
ductivity increased. Programs are written in specification and
description language (SDL) commands, standardized by the CCITT
to simplify definition of device interactions.

Stimulating No.7 equipment during response tests requires send
ing message signal units (MSUs) containing specific signaling infor
mation. The HP 37900A/B allows creation of named MSUs with
user-selectable Level 3 & 4 content. Lower level functions, like sig
naling link alignment and error control, are handled automatically by
the signaling link processor. Created MSUs can be transmitted or
used to verify the data in responses.

The HP 37900A/B generates reports of the message interactions
during response tests allowing documentation of test performance or
fault tracing.

Developing new designs faster
The eost and time involved in developing new designs can be re

duced by programming the HP 37900A/B to emulate the operation
of the new software or hardware. New designs can easily be tested in
realistic network conditions by programming the HP 37900A/B to
emulate the network responses of signaling points (SPs), signaling
transfer points (STPs), service switching points (SSPs) or signaling
control points (SCPs). The performance of new designs can also be
verified using the HP 37900A/B to perform loading or other "stress"
tests like error handling.

Ordering Information
Please contact your local Hewlett-Packard Sales & Support Office.

See page 771.
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General Information: Data and Voice Testing

Analog Impairments Affect Perform
ance

Analog impairments on the telephone line
can significantly affect the efficiency of data
communications. What the user notices is a
slow down in throughput (because of fre
quent retransmission of blocks of data), gar-

Error rates are quantitative checks of the
data communications system that can be
made in a few minutes. If the system is bad,
diagnostic measurements are provided to
help isolate the problem. Dropouts, clock
slips, error skew,jitter, and total peak distor
tion indicate some of the problems that can
occur with a modem or on a link. These mea
surements are made simultaneously with the
error rate measurements and can be printed
out in automatic unattended mode if desired.

Catastrophic failures can usually be found
with self-tests and loop-back switches built
into the modem. Data error analyzers can
find failures that are not illuminated by inter
nal self-tests.

Modem dynamics are another source of
data transmission problems. Modern
modems have automatic equalization circuits
to compensate for telephone line distortions.
It is important to let the equalization process
settle, particularly with switched carrier
modems, so data is not transmitted too soon.

Measurements that verify modem dynam
ics are RTS-CTS delay and modem start up
tests such as ping-pong.

Additional
Testing for
Complete

Troubleshooting

c
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Conditioned
CirCUit Testing

bled data or no data at all. These effects are a
result of the line impairments distorting the
modem signal so that the receiving modem
cannot make correct decisions. Data bits and
blocks are received in error.

The various modem types are susceptible
to each impairment in differing degrees. Low
speed modems generally use simple modula
tion schemes and are mostly affected by
problems of continuity, loss, signal-to-noise
ratio, and impulse noise.

As modem speeds increase, the modulation
schemes become more complex and so they
are more susceptible to impairments. Auto
matic equalization helps take care of
bandwidth reduction, and envelope (group)
delay distortion problems. But to significant
ly reduce the impairing effects and improve
error performance, specially selected and
conditioned leased telephone lines are used.

A number of levels of conditioning are
available to suit the circuit to the speed of the
modem, each tariffed at a different rate.
Conditioning can minimize noise, hits, drop
outs, phase jitter, non-linear (inter-modula
tion) distortion, bandwidth reduction and
envelope (group) delay distortion.

So there is a need for testing: by the circuit
supplier, when he installs or repairs a condi
tioned circuit, to check if impairment levels
are within the agreed limits; by the circuit us
er, to ensure he is getting the quality of cir
cuit he is paying for.

Basic Testing

..In-service Tesling is di!r
cussed in the description
of the HP 4948A in this
section.

3551A

4935A

4937A

4938A

4947A

37768'

4945A

3552A

4936A

3776A'

4948A"

37100S'

Private
Line
Access &
Test System

Instruments

'Information about the HP
3776A, HP 37768 and HP
37100Scan be found in the
Telecommunications Test
Equipment section.

Digital Measurements
Data error analyzers are used to test the

quality of both the modem and the transmis
sion facility. They provide information about
the modem and transmission line, but no in
formation about the DTE they replace.

The overall quality of the link is indicated
by its BER. A good link will have an error
rate better than I X 10-5 per bit. This mea
surement will include the effect of both trans
mission line impairments and the modem's
ability to overcome them. Modems vary
widely in their sensitivity to line impair
ments. Low speed (less than 300 bps) and
adaptively equalized modems are less sensi
tive than high speed (more than 4800 bps)
and non-adaptively equalized modems.

Since data communications systems trans
mit data and control information in blocks,
these instruments also measure BLER and
Percent Error Free Seconds (%EFS). BER,
BLER and %EFS can be used together to ex
amine the statistics of the error mechanism.

If the BER and BLER are both high, and
%EFS low, the impairment is random and
probably due to noise. If the BER and %EFS
are high but the BLER is low, the impair
ment is more bursty. This happens when lines
are switched, synchronization is temporarily
lost, or impulse noise is too high.

Data Network Testing
There are a wide variety of tests that can

be made on a data communications system.
Depending on the point in the system at
which the tests are made, quite different phi
losophies and techniques apply.

Protocol analysis is usually concerned with
overall network performance, determined
through monitoring or simulating network
software (protocol and/or data). Digital test
ing involves measuring modem-channel
modem efficiency in terms such as Bit Error
Rate (BER) and Block Error Rate (BLER).
Analog testing measures the tariffed and oth
er key parameters of the transmission line it
self.

The interrelationships of these measure
ment results are complicated and difficult to
understand. For example, how is envelope
delay distortion of the line related to the
BER or the throughput of the system? Gen
erally speaking, the three measurement tech
niques are related in a hierarchical fashion.
Nonintrusive network monitoring by proto
col analyzers gives an indication of overall
performance and can often isolate problems
to the component or section. When monitor
ing is insufficient, such as during software
debugging or systems integration, protocol
analyzers also can be used to simulate net
work components such as front-end proces
sors or terminals. Once sectionalized, BER
testers are used to verify and quantify the
link dysfunction, and analog measurements
determine which tariffed parameter is out of
specification should the telephone line be the
problem.

Combined protocol, digital, and analog
tests can be used synergistically to restore the
network quickly and efficiently. Protocol
Analysis has been previously described. The
next sections detail the analog and digital
testing.
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Transmission Impairment Measuring Sets 517

Model 4945A,4947A

HP 4945A
• Complete analog testing to North American

standards for: voice grade data circuits, program
circuits, metallic digital circuits

• Versatile I/O for systems use
• Master/Slave capability for flexible end-to-end testing

HP 4947A
• Voice grade data circuit testing to North American

Standards
• High performance at an affordable price
• Automatic sequence for end-to-end testing

RS 232

• The Intermodulation Distortion technique is licensed under Hel<imian Laboratories. Inc. US Pat
ent No. 3862380

$175
$65
$55

$480

$0
$540
$540
$380

$80
$220

$8,900
$40
$50

$16,300

Print/Plot to HP ThinkJet
The HP 4947A can print results on a HP ThinkJet, and can even

generate plots using its graphics mode. You can record graphs of
EDD,level and attenuation vs frequency,

Ordering Information
HP 4945A Transmission Impairment
Measuring Set
Option 001: 100/200 Volt operation
Option 101: Adds HP 18162A HP-IB module
Option 102: Adds HP 18163A RS-232-C module
Option 103: Adds HP 18165A HP-IL module
Option 104: Adds HP 18169A 19" rack mount kit
Option 105: Adds HP 18170A soft vinyl case

HP 4947A Transmission Impairment
Measuring Set
Option 908: 19" rack mount kit
Option 910: Extra set of manuals

Accessories for HP 4945A and HP 4947A
HP 18176A: 23" rack mount kit HP 4945A
HP 16162A: Urn cable with Weco 310 to alligator clips
HP 15513A: 1m cable with Weco 310s on each end
9211-2650: Hard transit case for HP 4945A or HP 4947A

HP 4947A

HP 4947A Product Description
The HP 4947A Transmission Impairment Measuirng Set (TIMS)

is a test set with the high measurement capability required to test a
long distance data circuit. With built-in DTMF dialing and many
other time and labor saving features it offers high productivity in line
testing. Its operation is modeled on the proven HP 4935A TIMS
which makes it simple to use. Its measurement methods are in accord
ance with IEEE 743-1984 and are listed below.

Easy End-to-End Testing
The HP 4947A has a simple solution for fast, trouble-free end-to

end testing. You only need to use two HP 4947As and the circuit
under test. With a couple of keystrokes you can run a sequence of
tests which measure all the key data transmission parameters. And
the system is robust enough to support remote start-up and auto
restart on power failure or signal loss. Each HP 4947A stores the
results of its own measurements in non-volatile memory. Later, re
sults can be dumped to a printer or controller, or read from the dis
play.

The measurements made in the sequence are: P/ AR, Gain Slope,
Frequency, Noise with Tone, SIN, Idle Channel Noise, Intermodula
tion Distortion (both uncorrected and corrected for SIN), Level, Fre
quency, Phase Jitter, Phase and Gain Hits, Dropouts and Impulse
Noise.

to 5 kHz
yes
yes
yes
yes
yes
yes

yes
no
yes

HP 4947A

yes
no
yes
yes
no
yes
yes

600/900/1200

a

HP 4945A

yes
yes
yes

to 110 kHz
yes
yes
yes
yes
yes
yes

yes
yes
no
yes
yes
yes
yes

135/600/900/1200

Measurement

LeveVFrequency
Attenuation Distortion
Intermodulation Distortion
Envelope Delay Distortion
Gain Slope
SignaHo-Noise & Notched Noise
Message Circuit Noise & Noise-to-Ground
Noise Filters:

C-Message &3 kHz
15 kHz, Program, 50 kbit

P/AR
214-Wire Return Loss:

ERL, SRL Hi, SRL Lo
Sinewave
Equal Level Echo Path Loss

Phase Jitter
Amplitude Jitter
Gain Hits, Phase Hits, Dropouts
3·Levellmpulse Noise
Impedance

Full Master/Slave Capability
The HP 4945A has Master/Slave capability for remote control

and data collection. Master/Slave saves time and money. This HP
pioneered and patented technique allows the master HP 4945A to
completely and flexibly control and collect data from the remote slave
HP 4945A over the lines under test, so that end-to-end tests can be
run automatically from the master instrument.

Versatile Remote Control and Hardcopy
The HP 4945A lends itself to a systems environment by providing

three remote control interfaces, HP-IB, HP-IL, and RS-232-C as ac
cessory modules. These modules also provide you with date and time
stamped hardcopy results on HP-IB, HP-IL or RS-232-C printers.

HP 4945A

HP 4945A Product Description
In one portable package, the HP 4945A Transmission Impairment

Measuring Set provides the complete set of measurements needed to
install, maintain and troubleshoot circuits for voice, data or broadcast
transmission up to 110 kHz and local distribution of digital data serv
ices up to 56 kbit/s. All measurements are compatible with Pub
41009 and IEEE 743-1984 and are listed in the table below. The use
of softkeys makes the HP 4945A extremely flexible while maintain
ing ease of operation.



8 DATA COMMUNICATIONS TEST EQUIPMENT
In-Service Transmission Impairment Measuring Set
Model 4948A

• Voice-grade data circuit testing - without disturbing
traffic

• True preventive maintenance
• Network management information - without special

modems
• Suitable for North American and CCITT environments

NOTE. III' expecled thai further schemes Will be added to thl' list.
AT&T i. aIrademark of Ihe American Telephone and Telegraph Company.

The results are all computed simultaneously, with the received sig
nal constellation available from the rear panel XY outputs.

Data rate Compatible Modem Types (4-Wlre) • Examples

14400 bp/s CCITT V.33 (Trellis coded)
(optional) V,33 with 1700 Hz carrier

960 bp/s CCITT V.29, AT&T 209, AT&T 2096
V.29 with lBOO Hz carrier

4x4 QAM with 1700 Hz carrier

4800 bp/s CCITT V.27, AT&T 208, AT&T 2048

2400 bp/s CCITT V.26 A&B, AT&T 201 B&C
. .

Compatible Modems
The HP 4948A has been designed to operate with many of the com

mon high speed modems in use to-day

Measurement Capability
Level Dropouts On modem signals only:
Frequency Gain Hits Attenuation Distortion
SIN Phase Hits Delay Distortion
Phase Jitter Impulse Noise
14-20Hz, 20-300Hzl
Amplitude Jitter
14-20Hz, 20-300Hzl

i i

.. _.]

).. lIJ' CCl

il
\1

HP 4948A

Transmll & Receive Connecton

WECO 31D & Bantam Siemens 3-pln
Stand-alone
front connectors HP 4948A HP 4948A
adjustable legs Standard Option 003

For rack mounting
front connectors HP 4948A HP 4948A
flat base Option 001 Option 004

For rack mounting
rear connectors HP 4948A HP 4948A
flat base Option 002 Option 005

Ordering Information

Out-of-Service Testing
The HP 4948A can transmit and measure on a tone, so it can in

terwork with tone sources and conventional test sets. It can also trans
mit a simulation of a high-quality modem signal of each of the
compatible modem types. This allows out-of-service testing and cir
cuit benchmarking with another HP 4948A.

Data Logging
Result data can be stored in the test set's own internal non-volatile

memory for later interrogation and printout. The HP 4948A can be
left unattended for long periods monitoring a line. This lets you trap
intermittents or comprehensively characterize a circuit's perform
ance over time.

Measuring Impairments on a Modem Signal
The HP 4948A measures the effects of the same line impairments

that are measured by a conventional, intrusive TIMS. A TIMS mea
sures the effects on a simple known signal (tone) but the HP 4948A
measures the effects on the full bandwidth of the transmitted modem
signal. In addition, the HP 4948A measures impairments as a modem
would see them. From these measurements the HP 4948A predicts
conditions on the line and presents its results in conventional form. In
most practical situations, the results from the HP 4948A are very
similar to those from a TIMS. However, they cannot be directly
equated because of the different techniques involved.

The HP 4948A Simplifies Testing
The HP 4948A lets you see if the analog signal is good where you

are testing. Because you are measuring on the live modem signal, only
one instrument need be used, which removes the problem of coordi
nating an end-to-end test. This helps you quickly establish who has
the responsibility to repair a fault in today's multi-vendor networks.

You can respond to trouble reports immediately without taking the
line from service. The HP 4948A sees the line like a modem sees it
(same bandwidth, same response) letting you identify the impair
ments that are really causing data errors. All the impairments are
measured at the same time so you can quickly recognize the real prob
lem. With the HP 4948A you can implement a preventive mainte
nance policy and routinely check lines against a benchmark while the
circuits are still operating. You will see any degradations and be able
to clear problems before they cause data errors. Testing can be done
at convenient times, even when the circuits are under most stress.

All the capability of the HP 4948A can be remotely controlled and
can be used to build a network monitoring system. The HP 4948A is
an economic means of producing accurate data for private network
management - even for small networks, or networks using a variety of
modem types.

Description
The HP 4948A is a unique Transmission Impairment Measuring

Set (TIMS) which lets you test data circuits carrying voice grade
modem traffic while they are still in service. This opens up new cost
saving test strategies for managing data circuits.

A simple connection to the data circuit carrying the modem signal,
at a voice frequency access point, is all that is required for the HP
4948A to measure the impairments that have been added between
signal generation and the measurement point.

The HP 4948A is very simple to use: with one keystroke the HP
4948A can automatically identify the modem type and measure all
the transmission impairments simultaneously. It remembers all the
previous test conditions so no time need be wasted setting up a test,
and flexible printout capabilities let you document test results with
ease.

Networks
You can use the HP 4948A at any point along a datacommunica

tions circuit. In multi-point circuits, testing the host-to-slave link is as
easy as testing a point-to-point circuit. To test a slave-to-host link, the
slave modem must be transmitting data while the HP 4948A analyzes
the signal.

Option 006: 14.4 kbit/s Y.33 capability
Option 908: 19B rack mount kit
Option 910: Extra set of manuals
9211-2661: Hard transit case

HP 4948A In-Service Transmission Impairment
Measuring Set

$1000
$32.50

$60
$550

$13,300



DATA COMMUNICATIONS TEST EQUIPMENT 8
Bit Error Rate Test Set, Data Error Analyzer 519

Models 49258, 1645A

• Test up to 72 kb/s
• Choice oj RS-232-C/V.24 with breakout box or V.35 in

terface
• Handheld, only 3 Ibs with batteries

• Test up to 5 Mb/s
.6 simultaneous measurements
• Choice of interfaces
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HP 4925B
Accessories
HP 18183A: RS-232-CjV.24 interface
UP 18184A: V.35 interface
UP 18185A: 115V power module
UP 18191A: Rack mount
UP 18192A: Carrying case
UP 18194A: 220V power module

Ordering Inlormation
UP 1645A Data Error Analyzer
Interlaces
UP 10387A: for Type 303 modems (with cable)
UP 10388A: for CClTT V.35 (with cable)
UP 10389A: Breakout Box (RS-232-C/V.24) (with ca
ble)
UP 18063A: RS-449 interface (with cable)

General
Power: 115 or 230 Vac, 48 to 440 Hz, 150 VA max.
Dimensions: 133 H x 425 W x 286 mm D (5.25 x 16.75 x 11.25 in.).
Weight: net, 8.2 kg (18 lb); shipping, 10.9 kg (24Ib).
Accessories Supplied: one 3 m (10 ft) RS-232-C/V.24 intercon
necting cable to connect the HP 1645A to the modem (HP P/N
01645-61605), one 2.3 m (7.5 ft) 3-wire power cord (HP PIN 8120
1378); one Operating and Service manual.

Indicators
Out of lock; received data inverted; bit error; carrier loss; clock slip;
block error; Data Set Ready (DSR); Clear To Send (CTS); loss of
data; test on.

Transmitter and Receiver Bit Rate
Asynchronous Modem Operation: selectable 75, 150, 200, 300,
600, 1200,1800,2400,3600,4800,7100,9600 b/s.
Synchronous Modem Operation: to 5 Mb/s. (Modem supplies
transmit and receive clocks).

HP 1645A Specifications

HP 1645A

HP 1645A Description
Uewlett-Packard's Model 1645A Data Error Analyzer quickly iso

lates data communications link problems through six simultaneous
measurements. During test, the HP 1645A can be left totally unat
tended because it automatically maintains synchronization even in
the presence of dropouts.

Bit-error and block-error rate tests are autoranged and displayed
directly on an LED readout; there is no need to perform any calcula
tion. Additionally, the HP 1645A measures jitter or total peak distor
tion (the sum effect of jitter and bias), counts the number of times
carrier loss or dropouts occur, measures data error skew, and counts
the number of clock slips resulting from phase hits or modem syn
chronization problems.

S11 ~

SollO

HP 49258 Specifications
Data Rates: 75, 110, 134.5, 150,200,300,600, 1200, 1800,2400,
3600, 4800, 7100, 9600, 14400, 19200 bps for asynchronous systems
(framed and unframed) or synchronous systems where the UP 4925B
provides the clock. Up to 71 kb/s for synchronous systems.
Patterns: 63,511, or 2047 bit pseudo-random binary sequence, FOX
message.
Bit Error Testing: simultaneous detection of bit errors, block errors
and errored seconds.
Parity Error Analysis: characters analyzed for odd or even parity er
rors.
FOX Message Transmission: use a 5-bit baudot code, 6-bit EBCD
code, 7-bit ASCII code, or 8-bit EBCDIC code.
Character Oriented Network Testing
Data: 5, 6, 7 or 8 bits/character. Parity: Odd, Even, or None.
Detection and Annunciation 01 Dropouts and Clock Slips
RTS-CTS Delay Time
Resolution: I ms. Maximum Reading: 999 ms.
Accuracy: ±4% of reading.
Startup Testing: end-to-end test, loopback, Bell 208B modem.
Power: six 9-volt alkaline transistor batteries; battery life exceeds 50
hours using RS-232-C/V.24 only. AC module (UP 18185A) or (UP
18194A) recommended for use with V.35 interface.
Weight: 1.5 kg (3 lb) with batteries.
HP 18183A Interlace/Breakout Box (RS-232-C/V.24): hard-wired
activity indicators for TD, RD, TC, RC, DTR, DSR, RTS, CTS, CD,
RI; one non-dedicated mark/space tri-state activity monitor.
HP 18184A V.35: interface provides the physical level interface for
data circuits operating to 71 kb/s.

Ordering Inlormation
UP 49258 Bit Error Rate Test Set (does not include
interface)
Option 001: Adds UP 18192A carrying case
Option 101: Adds UP 18183A RS-232-C/V.24 inter
face
Option 102: Adds HP I8184A V.35 interface and HP
18185A 115V power module
Option 104: Adds HP 18184A V.35 interface and HP
18194A 220V power module
Option W30: 2 Years Additional Hardware Service

HP 49258

HP 49258 Description
The UP 4925B is more than just a bit error rate test set. In addition

to the standard bit and block error tests, the UP 4925B measures
errored seconds, percent error-free seconds, timing delay, and parity
errors over both RS-232-C/V.24 and V.35. Now complete data test
ing to 71 kb/s is available making the UP 4925B ideally suited for
complete DDS testing.

Increased flexibility is afforded by a complete breakout box. You
can manipulate and monitor individual signal lines on the RS-232
C/V.24 interface or crosspatch any line from the DCE side of the
interface to the DTE side of the interface. The UP 49258 also trans
mits the FOX message to terminals and printers. Three separate
start-up tests enable dynamic testing of modems. This makes the unit
extremely useful in isolating faults related to automatic equalization.
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Transmission Impairment Measuring Sets (TIMS)
Models HP 4935A/4936A HP 3551A/3552A

HP 4935A HP 3551A

$30

$40

$150

$450

$520

$370

$4,500

$3,500

Price
$4,000
$4,700

Ordering Information
HP 3551A Transmission Test Set
HP 3552A Transmission Test Set
(CCITT)
HP 4935A Transmission
Impairment Measuring Set·
Option 001: Adds Rechargeable
Battery Pack
Option 002: Adds P/ AR
Measurement in place of Noise-to
Ground
Option 003: Adds both Battery
Pack and P/ AR, deletes Noise-to
Ground
Option 910: Adds extra HP 4935A
Operating and Service Manual
HP 4936A Transmission
Impairment Measuring Set
Option 001: Includes 820 Hz tone
with rechargeable Battery Pack
Option 002: 1020 Hz tone NC
Option 003: Includes 1020 Hz tone $520
with rechargeable Battery Pack
Option 910: Adds extra HP 4936A
Operating and Service Manual
• There are quantity discounts on 5 or more of the HP 4935A

3552A:
Psophometric
3 kHz flat
Program
15 kHz flat
1010 Hz notch

Size: 159 H x 368 W x 273mm D (6.3" x
14.5" x 10.8"

Weight: 6.6. kg (14 II))

3551A:
C-Message
3 kHz flat
Program
15 kHz flat

Filters

General
Impedances: 135,600,900 ohms ('51A)

150,600,900 ohms ('52A)

Noise-with-Tone:
(600 and 900 ohm) 10 to 85 dBm ('5IA)

-80 to -5 dBm ('52A)
Noise-to-Ground: 40 to 125 dBm ('51A)

-50 to + 35 dBm ('52A)

Filters

4935A:
C-Message
3 kHz flat
Program
15 kHz flat
50 kbit
1010 Hz notch

4936A:
Psophometric (P.53)
275-3250 Hz flat (0.71 impulse noise)
Sound unweighted (J.16)
Sound weighted (J.16)
820 Hz notch (1020 Hz optional)

Size: 127 x 279 x 381 mm (5.0 x 11.0 x 15.0
in.)
Weight: 5.0 kg (II Ib), 6.5 kg (14 Ib) with

battery

3551A/3552A:
Measurements

Level
Frequency
Circuit Noise
Noise-with-Tone
Noise-to-Ground

Range
Trans. Level: -60 to + 10 dBm
Trans. Freq.: 40 Hz to 60 kHz
Rec. Level: -70 to + 15 dBm
Rec. Freq.: 40 Hz to 60 kHz
Message Circuit Noise:

oto 85 dBm ('51A)
-90 to -5 dBm ('52A)

Rec. Level: -60 to +13 dBm('35A
-70 to + 13 dBm ('36A)

Rec. Freq.: 20 Hz to 110 kHz
Message Circuit Noise
(600 and 900 ohm): 0 to 100 dBm('35A)

-90 to + 10 dBm ('36A)
Noise-with-Tone:
(600 and 900 ohm: 10 to 100 dBm ('35A)

-80 to + I0 dBm ('36A)
Noise-to-Ground: 50 to 130 dBm ('35A)
Signal-to-Noise Ratio: 10 to 45 dB
Impulse Noise Threshold:

30 to 109 dBm ('35A)
-60 to + 16 dBm ('36A)

Impulse Noise Separation: 4 dB ('35A)
3 dB ('36A)

P/AR Range: 0 to 120 P/AR units ('35A)

General
Impedances: 135, 600, 900 ohms ('35A)

150, 600, 900 ohms ('36A)

Capability Summary
HP 4935A/4936A
Measurements

Level
Frequency
Circuit Noise
Noise-with-Tone
Signal-to-Noise Ratio
3 Level Impulse Noise (quiet) ('36A)
3 Level Impulse Noise (with tone)
Noise-to-Ground ('35A)
P/AR (option '35A)

Ranges
Trans. Level: -40 to +13 dBm
Trans. Freq.: 20 Hz to 110kHz

Product Description
Qualify Circuits for Voice, Data or
Program

The HP 4935A/4936A Transmission Im
pairment Measuring Sets and the HP
3551A/3552A Transmission Test Sets are
rugged, portable test sets that provide the ba
sic analog tests to isolate faults and to qualify
circuits for voice, data, and broadcast serv
ice. In addition, the HP 4935A, with its 110
kHz bandwidth, performs the required tests
to qualify the local loop for Digital Data Sys
tem (DDS) up to 56 kbps. The Peak-to-Aver
age Ratio (P/ AR) measurement option on
the HP 4935A gives users a powerful, yet
simple measure of the combined factors that
affect the overall data transmission quality of
the line.

Different Instruments for Different
Standards

The HP 4935A and HP 3551A perform
measurements compatible with the Bell
standards (BSTR 41009) and IEEE stand
ards (IEEE 743-1984). These standards are
primarily used in North America. The HP
4936A and HP 3552A are compatible with
the recommendations of the CCITT.

HP 4935S Data Transmission Test
System

The HP 4935S combines the analog test
power of the HP 4935A with the compact,
yet powerful digital test abilities of the HP
4925B to form a complete data installation
and maintenance tool. This is especially use
ful for those technicians who have both ana
log and BERT test needs. See page 00.00 for
more information.



Loop Signaling Network: loop start, 430
ohms; ground start, 550 ohms from ring to
ground
4-Wire Network Access: 2 dual center
tapped simplex transformers
Battery Simulator: 48 Vdc maximum cur
rent 100 rnA

Noise Measurements
Noise: 0 to 99 dBrn
Noise-with-Tone: 10 dBrn to 99 dBrn
Signal-to-Noise Ratio: 10 to 45 dB
Noise-to-Ground: 50 to 99 dBrn
Filters: C-Message, 3 kHz flat, 1010 Hz
notch

DATA COMMUNICATIONS TEST EQUIPMENT B
Network Circuit Access Test Set, Transmission Impairment Measuring Set 521

... Models 4938A/4937A

UP 4935S Data Transmission $4,900
Test Set
Option 001: Adds rechargeable $375
Battery Pack to HP 4935A
Option 002: Adds P/ AR $150
measurement in place of Noise-to-
Ground in HP 4935A
Option 003: Adds both battery $450
Pack and P/ AR to UP 4935A,
deletes Noise-to-Ground
Option 101: Adds RS-232C/V.24 $410
Interface to HP 4925B
Option 102: Adds V.35 Interface $600
and HP 18184A Power Module
(115V) to HP 4925B
Option 104: Adds V.35 Interface $640
and HP 18194A Power Module
(220V) to HP 4925B
Option 910: Adds extra HP $65
4935A and HP 4925B Operating
and Service Manuals

HP 49378
Network Access Transmission
Test Set
HP 4937S = HP 4937A + HP 4938A

A Transmission Test Set With
Signaling

The HP 4937S Network Access Transmis
sion Test Set provides transmission tests, su
pervisory signaling simulation, and network
access capabilities for installation and main
tenance of networks and PBXs. It is a field
service, portable test set designed for craft
level use. All the transmission measurements
are compatible with current Bell standards.

One Instrument 'or Installation/
Maintenance 0' PBXs and Networks.

The HP 4937A contains a set of voiceband
transmission tests - level/frequency mea
surement, noise, and 2- and 4-wire return loss
measurements. It also has the ability to seize
and hold three types of E/M lines. In addition,
the HP 4937A simulates signaling both from
the central office and from the PBX at the net
work interface.

The HP 4938A provides additional network
access and margin testing capabilities. It in
cludes access to 4-wire simplexed leads, gener
ating ringing signal, and providing access for
loop current and ringing voltage measurement.

HP 4937A Specifications
Level/Frequency
Transmitter
Level: -40 dBm to +13 dBm
Frequency: 20 Hz to 9999 Hz
Receiver
Level: -60 dBm to + 13 dBm
Frequency: 20 Hz to 9999 Hz

Return Loss
Impedances: 600 and 900 ohms
Signal Spectra: Echo return loss, singing re
turn loss high, singing return loss low.
Return Loss, 2-Wire

Transmitter Level: -26 dBm to -2 dBm
Receiver Range: 0 to 40 dB

Return Loss, 4-Wire
Transmitter Level: -26 dBm to -2 dBm
Receiver Range: 0 to 50 dB

Transhybrid Loss Compensation: -29.9 to
+29.9 dB

Supervisory Signaling
E/M Signaling: Types I, II, III
Loop Signaling: Loop start, Ground start,

Loop Reverse Battery
Battery: -48 Vdc current limited to 29 rnA
Hold Circuit: 2 each drawing 20 rnA at a
minimum voltage of 8.5 Vdc
Wink: Idle state, 100 ms; off-hook state, 200
ms

General
Battery Supply (Optional): Typically 5
hours of continuous operation at +25°C.
Complete recharging in 14 hours with unit in
STBY
Dimensions: 127 H x 279 W x 380 mmD
(5.0' x 11.0" x 15.0")
Weight: 5.3 kg (12 Ib), 7.6 kg (17 lb) with
batteries

HP 4938A Specifications
Ringing Voltage Generator
Output Level: 86 Vrms into a REN-3 load
Frequencies: 20 Hz and 30 Hz
Ring Trip Treshold: 17 rnA typical
Ringing Termination: REN-310ad, ring trip
closure (330 ohms)

General
Dimensions: 91 H x 261 Lx 126 mm W
(3.6 x 10.3 x 4.9 in.)
Weight: 1.5 kg (3.2 lb)

Ordering Information
UP 4937S Network Access $5,700
Transmission Test Set
Option 001: Rechargeable $270
batteries for HP 4937A
Option 002: Replace 900 ohms N.C.
with 150 ohms on HP 4937A
Option 910: Adds extra HP $55
4937A and HP 4938A Operating
and Service Manuals.
UP 4937A Transmission $4,700
Impairment Measuring Set
Option 001: Rechargeable $270
batteries
Option 002: Replace 900 ohms N.C.
with 150 ohms
UP 4938A Network Circuit $1,150
Access Test Set

Accessories
UP 18132A: 19 in. rack mount for $165
HP 4935A and HP 4937A
UP 18134A: Soft Vinyl Carrying $140
Case for HP 4935A or HP 4935S
UP 15512A: I m audio cable with $80
two 3-pin connectors (Siemens
type) (for the HP 4936A)
UP 15513A: 1 m audio cable with $60
two WECO 310 jack plugs (for
the HP 4935A and UP 4937A)
UP 18182A: 1.5 m audio cable, $65
WECO 310 plug to alligator clips
UP 18064A: Noise-to-ground $135
adapter for the HP 4935A. Allows
P/ AR instruments (options 002
and 003) to measure noise-to-
ground
UP 18161A: Ladder bracket for $30
HP 4935A and HP 4937A

See also HP 4925B
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Semiconductor Parametric
Measurement

Semiconductor parametric measurement
instruments are used for measuring and eval
uating the electrical characteristics of semi
conductors.

Competition within the semiconductor
field is fierce, and major goals are: developing
new products rapidly, improving yield and
reducing costs.

HP semiconductor parametric measure
ment instruments provide:

1. Precise, high-resolution measurements
for accurate and reliable evaluation and

2. Automated operation from measure
ment through analysis.

Semiconductor measurement applications
vary widely, from device R&D to large
volume manufacture on mass-production
lines. Measurement equipment must fit the
measurement functions required.

In R&D, parametric testers make compre
hensive physical and electrical evaluations of
new materials, prototype devices and evalua
tion test patterns. As the integration and per
formance of semiconductors advance,
measurement instruments must have the ex
pandability to adapt to the high resolution
and precision demanded by new evaluation
methods.

For production departments, parametric
testing helps stabilize new processes for mass
production and helps make process yield im
provements. Functional testing is used mostly

in outgoing inspection. Cost reduction for both
types of test requires high-speed, multiple
pin measurements and reduced down-time.
The yield of new VLSI devices is less than 10
percent, and bad devices must be discarded.
The accurate parametric testing provided by
HP parametric testers can help improve
processes and raise yields.

Parametric measurements are generally
divided into capacitance (C) and DC, AC,
and functional measurements. The following
summarize each type of measurement.

1. Capacitance measurements include,
primarily, capacitance vs voltage (C-V) and
capacitance vs time (C-t). These capacitance
measurements require correct measurement
timing and good capacitance measurement
resolution.

2. DC measurements measure the DC
current vs voltage (I-V). DC parameter eval
uation is based on I-V curve evaluation (eg.
threshold voltage, breakdown voltage, leak
age current). These measurements require
high speed and resolution.

3. AC measurements evaluate the dynam
ic characteristics of the semiconductor de
vice. With a digital IC, timing measurements
such as rise time and propagation delay are
the primary ones, so timing resolution is im
portant. Determining the AC gain character
istics of linear ICs requires a wide dynamic
range over a wide frequency band.

4. Functional testing evaluates the in
put/output operation and digital characteris
tics of semiconductor devices, especially
logical devices. This measurement creates an
input/output truth table and determines
whether the desired output is attained or not.

Table 1 shows the parametric measure
ments required by each application area,
with the HP parametric-measurement prod
ucts that apply.

Table 1. Measurements and HP instruments/systems by application area.



Parameter Extraction

CAD Software 'or Parameter
Extraction

HP recently enhanced TECAP (Transistor
Electrical Characterization and Analysis Pro
gram), used with the company's parametric
measurement equipment. This software pack
age greatly simplifies the task of using mathe
matical models in circuit design. It measures
real devices and computes the parameters
needed for circuit-simulation programs such
as SPICE.

TECAP Automatically Generates
Physically Meaningful Parameters

There are three steps to TECAP's model
parameter extraction methodology. First,
TECAP identifies regions of device operation
to be modeled and measures devices in those
regions of operation. You may accomplish
parameter "weighting" simply by selecting
more data points in each region you wish to
emphasize. The model parameters are then
automatically grouped into subsets that most
directly affect the device characteristics in
each of the selected regions of operation. TE
CAP selects the regions of operation and pa
rameter groupings for the UCB Level 2 and 3
MOS Models and the UCB Gummel-Poon
Bipolar Model, but you also have the flexibil
ity to tailor these to your own extraction
strategy.

In the second step, powerful, pre-defined
functions quickly extract model parameters
directly from the measured data points. This
step ensures that you generate a physically
meaningful set of final model parameter.
Again, you can tailor these functions to your
own extraction strategy if necessary.

Finally, if you wish, you can "fine-tune"
your model parameters using TECAP's pow
erful optimizer. This optimizer determines
parameter values that minimize the differ
ence between measured and simulated device
characteristics. You have the option of set
ting "boundaries" on each parameter value
prior to optimization. These user-defined

Iconstraints decrease optimization time and

guarantee that your final model parameters
will be physically meaingful. The non-linear,
least-squares-fit algorithm combines the
Gauss-Newton and steepest-descent op
timization methods for the most accurate fi.

TECAP provides the environment for
complete, automated device characterization
inside your company. You have the flexibility
to use the standard extraction methodolo
gies, or you can customize the program and
use TECAP as a "shell" to integrate and au
tomate your own particular extraction strate
gies. Either way, TECAP provides a
practical, universally-satisfying solution to
all of your parameter extraction needs. (See
page 544.)

DigitallC Test
DigitallC Test

The need for testing occurs several times
during the development of digital Ie's. First
prototypes encounter functional debugging,

HP 82000 IC Evaluation System

and critical path analysis to prove what simu
lation predicted. Afterwards, in volume pro
duction, a series of tests is conducted to
isolate defective parts. Devices failing as a
result of a faulty manufacturing process are
subject to thorough failure analysis. Results
obtained, can be used to optimize the process
for an improved production yield. In addition
to established quality control procedures at
the manufacturer's site, customers can use
test systems to analyze samples in incoming
inspection and for vendor qualification.

Application specific IC's create new
tester demands

Two systems are available to address the
demands created by the growing number of
Application Specific Ie's. Both provide func
tions for easy in-depth analysis of IC's and
are optimized to switch quickly from one pro
totype test to another.

8

~ow, IC designers can save valuable design time by using HP's powerfUl TECAP system
to analyze DC, C-V, and AC behavior of MOS, Bipolar, and Gallium Arsenide devices in an
'ntegrated, accurate, and interactive environment.

The HP 818105
This is a highly modular Design Verifica

tion System that can be adapted to various
IC test applications in a very flexible manner.
It is a dedicated tool for the IC designer to
diagnose chip faults at the prototype stage.
System configurations range from stand
alone benchtop instruments to systems com
plete with Test Head and Operating Soft
ware. See page 320 for more details.

The new HP 82000 IC Evaluation
System

The HP 82000 is a compact, fully integrat
ed solution for ASIC prototype verification,
IC characterization and low volume produc
tion test. IC manufacturers and ASIC users
will appreciate the HP 82000's capabilities to
reduce time-to-market in IC development.
Automated tests combined with superior
measurement performance, provide the re
sources to test high speed, high pin count de
vices quickly. Please see the next page for
details on this product.



SEMICONDUCTOR TEST EQUIPMENT
Ie Evaluation System
HP 82000 Model D200

• 200 MHZ FldX. vector rate
• ,250 ps edge placement accuracy, 50 ps resolution
c Tester-per-pin architecture

• Interactive test control with X Windows
• Automatic functional tests
• Automatic AC/DC characterization

HP 82000

Addressing high performance testing needs
With the HP 82000 model D200, Hewlett-Packard offers a system

to satisfy the IC evaluation requirements of both IC manufacturers
and designers. For evaluation tasks such as characterization or failure
analysis, engineers now have a solution for testing high speed and
high pin count devices with excellent accuracy. For design centers
and chip foundries, it can be a cost efficient alternative to production
ATE.

It is a fully integrated system introducing 200 MHz speed and
l28K vector depth on up to 384 true I/O channels. The tester-per-pin
architecture contributes to flexibility and ±250 ps accuracy, while the
real windowing software adds ease-of-use. With it, ASICs and VLSI
devices can be evaluated quickly, reducing time-to-market and cost to
a minimum.

Application flexibility
Combining performance, ease of use, and an acceptable price in

one system makes the HP 82000 a superior fit in many IC testing
applications. The most important ones are outlined below.

Prototype Verification
Unlike large and complicated production ATE, the HP 82000 is a

personal tester dedicated to your verification requirements. The abili
ty to create a functional test program from the EDA (Electronic De
sign Automation) workstation database means faster time-ta-market
in prototype verification.

The earlier that design problems are detected, the lower the overall
product development cost. Professional verification enables you to an
alyze IC functionality and parameters at the prototype stage of the
design cycle. This reduces to a minimum the risk of ASIC problems in
later board level integration.

IC Characterization
To optimize design throughput, Hewlett-Packard developed the

automatic characterization functions as standard with every system.
There are numerous testfunctions, which provide test patterns, the
appropriate system setup, and automatically sweep test parameters
for complete characterization tests. Measurements of AC and DC
characteristics such as hold time or leakage current, are started
quickly from menus and are completed instantly.

Engineering testing of prototype Ie's is the main application area
of the characterization functions. Other applications include Incom
ing Inspection and Failure Analysis of parts rejected by production
ATE. For the latter, the HP 82000 can be used as a dedicated system
to diagnose the process problems that caused rejection.

Production Testing
If throughput is not a major concern, the HP 82000 can be a very

cost efficient alternative to ATE because its high timing and level ac
curacies allow tight guardbands for higher test yield. Also, l28K vec
tor depth is sufficient to run long tests without vector reloading. With
systems in production and in the engineering department, test pro
grams can be shared over a LAN (Local Area Network) without ex
tra effort.

Tester-per-pin architecture provides best flexibility and
accuracy

Bidirectional timing and level capabilities are provided for every
channel without sharing resources. Each channel also has dedicated
memory for the tristate and masking information, and can have its
own data format (RZ, RI, DNRZ, and so on). All tester channels can
be calibrated individually at the DUT pin. For best results, you can
calibrate using the actual test parameter set - giving an accuracy of
±250 ps. This is especially useful when performing fast go/no go
tests, for example in production.



Best time-to-test with windows software
Productivity is increased with a highly interactive user interface

based on the X Window standard. The mouse operated software is
used to enter and modify parameters for pin timing and levels, and to
modify the vector data. Thanks to the tester-per-pin architecture, pa
rameters can be defined and changed for each channel individually
without limitations through shared resources. Error map, timing dia
gram and shmoo plot displays show results in a graphic form familiar
to the engineer. Simultaneous access to different windows lets you see
immediately the results of changes made in the setup. "Change and
see" avoids recompilation of test programs and gives you the shortest
possible debug cycle.

Automatic test program generation
You can easily link to the workstations from leading EDA system

vendors such as Mentor, Daisy and HP, and transfer data with high
speed over the LAN. The computing power of a 32-bit workstation,
and translation programs optimized for speed, maintain high
throughput in the automatic test program generation.

Software fully supporting the testers' hardware resources, gener
ates a functional device test without user programming. Test vectors,
timing setup and pin setup are generated automatically.

Test control includes Scan Path testing
To support "Design for testability", a scan path testing mode is

integral to the system. The memory of up to 128 tester channels can
be serialized via a software command, increasing vector depth on
user-selected channels. A programmable vector sequencer has func
tions such as vector repeat, looping and branching on real time test
results or external events.

Minimum OUT wiring
"Instant wired" DUT boards for the popular pin layouts reduce the

time for I/O wiring to zero and are available in various sizes to allow
you to optimize board size and cost for the pin-count of your DUT. A
controlled impedance environment from the testers' I/O circuits to
the DUT provides excellent signal fidelity up to 200 MHz. To cover
special IC packages, HP also offers boards which give maximum flex
ibility for user wiring.

Cost efficient configurations
For applications requiring a maximum of 80 I/O pins, the

benchtop version of the HP 82000 can be a cost efficient and even
more compact alternative to the standard size system. The system
components, including DUT boards, are compatible with the stand
ard frame, making later upgrade to higher pin count easy. With built
in selftest and calibration, on-site board exchange is made easy. Ex
pansion to a full performance 384 channel system is possible by ad
ding extra mainframes.

More Information
For Ordering and Technical Information, Technical data Sheets

and Application Notes, please contact your nearest HP sales office.

SYSTEM CHARACTERISTICS:
Max. Vector rate: 200 MHz PMU's:
Vector depth: 128K available as add-on boards.
Max. 110 pincount: 384
Edge placement accuracy: Software:
at standard calibration: ±500 ps Interactive, automatic tests &ACIDC
at calibrated user settings: ±250 ps characterization, color graphics.
TIming resolution: 50 ps

Controller:Level resolution: 5mV
Level range: -4 .. 8V HP 9000 series 300 workstation.

Architecture:

Tester-per-pin with individual timing and level resources, including per pin
formatting, tristate and masking. Three different channel operating modes
prOVide best fit for your requirements.



BSEMICONDUCTOR TEST EQUIPMENT
Analog LSI Test System
Model 9480

• 128 MHz Analog and Digital Synchronized Testing
• 1 GHz Bandwidth, 1 ps Sampling Resolution
• AG Testing at the Wafer Level
• Digital Signal Processing (DSP) Based System

• Flexible Modular Architecture
• Powerful Debugging Tools
• Distributed Workstation Environment

Description
The HP 9480 Analog LSI Test System integrates powerful test

hardware and software to perform precise high frequency signal mea
surements. You can use the HP 9480 to test and characterize a wide
variety of devices, from mixed signal devices such as flash ADCs, vid
eo DACs, telecommunication devices, etc., to purely analog or purely
digital ICs. The HP 9480 provides full data sheet test coverage in a
single insertion, thus eliminating the problem of time-consuming and
costly multiple insertion testing. The HP 9480 can also perform high
frequency AC tests on wafers.

The HP 9480's modular architecture allows you to combine many
state-of-the-art hardware and software features into a configuration
that best suits your measurement needs. The system can generate dig
ital stimulus patterns and analog stimulus waveforms up to 128 MHz,
and can capture DUT digital response patterns up to 128 MHz. For

analog DUT response, the system offers 16 and 12-bit real time
waveform digitizers and 1 GHz bandwidth samplers with I ps resolu
tion. The system also offers 18 and 10 bit arbitrary waveform genera
tors. Digital patterns, DC voltage, and DC current can be input or
output to up to 128 pins. Analog signals can be input or output using
up to 4 channels each. Digital Signal Processing (DSP) allows com
plex waveform generation and high speed signal analysis via a full
floating point array processor. The HP 9480's system software is
based on the HP-UX operating system. Powerful debugging tools, in
cluding an off-line debugger, virtual panel, and virtual scope, signifi
cantly minimize debugging time. Further, HP 9480 software is easy
to operate because it incorporates menus, a user-friendly multi-win
dow environment, and mouse capability. These features increase test
throughput and minimize time spent on program development.



Hardware
Device Testing Under In-circuit Conditions

The HP 9480's analog and digital signal test capability enables you
to test the dynamic parameters of devices under their true operating
conditions. The HP 9480 can also perform high frequency tests on
wafers because of its coaxial cable environment and very low system
noise.

For AC signal stimulus, the HP 9480 generate.s low di~tortion s!ne
waves (up to 128 MHz), arbitrary waveforms wIth IO-blt resolutIon
(up to 128 MHz clock rate), and arbitrary waveforms with 18-bit
resolution (up to I MHz clock rate). For recording high frequency
signals up to I GHz, with 12 bit resolution, the system offers 4 sa.m
pier channels that sample a signal with I ps res?lution. For recordIn~

signals in real time, the system offers two chOIces-20 MHz/12-blt
and I MHz/ 16-bit digitizers. For digital testing, the system o~ers up
to 128 I/O pins, and features 64 kword memory for each pIn. The
system can generate digital stimulus patterns and clocks, and can an
alyze response patterns from the test device at a data rate of 128
Mwords/s with 100 ps resolution. And because the HP 9480 can .syn
chronize analog waveforms with digital signals, and can automatical
ly execute timing adjustments, you ca.n perfo~~ precise tests on
mixed signal devices under actual operatIng condItIons. The HP 9480
allows you to perform DC parametric testing on each pin indepen
dently. This allows efficient testing because you can simultaneously
perform different tests on different pins.
Digital Signal Processing (DSP) Technology

The HP 9480 uses Digital Signal Processing to generate and ana
lyze analog and digital signals.

For example, you can easily and quickly modify and create
waveforms in the frequency domain by using FIT commands. The
HP 9480 can easily synchronize analog signals with system clocks
because the waveform data is recorded into system memory. Multiple
parameters such as THD, SNR, differential nonlinearity, etc., can be
extracted from the recorded data without running the test again. A
32-bit full floating point array processor minimizes system controller
loading by performing complex matrix comp~tations for d.igital si~

nal processing. DSP technology shortens test tImes by allOWIng multI
ple parameter extraction from a single test, and minimizes hardware
costs because analog and digital processing are performed by the
same modules.
Modular Architecture

The modular system architecture of the HP 9480 allows easy
adaptability to your changing test needs. This means that the sys
tem's usefulness and value are maintained well into the future, be
cause system upgrades and enhancements are easy and cost-effective.
Also maintenance costs are minimized because only faulty modules
need'to be repaired or replaced in the event of a system malfunction.

Software
HP 9480 software is based on the HP-UX operating system, and

operates on HP 9000 Series 300 Engineering Work Stations. HP-UX
is fully compatible with standard UNIX systems, and incorporates a.n
advanced multi-window system with a mouse and pop-up menus. ThIS
provides graphics oriented test development, testing, and data analy
sis environments, which facilitate smooth and efficient operation. You
can easily set up conditions and values for test execution and data
analysis, with the HP 9480's fill-in-the-blanks format. One simply en
ters the appropriate information into the mask fields displayed on the
screen.

Multi-window Environment

Test Development
The HP 9480 features two debugging modes and three useful tools

for you to use the test hardware effectively, and reduce the amount of
time spent on test program development.

The debugging modes available are off-line and the standard on
line debugging. A hardware simulator i~ used with off-.line debugging.
Therefore off-line debugging and deVIce test executIon can be per
formed at 'the same time because the test hardware is not used for off
line debugging. This guarantees efficient system utilization.

Available tools are the symbolic debugger, virtual panel, and virtu
al scope. The symbolic debugger offers a number of features that en
able the user to debug at the source code level. The symbolic debugger
decreases debugging time because it allows you to modify test condi
tions without program recompilation. The virtual panel displays .the
hardware settings and output conditions in real time when debu~~Ing,

thereby allowing you to confirm program measurement condItIons.
The multi-window function displays hardware information on a mod
ule-by-module basis. The virtual scope displays the stimulus
waveform or pattern data specified in the program, and the response
waveform output from the test device. These tools minimize the test
development time and maximize engineering productivity.

Testing
The HP 9480 provides easy operation in the test execution environ

ment. The test conditions are set in a fill-in-the-blanks format dis
played on the screen, and tests start by the press of a function ke~ or
the start button on the operator console. The operator console IS a
compact terminal to control test execution, such as test start, re-test,
and test stop.

For monitoring tests quickly, the virtual scope and summary log
ging are useful tools. The virtual scope displays wavefor.m out~ut

from the test device. The summary logging collects data durIng deVIce
testing, and makes test summary, bin summary, and lot summary re
ports.

Data Analysis
The HP 9480's software capabilities are complemented by a com

prehensive set of data analysis functions. These.functi~ns allo~ you to
make effective use of all test data collected dunng deVIce testIng. The
following reports can be set up and displayed so that you can easily
analyze measurement results: Tabular Reports, Scatter Diagrams,
Control Charts, Wafer Maps, X-V Graphs, Shmoo Plots, and Bar
Charts.

Tester Workstations (sold separately)
The HP 9000 Series 300 computer, the HP 9480 system controller,

can connect directly to the Ethernet/IEEE802.3 Local Area Net
work (LAN).

When networked, HP 9480 tasks can be distributed between work
stations in the network. This increases system efficiency because tasks
previously managed by one computer are now distributed betw~en

workstations. For example, you can use a Test Development Station
(TDS) as a stand-alone workstation for test program development,
such as editing, compiling, and off-line debugging, while testing,
without degradation of test performance.

HP Semiconductor System Centers (SSCs) offer quality applica
tion support for quick start up of your HP 9480 system. Application
support packages include consultation with expert HP personnel, a.nd
the tailoring of test program software and hardware to your speCIfic
test requirements.

System Specification Summary
128 pin 110, 128 MHz (11!Hz resolution) clock rates
Analog signals analysis
16 bit (I MHz)/ 12 bit (20MHz) real time digitizer
IGHz (12 bit) high frequency sampler
AC signal stimulus
18 bit (IMHz)/IO bit (128MHz) AWG
Digital test
64K word (128MHz) WG/WM
DC test per pin

B



8 SEMICONDUCTOR TEST EQUIPMENT
Semiconductor Parametric Test System
Model4062C

• 25ms Vth/hFE Extraction (typical)
• ±c20fA to 4 1A Precise Wafer Measurements

• Interactive Programming (option)
• Powerful Database integrated with Graphics

Presentation

U.. Ihe TAB or ARROW key. 10 .elect Ihe de.ired form

Specifications
Measurement Functions: I, V, I-V, CoG-V, CoG-t, Pulse I/V, Pulse
I-V, Analog Search

System Configuration (Standard)
Modular DC Source/Monitor (HP 4142B)
Switching Matrix (48-pin configuration)
Switching Matrix Controller
I MHz C Meter /C-V Plotter (HP 4280A)
Rack Cabinet

Ma.. Storage (onfig: STANDARD[n.tr....ent Config: HONE

Ti",,: e9:ee

Fast, Easy Test Generation and Integrated Database
Capabilities

The optional Test Management Shell (TMS) software provides an
elaborate HP 4062C user interface, eliminating the need to generate
application programs. All test generation functions are accomplished
through a series of menus that first determine the task you wish to
perform, followed by the information required to perform the task.
No programming knowledge is required to generate test programs
when using TMS.

The HP 4062C's optional TekBase relational database software
provides enhanced data analysis capabilities. With TekBase, you can
quickly retrieve measurement results using a powerful QUERY lan
guage, and can then present these results in a number of useful for
mats, including wafer maps, trend charts, histograms, etc.

H!' t626'IA TEST MANAGEMEHT SHELL I'tA IH MEHU
Stat i<ll'l: 4062C Date: t Hov 1988

Easy To Program
The HP 4062C's Test Instruction Set (TIS) software makes pro

gramming easy, and the fast execution of TIS programs ensures high
speed measurements. By using the furnished measurement library,
you can quickly create and execute programs. For example, to per
form a Vth or hFE measurement requires only one or two program
lines.

DEFlHE TEST DEF IHE PART TYPE REPORT TEST

!1ea.lTe""ntI Device Type Report Reou It.
Measurement Sequence Module
Te.1 Plan Die Type

Wafer SHELL UT ILC TlES
B\JILD TEST

DEF lHE HARDWARE Backup Form Type.
Build Te.I Plan Re.tore Form T\ol'O'

Te5t Fixture Conf igure Sy.tem
EXECUTE TEST Ma•• Storage Conf igural ion Moo ify U.er.

[n5tru",ent Conf Lgurat Lon In.lall Algorithlll
Execule Te.I Plan In5trument lrli t5

(System controller, printer and tables are sold separately.)

~
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Description
The HP 4062C Semiconductor Parametric Test System is a high

throughput, high resolution computer-controlled system for measur
ing the DC voltage and current, and IMHz capacitance and conduc
tance parameters of wafer-state devices, as well as discrete and
packaged devices. Based on its predecessor, the HP 4062B, this en
hanced system will enable you to significantly improve IC yield and
quality, and increase efficiency during new process development.

Precise 20fA, 41tY, and ifF measurements to ±200V and ±IA are
possible through the 4062C's low-noise, reliable switching matrix,
which you can configure with up to 96 DUT pins. And specifications
are guaranteed at all DUT pins. The heart of the HP 4062C, the high
speed HP 4142B Modular DC Source/Monitor, provides fast
throughput over a wide measurement range-without sacrificing res
olution-for wafer process monitoring and evaluation. Highly relia
ble wafer measurement results can quickly be fed back to design and
process engineers to improve your IC yield and quality.

The HP 4062C's language system is the simple, yet powerful, HP
BASIC. Parameter measurements, such as threshold voltage and cur
rent gain, can be performed with a simple two-line program thanks to
the HP 4062C's measurement utility subprograms. By including the
optional Test Management Shell software, you can create, execute,
and manage tests through a completely menu-driven BASIC inter
face to even further minimize programming requirements. For ana
lyzing measurement results, the HP 4062C's optional TekBase
relational database software provides you with maximum data flexi
bility and allows you to analyze data in a wide variety of formats.
Maximize software development capabilities, reduce development
time, and increase engineering efficiency with the HP 4062C's power
ful, easy-to-use software.

High Speed Measurements over a Wide Measurement
Range

In production environments where measurement speed is prerequi
site, the HP 4062C comes through. The HP 4062C's DC measure
ment subsystem provides high speed device/process parameter
extractions, while maintaining measurement resolutions down to
20fA and 4/LV. For example, by using the DC measurement subsys
tem's Analog Feedback Unit (AFU), such key device parameters as
threshold voltage (Vth) and forward current gain (hFE) can be ob
tained in as little as 25ms: roughly 4 times faster than the HP 4062B.

The HP 4062C's switching matrix subsystem enables reliable mea
surement results by virtually eliminating the effects of environmental
noise, while minimizing leakage current and stray capacitance. Also,
the HP 4062C's expanded measurement range of ±20fA to ± IA and
±4/LV to ±200V is guaranteed to the tip of each switching matrix
DUT pin. This exacting performance ensures precise, reliable semi
conductor parameter measurements through the switching matrix for
each system instrument.

SWitching Matrix
Number ot pins (to OUT):

48 pins of 48-pin Switching Matrix (as standard).
12, 24 and 36 pins configuration as option.
96 pins of 96-pin Switching Matrix with options for 24, 36, 48, 64,
72, 84 and 96 pins.

Number ot ports (to instrument): 9 ports
High Resolution Source/Monitor Unit: I port
High Power Source/Monitor Unit: I port
Source/Monitor Units: 2 ports
Ground Unit: I port
Auxiliary: 4 ports (for V Sources/V Monitors and C Meter)

Maximum Yoltage at each port: ±200V (SMU ports)
± IOOV (Aux. ports)

Maximum current through ports to pins: ± 1.6A (GNDU port)
± IA (SMU ports)



Accuracy: ±lmV

Basic Accuracy: ±O.J %

Basic accuracy: ±0.05%
Basic accuracy: ±0.2%

Basic accuracy: ±0.05%
Basic accuracy: ±0.2%

N/C
N/C

$6,000
$4,390
$3,500
53,500

$4,300
$3,220

-$3,540

-$4,300
-$3,220
-$1,720

-$10,600
-$4,190

-7,500
-$3,800
$12,900

$890
$830

-$2.250

-$21,600
-$14AOO
-$7,200

$600
$11.000
$19,000
$27,000
538,000
543,000
$51,000
$59,000

$670
-$750

$3,540

Price
$125,000

Available Accessories
(for 48-pin matrix/for 96-pin matrix)
HP 16320B/16320C: Pin Board
HP 16071B/16376B: Universal Fixture
HP 16072B/16377B: Personality Board

System Controller
Required controller: HP 9000 Series 300 Model 310, 320, 330, or
350
System language: BASIC 5.1
Memory size: 2M byte
Interface: In addition to internal HP-IB I/O, 2 extra HP-IB I/O's
(98624A's) are required.

Prober Interface
Automatic wafer probers used with the HP 4062C must be

equipped with HP-IB capability. Hardware for mounting the switch
ing matrix on the prober is also required. Contact the prober manu
facturer for details concerning necessary mounting hardware.
Control software for Electroglas 1034X/2001X and TSK A
PM6000/7000 probers is furnished.

Ordering Information
HP 4062C Semiconductor Parametric Test System
(does not include controller)

OPT. 050/060: for 50/60Hz Line Frequency
OPT. 100/120/220/240: for 100/120/220/240V
Line Voltage
OPT. 001: 12 pin Configuration of 48 pin Matrix
OPT. 002: 24 pin Configuration of 48 pin Matrix
OPT. 003: 36 pin Configuration of 48 pin Matrix
OPT. 004: Add Spare Pin Board of 48 pin Matrix
OPT. 012: 24 pin Configuration of 96 pin Matrix
OPT. 013: 36 pin Configuration of 96 pin Matrix
OPT. 014: 48 pin Configuration of 96 pin Matrix
OPT. 015: 64 pin Configuration of 96 pin Matrix
OPT. 016: 72 pin Configuration of 96 pin Matrix
OPT. 017: 84 pin Configuartion of 96 pin Matrix
OPT. 018: 96 pin Configuration of 96 pin Matrix
OPT. 019: Add Spare Pin Board of 96 pin Matrix
OPT. 020: Replace HP41420A with HP41421 B
OPT. 021: Add spare HP41421B SMU
(lOOV/lOOmA)
OPT. 022: Add spare HP41420A SMU (200V/IA)
OPT. 023: Add spare HP4I 424A Vs/Vm
OPT. 024: Delete one HP41421 B SMU
(lOOV/IOOmA)
OPT. 025: Delete one HP41420A SMU (200V/IA)
OPT. 026: Detete one HP4l424A Vs/Vm
OPT. 027: Delete one 41425A AFU
OPT. 102: Delete HP4280A
OPT. 110: Delete Package Fixtures for 48 pin Matrix
OPT. 115: Delete Package Fixtures for 96 pin Matrix
OPT. 130: Delete System Rack
OPT. 310: Add HP4274A
OPT. 311: ±35V Internal DC Bias for HP4274A
OPT. 312: ± 100V Internal DC Bias for HP4274A
OPT. 405: HP4062C's System Software Right-To
Copy
OPT. 410: Test Management Shell Software (TMS)
OPT. 411: TMS Right-To-Copy
OPT. 420: TekBase Software for Model 310 Computer
OPT. 421: TekBase For Model 320/330/350
Computers
OPT. 503: Personality Board for E1ectroglas Probers N/C
OPT. 910: Extra System Library $320

For further Configuration and Ordering Information, please contact
your next HP sales office.
Note: 1) Either option 050 or 060 must be ordered.

2) Either option 100, 120, 220 or 240 must be ordered.
3} Option 012-018 replace 48 pin Switching Matrix and its' accessories with the 96 pin

Switching Matrix and its' accessories.
4) Option 311 and 3t2 can not be ordered at the same time. Option 310 must be ordered

when option 311 or 312 is ordered.
5) Option 110 deietes HP 16066A. 16067A, 16068A, 16069A. 16070A and 16071A.
6} Option 115 deletes HP 16371A, 16372A, 16373A, 16374A, 16375A and 16376A.

Basic accuracy: ±0.05%
Basic accuracy: ±0.2%

Dimensions:
Cabinet: 600mm (W) by 1600mm (H) by 800mm (D)
48-pin matrix: 406mm (W) by 210mm (H) by 380mm (D)
96-pin matrix: 620mm (W) by 250mm (H) by 600mm (D)

Weight:
Cabinet with instruments: approx. 230kg
48-pin matrix: approx. 22kg (48 pin config.)
96-pin matrix: approx. 55kg (96 pin config.)

HP 4142B power limitation: 32W

Furnished Accessories
(for 48-pin matrix/for 96-pin matrix)
HP 18066A/16370A: Test Fixture Adapter
HP 16067A/16371A: 24-pin DIP Low Leakage Fixture
HP 16068A/16372A: 48-pin DIP Low Leakage Fixture
HP -/16373A: 64-pin SHRINK DIP Low Leakage Fixture
HP 16069A/16374A: Universal Low Leakage Fixture
HP 16070Al16375A: General Purpose DIP Fixture
HP 16071A116376A: Universal Fixture
HP 16072A118377A: Personality Board
HP 16077A116378A: Extension Cable Fixture
HP 16075A/16355A: Relay Test Adapter
HP 16076A/16356A: System Test Module

General Specifications
Operating temperature range: 5°C to 40°C, 55% to 70% RH
Permissible temperature change: 'S3°C after calibration
Air cleanliness: class 100,000 or higher clean room required
Power requirements: 100V (90V to IlOV), l20V (l08V to 127V),

220V (198V to 242V), 240V (216V to 252V),
48Hz to 66Hz, 1150VA maximum

Reference Data (typical)
Command Execution Time

Connect (relays): 4.5ms
DC Source/Monitor1:

Force (current or voltage): 4.5ms
Measure (current or voltage): 6ms
Analog Search": 2Sms

lWhen integration time is short and range is not 1nA/10nA. 00e8not include walt time set by user.
'Analog search controls the output of one SMU to set the output of another SMU to aspecified
value.

Capacitance-Conductance Measurements
Test frequency: IMHz, .±0.01%
OSC level: 30mVrms ±IO%, and IOmVrms ±IO%
Measurement range: (maximum resolution to full scale)

C: 0.001 pF to 1.2nF Basic accuracy: ±0.5%
G: O.OI"S to 12mS Basic accuracy: ±1.5%

DC bias voltage for capacitance measurements: ±IOOV

DC Source/Monitor Units (SMUs)
High Resolution SMU: I unit

V: ±40/-LV to ±IOOV
I: ±20fA to ±IOOmA

High Power SMU: I unit - Kelvin
V: ±40/-LV to ±200V
I: ±2pA to ±IA

SMUs: 2 units - Kelvin
V: ±40/-LV to±IOOV
I: ±2pA to ±IOOmA

*V force resolution is IOO/-LV
*1 force resolution is SOfA (High Resolution SMU) and 5pA (oth

er SMUs)
Ground Unit (GHDU): 1 unit

±1.6A
Voltage Sources (VSs): 2 units

±lmV to .±40V
Voltage Monitors (VMs): 2 units

±40/-LV to .±40V Basic Accuracy: ±0.05%
*Dilferential Voltage Measurements are possible with 4/-LV reso-
lution

All SMUs can function as a DC voltage source/current monitor or as
a DC current source/voltage monitor. Pulse measurements can be
performed with SMUs and VSs.



BSEMICONDUCTOR TEST EQUIPMENT
Semiconductor Parametric Test System
Model4062B

• Precise, high speed probed wafer measurements
• 1pA resolution at all 48 pins

• Easy to program with Probing Pattern Generator
• Virtual front panel simplifies operation

System Controller
Required Controller: HP 9000 Series 200 Model 236A, 236C, 2368
or 236CS, or Series 300 Model 310, 330 or 350
System Language: BASIC 5.0 or 5.1 for Series 200/300

Capacitance-Conductance Measurements
Test frequency: 1 MHz ±0.01%
OSC level: 30 mVrms ±20% and 10 mVrms ±20%
Measurement range: (Maximum resolution to full scale)

C: 0.001 pF - 1.2 mF; basic accuracy, 0.5%
G: 0.01 .uS - 12 m8; basic accuracy, 1.5%

DC bias voltage for capacitance measurements: ± 100V

General Specifications
Operating temperature range: 10°C - 40°C, ~70% RH at 40°C
Power requirements: 100V, l20V, 200V ±10%; 240V+5%-10%;
48-66 Hz, 510 VA max.
Dimensions: cabinet, 600 mm(W) x 1600 mm(H) x 800 mm(D);
switching matrix, 406 mm(W) x 210 mm(H) x 380 mm(D)
Weight: cabinet with instruments, approximately 200 kg; switching
matrix, approximately 25.3 kg

$100,000
N/C

N/C
$-17,400
$-11,600

$-5,800
$490

$1,325
N/C

N/C
$\2,900

$890
$830

$1,720
$-10,600
$-4,190

$1,935
N/C
$335

Ordering Information
HP 4062B Semiconductor Parametric Test System
(does not include controller)

Opt. 050/060: For SO/60Hz Line Frequency!
Opt. 100/120/220/240: For 100/120/220/240
Line Voltage2

Opt. 001: 12-pin Configuration (delete 36 pins)
Opt. 002: 24-pin Configuration (delete 24 pins)
Opt. 003: 36-pin Configuration (delete 12 pins)
Opt. 004: Additional Pin Board
Opt. 011: SMU Board
Opt. 030: For HP 9000 Series 300 Controller)
Opt. 036: For HP 9000 Model 236 A/8/C/C8
Controller4

Opt. 310: Add HP 4274A
Opt. 311: ±35V Internal DC Bias for HP4274A
Opt. 312: ±looV Internal DC Bias for HP4274A
Opt. 405: Right-to-copy
Opt. 102: Delete HP4280A
Opt. 110: Delete Test Fixtures for Packaged Devices
Opt. 401: SPN Data File Creation Software
Opt. 503: Personality Board for EG 1034X, EG 2001X
Opt. 920: Extra System Library

'Must select Opt. 050 according to the power line frequency used.
'Must select Opt. 100, 120,220 or 240 according to the power line voltage used.
'Musl select Opt. 503 if using an Electroglas Prober.
'Must select Opt. 030 or 036 according to the system controller used.

DC Source and Monitor Units
High resolution source and monitor unit (SMU1): 1 unit

Output/Measurement Range: Current, ± 1pA - ± 100mA, Basic
Accuracy, 0.3%;Voltage, ±lmV - ±100V, Basic Accuracy, 0.1%

Source and monitor units (SMU2-4): 3 units
Output/Measurement Range: Current, ± 1OOpA - ± 100mA, Basic
Accuracy, 0.3%; Voltage, ±lmV - ±100V, Basic Accuracy, 0.1%

Ground unit: I unit
Output Voltage: OV; Accuracy, ±2mV

Voltage source (Vs): 2 units
Output Range: ImV - ±20V; Basic Accuracy, 0.5%

Voltage monitor (Vm): 2 units
Measurement Range: ±IOO.uV - ±20V, Basic Accuracy, 0.2%

System Configuration
DC Source/Monitor (HP 4141 B)
Switching Matrix (48-pin configuration)
Switching Matrix Controller
I MHz C Meter/C-V Plotter (HP 4280A)
Rack Cabinet

Specifications

Switching Matrix
Number of pins (to DUT): 48 pins (standard) with options for 12,24
and 36 pins.
Number of ports (to instrument): 9 ports

Software Library
Virtual Front Panel (VFP)
Test Instruction Set (TIS)
Graphics Library
Parameter Measurement Library
Auto Prober Control Library
Data Processing Library
Diagnostic Program

Description
The HP 4062B Semiconductor Parametric Test System will help

you improve IC yield and quality in production plus increase engi
neering efficiency. The system measures DC voltage/current and I
MHz capacitance/conductance of wafers with high resolution and
speed.

Precise 1pA and 1fF measurements are performed using a low
noise switching matrix with up to 48 DUT pins. All specifications are
guaranteed on these DUT pins. High speed measurement units pro
vide fast throughput of high resolution measurements for wafer pro
cess monitoring and evaluation. Highly reliable measurements
performed on wafers can be fed back to design and process engineers
to improve your IC yield and quality.

The HP 4062B is programmed with the simple and powerful HP
BASIC. Parameter measurements such as threshold voltage or cur
rent gain can be made by a two line program using the HP 4~62B's

measurement utility subprograms. Prober control software IS sup
plied to allow users to easily operate a wafer prober with the HP
4062B. The system software features an extensive program library
that includes statistical analysis, trend charts, and the Virtual Front
Panel (VFP) for convenient manual measurement. The HP 4062B
will help you reduce software development time and increase engi
neering efficiency with easy programming.

HP4062B
(System controller, printer and tables are sold separately.)

~
ESIGNEDfOR. ..

SYSTEMS



SEMICONDUCTOR TEST EQUIPMENT 8
Semiconductor/Component Test System 533

Model4061A

• Ready to use-supplied with 7 turn-key application
pacs

• Reliable impedance and current measurements with
one probing

• Productivity improvement through accurate and fast
measurement over wide range

o
u,
u

.5
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HP 4061A
System controller and table are sold separately

Description
The HP 4061A Semiconductor/Component Test System is a dedi

cated system for making efficient, automatic evaluation of the funda
mental characteristics of semiconductor and electronic components
required in R&D and production areas. This system employs relia
ble, accurate measurements and high speed data processing to per
form more reliable evaluations with speed and less manpower. The
HP 4061A is supplied with 7 sophisticated applications programs and
is flexible in both software and hardware. Thus, the system can output
measurement results in nearly any required data format.

The switching subsystem, designed especially for use with the HP
4061A, allows both impedance and current measurement without
changing DUT connection. Using this new switching subsystem, and
by making impedance measurements, the HP 4061 A performs evalu
ation of Doping profile, Oxide capacitance, Flat band condition,
Threshold voltage, Surface charge, and Minority carrier life
time/surface generation velocity. The HP 4061A also measures leak
age current and reverse/forward current-voltage characteristics. Sur
face state density evaluation, using both high (e.g., I MHz) and low
frequency (Quasi-static) C-V measurements and data processing are
also possible by making modifications to system software.

The system offers significant improvement in both yield and quality
in production through fast and reliable measurements and evalua
tions. It is also a valuable evaluation tool for the development of new
materials and devices. The HP 4061A provides the flexibility to meet
the future measurement requirements of the electronics industry.

,,-L5-_~'~-:-3~-2=--~-'-1--c':-"7"----:-e~-:-J~~ -;,
BIAS (V)

Specification
For detailed specifications on each of the instruments used in the

HP 4061 A, refer to the individual data sheets.

Switching SUbsystem
The switching subsystem consists of a switch control module and

switching module with interconnecting cables.
Function: Switches connection from DUT to either Multi-frequency

LCR Meter or the pA Meter/DC Voltage source.

System Measurement Range (only deviations from individual
instrument specifications are listed.)
Impedance Measurements (HP 4275A)

Frequency range: ::s; I MHz
Measurement parameters: CoG
Capacitance: ::S;2000 pF (with D::S;O.I)

*Accuracy: (accuracy of HP 4275A) X I.S + ~C (at 23°C ±
5°C).
~C = 1.4 X 1O-1Cxf2 (pF) + 5 counts

Conductance:::s; 12mS (D ::S;O.I)
*Accuracy: (accuracy of 4275A) X 1.5 + ~G (at 23°C ± 5°C)

~G = 6 X 10-lCXf(S) + 5 counts
• f: frequency in MHz

Cx: Measured capacitance value in pF
At 5°C to 40°C, ~C and ~G doubles. Example: Assuming Cx =
1000 pF and f = I MHz, C = (1.4 X 10-3 .103 • (I)2)pF + 5
counts= 1.4 pF + 5 counts

Current Measurements (HP 4140B)
Accuracy: (accuracy of HP 4140B) X 1.5 + 5 counts
After one-hour warmup and at DUT terminal of switching module

Impedance Measuring Section (HP 4275A)
See the HP 4275A's page 290.

Current Measurement Seclion (HP 41408)
See the HP4140B'spage 537.

General Information
Operating temperature: 5°C to 40°C, ::S;70%RH at 40°C
Power: 100, 120, 220, and 240V, +5% - 10%, 48 to 66 Hz, 520 VA
Size: 535mm W x 1635 mm H x 770 mm D
Weight: Approximately 125 kg.

System Controller
HP 9000 Series 200 Model 226A, 226S, 236A or 236S, or Series

300 Model 310 or 330
System Configuration

pA Meter/DC Voltage Source (4140B)
Multi-frequency LCR Meter (4275A)
Switching Subsystem
Rack Cabinet (29402C)

Furnished Application Software
Semiconductor high/low frequency C-V characteristics, I-V char

acteristics, Cot characteristics and Zerbst analysis, Impedance Fre
quency/Bias characteristics, Ideal C-V curve.

Ordering Information
HP 4061A Semiconductor/Component Test Sys
tem (does not include controller)
Opt. 001: ±100 V de Bias for HP 4275A
Opt. 002: 1-3-5 Frequency Steps for HP 4275A
Opt. 026*: For HP 9000 Model 226 A/S controller
Opt. 031*: For HP 9000 Model 310 or 330 controller
Opt. 036*: For HP 9000 Model 236 A/S controller
·MuSl order either OPi. 026, 031 or 036.

Price
$44.250

N/C
N/C
N/C
N/C
N/C



8 SEMICONDUCTOR TEST EQUIPMENT
Modular DC Source/Monitor
Model 4142B

• Flexible, Modular Architecuture
• Wide Measurement Range with High Resolution

V: ±4/1V - ,,200V, 0.05%
I: ±20fA - +1A, 0.2%

• Pulse Measurement Capabilities
Pulse Width 1rns - 50ms, 100/1s Resolution

• High Speed Measurement (Typical)
Sourcing or Monitoring: 4m3
Vth, hFE extracting: 12ms

• Internal Memory
Program Memory: :> 500 Commands (Typical)
Data Memory: 4004 Measurement Points

Description
Offering a wide measurement range and excellent sensitivity, the

HP 4142B Modular DC Source/Monitor is a system-use DC mea
surement instrument especially designed for high throughput DC
semiconductor testers. A completely user-definable system compo
nent, the HP 4142B's modular architecture allows you to build a
custom-configuration to suit your measurement needs.

Eight plug-in module slots can accommodate any combination of
the four presentry available modules, and as new modules become
available, you can upgrade your measurement capabilities with ease.
Choose from two types of Source/Monitor Units (SMUs) to force or
measure up to ±200V and ±IA; a Voltage Source/Voltage Monitor
Unit (VS/VMU); and an Analog Feedback Unit (AFU). Also, the
HP 4142B's instrument command and measurement data strage ca
pabilities, coupled with the high speed HP-IB interface, minimize
computer loading, enhance throughput, and simplify systemization.
Versatile SMUs and Reliable Measurement

For general purpose DC or Pulsed measurement, use the HP
41421B Source Monitor Unit. The equivalent of four instruments,
this precision module forces voltage up to ± IOOV and simultaneously
measures currents down to 20fA. It can also force currents up to
± IOOmA while measuring voltage down to 40/LV.

If you test high power components or desire an extra wide measure
ment range, apply the HP 41420A Source Monitor Unit. This versa
tile SMU can source ±200V or ± I ampere (14W, DC or pulsed) and
still maintain an incredible measurement resolution of 40/LV and
20fA. Both SMUs include a compliance feature which limits output

voltage, current, or power to prevent damage to your device. Each
SMU (HP 41420A or HP 41421B) acts as either a voltage
source/current monitor or current source/voltage monitor. These
complimentary operating modes let you change the stimulus on a de
vice without modifying the physical connections. This versatility
reduces test time and eliminates instabilities caused by changing con
nections at the DUT.

S..,
I I SMU III GNDU
L. ..

I I

&._---~

SEARCH VOLTAGE

Pulsed Measurements
The HP 4142B performs pulsed spot measurement, pulsed sweeps,

or even sweeps with a pulsed bias, over its entire measurement range.
Now you can safely evaluate GaAs FETs, power MOSFETs, and bi
polar transistors under high power conditions.

The pulsed measurements will not damage your devices or test fix
tures, and more importantly, it will reduce thermal drift.

High Speed Parameter Extraction by Analog Feedback
Technique

To find important parameters that are specified at a given voltage
or current, such as Vt or hFE, connect the HP 41425A Analog Feed
back Unit to two SMUs. The AFU modulates the output voltage of
one SMU while monitoring the current or voltage of the second
SMU. Target currents and voltage are found with blazing speed
(l2ms). This unique analog feedback network rapidly measures Vt,
hFE, AL, or AW; parameters which would require excessive test times
on other parametric testers.

You can also use AFUs for biasing and testing microwave devices.
It can be integrated into the Network Analyzer System.

By using AFUs, you can eliminate the effect of devise thermal drift
and can hold initial setting bias for AC measurement time.

~
!JES'V"ED'(lR. :
SYSTEMS

HP 41428



Price
$11,510

$226

$361
$4,510

$175
$600

$3.725
$175
$600

$3,390
$340

$1,810
$4,~ 10

$600
$3.725

$600
$3.390

$340
$1,810
$2,770

$60

Specifications
41428 Modular DC Source/Monitor
Ground Unit (GNDU)
Use as measurement ground.
OV, Kelvin connection

onset voltage: ±500J.LV max
Current range: ± 1.6 amperes
Maximum cable resistance:

FORCE terminal: S Ifl*
SENSE terminal: S IOfl*

Maximum capacitive load: 10J.LF max*
Spot Measurements
Source and monitor DC current or voltage.
Swept Measurements
• One channel (HP 41420A SMU, HP 41421B SMU, or HP

41424A VS/VMU) can sweep current or voltage while up to 8
channels measure current or voltage.

• A second sweep channel can be slaved to the first sweep channel
(dual synchronous sweep).

Sweep modes: Linear or logarithmic.
Single or double staircase.

Sweep parameters: Start, stop, number of steps, or steps per dec
ade.
Maximum number 0' steps: 1000
Hold time: 0 to 655.35 sec, 10 msec resolution
Delay time: 0 to 65.535 sec, I msec resolution
setting accuracy: 0.5% + I msec*

Measurement Unit
HP 4142B Modules

Model Slote VOltage Current Meaaurement IOutput Accuracy
~~N"=m=be:c-'=--+Req::-'d Flange R.flge Resolullon Power V I

HP41420A5MU 1 2 =100~Vto=200V ::c50!Alo"'1amp 40J.l.V20IA lAW 005"10 O.l%

HP414219SMU' :: 1()()IJ.Vto:,; 100 V :o:S01Ato:: l00mA 40j,lV 'lOlA 2W 0.05% 02"'-

HP4,424AYSNMU ~tmVlo:':40V ::20mA .... 'OOmA 4J.l.V2 20""A 1 2W 0_05.%_~

HP 41425A AFU Searches lor a specified current or voltage on or.e SMU by conlrolhog Ire voltage output 0'
anolherSMU

'Pro....ides KelVin connections (remofe sensing)
'Differential measurement mode (40 ""V resolution ifl normal mode)

SMU Range, Resolution and Accuracy (at 18°C-28°C)

yoltl&. RIIlI' set Rft. _eaRft. AccUflCJ Ma. Current
±2V 100~V 4O~V .,O.OS%.,lmV IA

.,20V ImV 4OO~V .,O.OS%.,IOmV IA(V~14V)

0.7A(V>14V)
.,40V 2mV 8OO~V .,0.OS%.,20mV 350mA

.,looV SmV 2mV .,O.OS%.,SOmV 12SmA

.,2ooV 10mV 4mV .,O.OS%.,IOOmV SOmA

Cumnt RanC' set ReI. MeaRft. Accu,1CJ Mil. Yol1ac'
.,lnA SOfA 201A .,1%.,(0.1+0.2 x

ilOnA 500tA 200fA Vo/loo)%±SpA

.,laonA SpA 2pA .,O.S%±(O.I +
.,I~ SOpA 20pA 0.2 xVo/loo)%

200V
.,10~ SOOpA 200pA

.,lOO~ SnA 2nA ±0.2%±(0.1+0.2
.lmA SOnA 20nA XVo/loo)%

±IOmA SOOnA 200nA

±loomA S~ 2~ 200V (kSOmA)

looV (I >SOmA)
200V (1550mA)

looV (I2SmA
?1>50mA)

±IA 50~ 20~ .,0.5%.,(0.1+ 40V (3SOmA
02 XVo/loo)% ~1>12SmA)

20V (O.7A
~1>35OmA)

14V (I>O.7A)

'Vo is the SMU output voltage. in volls

Pulsed Measurements
Force and measure pulsed current or voltage.

Ranges: 2V range: 10nA to lA range
20V to 200V range: 100J.LA to I A range

V pUlse: 2V range: 1 compliance 2: 2nA
20V to 200V range: I compliance 2: 20A

I pulse: 10nA to 10 A range: V compliance <:; 2V
100 A to IA range: V compliance S 200V

Pulse width: 1-50 msec, 100J.Lsec resolution
Pulse period: 10-100 msec, 100J.Lsec resolution
Setting accuracy: 0.5% + 100J.Lsec*

Pulsed Sweeps
• Sweep and measure pulsed current or voltage.
• Sweep DC current or voltage while pulsing current or voltage.

Use Pulse and Sweep specification.
Memory

Program memory: Stores approximately 500*
HP-IB commands which can be grouped into
99 subroutines.

Data memory: 4004 measurement points (binary).
1001 points (ASCH format).

General Specifications
Auto Calibration

Automatically calibrates the offset errors in each measurement
unit every 30 minutes.*
Environmental Information

Operating Temperature: 5°C to 40°C
Allowable Temperature Drift: ±3°C*
Operating Humidity: 5% to 80% RH
Storage Temperature: _40°C to 65°C
Storage Humidity (at 85°C): ~90% RH
Operating Inclination: ±20° from horizontal

Power Requirements
100/120/220V ±IO%, 240V-I0%+5%, 48 to 66Hz, 750 VA max

Dimensions
426 mm W x 235 mm H x 676 mm D

Weight
HP 41428: Approximately 23kg
HP 41420A: Approximately 4kg
HP 41421B/41424A/41425A: Approximately 2kg

Recommended Computer
HP 9000 Series 200 or 300 computer.
BASIC Operating System (Version 3.0 or later).

Software
Parameter Measurement Library: Current gain, Breakdown volt
age (2), Drain current, Threshold voltage (3), and Resistance..
Test Instruction Set: Initialize, Force, Measure, Pulse, GraphICS,
and Data strage.
* Reference data only.

Ordering Information
HP 41428 Modular DC Source/Monitor

Opt. 001: System Cable for Use with 16058A
Opt. 002: Accessory Kit for System Use GDU/
Interlock Cables, Conn. Plate
Opt. 400: Insta1l41420A (needs 2 slots)
Opt. 401: Triaxial Cable for 41420A
Opt. 402: Quadraxial Cable for 41420A
Opt. 410: Insta1l41421B (needs I slot)
Opt. 411: Triaxial Cable for 41421B
Opt. 412: Quadraxial Cable for 41421B
Opt. 440: Insta1l41424A (needs I slot)
Opt. 442: Vs/Vm Cables (coaxial)
Opt. 450: Install 41425A (needs I slot)

HP 41420A Source/Monitor Unit
Opt. 402: Quadraxial Cable

HP 414218 Source/Monitor Unit
Opt. 412: Quadraxial Cable

HP 41424A Voltage Source/Voltage Monitor Unit
Opt. 442: Vs/Vm Cables (coaxial)

HP 41425A Analog Feedback Unit
HP 18058A Test Fixture

Opt. 001: System Cable for 41428



BSEMICONDUCTOR TEST EQUIPMENT
Semiconductor Parameter Analyzer
Model 4145B

• Fully automatic, high-speed dc characterization of
semiconductor devices.

• High resolution, wide range sourcing and measure
ment.
I: 50fA -100mA, V: 1mV - 100V

• Maximum 1150 measurement and display points for
precise measurement and analysis.

• Flexible graphic analysis functions for quick parameter
extraction.

• Built-in micro flexible disc drive for storage of 240 user
programs or 105 measurement results.

HP 41458

Description
Designed for production line and laboratory use, the HP 4145B is

the electronics industry's first stand-alone instrument capable ofcom
plete dc characterization of semiconductor devices and materials. It
stimulates voltage and current sensitive devices, measures the result
ing current and voltage responses, and displays the results in a user
selectable format (graph, list, matrix or schmoo) on a built-in CRT
display. An on-board programmable calculator provides real-time
calculation of voltage/current dependent parameters, such as the cur
rent gain (hFE) and transconductance(gm) of transistors, which also
can be displayed on the CRT. A number of powerful graphic analysis
tools-marker, cursor, line function, interpolation--enhance the HP
4145B's basic capabilities and provide fast, accurate analysis of semi
conductor devices, leading to increased production yields and im
proved device quality.

Four built·in source monitor units (SMUs) are the heart of the HP
4145B. Each SMU can be independently programmed ~o function as
either a voltage source/current monitor or a current source/ voltage
monitor. Thus, a bipolar transistor, for example, can be completely
characterized in common-base, common-emitter, and common-col
lector configurations without changing connections--{)nly changing
the SMUs' operating modes is required. The HP 4145B is also
equipped with two voltage sources and two voltage monitors for mea
surements on devices having more than four terminals, such as ICs.

The HP 4145B can be controlled from the front panel, via the Hp·
IB (standard), or by measurement setups stored on micro flexible
discs

Displayed information-measurement setups, auto-sequence pro
grams, measurement results---can be dumped directly onto an exter
nal graphics printer/plotter to obtain publication quality hard copies.
Additionally. the built-in ]l/2" flexible disc drive enables you to store
measurement setups and measured data, which can be accessed by
another compatible HP disc drive for further processing.

Auto Sequence Programs
Measurement programs stored on a HP 4145B micro flexible disc

can be linked by an auto sequence program, making it possible to
perform a series of measurements with just one keystroke.

Four User-Selectable Display Formats to Suit the
Evaluation

Measurement results can be displayed in one of four display for
mats: GRAPHICS, LIST, MATRIX or SCHMOO. After measure
ment has been made and the results displayed, the softkeys can be
used to access various analysis functions for complete device evalua
tion. These functions include MARKER for numeric readout of mea
sured value at any point along a plotted curve, CURSOR for numeric
readout of value at any graphic point and for line positioning,
STORE /RECALL for overlay comparisons, AUTO SCALE for op
timum graphic scaling, and LINE FUNCTION for direct readout of
line gradient and X-Y axes intercept values.



Voltage Monitors (Vm) Characteristics
Number of monitors: two
Input resistance: I Mfl ± 1% shunted by 100 pF ± 10%
Voltage Measurement Range, Resolution and Accuracy

Measurement Resolution AccuracyVoltage Range

± 2Y 100 ~Y ±(0.5% of reading t 10 mY)
±20 Y I mY ±(0.2% of reading t 10 mY)

,
Output Voltage Resolution Accuracy Max. Output

Range Current

±20 Y I mY ±(0.5% of setting 10 mAt 10 mY)

Voltage Output Range Resolution and AccuracySpecifications

Measurement
Source/Monitor unit (SMU): four SMUs are built into the HP
4145B. Each SMU can be programmed to source voltage and monitor
current, or conversely to source current and monitor voltage. Each
SMU can also be programmed to COM mode. This sets voltage at 0
volts and current compliance at 105 rnA.
Output/measurement resolution: voltage, 4\12 digits; current, 4 dig
its
Voltage measurement input resistance/current source output
resistance: ~ 10l2fl
Maximum capacitive load: 1000 pF
SMU Voltage Range. Resolution and Accuracy

$25,660
$N/C

$600

0.2 ms
47.5 ms

SMU Walt Time

2.7 ms

S4tup/Setlling TimeCurrent Range

100 nA to 100 mA
1 nA and 10 nA

Accessories Furnished
HP 16058A Test Fixture
HP 04145-61501 System Disc
HP 04145-60001 Connector Plate
HP 04145-61622 Triaxial Cable (3m), 4 ea.
HP 04145-61630 BNC Cable (3m), 4 ea.
RP 04145-61623 Shorting Connector

Ordering Information
HP 41458 Semiconductor Parameter Analyzer
Opt. 050/060: 50Hz/60Hz Line Frequency
Opt. W30: 2 Years Additional Hardware Service

Ranging time: varies from 4 ms to 74 ms
Integration time: SHORT MED and LONG,

SHORT MED LONG
50 Hz

3.6 ms
20 ms 320ms

60 Hz 16.7 ms 267 ms

Display
CRT size and screen resolution: 152,4 mm (6 inch) diagonal; 2048 x
2048 points.
Display modes: Graphics, Schmoo, List, Matrix, and Time Domain
External CRT analog output: X, Y and Z outputs of 0 to 1 Vdc into
330 fl (X and Y) and 240 fl (Z).

Analysis
Calculation: two user functions can be input and keyboard calcula
tions can be done using the following 11 operators: +, -, ., /,~
EXP, LOG, LN, •• (power), ABS (absolute) and 8 (differential).
Constants Available on the Keyboard

q: Electron charge (1.602189 X 10- '9 coulomb)
k: Boltzmann's Constant (1.380662 X 10-23 J;OK)
e: Dielectric constant of vacuum (8.854185 X 10-12 F/m)

Analysis functions: overlay comparison with STORE/RECALL,
Marker, Interpolate, Cursor, Auto scale, Zoom function ('-_, _.-,
t ~ Line and Move Window.
~ t
General Specifications
Operating temperature range: + 10°C to +40°C; ~70% RH at
40°C, permissible temperature change ~ I °C/5 min.
Power requirements: 100/120/220 V ± 10%; 240 V - 10% + 5%;
48 to 66 Hz; 270 VA max.
Dimensions: 426 mm W x 235 mm H x 612 mm D (16.75" x 9.06" x
24.1H).
Weight: 27 kg (59Ib) approximately.

Reference Data
SMU measurement time: measurement time = response time +
ranging time + integration time.
SMU Response Time

Characteristics Common to SMUs, Voltage Sources &
Voltage Monitors
Maximum allowable terminal voltage: 100 V peak across SMU and
Vm input terminals, or SMU and Vs output terminals, or between
those terminals and guard; and 42 V maximum from Common to
Ground.

Current Range Resolution Accuracy" Max. Voltage

20Y(>50mA)

±loomA looiJ. ±(O.3%t looiJ.t2j!AXYo) 4OY(>20mA)

±IOmA 10iJ. ±(O.3%t10iJ.t2oonAXYo)

±IOOOiJ. 1iJ. ±(O.3%t liJ.t20nAXYo)

±100iJ. loonA ±(O.3%t loonAt2nAXYo)

±1OiJ. 10nA ±(O.3%tIOnAt2oopAXYo) looY(~20mA)

±IOOOnA InA ±(0.5%t InAt20pAXYo)

±loonA loopA ±(0.5%t loopA+2pAXYo)
±IOnA 10pA ±(l%t15pAt200fAXYo)

±IOOOpA IpA ±( I%t6pAt2OfAXYo)

Voltage Range Resolution Accuracy" Max. Current

±20Y ImY ±(O.1%t IOmYtO.4xlo) loomA

±40Y 2mY ±(0.1%t20mYtO.4xlo) 50mA
±Iooy 5mY ±(O.l%t50mYtO.4xlo) 20mA

1. Accuracy specitications are given as ±% of reading or setting value ±% of range.
2. Accuracy tolerances are specified at 25'C ±5'C, after a 40 minute warm-up time, with AUTO

CAL on, and specified at the rear panel connector terminals referenced toSMU common. Tol
erances are doubled for the extended temperature range of 10'C to 40'C.

SMU Voltage/Current Compliance
Maximum voltage compliance: 20 V, 40 V, or 100 V, depending on
the output current range.
Maximum current compliance: 20 rnA, 50 rnA, or 100 rnA, depend
ing on the output voltage range.
Compliance setting resolution: same as current and voltage out
put/measurement resolution. Maximum current compliance resolu
tion, however, is 50 pA.
Compliance accuracy: voltage compliance accuracy is the same as
voltage output/measurement accuracy. Current compliance accura
cy is current output/measurement accuracy ± (1% of range + 10
pA).

Voltage/Current Sweep Characteristics
Output from up to three SMUs or voltage sources can be swept in one
of three modes: VAR1, VAR2, or VARI'.
VAR1: linear or logarithmic staircase sweep
VAR2: linear staircase sweep. Output from the VAR2 source is incre
mented after completion of each VARI sweep.
VAR1': output from the VARI' source is synchronized with VARI
but at levels proportional to a user-selectable ratio or offset relative to
VARI.

Ratio: ±0.01 to ±IO
Offset: any value that will not cause VARI' to exceed maximum
allowable output.
Hold time: 0 to 650 seconds, ±(0.5% + 9 ms) with 10 ms resolution
Delay time: 0 to 6.5 seconds, ±(0.1 % + 5 ms) with I ms resolution
No. of Measurement Steps: 1024 for a single VAR I sweep, 1150
for a multiple sweep

Voltage Sources (Vs) Characteristics
Number of sources: two
Output resistance: ~0.2 fl
Maximum capacitive load: 1000 pF

'Vo ,s SMU output voltage ,n volts.
* *50 fA resolution in current monitor mode.

SMU Current Range. Resolution and Accuracy

'10 is SMU output current ,n amps.



SEMICONDUCTOR TEST EQUIPMENT
Switching Matrix
Model4085M

• 48 pins with 1pA resolution • Easy programmable switching

Switching Matrix Controller Switching Matrix

HP 4085M

HP 4085M Description
Combining the HP 4085M switching matrix with the HP 4145B

Semiconductor Parameter Analyzer produces a I pA, I mV switching
system capable of 48-pin high resolution semiconductor testing.

A design which minimizes both noise and leakage current means
exceptional built-in dc measurement capabilities and the realization
of I pA resolution measurements at anyone of the 48 pins.

The software included with the system makes it possible to freely
switch anyone of the eight instrument ports to anyone of the test pins
from the system controller. A number of fixtures are available for
wafer and various packaged device measurements. The HP 4085M
retains the HP 4145B's full measurement capabilities to obtain highly
reliable wide range dc parameter measurements.

Specifications
Switching Matrix
OUT Pins: From 12 to 48 pins can be installed.
Instrument Ports:* Eight instrument ports are included.

Low Leakage SMU Port: 1 ea. (Port I)
SMU Ports : 3 ea. (Port 2 - 4)
Vs Ports : 2 ea. (Vs Port 1 and 2)
Vm Ports : 2 ea. (Vm Port I and 2)

*SMU: Stimulus Measurement Unit
Vs : Voltage Source
Vm : Voltage Monitor

Maximum Voltage between Instrument Ports: ±220 Vdc
Maximum Current at each OUT Pin: ±500 rnA dc

System Configuration Example

Price
$48.100

$-18.360
$-12,240

$-6,120
$510
':'<jC
N/C
N/C

System Controller
Required Controller: HP 9000 Series 200 Model 216S, 236A or
236S, or Series 300 Model 310, 330 or 350
System Language: Basic 2.0 or later version
Memory Size: ;;; 320k byte

Ordering Information
HP 4085M Switching Matrix (does not include con
troller)
Opt. 001: 12-pin system
Opt. 002: 24-pin system
Opt. 003: 36-pin system
Opt. 004: Add one pin
Opt. 016:* For HP 9000 Model216AjS controller
Opt. 030:* For HP 9000 Model 310 controller
Opt. 036:* For HP 9000 Model 236 A/S controller
* Must select Opt. 016, 030 or 036 according to the sys
tem controller used.

General Specifications
Operating temperature: 10°C to 40°C; :;:;70% RH at 40°C
Air cleanliness: class 100,000 or higher clean room required.
Power requirements: 100, 120, 220V ± 10%; 240V+5%-10%; 48 to
66 Hz, l30VA max
Size: Switching Matrix, 406W X 210H X 380D mm; Switching Ma
trix Controller, 426W X 134H X 432D mm
Weight: Switching Matrix, approximately 25.3kg; Switching Matrix
Controller, approximately 8kg

4& 47 48

OUT Pins

Control

Switching Matrix

I 2 3 4 5

\/s Port 1

P r
\1m Port 1
Vm Port 2

SMU POri 2

I" - - - - HP 4085M - - - - --,

I
I

. tIP·IM Nol Just IEEF·4~8, btl!
the h<Hd ....·dH', docunlflntalion.
dnd supp<Jrl Thai d(>liv{'TS the
.. hOTh'sl path to it 1TH:'dstJH'menl

"YSIf'm

HP 41458

Semiconductor
Parameter Analyzer

SMU Port I



SEMICONDUCTOR TEST EQUIPMENT
DC Source/Monitor

Model 41418 8
• High speed measurements down to the pA range
• High reliability at low cost

• High accuracy and resolution
V: ±100/N -- ±100V, 0.1%
I:L50fA - cl100mA, 0.3%

HP 41418

-

'Vout,s the SMU output VOltage, In volts.
"Max. Measurement Resolution is SOfA.

Price
$2.770

$650

Price
$21.990

$1 ,3~5

N/C

Ordering Information
41418 DC Source/Monitor
Opt.011: Extra SMU Board
OpI.050/060: *50Hz/60Hz Line Frequency
·Must select Opt OSO or 060 according to the power line frequency used.

Accessories Furnished
HP 04085-61651 Interconnect Cable Assembly
HP 04141-60001 Connector Plate
HP 04145-61630 BNC Cable (3m) 4ea.

Accessories Available
HP 16058A Test Fixture
HP 16059A Adapter (Using with 16058A)

I

Measurement Resolution Accuracy
voltage range

±2V IOO~V 0.5% ot reading + 10mV

±20V ImV 0.2% of reading + 10mV

Voltage monitor units(Vm): 2 channels

Voltage Range Resolution and Accuracy

Ground Unit: 1 channel (kelvin connection)
Current range: ±500mA

General Specifications
Operating Temperature Range: +lO°C to +40°C, s70%RH at
40° C. Permissible temperature change S 1°C/ 5min, Maximum wet
bulb temperature is 29°C.
Power requirements: 100/120/220V±10%, 240Y-IO%+5%, 48 to
66Hz, 240/VA max.
Dimensions: Approximately 426mm (l6.77in)W x 235mm

(9.25in)H x 6l2mm (24.1in)D
Weight: Approximately 19k9 (41.5 Ibs)

I. Accuracy specifications are given as % of reading when measuring
or % of setting when reading.

2. Accuracy tolerances are specified at 23°C ±5°C, after a 40-min
ute warm-up, with AUTO CAL on, and are specified at the rear
panel connector terminals referenced to SMU common, Toler
ances double for the extended temperature range of 10°C to 40°C,

Output/Measurement resolution: Voltage - 4'/2 digits
Current - 4 digits

Voltage source units (Vs): 2 channels

Voltage Range Resolution and Accuracy. .
Output voltage Resolution Accuracy Max. Current
range

±20V lmV 0.5% of setting 10mA
+IOmV

.
Voltage range Resolution Accuracy Max. Current

±20V ImV lOOmA

±40V 2mV 0.1% + 0.05% 50mA

±IOOV 5mV 20mA

Current Range Resolution Accuracy Max. Voltage

±IOOmA lOO/lA 0.3%+(0.1 + 0.2 x 20V (I > 50mA)

Voul'/IOO)% 40V (20mA <I < 5OmA)

±JOmA 10/lA

±JOOO/lA lIlA

±IOO/lA loonA lOOV

±10/lA IOnA (I S 20mA)

±IOOOnA InA 0.5% + (0.1 + 0.2x

±l00nA lOOpA Vout'/lOO)%

±10nA IOpA 1% +(0.1 + 0.2x

±IOOOpA IpA .. Vout'Il00)% + 5pA

Description
The HP 4141 B DC S~urce/M0!1itoris designed for use as a system

component In u.ser:desl~ned semiconductor I-V or DC parametric
t~st systems. With Its wide DC measurement range, high resolution,
high-speed measurem~nt capabilities, remote sensing, and high accu
racy, the HP 4141 B will contribute towards quality improvement and
l!1creased measurement throughput in the lab or on the production
line.

High Speed Measurements with High Resolution
Four s<;lUrce/monitor units (SMU's) coupled with two voltage

s01!rce umts (Vs's), two voltage monitor units (Vm's), and one ground
umt (GNDU) make t~e HP 4141 B equivalent to twenty one instru
ments. A stand-alone Instrument capable of measuring dc parame
ters, the HP 4141B features high resolution measurements
(50fA/100/LV) and a built-in timing controller. Typical time for a
curr~nt or voltage measurement, which includes data transfer, is ap
proXimately 25ms. A swept measurement (51 points) takes approxi
mate\y 4~Oms. High accuracy and high speed measurements,
especially In the low current range, are exclusive features of the HP
4141B.

High Reliability
The HP 4141 B's hi.gh reliability significantly simplifies mainte

nance and redu~es m~lntenance costs. To reduce system down time,
the HP 4141B IS designed for on-site service. Performance verifica
tion and diagnostics software for user troubleshooting is also availa
ble.

Specifications
Measurement Unit

Source and monitor units (SMU): 4 channels (Kelvin connection)
Each SMU can be programmed to source voltage and monitor cur
rent, or conversely to source current and monitor voltage.

SMU Range Resolution and Accuracy



SEMICONDUCTOR TEST EQUIPMENT
pA Meter/DC Voltage Source
Model 4140B

• 3 basic semiconductor measurements:
I, I-V and quasi-static C-V

• Two programmable voltage sources

• Basic accuracy: 0.5%
• High resolution: 0.001 X 10-12 A
• HP-IB standard

HP-IB Capability
Interfacing the HP 4140B to an HP-lB system improves measure

ment efficiency and takes advantage of its high speed (approx 5 ms)
measurement rate. Such a system will minimize measurement time of
dc parameters of semiconductors and the insulation resistance and
leakage current of electric components and materials. This allows
rapid feedback to production for fast evaluation of a new device in the
development stage.

measurement) can now be programmed from the front panel of the
HP 4140B or via the HP-lB bus.

Quasi-Static C-V Measurements
Automatic quasi-static C-V measurements are easily accomplished

by the ramp voltage capability of the HP 4140B. This measurement is
highly significant in evaluating basic semiconductor characteristics.

The HP 4140B operates over a capacitance range of 0.1 pF to 1999
pF with a dc voltage ramp rate of 1 mV/s to 1 V/s in 1 mV /s incre
ments. Capacitance, which is calculated from the measured current
divided by the ramp rate, can also be provided as a percent of the
capacitance of the oxide film (Cox) over a range of 0.0 to 199.9%. By
providing the output voltage at each capacitance measurement point,
we have the dc (quasi-static) C-V characteristics of the device under
test.

Specifications
Measurement functions: I, I-V and C-V
Voltage sources: two separate sources (VAand VB)

VA: ± 100 V programmable source/function generator
VB: ± 100 V programmable dc voltage source

Measurement Function/Source Selection

VB

(DC)

(DC)

VA.

JA

JA
JAI-V

C-V

Function

Synchronized I-V Measurements
The lIP 4140B makes automatic, synchronized current-voltage

measurements that have required a large instrumentation system in
the past.

The two voltage sources in the HP 4140B operate over a range of
-100 V to +100 V with a maximum resolution of 10 mY. One oper
ates only as a stable dc source while the other generates a staircase
voltage, a precise ramp or a stable dc level.

By adding precise, programmable timing capability, we can now
make fast, accurate 1-V and C-V measurements. Device stabilization
times, (time between the applied voltage and the subsequent current

Description
The HP 4140B pA Meter/DC Voltage Source is another in Hew

lett-Packard's new generation of Component Measurement instru
mentation. It consists of an extremely stable picoampere meter and
two programmable dc voltage sources, one of which operates as a
ramp and staircase generator as well as a dc source. These features
make the HP 4140B ideal for making dc characteristic measurements
such as leakage current, current-voltage characteristics and quasi
static C-V measurements required by the semiconductor industry for
new product development and for improving production yields. It is
equally useful in measurements of electronic components and materi
als to determine leakage currents or insulation resistances.

The HP 4140B can contribute to the development, production and
quality control of semiconductor devices and to the improvement in
the reliability of electronic components and equipment.

Stable pA Measurements
Stable picoampere measurements can be made with the HP 4140B

with a maximum resolution of 10-'5A. This is made possible by a new
measurement technique in conjuction with an offset current capabil
ity, low noise test leads, and an electrostatic and light shielded test
fixture. These features provide both stable and fast picoampere mea
surements.

This measurement technique is very useful in making small leakage
current measurements and determining dc parameters of semicon
ductor devices or measuring the insulation resistance and leakage
current for dielectric absorption measurements necessary in the
analysis of capacitors or insulation materials.
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, ± (% of rdg. +counts), 23°C

Current ranging times',20 ms to 7.76 s. (longer ranging time needed
for large changes in input signal level, especially on lowest current
ranges). .
'When FILTER is on, current ranging time increases 60 ms (50 Hz power line) or 50 ms (60 Hz
power line)

Warm-up time: :;:.1 hour
Common mode rejection ratio: :;:.120 dB (<;2 counts)

Reference Data

Current Measurement
Current Measurement Accuracy·

Range
Integration Time

Short Medium

10 2 _ 10 B 0.5 +3 0.5 + 2

10 ' 0.5 +3 0.5 + 3
10 10 2+4 2+3

10 \I 5 + 10 5+4

10 12 5 +20 5 + 10

, Accuracy lor long Integration time. 23°C ± 5°C. humidity $ 70%. For short and medIum Inte
gration time. see relerence data section.

" Integration times specified at 50 Hz. For 80 Hz operation, mUltiple time by 'I•.

Measurement Accuracy/Integration Time

Voltage sweep: auto or manual (pause)
Current Measurements
Displays: current, 3Vz digits with 2 character annunciator. Voltage,
3Vz digits.
Measurement range: ±O.OOI X 1O-1zA to 1.000 X lO-zA full scale in
II ranges.
Overrange capability: 99.9% on all ranges.
Range selection: auto (lowest current range is selectable) and manu
al

Range Accuracy' Integration Time" (ms)

± (16 01 rdg. + counts) Short Medium Long

10 2 _ 10 ' 0.5 + 2 20 80 320
10-'0 2+2

10 \I 5+3 80 320 1280
10 12 5+8 160 640 2560

..

Zero offset: cancels leakage current of test leads or test fixtures.
Offset range: 0 to ±IOO X 1O-15A.
Trigger: INT, EXT and HOLD/MAN
Input terminal: triaxial
Capacitance-Voltage (C-V) Measurement
Measurement ranges: 0.0 pF - 100.0 pF and 200 pF - 1000 pF full
scale in two ranges; 99.9% overrange
Ranging: auto
"foC: capacitance change of device under test is displayed as a percent
of the set value of the oxide capacitance (Cox = 100%)
%C range: 0.0% - 199.9%
Cox setting ranges (2 ranges): 0.1 pF - 199.9 pF and 200 pF 
1999 pF
Capacitance calculation accuracy: accuracy is dependent on accu
racy of both the current measurement and ramp voltage.
Zero offset: cancels stray capacitances of test fixtures and test leads.
Offset range: 0 to 100 pF
High speed Idata output: available with HP-IB interface only. Out
puts current measurement data at 4 ms intervals (max rate).

Analog Output I, C and VA
Accuracy: ±(0.5% + 20 mY) .
Low pass filter: 3 position: OFF, 0.22 s ±20% and Is ±20% applied
to both VAand I/C data outputs
Pen lift output: TTL low level (<;0.8V) during sweep period in I-V
and C-V functions
Recorder output scaling: pushbutton scaling of lower left and upper
right limits of X-V recorder

HP-IB Interface
Remote controlled functions: measurement function, current
range, integration time, I data output trigger, voltage sweep controls,
current limit, VAand VB voltages, zero (offset), self test and parame
ter settings (voltages, sweep/hold/delay times)
Data Output

Measured data (I, C and VA),
Voltage setting (VA and VB),
Parameter settings

General Information
Power: 100, 120,220, V ± 10%,240 V +5% - 10%; 48-66 Hz, 135 VA
max
Size: 426 mm W x 177 mm H x 498 mm D (16.5" x r x 19.6").
Weight: 14.4 kg (31.7lb)

Accessories Available
HP 18054A connection selector: provides a simple method to select
appropriate connection of low lead for the pA meter section.
HP 18056A current divider (10:1): for use only on the 10 rnA range
to extend the measurement capability to 100 rnA.

Accessories Furnished
HP 16053A test leads: consists of one triaxial cable, two each BNC
BNC cables and one connection plate with mating female panel
mount connectors. Cables are one meter in length.
HP 16055A test fixture: for general device measurements. Provides
electrostatic and light shielding for stable pA measurements.

DC Voltage Sources
Output Modes, VA and VB

Function VA VB

I fA ./ /"t",. =-=-= IDC)

I-V fA ./ /"t",. -- --
cv fA IDC)

Voltage ranges (VA and VB): 0 to ± 10.00 V and 0 to ±IOO.O V in 2
ranges, auto range only.
Maximum current: lOrnA, both sources.
Voltage sweep: auto and manual (pause), up/down step in manual
(pause) mode. Sweep abort standard.
Operating Parameter Setting Ranges

Start voltage and stop voltage: 0 - ± I0.00 V, 0.01 V steps; 0 
±IOO.O V, 0.1 V steps
Step voltage: 0 - ± 10.00 V, 0.0 I V steps; 0 - ± I00.0 V, 0.1 V steps
Hold time: 0 - 199.9 seconds in 0.1 s increments; 0 - 1999 seconds
in 1.0 s increments
Step delay time: 0 - 10.00 seconds in 0.01 s increments; 0 - 100.0
seconds in 0.1 s increments
Ramp rate (dV/dt): 0.001 V/s - 1.000 V/s in 0.001 V/s incre
ments

Accuracy (at 23°C ±5°C)
Output voltage: ±IO V, ±(O.07% + II mY); ±IOO V, ±(0.09% +
II0mV)
Linearity: typically 0.5%, 0 - ±IO V; <5 %, >10 V.
Current limit: 100 IJ.A, I rnA and lOrnA, ± I0% (VAand VB)
Output terminals: BNC; L-GND

Ordering Information
Accessories
HP 16054A Connection Selector
HP 16056A Current Divider (10:1)
Options
Opt 907 Front Handle Kit (HP P/N 5061-0090)
Opt 908 Rack Flange Kit (HP PIN 5061-0078)
Opt 909 Rack & Handle Kit (HP PIN 5061-0084)
Opt 910 Extra Manual
Opt W30 2 Years Additional Hardware Service

HP 4140B pA Meter/DC Voltage Source
W Fast-Ship product - see page 766.

Price

$400W
$210W

$66
$36
$92
$51

$120

$10,200



SEMICONDUCTOR TEST EQUIPMENT
1 MHz C Meter/C-V Plotter
Model 4280A

• Built-in sweepable dc bias source and timer for C-V
(Capacitance-Voltage)/C-t (Capacitance-Time) mea
surements

• High speed C-t measurements with minimum measure
ment interval of 10 ms (10 J.lS if an external pulse gener
ator is used)

• Basic C measurement accuracy: 0.1%
• Test lead extension up to 5 m
• 5%-digit display resolution (option) for C measurement
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HP 4280A

Description
The HP 4280A I MHz C Meter/C-V Plotter measures the capaci

tance and conductance of semiconductor devices and materials as
functions of applied voltage (C-V) or time (C-t). The HP 4280A con
sists of a precision I MHz CoG meter, a programmable dc bias source
that can be swept in staircase fashion, and accurate timing control.

C-V and C-t Measurements
The HP 4280's internal dc bias source has a range of 0 V to ± I00 V

with I mV resolution on the most sensitive range. Various measure
ment parameters for C-V and Cot measurements-hold time (bias
pulse width) and delay time (measurement interval)---can be manu
ally set from the front panel. Or these parameters can be set under
program control via the HP-IB. Settable range for Cot measurement
interval is 10 ms to 32s with a best case resolution of 10 /LS. If an
external pulse generator is used, however, measurement intervals as
short as 10 /LS can be set. Up to 9999 readings can be set for a Cot
measurement. These capabilities make it possible for the HP 4280A
to measure the Cot characteristics of virtually any device.

High Speed C-t Measurement
A special sampling integration technique employed in the HP

4280A provides measurement intervals as short as 10 /LS using an ex
ternal pulse generator, such as the HP 8112A or HP 8160A, to pro
vide the bias pulse. Short measurement interval makes the HP 4280A
applicable to Deep Level Transient Spectroscopy (DLTS) measure
ments, which are commonly used to analyze the physical characteris
tics of semiconductors.

Precision, High Resolution Measurements
The HP 4280A measures capacitances up to 1.900 nF, over three

ranges, with 0.001 pF resolution on the most sensitive range. Conduc
tance up to 12 mS can be measured with a maximum resolution of
10/LS.

C and G measurements are made at I MHz. AC signal level is
selectable between 10 mVrms or 30 mVrms, suitable for semiconduc
tor measurements. Basic measurement accuracy is 0.1 %. Maximum
display resolution is 4Y2 digits. With Option 001, however, display
resolution for capacitance is 5Y2 digits.

The accuracy and resolution of the HP 4280A satisfy the stringent
requirements of laboratory and Rand D measurements, which re
quire the detection of minute changes in device characteristics.

Probed Measurements On Wafers
HP 4280A has an automatic error correction function that makes

it possible to use test leads up to 5 m long (HP P/N 8120-4195). The
HP 4280A can measure either floating or grounded devices. Thus, the
HP 4280A can be connected to a wafer prober and still provide stable,
accurate C and G measurements.

Easy, Low Cost Systemization
HP-IB is standard on the HP 4280A. So, a process evaluation sys

tem or a lab automation system capable of evaluating the physical
characteristics of semiconductor devices can be easily constructed.

The HP 4280A is equipped with analog outputs to allow users to
plot device characteristics on an X-Y recorder or large screen display.

Specifications (refer to data sheet to complete specifications)

Measurement functions: C, C-V and Cot
Function Available Internal

Basic Function Selection dc Bias Function

Conly, Gonly
C C-G only OFF, = (DC)

C-V

/" ,}\c-v G·V
C&G·V

C·t
fl ,= (DC), OFFC·t G·t

C&G·t

C Measurement
Test Signal

Frequency: I MHz ±0.01%
OSC level: 30 mVrms or 10 mVrms ±IO%

Measurement terminals: two-terminal-pair configuration (High,
Low and Guard).
Connection mode: sets connection configuration between DUT
(floating/grounded) and measurement circuit.

Ranging: auto or manual
Error Compensation

Cable length: 0 m, I m or 0-5 m. The standard cable (HP P/N
8120-4195) up to 5 m can be internally compensated,
Zero open: compensate stray capacitance and conductance at the
test fixture.
External error compensation: compensate errors by external com
puter to eliminate other error factors not listed above.

Measurement speed: FAST, MED or SLOW
Trigger: Internal, External or Hold/Manual
Internal dc bias mode: OFF or = (DC)



·at 23'C ±5'C, at O'C -55'C error doubles

±1.999 V I mV ±(0.2% + 0.01 V)

±IOO.O V 100 mV ±(O.l %+ 0.1 V)

±19.99 V 10 mV ±(O.l% + 0.02 V)

GcColl
MEAS SPEED

~ ~ ~ ro ~ ro ~

MED 70 (110) 40 (60) 35 (55)

SLOW 400 (440) 270 (290) 220 (240)

When measured values are displayed on the front panel and the re
corder outputs are used, measurement times in parentheses apply.

Accessories Furnished
HP 16080A: Direct Coupled Test Fixture

Options
Option 001: High Resolution Offset Capacitance Measurement

Function: increase C measurement resolutions by one digit with
offset reference value.
C o"set range: 0 pF-I023 pF (I pF increment). C offset value can
be set by measured data or numeric key.

General Specifications
Operating temperature range: O°C to 55°C; 95% RH at 40°C
Power requirements: 100/120/220 V ±IO%, 240 V + 5% - 10%; 48
to 66 Hz; 140 V A max.
Dimensions: 426 mm W x 177 mm H x 498 m D (16.5" x 7" x 19.5")
Weight: 15.3 kg (33.7Ib)

Other
HP-IB: not just lEEE-488, but the hardware, documentation and sup
port that delivers the shortest path to a measurement system.

Data output format: ASCII or Binary
Block mode output: can make C-V/t characteristics measure
ment and store measured data (C-V/t or G-V/t Function: 680
data, C & G-V/t Function: 400 data) into the internal data buf
fer. Then, packed data can be output.

Recorder Output
Output voltage: ±IO V for C, G and V/t data
Accuracy: ±(% of output voltage + V)

Cor G: .1.(0.5% + 20 mY)
V or t: ±(0.15% + 40 mY)

Self test: verifies normal measurement operations (not including cali
bration)

Measurement Function

Reference Data
Measurement Time

Accuracy'
±(% of rdg +counts)

±(O.I% +3) ±(0.2% + 3)
±(0.2% + 3) ±(0.3% + 3)

±(O.l%+3) ±(0.2% + 3)
±(1.2% +3) ±(1.2% + 3)

±(O.l% + 5) ±(0.2% + 5)
±(0.2% + 5) ±(0.3% + 5)

OSC: 30 mV OSC: 10 mV

19.000 pF
120.00 ~S

190.00 pF
1.2000 mS

1.9000 nF
12.000 mS

Max. Display'

001 pF
0.1 pS

0.001 pF
0.01 pS

0.1 pF
0.001 mS

Resolution'Range'

lOOpF/1 mS

I nF/1O mS5

10 pF/lOO ~S

Voltage Resolution Accuracy'
Range ±(% of selting +Volts)

C-V Measurement
Function: measures C-V, G-V or C & G-V characteristics using in
ternal staircase bias.
Measurement speed: FAST, MED or SLOW

C-t Measurement
Function: measures Cot, G-t or C & G-t characteristics using inter
nal and / or external pulse bias source.
Internal measurement mode: Burst or Sampling Mode automati
cally selected.

Burst mode: apply one pulse then make repetitive measurement
with specified time interval between measurements.
Sampling mode: repeated pulse with single samples between
pulses. Delay between application of measure voltage and sample
can be specified.

Measurement speed: FAST or MED

DC Bias Source
Output Mode: j\.,./, fl ' =(DC) or OFF
Output Voltage Range/Resolution/Accuracy

Measurement Range/Resolution/Accuracy

1 100 pFll mS and 1nFll0 mS ranges only in grounded measurement.
, When measurement speed is set to FAST (10 mV/30 mV) or MED (10 mV), resolution and Max.

display become 1 digit less (3\01 digit display).
, Approx. 50 pF at 100 pFll mS renge and 1.76 nF at 1 nFllO mS renge in grounded measure

ment. Error correction to offset residuals will reduce maximum value which can be measured.
'Accuracy is specified at UNKNOWN terminals and at the end of HP 16082A Test Leads (1 m)

aner warm-up ;,30 min., at temperature 23'C ±5'C, zero open calibration is performed, and
CORRECTION is enabled. Front panel settings are CoG, FLOATING and 0 m or 1 m (CABLE
LENGTH). Some errors will be added at other settings (refer to data sheet). Caccuracy is speci
fied when D < 0.05 and G accuracy is specified when counts 01 C < 1/10001 range. Error double
at O'C-55'C.

, Add 0.1% of rdg lor C and 0.2% of rdg for G when HP 16082A is used.

Staircase Sweep Parameter Settings (C-V Basic Function Only)
Start/stop voltage: 0 V-± 100 V (max. I mV resolution)
Step voltage: 0 V-200 V (max. I mV resolution)
Hold/step delay time (th/td): 3 ms-650s (max. I ms resolution)

Pulse Bias Parameter Settings (C-t basic function only)
DC/pulse/measurement voltage: 0 V-±IOO V (max. 1 mV reso
lution)
Number of readings: 1-9999
Hold time (th): max. 10 J.LS resolution

Internal bias: 10 ms-32 s
Ext bias slow: 50 ILs-32 s
Ext bias fast: 10 J.Ls-32 s

Delay time (td): 10 J.Ls-32 s (max. 10 J.LS resolution)
Burst Mode

Function
Meas.
Speed

Block
Mode

Non Block Mode

Data Format

Binary ASCII

Residual L-R compensation: error compensation for residual L-R
(max. 19 J.LH/190 fl) is available using an external controller.
Internal DC Characteristics of High and Low Unknown Terminals
(Without DC Bias)

Maximum o"set voltage: ±I mV
Maximum allowable current: 100 rnA

Internal DC Bias
Settling time (99.9% of final value): 0.05 x voltage swing (V)+
1.7 (ms)
Maximum output current: ±6 rnA

Hold time/step delay time/th/td: 0.02% (basic accuracy)
Response time of the EXT SLOW bias circuit (99.9% of final
value): 100 J.LS
Option 001

C o"set accuracy: ±(2% of reference value +0.5 pF) can be com
pensated by CORRECTION ENABLE key.

Sampling Mode
Ext bias slow: 200 J.Ls-5 s
Ext bias fast: 10 J.Ls-5 s

Math functions: displays measured C/G values as differential values
(~), % ratio (%) or differential % (~%) of the reference value.

20 ms-32 s 150 ms-32 sc·t
G-t

C& G·t

FAST

MED
FAST

MED

10 ms·32 s

50 ms·32 s

100 ms-32 s

200 ms·32 s

250 ms·32 s

Ordering Information
HP 16081A Test Leads, 2 m double shielded, BNC
HP 16082A Test Leads, I m, BNC
HP 16083A Pulse Bias Noise Clipper

HP 4280A 1 MHz C Meter/C-V Plotter
Opt. 001: C-High Resolution (not field installable)
Opt. W30: 2 Years Additional Hardware Service
~ Fast-Ship product - see page 7f,f,

Price
S7"5~

S:'55~

'AO)

$10600
S421l
sq,



8 SEMICONDUCTOR TEST EQUIPMENT
Parameter Extraction Software
TECAP Characterization System

• Shortens IC design time
• Improves circuit designs
• Lowers chip costs

~ MEASUREMENT
MEASURE I

DUT
MEASURED

DATA
FILE

• Maximizes yields
• Accurate circuit simulations
• Device AC and DC measurements

TECAP automatic parameter extraction methodology

TECAP Lets You Design New IC's in Less Time - With
Less Cost

Hewlett-Packard's TECAP characterization System shortens your
IC design cycles and lowers design costs. TECAP - Transistor Electri
cal Characterization and Analysis Program - provides fast, reliable
analysis of device behavior. Model parameters generated with the
TECAP system will improve your circuit simulation and IC designs.

TECAP provides engineers with a complete system for device char
acterization. The easy-to-use display environment and extensive set of
calibration and measurement drivers streamlines data collection.
Simple commands allow you to quickly extract model parameters
from measured data. Integrated, powerful simulation tools allow you
to perform real-time analysis of your device performance.

Design IC's and New Devices Faster
TECAP lets you perform your design revisions using CAE analysis.

Because this is more economical and much faster than multiple
fabrication runs, you save valuable engineering and production re
sources. Accurate model parameters form the foundation for error
free circuit simulation and precise IC design. TECAP's integrated
measurement, extraction, and simulation tools provide you with accu
rate model parameters in seconds. Because you can now begin wafer
fabrication with a superior design, you minimize passes through the
fab line, slash your design cycles, and deliver products to your cus
tomers in a timely manner.

Develop and Understand New Device Models
You can implement your own transistor models into TECAP to be

completely compatible with proprietary circuit simulation programs
or emerging new semiconductor technologies. You can use the versa-

tile simulation tools to develop and test new model equations. TECAP
gives you the immediate feedback you need to evaluate and under
stand equation behavior. TECAP replaces pages of batch printouts
with vivid, colorful graphics so you may clearly visualize the effects of
model parameters and complex, multi-order equations.

Get Maximum Performance From Your Process
TECAP allows you to significantly improve the performance of

your existing IC process. With TECAP, you can determine those pa
rameters which have the greatest effects on performance measures
such as speed, power, and logic levels. Using TECAP's statistical
tools, you can accurately determine worst case performance of your
process using those dominant parameters. TECAP gives you the vehi
cle to construct worst case models which will allow you to increase the
performance of your process with minimal process development and
lower cost.

TECAP Extracts Model Parameters in Seconds
TECAP software can automatically extract UCB Level 2, 3, 4,

MOS, UCB Bipolar, or GaAs model parameters in seconds. These
models can simulate second-order effects, such as channel-length
modulation, and offer direct compatibility with the UCB SPICE cir
cuit simulator developed at the University of California, Berkeley.

The TECAP system can also extract parameters for your new tran
sistor models. Newly implemented models have the same parameter
extraction, optimization, and simulation capabilities as standard
TECAP models. You can even add a custom extraction module to the
program to fully automate parameter extraction for your model.
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TECAP software is fully compatible with a wide range of standard HP-IB instrumentation.

Configure System Hardware to Satisfy Your Price and
Performance Requirements

The TECAP system works with a wide range of standard Hewlett
Packard computers and HP-IB instrumentation, allowing you to
choose the equipment which meets your exact needs. You can build
an entry level system to start with. Then, as your requirements ex
pand, you can add the latest in high performance measurement tools
to fit your changing situation.

TECAP Is Easy to Use
TECAP provides both ease-of-use for the occasional user and ad

vanced features and capabilities for the expert user. You can access
any TECAP command from one convenient menu - so you don't get
lost in menu hierarchies. The "main menu" always displays program
status to keep you updated on program action. These human-engi
neering features have been designed into TECAP to automate the
process of parameter extraction and new model development.

To measure a device, extract model parameters, or simulate device
performance, you select the appropriate command. If the system
needs more information from you, it will supply a diagram or table for
you to edit. Every table is already furnished with default values or
configurations. The table entry method allows you to have immediate
access to all of your characterization routines - this lets you use the
design tools more productively.

Integrated System Saves Time
TECAP's integrated environment lets you concentrate on evaluat

ing results, so you don't waste time figuring out how to get them. You
can measure devices, extract parameters, simulate device models, and
plot results all with the same program.

TECAP minimizes setup preparation time so each user can imme
diately begin extracting parameters from their devices. For example,
you can save a complete system environment on a disc and use it in
seconds. You can retrieve instrument setups, extraction routines, and
device models with a single command. You can create system configu
rations for every process in your company. You can quickly setup an
environment to perform characterization on NMOS, CMOS, bipolar,
or GaAs devices - using the SAME system.

You can operate the TECAP system without knowledge of the
computer hardware, the computer operating system, or the measure
ment instruments. The system automatically adapts to handle all the

instrument setups and measurements you need for device characteri
zation. To give you maximum flexibility, the software lets you control
a wide variety of measurement and computation hardware.

TECAP Software Specifications
Operating system: Pascal Workstation language system, Version
3.2.
Measurement: voltage, current, capacitance, and 2-port ac parame
ters vs. bias and frequency.
Model Parameter Generation

Extraction:
- direct extraction from measured data
- predefined routines for automatic extraction
- interactive parameter extraction mode
- user definable extraction routines
Optimization:

numerical fine tuning of extracted parameters using integrated
SPICE-like simulator for highly accurate fits
compatible with user defined models
Levenberg-Marquardt algorithm for nonlinear, least-squares fit

- constrained optimization
Simulation: voltage, current, capacitance, and 2-port ac parameters
vs. bias and frequency.
Available models:

UCB MOS Levels I, 2, 3 and 4 (BSIM)
- UCB bipolar (Gummel-Poon)
- Curtice GaAs MESFET Levels I (quadratic) and 2 (cubic)

Yaeger-Dutton GaAs HEMT
- UCB JFET

Diode
PN Junction Capacitance

- MOS Gate Capacitance
- Classical MOS

Up to 7 user definable models

Ordering Information
Please call your local HP Sales Office listed on page 771 for a da ta

sheet, prices, or applications assistance.



BOARD TEST SYSTEMS
Model 3065 Board Test Family

• Combinationai Testers
• Guarante(;,j 99% Uptime ~;ervice

Description
The HP 3065 Board Test Family is the result of many years of

experience in automatic testing and advanced computer technology.
The entire HP 3065 Family features high speed digital testing, our
proven 6-wire analog in-circuit testing and analog functional testing.
Adding the HP Advanced Technologies Hardware (HP 44680A) and
Software (HP 44683A) Modules to the L- and X-Series testers pro
vides high speed combinational (combined in-circuit and functional)
testing capabilities as well. A distributed intellegence architecture
and true multitasking environment allows a single controller to sup
port multiple test stations, multiple programming and repair stations,
and a variety of peripherals without sacrificing high throughput in
production test.

The HP 3065 Family offers a choice of two controllers (HP
3065CL/CX PLUS), two test stations (HP 3065HL/HX), the HP
3065ST Standard Technologies Tester, the HP 3065AT Advanced
Technologies Combinational Tester, and the newest member of the
family ... the HP 3065CT Communications Technologies Board
Test System.

The wide selection and varied capabilities of the HP 3065 Family
allow you configure a test system to meet the challenge of solving your
most complex testing problems ... in an environment of world com
petition and rapidly changing technologies.

New Technologies
Electronic manufacturers are faced with two important problems

... how to remain competitive and profitable in today's electronics
marketplace. Worldwide competition, shorter product life cycles, de
mands for customization, and rapidly advancing technologies all con
tribute to complicate the problem. Due to worldwide economic
conditions, many manufacturers are competing against companies
that either didn't exist five years ago, or didn't distribute their prod
ucts worldwide. With more companies competing, product life cycles
are being dramatically reduced and an increasing number customers
are demanding that products meet their specific requirements. In or
der to meet these external pressures, manufacturers are turning to
new technologies and manufacturing processes that promise shorter
product development times and product flexibility.

The most rapid technological growth is taking place in the use of
advanced device technologies including SMDs, ASICs, and VLSI cir
cuitry in PC board manufacturing. Surface mount technology is used
to reduce the physical size of PC boards, creating challenges in test
access and requiring combined in-circuit and functional testing. In
the telecommunications industry, the use of Integrated Services Digi
tal Networks (ISDN) is causing revolution in the design and testing
of new products. While these new technologies have cost and capabil
ity advantages, they have also introduced a unique set of process and
test problems into the manufacturing area. As an innovator in the

design and use of advanced technologies, Hewlett-Packard is a leader
in the manufacture of design and test systems to address these
problems. The HP 3065 Family members were designed to test these
new technologies as well as existing ones.

Telecommunications Testing
The telecommunications industry, due to deregulation, is faced

with increased competition worldwide, making product cost and test
efficiency a major issue. The test department has more pressure to
develop new tests, on new designs, in shorter time, with the same staff.
For this reason, teJecom managers must re-examine their existing test
strategy in order to develop a flexible strategy for testing existing
products and the new ISDN technologies within the same test
workcell. The HP 3065CT Communications Technologies Board
Test System was specifically designed to solve this problem.

The HP 3065CT is a completely integrated one-stage test system
for the telecommunications industry. It is based on the solid founda
tion of the HP 3065AT combinational test system and the HP
Telecomtest software. Additional test instrumentation, new software,
and integrated library elements allow the HP 3065CT to perform
CCITT specification tests on telecom products. Prior to specification
testing, production induced faults can be detected with the digital,
analog, and combinational test capabilities that the HP 3065CT
shares with other members of the HP 3065 Family.

Advanced Device Technologies
Advanced technologies, such as surface mount devices (SMDs),

application specific integrated circuits (ASICs) and VLSI circuits,
allow the manufacturer to place greater capabilities into smaller ge
ometries. This poses not only problems in testing the advanced cir
cuitry, but problems in accessing the test nodes on the PC board as
well. Hewlett-Packard has the test systems, fixturing and applications
software to solve these problems.

SMT has led to PC board designs with 50 mil or less node spacing,
reduced test node access and dual-sided boards. The HP 44203 Sim
Plate Series of test fixtures were designed to accurately access circuit
ry on the PC assemblies with these smaller geometries. Dual-sided
fixtures based on the SimPlate Series are also available from HP.

The HP 3065 Family of testers provide hardware and software to
test the most complex VLSI circuitry. Microprocessor bus emulation,
clock synchronization, and automatic backtrace capabilities are some
of the tools available in the totally integrated functional and in-circuit
test systems.

ASICs are unique, complex custom devices that do not exist in any
test system library. Therefore, your tester must access the designer's
CAE simulation data base for usable test data. The HP 3065 Fami
ly's Pattern Capture Format software allows the user access to 18
leading CAE systems at present with an open interface to proprietary
in-house design systems. This common format enables you to trans
late the CAE system data and download it directly into the HP 3065
tester for digital test generation.

Protect Your Investment
The modularity and flexibility of the HP 3065 Family of test sy~·

tems allow the user to keep pace with today's rapidly changing tech
nologies. System compatibility within the family ensures that test
programs and fixtures developed on one system are easily transported
to other HP 3065 test systems. Therefore, training, test programs and
fixtures are not abandoned when the need for additional capacity
arises.

Hewlett-Packard has over 85 board test service offices worldwide,
so we're there wherever you are. HP's SupportNet Applications Cen
ters offer complete solutions to your application, hardware and soft
ware support needs anywhere in the world.

HP 3065 Board Test Family
For more information on the HP 3065 Board Test Family, call 1

800-752-0900 Ext. F232 in the U.S., or your local Hewlett-Packard
Sales and Service office.

Prices start at $95,000.
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BOARD TEST SYSTEMS
Model 3065ST Board Test System

Description
The HP 3065ST Standard Technologies Board Test System is the

basic in-circuit test member of the HP 3065 Family of testers. It is a
complete, low-cost board test system that includes a test station, con
troller, two terminals, repair message printer, and automatic, easy-to
use software. Everything you need is included in one system: proven
digital in-circuit testing; outstanding analog test capability; built-in
analog functional test instruments; simultaneous testing and program
development; automatic program generation; quick turn-on of tests;
and build-in SQC software.

Digital In-circuit Testing
The HP 3065ST digital in-circuit test capability provides safe, re

peatable tests for both parts faults and manufacturing defects. Digi
tal in-circuit tests are automatically generated by HP lPG-II for a
wide variety of SSI, MSI, LSI and VLSI devices. The basis for this
wide coverage and easy programming is a library of over 4500 HP
developed device tests which includes most logic families. Tests are
available for the most popular microprocessor families (68000,
80286,80386, etc.), static and dynamic RAMs, and ASICs when us
ing the optional HP Pattern Capture Format Module.

The 2.5 MHz pattern application rate of the HP 3065ST allows a
greater number of today's LSI and VLSI devices to be tested. Cur
rents of up to 500 rnA can be applied to test high current logic devices
such as the FAST family. The HP 3065ST's digital in-circuit tests are
easy to develop and provide fast, accurate diagnostics to pinpoint de
fective devices on the board under test.

Analog Test Capability
Analog in-cirCUit testing techniques used on the HP 3065ST are

widely considered to be the industry standard for comparison. The
proven 6-wire measurement technique allows the HP 3065ST to test a
wide variety of components in complex circuit configurations by re
ducing the measurement error from parallel impedances, fixture im
pedances and system errors. Analog measurements are also enhanced
by the use of phase synchronous detection, enhanced measurement
mode, and extra digit mode.

Analog functional test instrumentation is a standard part of the HP
3065ST. Sources and detectors are available to further enhance test
ing of the analog portion of the board under test. Programming of
these devices is via HP BT-BASIC programming language.

Simultaneous Testing and Program Development
The HP 3065ST provides the user with simultaneous testing and

program development capability. The HP 3065ST provides two work
stations controlled by its multi-tasking operating system, each with its
own display terminal. This allows the test programmer to enter board
data, use the automatic program generator, edit test programs and
analyze test data ... without slowing down production testing.

The automatic programming station is provided for the develop
ment of new test programs or modifying existing ones. Board topolo
gy is entered through HP Board Forms, which provides easy entry of
wire and parts lists through twelve softkey selected screens. Program
modification is made easy with HP BT-BASIC with its full-screen
editor and automatic syntax checking. HP Q-STATS is provided for
production process evaluation using Statistical Quality Control anal
ysis techniques.

The test station includes the testhead, display terminal, message
printer, and operator keypad. Its primary function is the production
testing of loaded printed circuit assemblies. When the test station ter
minal is not being used for production testing, it can be used as an
automatic programming station.

Automatic Program Generation
The HP 3065ST provides an automatic in-circuit program genera

tor (IPG II) to generate both analog and digital in-circuit tests quick
ly and easily. The circuit description can be entered either manually
into the standard HP Board Forms screens or through the optional
HP CAD-VANTAGE software that automatically extracts the parts
and wire lists from most CAD systems. In addition, test vectors can be
downloaded into the HP 3065ST from many CAE/CAD systems us
ing the HP Pattern Capture Format Module. Once the board topolo
gy and device information has been entered into the system, the
automatic in-circuit program generator does the rest.

Programming digital in-circuit tests, even for complex devices, is
easy. The program selects the library tests for the devices to be tested.
It then automatically adjusts each test to compensate for circuit to
pology as the test plan is generated. In addition, to avoid the possibili
ty of device damage during testing, the HP 3065ST provides the HP
Safeguard In-circuit analysis package. This software analyzes each
digital test as it is generated, taking into consideration device parame
ters such as package type, power dissipation, voltage overshoot, and
overdrive currents. Ifunsafe conditions exist, the programmer is noti
fied and corrective action can be taken.

Programming analog in-circuit tests on the HP 3065ST is just as
simple. HP lPG-II generates tests for all components on the board,
analyzing the entire circuit and automatically specifying any needed
measurement enhancements. These tests provide accurate, repeatable
measurements on the device under test. Concise diagnostic informa
tion as to which part failed, and how it failed, greatly reduces repair
times.

Test The Latest Technologies
Economic and competitive pressures on electronic manufacturers

have led to rapid growth in complex devices, including advanced
VLSI and ASICs. In addition, the trend is now away from through
hole and toward surface mount technology for PC boards. The HP
3065ST digital library is continually updated to contain the most ad
vanced VLSI devices as they become available. With the optional HP
Pattern Capture Format Module, data from design simulators are
formatted and compiled into HP 3065 executable code, allowing vital
design information to be used for production testing of ASIC devices.

The use of surface mount devices has led to several unique
problems in the production testing of PC boards. These include re
stricted access to component test nodes, smaller targets for test pins
and components mounted on both sides of the board. The new HP
44203 SimPlate Fixture Series used on the HP 3065ST was designed
for SMT applications and provides the accuracy and access required
by the new technology. An HP SimPlate fixture is also available for
access to dual-sided PC boards.

Protect Your Investment
Because the HP 3065ST Standard Technologies Board Test Sys

tem is a member of the HP 3065 Family, it provides the same protec
tion for your investment. It offers proven performance demonstrated
at hundreds of sites throughout the world. The reliability of the HP
3065ST allows it to participate in the 99% Guaranteed Uptime Serv
ice offered in many parts of the world. Since Hewlett-Packard has
over 85 service locations worldwide, we are there when you need us.

The HP 3065ST provides an automatic, easy-to-program test sys
tem with unsurpassed reliability and test repeatability for your manu
facturing operation.
Prices start at $95,000.



BBOARD TEST SYSTEMS
HP Q-STAR Test Network Software System

The new HP NS/3065 LAN Capabilities and the standard HP
NS/3065 are completely compatible within the HP 3065 environ
ment. Both the HDLC dedicated links and IEEE 802.3 industry
standard links are supported by the new HP NS/3065.

HP BTL PLUS links the HP 3061A/3062A into the HP Q-STAR
Network via the HP-IB (IEEE-488) interface. The software package
(HP 44582A) is an enhanced version of the standard HP
3061A/3062A system software, so compatibility with existing soft
ware is preserved. Networking the HP 3061A/3062A systems with
the HP 3065CL/CX controllers that have Network Services
(NS/3065) allows these systems to become an integral part of your
test workcell.

Paperless Repair Software
Two paperless repair software packages are available as a part of

HP's Q-STAR Network. The first, Paperless Repair/Reporting
(PRR), is a standard part of the HP 3065 Family software. HP PRR
with its bar code capability automates the diagnostics flow between
the test and repair areas of a board test cluster (test stations and sys
tems tied to a single HP 3065 Controller) and provides board tracking
through the test/repair cycle. Actual failure data from the board test
cluster is collected and sent to the HP Q-STATS data base for analy
sis. Alarms are built in to alert the operator to repeated defects to
minimize repair and scrap.

HP PR PLUS (HP 44671C/L/X) has all the benefits of PRR plus
additional features to provide the most efficient use of available re
sources. It allows paperless repair across the entire board test network
so boards can be repaired on any available terminal. Failure data is
transferred into the HP Q-STATS II data base from any repair ter
minal on the network. In addition, HP PR PLUS supports local lan
guage screens to allow the repair operator to quickly understand the
problem.

HP's paperless repair software streamlines the repair operation
while providing timely feedback to improve production processes.

Quality Management Software
Analysis of data gathered in the test/repair loop is performed by

HP Q-STATS, another standard feature of the HP 3065 Family soft
ware. Statistical analysis of raw data from a board test cluster pro
vides useful information required by programmers, test engineers,
and managers. For example, producibility reports provide a statistical
measure of the quality and repeatability of a test. HP Q-STATS pro
vides production management information in several different for
mats based on Statistical Quality Control concepts. Tabular reports
highlight production parameters such as yield, volume of boards test
ed, and average wait, test and repair times. Pareto charts give detailed
information such as board failures by component designator.

HP Q-STATS II (HP 44672A) extends the SQC-analysis features
across the entire test workcell that may include HP 3065's,
3061/62A's, and other automatic test systems. It integrates data
from all these sources into one data base and analyzes all this data to
produce useful SQC information. HP Q-STATS II contains report
ing features that HP Q-STATS does not have, including presenta
tion-quality graphical formats and new reports such as control charts,
overview histograms, and various other production summaries.

Two additional features of HP Q-STATS II are SQL ad hoc que
ries of the data base and the use of an HP 9000 workstation with an
HP-UX operating system as the host computer. The use of the sepa
rate workstation allows the data to be analyzed and reports generated
without impacting the throughput of the test systems. With the IEEE
802.3 industry standard LAN Network interface, the data in HP Q
STATS II can be integrated into a facility-wide quality data base.

Since HP Q-STATS II implements a turnkey data collection func
tion, test managers will find it easier to implement SQC practices to
improve quality and increase the productivity of the production
processes.

Price
$5,610

$4,680-$7,800
$4,680-$7,800

$40,800

Ordering Information
HP 44582A BTL PLUS Software
HP 44670C/L/X NS/3065 Software
HP 44671C/L/X PR PLUS Software
HP 44672A Q-STATS II Software

Description
Automatic testing is not the total solution to productivity or prod

uct quality. Software applications must exist to form the framework
for using board test data to improve product quality as well as provide
timely feedback to improve the manufacturing process using Statisti
cal Quality Control (SQc) techniques. There must also be an overall
strategy for linking computer-aided solutions throughout the entire
manufacturing facility. Hewlett-Packard offers Computer Integrated
Manufacturing (CIM) products and services linking all areas within
the facility. Timely communication among production, engineering
and administration is essential if control of the manufacturing facility
is to be maintained.

The HP Q-STAR Test Network offers the basis for implementing
SQC and CIM in the manufacturing process while providing the opti
mum solution for your test workcell needs. It provides the tools to
implement quality management techniques, paperless repair across
the network, and test program management at minimal additional
cost to you.

The modular structure of the applications software in the HP Q
STAR Network provides the flexibility to select only the capability
you need now and then add others as your needs expand. Some of the
basic applications (PRR, Q-STATS) are provided as a standard part
of the system software. Then, as your needs increase, test manage
ment software (NS/3065 and BTL PLUS), network-wide paperless
repair (PR PLUS), and more sophisticated quality management soft
ware (Q-STATS II) can be added.

Test Software Management
HP NS/3065 (HP 44670C/L/X) provides transparent network

services for multiple HP 3065 board test systems using HP Ad
vanceNet (HDLC) as its foundation. Recent enhancements to HP
NS/3065 has added new LAN Capabilities to provide a smooth tran
sition to Local Area Networks, extending its networking capabilities
beyond the test workcell. HP NS/3065 now gives you the flexibility to
create a network that meets your needs today and expands to cover
your networking needs in the future. The HP NS/3065 LAN Capa
bilities support the IEEE 802.3 network interface standard and, with
its bus architecture, all systems supporting the standard are linked via
a single cable.

The ability to network the HP 3065 to other test systems, quality
management systems and computer systems gives you the advantage
of:
• File sharing, for automatic archiving and downloading of data
• Resource sharing, lowering your investment in peripherals
• File security, ensuring revision control of test programs, protection

of proprietary programs, and prevention of accidental data loss
• Distributed data processing for more efficient utilization of re

sources
• Test and repair data sent automatically to the quality management

system for processing
• Direct download of parts and connectivity information and digital

test patterns from CAD/CAE systems to the HP 3065 test system
for immediate translation and use.
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Model 3065 Board Test Family Fixturing Products 8

Availability
For same day shipment of the products listed below, with the ex

ception of the HP 44203C, 44589DA and 44589DD, call Hewlett
Packard's Direct Marketing Division at 1-800-538-8787.

density applications, the 4-ounce spring tension should be used.
Probes are available in bags of 100.
Receptacles

The sockets (HP 44274S) are specially designed for low air leakage
and reliability. The sockets are made of nickel silver to minimize con
tact resistance. They are press-fitted into the fixture without adhe
sives. Therefore, they do not degrade the high isolation resistance of
the fixture plate material.
Patch Panel Plugs

HP UniPlug patch panel plugs provide positive contact between the
test fixture and the system scanner. Every HP plug uses gold plated
barrels for low contact resistance. Plug tips are made from acetal to
insure that the plug doesn't scratch or leave a residue on the scanner
paddle pins. HP plugs are available in three wiring styles: pre-wired
twisted pair for digital testing, pre-wired single wire for analog test
ing, and unwired. Both analog and digital pre-wired plugs are availa
ble in various configurations to simplify the fixture construction.
Extenders

HP extenders provide additional space inside the test fixture for
wiring or for custom test circuitry. They are available in two types.
The HP 44560S extender adds 3" to the vertical height of the stand
ard test fixture and the HP 44560D adds 1.6" to the large or dual
fixtures. An angled extender is available in both sizes (HP 44560SA
and 44560DA) and provide a horizontal mounting surface needed for
interfacing to robotics or automated board handling.
Spare Parts Kit

A spare support assembly can be constructed for each fixture used
in high volume applications. The Fixture Spare Parts Kit (HP
44203K) provides all parts necessary to construct the support assem
bly.
Conversion Parts

The HP 44203C Conversion parts kit makes it possible to convert
existing HP 445XXA Fixture Kits to the HP SimPlate fixture. It con
tains all the parts necessary to change the upper head assembly of the
standard (Option I), the large (Option 2), and the dual (Option 3)
fixtures.
Assembly Tools

The HP 44210A Assembly Tools contain the hardware and tools
required to assemble the HP 44203 SimPlate fixtures. Only one tool
kit is needed for each assembly station.
Advanced Technologies Fixture Accessory

The HP 44685A Advanced Technologies Fixture Accessory con
tains components commonly used with the HP 3065AT tester for
combinational test fixturing. One HP 44685A is recommended for
each HP 3065AT test fixture.

Description
A new series of vacuum-actuated test fixtures, the HP 44203 Sim

Plate Series, now offers higher probing accuracy, greater reliability
and easier maintenance than the conventional dual plate design. The
HP SimPlate fixtures have an easily removable support plate instead
of the familiar top plate. This support plate is slightly larger than the
board under test, providing support to the board while acting as a
vacuum seal between it and the bottom plate. The elimination of the
top plate and associated hardware reduces the parts count by 35 per
cent and decreases the weight of the fixture up to 23 percent. Fewer
parts mean lower assembly costs and higher reliability.

Performance
Improved probe location accuracy gives the HP SimPlate fixtures

the ability to contact boards with tight physical tolerances. The result
is a ten-fold improvement in probing accuracy, making these fixtures
an excellent choice for testing both conventional and surface mount
technologies.

The accuracy and the repeatability of the probing is accomplished
by referencing both the board and the probes to the same plate. The
probes are mounted in the bottom plate to allow full travel while mini
mizing unsupported probe height. To further control probing accura
cy, hardened steel tooling pins to guide the travel of the board are
mounted on the same plate as the probes.

The support plate assembly is positioned in the lower left corner of
the fixture to optimize both mechanical and electrical performance.
This locates the support assembly directly above the vacuum port to
maximize air flow, resulting in quick actuation and reliable probe
contact. The board is located directly above the scanner cards, reduc
ing wire lengths for improved signal integrity.

Easy Maintenance
When routine maintenance is required, the simple design of the HP

SimPlate fixtures provides immediate probe access without tools. The
support plate simply lifts off the fixture, allowing easy probe access
for cleaning or replacement. For high volume applications, a spare
support assembly (HP 44203 K) is available. Using this spare, testing
can continue while PC board gasket and vacuum seal maintenance is
performed on the original unit.

Test Fixtures Available in Three Sizes
The HP SimPlate Series is available in three sizes. The standard

fixture, HP 44203S, accepts boards up to 28.2 cm x 37.1 cm (11.1" x
14.6"). The HP 44203L handles boards up to 37.1 cm x 59.9 cm
(14.6" x 23.6"). The dual fixture, HP 44203D, accepts two boards the
same size as the standard test fixture. All three of these fixtures are
compatible with all HP 306X Board Test Systems.

Test Fixture Accessories
Probes

Four different probe styles are available, each with two spring ten
sion ratings. The "H" suffix is the eight ounce tension, the "L" indi
cates a four ounce tension. The probes can be ordered with sixty
degree single point tips (HP 44561H/L), crown or star point tips (HP
44563H/L), serrated multi-point tips, (HP 44562HjL), and the
spear point tips (HP 44564H/L). The 8-ounce probe tensions are rec
ommended for all but high pin density applications. In high probe

Ordering Information
UP 44203S SimPlate Standard Test Fixture Kit
UP 442030 SimPlate Dual Well Fixture Kit
UP 44203L SimPlate Large Fixture Kit
UP 44203C SimPlate Conversion Kit

Option 001 For Standard Fixture
Option 002 For Large Fixture
Option 003 For Dual Fixture

UP 44203K SimPlate Spare Parts Kit
UP 44210A SimPlate Assembly Tools
UP 44685A Advanced Technologies Fixture Accessory
UP 44274S HP SimPlate Receptacle, 100 per bag
UP 44561LjU LF or HF Single (60) point, 100 per bag
UP 44562L/U LF or HF Serrated point, 100 per bag
UP 44653L/U LF or HF Star point, 100 per bag
UP 44564L/U LF or HF Spear (30) point, 100 per bag
UP 44589S Single Plug non-wired, 100 per bag
UP 44589SA UniPlug-single wire analog, 50 per bag
UP 445890A UniPlug-dual wire analog, 50 per bag
HP 44589S0 UniPlug-single pair digital, 50 per bag
UP 44589DO UniPlug-dual pair digital, SO per bag
HP 445900 Dual Plug non-wired, 100 per bag
UP 44590DW Dual Plug pre-wired, 100 per bag
UP 44591A HP 3065 DUT Power Pin Kit, 18 per bag
UP 44592G Hybrid Ground Plug, 10 per bag

Price
$622
$915
$831

$352
$440
$450
$210
$146
$205

$36
$102
$102
$102
$163

$61
$87

$117
$87

$117
$163
$189

$66
$82
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BCONTROLLERS
HP 9000 Family Measurement Automation Controllers and Systems
General Information

Breadth and flexibility make HP's family of instrument controllers more capable than any other solution available for a broad range of
measurement automation needs. HP has more than 15 years experience in building instrument controllers, together with more than
1,400 HP instruments, and HP-IB, the industry-standard instrument control interface.

Instrument Controllers
Hewlett-Packard has for many years been

a leading supplier of instrument controIlers
for data acquisition and electronic test.

Today, the breadth and flexibility of Hew
lett-Packard's family of instrument control
lers makes it the best answer to your
measurement automation needs.

Hewlett-Packard developed the company's
HP- IB industry standard interface, also
known as IEEE-488 or GP-IB, in the early
1970's to provide a standard bus for instru
mentation and peripherals. Since then, this
interface has grown to become the standard
way to communicate with instruments
throughout the measurement automation
community.

With over fifteen years of experience in
building instrument controllers, HP has opti
mized these systems to work with over 1,400
Hewlett-Packard instruments and peripher
als via this industry standard interface. No
family of controllers makes it easier to build
a measurement system to meet your needs.
Furthermore, all components can come from
a single company long known for its high
standards of quality.

Computer Aided Test
HP instrument controIlers, coupled with

data acquisition systems and instruments
you'I1 find in this catalog, make it easy to
build custom test systems for use in R&D en
vironments for unattended testing, or for
manufacturing test and quality control appli
cations outside the R&D lab. Software pack
ages such as HP's new Interactive Test

Generator, FTM/300, DACQ/300 and
DACQ IPC (see pages 606, 610 and 608)
take full advantage of features of HP instru
ment controllers to aid you in the develop
ment and execution of your computer aided
test and data acquisition applications.

Manufacturing and Industrial
Monitoring

Accurate monitoring of analog and digital
signals is key to product quality in both man
ufacturing and industrial environments. HP
9000 computers, and the HP 1000 real-time
systems described on page 670, combine
computational speed and reliability for real
time data acquisition, even in harsh environ
ments. Engineers can immediately spot
trends or deviations in critical variables or
processes. HP controllers are well known for
their reliability and ruggedness.

Laboratory Monitoring and Analysis
Analytical applications can also be auto

mated using HP controllers. The ChemSta
tion family of analytical systems make use of
the power of HP instrument controIlers as
well. (see page 676)

A Wide Range of Controllers
Hewlett-Packard offers the widest range

of instrument controIlers in the industry to
day. Each controller system has been
optomized to meet the needs of measurement
automation customers.

ControIlers are available for price sensitive
users as weIl as for applications requiring the
absolute highest performance from the in
strument controIler. You have a variety of

controIler operating systems to choose from
as well, each with their own unique advan
tages.

HP BASIC Controllers
A Hewlett-Packard controller in conjunc

tion with the HP BASIC language offers a
highly optimized environment for the devel
opment and execution of instrument control
applications.

HP BASIC offers a programming environ
ment unsurpassed in ease of use and user
friendliness. You do not have to be an expert
computer programmer to develop very so
phisticated software for your instrument con
trol application. An advanced program
editor proofreads your program as you type it
in to check for syntax errors. You do not have
to wait until your program executes to realize
that you have made a typing error. Advanced
commands for moving and copying program
lines are fuIly integrated into HP BASIC as
well as features useful in producing very
readable, self-documenting, programs. Fea
tures like automatic program indentation,
string search and replacement and automatic
renumbering of program lines are a standard
part of the HP BASIC environment.

Access to the most highly optimized device
I/O subsystem available is just a few state
ments away. Full interrupt processing is sup
ported offering fifteen levels of user definable
software priorities. Data transfer of various
data types is also fully supported. Data



formatting is handled automatically for data
types such as REAL, INTEGER, COM
PLEX, STRING and arrays of these data
types as well.

In addition to supporting multiple data
types, the HP BASIC I/O system has been
refined over time to be able to determine the
optimal data transfer method available based
upon system configuration. For example, da
ta transfer will take advantage of Direct
Memory Access if DMA hardware is present
in the system. No programming changes are
required to take advantage of this DMA
transfer technique, simply adding the DMA
hardware will suffice.

Support of separate context subprograms
within HP BASIC allows you to develop
modular, reusable program segments that
may be loaded and unloaded during program
execution. This helps to increase program
mer productivity since modules are easily re
used or replaced with new modules in future
controller software applications.

HP BASIC also provides the capability of
using compiled subprograms, or CSUBS,
that have been developed using the Pascal
Workstation system. These CSUBs provide
increased performance of many operations
while still providing the benefit of execution
within the HP BASIC environment. Pro
gram modules are written in either HP Pas
calor MC68000 assembly language,
compiled or assembled, and then the optional
CSUB utilities are used to transform these
program segments into compiled sub
programs that are loaded into the HP BA
SIC environment and executed.
HP BASIC runs on a variety of hardware sys
tems.

The HP 9000 Series 300 controller sys
tems (see pages 647 to 649) take full advan
tage of Motorola MC6801O, MC68020 and
very high performance MC68030
microprocessors to provide the highest per
formance HP BASIC controllers possible.
These systems offer a variety of interface
cards, display systems and peripherals which
allows you to configure a controller system
which best meets your individual needs.

With the HP BASIC Language Processor
(see page 656), the HP Vectra Personal
Computer also offers the added benefit of a
full implementation of HP BASIC. The lan
guage processor board contains a MC68000
microprocessor, system RAM, HP-IB and
support electronics required to emulate a Se
ries 200/300 controller while taking advan
tage of the Vectra's keyboard, display and
internal mass storage. This language proces
sor provides the advantages of HP BASIC
while offering access to DOS based peripher
als and application software. The addition of
HP BASIC to a DOS based instrument con
troller provides a clear path between PC
DOS systems and the higher performance
Series 200 and Series 300 HP BASIC instru
ment controllers.

The recently introduced lIP BASIC/UX
system software provides a full implementa
tion of HP BASIC running on the HP-UX
operating system. HP BASlC/UX is com
patible with existing HP BASIC programs
but adds significant new capabilities via the
power of HP-UX. HP BASIC/UX provides
multitasking, full networking, and multiuser
capabilities for the most demanding instru
ment control applications.

Available on Series 300 HP-UX control
lers, HP BASIC/UX offers the ideal bridge
between the high performance I/O of HP
BASIC and the high functionality of the in
dustry standard HP-UX operating system.
DOS Based Controllers

For low-cost instrument control, Hewlett
Packard provides a controller which provides
the advantages of native DOS within its fam
ily of instrument controllers. The fIP Vectra
Personal Computer (See page 656) provides
IBM PC/AT compatability and more for
those instrument controller users developing
measurement automation software in the na
tive DOS environment.

Use of the HP-IB Interface and Command
Library provides PC's, such as the Vectra,
with the capability to perform sophisticated
instrument control. Support of a variety of
standard PC-DOS programming languages
is available from the HP-IB Command Li
brary as well.
HP-UX Based Controllers

High performance UNIX workstations
are quickly becoming the standard platform
for Computer Aided Design and Engineering
applications. Hewlett-Packard's HP-UX of
fering is a complete UNIX System V imple
mentation with selected enhancements added
to provide HP-UX systems with features
necessary for use in the measurement auto
mation environment. A number of program
ming languages, including HP BASIC, are

available for the development of your instru
ment controller application. Access to power
ful networking and database tools are also
readily available within HP-UX.

One such HP-UX enhancement is the De
vice I/O Library, or DIL. This library gives
HP-UX systems the capability of providing
very high performance instrument control.
Direct support of DMA and burst mode I/0
is available from DIL. Interrupt response
time is minimized in a number of ways. Real
time extensions have been added to HP-UX
to allow the user to determine which pro
grams have the highest priorities.

The addition of the HP Series 300 DOS
Coprocessor (see page 669) provides Series
300 controller systems with the capability of
ru nning PC/AT compatable application
software. Running in an HP-UX environ
ment, the DOS Coprocessor bridges the gap
between UNIX and DOS worlds, creating a
dual purpose system.

The Series 300 (see page 647) offers a wide
range of performance to meet the needs of
your HP-UX controller application. The
Model 310 provides the lowest cost HP-UX
system within the Series 300 line ranging up
through the Model 370 HP-UX system
which takes full advantage of the 32 bit ar
chitecture of the Motorola MC68030
microprocessor. An additional feature of the
Series 300 HP-UX systems is the ability of
HP BASIC to share files and even disks with
HP-UX. HP BASIC revision 5.1 uses the
same file system (HFS) as the Series 300
HP-UX systems, and you can simply reboot
from HP-UX to HP BASIC and back again
to take advantage of the features of each op
erating system as desired.

Please refer to the chart on the following
page which details feature availability within
the various controller families.

8



CONTROLLERS
Overview
Comparison Matrix

HP Instrument Controller Comparison Matrix

PC Controllers HP BASIC Controllers HP·UX Controllers

VECTRA VECTRA VECTRA pc-t PC-t 310 330 360 360t 330M 360M 370M

CS ES/12 RS/20 305ML 308ML MMA MMA MMA MMAX

INTERFACES

HP-IB • • • • • • • • • • • •
GPIO • • • • • • • • •
RS-232 • • • • • • • • • • • •
RS-232/MUX • • • •
BCD • • •
Custom • • •
VME • • • • • • •
NETWORKING

LAN • • • • • • • • •
SRM • • • • • • • • •
X25 • • • • • • • • •
GENERAL I/O (ms)

HP-IB 60.0 47.8 35.8 76.4 76.4 631 40.2 30.7 34.5 24.4 22.8 22.5

DMA RATES (KBytes/sec)

HP-IB 243 243 243 NA I NA § 318 338 358 358 338 358 378

GPIO NA § NA § NA § NA I NA § 768 904 1560 1560 904 1560 1810

INTERRUPTS

POLLING • • • • • • • • • • • •
FULL • • • • • • • • •
INTERRUPT RESPONSE

AVERAGE (ms) NA § NA § NA § 1.5 1.5 1.25 1.0 1.0 1.1 1.2 1.1 1.1

COMPUTATION

MIPS .6 1 3 .5 .5 .6 2 4.5 4.5 2 4.5 7

t -PC-305 and PC-30B bundles are capable of both MS·DOS and HP BASIC operation. Data is for use with the HP BASIC Language Processor.

t - 360 MMAX bundle is capable of both HP BASIC and HP-UX operation. Data is for use with the HP BASIC/UX environment.

§- NA - Not Applicable
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Bundled Systems

A number of bundled systems have been established to simplify
ordering of the best instrument controller for your application.
82316DX Model PC-305 M Low Cost HP BASIC Controller (see
page 656)

This low cost controller system provides the capabilities of a gener
al purpose PC with the power of HP BASIC. This controller includes
a 1.4 MB 3'/2" floppy drive and monochrome VGA display system.
The system takes advantage of the HP BASiC Language Processor.
The language prOcessor included in this bundle contains a ROM
based version of the HP BASIC language.
81317DX Model PC-305 ML Low Cost HP BASIC Controller (see
page 656)

This controller system includes all of the features of the PC-305 M
with the addition of a 20 MB Winchester disc. This addition provides
you with higher performance mass storage and the capability of stor
ing large amounts of data and programs.
82314DX Model PC-308 ML HP BASIC Controller (see page 656)

This controller system is also based upon the combination of a PC
and the HP BASIC Language Processor. Based upon the Vectra
ES/ 12 PC-AT compatible system, this controller provides extra pow
er to your test and measurement application. Also included is a 1.4
MB 3'/2" floppy drive and a 20 MB Winchester disc to meet your mass
storage requirements.
82315DX Model PC-308 CL HP BASIC Color Controller (see page
656)

This controller system is also based upon the Vectra ES/12 system
in conjunction with the HP BASIC Language Processor. The addi
tion of a VGA color graphics display system provides color capabili
ties to this controller solution. A 1.4 MB 31/2. floppy drive and a 20
MB Winchester disc are included.
82319DX Model PC-308 CM HP BASIC Color Controller (see page
656)

This controller system is identical to the PC-308 CL listed above
except that a 40 MB Winchester disc is included instead ofthe 20 MB
version. This extra mass storage capacity expands your capability for
da ta and program storage.
98580B Model 310 MMA HP BASIC Controller (see page 647)

This powerful controller offers a 12" monochrome display and the
performance you would expect from a MC 68010 microprocessor.
Four available DIO slots allow for the addition of RAM, DMA, float
ing point match and other Series 200/300 interface cards. This sys
tem also includes HP BASIC operating system.
98581B Model 310 CMA Color HP BASIC Controller (see page
647)

A color version of the 98580B, this controller answers the need for
color in an instrument control application.

98580S Model 330 MMA HP BASIC Controller (see page 648)
This instrument controller provides all the power of an MA68020

microprocessor and MC68881 floating point match coprocessor. This
system also includes a 12 inch monochrome display system. The built
in fast disc interface and DMA in addition to a standard HP-IB inter
face enables you to separate your instrumentation from your mass
storage while increasing overall performance.
98581S Model 330 CMA Color HP BASIC Controller (see page
648)

Another instrument controller based upon the powerful MC68020,
this controller provides all the advantages of the 98580S in addition to
a 12" color display system to further enhance your instrument control
application.
98580W Model 360 MMA HP BASIC Controller (see page 648)

This instrument control solution also provides a 12 inch mono
chrome display system, fast disc interface, DMA and HP BASIC pres
ent in the 98580S above with the exceptional performance of the newly
introduced MC68030 microprocessor. This system provides the addi
tional power required for extensive data manipulation tasks. The stand
ard 4 MB RAM is expandable to 16 MB to handle the most complex
test and measurement application.
98581W Model 360 CMA Color HP BASIC Controller (sec page
648)

This controller is also based upon the high performance Model 360
system. The addition of the 12 inch color display system provides col
or capability for your application.
98580WX Model 360 MMAX HP BASIC/UX Controller (see page
648)

Also based upon the Model 360, this controller solution provides
exceptional performance. This controller provides the power of the
HP BASIC environment with the extended capabilities of HP-UX.
The system provides a 17" hi resolution monochrome display system
to take full advantage of the multi-tasking, windowed environment of
HP BASIC/UX. A 152 MB disc option is available for this bundle
which provides a very high performance disc with HP-UX and HP
BASIC-UX pre-installed and customized for HP BASIC/UX opera
tion. This disc option insures that your HP BASIC/UX system is op
erational in the shortest amount of time possible.
98581WX Model 360 CMAX HP BASIC/UX Controller (see page
648)

This instrument control solution also combines the power of HP
BASIC with the extended capabilities of HP-UX. The high resolution
16" color display system used in this controller bundle provides a per
fect platform for complex measurement automation tasks. The pre
installed 152 MB disc option is also available for this controller system.



BHEWLETT-PACKARD INTERFACE BUS ~WD
Versatile Interconnect System for Instruments and Controllers SV:TEM;

General Information

~
DESIGNED FOR

• ••
SYSTEMS

• Versatile interconnect system that
links instruments, computers, and
peripherals into automated
measurement systems.

• Hardware, documentation, and
support that delivers the shortest
path to a measurement system.

Advantages of HP-IB Systems
There are many applications where the

measurement power of interactive instru
ments can be further enhanced by coupling
them to desktop or minicomputers. Operat
ing in a remote mode can provide more exact,
error-corrected results as compared with
conventional manual operation techniques.

Presently, three major parameters com
bine to reduce significantly the engineering
development costs of configuring measure
ment systems:

J. The Hewlett-Packard Interface Bus,
also known as "HP-lB";

2. Distributed computing through the
growing number of "smart" instru
ments with internal microprocessors;

3. The broad choice of computers rang
ing from "friendly", easy-to-program
desktop computers to more sophisti
cated computer systems capable of
managing multi-station instrument
clusters and complex data bases.

•

Relationship Between HP-IB and
Other Interface Standards

Hewlett-Packard is committed to the over
all advancement of measurement technology
and has for some time been working on the
problems of simplifying and standardizing
means of instrumentation interfacing. An ex
ample of such an effort is the intimate in
volvement with the HP-IB from its
conception at HP to its present status as a
world instrumentation interface standard
(IEEE 488-1978 and IEC 625-1).

In mid-1972, Hewlett-Packard began to
participate in various international standard
ization bodies. The U.S. Advisory Commit
tee, composed of diverse interests rep
resented by both users and manufacturers,
first established initial goals, then adopted
the interface concept utilized by the HP In
terface Bus as an appropriate starting point.
A draft document was subsequently written
and evaluated by members of the Commit
tee, then submitted as the U.S. Proposal to
the IEC (International Electrotechnical

ClIn)
DESIGNED FOR

• ••
SYSTEMS

• Broad selection of HP-IB compatible
instruments and accessory devices.

• Wide choice of computers for
controlling measurement systems,
acquiring and managing data.

Commission) Working Group in the autumn
of 1972. Since then, the interface definition
has undergone a number of minor changes to
accommodate various needs at the interna
tionallevel.

In September 1974, the parent technical
committee, IEC TC66, approved the main
interface draft document for a formal ballot
among the member nations of the IEC. Bal
loting took place in 1976, and IEC recom
mendation 625-1 was adopted. The IEC
recommendation, using a different connec
tor, is totally compatible with the present
definition of the HP-lB.

Meanwhile, the IEEE Standards Board
approved IEEE Standard 488-1975 "Digital
Interface for Programmable Instrumenta
tion", first published in 1975 and again
published in 1978 with minor editorial
changes as IEEE Standard 488-1978. The
IEEE standard is also fully compatible with
the HP-IB. In January 1976, the American
National Standards Institute adopted the



IEEE Standard and published it initially as
A~SI Standard MC 1.1.

The standardized interface conccpt is now
widely accepted. Hundreds of manufacturers
in more than fourteen countries offcr
thousands of products that use the HP-lB
concepts articulated in IEEE-488. As more
instrumentation interface standards evolve
from the HP-IB, we will clearly indicate the
relationship of the Hewlett-Packard Inter
face Bus to those standards, just as we have
done with A~SI/IEEE Standard 488 and
IEC Publication 625-1.

Why the HP Interface Bus Name?
As the list of HP products available with

the "new digital interface" grew, our cus
tomers sought a convenient way to identify
those products having the interface capabil
ity. In response, in 1974 we adopted the name
"Hewlett-Packard Interface Bus" or simply
"HP-IB". We will continue to use the identi
fying name and this symbol:

GD
ESIGNEOFOR. ..

SYSTEMS

Both are used with appropriate HP products
so that their interface capabilities may be
readily identified.

The Hewlett-Packard Interface Bus fully
complies with IEEE Standard 488. As such,
it incorporates the mechanical, electrical and
functional specifications of the Standard. A
fourth and vital element of any interface sys
tem is the operational aspect of a product at
both the human-machine interface and the
machine-machine interface at the HP-lB
port. HP-IB capability provides additional

user benefits that are beyond the scope of
IEEE Standard 488. Typical user conve
niences include high-level language imple
mentation of interface functions,
underscored program codes on instrument
front panels for easy programming, conve
nient data output formats, and designed-in
learn modes. In addition, we provide com
plete support documentation in the form of
programming and interfacing guides, appli
cation notes and operators' manuals that il
lustrate the added benefits for users of
products with HP-lB capability.

Single-Source Systems Approach
The decision to use a "system" instead of

conventional manual methods must be based
on an engineering evaluation of benefits ver
sus costs. The many benefits associated with
a systems approach include:

• More consistent results in repeated mea
surements because a system is not subject
to operator fatigue.

• Greater throughput because systems are
generally faster.

• More thorough testing because system
speed allows more parameters to be mea
sured in a shorter time.

• Results expressed in engineering or scien
tific units because many systems control
lers are capable of on-line data
manipulation.

• Greater accuracy because system errors
can be measured automatically, stored and
accounted for in the results.

• "Adaptive" data acquisition wherein a
system can be programmed to branch to
other measurements to help pinpoint an
abnormal condition.

• Measurement results stored in computer
memory or on hard copy.

Hewlett-Packard offers a broad range of
controllers and software solutions to
meet your measurement automation
needs. HP E2000A Interactive Test Gen
erator software works with instrument
drivers to provide a uniform, user-friendly
interface to a wide variety of HP-IB instru
ments.

It is our objective to make the integration
of instrumentation systems easier by provid
ing instruments and computers designed for
systems applications. Computers are
designed with HP-IB options tha t allow easy
hook-up to the bus and incorporate easy-to
use bus commands in their software. HP's
policy when designing HP-IB compatible in
struments is to eliminate interfacing ambigu
ities associated with controllers and
instruments operating per the ANSI/IEEE
and lEC standards by adopting guidelines
for consistent interface design.

8

Automation provides the speed needed for production environments. This HP 8957S
Cellular Test System produces accurate, hard-copy test results in minutes.

Proper training on system components is
very important for efficient use of any inter
face sytem. Therefore, we offer training at
sales and service offices worldwide on HP
desktop computers, computer systems and
instruments as they relate to the HP-lB. In
the area of HP-IB support documentation,
we offer general interface technical descrip
tions, Operating and Service Manuals with
programming information, Instru
ment/Controller Introductory Operating
Guides, Quick Reference Guides and Appli
cation Notes.

Technical assistance during system devel
opment is available at most local HP sales
and service offices from resident systems en
gineers who specialize in desktop computers,
computer systems and instruments.

How the HP Interface Bus Operates
All active interface circuitry is contained

within the various HP-IB devices, and the in
terconnecting cable (containing 16 signal
lines) is entirely passive. The cable's role is
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General Information

Interface connections and bus structure.

HP-IB and the new IEEE 488.2
In June of 1987, the IEEE approved ~ ~~w

standard for programmable instruments
called IEEE Std. 488.2-1987 Codes, For
mats, Protocols, and Common Commands. It
works with the IEEE Standard Digital Inter
face for Programmable Instrumentation,
IEEE 488-1978 (now 488.1). HP-IB is Hew
lett-Packard's implementation of IEEE
4881.

As with IEEE 488.1, Hewlett-Packard
was active in the development of IEEE 488.2.
Many of the new HP instruments introduced
this year already follow this new standard,
and many more HP instruments to ':Je intro
duced in the near future will also follow
IEEE 488.2.

This new standard addresses issues in
volved with sending messages between de
vices on the bus. Its features include:
• A required minimum set of IEEE 488.1

capabilities.
• Reliable transfer of complete messages be

tween a computer and an instrument.
• A precise description of the syntax in those

messages.
• A set of commands useful in all instru

ments.
• Common status reporting capability ',sing

serial poll.
• Techniques for guaranteeing :;ynchroniza

tion of application programs with instru
ment functions.

• A way of 1utomatically assigning ad-
dresses.

The desired benefit from these features is to
make the job of an instrument system design
er easier. IEEE 488 standardized the electri
cal and mechanical interface. This new
standard ensures compatibility 1t the next
higher level.

ta), and NDAC (not jata accepted). These
signals operate in an interlocked handshake
mode. Two signal lines, NRFD and NDAC,
are each connected in a logical AND (wired
OR) to all devices connected to the interface.
The DAV signal is sent by ~he talker and re
ceived by potential listeners where~s the
NRFD and NDAC signals are sent by poten
tiallisteners and received by the talker.

The General Interface Management Lines
manage the bus to effect an orderly flow ~f

messages. The IFC (interface clear) message
places the interface sytem in a known quies
cent state. SRQ (service request) ;s used by a
device to indicate the need for 1ttention or
service and to request an interruption of the
current sequence of events. REN (remote en
able) is used to select between two alternate
sources of device program data. EOI (end or
identify) is used to indicate the end of a mul
tiple byte transfer sequence or, ;n conjunc
tion with ATN, :0 execute a polling
sequence.

It is not possible in this limited space to go
into detail on each signal line's role. But you
should note that every HP-IB device need not
be able to respond to all the lines. As a practi
cal and cost-effective matter, each HP-IB de
vice usually responds 'Jnly to those lines that
are pertinent to its typical function on 'he
bus. (Details are cove~ed i~ each device's 0p
erating manual.)

DEVICE D
ONLY ABLE TO TALK

(e.g. thermometer)

DEVICE C
ONLY ABLE TO L1SrEN
(e.g. signal generator)

DEVICE B
ABLE TorALK
AND LISTEN

(e.g. frequency counler)

DEVICE A
ABLE TO TALK.

LISTEN. AND CONTROL
(e.g. controller}

DATA

,----- DI01 ----'l

,----- DI08 ----"\
DATA BYTE TRANSFER CONTROL

,----- DAV ----"'\

II~~---NRFD ----.....\.\

HiiiE------ NDAC -----'S
GEN'L INTERFACE MANAGEMENT

1\"---- IFC ----""

~,,---- ATN ----'Ilf
\\'----- SRO JI/

\"----- REN ----'/

~---- EOI J

Transfer of each byte on the Data Bus is
accomplished via a set of three signal lines:
D/\V (data valid), NRFD (not ready for da-

HP-IB Connections and Structure
The HP-IB has a party-line structure

wherein all devices on the bus are connected
in parallel. The 16 signal lines within the pas
sive interconnecting HP-IB cable are
grouped into three clusters according to their
functions:
1. Data Bus (8 signal lines)
2. Data Byte Transfer Control Bus

(3 signal lines)
3. General Interface Management Bus

(5 signal lines).

The DATA BUS consists of eight signal
lines that carry data in bit-parallel, byte-seri
al format across the interface. These signal
lines carry addresses, program data, mea
surement data, universal commands and sta
tus bytes to and from devices interconnected
in a system. Identification of the type of data
present on the DIO signal lines is indicated
by the ATN (attention) signal. When the
ATN signal is true (asserted), either ad
dresses or universal commands are present on
the data bus and all connected devices are re
quired to monitor the DIO lines. When the
ATN message is false, device-dependent da
ta (e.g., programming data) is carried be
tween devices previously addressed to talk
and listen.

A minimum HP- IB system consists of one
TALKER and one LISTENER, without a
CONTROLLER. In this configuration, data
transfer is limited to direct transfer between
one device manually set to "talk only" and
one or more devices manually set to "listen
only" (e.g., a measuring instrument talking
to a printer for semi-automatic data log
ging).

Rear panel switches are set so instrument
will either be addressable by controller in
a multi-device system, or will simply "talk
only" to another device such as a printer.

The full flexibility and power of the HP- IB
become more apparent, however, when one
device that can serve as CONTROLLER/
TALKER/LISTENER (e.g., calculator or
computer) is interconnected with other de
vices that may be either TALKERS or LIS
TENERS, or both (e.g., frequency
synthcsizers, counters, power meters, relay
actuators, displays, printers), depending on
the application. An HP-IB controller partici
pates in the measurement by being program
med to schedule measurement tasks, set up
individual devices so that they can pcrform
these tasks, monitor the progress of the mea
surement as it proceeds, and interpret the re
sults of the measurement. HP offers
controllers that can be programmed in high
level languages such as BASIC, FOR
TRAN, HPL, and Pascal.

A CONTROLLER manages the opera
tion of the bus system primarily by designat
ing which devices are to send and receive
data, and it may also command specific ac
tions within other devices.

Every partIcIpating device (instrument,
controller, accessory module) must be able to
perform at least one of the roles of TALK
ER. LISTENER or CONTROLLER. A
TALKER can transmit data to other devices
via the bus, and a LISTENER can receive
data from other devices via the bus. Some de
vices can perform both roles (e.g., a
programmable instrument can LISTEN to
receive its control instructions and TALK to
send its measurement results).

limited to that of interconnecting all devices
in parallel so that anyone device may trans
fer data to one or more other participating
devices.
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The IEEE 48&.2 Standard requires that
each device provide a minimum set of 488.1
mterface capabilities. In essence, this means
that each device must be able to source and
accept bytes, talk and listen, do service re
quest, and respond to device clear.

IEEE 488.2 allows morc freedom by mak
ing other capabilities optional. However, it
requires a minimum capability when these
functions are implemented. This applies to
the Remote Local, Parallel Poll, Device Trig
ger, and Controller capabilities.

Message Exchange
IEEE 488.1 provides a reliable means of

transferring bytes between a talker and a lis
tener. In addition, devices need a reliable
means of transferring programming com
mands and measurement results. IEEE 488.2
provides this means.

Syntax
IEEE 488.2 requires that devices listen in

a "forgiving" manner. The level of forgive
ness is, however, precisely defined. The
meaning of every data byte is well defined,
while several charactt:rs sometimes have the
same meaning.

Whereas the listening syntax may be for
giving, an instrument is required to talk pre·
cisely. Talking precisely greatly increases thc
chances of a message being accepted by an)
controller.

Common Commands
Certain functions are useful across all

types of instruments. IEEE 488.2 defines a
set of commands that all instruments must
implement. Required commands include
identifying the instrument by manufacturer
and model number, resetting the instrument
to a known state, and performing a self-test.

Other commands that may be useful in
some instruments are also described in the
standard. They are included so that if
the functions are implemented, they will be
done in standard ways. For example, there
are commands for calibration, triggering,
macros, and passing control. There are a to
tal of 13 required commands and 26 optional
commands.

Status Reporting
IEEE 488.1 exactly describes how the Re

quest Service (RQS) message behaves, but it
says very little about the status byte, STB.
The meanings of the bits are left to the de
signer. Some instruments clear the status
byte after a serial poll, others do not. Many
instruments allow the programmer to config·
ure what causes a service request, but here
too the techniques for doing so are varied.

IEEE 488.2 describes a hierarchical status
reporting model in which the contents of oth
er data structures are summarized in the sta
tus byte. It does not specify the exact
meaning of all of the bits in the status byte.
However, it does describe the meaning of two
more of the bits, Message Available (MAV)
and Event Status (ESB).

Synchronization
Many instruments can accept commands

faster than they can execute them. While this
feature can improve system throughput, it al
so creates a need to know when the instru
ment actually completes ail of its commands.
IEEE 488.2 requires three common com
mands that enable the application program
to detect when all pending operations are
complete.

Auto-configuration
Whenever a test system is assembled, the

addresses of the instruments must be set so
there are no collisions. Additionally, the ap
plication has to know the address of every in
strument. Currently, addresses have to be set
manually via the front panel or a bank of
switches. IEEE 488.2 describes a protocol
between the controller and all the auto-con
figurable instruments on the bus that identi
fies each instrument and assigns it an
address.

Future
Codes, formats, protocols, and common

eommands cover new ground for instrument·
to-computer communication. Most of the
concepts involved can be used on any physi.
cal interface whether HP-IB, RS232, or
VME. If a new physical interface should dis
place or co-exist with HP-lB, the syntax of
messages, the common commands, the status
reporting, and the synchronization tech
niques can all survive.

This diagram shows the relationship between the IEEE-448.1 standard and the new
IEEE 488.2 standard. The new standard expands and compliments IEEE 488.1 byad
dressing issues involved with sending messages between devices on the bus. Layer D
represents device functions, layer C represents common system functions, layer B
represents message communications functions, and layer A represents interface func
ltions. Layers D, C and B contain IEEE 488.1 device-dependent messages and layer A
lcontains IEEE 488.1 interface messages.

Common Commands and Queries

HP-IB Training and Support
To assist you in configuring HP-IB mea

surement systems, Hewlett-Packard has field
sales people trained in electronic instru
ments, desktop computers and computer sys
tems. Also available for technical
consultation are computing controller sys
tems engineers and HP-IB instrumentation
specialists.

HP-IB training courses on HP-IB control
lers and instruments are listed below.
Courses are conducted at a convenient HP
location. Some courses can be taught at your
site with special arrangements.
• HP-IB Theory
• HP-IB for MOS-DOS Personal Com

puters
• HP-IB Instrument Control Using HP Se

ries 200/300 BASIC
• HP-IB Instrument Control Using HP

1000E/F Series Controllers

HP-IB Service and Warranty
Hewlett-Packard has dedicated measure

ment system service people who perform on
site maintenance of HP instrumentation on
customer-configured systems as well as HP
configured systems. Service contract cover
age is available to meet your specific mea
surement system service needs and can be
tailored to include extended warranty. cali
bration and extended hours of coverage.
Contact your local sales and service office for
further information on HP-IB service con
tract information.
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HEWLETT-PACKAR
Versatile Interface Bus for Ins
General InformationB

Every HP-IB device and HP-configured
system carries a standard Hewlett-Packard
warranty appropriate to that product. The
warranty period for each product will be pro
vided on request at the time of sale and is
specified in documentation supplied with the
product. HP takes responsibility for standard
HP·IB systems performing as specified.
However, software or interfacing that has
not been provided by Hewlett-Packard as
part of a standard system delivered by HP is
not covered by this warranty.

In all cases, overall operational responsi
bility for those HP-IB systems assembled by
a customer from individual HP-IB devices
rests with the customer.

HP-IB Specifications Summary

Interconnect Devices
Up to 15 maximum on one contiguous bus.

Interconnection Path
Star or linear bus network; total transmission
path length 2 metres times number of devices
or 20 metres, whichever is less. Operating
distances can be extended; see page 563.

Message Transfer Scheme
Byte-serial, bit-parallel asynchronous data
transfer using locked 3-wire handshake tech
nique.

Data Rate
One megabyte per second maximum over
limited distance; 250-500 Kbytes per second
typical over full transmission path (actual
data rate depends on individual device char
acteristics) .

Address Capability
Primary addresses, 31 TALK and 31 LIS
TEN; secondary (2-byte) addresses, 961
TALK and 961 LISTEN. Maximum of I
TALKER and up to 14 LISTENERS at a
time.

Control Shift
In systems with more than one controller, on
ly one can be active at a time. A currently
active controller can pass control to another,
but only the designated system controller can
assume control over others.

Interface Circuits
Driver and receiver circuits are TTL
compatible.

HP-IB Interface Functions
HP-IB functions are the predefined capa

bilities that can be designed into an HP-IB
device. These capabilities and their alphanu
meric codes are summarized in the table. Be
cause the codes completely describe interface
capability and are therefore particularly use
ful to system designers and specifiers, they
are more and more frequently appearing in
technical data and on system components.
On HP system-ready products they are listed
near the HP-IB connector, and they are in
cluded in the specifications for most of the
HP-IB products in this catalog.

0 INTERFACE BUS
~)ESICf<ED FOR

truments and Controllers (cont'd) I:I~I:.
SYSTEMS

HP-IB Connector Lock Screw dards, describes their relationship to HP-
Compatibility IB, presents a working overview of HP-IB,

HP-IB products delivered now and in re- and includes useful information. Free cop-

cent years are equipped with connectors hav- ies are available from your nearest HP of-

ing ISO metric-threaded lock screws and fice. Ask for publication number 5952-

stud mounts. Very early HP-IB products 0156.

have non-metric parts, but are readily distin- • ANSI/IEEE 488.1-1987, Digital Inter-

guished from the metric by color: metric- face for Programmable Instrumentation,

threaded parts are black, whereas non-metric and IEEE Std. 488.2-1987, Codes, For-

parts have a shiny nickel finish. HP-IB Met- mats, Protocols, and Common Commands,

ric Conversion Kit (HP P/N 5060-0138) is published by the Institute of Electrical and

available to convert these early instruments. Electronics Engineers, 345 East 47th
Street, New York, NY 10017.

• IEC 625-1, An Interface System for
HP-IB Reference PUblications Programmable Measuring Apparatus
• Tutorial Description of the Hewlett-Pack- (Byte Serial Bit Parallel), published by

ard Interface Bus. This 118-page refer- the International Electrotechnical Com-
ence chronicles the development of byte- mission, I rue de Varembe, 1211 Geneva
serial, bit-parallel interface system stan· 20, Switzerland.

HP-IB Interface Capability Codes for HP Products

Basic
Interface Function Code Capability Code

Source Handshake SH SHO No capability
SHI Full capability

Acceptor Handshake AH AHO No capability
AHI Full capability

Talker (Extended Talker) T(TE) T(TE)O No capability
T(TE)I Basic talker, serial poll, talk only
T(TE)2 Basic talker,.serial poll
T(TE)3 Basic talker, talk only
T(TE)4 Basic talker
T(TE)5 Basic talker, serial poll, talk only, unaddresses if MLA'
T(TE)6 Basic talker, serial poll, unaddresses if MLA'
T(TE)7 Basic talker, talk only, unaddresses if MLA'
T(TE)8 Basic talker, unaddresses if MLA'

Listener (Extended Listener) L(LE) L(LE)O No capability
L(LE)I Basic listener, listen only
L(LE)2 Basic listener
L(LE)3 Basic listener, listen only, unaddresses if MTA'
L(LE)4 Basic listener, unaddresses if MTA'

Service Request SR SRO No capability
SRI Full capability

Remote Local RL RLO No capability
RLI Full capability
RL2 No local lockout

Parallel Poll PP PPO No capability
PPI Remote configuration
PP2 Local configuration

Device Clear DC DCO No capability
DCI Full capability
DC2 Omit selective device clear

Device Trigger DT DTO No capability
DTl Full capability

Driver Electronics E EI Open collector (250kb/s max)
E2 Tri state (I Mb/s max)

Controller' C CO No capability
CI System controller
C2 Send IFC and take charge
C3 Send REN
C4 Respond to SRQ
C5 Send interface messages, receive control, pass control to

self, parallel poll, take control synchronously

'MLA: My Listen Address
'MTA: My Talk Address
'There are 29 controller levels. These are the more signiJicant levels.
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Models 59401A, 10833A1B/C/D, 10834A 8

HP 59401A HP 10833A/B/C/D HP 10834A

Compare output: provides I standard power TTL gate output
(LOW TRUE) syne pulse when bus character is same as front panel
switches.
HP-18 load: I bus load (capable of driving 14 other bus devices).

General
Temperature ranges: operating, 0 to 50° C; storage, -40 to +75° C.
Humidity: 95% relative, 0 to 40°C.
Power requirements: 100, 120, 220, or 240 V +5%, -10%; 48 to 66
Hz; :'042 VA.
Size: 145.5 H, 205.[ W, 495.3 mm D (5.730" x 8.075" x 19.500").
Weight: net, 5.64 kg (12.44Ib).

Cables for interconnecting HP-IB devices are available in four dif
ferent lengths. The connector block at both ends of each HP-IB cable
(photo above) has a plug on one side and a matching receptacle on the
other, so that several cables may be conveniently connected in paral
lel, thus simplifying system interconnection. Lock screws provide for
secure mounting of each connector block to an HP-IB instrument, or
to another cable connector block.

SPECIAL NOTE: HP-IB cables are not always included with in
dividual HP-IB devices, particularly those that normally connect di
rectly to an HP computing controller. (The HP-IB interface for HP
computing controllers contains the necessary cable and connector).
Product listings in this catalog should be checked to see if HP-IB
cables are furnis hed.

The HP 10833 series of cables feature an improved shielding de
sign to help improve RFI levels in systems. This series of cables, with
the RFI shielding, exhibits significantly lower radiated emissions
than previous HP-IB cables.

The HP 10834A adapter is a shielded HP-IB to HP-IB adapter. It
provides additional clearance (approximately 2.3 cm) between the
HP-IB cable and the rear panel of the instrument. This allows easier
access to switches, cables, and other connectors that may be in close
proximity to the HP-IB connector.

HP 59401A Bus System Analyzer
The HP-IB (IEEE 488) concept has greatly simplified many of

those things which have in the past made instrument interfacing a
burdensome task. Even so, software errors can occur if the system
designer does not completely understand the bus system or the capa
bilities of the instruments and other devices being interfaced. Hard
ware problems can occur if the instruments/devices are not
functioning properly, or if they are not completely compatible with
the bus standard.

The HP 59401 A Bus System Analyzer is especially useful in design
and service work. It simplifies and speeds up the diagnosis of software
and hardware problems by allowing the user to see the status of all
bus lines, including the actual characters on the bus data lines. Be
cause the HP 5940lA can also drive all bus lines, it can completely
exercise another Talker, Listener or Controller-which is especially
useful in verifying compatibility of new or user-designed products
with the HP-IB.

There are several choices of analyzer operating speed. It may be
operated at one character at a time (useful for software debugging),
at 2 characters per second, or at regular bus speed. It may also be
operated at a variable rate as determined by the external clock input.

The analyzer's 32 character memory can be used to store bus char
acters in the Listen mode, or to output characters to the bus in the
Talk mode. When the analyzer is in the Compare mode, a stream of
bus traffic may be stopped on a pre-selected character-and at that
time a trigger pulse is available, which is very useful when analyzing
transient or timing problems related to the bus.

HP 59401A Specifications
Display: monitors all bus lines. Represents data lines, any memory
location, or DIO front panel switch settings; in octal code and ASCII
character.
Listen mode: stores up to 32 characters of bus traffic in memory for
real time and repetitive testing. In Compare mode, halts bus traffic
when a selected character is present, and user can display anyone of
the previous 31 characters stored in memory.

Timing: accept <750 ns; ready <750 ns.
Talk mode: bus lines can be driven directly from front panel switches;
memory can be loaded from front panel switches for driving bus with
a 32 character sequence.

Timing: (1) data changed >500 ns before DAV pulled low; (2)
ATN driven low> I IJ.S before DAV pulled low; (3) DAV driven
high <700 ns after NDAC is false; (4) DAV driven low <700 ns
after NRFD is false, if conditions 1 and 2 are met.

Operating speeds: one character at a time, 2 characters per second,
regular bus speed, or variable rate determined by external clock in
put; in either Listen or Talk mode.
External clock input: I standard power TTL gate input; :'010 MHz
repetition rate.

Accessories
HP 5061-9689(metric) front handle kit
HP 1083382 m (6.6 ft) bus cable, furnished

HP 59401A Bus System Analyzer

HP-IB Interconnection Cables

Ordering Information
HP 10833A HP-IB Cable, 1m (3.3 ftl
HP 108338 HP-IB Cable, 2m (6.6 ftl
HP 10833C HP-IB Cable, 4m (13.2 ft)
HP 108330 HP-IB Cable, 0.5m (1.6 ft)
HP 10834A Adapter
W Fast-Ship product - see page 766.

Price
$55W

$4170

Price
$80W
$90W

$lOOW
$80W
$31 W



HEWLETT-PACKARD INTERFACE BUS
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Models 59306A, 59307A, 59309A, 595018

HP 59306A

HP 59307A

HP 59309A

HP-IB Accessory Modules
Modules in the HP 59300, 59400 and 59500-series are ideal build

ing blocks for use with instruments to extend measurement capabili
ties. Modules listed here can be interconnected via the HP-IB to HP
measuring instruments, signal sources and recording devices capable
of operating directly on the HP-IB. In addition, these modules fre
quently serve as useful ways to interconnect with devices which are
not themselves capable of direct Hp·IB operation. • .. .. .
HP 59306A Relay Actuator

Has six Form-C relays that provide for control of external devices
either manually from front panel pushbuttons or remotely from the
HP-IB. Relay contacts are specified to switch 24 V dc or 115 V ac at
0.5 A. Each relay can be programmed independently or multiple re
lays can be switched together. Front panel pushbuttons light to indi
cate the state of each relay.

The HP 59306A is ideal for providing control of microwave coaxial
switches (HP 8761 A/B) as well as control of microwave program
mable step attenuators (HP 8494 through 8496 G/H) using external
dc power supplies.

HP 59307A Dual VHF Switch
This module provides two single pole 4-throw switches controlled

from front panel pushbuttons or remotely from the HP-IB. The HP
59307A is a dc to 500 MHz 50 fl switch designed to maintain fast
pulse transition times. The switches are independent and bidirectional
for optimum use in multiplexing 50 fl signal lines into measuring in
struments. The HP 59307A is ideal to switch a standard delay, fre
quency, or voltage into a measurement loop for purposes of system
calibration.

HP 595018

HP 59309A HP-IB Digital Clock
Displays month, day, hour, minute, and second, and upon com·

mand will output time via the interface bus. Time can be set into the
clock by local control, or by remote commands received from the HP
lB. The clock accepts a small internal battery which can provide more
than a day's standby in case of short power interruptions. Additional
ly, an auxiliary power supply such as the KIO-59992 can sustain the
clock for up to one year.

HP 59501B Power Supply Programmer (isolated DAC)
This single-channel digital-to-analog converter can control a wide

range of power supplies (output voltage, or current), as well as other
analog programmable devices. It may also be used as a low level sig
nal source, depending on the speed of the controller. It has two output
ranges (0-1 and 0-10 V dc in unipolar mode; -I to + I and -10 to
+ I0 V dc in bipolar mode), as well as photo-isolators which electrical
ly separate HP-IB control and data lines from power supply circuitry
by up to 600 V dc. (For additional details see page 469).

HP Dimensions-max. height x width xdepth Net Weight Shipping Weight
Model Description mm (inches) kg (Ib) kg (Ib) Price

59306A Relay Actuator 101.6 x212.9 x294.6 (4 x8.38 x11.6) 2.64 (5.87) 3.23 (7.18) $1810
59307A VHF Switch 101.6 x212.9 x294.6 (4 x8.38 x11.6) 2.64 (5.87) 3.23 (7.18) $1600
59309A HP-IB Digital Clock 101.6 x105.9 x294.6 (4 x4.17 x11.6) 1.70 (3.78) 2.84 (6.31) $2640
59401A Bus System Analyzer 145.5 x205.1 x495.3 (5.73 x8.08 x195) 5.64 (12.44) 9.1 (20) $4170
595018 Power Supply Programmer 101.6 x212.9 x294.6 (4 x8.38 x11.6) 2.61 (5.80) 3.17 (7.04) $ 850
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Models 37201A, 37204A1B

HP 372048
• High-speed HP-IB extension up to 1250 metres on co

axial cable and 3000 metres on fiber optic cable
• Cost effective multi-drop capability with up to 30 re

mote sites
• Extends a system without software changes
• Error-free transmission and chain truncation ensure

uninterrupted operation of the controller
• Industry standard fiber optic connectors
• Compatible with 50/125 to 100/140 /lm fiber diameters

HP 37201A
• Long-distance HP-18 extension over telephone lines

(leased or dial-up)
• Data aquisition systems can operate over unlimited

distances
• MUlti-drop capability (leased lines only)
• Use with full-duplex synchronous/asynchronous

modems from 300 to 19,200 bit/s
• RS-366 or CCITT V.25 autodial capability

HP 37204A/B

SEW

FIBER OPTIC INTERFACES

. . . . . . . . .
HP 37201A

~
ESIGNEO.OR. ·SYSTEMS

HP 37204B: The HP 37204B IS specIfically mtended for supported
configurations of HP 3000 computers and certain high end printers,
e.g. HP 256x A/B, 2680A, providing bus extension up to 250 metres
on coaxial cable only.

Average Inter-extender Number of Extenden per Chain
Cable length

2 3 5
100 metres· coaxial cable 54 kbyte/s 26 kbyte/s 14 kbyte/s

optical fiber 52 kbyte/s 25 kbyte/s 13 kbyte/s
500 metres· coaxial cable 5.9 kbyle/s 2.8 kbyte/s 1.4 kbyleis

optical fiber 36 kbyte/s 17 kbytefs 9 kbyte/s

HP 37204A Multi-point HP-IB Extender
Adding HP 37204As to an HP-IB system allows the 2-metre sepa

ration between HP-IB devices to be extended up to 1250 metres/3000
metres. The HP 37204A is "transparent" to HP-IB commands and
data, therefore, software changes are not needed to turn a bench-top
system into an extended system. Multi-point capability means remote
sites can be daisy-chained together, using only one HP 37204A at
each site. Chain trunca tion allows the computer site to continue oper
ation, even in the event of remote power failure or Iinle failure.

The HP 37204A has a maximum HP-IB transfer rate of 60
Iebyte/s, however, the maximum achievable rate depends on many
factors, such as speed and behaviour of each device connected to the
HP-IB, number of remote sites, and distance. Increased absolute
transmission delay affects parallel poll response time, and malees
HP-IB extension inadvisable for some high-speed memory peripher
als.

The following table shows some examples of maximum transfer
rate. It should be noted that the serial transmission ra te over coaxial
cable must be reduced to 1/ 10th speed for distances greater than 250
metres

HP 37201A HP-IB Extender
The HP 37201A allows HP-IB devices to be interconnected over

virtually unlimited distances.
The HP 37201A is "transparent" to most HP-IB commands, there

fore in most cases, software modifications will not be needed to add
HP 37201As into a system. Exceptions are that parallel poll and I?ass
control functions are not supported. Software commands are reqUired
to use auto-dial, multi-drop, and idle facilities described below. Error
correction ensures trouble-free performance over the worst phone
lines. Multi-drop operation is possible using leased lines and modems
with transmission (carrier) controlled by "request-to-send". Unlike
the HP 37204A, remote sites must be accessed sequentially. The HP
37201 A has an idle mode to allow faster operation at the computer
site when remote communication is not re~uired.

The data interface is compatible with RS-232-C/CCITT V.24 and
V.28 standards. Full-duplex asynchronous or synchronous modems
may be used. Asynchronous data rates provided are ISO, 300, 600,
1200 bit/so It should be noted that asynchronous modems must be
capable of supporting II-bit words (9 bits + start & stop bits). Al
though most asynchronous modems are insensitive to word length,
some BELL 212 type modems only support up to lO-bit words, and so
must be operated in synchronous mode. Synchronous modems can be
operated at any bit rate up to 19.2 kbit/s.

The HP 37201A has an RS-366/C(:ITT V.25 autodial interface.
For many applications, the HP 37212B Modem offers an alternative
autodial solution. It requires a spare RS-232-C port onyour comput
er, but obviates the need for a separate RS-366/CCITI V.25 autodi
aller. Manually-dialled connections are also supported.

The data byte transfer rate of the HP 37201A depends primarily
on the serial data rate, data link length, and data link error rate. The
following nominal transfer rates are for a short error-free link.

Synchronous modem interface: 744 data byte/s at 19.2 kbit/s, and
pro-rata at lower serial rates.

Asynchronous modem interface: 38 data byte/s at 1200 bit/s, and
pro-rata at lower serial rates.

Price

$2,600
$57
$37

$81.50

Ordering Information

HP 37201A HP-IB Extender
Option 907: Front handle kit
Option 908: Rack flange kit
Option 909: Front handle/rack flange kit

$85

$85

$460

$860

$1,300

Price
$1.060

$460

$860

Ordering Information
HP 37204A: Equipped with dual coaxial ports.
Option 003: Fiber optic interface. Adds a single fiber
optic port with SMA connectors.
Option 004: Fiber optic interface. Adds dual fiber optic
ports with SMA connectors. Required for the middle of
a multi-drop optical fiber serial link.
Option 013: Fiber optic interface. Adds a single fiber
optic port with ST connectors.
Option 014: Fiber optic interface. Adds dual fiber optic
ports with ST connectors. Required for the middle of a
multi-drop optical fiber serial link.
HP 37204B: Equipped with dual coaxial ports.
Options common to HP 37204A and HP 37204B
Option 303: Half-width rack mount adapter for
mounting adjacent to instruments with an HP SYS
TEM II cabinet.
Option 305: Standard 19-inch rack mount adapter.
Holds one or two HP 37204A's (includes pop-out
blanking panel).
W Fast-ship product- see page 766.



BDATA ACQUISITION SYSTEMS
General Information

• Reduce Manufacturing Costs
• Reduce Product Development Time
• On-Going Payback

• Improve Product Quality
• Higher Process Throughput
• More Process Up-Time

Data Acquisition is the generally accepted
term for the procedure of characterizing a
product or a process using electronic instru
ments. A "process" is defined as any proce
durc uscd to build a product or provide a
service. A product or process is characterized
by measuring it in minute detail so that all
significant operating parameters are accu
rately known. Once characterized, improve
ments can be made that reduce costs and/or
increase a product's performance/price ra
tio. A data acquisition system is a tool for in
creasing your bottom-line profitability.

Experience has shown that profit robbing
inefficiencies are usually caused by many
small errors rather than a few large ones. To
day's modern electronic data acquisition sys
tems can perform thousands of
measurements per second, detect changes
smaller than one part in one million and re
spond to those changes in less than 1/IOOth
of a second. This high performance allows
even large products and processes to be char
acterized in detail so that very high efficien
cies can be attained.

The products and processes that can bene
fit from data acquisition are very broad. Pro
ducers of everything from automobiles to
zucchini, research and development labs,
utilities, educators, and the military services
all have found that data acquisition is a cost
effective technique.

The block diagram at the right shows how
a typical data acquisition system is con
figured. A test program is stored in the com
puter. When executed, the program adjusts
the product or process to a desired condition
through the control functions in the data ac
quisition instrument. Then the computer di
rects the data acquisition instrument to take
measurements. The measurements are ana
lyzed and a report printed that describes the
characteristics being tested. Based on the re
sults, the product or process is modified to
improve its performance. This cycle contin
ues until optimization is achieved. Once the

critical control parameters and measure- range of high quality computers and instru-
ments are determined, the computer can be ments, Hewlett-Packard has an ever-ex-
further programmed to automatically con- panding offering of software and support
trol the process or product at its optimum services that provide a total data acquisition
point. system solution. The following data acquisi-

Hewlett-Packard has been building elec- tion system components from Hewlett-Pack-
tronic data acquisition systems for over 20 ard can handle most applications in
years. More than 150,000 systems have been manufacturing, R&D, education, utilities
installed worldwide. In addition to a broad and military/aerospace.

ProducllProcess Characterization Block Diagram
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Instruments
HP 3421A Data Acquisition Unit

• Low Cost
• Portable

HP 3497A Data Acquisition/Control Unit
• Built-in DVM and RS-232
• Large Selection of Plug-in Accessories

HP 3852A Data Acquisition/Control Unit
• Powerful Built-in Operating System
• Broad Functionality with Complete

Line of Plug-in Accessories
HP 48000 Remote Terminal Unit

• Designed for Industrial Environments
• Remotely Locatable

Every data acquisition system requires a
combination of computers, instruments,
transducers and software, The extent to
which these pieces are packaged together is
dependent upon your individual needs.
Whether its a completely integrated turnkey
system, system components, plug-in board
products or a customized in-house system,
Hewlett-Packard can help. Turnkey solu
tions can be provided by HP's own Customer
Support Group or through an expanding net-

HP Data Acquisition System Components

Computers
HP Vectra Personal Computer

• IBM PC/AT Compatible
• Independent HP BASIC Language

Processor
HP 9000 Series 300 Technical Computer

• High Performance
• Modular

HP 1000 Real-Time Computer
• Real-Time Processing
• Multi-User Operating System

The Total Data Acquisition System Solution

work of independent Systems Integrators
and Software Suppliers. Contact your local
HP sales office for more information about
these programs.

Information on data acquisition plug-in
board products for Series 1000 and Series
9000 computers can be found on pages 670
and 647. Information on temperature trans
ducers can be found on page 647. Data ac
quisition software products are described on
pages 606-609. Information on instru-

Software
HP DACQ/PC Data Acquisition Manager

• Data Acquisition Software Tools
• Use with HP Vectra PC

HP DACQ/300 Data Acquisition Manager
• Data Acquisition Software Tools
• Use with HP Series 300 Technical

Computer
Value Added Suppliers

• Software Packages Available for All
HP Computers

• Expanding Selection

ments and computers for custom-built sys
tems can be found under the headings for
those products. The remainder of this section
contains detailed information on data acqui
sition component systems. These systems
provide solutions for a very broad range of
applications. Contact your local Hewlett
Packard sales office for more information on
how these systems can work for you.



BDATA ACQUISITION SYSTEMS
Instruments for Measurement and Control
HP Model 3421 A

• Up to 30 differential channels, 56 single-ended
channels

• Electronic calibration for repeatable answers
• Built-in 5% digit AID converter with 1 /lV sensitivity
• HP-IL (standard) and HP-IB (optional) with rear panel

switch
• Optional 12 volt remote charging adapter

HP 3421A

Description
If your measurement needs exceed the capabilities of plug-in cards

but don't quite call for a top-of-the-line data acquisition unit, the HP
342lA is just what you are looking for. The HP 3421A is the instru
ment that beats the high cost of data logging. Use it for small data
acquisition projects with the assurance that it will quickly pay its own
way. The HP 342lA can be configured with several different com
puters into a variety of systems designed for low to medium sized ap
plications.

The HP 3421A with the Vectra Personal Computer
The HP 342lA is an ideal instrument companion for the Vectra

Personal Computer. The HP 3421A and Vectra PC containing the
BASIC language processor offer lab-quality measurements with PC
convenience at an affordable price. DACQ/PC Data Acquisition
Manager software (see page 608) provides powerful software tools
for gathering, storing, analyzing, and presenting measurement data
from more sophisticated data acquisition applications.

The HP 3421A with the Series 300 Technical Computer
For data acquisition applications that are computation intensive,

the HP 3421A can be coupled with a Series 300 Technical Computer.
DACQ/300 Data Acquisition Manager software (see page 565) of
fers the same powerful tool set as DACQ/PC with enhanced data
transfer, system configuration routines, and color graphics.

• "Sleep mode" for extended battery life in remote
locations

• Front terminals for convenient DCV, ACV, 2 & 4-wire
ohms, frequency and temperature

• Display shows channels closed, digital states and self
test conditions

The Instrument
The HP 3421 A scans up to 30 channels, measuring DCV, ACV, 2

and 4-wire Ohms, Frequency, and Temperature. It also reads and
writes digital information and stores up to 30 analog readings. The
standard HP 3421A comes with an HP-IL interface for battery-pow
ered flexibility or optionally HP-IB for more computational power.

Up to three of the following assemblies may be added to the
HP 3421A mainframe:
• 10-channel analog multiplexer/actuator assembly with thermo

couple compensation,
• 8-bit input/8-bit output digital assembly,
• Breadboard assembly for custom circuitry.

Measurement Integrity
With its 5'/2, 41/2, 3\12 digit A/D converter, the HP 3421A can re

solve 1 /lV out of 300 mV to monitor thermocouples and other low
level transducers. Or it can read higher level signals by auto-ranging
up to 300 volts dc.

System Versatility
Each HP 3421A can scan up to 30 differential channels or 56 sin

gle-ended channels of analog information. The HP 3421 A is battery
powered with latching relays that will not change state when the ac
line power is removed. Battery power gives the HP 3421 A its own
uninterruptible power supply.

The HP 3421A is not limited to portable applications. It is equally
useful in laboratory situations, where its 0.01 % accuracy, 1 microvolt
sensitivity and 5\6 digit resolution assure you of reliable answers.

Digital inputs, actuator outputs and a breadboard assembly give the
laboratory designer a great deal of instrument flexibility while HP-IB
compatibility adds the option of a more powerful instrument controller.

System Specifications
These rates assume 30 readings taken on a fixed range with no

function change. Speeds are independent of channel sequence. These
rates reflect the time to read and store information in the 30-reading
buffer of the HP 3421A. They do not include computer transfer time.

Approximate Maximum
Reading Rates (readings/second)

DYC, 0 ACY
AulD AulD AUlD AUlD
Zero Zero Zero Zero Type T
On Off On Off Frequency Thermocouple

5Y, Digit 2 3.8 - - 0.1 0.95
4h Digit 13 18 0.3 0.3 0.9 095
3Y, Digit 21 24 0.4 0.4 7.0 095

HP 3421A Mainframe Specifications
The HP 3421A mainframe comes with:

• A 5Y2, 4\6, and 3Y2 digit integrating A/D converter
• Thermocouple compensation
• Type T thermocouple linearization built in
• HP-IL
• 30-reading storage buffer
• LCD 30 channel display with power and error indicators
• Electronic calibration
• Rechargeable battery
• High level command set

All specifications apply for relative humidity less than 85% at 30 de
grees C.



DC Voltage
Ranges: 300 mY, 3 V, 30 V, 300 V, Autorange
Basic accuracy: ±(.009% reading + 3 counts); 5V2 digits
Reading rates: 2 to 35 readings/second

Option 201 HP-IB
The Option 201 adds an HP-IB interface to the HP 3421 A. This allows

the use of either HP-IB or HP-IL. HP-IB Interface function includes:
SH I, AH 1, T6, TEO, LEO, L4, SR I, RLO, PPO, DC I, DT I, CO. For more
on these codes, see the HP-IB section of this catalog.

Thermocouple Thermometer
Type T thermocouple linearization is built in. For other thermocouple

types, the reference junction temperature is available on each multiplex
er assembly.

Temperature Errors
These errors include the linearization error of the HP DACQ/PC

software, thermal offset voltages, A/D error and reference junction
error. They do not include transducer errors.

Resistance
Ranges: 300 Q, 3 kQ, 30 kQ, 300 kQ, 3 MQ, 30 MQ; Autorange
Basic accuracy: ±(.012% reading + 3 counts); 5V2 digits
Reading rates: 2 to 35 readings/second

517

$50
5100

$17

$40
555
$35
580
$95

$395

S315

S395

5285

5395

5415

5395
$100
5395

$395

PriceOrdering Information
Input and I/O Assembly Options
020: 8 Channel Multiplexer/2 Channel Actuator Assem
bly
021: 9 Channel Multiplexer/I Channel Actuator Assem
bly
022: 10 Channel Multiplexer Assembly
040: Breadboard Assembly with connector block
050: 8 bit in, 8 bit out Digital I/O Assembly with connec
tor block
201: add HP-IB interface. Allows use of EITHER an HP
IB or HP-IL controller
214: add 12 volt remote charging adapter. Cannot be add
ed if opt 20 I is specified
Rack Mount and Manual Options
401: Side Handle Kit
907: Front Handle Kit
908: Rack Mount Kit
909: Rack Mount with Handle
910: Extra Manuals
Field Installation Kits·
HP 44461A: Add HP-IB interface. Allows use of either
an HP-IB or HP-IL Controller (same as Opt 201)
HP 44462A: 8-Channel Multiplexer/2 Channel Actuator
Assembly with thermocouple compensation, connector
block. (Same as Opt 020. Can be reconfigured to same as
Opt 021 or Opt. 022)
HP 44463A: extra connector block for HP 44462A
HP 44464A: Breadboard Assembly with connector block
(same as Opt 040)
HP 44465A: 8 bit in, 8 bit out digital I/O assembly with
connector block (same as Opt 050)
HP 44466A: Extra connector block for digital or
breadboard assembly
HP 44469A: Seven 10:1 dividers for measuring 300 Vac

Option 21412 Volt Remote Charging Adapter
This optional assembly provides the necessary isolation and regulation

for a 12 volt automotive battery or system to charge the batteries of the
HP 3421A, HP 71B Handheld Computer, and peripherals such as the
HP 9114B Portable 31..1" .Microfloppy and HP 2225B Thinkjet Personal
Printer. Option 214 is mutually exclusive with Option 201 (HP-IB).

K,R,S Thermocouples

- 300 100 500 900 13~OO 1500
Temperah,lle \"C)

100 \1 Platinum RTD u = .00385

35· (90 day spccilicalions)
3-
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L>
, 2·,
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1 -

Counter
The counter is part of the mainframe circuit, and is multiplexed

through the channel relays.
Resolution: 65,535 counts
Frequency: I Hz to 10kHz
Modes: frequency, totalize

AC Voltage
Ranges: 3 V, 30 V, (300 V with HP 44469A divider)
Converter type: averaging
Resolution: 3V2 or 4V2 digits
Basic accuracy: 4V2 digits: ±(0.5% reading + 60 counts), 45 Hz to 500
Hz; ±(l % reading + 60 counts), 30 Hz to I kHz; providing the input
voltage is at least 10% of range.

02- 05·

~ 0'+ 200 -400-600800-'-000
Temperalur~ f'C)

Option 020, 021, 022 MUltiplexer/Actuator Assemblies
The configuration of multiplexer and actuators depends on the option

you order. Option 020 has 8 multiplexer /2 actuator channels; Option 021
has 9 multiplexer/1 actuator channels; Option 022 has 10 multiplexer
channels. The actuators are capable of switching 252 Vac. One
HP 3421A mainframe can hold up to 3 assemblies.

Option 040 Breadboard Assembly
The breadboard assembly is convenient for constructing custom cir

cuitry. It comes complete with a manual describing the circuit that en
ables the HP 3421A to communicate directly with an 8-bit
microprocessor.

Accessories
HP 2225B: Thinkjet Personal Printer (HP-IL)
HP 9114B: Portable 3V2" Microfloppy (HP-IL)
HP 11340A: 20-metre HP-IL Cable
HP 11340B: 50-metre HP-IL Cable
HP 11340C: lOa-metre HP-IL Cable
HP 82161A: Digital Cassette Drive (HP-IL)
HP 82162A: Printer/Plotter (HP-IL)
Related Products
HP 3468A Digital Multimeter

HP 3421A Data Acquisition/Control Un!t

5488 -.:
$635-':
SIOO
5190
$385
5547-':
$450 -.:

$765 -.:

$1,750

Option 050 Digital 110 Assembly
Option 050 has 8 isolated input lines and 8 isolated output lines for

both monitoring and controlling external digital devices.
• Field installation is recommended to be performed oniy by service trained personnel.
~ Fast-ship product -- see page 76 7



BDATA ACQUISITION SYSTEMS
Instruments for Measurement and Control
HP Model 48000 RTU Family

• For Industrial Monitoring and Control
• Stand-Alone or System Operation
• Radio/Modem/Wireline Datacom

e

HP 48050A RTU

Description
The HP 48000 Remote Terminal Unit (RTU) are intelligent,

microprocessor-based measurement and control units designed to op
erate in harsh industrial and remote environments. The HP 48000
RTU starts with 16 I/O points which can be increased to 256 I/O
points with optional expansion modules.

The HP48050A RTU is the newest member of the HP 48000 RTU
product family, addressing applications that require small point
counts. The HP 48050A RTU starts with 23 I/O points which can be
increased to 45 I/O points with an expansion board.

Applications for the HP 48000 RTU family include:
• Oil and gas production
• Pipeline SCADA systems
• Water treatment systems
• Electrical utility SCADA systems
• Facility/energy management
• Process monitoring & control

Built-in Intelligence
Intelligent processing is easy to implement on the HP 48000 RTU,

because HP provides the right tools: built-in signal-processing func
tions, along with a built-in BASIC compiler. Both can be accessed
through the Application Development Software, which runs on a va
riety of HP personal computers.

To offload host-computer processing, the HP 48000 incorporates
over 50 of the most commonly required signal-processing functions.
These include PID loop control, AGA flow calculations, engineering
unit conversion, and alarm checking. When the database of the HP
48000 is being configured, these functions can be chained to perform
multiple processing of input and output signals.

Easy to Program
The HP 48000 contains a built in BASIC that can be used for more

complex signal processing, and for custom control routines. The BA
SIC is incrementally compiled, providing fast program execution in a
multi-tasking environment. Up to eight BASIC tasks may reside in a
single HP 48000 RTU.

The HP 4807 IA/72A menu-driven Application Development
Software for the HP 48000 lets system designers quickly configure
the RTU database to their own specifications. This software runs on
the HP Vectra and the HP Portable Plus. To configure the database,
the user simply selects the field on the display screen and keys in val
ues relating to his specific application. (The database can also be con
figured from the HP 3081A Portable Operator Panel or a host
computer.)

• Rugged Design for Harsh Environments
• Menu Driven Configuration
• MUlti-Tasking BASIC

HP 48000 RTU Family

High Quality and Reliability
The HP 48000 RTU is designed to withstand harsh environments.

It is so rugged and reliable that a typical configuration has a Mean
Time Between Failures of over five years!

Here are some features that make such performance possible.
• Use of CMOS technology contributes to the wide operating tem

perature specifications
• Aluminum module enclosures shield circuit boards from physical

contact and ESD damage
• Transient voltage suppressors protect the electronics from electri

cal surges on the power line and field terminal wiring
• I/O modules are internally protected from field-wiring shorts
• Pin-and socket connectors provide reliable interconnection

General Specifications
Temperature Range: -40°C to +65°C (operating); -65°C to
+85°C (storage)
Humidity Range: 5 to 95% non-condensing
RFI Susceptibility: I volt/meter from 14 KHz to I GHz
EMI Emissions: Meets VDE 0871 level B
Vibration: Random vibration 0.30 Grms 5 to 500 Hz (functional).
Random vibration 2.41 Grms 5 to 500 Hz (survival).
Shock: Half-sine shock pulse of <3 ms duration with 175 cm/s veloc
ity change (functional). Trapezoidal shock pulse of 30 G with 742
cm/s velocity change (survival).
Transient Protection: Meets IEEE 472/ANSI-C37 .90a for ability
to withstand surges at all communications and field wiring points.
Meets IEEE 587 standards for ability to withstand power-line surges.
Dimensions: 330mm W x 215mm 0 x 55mm H (13" x 8.5" x 2.17")
Electrical Classification: General Non-Hazardous Area (CSA-,
FM- & TUV approved).



Communications Flexibility
The diagram to the right shows some of the typical networks that

can be configured with the HP 48000 RTU. Remote data acquisition
and control systems are easily implemented using twisted-pair wire
line, radio-communication links or telephone company facilities.

The host computer accesses data in a network of remote units in
one of three modes:

• Standard poll/response
• Polled Report-By-Exception (PRBX)
• Spontaneous Report-By Exception (SRBX)

This choice of communication modes, and the availability of both
HEX ASCII and Radix-64 ASCII protocols, lets users maximize
communication efficiency for their applications.

Other data communication features of the HP 48000 RTU prod
ucts include:

• A Modem Module 202T or CClTT frequency
• A RS232 C port that supports smart auto-dial modems
• A FCC and DOC approved Radio Datacom Module
• A data link Repeaters to extend wireline communications
• Communication Handler software for HP host computer interface
• Multi-drop networking capabilities of up to 90 RTUs over a maxi
mum distance of 3.6 kilometers (2.25 miles)
• The capability of communications protocol emulation

Wireline Network

Radio Network >Tf1iITUl Tf1iITUl

'Z ~ ~

h~

B

HP 48000 RTU Ordering Information

HP 48001A 3-Slot Backplane
HP 48002A 6-Slot Backplane
HP 48003A II-Slot Backplane
HP 48004A NEMA-4 Cabinet (3/6 slot)
HP 4800SA NEMA-4 Cabinet (II slot)
HP 48010A Master Controller Module
HP 48020A Configurable I/O Module (16 ch)
HP 48021A Analog Output Module (4 ch)
HP 48022A Low Level Input (16 ch)

(with thermocouple compensation)
HP 48023A Isolated Digital Relay Output Module

(8 ch)
HP 48024A Digital Input Module (32 ch)
HP 4802SA Isolated Digital Input Module

(16 ch)
HP 48026A Isolated Digital Triac Output

Module (8 ch)
HP 48030A Power Supply Module
HP 48040A Radio Datacom Module
HP 48041A Modem Module
HP 4808SA-00I Manual Set

Price

$204
$255
$355
$510
$510

$2600
$1760
$1630
$3310

$1225

$1250
$1225

$1325

$1350
$2345

$865
$215

Head End Network

Common Accessories

Application Development Software
HP 48071A HP Portable Plus Version
HP 48072A HP Vectra PC Version

Communication Handlers
HP 48073A HP 1000 A-Series Version
HP 4807SA HP 9000 Series 200/300 Version
HP 48076A HP Vectra PC Version
HP 48077A HP 9000 Series 300 HPUX Version
HP 48078A DEC VAX/VMS Version
HP 48082A Datacommunications Adapter
HP 4808SA Manual Set

Price

$255
$255

$127
$76
$76

$153
$153
$790
$240

HP 48050A RTU Ordering Information

HP 480S0A Standard Unit with 23 I/O Points
Option 001 Adds I/O Expansion Board

011 Adds RS-232-C/RS422 Port
012 Adds HP 48000 Datalink Port
013 Adds Bell 202 Modem Port
021 Adds 64K RAM (max)
022 Adds 128K EPROM
023 Adds 256K EPROM (max)

HP 48004A NEMA-4 Cabinet
HP 48033A External Power Supply (+24 VDC)
HP 4808SA-002 Manual Set

Price

$2950
$1050

$370
$315
$470
$170

$85
$170
$510
$660
$115



DATA ACQUISITION SYSTEMS
Instruments for Measurement and Control
HP Model 3497A

• Relay multiplexing

• DVM
• FET multiplexer
• Real time clock
• Bridge completion

~
E"'"''''''. :

SYSTEMS

• Digital inputs/outputs
• Counter
• Programmable D/As
• Optional RS-232C interface

HP 3497A
Description

The HP 3497A Data Acquisition/Control Unit combines the capa
bilities of several instruments and is a basic building block of an auto
matic data acquisition and control system. The HP 3497A will be used
in an HP-IB automated system and can be viewed as a precision mea
surement and control computer peripheral.

The HP 3497A has been designed to be a very versatile and very
powerful instrument. A basic HP 3497A consists of a mainframe that
includes a front panel keyboard and display, a non-volatile real time
clock, and an HP-IB interface. Available as an option is a 5V2 digit
integrating digital voltmeter and current source that occupies a dedi
cated slot in the HP 3497A chassis. Capability is added to the HP
3497A by using any combination of plug-in assemblies. Available plug
in assemblies are:

-Relay Multiplexers with or without thermocouple compensation
-FET Multiplexer
-Digital Input/Interrupt
-Counters
-Strain gage/bridge completion
-Actuators
-Programmable voltage and current D/ As
-Breadboard Assembly
Up to 5 assemblies can be added to a HP 3497A and the HP 3498A

Extender chassis can hold up to 10 more plug-in assemblies.

High Performance
The HP 3497A DVM can resolve I microvolt signals and is ideal for

the precise measurement of the outputs of thermocouples, strain gauges
and other transducers. Included on the DVM is a programmable current
source that allows four-terminal resistance measurements. The multi
plexer assemblies switch 3 wires (Hi, Lo, and Guard) and add less than 2
microvolts of thermal offset to the measured signal.

Flexible Hardware Configuration
The HP 3497A card cage can hold 5 of any combination of the plug-in

assemblies. This allows the multiplexing of up to 100 3-wire inputs to the
DVM in a single HP 3497A or a single HP 3497A might contain 60
multiplexer channels. 16 digital inputs, 16 actuator outputs, and a
DVM. By using HP 3498A Extenders, up to 1000 analog channels or
1360 digital channels can be controlled, all at a single bus address.

Ease of Use
The HP 3497 A keyboard and display make the HP 3497A very easy

to use and make debugging of a HP 3497A based system easy. The cali
bration adjustments for the HP 3497A DVM are located behind a
hinged front panel; this allows complete calibration of the DVM without
removing it from the test rack. Connections to all of the HP 3497A as
semblies are made using screw terminals, eliminating the need for sol
dering.

Real Time Clock
The HP 3497A mainframe includes a quartz-referenced, non-volatile,

real-time clock. In addition to providing timing data, the clock can mea-

sure elapsed time, interrupt at a presettable time, and output a program
mable pulse train.

Clock Format
Month:Day:Hours:Minutes:Seconds (U.S. Format)
Day:Month:Hours:Minutes:Seconds (European Format)

Option 001-51/2 Digit DVM and Current Source
The HP 3497A DVM assembly is a systems quality, 5!12 digit, 1

microvolt sensitive dc voltmeter. The DVM is fully guarded and use,
an integrating A/D conversion technique: this yields excellent com
mon and normal mode noise rejection.

Included on the DVM assembly is a three level programmable cur
rent source. The current source, when used simultaneously with the
DVM, can be used to make high accuracy four terminal resistance
measurements with I milliohm resolution. Maximum speed is 300
readings per second in 3V2 digit mode.
Buffer size: packed format: 100 readings: ASCII format: 60 readings

Scanning Number of Digits
Speeds Selected Series 200/300 1000A'

Sequential Channels 5% digits 39 39 (25)
using external 4V, digits 103 108 (79)
increment

3V, digits 123 127 (99)

Random Channels 51/, digits 27 24 (20)
using software 4'/, digits 51 41 (34)

3V, digits 55 43 (36)

*A600+ speeds in FORTRAN

Option 010-20 Channel Relay Multiplexer
This assembly uses reed relays to multiplex signals to the DVM or

other instruments. Each assembly switches 20 channels, each channel
consists of Hi, Lo, and Guard lines. Two channels may be closed per
assembly and relays may be closed in a random sequence or incre
mented between programmable limits. The low thermal offset of the
relays make it suitable for measuring the outputs of strain gage and
other transducers. Each channel can be configured with a filter or
current shunt for additional flexibility.

Option 020-Relay Multiplexer with Thermocouple Com
pensation

The option 020 assembly uses the same relay multiplexer as option
010 but incorporates a special isothermal connector block to allow
thermocouple compensation. Two types of compensation (selectable
by the user) are available. A temperature-dependent voltage is gener
ated for software compensation; this voltage is then used in a comput
er program to compensate the thermocouple voltage. Hardware
compellsation involves inserting a voltage in the measurement circuit
that automatically compensates the thermocouple voltage.

Option 030-20 Channel FET Multiplexer Assembly
The option 030 assembly is used to multiplex input signals to a

DVM in a manner similar to option 010. The option 030 assembly
provides high speed, low level multiplexing. Maximum signal levels
are 12 volts peak between any high, low or guard input and any other
guard input, guard common or chassis ground.
Maximum sequential scanning rate: 4800 readings/s (at 60 Hz)
using an HP 3437A Voltmeter and HP Series 200 computer (4000
readings/s at 50 Hz power).

Option 050-16 Channel Isolated Digital
Input/Interrupt

The option 050 assembly can sense up to 16 channels of digital
data. The first 8 channels can also be used as interrupt lines to detect
transient signals. The assembly can accept inputs of 5, 12 or 24 volts
and all functions and masks are fully programmable. A five-volt sup
ply is provided for driving external contact closures and open collector
outputs.
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plug-in assemblies. Use of one or more HP 3498As requires an HP
3497A (for control); all required connecting cables are supplied with
the HP 3498A. Up to 13 HP 3498As can be controlled by a single HP
3497A.

Software
HP DACQ/PC Data Acquisition Manager (HP 44459A1B/R): Pow
erful software tools for gathering, storing, analyzing, and presenting
measurement data with a Vectra Personal Computer and the BASiC
language processor. (see page 608).
HP DACQ/300 Data AcqUisition Manager (HP 44458A1B/R): So
phisticated software tools that provide all of the power of HP
DACQ/PC plus enhanced data transfer, system configuration rou
tines, and color graphics on Series 300 Technical Computers (see
page 608).

General
Size (HP 3497A or HP 3498A): 190.5 mm H x 428.6 mm W x 520.7
mm D (7W' x 167/8" x 201/2").
Net weight: HP 3497A, 20.4 kg (45 Ib) and 3498A, 20.4 kg (45 Ib)
with assemblies in all slots.
Shipping weight: HP 3497 A and HP 3498A maximum with assem
blies in all slots are 26.3 kg (58 lb.)
Operating temperature: O°C to 55°C
Non-operating temperature: -40°C to 75°C
Humidity: to 95% at 40°C except as noted
Operating power: switch selection of 110, 120, 220 and 240 volts
± I0%, 48-66 Hz, 150 VA 3497A and 3498A.

Option 060-100 kHz Reciprocal Counter
This option can be used to measure mechanical and low frequency

electronic signals. The counter can measure the period of signals up to
100 kHz and the pulse width of signals down to 18 ).Is. The counter
can also count up or down from a programmable start point. It can
accept inputs of 5, 12, or 24 volts including CMOS, open collector
TTL and passive contact closures.

Option 070-120 Ohm Strain Gage/Bridge Completion
Assembly
Option 071-350 Ohm Strain Gage/Bridge Completion
Assembly

The option 070/071 assemblies may be used to provide bridge com
pletion for measuring strain gages, RTDs pressure sensors and load
cells. Each card uses an internal shared half bridge and can complete
10 channels of 1/4 and V2 and full bridges in any combination. When
used with a +5 V excitation supply (such as the HP 6214A) and the
HP 3497 A DVM, the assembly provides 0.1 ).1< sensitivity with I ).1<
accuracy. Provisions are made for shunt calibration and checking
gage leakage and lead resistance.

Option 110-16 Channel Actuator
Op-tion 115-8 Channel High Voltage Actuator

Option 110 consists of 16 mercury wetted form C (single Jole
double throw) relays. Each relay can be individually closed an can
~witch I A at I OOV. The actuator assembly can be used to switch test
fixture power or to actuate alarm bells. This flexibility of this assem
bly allows it to be used as a digital output or matrix switch.

Option 115 is an 8 channel high voltage actuator assembly that can
switch voltages up to 252 Vrms and currents up to 2 amperes. The
Option 115 assembly is ideal for switching power line volta~es to
,mall motors, alarm bells and lights, motor starters and solenOIds.

Ordering Information Price

O~tion 298-HP 3498A Extender
The HP 3498A Extender chassis allows low cost expansion of HP

3497 A-based systems. Each HP 3498A can hold up to ten HP 3497 A

Op-tion 140 Breadboard Card
Option 140 is a breadboard card compatible with the HP 3497A

cardcage. Using this card, HP 3497 A users can construct special pur
pose assemblies that communicate with the HP 3497 A backplane.

O~tion 232-RS232C Interface
Option 232 to the HP 3497 A deletes the standard HP- IB interface

and adds an RS232C (CCITT/V.24) compatible interface allowing
you to remotely iocate the HP 3497 A. The option 232 interface is also
compatible with the new RS423 (eelTTIV.IO) version of the RS449
interface.

Option 120-0ual Voltage O/A
Op-tion 130-0ual Current 0/A

Option 120 consists of two 0 to ± I0 V programmable voltage
sources. These sources can be used to provide a programmable test
stimulus or to control voltage programmed devices like power sup
plies and VCOs.

Option 130 consists of two 0 to 20 rnA or 4 to 20 rnA program
mable current sources. These sources, especially when using the 4 to
20 rnA range, can be used as transmitters in industrial current loops
and can drive up to 600 ohms of total loop resistance.
Option 120

Output: 13 bits including polarity
Least significant bit: 2.5 mV
Output range: -10.2375 V to + I 0.237 5 V
Maximum output current: 15 rnA (output within specifications)

Option 130
Output: 12 bits
Least significant bit: 5 ).IA (0 to 20 rnA range)

4).1A (4 to 20 rnA range)
Output range: 0 to 20.475 rnA or 4 to 20.380 rnA (each source
jumper selectable)
Compliance voltage: 12.0 volts

Clock format and power line frequency and voltage will be set
at the factory based on the country from which the order was
placed.

$160
5275

S5 7 5

$575

$780

5780

$935

$(i25
$935

$780

$(iRO

51.040

$1.040

$1.7~O

$3,225

less $350
$2.350

Hi" 3497A Data Acquisition/Control Unit

opt 001 or 44420A: 5V2 Digit DVM and Current
Source
Opt 010 or 44421A: 20 Channel Relay Multiplexer
Assembly
Opt x20 or 44422x: Relay Multiplexer Assembly Sub
stitute A in place of x for software compensation. For
hardware compensation, substitute the thermocouple
type B, E, J, K, R, S, or T for x.
Opt 030 or 44423A: 20 channel FET Multiplexer As
sembly
Opt 050 or 44425A: 16 channel isolated Digital in
put/interrupt Assembly
Opt 060 or 44426A: 100 kHz Reciprocal Counter
Opt 070 or 44427A: 120 Ohm Strain Gage/Bridge
Completion Assembly
Opt 071 or 44427B: 350 Ohm Strain Gage/Bridge
Completion Assembly
Opt 110 or 44428A: 16 Channel Actuator/Digital
Output Assembly
Opt 115 or 44431A: 8 Channel High Voltage Actuator
Assembly
Opt 120 or 44429A: Dual Output Voltage DAC As
sembly
Opt 130 or 44430A: Dual Output Current DAC As
sembly
Opt 140 or 44432A: Breadboard Card
Opt 232: Delete HP-IB Interface, add RS232C Inter
face
Opt 260: Delete Keyboard and Display
Opt 298: Add HP 3498A Extender & connecting
cables

Each HP 3497 A can hold one DVM assembly (Opt 001) and up to
5 plug-in assemblies. Each HP 3498A (Opt 298) can hold 10 addi
tional plug-ins. To order plug-ins without a mainframe, order as
444XXX Field Installation Kits as shown below.

Option 115
A

Dry
8

252 Vrms
48 Vdc

2 Arms or dc
500 VA ac
60 VA dc

Option 110
C

Mercury Wetted
16

100 V Peak

I A
100 VA

Maximum Current
Maximum Power

Switch Form
Contact Type
Number of channels
Maximum Voltage
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Configure the Capabilities You Need
You can easily configure an HP 3852S Data Acquisition and Con

trol System to meet your needs for measuring physical parameters
through transducers, and for providing control outputs. The
HP 3852A Data Acquisition/Control Unit (mainframe) has eight
slots for plug-in function modules. If more slots are needed, up to
seven extenders can be added, each with ten additional slots. You can
choose any combination of capabilities that include precision and
high-speed plug-in voltmeters and a variety of analog and digital
input/output functions.

A system clock and programmable pacer are built-in to drive your
system. The clock - non-volatile for four years; I msec resolu
tion-allows data to be time-stamped and events to be timed. The
pacer--O.25 f.Lsec resolution-provides powerful capabilities to initi
ate and pace measurements, scans, or events.

Include High-Speed and Accurate Analog
Measurements in One System

Choose from two digital voltmeters to meet your measurement
needs. For applications that require sensitive, accurate measurements
in the presence of noise (for example, thermocouples), use the 5Y2
Digit Integrating Voltmeter and Relay Multiplexers. If you need
speed, the 13-Bit High-Speed Voltmeter and High-Speed FET Mul
tiplexers are the answer, providing single-channel bursts, channel
to-channel, random channel, full auto-ranging, and direct DMA
transfers to a hard disc at an honest 100,000 readings/sec. The sys
tem voltmeters can be used in the mainframe or any extender, and
multiple voltmeters are allowed per card-cage.

Add Versatility and Expandability to Your System
With the HP 3852A Data Acquisition and Control System, you'll

have available a complete set of input and output plug-in modules for
interfacing to measurements and for controlling and sequencing your
tests. Modules are available to handle physical measurements of tem
perature, flow, pressure, level, and strain. The HP-IB controller mod
ule gives you the capability to autoboot subroutines stored on a disc
and to store data to the disc without computer assistance.

Take Advantage of Extensive Front-End
Intelligence

The HP 3852A mainframe has considerable built-in intelligence to
increase the speed of collecting measurement and control data. Con
trol decisions can be handled faster using subroutines running within
the mainframe. This intelligence can be used to return only signifi
cant data to the computer, increasing its efficiency.

• Up to 5,500 readings can be stored in the standard HP 3852A
mainframe. Expand this memory (used for storage of user rou
tines as well as readings) to 256 kbytes, I Mbytes, 2 Mbytes, or
4 Mbytes with an Extended Memory board. Extended memory
fits inside the mainframe controller module without using an I/O
slot.

The power of this front-end intelligence in combination with an
HP Series 300 Computer and the optional data acquisition software
adapts easily to testing your complex product or characterizing your
process. Of course, the mainframe can be also used with HP 1000
computers, HP Vectra PC, other IEEE-488 controllers and instru
ments, and a variety of computer peripherals.

Reduce Your Test Development Investment
Optional data acquisition software for an HP Series 300/200 com

puter or HP Vectra PC gets your application running quickly and
easily by providing off-the-shelf solutions for:

Data base management - store large amounts of data in files that
are easy to identify and access later.
Graphics presentations - display or plot color graphs, display a
real-time strip chart, plot data with linear, log, semilog, or auto
matic axis scaling.
Data analysis - This software provides high-level subroutines as
tools to be used in a test system program running with HP BASIC.
Ease-of-use is exemplified by:
• automatic creation of a data base for storing data using only one

subroutine,
• fast access to a single data item or a block of data items using

only one subroutine,
• manipulation and formatting of gathered data any way you wish.
Program development time is leveraged using this software, while

allowing a powerful, highly customized system to be developed. Fur
thermore, the software can be used with any HP-IB instrument.



Data Acquisition and Control Unit 
HP 3852A
Mainframe Supports:

• Eight Function Module Slots
• Data Acquisition Operating System
• System Timer
• Measurement Pacer
• Full Alphanumeric Keyboard, Command and Result Displays

Benefits
• Make real-time decisions and reduce data witbout burdening your

computer:
- Multitasking operating system prioritizes and timeslices tasks
- Powerful HP 3852A command statements simplify complex

measurements.
- Execution speed of command sequences are enhanced by exe

cuting subroutines stored in the HP 3852A memory.
- Built-in, easy-to-use transducer conversions are supported for

thermocouples, thermistors, RTDs, and strain gages.
- Post-processing and data reduction before transferring results

to a computer are achievable by first storing data to the
HP 3852A internal memory.

- Limit checking of analog measurements is performed in real
time or after the measurements have been stored in main
frame memory.

• Optimize measurement timing and tbrougbput to meet your
needs:
- Real-time interrupts allow higher priority tasks and external

inputs to be serviced at any time
- Asynchronous communication with a computer is achieved

through input and output buffering.
- Control can be timed using built-in clock and alarm capabili

ties (can cause an interrupt).
- A built-in pacer simplifies measurement timing and trigger

ing.
- Multiple voltmeters can be used. The high-speed voltmeter

can control scanning, timing, and triggering of its own high
speed FET multiplexer subsystem via ribbon cable. Several of
these subsystems can run simultaneously.

Data AcqUisition Operating System
MUltitasking

Several subroutines called "run tasks" can be assigned equal priori
ty and the operating system will timeslice them such that it appears
they are running simultaneously. "Queued tasks" can be defined to
run after certain conditions are met. Priority assignment allows com
plete control over front panel, HP-IB, interrupt, and run task execu
tion.
Real-time Interrupts

Interrupts from the front panel, HP-IB, plug-in accessories, or
higher priority tasks are serviced immediately after the current com
mand is done executing.

Commands:
Powerful data acquisition commands are easy to remember and

use. For example, "MEAS TEMPK <channel list>" performs
K-type thermocouple measurements, cold-junction compensation,
linearization, and channel scanning-ALL AUTOMATICALLY.
In addition, <channel list> may be a short list of channels--or possi
bly the name of an array containing a much longer list.
Down-Loaded Subroutines:

FOR ... NEXT, IF ... THEN ... ELSE, WHILE ...
ENDWHILE Enhanced BASIC language constructs are available.

User subroutines with variables can be called for execution by a
computer, other subroutines, or conditional interrupts.
Transducer Conversions:

Transducer conversions have been optimized to support high sys-
tem accuracy and speed for these transducers:

* Thermocouples
* Thermistors
* Platinum RTDs
* Strain Gages

Special Conversions:
A special function permits user-defined tables of X,Y pairs to be

used for linear interpolation (at a small price in memory usage, this
function will typically execute much faster than high-order polynomi
al calculations).
Limit Testing:

Perform limit testing in real-time (data is tested as it is measured)
or as a post-process (data previously stored in arrays is tested). Limit
test failures can cause an interrupt if enabled.
Interrupts:

Time alarms, events that have just occurred, or limit tests of mea
surements can cause an Hp·IB Service Request or a call to a stored
subroutine.
Math Operations:

+, -, *, /, <, >, ATN, BINAND, BINCMP, BINEOR,
BINIOR, BIT, COS, EXP, LOG, SIN, SQR
Scaling:

Offset and scale factors (mx + b) can be performed on an entire
array using just one command.
Statistics:

An easy-to-use function finds MIN, MAX, MEAN, and SIGMA
(standard deviation) of the values stored in arrays.

Extender Chassis - HP 3853A
Extender Supports:

• Ten Function Module Slots
Benefit

• Expand your system witb no loss of functional capability:
- Up to seven extenders may be used with each HP 3852A

mainframe.
- Any slot can be used for any function module and multiple

voltmeters can be used with parallel triggering.
- All mainframe functions, including interrupts and triggering,

are available through the extender control cable.

PRIORITY SCALE

LOW 1'-2_53 8_5 65 4_5 3_5__11 HIGH

RUN TASKS
• Maximum of B run tasks

• All tasks at the
same priority will
timeslice

QUEUED TASKS

• Maximum of 20 subroutines
queued to execute in
the run tasks

QUEUED
TASKS

~L!J
INTERRUPT
TASKS

• System alarm
• Limits
• Digital transition
• Counter overflow

~
~

SYSTEMS

HP·IB TASKS
• Commands from

a computer
over Hp·IB

FRONT PANEL TASKS
• Commands entered from

instrument front panel
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Model 3852A
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12 Digit Integrating Voltmeter 

HP 44701A
Directly Measures:

• DC Voltage
• Resistance
• AC Voltage

Benefits
• Accurately measure small signal changes in noisy environments:

- Integrating A/D rejects normal mode noise at multiples of
the power line frequency.

- Guarded input maximizes common-mode rejection.
• Choose the resolution, accuracy, and noise rejection needed, while

maximizing measurement speed:
- Integration selection (number of power line cycles) is key to

optimizing these performance parameters.
- This voltmeter provides the fastest DC reading rates available

with power line-related noise rejection.
• Optimize resistance measurements to the accuracy you need:

- Use two-wire ohms for measurements where lead resistance is
not critical.

- Use four-wire ohms where inaccuracies due to measurement
leads cannot be tolerated (most accurate measurement tech
nique for RTDs).

- Use offset-compensated ohms to correctly measure resistance
in the presence of series voltages (often caused by thermocou
ple effects).

DC Voltage
Accuracy:

± (% of reading + volts), rear terminal input, one-hour warm-up,
specified over time since last calibration, and operating temperature.

13-Bit High-Speed Voltmeter 
HP 44702A1B
Directly Measures:

• DC Voltage
• DC Resistance

Benefits
• Collect data quickly:

- A measurement rate of 100,000 readings/sec with auto-rang
ing is achieved by directly controlling up to six (eight in an
extender) High-Speed FET Multiplexers through a dedicated
ribbon cable.

- Multiple High-Speed Voltmeters can be triggered simultane
ously and operate independently.

• Maximize your measurement throughput:
- On-board buffer is included for over 8,000 readings

(HP 44702A) or over 64,000 readings (HP 44702B) that can
be transferred to mainframe internal memory or to hard disc
via GPIO and a DMA controller while taking measurements.

- Dedicated triggering is achieved with on-board pacers.
- Balanced input, equal impedance between high-to-chassis

and low-to-chassis, gives good common mode noise rejection.
DC Voltage
Accuracy:

± (% of reading + volts), rear terminal input, one-hour warm-up,
specified over time since last calibration, and operating temperature,
with auto-zeroing performed within one minute of measurement.

90 Days, 18 to 28°C

90 Days, 18 to 28°C, Auto-zero On
Integration Time in Number of Power Line Cycles (NPLC)

1 0.1 0.005 0.0005

Range:
30 mV 0.02% + 6 ~V 0.02% + 8 ~V 0.02% + 20 ~V 0.02% + 60 ~V

300 mV 0.008% + 6 ~V 0.008% + 10 ~V 0.008% + 40 ~V 0.008% +400 ~V

3V 0.008% + 8 ~V 0.008% + 40 ~V 0.008% +400 ~V 0.008% + 4 mV
30 V 0.008% +300 ~v 0.008% +700 ~V 0.008% + 4 mV 0.008% + 40 mV

300 v 0.008% +700 ~V 0.008% + 4 mV 0.008% + 40 mV 0.008% +400 mV

Reading Rate/Noise Rejection:
Integration Time in Number of Power Line Cycles (NPLC)

1 0.1 0.005 0.0005

Integration Time 16.7 100 10
60 Hz (50 Hz) (20.0) 1.67 (2.0) (100) (10)

msec msec /Lsec /Lsec
Number of Converted Digits 6V, 5\\ 4V, 3V,

Reading Rate (readings/sec)
with auto-zero, auto-range off 57 415 1350 1600

60 Hz (50 Hz) (48) (360) (1350) (1600)

Min Noise Rejection (dB)
Normal Mode Rejection 60 0 0 0
at 50 or 60 Hz ± 0.09%

DC Common Mode Rejection
with 1kG in low lead 120 120 120 120

Effective Common Mode
Rejection, at 50 or 60 Hz ± 0.09% 150 90 90 90

with 1kG in low lead

Range:
40 mV
320 mV
2.56 V
10.24 V

Accuracy

0.05% + 68 ~V

0.05% + 234 ~V

0.05% +1.88 mV
0.05% + 7.5 mV
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Reading Rates:
100,000 readings/sec with auto-ranging. Proper auto-ranging is

ensured as long as a single-channel signal changes no more than
600 volts/sec during auto-ranging.

Noise Rejection:
Min effective common mode rejection specified in dB for DC to

60 Hz with I kll in low lead; maximum signal (high to low) + com
mon mode voltage (low to chassis) for proper operation is
± 10.24 volts.

-- Differential or common mode voltages up to 350 V peak or
250 Vdc can be handled by the HP 44705H and 44708H
modules.

- Scanning is break-before-make to prevent inadvertent con
nections of circuits being measured.

- Each lead to the back-plane and common terminals has a
100ll resistor in series to prolong the lifetime of the relay con
tacts. Due to placement, these resistors contribute no error
when measuring 2-wire ohms resistance using the
HP 4470 I A Integrating Voltmeter. The resistor can be
shorted, but this can seriously shorten relay contact life if rel
atively high voltages or currents are switched.

- Tree switch relays automatically isolate each bank of relays
from the back-plane to reduce crosstalk and improve settling
time.

• Optimize thermocouple measurement accuracy:
- Thermocouple types can be mixed on the HP 44708A/H

multiplexer to optimize accuracy over the temperature ranges
needed.

- Thermocouple compensation is handled automatically with
no extra wiring.

• Measure strain accurately:
- Strain sensitivity can be optimized using finger-moveable

jumpers to select between 1/.1_, 1/2_, and full-bridge configura
tions. The HP 44717A and 44718A multiplexers each sup
port 10 bridges for 120ll and 3500 strain gages.

- No manual adjustments are required to balance the bridge.
- Strain accuracy is independent of long-term bridge excitation

voltage changes because the excitation voltage is automati
cally measured and included in the strain calculations.

- The excitation voltage is always applied, never switched, re
ducing errors due to dynamic heating and cooling of the
gages.

-- Connection to an available Wagner ground reduces errors
due to gage leakage current.

90
80
70
70

• Thermocouples
• Strain Gages

40 mV
320 mV
2.56 V

10.24 V

Range:

Relay Multiplexers - HP 44705A/44705H/44706A1
44708A/44708H/44717A/44718A
Directly Multiplexes:

• Voltage
• Resistance

Benefits
• Reduce the effects of real-world measurement errors in a multi

channel system:
- Relay multiplexers minimize errors due to thermal DC off

sets, crosstalk, and injected (bias) currents.
- The relay multiplexers have high, low, and guard terminals to

maximize common mode noise rejection.
- A single-ended multiplexer (HP 44706A) lowers your cost

per channel.
- With shunt and series jumpers in each channel of the

HP 44705A/H and 44708A/H multiplexers, you can easily
install a one-pole low-pass filter for additional noise rejection,
a voltage divider to extend relay lifetime, or a shunt resistor to
measure current.
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• Thermocouples
• Strain Gages

• Boost system throughput in some applications by reducing the
requirements to over-sample. Using the ribbon cable, it connects
to the HP 44702 high speed voltmeter for high speed operations.

• Measure dynamic strain accurately.
- Utilize on-board excitation that is provided separately for each

bridge.
- Select quarter, half, or full-bridge configurations.
- Eliminate offsets with electronic nulling.

Arbitrary Waveform Digital to Analog Converter 
HP 44726A
Directly Outputs

• Arbitrary Waveforms
• DC Voltages

This 2-channel non-isolated module provides arbitrary
waveforms and stimulus signals for product test and characteri
zation applications. Applications include the testing of satellites,
engines, electromechanical products, aircraft, automobiles,
mechanical products, materials, chemicals and elevators.

Benefits
• Provides a stimulus voltage signal with a step rate of up to 800

kHz.
- Outputs a DC voltage or any arbitrary waveform stores in its

own memory.
- Output waveforms, once initiated, can run continuously re

gardless of the activities being performed by the HP 3852A
mainframe.

- Channels have independent timebases that can be synchronized
with each other or with external events. External timebases can
also be used.

- Waveforms can be single-shot (one cycle of the waveform) or
continuous. Channel 0 can also perform n repetitions of the
waveform (n = I to 65,536).

- Sine, triangle and square (50% duty cycle) waveforms can be
calculated and loaded from the HP 3852A with one command.

• Random access memory is available for each channel on this ac
cessory.
- Each channel has enough memory for 32,400 waveform points

in which each point is defined as both a voltage level and length
of time at that level. As a result, memory is used efficiently.

- Up to 64 different waveforms on each channel can be stored in
memory.

- Arbitrary waveforms can be loaded from a user-defined array
or a real array or high-speed voltmeter readings.
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4-Channel Track/Hold with Signal Conditioning 
HP 44730A
4-Channel Dynamic Strain Gage Multiplexers 
HP 44732A144733A
Directly Multiplexes

• Transient DC voltages
• Dynamic strain gages

- The Track/Hold Multiplexers have powerful capabilities for
applications in acoustic analysis, environmental tests and the
testing of engines, electromechanical products, mechanical
products, rubber belts, elevators, hydraulics, motors, pressure
transducers and materials.

- Dynamic strain applications include seismology/ground char
acterization, machine control and characterization, and physi
cal tests of engines, aircraft, mechanical products, hydraulics
and motors. Tests using strain gages include operating and
burst tests, as well as the simultaneous detection of "glitches."

Benefits
• Enhance dynamic signal measurement accuracy by measuring a

number of channels simultaneously via internal or external
strobes.

• Set gains of I, 10, or 100 on each channel to amplify low level
signals and improve measurement accuracy.
- Select offset voltage nulling on each channel, minimizing com

putation time to obtain higher reading rates.
- Reduces settling errors when switching between low-level and

high-level signals.
• Use the analog peak detect/hold feature to capture either posi

tive or negative peaks without having to sample at a high rate of
speed.

FET Multiplexers - HP 44709A144710Al
44711A/44712A/44713A/44719A/44720A
Directly Multiplexes:
• Voltage
• Resistance
Benefits

• Maximize your measurement throughput:
- A throughput rate of 100,000 readings/sec is realized using

High-Speed FET Multiplexers (HP 44711A/
44712A/44713A) directly controlled through a dedicated
ribbon cable by the 13-Bit High-Speed Voltmeter.

- Up to six (eight in an extender) High-Speed FET Multiplex
ers can be controlled through this ribbon cable.

- The 24-channel multiplexers switch high and low only. Each
floating input is balanced (that is, equal impedance between
high-to-chassis and low-to-chassis) to provide good common
mode noise rejection.

- For lower costs per channel, single-ended multiplexing of
48 channels (HP 44712A) is also available (has no common
mode noise rejection, however).

• Increase system reliability:
- FETs have no mechanical limitations (no wear out due to

switching).
- Similar to their relay counterparts, the

HP 44709A/44710A/44719A/44720A FET multiplexers
have high, low, and guard connections for better common
mode rejection than the high-speed FET multiplexers.



Digital to Analog Converters - • Use the module as a pulse generator.
- Output a set number of pulses or a continuous stream.
- Set, accelerate, and decelerate both pulse width and pulse rate.

S-Channel Counter/Totalizer - HP 4471SA
Directly Provides:

• Count Measurements
• Period Measurements
• Frequency Measurements
• Interrupts

Benefit
• Reduce your costs by taking advantage of frequency counting ver

satility:
- The counter jtotalizer accurately measures logic or RMS in

puts with frequencies up to 200 kHz.
- By multiplexing between five isolated channels and five non

isolated channels, a total of ten connected channels is possible
(only five can opcratc simultaneously).

- Each DC logic channel independently counts on either posi
tive or negative signal transitions. Non-isolated, low-level
RMS inputs are measured using a zero-crossing detector.

- Any channel that is totalizing can be programmed to set an
interrupt for a counter roll-over to zero.

- For isolated DC inputs, nominal voltages are separately se
lected for each channel by finger-movable jumpers. For non
isolated inputs, either TTL or low-level RMS inputs are also
separa tely selected for each channel by fi nger
movable jumpers.

- Debounce times (common to all channels) can be program
med to prevent false counts.

- With shunt and series jumpers in each channel, you can easily
install a one-pole low-pass filter for rejection of unwanted sig
nals.

Trapezoidal Motion Profile

Maximum

HP 44727A144727B/44727C
Directly Outputs:

• DC Voltage
• DC Current

Benefit
• Simplify your test system by providing test or control of devices

with one data acquisition control system:
- Four channels are provided on each module.
- Each channel can be configured using finger-movable jumpers

to output either unipolar or bipolar voltage, or unipolar cur
rent. Reconfiguration may require recalibration of the
changed channel. Recalibration consists of adjustments to ze
ro offset and gain potentiometers, and can be performed with
the HP 4470lA Integrating Voltmeter or equivalent. Three
configurations (4-Channel Voltage-HP 44727A; 4-Channel
Currcnt-HP 44727B; 2-Channel Voltage, 2-Channel Cur
rent-HP 44727C) are available to make reconfiguration un
necessary in most cases.

- Channels are isolated and can be connected in parallel for
current or in series for voltage to expand the usable ranges.

- Each channel configured for voltage has remote sense capabil
ities to ensure accurate voltages at the device.

DC Voltage
Ranges: 0 to + 10.235 V or -10.235 to + 10.235 V
Resolution: 2.5 mV (12 bits plus a sign bit for bipolar range)
DC Current
Ranges: 0 to +20.16 rnA or +4 to +20.16 mA
Resolution: 2.5 !J.A (13 bits)

AmplItude

Initial AcceleraliOY ~eceleraiion Final

Only one point I.
needed to define
thi. eegment

TIm.

3-Channel Stepper Motor Controller - HP 44714A
Directly Provides:

• Stepper Motor Control Signals
• Limit Inputs
• Built-in Quadrature Counters
• Pulse Output

Benefit
• Completely control three stepper motors with one module:
- Output a continuous stream or a fixed number of pulses.
- Program separate acceleration and deceleration rates for trape-

zoidal motion profiles.
- Halt output pulses when limits are reached or from the emer

gency stop input.
- Built-in quadrature counter on each channel gives position feed

back.

Digital Inputs with Totalize and Interrupt -

HP 44721A/44722A
Directly Provides:

• Logic Readings
• Totalize Count Measurements
• Interrupts

Benefit
• Conveniently read a variety of digital values in your system:

- Isolated inputs detect the presence of DC (HP 44721A 16
channel digital input) or AC (HP 44722A 8-channel digital
input) inputs based on nominal voltages selected by finger
movable jumpers.

- Each channel can independently totalize positive or negative
(whichever is selected) logic transitions.

- Voltage selection and function can be set independently on
each channel.

- Any channel can be programmed to set an interrupt for an
edge occurrence (positive or negative) or a counter roll-over
to zero.

- Debounce circuitry that is common to all channels prevents
erroneous readings on inputs that are still changing after a
logic level transition.

- For detecting whether switches are opened or closed, the HP
44721A has a non-isolated five volt supply at the terminal
module with 9.4 kl1 ±10% pull-up resistors on each input.



BDATA ACQUISITION SYSTEMS
Instruments for Measurement and Control (Cont'd)

Model 3852A

32-Channel High-Speed Digital Sense/Control
-HP 44723A
Directly Provides:
• High-speed Digital Input and Output
• Triggered Input and Output
• Interrupts
• Output Handshaking
Benefit

-Input 16 channels or output 16 channels over 150,000 times per
second.

-Capture and load 16-bit patterns with external triggers.
-Interrupt on any input channel on any transition or on a user-

specified 16-bi t pattern.

closed positions at power down. The HP 44725A 16-channel
general purpose relays are for switching low-level power or
moderate voltages and currents in an experiment while mini
mizing errors due to cross talk and thermal DC offsets. More
DC or AC power can be switched with the HP 444728A 8
channel relay actuator.

- The HP 44729A 8-channel AC power controller distributes
AC power. It switches "on" at the zero voltage crossing and
"off" at the zero current crossing for long device life and low
transient generation. Each channel has a relay and solid state
switch in parallel to provide an exceptional combination of
switch life and low on-resistance.

Panarll hltarrupt

Edgaillterrupt

HP-IB Controller - HP 44788A
Directly controls:

• HP-IB disc drives (CS80jSS80)
• HP-IB printers
• HP-IB instruments
Benefits
• Remote operations without a computer
• At power-up, load subroutines into an HP 3852A from an HP-IB

disc drive and start executing them.
• Send data to an HP-IB disc drive without using a computer.
• Print out data stored in the HP 3852A without using a computer.
• Control other HP-IB instruments directly with HP 3852A.

Characteristics

Module
HP 44725A HP 44728A HP 44729A

Max Input Voltage (Vmax) 30 VDC 300 VDC, -
Per Channel or RMS, 250 V RMS 250 V RMS,

42 Vpeak 354 Vpeak

Max Input Current
Per Channel 15 ADC, 2ADC, 2.5 ARMS

15 ARMS 3 ARMS (3 A RMS if
(5 Afuse module is

protection) limited to
16 ARMS total:
4 Afuse
protection per
channel)

Max Sum of the Squared
RMS Currents In Each 24 A' 26 A' -
Channel (per module:
for any load type)

Max On Resistance 175 mU 200 mU 125 mU @
3 ARMS;
200 mU
@ 100 mA RMS

Switch Life
(on/off cycles)
Full Load 10' 10' 5·10'

(~2 switches
per second)

Min Load 10' - -
(~2 switches
per second)

Max Wire Size 16AWG 14AWG 12 AWG
(power in
terminals);
14 AWG (power
dlstnbution
terminals)

---rT"'--_-» Trig Out EACH
~.~__ External OUTPUT CHANNEl

16-Channel Digital Output - HP 44724A
Directly Provides:

• Open Drain Digital Outputs
Benefit

• Conveniently control DC devices or logic levels:
- Open drain outputs are used to control DC devices with up to

55 V, or drive TTL logic levels. An external power supply and
external pull-up resistors are required.

Characteristics
Max Input Voltage:
Between High and Low Terminal of Each Channel- 55 V DC
Between Channels or Between Any Terminal and Chassis - 354 V
peak or 250 V DC
Max Sink Current: 500 rnA DC per channel (I A fuse protection)
Max Reverse Polarity Current: 500 rnA DC per channel
TTL Compatibility: 200 rnA per channel with Vout :";0.4 volts

Switching - HP 44725A/44728A144729A
Directly Switches:

• Voltage
• Current
• Power

Benefit
• Reliability switcb tbe voltage, current, or power you need:

- Both the HP 44725A and 44728A use single-pole double
throw (SPDT) Form-C relays that return to their normally

High-Speed Digital Sense/Control



Ordering Information
To order, specify an HP 3852S System with the appropriate soft

ware, controller, mainframe, extenders, function modules, racks, and
extra terminal modules. The HP 3852S itself has no cost-each com
ponent of the system is priced individually.

$1200
$360

$1320

$900

$1480

8
$835
$940

$1100

$1100

$940
$1100

$1040

$1500

$1700

$1700

$1900
$1255
$1255
$1255

$1900

$990

$680

$680

$950

$680
$780
$625
$940
$600

$365

$500

$355

$680

$260

$310

$310

Breadboard
HP 44736A Breadboard

High-Speed Accessories
HP 98620B 2-Channel DMA Controller for HP Series
300/200 Computers
HP 96622A GPIO Interface for HP Series 300/200
Computers
HP 98625B High-Speed HP-IB Disc Interface for HP
Series 300/200 controllers
HP 44744A 2-Meter GPIO Cable with Mating for HP
44702A/B and HP 98622A
HP 44744B 4-Meter GPIO Cable with Mating for HP
44702A/B and HP 98622A
HP 44745A 4-Meter GPIO Cable with Mating for HP
44702A/B and HP 12006A (GPIO interface for HP
1000 Computers)

Service and Support Products and Courses
HP 44743F Service Kit consists of specially designed
hardware and software for operationally verifying and
calibrating the HP 3852A. Fixtures for testing individ
ual plug-in modules should be ordered separately.
HP 50011B HP-IB Course for HP Series 300/200
Computers
HP 50015A Data Acquisition and Control Fundamen
tals Course
HP 50016E HP-IB Course for HP 1000 Computers
HP PIN 03852-88703 ROM Update Kit

Analog Outputs
HP 44726A 2-Channel Arbitrary Waveform DAC
HP 44727A 4-Channe1 Voltage DAC
HP 44727B 4-Channel Current DAC
HP 44727C 2-Channel Voltage; 2-Channel Current
DAC

Digital Inputs/Outputs-Switching
HP 44721A 16-Channel Digital Input with Totalize
and Interrupt
HP 44722A 8-Channel AC Digital Input with Totalize
and Interrupt
HP 44723A 32-Channel High-Speed Digital
Sense/Control
HP 44724A 16-Channel Digital Output
HP 44725A 16-Channel General Purpose Switch
HP 44728A 8-Channel Relay Actuator
HP 44729A 8-Channel Power Controller
HP 44788A HP-IB Controller

Stepper Motor Controller
HP 44714A 3-Channel Stepper Motor
Controller/Pulse Output

Counter
HP 44715A 5-Channel Counter/Totalizer (200 kHz)

FET MUltiplexers
HP 44709A 20-Channel FET Multiplexer
HP 44710A 20-Channel FET Multiplexer with Ther
mocouple Compensation
HP 44719A 10-Bridge 120 Ohm Static Strain Gage
FET Multiplexer
HP 44720A 10-Bridge 350 Ohm Static Strain Gage
FET Multiplexer
HP 44711A 24-Channel High-Speed FET Multiplexer
HP 44712A 48-Channel High-Speed Single-Ended
FET Multiplexer
HP 44713A 24-Channel High-Speed FET Multiplexer
with Thermocouple Compensation
HP 44730A 4-Channel Track/Hold Multiplexer with
Signal Conditioning
HP 44732A 4-Channel120 Ohm Dynamic Strain Gage
Multiplexer
HP 44732A 4-Channel 350 Ohm Dynamic Strain Gage
Multiplexer

$940

$885

$780
$985

$570

$1040

$1040

$1085

$3125

$1560
$2610

$2505

$1510

$3800
$625

$1485

$925

$1220

$1485

$1995

Price
$1995

Relay Multiplexers
HP 44705A 20-Channel Relay Multiplexer
HP 44705H 20-Channel High-Voltage Relay Multi
plexer
HP 44706A 60-Channel Single-Ended Relay Multi
plexer
HP 44708A 20-Channel Relay Multiplexer with Ther
mocouple Compensation
HP 44708H 20-Channel High-Voltage Relay Multi
plexer with Thermocouple Compensation
HP 44717A 10-Bridge 120 Ohm Static Strain Gage
Relay Multiplexer
HP 44718A 10-Bridge 350 Ohm Static Strain Gage
Relay Multiplexer

Voltmeters
HP 44701A 51/2 to 3V,-Digit Integrating Voltmeter
HP 44702A 13-Bit High-Speed Voltmeter (100,000
readings/sec; buffer for over 8,000 readings)
HP 44702B 13-Bit High-Speed Voltmeter (100,000
readings/sec; buffer for over 64,000 readings)
HP 44703C High Speed Extended Memory Card for
expanding HP 44702A Buffer to over 64,000 readings

Extender Chassis
HP 3853A Extender Chassis with ten additional slots
for function modules. A I-meter extender control cable,
and two I-meter (3 wires each) analog signal extender
cables are included. A total of seven extenders may be
added to a mainframe. Extender control cables are al
ways needed. Analog signal extender cables are needed
if analog voltages must be switched to the mainframe or
another extender.

Mainframe
HP 3852A Data Acquisition and Control Unit
HP 44703A Mainframe Extended Memory
Card-256 kbytes*
HP 44703B Mainframe Extended Memory Card-
I Mbyte*
'Only one extended memory option may be added per mainframe.

Extended memory cards for 2 Mbytes and 4 Mbytes can be ordered
from Infotek Systems, 1400 N. Baxter Street, Anaheim, CA 92806
1201, as AM220B and AM244B, respectively. These products have
beenfunctiona//y tested. but are not warranted or supported by HP
(no RFI or environmental tests were conducted). Warranty for two
years and support of individual cards are provided by Infotek.

Data Acquisition Manager
HP 44458A Data Acquisition and Control Software for
Series 300/200 Computers on 3Y2" Flexible Discs
(BASIC 4.0 and 5.0)
HP 44458B Data Acquisition and Control Software for
Series 200 Computers on 5';'" flexible Discs
(BASIC 4.0 and 5.0)
HP 44458R License to Reproduce HP 44458A or
44458B. Includes one set of software manuals.
HP 44459A Data Acquisition and Control software for
HP Vectra Computers on 31/," flexible discs
(BASIC 5.0)
HP 44459B Data Acquisition and Control software for
HP Vectra Computers on Sif4" flexible discs
(BASIC 5.0)
HP 44459R License to reproduce HP 44459A/44459B.
Includes one set of software manuals.



BDATA ACQUISITION SYSTEMS
Temperature Transducers
Models 40652, 40653 and 40654 Series

• Thermocouples, thermistors and RTDs
• Supported by HP hardware and software

HP 40652 Series Thermocouple Wire

HP 40653 Series Thermistor Assemblies

HP 40654A Stainless Steel Platinum RTD Probe

HP 40652 Series Thermocouple Wire
Thermocouples are rugged and inexpensive and cover a wide tem

perature range. All products come in 30 metre (100 feet) rolls.
• Temperature range-267°C to 260°C (-4S0°F to SOO°F)
• 20 AWG wire size for durability and low series resistance
• Excellent resistance to abrasion, water submersion, solvents, acids

and bases, flame and humidity with very good flexibility.

HP 40653 Series Thermistor Assemblies
Thermistors give you fast response for real-time measurements.

The epoxy enscapulated sensor is housed in a screw mounted alumi
num housing for easy surface mounting.
• 100°C maximum temperature
• Accurate (±O.I °C) measurements
• 30S mm (12") Teflon@ insulated leads
• Size: 12 H x S W x 8 mm D (1/2" X3/16" X'/16")

HP 40654A Stainless Steel Platinum RTD Probe
RTDs are the most stable, most linear and most accurate tempera

ture transducers.
• 304 stainless steel sheath is imprevious to most environments
• Pre-wired for 4-wire Q measurements for maximum accuracy
• 100 Q nominal resistance minimizes self-heating errors
• Conforms to European "E" curve (alpha=0.0038S)
• Probe: 318 mm (l2.S") long. aD: 3 mm (1/8")
• Teflon coated leads are 914 mm (36") long
• Maximum temperature SOO°C (932°F)
• Ideal for fluids; install unmounted, potted or retain with set screw

or compression fitting

HP 406548 Surface Mounted Thin Film RTD Probe
The large surface area/volume ratio means quick response time.

The accurate platinum element is insensitive to vibration.
• Moisture proof, screw mounted housing is ideal for surface mea

surements
• Thin ceramic substrate has high thermal conductivity for good

measurement of gases
• Conforms to European "E" curve (alpha=0.0038S)
• Wired for easy 2-wire Q measurement
• -200°C to 12SoC (-326°F to 2S7°F)
• Dimensions: 6 H x 6 W x 32 mm D (1/." X I/<" X 11/.")
• Silicone rubber coated leads are 610 mm (24") long

HP 406548 Surface Mounted Thin Film RTD

Ordering Information

UP 40652A Type K Thermocouple
UP 406528 Type J Thermocouple
UP 40652C Type T Thermocouple
UP 40652D Type E Thermocouple

UP 40653A 22S2 Q Thermistor
UP 406538 SOOO Q Thermistor
UP 40653C 10,000 Q Thermistor

UP 40654A RTD Probe

UP 406548 Surface Mounted RTD
W Fast-Ship Product-See page 766

Price
(1-2 units) (3-9 units)
$90.00 ea. $80.00 ea. W
$80.00 ea. $70.00 ea. W
$67.00 ea. $60.00 ea. W

$100.00 ea. $90.00 ea. W
(1-4 units) (S-9 units)
$62.00 ea. $SS.OO ea. W
$62.00 ea. $SS.OO ea. W
$62.00 ea. $SS.OO ea. W

(1-4 units) (S-19 units)
$100.00 ea. $90.00 ea. W
(1-4 units) (S-9 units)
$7S.00 ea. $6S.00 ea. W



DATA ACQUISITION SYSTEMS
Hammers and Accelerometers

Models 40651A1B and 40651C/D/E/F/G/H/J/K 8
• Complete kits
• Modally tuned hammers
• Accelerometers for many diverse applications

Accessories furnished: All cables, mounting hardware including
petro wax, operating instructions, calibration data, and plastic case.
Power supplies with batteries are included in the G, H, J and K kits.

Modally tuned hammers
In modal analysis the object being tested is struck by an impact

hammer and the resulting vibration is measured with an accelerome
ter. The force of the impact is measured by a force transducer at
tached to the head of the hammer.

HP's hammers are modally tuned, meaning that they do not have
structural resonances in the frequency range they are specified for.
Therefore, the signal output from the force transducer on the hammer
is truly representative of the force being applied to the structure.

Without power supplies HP 40651C HP 406510 HP 40651E HP 40651F
With power supplies HP 40651G HP 40641H HP 40651J HP 40651K

Sensitivity (mVlg) 1O±2% 10 (nom) lOO±2% 1,000±5%

Amplitude Range (+g pk) 500 500 50 5

Frequency Range
(Hz,±5%) 1-3,000 1·10,000 1·3,000 2.5·3,000

Maximum Shock (g pk) 5,000 2,000 5,000 5,000

Resonant Frequency (kHz) 45 70 25 25

Weight (gram) 25 1.9 87 68

Price
$1,675.00Z
$2,155.00Z

461.00Z
322.00Z
410.00Z
550.00W
595.00Z
456.00Z
545.00Z
685.00Z

Ordering information
HP 40651A Hammer Kit
HP 40651B Hammer Kit
HP 40651C Accelerometer Kit without power supply
HP 40651D Accelerometer Kit without power supply
HP 40651E Accelerometer Kit without power supply
HP 40651F Accelerometer Kit without power supply
HP 40651G Accelerometer Kit with power supply
HP 40651H Accelerometer Kit with power supply
HP 4065lJ Accelerometer Kit with power supply
HP 40651K Accelerometer Kit with power supply
Z Fast-Ship product - See page 766

Specifications
Hammer Kits:

Weight:
HP 40651A: 0.14 kg (0.3 lb) for small to medium structures
HP 40651 B: 1.4 kg (3.0 lb) for medium to large structures

Accessories furnished: Accelerometers HP 40651C and D (1\
Kit) or E and F (B Kit). 2 ea power supplies, 3 ea removable impact
tips, all cables and mounting hardware, operating instructions, cali
bration data and plastic case.
Accelerometer Kits'

Accelerometers
The HP accelerometers are of the ICP (integrated circuit piezo

electric) type for ease of use and simple cable connections since the
charge amplifiers are built in.

HP offers a wide selection of accelerometers to fit many applica
tions from moderately small structures, such as disc drive actuator
arms, to very large structures; such as buildings or bridges.

The 40651 C/D/E and F kits do not include power supplies. They
are especially designed for use with the HP 356\ A Dynamic Signal
Analyzer which features an internal supply.

The 4065IG/H/J and K kits include a battery-operated supply
(even the battery is included) for use with other analyzers, such as the
HP 3582A and HP 3562A.

Complete kits
Each product number contains all the accessories necessary for

testing and monitoring: all cables, all appropriate mounting hardware
including petro wax for temporary mounting, and complete operating
instructions and calibration data. The hammer kits even come with
accelerometers, selected to be appropriate for the same application as
the hammer.

All kits come in a sturdy plastic case with a convenient handle.
Custom cut-outs in the foam rubber insert hold each piece in place
during transport.

HP 40651G Accelerometer Kit

Accelerometers are used in many applications to convert mechani
cal motion into an electric signal. Typical applications include ma
chine monitoring to prevent catastrophic failures and shock testing of
new products to prevent damage in shipment.

Hammers are used in modal analysis which determines the dynam
ic properties of mechanical structures, such as machine tools, auto
mobile subassemblies, and power line towers.

HP 40651A Hammer Kit



BCOMPUTER AIDED TEST
Switching/Interface Hardware

The philosophy behind Computer Aided
Test (CAT) is simple. If you can raise the
quality of your product without raising its
cost, your customer is happier and your com
pany is more productive. The formula for ex
ecuting this plan is equally simple: Monitor
incoming parts, manufacturing processes
and final products in great detail, and make
corrections to improve them.

While the philosophy is simple, the imple
mentation can sometimes be complex. That's
where HP can help, with a full complement
of computers, software, instruments, switch
es, and interconnect hardware designed spe
cifically to make your CAT task easier.

A good CAT system is designed to improve
manufacturing productivity. It minimizes
the design time to build fixtures, write soft
ware and configure systems, and it also mini
mizes the time required to test devices.

What to Look for in Hardware
Cardcages

Performance is the main criteria in select
ing instruments and switches. The switch and
instruments must meet your stringent re
quirements. It's a good idea to select an in-

strument and switch with slightly more per
formance than the initial specification re
quires. That way you can easily adapt to
changing manufacturing specifications. An
other consideration is throughput speed. An
intelligent cardcage system, such as the HP
3235A, can run subroutines and make deci
sions, thereby off-loading the host computer
to do the test sequencing and data reporting.

The HP Series 6900 Multiprogrammers
are high performance CAT products offering
very high-speed stimulus and response func
tions. The broad function versatility and in
ter-card communication of its I/0 cards give
the Multiprogrammer the required adapta
bility to make time-critical measurements.
Series 6900 Multiprogrammer I/0 cards can
be used in either the HP 6954A, the HP
6944A or the HP 6942A mainframes. These
I/O cards give the Multiprogrammer abili
ties such as digital I/O rates up to I MHz
and analog acquisition rates up to 500 kHz
that can be synchronized with application de
pendent events.

If your budget or application is relatively
small, look to the HP 3488A Switch/Control
Unit.

Switching
If your application ;pv"lves switching sig

nals > 1 MHz, you need to look at the HP
3235A for large point counts (> 100) and the
HP 3488A for low point counts. Both prod
ucts offer high performance switching in va
rious topologies covering DC to 26.5 GHz.
Interfacing and Cabling

For years, the cabling and fixturing of a
CAT system have tleen neglected by CAT
manufacturers. Test engineers and techni
cians had to build their own connection sys
tems. But, today HP has commercial units to
do most of the critical switching and cable
management necessary in a CAT system.
The availability of these switch units can
save hundreds of hours of design time.

The interface system to the HP 3235A
standardizes the way you cable your Unit
under-test to the test system. It adapts to
complex components, pc boards, subassem
blies and systems.

For those who need help in configuring,
implementing or supporting a complex CAT
system. HP offers the ATS 2000 which pro
vides an integrated solution (inchiding h:nd
ware, software, racking, cabling and system
level support.

The HP 3235A Switch/Test Unit performs high integrity switching for signals from dc to 26.5 GHz. With its mass interconnected
fixture, the HP 3235A can route signals from a multitude of instruments to the device under te~t, saving the test engineer the chore of
designing a custom switch, and greatly simplifying cable management.

Programming the HP 3235A is extremely efficient, with high level BASIC commands. Faster test throughput speed is created by
downloading test setups, and by direct communication between the internal switches and the internal 6'12 digit multimeter or internal
stimulus.



• For Medium to Large Systems
• 10-Slot, Intelligent Card Cage
• 20-Switch Modules for DC to 26.5 GHz Signals

COMPUTER AIDED TEST 8
High Performance Switching and Control 583

HP Model 3235A

• DMM, ACIDC Source, 4-channel D/A Digital I/O,
Breadboard Modules

• Quick Interconnect Fixture
• Control Panel for Debugging

HP 3235A

Description
The HP 3235A Switch/Test Unit reduces test development of HP

IB production test systems by providing high performance off-the
shelf switching and interfacing to a wide variety of Devices Under
Test (DUT).

This new Switch/Test Unit routes signals between your DUT and
source/receiver instruments such as digital multimeters, counters,
signal sources and analyzers.

Speed your test system development with:
• off-the-shelf tools
• easy programming
• reduced cabling

Your test system throughput increases with the HP 3235A's:
• intelligence
• plug-in digital multimeter module
• internal bus structure
• Quick Interconnect Fixture

A Reconfigurable Architecture
The HP 3235A chassis is a la-slot cardcage driven by a 16-bit

processor backed with 256k of firmware. You control the cardcage
over HP-IB using high level commands for easy programming. Twen
ty different switch modules in various matrix and multiplexer topolo
gies switch signals up to 10 Amps and from DC to 26.5 GHz. Also
available are digital I/O, breadboard, four-channel D/ A, DMM, and
AC/DC source modules that are true "instruments-on-a-card."

For applications demanding numerous switch points, up to seven
la-slot HP 3235E Extenders can be slaved to the HP 3235A main
frame. 20,480 two-wire analog points can now be controlled from one
HP-IB address.

The Quick Interconnect Fixture allows easy reconfiguration of the
customer's test system for different test devices. Operator errors are
also reduced by minimizing the number of connections that must be
made before starting a new test.

Four analog and two trigger buses link the switch and instrumenta
tion modules. These internal paths provide a "soft-wired" connection

that can be redefined by your test software. Analog signals get routed
conveniently from a multiplexer to the digital multimeter module
during scanning. Or, a trigger generated by the digital I/O module
can be routed to the digital multimeter module.

To aid in system set up and debugging, a control panel with a full
alpha-numeric keypad and electro-luminescent display is available.

Intelligence of a Computer
The powerful firmware of the HP 3235A instructs the plug-in mod

ules with high level commands from the host computer. Storage and
recall of hundreds of HP 3235A setups saves sending command se
quences from the computer. BASIC language commands in the main
frame such as IF ... THEN and FOR ... NEXT, plus variables and
math functions keep computer to switch interactions to a minimum,
thereby increasing throughput. Use up to 480K bytes of mainframe
memory for downloaded subroutines and stored values. Downloaded
programs, including user defined data conversions or setups, execute
rapidly.

Complete Modularity Means In-Rack Service
The HP 3235A is completely in-rack serviceable, so you never need

to remove the card cage from the rack. All assemblies, including pow
er supply, controller, and HP-IB, remove easily because of the modu
lar design.

Simple Operational Verification Before Your Test
The HP 3235A offers three levels of internal self-test as well as a

fixtured functional test for the individual plug-in modules. The fix
tured test is performed using diagnostic terminal blocks that attach to
the modules. These diagnostic fixtures, together with the internal
DMM module, verify the integrity of the relay contacts in your sys
tem.

HP 3235A Plug-in Modules
A full complement of functional plug-in modules is available for

use with the HP 3235A 10-s10t mainframe or the HP 3235E la-slot
extender.
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32 Channel Multiplexers
(one bank shown)

Low Frequency Relay Multiplexers
These modules can be used either as input or output multiplexers to

switch signals to and from a device under test (DUT). The multiplex
ers are two-wire, switching both High and Low. They have different
voltage and current switching capabilities, and use different relay
types. The HP 34501 T f34502T /34507T can also be used with ther
mocouples. For matrix applications, see below.

Microwave Switches
These 50 ohm coaxial switches provide excellent electrical per

formance from DC to microwave frequencies. The HP 34530A goes
to 18 GHz, while the HP 34530B goes to 26.5 GHz. The HP
34531A/B 18 GHz multiplexers are configured as Ix6. The HP
34531 B has internal 50 ohm terminations for the open channels,
while the HP 34531 A does not. All of these microwave switches use
SMA connectors. A variety of rack panel mounting kits are available.
Up to four HP 34530A/B 3-port switches can also be mounted in the
HP 34530T terminal block kit.

High Frequency Relay Multiplexers

HP 34504 HP 34505 HP 34508

Bandwidth 100 MHz 1.3 GHz 1.3 GHz
Number of Duallx6 Two Ix4 Two Ix4

Channels One Ix3 One Ix3
Impedance 50 ohms 50 ohms 75 ohms
Maximum Voltage 42 VDC 42 VDC 42 VDC

(AC RMS) 30 VAC 30 VAC 30 VAC
Maximum Current I A I A I A
Switched Shield Yes No No

r02-~H
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High Frequency Relay Multiplexers
These multiplexers provide broadband switching of high frequency

analog or digital signals. The HP 34504 switches both the center con
ductor and the shield. In the HP 34505 and HP 34508, the three mul
tiplexer banks are isolated from each other and from ground,
preventing ground loops.

HP 34501 HP 34502 HP 34507 HP 34511 HP 34515

Max Voltage 250 VDC 125 VDC 250 VDC 130 VDC 1000 VDC
(AC RMS) 250 VAC 90 VAC 250 VAC 130 VAC 1000 VAC

Max Current 2A 25 mA 100 mA I A I A

No. of Channels 32 32 32 64 10

Relav Tvoe Armature Reed Mercury Armature Reed

Thermal Offset d uV d uV <20 uV <7 uV dO uV

Switched-Shield Coaxial Multiplexer
(one bank shown)

TOTllliGER _~
\J$C~

HP 34530AlB HP 34531A



Relay Matrix Modules
These matrix cards come in a variety of configurations, densities,

and bandwidths. For the highest density, consider the HP 34511 M or
the HP 34516M/N. If low leakage is a requirement, the HP 34512C
features 10 pA/volt leakage, 2 pA/V typical. For higher bandwidth
applications, look at the HP 34506 Switched Shield Matrix. Finally,
for very high frequency applications, consider using the H P 34513C
or the HP 34514C General Purpose RF relay modules (described in a
later section) to build up your own custom high frequency matrices.
Special cable kits allow many of these modules to easily expand into
larger matrix configurations.

HP 34516N Two-Wire 256 Crosspoint Matrix

General Purpose Relay Modules

HP 34503 HP 34510 HP 34513 HP 34514

Number of relays 16 8 32 32

Contact Config SPDT SPDT DPDT DPDT
(Form C) (Form C)

Maximum
Voltage 250 VDC 125 VDC 42 VDC 42 VDC
(AC RMS) 250 VAC 250 VAC 30 VAC 30 VAC

Maximum
Current 3A 10 A 1 A 1 A

Bandwidth I MHz 1 MHz 1 GHz 300 MHz

Use General Power 50 ohm RF 75 ohm RF
Purpose Actuator Switching Switching

Digital 110 Modules
The HP 34509 has a total of 32 open-drain MOS-FET outputs

available, which can switch voltages up to 42 volts and currents up to
0.5 A. This card also contains two internal power supplies of 15V and
28V, making the module ideal for driving relay coils or other devices.
This card is also used in conjunction with the HP 34530 and HP
34531 Microwave switches.

The HP 34522 is a 32 Bit Digital I/0 module, featuring 32 bi
directional TTL-compatible data lines, 8 edge-triggered interrupt
lines, 16 high-power FET outputs, and a read/write rate> 40 kHz.
The 32 data lines are configured as four 8-bit ports, each with their
own handshake lines. Each port can be operated independently as a
read or write port, or can be combined to handle 16 or 32 bit parallel
data.

2 60 61 62 63 64

General Purpose Relay Modules
There are several general purpose modules available for different

applications. The HP 34503 has 16 Form C relays. The HP 34510 has
8, but can switch 10 amps per relay. The HP 34513 and HP 34514 are
essentially building blocks, allowing you to build up custom switching
topologies to fit your requirements. These cards contain 32 indepen
dently operated double-pole double-throw high frequency rclays. All
contacts are brought out to board mounted 5MB connectors. Inter
connection between relays are made via coaxial cables.

HP 34501M HP 34506 HP 34511M HP 34512 HP 34516

Crosspoints 32 32 64 32 256

Matrix 4x8 4x8 8x8 4x8 8x32
Configuration 4xl6 4x64

Bandwidth I MHz 30 MHz I MHz 30 MHz I MHz

Max voltage 42 VDC 42 VDC 130 VDC 250 VDC 42 VDC
(AC RMS) 30 VAC 30 VAC 130 VAC 170 VAC 30 VAC

Max Current 2A I A 1 A 1 A 1 A

Connectors Two-wire Coaxial Two-wire Triaxial Two-wire

Switched No Yes No Yes No
Shield

2
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Relay Matrix Modules

Analog Source Cards
The HP 34521 AC/DC Source card offers 24-bit (6.5 digit) resolu

tion in the DC voltage mode, highly accurate amplitudes in the AC
voltage mode, and versatile high speed outputs in the arbitrary
waveform mode. Maximum voltage output is ± 10 volts, while maxi
mum frequency is I MHz. Standard AC outputs include sine, square,
and triangle waveforms, with variable duty cycle on both triangle and
square waves. AC outputs are generated by direct digital synthesis
which provides high accuracy and resolution down to 0.001 Hz. Arbi
trary waveform memory depth is 2048 bytes. ARB's can be generated
at a full I MHz bandwidth.

The HP 34524 contains four completely independent 14-bit plus
sign digital-to-analog converters. In the voltage mode, each DAC can
supply ± I0.24 volts. In current mode, each can provide ±20.16 mAo
Because the four DACs are isolated from one another, they can be
connected in series or parallel for greater output voltages or currents.

Breadboard Module (HP 34523)
The breadboard module furnishes a convenient way to incorporate

special purpose circuits into your test system. This module lets you
interface directly the HP 3235A's backplane control signals and
backplane analog and trigger buses.

6'h Digit Multimeter Module (HP 34520)
With the DMM module, you can integrate a high performance sys

tem multimeter into your test system without extensive cabling and
software programming. The DMM module offers seven functions:

• DC volts with five ranges from 0.03V to 250V and reading rates
> 1450 rdgs'; sec in the 3Y2 digit mode.

• AC Volts with IMHz AC Bandwidth
• Two and four-wire resistance measurements
• DC current up to 1.5A, with reading rates as fast as DC Volts

and ohms
• AC Current up to 100kHz and IA.
• Frequency and period from 10Hz to 1.5MHz with 6'/2 digit reso

lution.
The DMM module combines superb analog measurement capabil

ity with powerful system flexibility. Measurement inputs can be
switched directly from the front of the module or, with the exception
of current inputs, from any of the four internal HP 3235 analog buses.
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DC Voltage (90 day, Tcal±5°C)

Best 61/2 Digit Accuracy1
Range ± (% of reading + volts) Input Resistance

30mV .0053% +5.40 ~V >10 GU
300mV .0038% +5.7 ~V >IOG U
JOV .003% +8 ~V >lOG U
30V .0048% +220 ~V 10MU± 1%
250V .0063% +700 ~V IOMU± 1%

DC Current (90 day, Teal ±5°C)

Best 6 1h Digit Accuracy1 Max. Burden Voltage at
Range ± (% of reading + amps) Fullscale

300 11ft. .025% +15.4 nA 0.35 V
3mA .025% +15.4 nA 0.35 V
30mA .025% +154 11ft. 0.35 V
300mA .088% +25.4 11ft. 0.6 V
15A .088% +654 11ft. 1V

SimPlate Board Test Fixture (HP 34597A)
The HP 34597A SimPlate Board Test Fixture is a vacuum actuat

ed bed-of-nails test fixture kit for the HP 3235A Switch/Test Unit.
SimPlate and the HP 3235A are tools developed for your "rack-and
stack" functional test systems. Unlike an edge connector test, Sim
Plate gives you access to all component leads to provide more func
tional test flexibility and improved fault isolation. Because of its
unique single plate design, SimPlate can provide the close tolerance
probing required for interfacing to Surface Mount Technology
(SMT) boards.

SimPlate is delivered as a kit, that you must drill, wire, and assem
ble. The components in this kit are designed to probe printed circuit
boards from a single side, with test pads as small as 0.030" diameter
on 0.050" centers. Probes, receptacles and extra HP 3235A terminal
blocks are ordered separately.

Environmental:
Operating Temperature: 0-55 C (32-130 F)
Storage Temperature: -40 -75 C (-40 -165F)
Humidity Range: 95% R.H., 0 to 40 C

Power:
Line Voltage: 90-132V (IISV) or 192-264 (230V) switch selectable
47-66 Hz. Fused at 5A (115V) or 2.5A (230V).

Size:
HP 3235 Cardcage: 310mm H (without feet) x 426mm W x 594 mm
o (12.25"xI6.75"x23.4")
Height with Feet: 325mm (12.8")
Depth with Terminal Blocks: 693mm (27 .3")

Resistance (2 and 4-wire ohms)2 (90 day, Teal ±5°C)

Best 61h Digit Accuracy1
Range ± (% of reading + ohms) Current Output
30U .0078% +5.4mU ImA
300U .0058% +5.7mU ImA
3kU .0048% +9mU ImA
30kU .0048% +90mU 100 11ft.
300kU .006% + lU 10 11ft.
3MU .008% + 15U 111ft.
30MU .032% +8300 100 nA
300MU' 2.5% +100kU 100 nA
3GU' 25% +IMU 100 nA

Weight Net
HP 3235 Cardcage (max.) 21 kg (46 Ibs)
Each Module (max.) 5.5 kg (12 Ibs)

Shipping
28 kg (61 Ibs)

6.6 kg (14.5Ibs)

$1650
$1120

$750
$2200
$2700
52700
$3000
$1900
$4600
$2710
$2650
$ 1300

$520
$1750

$625
51350

$1410
$985

$1710
$1510
$J910
$1600

$1410

Price
$4590

$370
$600
$780
$100

$3830
$590

$55

Plug-in Accessories are supplied with your choice of terminal
blocks. "A" suffix designates solder lugs, "B" suffix designates screw
terminals, "C" suffix deletes the terminal block, "M" and "N" suf
fixes designate matrices, and "T" suffix is used to measure thermo
couples. Prices are shown below for the "B" suffix.
HP 34501A1B/M/T 32-chan Armature Rly
Mux/Matrix
HP 34502A1B/M/T 32-chan Reed Rly Mux/Matrix
HP 34503A/B General Purpose Relay Module
HP 34504A1B/C Switched-Shield Coax Mux
HP 34505A1B/C 50 Ohm RF Mux
HP 34506A1B/C Switched-Shield Coax Matrix
HP 34507A1B/M/T 32-chan Mercury Rly
Mux/Matrix
HP 34508A1B/C 75 Ohm RF Mux
HP 34509A1B/C 32 Channel Relay Driver Module
HP 34510B IO-amp, 8-Channel Power Actuator
HP 34511B/M 64-channel Relay Mux/Matrix
HP 34512C Switched-Shield Triaxial Matrix
HP 34513C General Purpose 50 Ohm RF Module
HP 34514C General Purpose 75 Ohm RF Module
HP 34515B 10-channel1000 Volt Mux
HP 34516M/N 256-crosspoint Matrix
HP 34520AlB 6.5 Digit Multimeter Module
HP 34521A1B AC/DC Source Module
HP 34522A1B 32 Bit Digital I/O Module
HP 34523A1B Breadboard Module
HP 34524A1B 4 Channel D/ A Converter Module
HP 34530AlB Microwave Switch
HP 34531A/B Ix6 Microwave Switch

Ordering Information
HP 3235A Switch/Test Unit
Opt 560 Add System Expansion Card
Opt 580 HPIB Controller
Opt 590 Add Quick Interconnect
Opt 908 Rack Mount Kit (HP P/N 03235-80908)
HP 3235E Switch/Test Unit Extender
HP 34550A Control Panel
HP 34551A Control Panel Rack Mount Kit

1. Accuracy specified for sine wave inputs, >10% of range. DC component <10% of AC compo
nent after one hour warm up and within one week of autocaL AC band set to <400 Hz.

Frequency and Period: Measures the frequency or period of the
AC component of the AC or DC coupled voltage or current input.
The counter uses a reciprocal counting technique to give constant res
olution independent of input frequency.
Frequency Range: 10 Hz to 1.5 MHz (voltage input)

10 Hz to 100 kHz (current input)
Period Range: .1 s to 667 ns (voltage input)

.1 s to 3.33 us (current input)
Sensitivity: 10 mV RMS or 100 JJ.A RMS (sinewave)
Triggering: Triggers and counts on zero crossings,

(100Hz to 20kHz) Best 51h Digit Accuracy1 Input
± (% of reading + % of range) Impe-

Range AC Coupled DC Coupled dance

30mV .15% + .0441% .19% +.169% IMll ±1%
300mV .15% +.0441% .19% +.169% shunted by
JOV .15% +.0441% .19% +.169% <90pF
30V .15% +.0441% .19% +.169%
300V .21% +.053% .25% + .203%

AC Current (RMS AC and RMS AC+DC)
ACI Bandwidth: 20 Hz to 100 kHz
Crest Factor: 3.5 to I at fullscale

AC Voltage (RMS AC and RMS AC+DC)
ACV Bandwidth: 20 Hz to I MHz
Crest Factor: 3.5 to I at fullscale
Common Mode Rejection with I kfl imbalance in the low lead, DC to
60 Hz, Guarded: >86dB; non-guarded >66dB.
AC Volts (90 day, Teal ± 5°C)

1. After one hour warm up, Integration time 100 PLC. Teal IS the temperature of the calibration
environment between 18 and 28'C.
2. for two-wire ohms, add 200Mll to count error specifications.
3. for two-wire ohms only accuracy is specified following auto-cal (ACAL), under stable condi
tions (± 1'C).



• DC-26.5 GHz signal switching
• Matrix, multiplexer, & general purpose relays
• Digital 1/0 control & actuation

HP 3488A

COMPUTER AIDED TEST 8
Low Cost, Versatile HP-IB Switching & Control 587

HP Model 3488A

• Up to 50 channels
• 40 configuration storage registers
• 11 switch & control moejules

Description
The HP 3488A Switch/Control Unit brings versatile, HP-IB

programmable switching to tests requiring multi-channel measure
ments. The HP 3488A provides signal switching with the integrity
and isolation needed for high performance test systems in production.
It also offers a flexible, low cost interconnection solution for auto
mating experiments on the bench and for development testing in the
lab. The HP 3488A is designed to hold any combination of up to 5 of
the following optional switch and control modules:

• 10 Channel Relay Multiplexer
• 10 Channel General Purpose Relay
• Dual 4 Channel VHF Switch
• 4 x 4 Matrix Switch
• 16 Bit Digital Input/Output
• Breadboard
• 3 Channel 18 GHz Switch
• 7 Channel Form-C Relay
• 2 Channel Microwave Switch
• 1.3 GHz 50 and 75 ohm Multiplexers

Flexible SWitching
The HP 3488A offers an economical approach to switching flexibil

ity through plug-in modules. The user can select the right combina
tion of switching functions to meet both performance and budget
requirements. Testing is simplified by having one solution for connec
tions of low level DVM inputs, high level dc and ac power, and micro
wave signals to 26.5 GHz. Additional devices such as microwave
relays and programmable attenuators are easily controlled with digi
tal I/O functions. Custom circuitry can also be implemented on
breadboard modules.

Versatile Performance
The HP 3488A can store up to 40 complete switch configurations

for convenient recall in automated test programs. Switch operation
can be with multiple relay closures or with selectable channels in a
break-before-make mode. Break-before-make closures and recallable
complete switch configurations can be combined in a pragrammable
scan list. The HP 3488A uses removable screw terminal connectors
that provide easily interchangeable wiring configurations for each
test. Built-in self-test capability assures proper operation.

MUltiplexer (Opt. 010IHP 44470A)
Option 010 is a 10 channel multiplexer for scanning or multiple

signal connections. Channels switch 2 wires (Hi & Lo) with 2PST
relays for DVM inputs and other signals up to 250 V and 2A. This
module can also be used to multiplex signals to other switching func
tions such as the matrix module.

General Purpose Relay (Opt. 0111HP 44471A)
This module consists of 10 SPST independent relays for general

signal switching and control of external devices. The quality connec
tions provided make this module ideal for switching signals when
multiplexing isn't required or for supplying switchable power to the
device under test.

VHF Switch (Opt. 012/HP 44472A)
The VHF module provides broadband switching capability for high

frequency and pulse signals. The 2 independent groups of bidirection
al I x 4 switches can be used for signals from dc to 300 MHz. All
channels have 50 ohm characteristic impedance and are break-be
fore-make within a group of 4 channels. Each group is isolated from
the other and from ground to prevent ground loops. Excellent isola
tion makes this module ideal for high frequency signal analyzer mea
surements requiring a large dynamic range.

Matrix Switch (Opt. 013/HP 44473A)
Option 013 offers highly flexible switching with a 4 x 4, 2 wire ma

trix. Any combination of 4 input channels may be connected to any
combination of 4 output channels. Each cross point or node in the
matrix uses a 2PST relay to switch 2 lines (Hi & Lo) at a time. Multi
ple 4 x 4 modules can be connected to form larger matrices. Mul
tiplexers can be used in conjunction with this module to effectively
expand the number of inputs and outputs of the matrix.

Digital 110 (Opt. 014/HP 44474A)
This module offers 16 very flexible bidirectional I/O lines and 4

TTL compatible handshake lines for sensing and control of external
devices. The digital inputs can be used to sense contact closures to
ground. Each channel provides current sinks for remote switching of
external relays such as the HP 33311 series of coaxial switches.

Breadboard (Opt. 015/HP 44475A)
The breadboard module provides a convenient way to implement

custom circuits and special functions that interface directly with the
HP 3488A's backplane control signals.

Microwave Switch (Opt. 016/HP 44476A)
This microwave switch furnishes three independent SPST 50-ohm

coaxial switches with excellent performance from DC to 18 GHz. The
3-mm SMA connector allows the user to easily connect cables for
multiple system configurations.

Form-C Relay (Opt. 017/HP 44477A)
This module provides seven separate SPDT channels for general

purpose switching and control of external devices. Using a power sup
ply, the module can drive programmable attenuators and non-HP co
axial switches.
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<10 MHz <100 MHz <500 MHz (1.3 GHz

Insertion Loss (dB)
«40'C. 95% RH) <0.3 <0.7 <1.5 <3.0
«25'C, 40% RH), (Typ.) <0.2 <0.5 <1.1 <1.9

Crosstalk (dB)'
Channel-Channel

Channel-Common <-90 <-80 <-65 <-55
Group-Group, Module-Module <-90 <-80 <-70 <-60

VSWR <1.2 <1.25 <1.35 <1.55

General Specifications
Environmental
Temperature: 0 to 55°C; humidity: 95%, 0 to 40°C
Power: 86-132 V/195-250 V, switch selectable; 48 - 440 Hz; 18 VA.
Interface: SH IAH IT6TEOL4LEOSRI RLI PPODC IDTI E2
Size: 89 mm H (without feet) x 425 mm W x 292 mm D (3.5 " x
16.75" x 11.5"). Allow 76 mm (3") additional depth for wiring.
Weight: net: 8.5 kg (l8.5Ib). Shipping: 16 kg (36.5Ib).
Connectors Removable screw terminal connector. Each terminal ac
cepts 18-26 gauge (16-40 mils) wire, with strain relief for wiring. Op
tion 012/HP 44472A VHF Switch: BNC connectors. Opt. 0161 HP
44476A and Opt. 018/HP 44476B Microwave Switch: SMA connec
tors.

Specifications for Opt. 016/HP 44476A
Microwave Switch Module
Frequency Range: dc to 18 GHz
Isolation: >90 dB
Impedance: 50 Ohms
Insertion Loss: <0.05 dB
SWR: 1.40

Specifications for Opt. 018/HP 444768
Microwave Switch Module

Refer to HP 3331 XX specifications.

Specifications for Opt. 019/HP 44478A and Opt.
020/HP 4447881.3 GHz Multiplexers
Input Characteristics
Maximum Voltage: 42V DC + AC Peak
Maximum Current per channel: I A DC or AC RMS
Maximum Power per channel: 24W, 24VA, or 44 dBm
Impedance: 50 ohms (Opt. 019/HP 44478A)

75 ohms (Opt. 020/HP 44478B)

AC Performance

$625

$40
$51
$32
$75

$420

$520
$420

$81
$90

$1525

$180
$1975

$420
$420
$800
$875

Price
$420

Ordering and Configuration Information
Switch Modules-Includes Terminal Connectors
Opt. 010/HP 44470A: 10 Channel Relay Multiplexer
Module
Opt. 011/HP 44471A: 10 Channel General Purpose
Relay Module
Opt. 0121HP 44472A: Dual 4 Channel VHF Switch
Module
Opt. 013/HP 44473A: 4x4 Matrix Switch Module
Opt. 014/HP 44474A: 16 Bit Digital Input/Output
Module
Opt. 015/HP 44475A: Breadboard Module
Opt. 016/HP 44476A: Microwave Switch Module
Opt. 017/HP 44477A: Form-C Relay Module
Opt. 018/HP 444768: Microwave Switch Module
Opt. 019/HP 44478A: 1.3 GHz 50 ohm Mux
Opt. 020/HP 444788: 1.3 GHz 75 ohm Mux

Rack Mounting and Manuals
Opt. 401: Side Handle Kit (HP PIN 5061-1 I7I)
Opt. 907: Front Handle Kit (HP P/N 5061-1170)
Opt. 908: Rack Flange Kit (HP PIN 5061-1168)
Opt. 909: Rack Flange with Handles (HP P/N 5061
1169)
Opt. 910: Extra Operating & Service Manuals
Opt. W30 Three Year Hardware Support

HP 3488A SWitch/Control Unit

Crosstalk (dB)
IChan-Chan <-100 <-85 (-65

Group-Group <-85 (-50

Insertion Loss (dB) <0.5 I <0.75 <1.25

VSWR <1.06 I <1.12 <1.43

Specifications for Opt. 014/HP 44474A
Digital I/O Module
I/O Lines
Maximum voltage = +30 Vdc (line-chassis)
Output characteristics: V (high) ;.2.4 V; V (low) sO.4V
I (low) maximum = 125 rnA @ V (low) sl.25 V; fused at 250 rnA.
Input characteristics: V (high) :;.2 V; V (low) sO.8 V
External increment: advances HP 3488A to next programmed con
figuration on falling edge of TTL pulse.
Channel closed: indicates completion of new configuration; TTL
pulse.

30 MHz 100 MHz 300 MHz

(500 termination) 100 kHz

Insertion Loss (dB) <0.30
Crosstalk (dB) <-73

All channels break-before-make within a group of 4 channels.

Specifications For Opt. 012/HP 44472A VHF Switch
Module
Input Characteristics
Maximum Voltage
Center-center, center-low: 250 Vdc, 30 Vac rms, 42 Vac Peak
Low-chassis, low-low: 42 V dc
Maximum current (per channel): 30 rnA dc, 300 rnA ac rms
Thermal offset: < 15 J.lV per channel
Characteristic impedance: 50 fl

AC Isolation/Performance

Specifications for Opt. 010/HP 44470A
Multiplexer, Opt. 011/HP 44471A General Purpose
Relay, and Opt. 013/HP 44473A Matrix Switch and
Opt. 017/HP 44477A Form-C Relay Switch
Modules
Input Characteristics
Maximum voltage (terminal-terminal or terminal-chassis): 250 V
dc, 250 Vac rms, 350 Vac peak
Maximum current: 2A dc, 2A ac rms
Maximum power: 60 W dc, 500 VA ac
Thermal offset: < 3 J.lV

DC Isolation (40°C, 60% RH)
Channel-channel, open channel: > 1011 fl

AC Isolation/Performance

Microwave Switch (Opt. 018/HP 444768)
The module brings multi-port 50-ohm coaxial switching to your

test system. The module can mount any two HP 3331XX Coaxial
Switches. The HP coaxial relays come in three-, four-, and five-port
configurations, different switches for a variety of applications. HP
Coaxial Switches that can be used are listed on the following table.

HP Coaxial Switch Port Frequency
HP 3331IB/Opt.Oll 3 dc - 18 GHz
HP3331IC/Opt.011 3 dc-26.5GHz
HP 33312B/Opt.011 4 dc - 18 GHz
HP 33312C/Opt.011 4 dc - 26.5 GHz
HP 33313B/Opt.011 5 dc - 18 GHz
HP 33313C/Opt.011 5 dc - 26.5 GHz

1.3 GHz 50 ohm Multiplexer (Opt. 019/HP 44478A)
1.3 GHz 75 ohm MUltiplexer (Opt. 020/HP 444788)

These modules bring bi-directional switching of signals from DC to
1.3 GHz, with high channel isolation (> 55 dB @ I GHz). Each mod
ule consists of two groups of Ix4 multiplexers. All test connections are
made to BNC's on the module's edge. Off-channels can be resistively
terminated.
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Create Your Custom Designs in an Industry Standard
Architecture

VMEbus Extensions for Instrumentation (VXIbus) is an instru
ment standard that has gained rapid industry acceptance. It is based
on the IEEE 1014 (VMEbus) with enhancements to provide a power
ful environment for instrumentation development and use.

HP is offering development tools that provide the knowledgeable
VMEbus user with fast development ofVXIbus products. These tools
provide an environment that simplifies and speeds your development
effort.

If you are developing instrumentation systems, you may require a
few unique modules. Because the VXIbus is an open standard, you
can design custom VXlbus products for your application and you can
simplify this effort by using HP's development tools.

If you are a manufacturer of VXIbus products, you can use HP
tools to speed product development and minimize your time to mar
ket.

Design in the Most Popular VXlbus Sizes
Four instrumentatIon sizes are allowed in the VXIbus specification.

The smaller A and B sizes are standard VMEbus card sizes. The larg
er C&D sizes are added by the VXIbus standard for higher perform
ance instrumentation needing larger circuit boards. Smaller cards
can be used in larger mainframes and can be securely mounted using
carrier modules. Attributes of each size are:
• A and B sizes for medium performance, portability and lowest cost.
• C size for high performance, reasonable portability and medium

cost. I

• D size for specialized applications, highest performance and cost.

HP's VXIbus Development Tools aid you in designing C-size and
smaller VXIbus modules. Using a C-size carrier you can develop A
and B-size modules in a C-size mainframe.
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These tools consist of the following:
• C-size VXIbus Mainframe
• C-size Slot O/Translator Module
• C-size Register-Based Breadboard Module (with schematic)
• C-size Carrier for A or B-sized Modules
• C-size Chassis Shield (for RFI reduction between modules)
• VXIbus Development Software (for HP 9000 Series 300 com

puters)
• VMEbus Interface for HP 9000 Series 300 Computers
• VMEbus Preprocessor for HP l650A and 16500A Logic

Analyzers

Save Design Time and Cost
These Hewlett-Packard Development Tools allow you to start your

product development immediately without wasting time and re
sources creating your own development aids. Use these tools to quick
ly develop your circuitry on our register-based bread boards.
Communicate with your module using an HP 9000 Series 300 com
puter and a VMEbus interface. Smooth this communication path fur
ther with special development software that runs on the HP 9000
Series 300 using Rocky Mountain BASIC (HP's advanced, interac
tive programming language).

Ensure VXlbus Compatibility
These are the tools HP is using to develop VXIbus products. We

are making these same tools available to aid you with fast product
development and to ensure compatibility between VXIbus products.
Many VXIbus specification requirements are incorporated directly
into the tool set. You can concentrate on your unique product designs
with less time spent learning the detailed requirements of the stand
ard. For instance, we specify the necessary VXIbus communications
circuitry for the breadboard. All you need to do is to load the board
and concentrate on your own design.

The following capabilities and protocols are available and sup
ported:

HP Quality Lets You Concentrate on Your Design
As a product designer, you'll want to minimize any system

problems that can distract you from your design effort. HP is dedicat
ed to providing the highest quality development environment possible.
High quality means a top-of-the-line VXIbus C-size mainframe with
a 12 layer backplane that provides the best possible noise immunity,
thus minimizing system integration problems. A positive pressure air
flow system ensures clean air to all modules and eliminates the need to
install panels on unused slots. Variable speed fans keep your modules
cool without excessive fan noise and state-of-the-art logic analysis
helps analyze any communication problems in your VMEbus or
VXIbus system.

• 12 layer backplane gives the best performance and reliability.
• Positive pressure cooling system allows the designer the most flexi

bility.
• Variable speed fans mean a quieter design environment.
• All seven power supplies provide the reliability of over-voltage and

over-current protection.
• Dip switches replace the usual VMEbus jumpers.

VXIbus Slot 0 and VMEbus System Controller
The Slot O/Translator module provides the complete slot 0 and

VME System Controller capabilities needed for a functioning back
plane. These capabilities can be turned off, allowing this module to be
used in any slot.

Resource Manager
Resource Manager functionality is built into the development soft

ware. This program can execute the VXIbus autoconfiguration proce
dure and display autoconfiguration, identification, and self test
information for each device.

SYNC and ASYNC Trigger Protocols
The Slot O/Translator module implements the SYNCHRONOUS

and ASYNCHRONOUS trigger protocols for the VXIbus
TTLTRG* lines. These protocols may be interfaced to external
sources or initiated internally.

Register Based Devices
Register based device development is simplified by the software

tools and the HP 98646A VMEbus interface which can access the
entire A 16 and A24 address space. HP's register based breadboard
(and schematic) aid in speedy development. On-board jumpers allow
setting of device type and manufacturer's identification codes.

Message Based Devices
The Slot O/Translator module together with the software develop

ment tools and the HP 98646A VMEbus interface implement the
VXlbus word serial protocol. Use them to stimulate and test your
message based devices. The Slot O/Translator module can also be
used with most VMEbus computers to execute the word serial proto
col.

Ordering Information

HP E1400A C-Size VXIbus Mainframe
HP E1404A C-Size VXIbus Slot O/Translator Module
HP E1490A C-Size VXIbus Register-Based
Breadboard Module
HP E1408A C-Size VXIbus A or B-Size Module
Carrier
HP E1409A C-Size VXIbus Stainless Steel Chassis
Shield
HP E1495A VXIbus Development Software
HP 98646A VMEbus Interface for HP 9000 Series 300
computers
HP 10344A VMEbus Preprocessor Interface (16 bit
address)**
HP 103448 VMEbus Preprocessor Interface (32 bit
address)**
HP PIN E1400-90003 VXIbus Specification
HP PIN E1400-90004 VMEbus Specification
'OEM and Volume discounts are available
• 'Works with HP 1650A and 16500A LOllic Analyzers

* Price
$6600

$850
$500

$170

$150

$500
$1295
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The VMEbus
The architectural concepts of the VMEbus

date back to Motorola's development of the
68000 microprocessor in the late 1970's. In
late 1979, Motorola published a brief
description of a 68000 oriented bus known as
VERSA bus. Several revisions followed, the
last being in July 1981.

At the same time, a new printed circuit
board standard (IEC 297-3) was being devel
oped, known as the "Eurocard" standard. In
October 1981, Motorola, Mostek, and
Signetics announced their agreement to sup
port a line of cards based on the VERSAbus
with Eurocard module dimensions, which
was renamed VMEbus. There have been
three releases of the VMEbus specifications,
with the most recent, Revision C.l, published
in April 1985. The VMEbus was recently
standardized as IEEE 1014.

VMEbus Definition
The VMEbus is an open system architec

ture primarily focused at computer systems,
though there presently is a limited offering of
instrumentation. VMEbus modules are ap
proximately six inches deep and come in two

heights, about four inches and nine inches.
The VXlbus specification refers to these as
the A and B sizes respectively. The precise
dimensions are specified by the Eurocard
standard, which describes a family of printed
circuit boards and their associated DIN con
nector locations. VMEbus modules are
designed for 0.8 inch slot to slot spacing. The
A size board has a single 96 pin connector
known as PI, while the B size may include a
PI and P2 connector. Each of these DIN con
nectors consists of three rows of 32 pins a
piece on 0.1 inch centers. Typically, these
boards are positioned vertically in a frame
with the PI connector closest to the top.
Neither the VMEbus nor the VXlbus man
dates a physical orientation, since orientation
is only an implementation issue not needed
for compatibility. Many VMEbus systems
are designed to accept boards horizontally.

The VMEbus specification allows a maxi
mum of 21 modules. However, if installed
vertically in a mainframe intended for
mounting in a standard 19 inch rack, 20 is
the practical maximum. VMEbus makes no
particular provision for an extension chassis
or frame to frame communication. Multiple

frame systems can be created by electrically
buffering the VMEbus (at the loss of some
bandwidth between cages) or by using stand
ard data communication links that disguise
the underlying VMEbus architecture. There
are no EMC (electromagnetic compatibility)
requirements dictated by VMEbus, either
conducted or radiated, nor are there power
dissipation limits or chassis cooling require
ments. VMEbus has left these issues to the
system integrator, while VXlbus addresses
these issues more rigorously.

Although electrically and logically similar
to the 68000 microprocessor architecture,
the VMEbus interface has been specified
broadly enough that it is not dependent on
any particular processor, and many proces
sors are already supported on VMEbus, in
cluding Intel's 80386. Many of the simpler
VMEbus boards do not have processors at
all.

A minimum VMEbus system requires only
the PI connector. All handshaking, arbitra
tion, and interrupt support exists on PI, with
P2 used to expand the system to 32 bits of
address and data (A32 and 032). PI will
support 16 bit and 24 bit addressing
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(A 16 and A24), as well as 8 and 16 bit data
paths (008 and 016). The extra lines needed
for A32 and 032 are contained on the center
row of P2, while the outer rows are user de
fined. These undefined pins are typically used
for interface connections, such as allowing a
module to drive a chassis mounted connector,
access an internal disk drive, or provide for
module to module communication. VSB
(VMEbus Subsystem Bus) is a standard
"subsystem bus" that has defined P2 as an
additional communication path for up to six
modules. Multiple VSBs may exist within
anyone VMEbus system. This is important
to note, because VXlbus defines a subsystem
of up to 13 modules and, like VSB, multiple
VXlbus subsystems may exist within anyone
VXlbus system.

VMEbus Market
The marketplace has demonstrated the

open system nature of VMEbus. There are
thousands of VMEbus cards available from a
multitude of vendors. These cards are prima
rily computer oriented cards, though there
are some data acquisition cards available
which are primarily aimed at industrial
processing and control.

There have been numerous requests for in
strumentation modules for VMEbus. Size re
duction and open standards are reasons
driving customers toward VMEbus, though
the high bandwidth of the VMEbus back
plane is also considered a benefit, particular
ly for digital test and digital signal processing
applications.

The most serious impediment to VMEbus
based instrumentation is the lack of stand
ards beyond that of VMEbus. In the spring
of 1987, technical representatives from Hew
lett Packard, Colorado Data Systems, Racal
Dana, Tektronix, and Wavetek formed an ad
hoc committee to engineer the additional
standards necessary for an open architecture
instrumentation bus based on VMEbus, the
Eurocard standard, and other instrumenta
tion standards such as IEEE 488.2. In July of
1987, they announced their agreement to
support a common architecture of VMEbus
Modular Instrumentation, named the VX
Ibus.

The VXlbus
The VXlbus is a modular instrument

standard based on the VMEbus that is open
to all manufacturers and is compatible with
present industry standards.

VXlbus is an acronym for VMEbus Ex
tensions for Instrumentation. The VXlbus
specification details the technical require
ments of VXlbus compatible components,
such as mainframes, backplanes, power sup
plies, and modules.

The VXlbus Extensions
VXlbus retains PI and the center row of

P2 exactly as defined by VMEbus. This in
cludes the 5 volt and ± 12 volt power pins on
PI, and the additional 5 volt pins on P2.
VXlbus includes the A and B card sizes, and
these modules remain totally VMEbus com
patible. However, VXlbus has made sub
stantial additions to the VMEbus

specification oriented towards instrumenta
tion that can best be described as an elec
tromechanical superset and a logical subset.

VXlbus Modules
VXlbus has added two Eurocard module

sizes of about 13 inch depth referred to as the
C and 0 sizes. These modules are 9 and 14
inches high respectively, and are placed on
1.2 inch centers. The C Eurocard is the same
height as the VMEbus B size board, and may
sport both the PI and P2 connectors. The D
size module is a triple high Eurocard that
may include a P3 connector in addition to PI
and P2. The 1.2 inch module width allows
feasible implementation of high density in
strumentation modules while allowing
enough space for shielding both sides of a
module and inserting an optional chassis
shield. It also has the added benefit of al
lowing a high degree of compatibility with
the shorter and narrower A and B sizes by
allowing them to be mounted on full length
board carriers or adapters. These carri
ers/adapters may also shield the sides of
standard VMEbus cards, giving them a high
degree of electromagnetic compatibility with
VXlbus systems.

VXlbus Subsystems
A VXlbus system may have up to 256 de

vices, including one or more VXlbus subsys
tems. A VXlbus subsystem consists of a
central timing module referred to as Slot 0
with up to 12 additional instrument modules.
P2 and P3 are completely defined in a
VXlbus subsystem. These 13 modules conve
niently fill a standard 19 inch cabinet when
mounted vertically on 1.2 inch centers. Many
VXlbus systems will consist only of a single
frame with these 13 modules. A common
configuration will load the Slot 0 module
with system resources such as the VXlbus
mandated timing generation, the VMEbus
required system controller functions, and a
data communication port such as IEEE 488
or RS-232. Slot 0 may also include optional
instrumentation. The other positions are gen
eral purpose slots for the user to mix and
match modules. A single VXlbus subsystem
may have less than 12 additional slots, but
may not have more. Any combination of
VXlbus subsystems may exist within a
VXlbus system. For instance, o~e VXlbus
system may consist of a frame with one Slot 0
and 12 VXlbus modules extended to another
frame that has a Slot 0 adjacent to three in
strument slots, another Slot 0 with five in
strument slots, and four standard VMEbus
slots of undefined P2.

P2 Connector Definition
As mentioned previously, a VXlbus sub

system defines all P2 and P3 pins. The
VXlbus P2 adds a 10 MHz ECl clock, ECl
and analog supply voltages, ECl and TTL
trigger lines, an analog summing bus, a mod
ule identification line, and a daisy chain
structure known as the local bus. The trigger
lines serve primarily as resources for signal
ing between instruments in a VXlbus subsys
tem, while the local bus lines are preferred
for use within a multiple module instrument
set (adjacent slots). The daisy chain local bus

use is left to the module manufacturer to de
fine, and several classes of electrical signals
are permitted. Allowed signals are TTL,
ECl, low voltage analog, and analog up to
42 volts. A keying mechanism near the
faceplate indicating that module's local bus
class prevents incompatible classes from ac
cidentally being placed adjacently and poten
tially causing a destructive condition.
Typical uses of the local bus include creating
an internal analog bus or a chain of serial
digital signal processors. There are a total of
24 local bus pins on P2, 12 lines in and 12
lines out for each slot; thus creating a 12 line
bus that mayor may not be passed on to ad
jacent slots.

P3 Connector Definition
The VXlbus P3 connector adds many of

the same resource types as described for P2,
but is aimed at higher performance instru
mentation. Included on P3 is a 100 MHz
clock and sync signal, additional power pins
of the same supply voltages, more ECl trig
ger lines, and 24 additional lines (48 pins) of
daisy chain local bus. Also defined on P3 is a
"star" trigger system where precision ECl
trigger signals are routed through Slot 0 act
ing as a cross point switch. This allows very
precisely matched trigger timing between
modules regardless of module position.

VXlbus System Architecture
The VXlbus device protocols define how

modules are granted non-conflicting portions
of the VMEbus address space. A device is
typically a single module, but this is not re
quired. Several devices may exist on a single
module, and a single device may consist of
multiple modules. 256 devices may exist in
anyone VXlbus system, and are referred to
by logical device addresses ranging from 0 to
255. A VXlbus system configuration space is
defined in the upper 16K of the 64K A 16 ad
dress space. Each device is granted a total of
64 bytes in this space, which is sufficient for
many of the simpler devices. Devices requir
ing additional address space have their ad
dress requirements readable in a defined
register in the A 16 address space. A "re
source manager" reads this value shortly af
ter power-on, and then assigns the requested
memory space by writing the module's new
VMEbus address into the device's offset reg
ister. This method positions a device's addi
tional memory space in the A24 (16 Mbyte)
or A32 (4 Gbyte) address space. If present
day VMEbus cards are used in a system, the
resource manager must position the VXlbus
devices around the space taken by the stand
ard VMEbus cards.

Higher level communication protocols are
defined to allow sharing of interface modules
and other devices by multiple manufacturers.

Further information is available in the
VMEbus and VXlbus specification books.
These are available through multiple
sources. They can be ordered through HP as
follows:
HP P/N E 1400-90003 VXlbus Specification
HP P/N E 1400-90004 VMEbus Specifica
tion
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Models 69408, 6942A, 6944A and 6954A

• Build a test system tailored to your specific application
• Broad range of function-oriented I/O cards with a uni

fied design
• Simultaneous and independent functions

HP 6954A and HP 6944A

HP 6942A

HP 6940B

• A cost-effective way to automate your test needs
• Isolated power supplies for analog functions
• Mainframe extenders for increased I/O capacity
• High-speed data capture and throughput

Introduction
Hewlett-Packard Multiprogrammer products provide solutions for

a variety of data acquisition, control and test applications. The appli
cation flexibility is due to the architectural features of these products.
The plug-in Multiprogrammer I/O cards allow card-to-card commu
nication, isolated inputs and external triggering and provide a wide
range of functions. The HP 6940B coupled with the Multiprogram
mer Series I I/O cards offers low-cost solutions when operated on the
GP-IO Bus. The HP 6942A Multiprogrammer and the Series II I/O
cards are a medium-performance, medium-speed, HP-IB solution.
For applications requiring a higher level of performance and more
speed, the HP 6944A or HP 6954A Multiprogrammer should be con
sidered for use with the Series II I/O cards.

The I/O cards have many benefits. Multiple-card configurations
can be established that provide instrument-like functions. For exam
ple: high-speed scanning and multiple simultaneous-buffered analog
to-digital converters. Other features provide precise crystal-con
trolled timing or pacing of I/O operations. This allows the modular
construction of instrumentation functions such as frequency mea
surement, time interval measurement and programmable pulse gen
eration. The card-to-card communication feature allows the I/O
operation of the Multiprogrammer to operate independently of the
computer. The computer is then free to perform other tasks until it
receives an interrupt from the Multiprogrammer. If the application
requires the process to control data collection, it can be accomplished
via the external trigger feature. This feature allows the process to
time or pace operations independently of the computer. In addition,
I/O data can be stored in the Multiprogrammer's plug-in memory
system, allowing high-speed operation of other tasks the computer
must perform.

HP 6954A Features
• A Rugged Rack-mountable Test System in a Single Unit
• Built-in HP 9000 Series 310 Computer and 20 Megabyte Hard

Disc
• Includes BASIC 5.0 and HP 14753A CAT Programming Package
• HP-IB, HP-HIL, RS-232, Audio and Video Interfaces
• Local or Remote Control via HP-HIL or RS-232
• Standard HP Multiprogrammer Series 11 I/O Cards
• Accepts HP 9000 Series 200/300 Memory, Accessory, and I/O

Cards

HP 6944A Features
• Data transfer rate of 220,000 readings/second
• HP 98633A interface to HP Series 200/300 computers
• Direct to disc at 200,000 words/second
• HP 14753A CAT programming package
• HP Multiprogrammer Series II I/O cards

HP 6942A Features
• Data transfer rate 18,000 readings/second
• HP-IB interface
• HP 14753A CAT programming package
• HP Multiprogrammer Series 11 I/O cards

HP 69408 Features
• Front panel control
• GP-IO or optional HP-IB interfacing
• Data transfer rate 20,000 readings/second
• HP multiprogrammer Series I I/O cards
• Temperature measurement capability
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The Power of the
Multiprogrammers

HP Multiprogrammers are used mostly
for automatic testing applications for many
industries including manufacturers of com
munications products, circuit boards, air
craft instrumentation, electronic ignitions,
dashboard electronics and missile guidance
systems. Whether it's high speed data gath
ering that's needed or the ability to perform
parallel tasks while the data is being cap
tured, an HP Multiprogrammer can provide
the solution.

Testing Final Assemblies and
Subassemblies

HP Multiprogrammers let you configure a
flexible, reliable and powerful automatic test
and control system for the production envi
ronment. HP Multiprogrammers test the fi
nal product as well as su bassem blies at
different stages of the manufacturing pro
cess.

The increasing level of sophisticated elec
tronic devices and circuits found in today's
automobiles challenges the auto manufactur
er to explore equally sophisticated test tech
niques. High-speed measurements and
analyses of multiple channels are key re
quirements in order to keep the constantly
moving assembly lines supplied with high
quality components. Multiprogrammer
A/Ds and scanning systems provide this
high-speed measurement and multiple chan
nel capability. Output functions, such as the
Voltage and Current D/ A cards and relay
cards in matrix configurations, are used to
stimulate electronic subassemblies.

Measure Vibration in Machinery
In vibration analysis applications, the abil

ity to capture waveforms in a wide frequency
range, analyze the data and present it using a
single system is an important requirement.
The 500,000 samples/second digitizing ca
pability of the Multiprogrammer and its lo
cal memory cards allow a large range of
frequencies to be acquired.

For applications such as oil exploration
and electrical power generation where large
rotating machinery is used, vibration analy
sis is critical in ensuring trouble-free opera
tion. Multiprogrammers can capture data
and store it in memory while the computer
analyzes previously captured data. This re
sults in an uninterrupted stream of informa
tion being presented to the tester. In
addition, the Multiprogrammers can be set
to be event-triggered so that an event-related
condition starts the data gathering process
without operator intervention.

Product Development and
Evaluation

Multiprogrammers are used for develop
ing state-of-the-art products for many aero
space and defense applications. These types
of industries require powerful and flexible
test systems because of their constant stream
of new projects with unique requirements.
When testing newly developed prototypes,
large quantities of data are usually required
in order to fully characterize the behavior of
a unit when subjected to differing stimuli.
The HP 6944A Multiprogrammer captures
data and continuously stores it to an external
hard disc at rates up to 200,000 sam
ples/second.

Failure analysis is another important
product development process in military ap
plications. A Multiprogrammer system can
collect large quantities of data without the
presence of an operator. If a failure does oc
cur, the Multiprogrammer can stop the test
and signal the operator.

Component Evaluation
There is an increasing push for automation

in the production environment to improve ef
ficiency at all stages of the manufacturing
process. For example, quality-conscious

manufacturers recognize the importance of
thorough incoming component inspection
that doesn't sacrifice smooth production flow.

Multiprogrammers satisfy these needs be
cause of their speed and flexibility. Testing
can be centrally controlled by a single opera
tor or by several testers by linking a multiple
user computer system, such as the HP 1000
series. to HP 6942A Multiprogrammers. As
a result, the manufacturing flow is uninter
rupted and enhanced which leads to reduced
manufacturing costs.
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Model 6954A

• Built-in HP 9000 Series 300 Computer and 20
Megabyte Hard Disc

• Includes BASIC 5.0 and HP 14753A CAT Programming
Package

• Controls up to 14 HP-IB instruments or peripherals

• Local or Remote Control via HP-HIL or RS-232
• Accepts standard HP MUltiprogrammer Series II I/O

Cards
• Accepts standard HP 9000 Series 200/300 Memory,

Accessory, and I/O CardS

The HP 6954A can be used as a development station by simply
adding the optional local control kit consisting of an HP keyboard and
monitor. HP 9000 Series 200/300 BASIC 5.0 and the HP 14753A
Computer Aided Test Programming package are included with the
HP 6954A to give you one of the easiest to use instrument-oriented
program development environments available. The HP 6954A is
compatible with HP 9000 Series 200/300 software packages such as
the DACQ/300 Data Acquisition Manager (HP 44458A/B) that
features data management, data analysis, and data presentation.

HP has integrated and assembled the complete system into one
rack-mountable unit: a powerful SPU and HP-IB interface for instru
ment control, a 20 Mbyte disc drive for program and data storage, I
Mbyte of RAM, BASIC 5.0 and the CAT Programming package for
easy program development, and two types of card cages for versatility
and a large selection of I/O functions. The HP 6954A is one of the
easiest, most cost effective ways to build an automated test system
that is tailored to your specific application.

Specifications
Plug in I/O card positions: A maximum of 8 Multiprogrammer

Series II I/O card slots and 3 available HP 9000 Series 200/300 in
terface and accessory card slots (a fourth slot is occupied by the
DMA card).

Controller Interface: Not applicable. Controller is built in.
1/0 Interfaces: HP-IB, RS-232, HP-HIL, audio and composite vid
eo.
Extender units: Up to seven HP 6944A's can be linked to the HP
6954A using HP 14704A, B, or C interface cables.
Maximum length of a link: A link of up to seven HP 6944A's can
extend nine meters long, maximum. This maximum length is the
sum of all the HP 14704A, B, or C Interface cables.
System Data Acquisition rate: High data acquisition rates can be
attained using Multiprogrammer I/O cards. For example, digital
acquisition rates up to I MHz are possible using the HP 69791 A
Memory card and analog acquisition rates up to 500 kHz can be
attained using the HP 69759A 500 kHz A/D.
Data transfer rate: Using the HP 98620B DMA card (takes up one
slot of the four HP 9000 Series 200/300 interface and accessory
card slots), data transfer rate between the Multiprogrammer I/O
cards and the computer is up to 220,000 readings per second and
direct to disc transfer of 200,000 words per second over HP-IB.
Power Supplies: All necessary power supplies for up to eight Mul
tiprogrammer Series II cards, the controller, and up to four HP
9000 Series 200/300 interface and accessory cards are built into the
!-!P 6954A. Three ± 18 V supplies (isolated from each other and
from ground) are available for powering isolated I/O cards.
Input Power: 100/120/220/240 Vac (switch selectable), +5% to
-10%.47 to 63 Hz, 630 VA.
Operating Temperature Range: 0 degrees C to +55 degrees C.
Dimensions: 177.0 mm high x 425.5 mm wide x 597.0 mm deep (7
in. x 16.25 in. x 23.5 in.)
Weight (without I/O cards): Net, 26.4 kg (58 lb.) Shipping, 33.6
kg (74 lb.)

HP 6954A Option 001

Description
The HP 6954A Multiprogrammer is the newest and most powerful

addition to HP's family of Computer Aided Test products. The HP
6954A is a complete high speed data acquisition and control system in
a single, compact, rack-mountable unit. The HP 6954A Mul
tiprogrammer is suitable for applications in fields such as: electronic
production test, automated electronic test, data acquisition, process
control, and process/product characterization.

The HP 6954A Multiprogrammer features a built-in HP 9000 Se
ries 300 System Processing Unit, One Megabyte of RAM, a 20
Megabyte Winchester disc drive, HP 98620B DMA card, RS-232,
and HP-IB interfaces. The built-in HP-IB interface allows the HP
6954A to control up to 14 HP-IB instruments or peripherals. Con
necting a keyboard and monitor to the HP 6954A allows it to be con
trolled locally. Or, you can control the system remotely via an RS-232
link to a terminal such as the HP 2623A or HP 3082A, a computer
running a terminal ,oftware package such as The PORTABLE com
!"luter, or a host computer such as the HP 1000.

The HP 6954A has two card cages, one that accepts up to eight
Multiprogrammer Series II I/O cards, and another that accepts up to
three additional Series 200/300 memory, accessory, or I/O cards.
You ca n expand the HP 6954A Multiprogrammer system's I/O ca
pability by adding up to seven HP 6944A Multiprogrammers as ex
tenders to give you 120 slots for standard Multiprogrammer Series II
I/O cards. And when HP 6944A Multiprogrammers are used as ex
tenders for the HP 6954A, no extra interface is required because a
Multiprogrammer Interface is built into the HP 6954A.

The wide spectrum of capabilities offered by the Multiprogrammer
Series II I/O cards gives the Multiprogrammer the capability to digi
tize analog data at up to 500 KHz, acquire up to I Megabyte of 16 bit
data at rates up to 760 kHz, or continuously log data directly to inter
nal disc at rates up to 54 kHz. Other I/O card stimulus and response
functions include current output, voltage output, pulse output,
switching, analog multiplexing, event counting, event ,ensing, and ad
ditional measurement and control functions offered on pages 598
through 600.

Ordering Information
HP 6954A MUltiprogrammer

Option 001: Local Control Kit
Option 002: Delete BASIC 5.0 and HP 14753A
Option W30: Two Year additional warranty (cannot

be ordered with Option W03)
Option W03: Warranty conversion to 90-day on-site
Option 908: Rack mount kit
Option 910: Extra Installation and Service Manual

Price
$10400

$595
-$1000

$200

N/C
$45
$35
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• Data transfer rate 220,000 readings/second
• Dedicated interface (HP 98633A) to HP Series

200/300 Computers

• Direct-to-disc transfer rate of 200,000 words/second
• HP 14753A CAT programming package
• HP Multiprogrammer Series II I/O cards

$150

$140

$140

$2050
N/C
N/C

$76
$1020

HP 6944A Specifications

Plug in 1/0 card positions: Maximum of 15 plug-in output or input
cards per mainframe. Removable rear cover provides access to card
slots.

Computer interface: The HP 6944A is connected to an HP Series
200/300 Computer via the HP 98633A Multiprogrammer Interface
Card and HP 14704A, B or C cable.

Extender units: Up to eight HP 6944A Multiprogrammers can be
connected to the Series 200/300 computer's HP 98633A Mul
tiprogrammer Interface Card by using HP 14704A, B or C Interface
Cables.

Maximum length of a link: A link of up to eight HP 6944A Series
200/300 Multiprogrammers can be nine metres long, maximum. This
maximum length is the sum of the lengths of all the HP 14704A, B or
C Interface Cables in the link.

Power supplies: All necessary power supplies for up to 16 I/O cards
are built into each HP 6944A frame. Three ± 18 V supplies are isolat
ed from each other and from ground, and are available for powering
isolated I/O card circuits.

Cooling: Built-in forced air cooling draws air in through the side
vents and exhausts air through the rear cover.

Operating temperature range: 0 degrees C to +55 degrees C.

Power: 100/120/220/240 Vac (switch, selectable), +5% to -10%,
47 to 63 Hz, 650 VA.

Dimensions: 177.0 mm high x 425.5 mm wide x 597.0 mm deep (7.0
in high x 16.25 in wide x 23.5 in deep).

Weight (without I/Ocards): Net, 21 kg (461b); shipping, 28.6 kg (63
Ib).

Ordering Information Price
Step 1: Select the necessary quantity of HP 6944As.
UP 6944A Series 200/300 Multiprogrammer $3800

Option 908: rack mount kitp $36
Option 910: extra operating and service manual $41
Option W03: converts 1 yr return-to-HP warranty

to a 90-day on-site warranty N/C

Step 2: Select the HP Series 200 Multiprogrammer Inter
face Card for HP 6944A.
UP 98633A Multiprogrammer Interface Card $400

Step 3: Select number and lengths of cables required for
connecting HP 98633A Interface to first frame.
An additional cable is needed for each HP 6944A frame used as an
extender.
UP 14704A Multiprogrammer Interface Cable,
1 m (3.3 ft)
UP 147048 Multiprogrammer Interface Cable,
2 m (6.6 ft)
HP 14704C Multiprogrammer Interface Cable,
4 m (13.2 ft)

Step 4: Select HP 14753A to receive necessary CAT soft
ware and documentation (mandatory).
Select the option appropriate for the system controller.
UP 14753A Computer Aided Test Programming Package

Option 044: software provided on 3'/>" flexible discs
Option 042: software provided on 5'/4" flexible discs
Option 910: extra set of documentation

UP 14753R: right to reproduce HP 14753A CAT
programming package (documentation provided)

HP 6944A

Features
The primary features of the HP 6944A evolve around the architec

ture of the HP 6944A, HP Series 200/300 Computers, and the Mul
tiprogrammer Series II I/O cards.

The key feature of the HP 6944A is high-speed data transfer. With
the HP 6944A, HP 69759A 500 kHz A/D, HP 6979IA/92A High
Speed Memory I/O System, and the HP 98620B DMA Controller
Card, data may be transferred to an HP Series 200/300 Computer at
rates of 200,000 readings/second. Without the HP 98620B DMA
Controller Card, transfer rates of nine kilowords/second are
achieved.

A second key feature of the HP 6944A is its ability to unburden the
HP Series 200/300 Computer from controlling each I/O task of the
HP 6944A. This allows the HP Series 200/300 Computer time to
perform numerical analysis or manage other instruments during
these time periods.

Description
The HP 6944A Multiprogrammer is a high-speed data acquisition

and control system designed exclusively for use with HP Series
200/300 computers. The HP 6944A capitalizes on the HP Series
200/300 computer architecture by using the dedicated HP 98633A
Multiprogrammer Interface and the HP 98620B DMA Controller to
achieve high-speed data transfers.

The powerful HP Multiprogrammer Series II I/O cards provide a
broad variety of I/O functions for the HP 6944A. These cards allow
the user to configure the HP 6944A to implement many instrumenta
tion functions such as high-speed scanning, analog waveform synthe
sis, limit checking and transient analysis.

The HP 6944A is programmed exclusively with the HP 14753A
Computer Aided Test Programming Package. This software package
effectively couples the flexible hardware architecture of the HP
6944A with the BASIC language system of the HP Series 200/300
Computers. The friendliness of this system is such that the system
programmer only needs to be able to program in BASIC. The control
statements are test oriented and closely linked to the application by a
list of "Names" supplied by the user. An easy-to-use, menu-driven
configuration process correlates the user-assigned "Names" to the
system's I/O functions automatically from the BASIC program. The
software, through the same menu-driven process, then leads the sys
tem programmer through the hardware configuration. The net result
is fast program development, self-documented programs and the abil
ity to maintain different configuration files on one disc.



• Action-oriented instructions
• Isolated analog inputs and outputs
• Built-in self test

•

-HP 6942A
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Model 6942A

• Overlapped input and output
• Internal or external pacing
• Easy to configure

Accessories
HP 14700A extender kit: this kit contains the transmission boards
which go into the master mainframe (HP 6942A) and the last extend
er mainframe (HP 6943A) in the chain.
HP 14701A intermediate extender kit: when more than two main
frames are in a chain, the card in this kit must be used in each inter
mediate extender mainframe.
HP 14702A chaining cable: this is the cable which chains together
the master and extender mainframes. One cable is required for each
extender mainframe. Length: 1.5 m (5 ft).
HP 14703A card edge connector: extra connectors for the I/O
cards may be ordered in addition to the one supplied with each I/O
card.

HP 6942A/6943A Specifications
Plug-in I/O card positions: maximum of 16 plug-in output or input
cards per mainframe. Removable rear cover provides access to card
slots.
Computer interface (HP 6942A only): the Multiprogrammer is con
nected to a controller via the Hewlett-Packard Interface Bus (HP
IB), Hewlett-Packard's implementation of IEEE Std. 488.
Real time clock (HP 6942A only): the built-in real time clock is au
tomatically synchronized with the 50/60 Hz ac power line frequency.
The clock is read and set with data in the form of days. hours, minutes
and seconds with a resolution of 0.1 second.
Extender interface kits (HP 6943A only): each HP 6943A Extender
requires one HP 14700A or 1470lA Interface Kit and one HP
14702A Chaining Cable for operation with the HP 6942A.
Maximum number of mainframes per chain: up to seven HP
6943A Multiprogrammer Extenders may be placed in a chain with
one HP 6942A Multiprogrammer.
Maximum chain length: a chain of mainframes can be up to 152
meters (500 feet) long. This maximum length is the sum of the
lengths of all HP 14702A Chaining Cables used in one chain.
Power supplies: all power supplies for up to 16 I/O cards are built-in
including three ± 18 V supplies isolated from each other and from the
ground.
Cooling: built-in forced air cooling draws air in through the front
panel and exhausts air through the ventilated rear cover.
Front panel indicators: five light emitting diodes on the front panel
indicate power supply and self-test status.
Operating temperature range: O°C to 55°C.
Power: 100/120/220/240 Vac (selectable), +5%, -10%, 47 to 63
Hz, 600 VA.
Dimensions: 177.0 mm high x 425.5 mm wide x 597.0 mm deep,
(6.969 in. high x 16.250 in. wide x 23.500 in. deep).
Weight (without I/O cards): net, 20 kg (45 Ib); shipping, 27 kg (60
Ib).
Accessories furnished: PC board Extender Card (HP Part No.
5060-2792).

The Multiprogrammer Performs Operations in Parallel
With this one instrument you can control several processes at once.

And, while you are controlling the processes, the Multiprogrammer
can also be watching for interrupt conditions. The internal
microprocessor manages all the parallel operations and monitors the
alarm lines; when the operations have completed or if an alarm condi
tion occurs, the Multiprogrammer interrupts the controller.

How does the HP 6942A Connect With Your
Controller?

The HP 6942A Multiprogrammer interfaces with your controller
(desktop or minicomputer) using the HP-IB, Hewlett-Packard's im
plementation of IEEE Standard 488 and the identical ANSI Stand
ard MC 1.1. Data and status readback make use of the extended bus
addressing features of the HP-IB.

Programming FleXibility
Mnemonic, action-oriented instructions make the HP 6942A Mul

tiprogrammer simple to learn and use. For instance, the output in
struction "OP" works with all output cards. When you send an
instruction, the internal microprocessor checks which type of card
you are addressing and automatically converts the data to the proper
format for that card. You select the units with which you want to
program each card. Whether you want to use volts, millivolts, amps,
degrees, feet, or any other units, the Multiprogrammer does the con
verting for you.

Mainframe Memory Unburdens The Controller
The mainframe memory of the HP 6942A will accept up to 76 in

structions from the controller at one time. This leaves your controller
free for other processing activities while the Multiprogrammer works
on the I/O operations. This mainframe memory may also be used to
collect up to 1440 data readings and hold them until the controller is
free to take them. (For even more data storage, up to I Meg words of
data may be stored using the HP 69791A and HP 69792A Memory
System Cards.

Real Time Clock
Built-in real-time clock gives you time-of-day readings and pacing

of measurements. The clock detects which power line frequency you
are using, 50 Hz, or 60 Hz, and automatically synchronizes itself to
this frequency. The range of the clock is 65,534 days, with resolution
to a tenth of a second.

Computers and Documentation
The HP 6942A can be operated with a wide variety of computers,

including the HP Series 80, Series 200, Series 300, Series 1000, 9825,
and 9845 computers. Documentation packages are available for these
computers. Each one contains a User's Guide with programming ex
amples, a utility program tape or flexible disc, operating and service
manuals, and a binder to hold this material. One no-charge documen
tation option must be specified to select the documentation appropri
ate for your computer.

Ordering Information
Opt 010-233: One Set Documentation/Software
Opt 908: Rack Flange Kit
Opt 910: Extra Manual
Opt W03: Converts I yr return-to-HP warranty to a 90
day on-site warranty
Opt W30: Two years additional hardware service
HP 14700A Extender Interface Kit
HP 14701A Extender Interface Kit
HP 14702A Chaining Cable
HP 14703A Spare Card Connector

HP 6942A Multiprogrammer
HP 6943A Multiprogrammer Extender

Price
N/C

$41
$31

N/C

$150
$705
$760
$350

$85

$5255
$3860
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------------_.
Functions Applications Cards Used

-----_.~--_ .._-_..

Y c[
Programmable The output voltage (up to 250V) and current (up to l00uA) of forty different Resistance Output,
DC Voltage HP power supplies can be programmed to provide bias in automatic test sys- HP 69700A-69706A;
and Current tems or control of electromechanical process equipment Power Supply Control.

HP 69709A.
t..--

----------

~
Digital-to-Analog Twelve-bit voltage DAC's provide outputs for strip chart. x-yo and analog tape Voltage DAC. HP 69720A;
Conversion recorders as well as control of analog programmable instruments and stimu- Current DAC, HP 69721A.

Ius of units under test Control process equipment with 4-20 mA output

~ r-
Analog The Memory card can continually supply pre-loaded data to the D/A card at Memory card, HP 69790B;

69720A MEMORY Waveform rates of up to 100 kHz. Special waveforms may be loaded into the Memory 69791A, 69792A Voltage DAC.
Synthesis card from the computer and used as stimuli tor test and processes. The ana- HP 69720A; or Current DAC,

D/A 'v- CARD log output is isolated from digital ground. HP 69721A

.

~,
Voltage. Current AID converters may be used to measure voltages from ±50~V to ±100 Vin High Speed ADC,

...L $r ~R
Resistance. and the presence of 250 Vof common-mode noise. Connecting a resistor across HP 69751A.
Temperature the input permits current measurements for 4-20 mA current loops used in HP 69759A

-=-V Measurements process control. Combine the AID with the current DAC for resistance mea- Integrating DMM

T surements. HP 69761A

--~-._--------

~Mffl
Frequency The Pulse Counter card accumulates counts over aprecise time interval when Counter, HP 69775A;
Measurements a Timer card is connected to the enable line of the Counter. The program Timer HP 69736A.

divides the count by the time interval to measure frequencies from 1MHz to HP 69774A
less than 0.001 Hz.

---~ -------_.._---_.-
Pulse Counting The Counter may be preset to any value within the count range of 0to 65,535 Counter, HP 69775A.SlSL:t3--0 Preset and can cause an interrupt when it rolls over. The Counter may be enabled HP 69774A

OUT Up/Down and disabled by pulses or levels. The computer may read the count withoutn DOWN disturbing the counting process.

------ ._----_.
Offline Analog Differential or single-ended signals may be digitized at rates up to 500 kHz by High Speed ADC.
Acquisition the AID, and stored in the Memory system. Each Memory system can store 69751A;

~
~ MEMORY up to one megawords. The digitizing process can take place independent of Memory cards.

69751A CARD other Multiprogrammer activity. 69790B. 69791A169792B.
AID ,/ SYSTEM Integrating DMM

HP 69761A

._---
Scanner Analog measurements from up to 960 channels may be acquired at 25,000 Cards used: Scan Control, HP

um Systems readings per second depending upon the scanner system configuration. Ran- 69750A; FET Scanners.
dom access to any channel, as well as continuous scanning. are easily accom- 69752A or 69755A; Relay
plished. (See Application Note AN316-J) Scanner, HP 69754A. Temp-

scan HP 69753A; DMM HP
69761A; High Speed ADC HP
69751A; Memory card HP
69790B, or 69791Al92A

---_.------_.----._-

~
Digital Output Sixteen-bits of data in TIL, open collector. or SPST relay-contact form provide Digital Output. HP 69731B;

~
and Switching digital control of instruments and indicators. AC power. up to 6, can be Relay Output. HP 69730A; AC

switched to 12 loads with aHP 69731B. and HP 14570A AC Power Controller. Power Controller. HP 14570A.

. __._-

+D nn I
Digital Input Digital input cards accept 16-bits of data from digital measuring instruments. Digital Input, HP 69771A;

push-buttons. switches, relays, and other digital devices in the form of logic Isolated Digital Input.

U.UU I levels or contact closures. Digital data sources with more than 16-bits of data HP 69770A.

0177Ml8
use several digital input cards.

---------

I pl'Gt
Stepping The Stepping Motor card can produce from 1to 32767 pulses at either of two Pulse Train/Stepping
Motor outputs (CW or CCW) to control motor translators. Output pulses are also Motor, HP 69735A.
Control used for pulse-train update of supervisory control stations. The pulse rate HP 69734A

(motor speed) is also programmable.

------------

_J:=\~E
Time and Crystal controlled timing pulses, programmable from 100 ns to 18 hours, may Timer, HP 69736A or
Frequency be used as atime-base reference for control, measurement. and data acquisi- Pulse Train. HP 69735A.

~QUENCY
Reference tion. Period, duty cycle, and number of pulses are all programmable. HP 69734A

-- .. _------

l ~'"
Level Detecting When signals cross preset levels, the Digital Input card can trigger the inter- Digital Input HP 69771A;

rupt card to interrupt the computer. The alarm trigger levels can be program- Interrupt card,
med with the D/A or fixed with resistors. HP 69776A

_ LEVELS

TRIGGER
LEVELS

---- .-.-.----------
Event Adigital word may be used to trigger qUick computer response with the inter- Interrupt card,

~IN Sensing rupt card. The computer responds to the interrupt with a soffware routine. HP 69776A.
FULL The interrupt may also cause immediate local response by triggering a
~ ~.~.. OUT preloaded output card.

-------_.
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HP 69791A

HP 69759A

Price
$2350
$]530
$1020

Ordering Information
HP 69759A A/D Converter
HP 69791A Memory Card
HP 69792A Memory Card

HP 69791A/92 - Memory System
The HP 69791A and HP 69192A Memory Cards form a buffer

used to perform input and output tasks without intervention from the
controller. A memory card buffer can be used for inputs or outputs, or
both. Data can be acquired at up to 760 kilowords/second or sent at
up to 400 kilowords/second.

A memory card buffer has one HP 69791A Memory Card and up
to five HP 69792A Memory Expansion Cards for a maximum memo
ry size of 1M (1,048,576 16-bit words). The HP 69791A holds 64k
(65,536 16-bit words) and the HP 69792A holds 192k (196,60816
bit words). The memory card buffer functions as a single memory,
regardless of how many HP 69792As are added.

The memory card subsystem can be used with the HP 69751 A or
HP 69759A A/D cards to input digitized analog measurements. Up
to eight HP 69759A A/D Cards can be multiplexed into a single HP
69791A/69792A memory buffer. The A/Ds can be triggered by the
same timebase for truly simultaneous readings which are then stored
in sequential memory locations. This reduces memory costs and the
number of mainframe slots required.

HP 69759A - 500 kHz AID
The HP 69759A 500 - kHz A/D converter measures bipolar volt

ages in four programmable ranges, ± 100 V, ± 10 V, ± I V, and
± 100 mV. The digitized values may be read directly by the controller
or transferred into HP 69791 A and HP 69792A memory buffer cards
available for the Multiprogrammer system. Use of memory buffers
permits simultaneous digitization at rates up to 500 kHz per channel.
Scanning subsystems designed specifically to work with the HP
69759A card provide additional measurement flexibility and permit
expansion up to 7168 channels. Timebase and triggering functions
may be added using other Multiprogrammer cards to form a com
plete analog measurement system that is precisely tailored to the re
quirements of the specific application.

Application Note 316-5, Data Capture, describes several ways that
the HP 69759A can be used with other Multiprogrammer cards to
solve several different applications. These descriptions include cable
diagrams and program listings for both the HP 14752A and the HP
6942A native instructions.

$670

$980

$515

$615

$515

$745

$415

$153

$565

$930

$565

$720

$255

$670

$980

$930

$565

$1,010

$1,235

$565-615

HP 69752A 64 Channel FET Scanner Card
Scans 64 single-ended channels (± 10.24 V input signal
range) at up to 25,000 readings per second. Cards cas
cadable to 960 channels in a single mainframe.
HP 69755A 16 Channel FET Scanner Card
Same as 69752A, except scans 16 channels.
HP 69754A 32 Channel Relay Scanner Card
Scans 32 single-ended (16 double-ended) channels with
a ± 100 V input signal range at speeds up to 1000 read
ings per second (625 readings double-ended). Switches
currents up to 50 rnA.
HP 69750A Scan Control/Pacer Card
Provides all pacing and control functions for the scan
ner cards listed above. One required for each group of
scanner cards (maximum of 15 cards--see data sheet
for further clarification).
HP 69709A Power Supply Control Card
Used for full system control of 6024A and 6012A
Autoranging Power Supplies.
HP 14728A Buffered A/D Cable
Used to connect 69751A and 69790B in a buffered A/D
configuration.
HP 69700A-69706A Resistance output cards: the
output of each of these cards is a programmable resis
tance value. Twelve mercury wetted relay contacts close
across binary weighted precision resistors in a series
string. The cards are designed to program the voltage or
current output of an HP power supply with option 040.
HP 69720A 0/A voltage converter card: provides a
high speed, bipolar output voltage programmable from
-10.240 V to + 10.235 V up to 5 rnA load current.
HP 69721A D/A current converter card: provides a
bipolar -20.480 rnA to +20.475 rnA current output.
HP 69730A Relay output card: provides sixteen inde
pendent, normally open, mercury wetted relay contacts.
Contacts rated at 100 Vdc; or I Amp: and 28 VA.
HP 69731B Digital output card: provides sixteen TTL
or CMOS compatible outputs, or sixteen 100 rnA open
collector switches.
HP 69735A Pulse train output/stepping motor con
trol card: generates up to 32767 pulses at a program
mable frequency.
HP 69736A Timer/pacer card: outputs a program
mable pulse from one microsecond to eighteen hours or a
programmable square wave.
HP 69751A A/D converter card: this card measures bi
polar dc voltages in one of four ranges, ± 100 mY, ± IV,
± 10 Y, or ± 100 Y, with 12 bit resolution at up to 33,000
readings per second.
HP 69770A Isolated digital input card: breaks the
path of potential ground loops with an optically coupled
isolator in each of the sixteen digital input lines.
HP 69771A Digital input/analog comparator card:
monitors up to sixteen contact closures, switches, TTL
signals, CMOS signals, or analog signals. The switching
threshold can be set to any value between ± 9.5 volts by a
screwdriver-adjustable potentiometer on the card or may
be externally programmed.
HP 69775A Counter/totalizer card: counts contact
closures, TTL or CMOS logic level pulses, or analog
waveform transitions in the range of 0 to 65,535.
HP 69776A Interrupt card: compares up to sixteen logic
level or contact closure inputs with a sixteen-bit reference
word and interrupts for =, ,e, <, > conditions.
HP 69790B Memory card (occupies 2 I/O slots): pro
vides 4096 l6-bit words for use with the DAC cards or the
ADC cards or for other input/output tasks that need to
run independent of other Multiprogrammer or computer
tasks. Several Memory cards may be used to implement
truly simultaneous operations.
HP 69793A Breadboard card: the generalized grid ar
ea on this card may be used for mounting custom circuits.
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HP 69753A Temperature Scanner
The HP 69753A Temperature Scanner card provides increased

flexibility to your Multiprogrammer system when used with an HP
69761A Integrating DMM or HP 69750A Scan Control/Pacer card.
This combination allows 16-channel temperature measurements and
is expandable to 240 channels. The HP 69753A performs Hi/Lo 2
wire switching for thermocouple measurements and allows 4-wire
RTD measurements as well. The on-board isothermal block contains
a temperature reference. The HP 69753A can be used in temperature
measurement applications where low thermal offset is required, as in
heat flow analysis or thermal mapping.

Version A.Ol or newer is required when using the HP 14753A CAT
Programming Package.

HP 69761A

HP 69761A Integrating DMM
The HP 69761A Integrating Digital Multimeter is a fully

programmable general purpose DMM that features an on-board
memory capable of storing up to 13K readings with l6-bit resolution.
The DMM card occupies only a single Multiprogrammer I/O slot
making it ideal for applications where card slots are at a premium.

The HP 6976lA has the following functions: DC volts (6 ranges),
true RMS AC volts (5 ranges), and 2-wire or 4-wire ohms (6 ranges).
The measurement ranges are as follows:
• 2 microvolts to 250 volts in DC
• 5 microvolts to 250 volts in true RMS AC
• 2 milliohms to 16 Megohms in 2 or 4-wire ohms
• AC frequency bandwidth is 32 Hz to 50 kHz to 15 readings/ second

with 13-bit resolution. For increased accuracy the DMM card has
an autozero feature that can be enabled either on command or in
terlaced between scan periods.
The HP 69761 A also has the ability to control up to 15 HP 697 53A

Temperature Scanner cards. An on-card pacer controls the rate of
scan and time between bursts. The DMM is optimized for tempera
ture measurement applications because part of the on-board memory
buffer can be used for downloaded thermocouple normalization tables
allowing the DMM to make temperature readings directly in degrees
Centigrade.

Version A.02 or newer is required when using the HP l4753A CAT
Programming Package.

eHP 69753A

HP 69774A

HP 69774A Universal Counter
The HP 69774A Universal Counter is a fully programmable

counter with the following five functions: frequency, period, time in
terval, event counting, and quadrature detection. The analog inputs
of the counter can be programmed to respond to either levels or tran
sitions. The polarities of the inputs are also programmable.

The card has three operating modes: single 32-bit, dual 16-bit, or
continuous. In the 32-bit mode the card functions as a cascade
counter capable of counting 2" 32-1. All measurement functions can
be used in 32-bit cascade mode. In dual 16-bit mode, the card can
measure two independent frequencies, accumulate event counts from
two independent sources, or measure the period of one input while
counting events on the other. Continuous mode allows instantaneous
measurement of frequency, period, or time interval. Because the con
tinuous mode eliminates "dead-time" (the time that the gate is closed
for housekeeping tasks) the HP 69774A frequency pulse train as is
found in the operation of rotating machinery.

Version A.Ol or newer is required when using the HP l4753A CAT
Programming Package.

HP 69734A

Description
HP 69734A Timebase

The HP 69734A Timebase card is a fully programmable timing or
pacing source for a wide range of applications. It has over twenty
timing modes including one-shot, squarewave, pulse and a variety
triggered modes. The HP 69734A Timebase is capable of generating
pulses from 100 ns to 18.2 hours or squarewaves from 5 MHz to 7.6
I'Hz. In DUAL mode the output waveform switches between two fre
quencies in response to triggers or detection of burst completions. Us
ing external data allows generation of arbitrary serial waveforms with
individual half-cycle durations determined by data supplied to the
edge connector.

Positive and negative true outputs are available with 50-ohm drive
capability. The HP 69734A Timebase can drive a wide variety of in
dustry standard stepper motor translators with either CW/CCW
pulse trains or pulse/direction requirements. The HP 69734A
Timebase card provides closed loop stepper motor control when it is
used in conjunction with the quadrature detection capability of the
HP 69774A Universal Counter card.

Version A.Ol or newer is required when using the HP 14753A CAT
Programming Package.

~--------~
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Model 14753A Computer Aided Test Programming Package

• Easy to use menu entry
• Faster software development
• Improved HP 6942A performance

Description
The HP 6954A, HP 6944A and the HP 6942A are easy to use com

puter-aided test systems that improve productivity by enabling you to
implement your testing requirements more quickly. This is achieved
through the use of a companion software package. The HP 14753A is
a powerful CAT programming package which replaces the standard
two-letter mnemonics of the HP 6942A Multiprogrammer and is the
standard programming language for the HP 6944A and HP 6954A
Multiprogrammers.

These systems are friendly and easy to use. Mnemonic-type lan
guage is not needed to program either the HP 6954A or the HP
6944A. In addition, the HP 14753A will increase the performance
speed of the HP 6942A. The CAT programming package supports all
of the Multiprogrammer Series II I/O cards.

CAT Programming Package
The CAT programming package is a comprehensive collection of

software routines that provide the ATE system designer with a high
performance linkage between the BASIC language and Mul
tiprogrammer hardware. Both friendliness and higher performance
are combined in the software through an architecture which opti
mizes total system performance.

Friendliness is achieved by replacing traditional "computer lan
guage" statements with test-oriented commands. Communication
with all supported instrumentation is via "functional names", chosen
by the user, which have a close relationship with the function per
formed. For example, in the menu below, the name "value", is used to
program a HP 69720A Voltage D/A Converter. This lets you pro
gram in terms that are familiar to you resulting in programs which
are virtually self-documenting. Friendliness is further enhanced by
convenient menu entries, which make it easy to enter all function
names and parameters.

The CAT programming package reduces the amount of software
written by the user thus speeding program development. Productivity
is improved by shortening test development time. To create test soft
ware, the user enters functional names and other data into a series of
menus. Then a program is written in Series 200/300 BASIC to han
dle all sequencing, computational, and decision-making operations.
Whenever a stimulus, acquisition or control function is desired, the
BASIC program is instructed to call a routine from the CAT pro
gramming package.

Features
Some of the CAT programming package features are highlighted

in a menu below. The timeout feature can generate an error if an
operation has not completed in a specified time. Since the error can be
trapped like any other BASIC error, corrective action can be
programmed to occur automatically. Limit-checking prevents out of
range values from being executed, and data conversion permits pro
gramming with user specified units. Initial values can also be specified
and, at run time, sent to all instrumentation with a single command.

HP 6954/44A
HP 98633A
HP 14753A
1.5 ms
1.4 ms
add 0.35 ms
13.7 ms
180,000*
30,000

Price
$2050
N/C
N/C

$ 76
$1020

Ordering Information
HP 14753A Computer Aided Test Programming Package

Opt 044 31/2" Flexible Discs
Opt 0425 1/4" Flexible Discs for 9826/9836
Opt 910 Extra Set of Documentation

HP 14753R Right to Reproduce HP 14753A CAT
Programming Package (Interface and Documenta
tion provided)

HP 6900 Series Multiprogrammer
The Multiprogrammer is a high-performance mainframe that pro

vides the necessary interface for up to sixteen plug-in cards.
Optional Multiprogrammer Extenders can be added to a system to
further expand its capabilities. Up to seven Extenders, each holding
up to sixteen plug-in cards, can be chained to one mainframe.

The new HP 6954A is a Multiprogrammer mainframe and control
ler in a single compact unit that contains an HP Model 310 Comput
er, a 20 Mbyte hard disc (containing HP BASIC 5.0, 14753A CAT
Software, and utilities), built-in HP-IB, RS-232, HP-HIL, and video
interfaces. An internal HP 98633A type interface is also included.
The HP 6954A, capable of being the system controller in an HP-IB
system, comes with a DMA card for high-speed data transfer and
supports up to 3 additional DID cards for flexibility. It accepts up to
eight Multiprogrammer Series II I/O cards and, if more card slots
are needed, just add up to seven HP 6944A Multiprogrammers as
extender units.

The HP 6944A Multiprogrammer is a high-speed mainframe that
has 16 slots available for Series II I/O cards. Up to eight HP 6944A
Multiprogrammers can be controlled by a Series 200/300 computer
via an HP 98633A interface.

The HP 6942A Multiprogrammer has 16 card slots for Series II
I/O cards. Up to 128 card slots become available by adding HP
6943A Multiprogrammer Extender units. Although the HP 6942A
can be programmed by any HP-IB computer using the HP 6942A
internal instruction set, programming the HP 6942A is simplified by
using the HP 14753A CAT Programming Package and a Series
200/300 computer.

System Performance Specifications

Mainframe HP 6942A
Interface HP 98624A
CAT Programming Package HP 14753A
Single Data Point Input 1.9 ms
Single Data Point Output 2.1 ms
Scaling to User Units add 0.35 ms
Interrupt Response Time 13.7 ms
Maximum Block Transfer Input 12,500
Maximum Block Transfer Output 18,000
*HP 98620A DMA controller required.

Product Selection Guides
To order the HP 6954A, 6944A or 6942A, it is recommended that

technical data sheet 5952-4175 be used.

Multiprogrammer Series II 1/0 Cards
The CAT programming package supports the Multiprogrammer

Series II I/O card functions, described on pages 593 and 604, and
four popular multiple-card functions. These include combinations
such as using a high-speed scanner, A/D, and memory card together.
In addition, the HP 3478A 51/2-digit Multimeter is supported for ap
plications requiring high-accuracy and high-resolution measurements.

Address
Specified once

Timeout

Limit
checking

User
Specified Units

Initial Values

Stimulus, acquisition or control function
selected from supported instrumentation.

User selected name
matches test function



COMPUTER AIDED TEST
Multlprogrammer: Automatic Test, Data Acquisition and Control
Model 6940B

• Front panel control
• GPIO or HP-IB
• Data transfer rate 20,000 readings/second

• Temperature measurement capability
• Multiprogrammer Series I I/O cards

Ordering Information
Step 1 - Select controller
Controller ROM HP PIN
UP-8SB

UP-868

UP-87XM

UP 9826A

UP 9836A
UP 1000

00087-15003*

00087-15003*

N/A

N/A
N/A

Description
HP-IB: Option 085
GP-IO: Option 185
HP-IB: Option 085
GP-IO: Option 185
HP-IB: Option 085
GP-IO: Option 185
BASIC: Option 016
HPL: Option 016
Option 016
Option 010

HP 69408 •Requires HP 8936A ROM drewer.

'When ordering an HP-86B or HP-87XM and using HP-IB interface, an HP-IB cable must be or
dered.

HP-IB
HP 59500A and HP-85B Opt 007
HP 59500A
HP 59500A
HP 59500A, includes 2-metre
HP-IBcable
HP 59500A
HP 59500A and HP 59310B

Step 3 • Determine 1/0 card set
Select I/O functions from Series I I/O cards (See page 603).

Step 2 - Select interface

Interlace GP-IO
HP-8SB UP 6940B Opt 185
HP-86B* UP 6940B Opt 185
HP-87XM* HP 6940B Opt 185
HP 9826A UP 98622A Opt 003

N/C
N/C
$615
N/C

$180

$90

$230

$130

$204
$295

$3030
$25

$335
$225

$2120

$1820

$41
$3030

$41
$225

Price
$3675

HP 98622A Opt 003
HP 14550B

HP9836A
HP lOOOA

Step 4 - Select number of mainframes
HP 69408 - holds up to 15 I/O cards plus one

HP 69351C voltage regulator card.
Option 10: HP-I000
Option 85: HP-85B HP-IB
Option 185: HP-85B GP-IO
Option 016: Consists of these four items:

HP 9826A BASIC, HP 9826A HPL,
HP 9836A BASIC, HP 9836A UPL

Option 908: Rack Mount Hardware for
HP 6941B Extender, additional 15 I/O slots

Option 908: Rack Mounting Hardware
HP 14S41A Extender Cable; one for each HP 6941B

Step 5 - Determine accessories
HP S9S00A Multiprogrammer Interface; required
for each HP 6940B on the HP-IB

Accessories
HP 14S40A Main Input Cable Assembly, 3.6 m (12 ft)
HP 14S41A Chaining Cable, HP 6940B to HP 69418
UP 14SS0B Multiprogrammer Interface Kit for the
HP 1000
HP 14SS1A Service Kit for the UP 6940B
UP 14SSSA Connector Kit for Series I Multiprogram
mer I/O cards
HP 14SS6A Software Library for the HP 9825A
HP 14SS7A Power Supply Interconnect Cable for
the HP 69520A Programming Card
HP 14SS8A Termination Panel; with 40 dual-screw ter
minals
HP 14S60A Cable Assembly for Series I I/O cards; 15
conductors
HP 14S61A Cable Assembly for Series I I/O cards; 30
conductors
UP 14S62A Cable Assembly for Series I analog
I/O cards; two shielded conductors

Description
The HP 6940B Multiprogrammer is a low-cost, medium-speed da

ta acquisition and control system designed to be used with controllers
or computers via the GP-IO, a 16-bit parallel interface bus. The HP
6940B is supported by a full complement of I/O cards. These I/O
cards provide a broad range of instrumentation functions for acquisi
tion, stimulus, measurement and control.

The HP 6940B is programmed by a set of word formats and octal
coding. There are three word formats: a control word that selects the
operating mode, a data word used to select and control output cards,
and an address word to select and control an input card.

The HP 6940B may also be used as an HP-IB product. This re
quires an HP 59500A Multiprogrammer Interface Kit. This kit pro
vides conversion of the HP-IB format to 16-bit parallel format.

Features
A full-feature, front-panel switch register permits manual pro

gramming of all Multiprogrammer output, input and control func
tions. Fault isolation or manual system checkout of the computer,
multiprogrammer or external devices is accomplished from the front
panel.

Another feature of the HP 6940B is isolation of analog cards. Isola
tion from system ground is provided on analog cards. The HP 6940B
has four isolated bias power supplies available to independently power
the output circuitry of up to four groups of cards.

The HP 6940B Multiprogrammer has the capability of growing to
meet the user's needs. Up to 15 HP 6941 B extenders can be added to
the system, allowing up to 240 I/O slots to be programmed from a
single computer interface. The HP 6941B Multiprogrammer Extend
er has a blank front panel and all interfacing is provided in the HP
6940B Multiprogrammer.

Specifications
Plug-in 1/0 card position: Maximum of 15 plug-in input or output
cards per mainframe.
Computer Interlace: Can be interfaced using the GP-IO, which re
quires an I/O slot of the computer and a GP-IO interface card. An
HP 59500A Multiprogrammer Interface Kit is required for use on
the HP-IB.
Extender Units: Up to 15 HP 6941B extenders can be chained to
gether to create 240 programmable I/O slots. Extenders may be sepa
rated from one another by up to 30 metres.
Data transler rate: 20,000 readings/second using the GP-IO inter
face.
Cooling: Natural convection
Operating temperature range: 0 to +55 degrees Celsius.
Power: 100/120/220/240 Vac (selectable), +5%, -10%, 48 to 440
Hz, 230 watts.
Dimensions: 172.2 mm high x 425.4 mm wide x 539.8 mm deep
(6.78 in high x 16.75 in wide x 21.25 in deep).
Weight (without 1/0 cards): 15.9 kg (35.0 Ib) net, 19.5 kg (43.0 Ib)
shipping.



COMPUTER AIDED TEST B
Multiprogrammer: Series I 1/0 Cards for HP 69408 and 69418 603

Power Supply Programming
HP 69500A-69513A Resistance
Programming Cards $405-$475

HP 69500A is supplied without resistors. The HP 69501A-69506A
are single output, 12-bit resolution cards designed to program a single
HP power supply equipped with Option 040. The HP 69510A
69513A are dual-output cards with six-bit resolution designed to pro
gram the current output of HP power supplies equipped with Option
040.
HP 69520A Power Supply Programming Card $590

Provides full system control of HP 6023A, 6024A and HP 60 II A,
6012A autoranging power supplies. Requires HP 14557A intercon
nect cable.

Temperature Measurement
HP 69423A Low Level A/D and Scanner Card $885

Six channels of thermocouples or other low-level dc sources in the
range of ± 20 mV can be measured with resolution of 5 JLV. A seventh
channel is used to read the temperature of the isothermal input termi
nal block. An HP 69351 C Voltage Regulator Card is required to pro
vide the regulated isolated bias voltage to the HP 69423A. One HP
69351 C will support up to four analog input cards.

Analog Input
HP 69336B High Speed Scanner Card $595

This card features a FET multiplexer with 16 single-ended voltage
input channels that can be scanned at 20,000 channels/second. Input
voltage range is ± 10.24 volts with 100 V isolation from data com
mon. Several cards can be cascaded to provide up to 224 channels.
HP 69422A High Speed A/D Card $X35

The High Speed A/D Card measures bipolar dc voltages in one of
four ranges, ± 100 mY, ± I V, ± 10 V, and ± 100 V. The three lower
ranges are switch selectable. The ± 100 V input range is connected to
an on-board divide-by-ten attenuator. Data conversion rate is 33,000
readings/second.

Analog Output
HP 69321B D/A Voltage Converter Card $585

This model provides a high-speed (33 kHz), bipolar output voltage
(± 10.24 volts at 5 rnA) that is the analog of the digital input data.
Dual-rank storage, a feature that allows all D/ A cards in a system to
change their outputs simultaneously, is provided on the HP 69321 B.
HP 69322A Quad D/A Voltage Converter Card $705

This D/ A card provides four individually programmable, bipolar
output voltages (-10.24 V to +I0.22 V at 5 rnA, 16 kHz maximum)
that are the analog of the digital data input. Two of the 12 data-bits
address the DACs, and the remaining ten data-bits provide the digital
input data.
HP 69370A D/A Current Converter Card $1 J45

This model provides a high-speed (33 kHz), constant-current out
put (0 to 20.475 rnA at up to 10.5 V) that is the analog of the digital
data input. Dual-rank storage, a feature that allows all D/ A models
in the system to change their outputs simultaneously, is provided on
the HP 69370A.
HP 69351C Voltage RegUlator Card $295

The Voltage Regulator Card provides four regulated, isolated bias
supplies for the analog models and is inserted into the voltage regula
tor slot of the HP 6940B and HP 6941 B. The HP 69351 C is required
for proper operation of the analog input and output models. It will
support up to four of these models.

Digital Input
HP 69430A Isolated Digital Input Card $295

This card employs photoisolators to provide up to 100 V RMS iso
lation between the 12 data lines and chassis ground. The model is
designed to monitor only circuits that are active. This model may be
ordered with any of three different logic options. One of these options
must be specified when ordering this model:

Option 069: negative-true TTL logic levels
Option 073: positive-true TTL logic levels
Option 088: positive-true Hi level = ± 12 to 25 V.

HP 69431A Digital Input Card $295
The Digital Input Card provides 12 data lines that can be used to

monitor contact closure or logic levels referenced to ac earth ground.
Gate/flag circuitry provides the HP 69431A with the interface to the
computer interrupt system. An option must be specified Whtitfnord r-
ing this model. .

Option 069: negative-true TTL logic levels
Option 073: positive-true TTL logic levels
Option 070: positive-true Hi level = 6 to 14 volts

Digital Output
HP 69331B Digital Output Card $355

This model is a general-purpose, 12-bit card with power-on preset,
system enable/disable, and gate/flag capabilities. The output lines
are jumper selectable for TTL or +12 volt logic levels. The HP
69331 B digital output is shipped with TTL logic level configuration.
HP 69332A Open Collector Output Card $235

This card is similar to the HP 69331 B except it can switch up to 30
volts dc and currents up to 40 rnA. The HP 69332A open collector
output card is designed to drive lamps and relay coils utilizing an ex
ternal dc power source. The outputs of the HP 69332A may be ran
dom at power-on.
HP 69433A Relay Output with Readback Card $365

The relay card provides 12 independent SPST, mercury-wetted,
normally-open contact pairs. The HP 69433A also allows the com
puter to examine the status of the relay coil drive circuits, before and
after the contacts are changed. No external handshaking is available
with this product.

Functional
HP 69335A Stepping Motor Control Card $355

This model can be programmed to generate from 0 to 2047 square
wave pulses at either of two output terminals. The user may also con
figure the card to generate 0 to 4095 square-wave pulses. An II-bit
binary data word specifies the total steps and Bit-12 specifies direc
tion of rotation.
HP 69435A Pulse Counter Card $350

This card will count pulses, up or down, with a maximum square
wave input frequency of 200 kHz. Carry and borrow pulses are gener
ated so that the HP 69435A may be cascaded for greater counting
capabilities.
HP 69602A Timer/Pacer Card $475

The Timer/Pacer Card provides a full programmable, crystal-con
trolled time base that can be used to pace Multiprogrammer I/O op
erations or generate accurate one-shot pulses. The HP 69602A
coupled with the HP 69435A can satisfy requirement for frequency
measurement (maximum of 200 kHz). Time interval measurement
(10 JLS to 34 minutes) and time of day (2.8 minutes to 1084 years).

Interrupt
HP 69434A Event Sense Card $1050

The Event Sense Card monitors up to 12 external contact closures
and interrupts the computer when one or more contacts change state
with respect to the 12 reference bits stored on the card. Jumpers allow
for reconfiguration to provide four logical arguments: equal to, not
equal to, greater than, or less than.
HP 69436A Process Interrupt Card $480

This card provides an interrupt to the computer when anyone or
more of the 12 data lines being monitored change state. The HP
69436A has TTL and open collector compatible edge detectors and
can detect any logic transition lasting 100 nanoseconds or longer.

Breadboard
HP 69280A Breadboard Card $295

The Breadboard Card provides a generalized grid pattern for
mounting custom circuitry. The HP 69280A plugs into the HP 6940B
and HP 6941 B, allowing access to the data lines and power supply
lines of the Multiprogrammer backplanes.
HP 69380A Breadboard Output Card $235

This breadboard card is similar to the HP 69280A and has output
storage buffer circuits that allow the Multiprogrammer backplane
output data to drive external or custom circuits. A large portion of the
printed circuit board has a plated grid and general-purpose circuit
pattern.
HP 69480A Breadboard Input Card $295

The Breadboard Input Card is identical to the HP 69380A, except
the on-board logic is the input buffer gates for driving the Mul
tiprogrammer backplane.



BCOMPUTER AIDED TEST
Multiprogrammer Technical Publications

Publication Number
5952-4077
5952-4175

Technical Data
In addition to a broad range of products for integration of data

acquisition, control and test systems, Hewlett-Packard provides a se
lection of technical literature as further support of the-Multiprogram
mer products. These technical brochures provide detailed operating
specifications of the Multiprogrammer product family and are ex
tremely helpful in configuring the best Multiprogrammer package for
your application. Other literature available are Product Notes
describing a specific product application and Application Notes.

This technical literature will provide information to help you
choose the right Multiprogrammer products for your application. The
Product Notes augment the Operating and Service Manuals and pro
vide additional information on product configurations and actual ap
plications. The Application Notes are more specific "how to"
information aimed at a specific application and product configura
tion.

This technical literature is provided at no charge upon request. Ask
your local Hewlett-Packard field engineer, or use the card at the rear
of this catalog.

Publication Title
Multiprogrammer Model 69408, 69418
Multiprogrammer Databook

Models 6942A, 6944A & 6954A

Product Notes
A series of product notes is available for the Multiprogrammers.

The first two, 6940B-I and 6940B-2, are product oriented, and de
scribe how to use particular Multiprogrammer cards. The others are
product "Application Stories" which describe how Multiprogrammer
customers have implemented specific applications.

69408-1 Scanning with the 69408 Multiprogrammer
Describes use of the HP 69336B FET scanning card for high-speed

data acquisition.

69408-2 Power Supply Control
Describes use of the HP 69520A power supply programming card

to control HP autoranging power supplies.

69408-3 SUbassembly Testing
Details Ford Motor Company's use of a building block approach to

increase the flexibility of Ford's systems testing while reducing cost
and design times.

69408-4 Automating Manual Equipment
Describes the implementation of the HP 6940B in a radiation mon

itoring system.

69408-5 8asic Research
Describes the interfacing of an HP 6940B and HP 9845A to a scan

ning electron beam microscope.

69408-6 Product Evaluation
Describes the use by BF Goodrich of the HP 6940B to test the true

effectiveness of tires for the different ice, snow, soil and load condi
tions.

6942A-1 Production Line Testing
Describes Solitron Devices Inc. use of the HP 6942A for hybrid

device testing.

6942A-2 Heavy Industry
Describes Northwest Culvert Company's use of the HP 6942A to

control metal pipe production and improve process control.

6942A-3 Instrument Control
Describes the use of an HP 6942A to control RF test equipment in

an automatic modem test system.

6942A-4 Research and Development
Describes the use of an HP 6942A as control and data acquisition

system for a heavy oil pump development test rig.

6942A-5 Materials Evaluation
Describes the use of an HP 6942A to automate the measurement of

fluid viscosities.

Application Notes
A series of application notes introduces a beginner to computer

aided test, and makes it easier for any user to implement the most
common Multiprogrammer configurations. Each of the notes con
tains a comprehensive study of an application, and includes theory,
wiring information, and software listings for the basic functions. In
formation on advanced techniques is also provided. Although the pro
gramming information is oriented toward the HP 9826A and HP
9836A computers, the concepts are discussed in a general way that
allows application to other computers. Copies of these application
notes are available through your local HP sales office.
AN316-0 Introduction to Computer Aided Test

This introductory note is designed to take a computer aided test
novice through the steps of evaluating, planning, and implementing a
sample computer aided test system.
AN316-3 High-Speed FET Scanning

High speed data acquisition from many channels is easily accom
plished with the Multiprogrammer scanner system consisting of an
HP 69750A or HP 69755A scanner cards. This note covers sequential
and random access scanning methods.
AN316-4 Power Supply Programming

Full system control of a power supply, including output voltage and
current readback, is possible with a single Multiprogrammer card.
The HP 69709A power supply control card is designed for control of
HP 6023, HP 6024A, HP 6011, and HP 6012A power supplies
equipped with Option 002.
AN316-5 Data Capture

This Application Note covers the full range of data capture capa
bility of the HP 6942A, HP 6944A and the HP 6954A Mul
tiprogrammers. The emphasis is on analog data capture but digital
techniques are also presented. AN316-5 includes sections on random
and burst scanning as well as buffering and multiplexing using the
Multiprogrammer Memory system. Examples are presented using
the HP 14753A CAT Programming statements, as well as Native In
struction programming for the HP 6942A. This Application Note al
so covers continuous data acquisition to an external hard disc drive.
One section deals with performing accurate analog measurements us
ing the Multiprogrammers' I/O cards.



HP 120608

HP 12062A

HP 12063A

HP 12061A 32 Channel Ar.alog Input Expansion Card
The HP 12061 A provides 32 additional differential inputs for the

HP l2060B card. The HP 12061 A card fastens directly onto the HP
l2060B card, creating a two-board unit that occupies two I/O slots in
an HP 1000 A-series computer. Programming information is passed
from the HP l2060B directly to the HP l2061A; analog signals on
the additional 32 channels are in turn passed back to the HP 12060B
for digitizing. The HP 12061A includes removable plug-in headers so
the user can add current sense resistors for current loop measure
ments. These headers allow the board to be adapted to the specific
application without soldering components directly on the board and
are easily removable for repair purposes.

HP 12062A 4 Channel Analog Output Card
The HP 12062A Analog Output Card provides 4 independent bipo

lar voltage outputs. Remote sensing per channel provides accurate
output voltages to compensate for long distances of field wiring. Un
dedicated digital outputs may be used in pen up/down control, CRT
display, or X-Y plotters. DMA compatibility provides fast analog up
dates on a per-channel basis or between channels. Programmable
time delay between DMA updates provides signal reconstruction ca
pability with a full power bandwidth of 20 kHz.

HP 12063A 32 Channel Di~lital Multifunction Card

Input Characteristics
The HP 12063 B provides 16 fully isolated digital inputs via voltage

threshold opto-couplers. Input voltage levels are selectable by the user
for each channel by installing the appr(' .'. tely valued resistors on
removable plug-in headers (8 resistor::leader = 8 channels).
These headers allow the board to be aliu to the specific applica
tion without soldering components directly.,} the board, and are easi
ly removed for repair purposes. Plug-in opto-couplers (supplied)
allow user selection of ac or dc coupling for each channel by merely
installing the opto-coupler in the ac position or dc position. For ac
coupling, a plug-on jumper is provided for each channel to select 60
Hz ac filtering of the rectified input if desired.

Event Detection
In addition to status, any input may be user programmed to func

tion as an interrupt to be generated on the rising edge or falling edge
of the input or both (whichever occurs first). This capability is easily
activated by the user via loading the appropriate pattern into the
three registers. The on-card microprocessor takes over to cause the
interrupt to be generated when that event occurs. User programming
is required to service the interrupt.

Debounce Delay
The same microprocessor also provides the user-programmable

debounce delay up to 246 ms on any input when monitoring contact
closures and may be used in both status mode and event sense mode.

Output Characteristics
Sixteen form C (SPDT) relay outputs are provided on the same

card. Both the normally open (NO) and normally closed (NC) con
tacts are available to users. Two removable headers allow for arc sup
pression devices to be added by the user for each channel without
soldering directly to the board. Each header handles 8 output chan
nels. Plug-on jumpers select the arc suppression across the NO or NC
contacts. An on-card isolated power supply derived from the 25 kHz
ac supply in the A-Series processor provides coil power for the relays.
This technique minimizes any coupling of relay contact noise in the
computer itself.

Description
The HP 12060B, 12061A, 12062A, and 12063A are plug-in cards

for HP 1000 A-Series Computers. They provide low cost, high per
formance, analog and digital I/O for use in distributed measurement
and control applications. The A-series product in which these cards
are used must have a 25 kHz power supply. Hood connectors with
each card allow users to build cables for connection to their applica
tions.

1206088 Channel Analog input Card
The HP 12060B is capable of acquiring up to 55,000 readings per

second with 12-bit resolution. Auto scanning or single-channel sam
pling is possible to 55 kHz. Provisions for external pacing/triggering
of sampling and scanning is provided. The HP 12060B includes four
programmable full scale ranges from plus or minus 1.28 Y to plus or
minus 10.24 Y. Maximum resolution is 0.625 mY on the 1.28 V
range. A separate "zero reference" on the card allows the user to
measure actual offset due to temperature drift, and correct readings
on all channels for higher accuracy. The card has 8 differential chan
nels.

Ordering Information
UP 120608 8 Channel Analog/Digital Converter
UP 12061A 32 Channel Analog Input Expansion
UP 12062A 4 Channel Digital/ Analog Converter
UP 12063A 32 Channel Digital Multifunction Card

Price
$1885

S940
$1360
$1730



BCOMPUTER AIDED TEST
CAT Software
Interactive Test Generator

• Accelerates HP BASIC Test Development
• Universal, Mouse-Driven Interface To All HP-IB Instru

ments
• Eliminates Need To Learn HP-IB Mnemonics

• Generate Code Automatically
• For program development on HP BASIC Workstation

or HP-UX (1) controllers
• For program execution on HP BASIC workstation,

HP-UX, or DOS (2) controllers. 0o

HP's Interactive Test Generator (ITG) software package acceler
ates HP BASIC test development with a windowed, mouse driven in
terface designed specifically for controlling HP-IB instruments.

Designed for test engineers, independent of their programming
skill, ITG reduces test development time by providing interactive pro
gram development with on-screen instrument panels. Menu selections
made with the "click" of a mouse prescribe settings of instruments
and initiate and display measurements. ITG also automatically gen
erates the HP BASIC code necessary to perform these same tasks in
your test program.

Menu selections expedite instrument setups and reduce costly
errors

Hassle Free Instrument Control For Both Beginners And
Experienced Professionals

ITG simplifies measurement automation because it is no longer
necessary to write code that requires knowledge of instrument-specif
ic HP-IB mnemonics or search through volumes of manuals for the
right command string. Instead of writing code, you use a mouse to
adjust control settings and make measurements. Clicking the mouse
on a control pulls down a menu of valid settings, clicking again selects
the desired setting. Incorrect instrument settings and data entry er
rors that lengthen test development time are virtually eliminated
through the use of the mouse and menu selections.

Store and recall instrument states with names you assign. You
don't have to remember state names to recall them, ITG
presents you with a list of valid choices.
'1 Using HP BASIC/UX
'2 Using the HP BASIC Language Processor Card



To avoid setting controls one by one, you can store and recall com
plete instrument states by names you assign. A library of states is
rapidly generated, and states can be browsed and re-used to build new
applications with even less effort. User-entered comments are printed
along with descriptions of the states to provide permanent, high-qual
ity documentation of the test application.

At the "click" of a mouse, on-line help keeps the job moving with
information on the operation of HP ITG as well as the specific instru
ments available. And with instruments connected to the HP-IB bus,
immediate feedback on the instrument's operation saves you time
debugging your instrument setups.

On-line help is available if you happen to have a question.

Automatic Code Generation
Automatic code generation guarantees consistent, structured,

error-free programming by even inexperienced software developers.
And because the code generated is HP BASIC, it retains the friendli
ness, power, and high performance test developers have come to ex
pect for instrument control. Full access to all HP BASIC math,
graphics, and I/O capability gives ITG the edge as a friendly develop
ment environment without sacrificing application performance.

F'"! I. Edit Tools Ed!tor

Automatically generate HP BASIC program statements for con
trolling your instruments and making measurements.

Optimized For Test Throughput
ITG optimizes test throughput by automatically providing incre

mental state programming. ITG tracks the current instrument state
and sends only the necessary commands to reach the next state. This
eliminates time spent sending superfluous commands over HP-IB, as
well as the time required for an instrument to interpret and respond to
the command. In addition, ITG optionally generates ordinary HP
BASIC "OUTPUT" and "ENTER" statements that use explicit in
strument mnemonics.

Universal Instrument Drivers
ITG instrument drivers provide a uniform and user-friendly inter

face to all instruments, with complete control being exercised by a
mouse or the keyboard, instead of a multitude of different operating
methods found on stand-alone instruments.

HP provides instrument drivers for many of the popular HP-IB test
and measurement instruments, and plans a continuous program to
make drivers available as they are developed. While HP written driv
ers address most applications, drivers for custom black-boxes or non
supported instruments are easily created using any text editor. These

text files can be easily modified and serve as examples for rapidly cre
ating drivers for new or different models of instruments.

With lTG's driver technology, you can also create virtual instru
ments in software by enhancing or combining the features of several
different instruments. For cardcage instruments in particular, these
alternative user interfaces allow even the inexperienced to begin mak
ing measurements quickly.

Protected Software Investment
Because software development can easily cost as much as the in

strumentation in a test system, protecting that software investment is
as important as minimizing it.

Whether you use custom written HP BASIC programs or HP's
Functional Test Manager software to create new applications, ITG
serves as an easy and efficient tool for developing the measurement
specific part of your test. Used in conjunction with these programs,
ITG saves development time without abandoning your present soft
ware investment.

Flexible Choice of Operating Systems
In todays competitive business atmosphere, low cost controllers,

such as PCs, are highly desirable. But many times, complex test pro
grams are more expediently developed on sophisticated, high
powered machines and then executed on a low-cost target machine.
lTG's capability to generate code that will run on personal computers
such as the HP Vectra, IBM PC-AT, and compatibles using the HP
BASIC Language processor, on HP's proprietary controllers that use
HP BASIC, and on UNIX'" controllers, affords a wide choice of con
troller platforms. This compatibility also assures that you can start
small, and as your test needs change move to faster, more powerful
controllers without having to develop new test software.

ITG Moves Into The Future
The unique structure of ITG allows the instrument drivers to be

independent of specific programming languages, operating systems,
or applications. ITG is the first in a family of compatible software
products which use these drivers. Similarly, user-developed drivers or
instrument states will also move forward without requiring new pro
gram development.

System Requirements
Development System

Runs on HP BASIC/WS, HP BASIC/UX, and HP BASIC Lan-
guage Processor systems with HP BASIC 5.1 or greater including:

HP 9000 Series 300s and Series 200 ModeI21?*
HP PC 305/308 BASIC Controllers
Additional requirements: HP-HIL mouse, at least 3 Mbytes of

RAM, and at least 4 Mbytes of hard disc space.
Execution System

In addition to the systems mentioned above, code developed with
HP ITG may be executed on any Series 200 system running HP BA
SIC 5.1 or greater and containing a total of 1.5 Mbytes or more of
RAM.

Ordering Information
E2000A HP Interactive Test Generator. Requires HP BASIC
Rev. 5.1 or later. Must order HP E200lD Instrument Drivers
separately. $988
AAO Software on '/.-inch tape cartridge
AA6 Software on 5'/4 disc
AA7 Software on 3'/2 inch single-sided discs
AA8 Software on 3'/2 inch double-sided discs
E2001D HP Instrument Drivers. (One set of all available) $492
AAO Software on '/4 inch tape cartridge
AA6 Software on 5'/4 disc
AA7 Software on 31/2 inch single-sided discs
AA8 Software on 3'/2 inch double-sided discs
'No support for HP 98548A monochrome display system.
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COMPUTER AIDED TEST
Software Solutions
Data Acquisition Manager - DACQ/300 and DACQ/PC, HP Model 44458A/B and 44459A/B

• Reduce Your Softwwe Devclopment Time
• Customize {our Data ~,J1and,~ementNeeds
• Optimize Your Software Performance

• Use With HIe Corltloliu or', -,J ;Ioice: EJUlel H f' ;~UOO
Series 200/300 or HP Vectru h,
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Data Analysis
Entire arrays of data captured over HP-IB or retrieved from the

data base can be analyzed quickly using the data analysis subrou
tines, Analysis functions available are:

• Scaling (mx+b)
• Limit checking
• Statistics (high, low, mean, standard deviation)
• Math (+, -, *, I)
• FFT and inverse FFT
• Temperature conversions (thermocouples, thermistors, RTDs)
• Strain gage conversions
• User-defined look-up tables
• Unpacking packed HP 3852 high speed voltmeter readings

Data Management
Use HP Data Acquisition Manager to:
• Set up a data base organized into archives, books and pages
• Specify the format of books and pages
• Collect data over HP-IB, GPIO, from the program, or the key-

board
• Time-stamp and store the data into the data base
• Document the data
• Retrieve the data from the data base to display, analyze or trans

mit it elsewhere

/lit

Description
HP Data Acquisition Manager is a general-purpose subroutine li

brary for the HP 9000 Series 200/300 controllers (HP DACQ/300)
or the HP Vectra Personal Computer equipped with the HP BASIC
language processor (HP DACQ/PC). The software reduces your de
velopment time by providing you with software tools (subroutines
written in HP BASIC and compiled Pascal) that you can add to your
HP BASIC program to handle up to 90% of your data management
functions. Customize your data management programs by adding
these subroutines to match your final application needs. Optimize
your software performance through HP Data Acquisition Manager's
compiled subroutines and use of memory volumes (electronic disc).
Eliminate the need to have several software packages because HP
Data Acquisition Manager provides you with subroutines that cover a
wide range of data acquisition and control tasks and works with any
HP-IB instrument. Use HP Data Acquisition Manager with the con
troller of your choice - either the HP 9000 Series 200/300 controller
or the HP Vectra Personal Computer. Both controllers offer you the
HP BASIC language (on the HP Vectra PC through use of the HP
BASIC Language Processor - HP 82300B) for one of the most power
ful and easy-to-use programming environments available for instru
ment control.
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Price
$1995
$1995
$1220
$1485
$1485

$925
$10900

Data Presentation
Printing:

Captured data and sections of the data base can be formatted and
printed on the controller display or to a supported printer.
Plotting:

Plot subroutines allow you to plot up to eight traces per chart on
either the controller display or an HP plotter. Labels, size, location,
color (HP DACQ/300 only), and orientation of the chart are
programmable, allowing you to have more than one chart per screen
or page. Linear and logarithmic scaling (with or without grid lines)
are available as well as auto-scaling of the entire chart.
Real-time Stripcharting:

The stripchart subroutines allow you to plot up to four traces on the
controller display as the readings are being received from the instru
ment (color traces for HP DACQ/300, monochrome for HP
DACQ/PC). Once the screen is full, the data scrolls on the display
from right to left. A file can be reserved to store values that scroll off
the display. Data from the instrument can be plotted versus time or a
user-defined array. If a hard copy of the stripchart is desired, the data
can be saved and later sent to an HP plotter with the Plot subroutines.
Data Transmission

Transmit data from the data base to another computer over RS
232 using the data transmission subroutines. These subroutines can
be used to set up the HP 9000 Series 200/300 Datacomm Card (HP
98628A) with the desired protocols. The ENQ/ACK and X-ON/X
OFF protocols, baud rate, handshaking and the use of modems are all
supported with these subroutines. Files of data can be transmitted
using a default ASCII format or you can create your own format.
When the default format is used, the files transferred can be used by
Lotus 1_2_3™ or Wordstar™. The transferred ASCII file can also be
transmitted to other computers using the HP Vectra PC's Advance
Link software.
Process Control

Calculate up to 10 PID algorithms with one HP Data Acquisition
Manager subroutine call. You specify the PID constants and send the
measured values from your process to the subroutine. The subroutine
performs the PID calculation and returns the final values. "Bump
less" control allows a smooth transition from manual to automatic
control of your process using the PID subroutines. You can cascade
two or more of the PID loops and adjust the PID constants ("tune
your process control loops") while the process is still under automatic
control.
Task SchedUling

The scheduler subroutine assists you in scheduling tasks (in the
form of subroutines) within your program. The software creates a
table of up to 99 tasks and allows you to designate each task name and
number, starting time, time interval between task runs, number of
times the task is to be run and its priority. When the scheduler sub
routine is called, it returns the number of the task with the highest
priority scheduled for that time. Your program can then run that task
by calling the appropriate subroutine.
Configuration/Verification (HP DACQ/300)

The HP 9000 Series 200/300 version of HP Data Acquisition
Manager (HP DACQ/300) also contains a menu-driven program
that you can use to help document your equipment set-up and appli
cation. The program allows you to write a description of your applica
tion and prompts you to list the peripherals and instruments attached.
The program automatically reads the configuration (processor, mem
ory, plug-in interface cards, operating system) of the HP 9000 Series

200/300 controller and an HP3852 data acquisition unit (if present).
When you are finished, the entire set-up and description will be saved
in a file. The program even contains a routine to verify that the pre
sent configuration matches a configuration stored in a file.

Summary
HP Data Acquisition Manager is a powerful software package that

provides you with "tools" to handle up to 90% of your data acquisi
tion/control program. This leaves you time to concentrate on other
aspects of your application. Collecting, storing, analyzing, transmit
ting, and scheduling data collection and subroutines are all handled
by this software. Add only the routines that you need to customize
your program and allow HP Data Acquisition Manager to optimize
your software performance. Use this software with any HP-IB instru
ment on the controller of your choice, either the HP 9000 Series
200/300 or the HP Vectra PC, with the HP BASIC language proces
sor, for virtually all of your data acquisition data management needs.

Recommended and Supported Hardware
Controllers For HP DACQ/300: HP 9000 Models 310, 320, 330,
350,216, 217, 220 and 236* Controllers running BASIC 5.x
equipped with 1 Mbyte RAM.
HP 3059A Technical Data Acquisition System

This is a complete system bundle including an HP 3852A Data
Acquisition/Control Unit, an HP 310 Color Instrument Controller,
HP BASIC 5.x, I Mbyteofmemory and the HP 44458A DACQ/300
software.
Controllers For HP DACQ/PC: HP Vectra or 100% compatible com
puter equipped with the HP 82300B BASIC Language Processor.

The following HP Vectra based bundles contain the HP 82300B,
640 kByte DOS memory, Vectra SPU, 1.44 MByte 3.5" flexible and
20 MByte hard disc drives (PC-308CM has 40 MByte hard disc
drive), HP BASIC 5.x, serial and parallel interfaces, display, key
board and Vectra DOS.

Color· PC Systems Monochrome PC Systems
HP 823150 Model PC-308CL HP 823170 Model PC-305ML
HP 823190 Model PC-308CM HP 823140 Model PC-308ML

HP 3058A HP BASIC/PC Data Acquisition System
This is a complete system bundle including an HP 3852A Data

Acquisition/Control Unit, an HP PC-308CL Color* BASIC Con
troller, HP BASIC 5.x and HP 44459A DACQ/PC software.
Peripherals: Any supported by the HP Vectra or HP Series 300 run
ning BASIC 5.x (plotters must use HP-GL)
Instruments: Any HP-IB instruments

Ordering Information
HP 44458A: HP DACQ/300 on 3'/2" disc
HP 44458B: HP DACQ/300 on 51/4" disc
HP 44458R: HP DACQ/300 right-to-reproduce
HP 44459A: HP DACQ/PC on 31/2" discs
HP 44459B: HP DACQ/PC on 51/4" discs
UP 44459R: HP DACQ/PC right-to-reproduce
HP 3058A: HP BASIC/PC Data Acquisition Sys
tem
HP 3059A: Technical Data Acquisiton System $13100
'Stripcharting not supported on HP Model 236C or in color on the HP PC-308CL and PC-308CM.
The HP 98627A RGB Color Video Board is not supported.



BCOMPUTER AIDED TEST
Functional Test Manager Software
FTM/300 81 FTM/PC

• Substantially reduce your test system development time.

Developing functional test software on an HP Series 300 using HP FTM/300

Standardize On The
Complete Set Of

HP FTM Turnkey Features

Description
HP Functional Test Manager (FTM) software is designed espe

cially for:
• Professionals writing test software for rack-and-stack HP-IB

production systems
• Functional testing of analog components, subassemblies and fi

nal products
HP FTM substantially reduces your functional test system soft

ware development time. It does this by replacing up to 65% of your
code with HP FTM's standard turnkey features and gives you pro
ductivity boosting development tools to finish the application specific
portion of your system.
Powerful Turnkey Features

Start your functional test system software development with HP
FTM, and start out "already finished" with many of your most diffi
cult development tasks. HP FTM provides you with up to 65% of your
test system software. It does this by taking care of the non-application
specific portions of the system software; parts that are typically the
same from one test system to another. Develop your next test system
quicker using all of HP FTM's powerful turnkey features:

• Turnkey System Security
• Turnkey Test Scheduling
• Turnkey Test Sequencing
• Turnkey Test Debug Mode
• Turnkey Database Management
• Turnkey SQC Data Analysis
• Turnkey Networking
Use these flexible features to quickly build test systems that will do

more than most custom-coded systems. Many customers have already
standardized on HP FTM's turnkey features for all their functional
test systems.
Test Development And System Configuration Tools

Using HP FTM's turnkey tools means you can concentrate harder
on your application specific tasks. Application specific tasks typically
include defining tests and test parameters and coupling HP FTM's
turnkey features into your overall application environment. HP FTM
has system configuration and test development tools to help you in
these application specific areas.

HP FTM's development tools are both easy to use and extremely
powerful. They combine the friendly ness of menu's and forms with
the ultimate power and flexibility of HP's renown BASIC program
ming language. Quickly finish the application specific portion of your
functional test software using HP FTM's:
• Menu of Forms

Use HP FTM's forms to conveniently document, access and modify
your test parameter and test system configuration data.

• Library of Optimized Subs
Use these subs and quickly build individual tests tailored to your
specific needs.

• Full Access to HP BASIC
With HP BASIC, add custom test capabilities to HP FTM or use
your existing subprograms.
Combining HP FTM's turnkey features with it's development

tools, you retain all the advantages of writing custom software while
substantially reducing your development time and effort.

Optimized For Test Throughput
While HP FTM provides high level testing capabilities in real time

(e.g., HP-IB driver I/O, pass/fail limit testing, data archiving, test
sequencing, test progress reporting, etc.), HP FTM still executes HP·
IB I/O and test sequencing just as fast as most custom written test
software. However, for even faster program speed or higher flexibili
ty, custom code critical test segments using powerful HP BASIC. HP
FTM's structure allows straight forward integration of HP BASIC
callable custom code.

Further optimize your overall testing speed by taking advantage of
HP FTM's intelligent test sequencer. Set up HP FTM's Test Plan
Form so that certain tests are executed only under certain conditions.
For example, execute an overall functional test first. Whenever this
test fails, then execute a set of troubleshooting tests to gather more
information on the cause of the failure. You don't need to execute the
troubleshooting tests every time. Or, specify a lengthy set of tests as
"audit tests" to be executed only on every Nth device under test. With
HP FTM's intelligent test sequencer you get more of your product out
the door faster.
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Price
$4800

Summary
HP's Functional Test Manager is a sophisticated, comprehensive

and flexible software package fine tuned for functional test applica
tions in production environments using HP-IB test instrumentation.
It provides the set of features most needed to run a modern, versatile
production operation. HP FTM has the breadth and depth needed to
be considered as your standard test system executive.

Use HP FTM to beat your functional test software development
deadlines while simultaneously expanding the functionality and flexi
bility of your test systems.
Product Requirements
Supported Computers

HP 9000 Models 216·, 217, 220·, 236, 237, 310, 320, 330, 350 and
HP Vectra (or 100% IBM AT compatible PC) equipped with the HP
BASIC Language Processor.
Security Device

HP 46084A HP-HIL ID Module is required for the FTM version
with HP-HIL code security. An HP-IB code security module is sup
plied with the HP FTM with HP-IB security. The HP-HIL version of
FTM is recommended for computers with HP-HIL.
Operating System

HP BASIC 5.X. Must order HP BASIC HFS binary (HP
82313A) separately for HP FTM/PC unless using SRM.
Memory

3 Mbytes recommended for development system (2.25 Mbytes
minimum), 2 Mbytes for run-only. For HP FTM/PC this memory
must reside on the HP BASIC Language Processor.
Hard Disc

Local hard disc required unless using SRM. Recommend 20
MBytes (40 Mbytes for HP FTM/PC if hard disc is shared with DOS
applications).
Printer

Optional. HP-IB, RS-232 or Centronics (on PC) interfaces with
HP Raster Interface Standard capability. For example, HP ThinkJet,
HP LazerJet and HP PaintJet.
Plotter

Optional. HP-IB, HPGL (automatic sheet feed desirable).
Bar Code Reader

Optional. Use HP 92916A (HP-HIL).
32-Button Box

Optional. Use HP 46086A (HP-HIL).
·HP Models 216 and 220 require display enhancements.
Ordering Information

HP FTM/300 is available for HP 9000 Series 200/300 Computers
under HP BASIC 5.x. HP FTM/PC is available for HP Vectra PCs
(and compatibles) using the Hi' Basic Language Processor (HP
82300B). Each are available for two different source code security
schemes and in both 3.5" and 5.25" media sizes.
HP FTM/300 (for HP BASIC 5.x)
HP 34804A - 3.5" media, for computers with HP
46084A HP-HIL ID Module (order separately), in
cludes training.
HP 34805A - 3.5" media, for computers without HP
HIL, includes HP-IB security module and training.
HP 34805B - 5.25" media, for computers without HP
HIL, includes HP-IB security module and training.
HP FTM/PC (for HP Vectra PC with HP BASIC Lan-
guage Processor)
HP 34804C - 3.5" media, for PCs with HP 46084A
HP-HIL ID Module (order separately), training not in
cluded.
HP 348040 - 5.25" media, for PCs with HP 46084A
HP-HIL ID Module (order separately), training not in
cluded.
HP 34805C - 3.5" media, for PCs without HP-HIL, in
cludes HP-IB security module, training not included.
HP 348050 - 5.25" media, for PCs without HP-HIL,
includes HP-IB security module, training not included.
Multiple Copy/Right-To-Use Licenses, Upgrade Kits,
Training & Support Materials

Economical multiple copy/right-to-use licenses, upgrade kits for
Rev 1.0 and 2.0, user training and Software Materials Subscription
(SMS) are available for HP FTM/300 and HP FTMjPC. For more
information on these products ask your local HP Sales Representative
for the HP FTM Brochure (PN 5953-7020) and the Rev 3.0 Ordering
and Configuration Information Insert (5953-7046, dated 5/88).
Lotus and 123 are registered trademarks of Lotus Development Corporation.
MS-DOS is a registered trademark of Microsoft. Incorporated.
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Networking and Data Transfers to Other Computers
Format your test results and transfer them to other computing en

vironments for further analysis or archiving. HP FTM formats test
data files in the standard ASCII formats (CSV and DIF) used by
nearly all major software packages.

HP FTM networking features let you use any common file transfer
means including RS-232, HP-IB, HP's Shared Resource Manager
(SRM), or IEEE 802.3 (using HP's SRM network and a co-existing
HP-UX environment). Use HP AdvanceLink and HP FTM for total
turnkey transfers of data over RS-232C to DOS computers. The re
sultant DOS files are ready for access by spreadsheets such as Lotus
1-2-3 and database managers such as dBASE III Plus.

HP FTM software is specially designed to take full advantage of
HP's SRM network. Multiple HP FTM systems can be linked to
share a common data base for data storage and SQC analysis. HP
FTM's SRM networking can also be used to transfer test data from
HP FTM to HP Q-STATS II area-wide information manager. HP Q
STATS II, working with the HP 306X Board Test Systems and HP
FTM at functional and final test provides a comprehensive "board
test-to-final-test" statistical quality control solution.

Standardize On HP FTM For All Your Test Systems
Implement just one test system using HP FTM and see the time

saving benefits of reduced software development time, maintenance
and documentation. Standardize on HP FTM and experience the ad
ditional effect of having your newer test engineers understand and
maintain both new AND old systems. Using and training your new
test engineers on HP FTM's standard database, data structures and
other turnkey features gives them a big headstart in understanding
and maintaining all your HP FTM based systems. Examining the in
formation in HP FTM's forms will complete the picture, making it
easy and quick for new engineers to grasp the inner application specif
ic elements of any previously unfamiliar system.

Flexible Test Program Scheduling
Your test system tasks may need to be executed upon specific

events or at specific times. With HP FTM, schedule your tasks to be
executed upon the wave of a barcode wand, at specific times of day, or
upon operator menu selection. At the same time HP FTM will save
important information with your test result data, information such as
serial numbers, time of test, operator information and networked test
station #.

For your less sophisticated operators, use HP FTM's security levels
to tailor HP FTM's operator menu to each operator, allowing only
specific menus to be seen and executed by specific operators. HP
FTM's turnkey security and scheduler features give you flexibility to
display, schedule and initiate tasks the way you want.

Data Analysis and Report Generation
Analyze and improve your production process in addition to testing

your products. Use HP FTM to monitor trends in your process with
its turnkey statistical quality control (SQC) analysis features. Im
prove your process and your profits by monitoring test result trends as
you tune your production process. And HP FTM will generate impor
tant SQC reports and graphs. Use HP FTM's SQC overview page as
your management summary. It lists yield, units passed or failed, and
presents information graphically. For more detailed reporting, use
HP FTM to produce the following SQC charts and graphs:

• Pareto charts for failure analysis
• Histograms of test results
• Control Charts (p, X-bar and s) as process monitors
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System Integration
HPATS 2000

~
ESIGNED"OR. .

•
SYSTEMS

1

1__,
DIGITAL TEST

Paltern Generator'
Analyser. i
S.j~nal Con~lti~~

I
I

System
Controller

HP 1000
HP 9000

Unit Under Test ,

INTERFACE

TEST
ADAPTER

L _

,
MEASURE,MENT i

I Di\ililal Multimeter 'I'

I Universal Counter

~·'l~--
~-ll--.-L

I SWITCHING 'I

Stimulus
Measurement

Coaxial

POWER

DC Power

AC Power

ATS 2000 Block Diagram

• Modular Systems Using Standard Test Instrumenta
tion for Cost Reduction and Configuration Flexibility

• Manufacturing and Maintenance Applications
• Complete Integration, Installation and Support

Services
• Single-vendor Solution

A Modular Approach to Solving Test Problems
With ATS 2000, HP provides a customized solution for complex

functional test needs. Based upon the integration of standard HP in
struments and controllers, HP ATS 2000 offers test solutions for
manufacturing and maintenance of boards and modules in communi
cations systems, PBX, radar, navigational/guidance and other avion
ics, and pre-flight satellite checkout.

HP's broad range of computation and instrumentation resources is
backed up by 20 years of experience in providing fully-integrated sys
tems to meet the requirements of commercial and military testing ap
plications, with the added benefits of a single-vendor solution.

HP works with each customer to configure a system to custom-fit
the test application, and then performs all the many hardware and
software functions to fully integrate the system. In addition, HP of
fers user training and long-term support of the customer's system.



System Controller
A host controller drives the test system. The choice of a controller is

based upon current computing and testing requirements as well as
anticipated future expansion of the system. The ATS 2000 offers two
standard HP offerings:

The HP 1000 is supported by a powerful real-time operating sys
tem (RTE-A), and features fast efficient handling of I/O. The HP
1000 controller has a complete device subroutine library supporting
over 200 instruments.

The HP 9000 is supported by HP-UX, Hewlett-Packard's UNIX
based operating system. HP-UX allows up to 84 independent virtual
processes to execute simultaneously, but this number can be modified
according to the user's particular application requirements.

Standard HP Stimulus and Response
Instrumentation

HP brings to the ATS 2000 a wealth of standard, programmable
instruments for UUT stimulus and response measurement, such as
digital multimeters, counters, signal sources, and analyzers together
with a selection of programmable power supplies. Integration of off
the-shelf instruments substantially reduces system cost and facilities
modifications to the system configuration to accommodate changes in
the customer's application that may occur with time.

SWitching
The switching module routes signals between the UUT and analog

stimulus/response instruments. The HP 3235A Switch/Test Unit is
used for switching in the ATS 2000 systems. This switch comprises a
IO-slot intelligent card-cage, with 13 different switch modules availa
ble in various matrix and multiplexer topologies to switch signals up
to 10 Amps and from DC to 26.5 GHz.

Digital Test Unit
Required for digital test capability, a digital test unit (DTU) gen

erates input patterns to the UUT and analyzes the output responses at
real-time functional speeds. Two major components comprise the
ATS 2000 DTU: a pattern generator analyzer and a signal condition
er.

The HP 9417A Pattern Generator/Analyzer controls digital test
ing, performing stimulus and response analysis functions. From 64 to
128 non-multiplexed, bi-directional channels are provided by the HP
9417A, which may be expanded to 512 channels with the HP 9418A
Expansion Chassis. Up to five independent 4K memories (output, ex
pected, tristate, mask, response) are provided per channel for real
time response comparison. Linear or algorithmic stimulus and re
sponse allows efficient test programming. Measurement accuracy is
enhanced through adjustable skews for compensation of all propaga
tion delays. An HP 94180A Guided Probe is available for backtracing
and fault diagnosis.

The HP 94l9A Signal Conditioner serves as the interface between
the HP 9417A and the test adapter or UUT, providing multiple logic
levels with maximum signal integrity. The HP 9419A supports logic
families in the range of ± 15V, including TTL, ECL, CMOS, and
DTL.

Digital Test Software
The DTU is controlled by the Digital Test Executive (DTE), a

modular family of software components which integrates various sim
ulators with the DTU hardware for simulator-based testing. The
DTE consists of a run-time analyzer, file configurator, file reporter,
and a file generator if simulator-based testing is required.

The HP 9423A Run-Time Analyzer extracts test data, such as
stimulus and response vectors, circuit topology, node state, timing in
formation and fault diagnosis data, from the user's circuit simulation
software.

The HP 9425A File Reporter allows access to the DTE file at any
time during the test process for the test pattern verifications.

A variety of file generators are available to map simulator output
into a DTE-compatible format.

User programming of the ATS 2000 DTU is simplified using a set
of over 120 subroutines in the HP 9426A Digital Device Subroutine
Library.

System Resource Interface
A unit-under-test interface provides the signal path between a test

system and a UUT. The ATS 2000 System Resource Interface (SRI)
provides a well-defined, high-integrity interconnect path for digital,
analog, and RF stimulus and response signals between the test system
and the UUT.

The SRI consists of two subassemblies: the HP 9420A Interface
Connect Assembly (lCA), and the HP 9421A Interface Test Adapter
(ITA).

The SRI is offered in 4,OOO-pin (single-tier) and 8.000-pin (dual 
tier) configuration. A single customized ICA is used with multiple
low-cost ITAs for different UUTs or families of UUTs.

System Software
System software includes the operating system, a device subroutine

library for programming more than 200 HP instruments from Pascal,
BASIC or FORTRAN, and a system functional test program.

System Integration
Integration services for the ATS 2000 are initiated with a study of

the customer's test application to arrive at a system configuration.
The integration process includes system design hardware and soft
ware configuration, system assembly, racking and cabling, design of a
system functional test program and hardware adapter, optional pre
shipment customer acceptance, site preparation and installation, on
site testing, comprehensive system-level documentation, and other
support services. ATS 2000 Customer Training Courses are also
available.

Ordering Information
Each ATS 2000 system is designed specifically to meet individual

customer needs. For more information, consult your local HP Sales
Office.
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Hewlett-Packard offers a large family of design
automation solutions integrated under a common
design environment-·HP DesignCenter - that
allows electronic, mechanical and software
projects to be linked together throughout the de
sign process. Hewlet~-r~Akard also offers a broad
range of technical computers ~nd workstations for
design, measurement automation, manufacturing,
and real-time monitorin~ and control, including
several new models using HP's Precision Architec
ture.
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HP DesignCenter
General Information

HP DesignCenter EE CAE/CAD Solutions

Design Automation
Design automation is the process of using

computer-automated productivity tools to im
prove the quality of new products and the speed
with which they can be moved through the de
sign cycle and into manufacturing. When im
plemented effectively, design automation has a
powerful, positive effect not only on quality and
time to market, but on production costs, product
reliability and other factors that ultimately af
fect the competitive position and profitability of
your company.

Design automation has become something
much greater than an opportunity for aggressive
firms looking for a competitive edge. It is now
crucial for survival in a growing number of mar
kets.

Hewlett-Packard's approach to design auto
mation has been to develop an integrated design
environment that enables engineering teams in
electronic, mechanical and software projects to
link their efforts through the entire design pro
cess, from concept through manufacturing.

HP 9000 Family
The HP 9000 family of technical computers
is the foundation for HP DesignCenter. HP
9000 products include the Series 200, 300, 500
and 800 Technical Computers. This includes
the Series 800 Precision Architecture computers
(see page 640). The use of these computers in
the design automation environment is discussed
on page 619. Another section of this catalog is
devoted to detailed discussions of HP technical
computer products, beginning on page 638)
HP's 9000 family features the HP-UX operat
ing system which adheres to AT&T's UNIX·
System V interface definition, Issue I. Individu
al workstations as well as total systems can be
configured in a powerful IEEE 802.3 local-area
network (LAN). See page 660 for networking
information.

Electronic CAE/CAD Products
HP 64,000-UX Microprocessor Develop
ment Environment is a natural evolution of
HP's 64000 Logic Development System. This
family of microprocessor development tools is
fully compatible with the existing 64000 family,
but adds a number of new capabilities. HP
64000-UX is fully integrated into the
DesignCenter family and uses the same com
puter platform, and provides links to other
DesignCenter solutions. The system provides
versatile networking to popular software on sys
tems such as DEC VAX and the IBM PC. In
c!rcuit emulators, language systems and analy
SIS tools are now available for 8-, 16- and 32-bit
microprocessors. A broad selection of
price/performance options helps to select the
best system for your needs. See page 627.

'UNIX is a registered trademark of AT&T in the U.S.A. and oth
er countries.

HP DesignCenter Electronic Engineering
CAE/CAD Products
HP 64000-UX Microprocessor
Development Environment 621
HP Teamwork SW Analysis and
Design Environment 627
HP Electronic Design System 622
HP Microwave Design System 625
HP Programmable Logic Device
Design System 626
HP Printed Circuit Design System 632
HP Engineering Graphics System 634

HP DesignCenter
HP DesignCenter is an integrated design en

vironment for electronic, mechanical and soft
ware engineers, where tasks can be planned,
executed and managed more effectively. HP
DesignCenter includes tools for data manage
ment, documentation and communication, not
just design automation software. It runs on a
family of powerful workstations that link,
through industry-standard networks, to com
puters from HP and other vendors.

DesignCenter will help the individual design
engineer by providing an integrated set of tools
to speed the design process from idea to final
production, while also improving overall quali
ty. DesignCenter comes with the support, docu
mentation and training to ensure productive use
of design tools.
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HP Teamwork Software Specification and
Design Environment helps software engi
neers develop and manage software specifica
tions and designs. HP Teamwork/SA,SD,
RT, and ACCESS provide tools for struc
tured analysis with realtime extensions, struc
tured design, and integration of the resulting
database with other software development
tools. These teamwork products help to re
duce the costs of software development by al
lowing rapid capture and maintenance efforts
for software applications including embedded
microprocessor systems, measurement auto
mation, instrument control, and general sci
entific. See page 622.

HP Electronic Design System provides in
tegrated tools for all phases in the develop
ment of digital, analog, and microwave
circuitry. The system includes more than
7000 logic and analog component library
parts, a powerful schematic editor, HILO-3
logic simulation, analog simulation through
the Analog Workbench, links to the HP
16500A prototype test, to HP's PLD Design
System, and to physical layout systems, and
a user interface that simplifies interaction
with the design and verification tools. The
HP Electronic Design System is available as
a high-end system for use on the HP 9000 Se
ries 300 technical workstation. See page 622.

HP Microwave Design System is a power
ful tool for designers of hybrid- and micro
wave-integrated circuits. The system consists
of three fully integrated modules for sche
matic entry of the circuit, linear-circuit sim
ulation and optimization, and circuit
artwork generation. Extensive capabilities
for documenting the design also are integrat
ed into the program. The system also links to
other HP electronic- and mechanical-engi
neering design systems. See page 625.

boards with through-hole and surface-mount
technologies, with facilities for thick-film hy
brid design. The system has links to HP's ME
Series products and to schematic capture sys
tems from HP, P-CAD, FutureNet and
others. The system also generates a complete
range of manufacturing and test reports. HP
Printed Circuit Design System software is
derived from Northern Telecom Incorporat
ed (NTI), and its subsidiary, Bell Northern
Research (BNR). See page 632.

HP Engineering Graphics System (EGS)
provides powerful tools for thick-film hybrid
circuit design, interactive printed circuit
board layout and schematic drawing, as well
as mechanical drafting for the enclosures to
house PCB designs. The product also in
cludes a general drawing module for artwork
such as overhead slides, project planning dia
grams and floor plans. HP EGS can be easily
customized to perform specialized CAD
tasks. All HP EGS modules run on HP 9000
Series 200 and 300 workstations and on the
HP Vectra personal computer. See page 634.

HP Design Data Controller provides flexible
data management and file security for HP
Electronic and Printed Circuit Design Sys
tem data. This data includes schematic draw
ings, simulation stimulus and results,
documentation, board layout graphics, back
annotation and engineering changes, materi
al lists, and manufacturing and tooling files.
Large design teams can keep track of data
revision, control access to files, and lock data
at project checkpoints to prevent unautho
rized or unsynchronized updates. The HP
Design Data Controller is available on HP
9000 Series 300 and 800 computers.

HP EE Test solutions are the most highly
rated in the business. HP is a leading supplier
of logic analyzers, digitizing oscilloscopes,
radio and microwave frequency sources and
analyzers, low-frequency dynamic signal an
alyzers, board test systems and other prod
ucts. For example, test vectors generated for
HILO-3 simulation within the HP Electronic
Design System can be sent to the HP 16500A
Logic Analyzer for use with a design proto
type, to the HP 81810S IC Design Verifica
tion System for verification of ASIC designs,
or to an HP 3065 Board Test System as
ready-to-use board test programs. See the al
phabetical index of this catalog for the spe
cific instruments of interest to you.

Mechanical CAD/CAM Products
HP Series 5, 10 & 30 Mechanical Engi
neering Systems are a family of CAD prod
ucts for mechanical drafting, 2D design and
solids modeling, respectively. All three use
the same user interface, developed to dra
matically reduce system learning time to
quickly improve designer productivity. ME
Series 5, 10 & 30 provide a range of func
tions for design through modeling and draft
ing of complex mechanical parts and
assemblies. The result is reduced prototyping
requirements and faster creation and modifi
cation of drawings. See page 636.

HP Mechanical Engineering Test Prod
ucts have grown out of the company's long
standing involvement with state-of-the-art
instrumentation for vibration and structural
analysis and test. In addition to the
CAD/CAM products listed below, HP offers
a large family of mechanical testing solu
tions. See page 147.
HILO is a U.S. registered trademark of GenRad.lnc.

HP's Programmable Logic Device Design
System is a device-independent design tool
that supports the entire design process of
Programmable Logic Devices (PLDs) 
from conceptual and functional design,
through device selection, pin/ resource as
signment, to debugging and fusemap genera
tion. The system automatically fits designs
into the most efficient PLD and automatical
ly partitions large designs into multiple
PLDs to shorten design time. A bidirectional
link with HP's Electronic Design System al
lows schematics to be transferred to the HP
PLD Design System for PLD realization.
Once the design has been fitted into one or
more PLDs, the system will automatically
generate HILO@-3 models for design verifi
cation on the HP Electronic Design System.
See page 626.

HP Printed Circuit Design System couples
printed-circuit-board layout to electrical en
gineering design, manufacturing and test.
Tightly coupled with HP's Electronic Design
System, the Printed Circuit Design System
allows PCB designers to create highly
manufacturable boards that perform as the
design engineer intended. HP Printed Circuit
Design System provides packing, placing and
routing features to automatically layout dig
ital, analog and mixed digital/analog

HP DesignCenter
ME CAD/CAM Solutions

Mechanical CAD Solutions

1
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General Information

Lots of Links
Ideally, a new product design should work

right the first time, but many companies av
erage six iterations. Integration is the key to
reducing the number of times designs must
be reworked. HP EE DesignCenter products
can be tightly linked. See diagram on page
616.

HP Electronic Design System provides
strong links to HP Technical Office Automa
tion, HP EGS, HP 64000-UX Microproces
sor Development Environment, HP Printed
Circuit Design System, HP Programmable
Logic Device Design System, and the HP
3065 Board Test System, with additional
links to Racal Redac, RINF, Calay, Com
putervision, GenRad HiChip physical mod
eling and ASIC foundry links to NEC,
Motorola, TI and others. HP Printed Circuit
Design System not only receives net lists and
parts information from HP Electronic De
sign System, but sends back engineering
changes and back-annotation data.

Value-added Solutions
To increase the breadth of solutions avail

able to HP customers, Hewlett-Packard ac
tively seeks out and relies upon the expertise
of Value-Added Software Suppliers to aug
ment HP's proprietary solutions. More than
300 independent software vendors are work-

Sensitivity of Profits
Over Product Life

ing with HP to provide a large selection of
software products for technical applications.
See page 620.

Why CAE/CAD/CAM?
During the past few years, several factors

have influenced the typical product design
process in ways that make the design engi
neer's task more demanding. Increasing
global competition has compressed product
development time as well as product life cy
cles, making the time saved in development
even more critical than in the past.

The shorter the development time, the
sooner the product goes to market and the
longer the sales life of the product. A recent
electronics industry study compared the im
pacts on product profitability of development
costs, product costs and late product intro
duction.*

Using a representative high-growth mar
ket with 5-year product life, 12% annual
price erosion, and 20% growth per year, an
overrun of 50% in product development costs
will decrease after-tax profits by 3.5%. In
contrast, a production-cost overrun of only
9% results in a 22% decrease in after-tax
profits. Even more significant, a six-month
delay in introduction costs 33% of the after
tax profits.
(* Figure from Donald Reinstein, McKinsey
& Co, Los Angeles, CA, Electronic Business,
July 1983, P. 86. Copyright 1983, Cahners
Publishing Company)

of alternative CAE vendors are an important
factor in the selection process.

HP's product strategy is founded on a ma
jor corporate commitment to the
CAE/CAD/CAM business. The company's
engineering expertise, reputation for quality
and experience in test, measurement and
technical computing, as well as its respected
worldwide support organization, all contrib
ute to HP's position as a leading supplier of
CAE/CAD/CAM solutions.

Summary
Hewlett-Packard has for many years been

a leading supplier of computers and engi
neering workstations for measurement auto
mation, data acquisition, automatic test,
factory automation and many other technical
applications.

Today, by combining its expertise in tech
nical computers with its experience in state
of-the-art electronic design, HP supplies
high-quality design systems to help improve
the productivity of electronic, mechanical
and software engineers.

Computer-aided engineering and design
capabilities applied throughout the design
cycle improve efficiency and quality at each
step in the process and enhance communica
tion and coordination between steps. With
the increased capabilities and lower costs of
technical workstations, peripherals, test
equipment and application software, it is be
coming feasible for every area of the factory
to use these tools in collaboration so each can
truly influence products in appropriate stages
of design and development.

With the HP DesignCenter, an engineer
will have access to a comprehensive offering
of CAE/CAD/CAM solutions for electron
ic, mechanical and software development.
Along with this comes the support, training
and service that has distinguished Hewlett
Packard over the years, and that is so impor
tant to the successful use of these complex
systems.

When the best solutions may be available
through applications software from third
parties and independent software vendors,
HP cultivates relationships with other lead
ers in the market. This combination of the
HP DesignCenter offerings complemented
by renowned third-party products, provides
the customer with the widest possible range
of design automation solutions.

HP is committed to a technical and busi
ness relationship with CAE/CAD/CAM
customers, which begins when the HP field
engineer helps to define and analyze the cus
tomers' specific needs. This continues
through system installation and implementa
tion and extends through the life of the sys
tem and beyond as needs expand and new
products become available.
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CAE/CAD/CAM
A Strategic Decision

Purchase of any computer system is an im
portant decision that requires looking beyond
today's needs and currently available prod
uct features to expected future requirements
and growth paths. This is especially true in
CAE/CAD/CAM since the user's entire de
sign-to-manufacturing cycle can be linked to
the selection of a CAE vendor. With technol
ogy and design requirements changing at an
ever-increasing pace, the strategic directions

Contact HP
HP's CAE/CAD/CAM offerings are con

tinually expanding as new products are intro
duced at a rapid pace. The products on the
following pages represent the current state of
the HP DesignCenter family, but are by no
means the whole story.

Contact your nearest Hewlett-Packard
sales office (see page 771) for more detailed
information on HP's growing family of prod
ucts for design automation solutions in
CAE/CAD/CAM.
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HP 9000 Computers-The Foundation for Design Automation

Software Developers
The flexibility and scalability built into the HP 9000 family will

make the software developer's job easier. Whether developing solu
tions for in-house use or for delivery to customers, software develop
ers will find it much easier and faster to design software products on a
system that is well equipped, and which is fully compatible with a
broad range of other computer systems.

Controllers
The same flexibility that makes HP 9000 computers excel in design

automation applications has provided superior performance in mea
surement automation applications for many years. Computer-aided
test, test and engineering evaluation and analysis, manufacturing and
industrial monitoring and laboratory monitoring and analysis are just
a few of the applications. See page 552 for more information.

HP 9000 Family
Hewlett-Packard's HP 9000 family of technical computers and

workstations has evolved to meet a variety of needs. The computer
family now covers a broad range that includes:
• The latest in superminicomputers, superworkstations and mini

computers; the HP 9000 Series 800s, all based on HP's Precision
Architecture RISC technology.

• Supermicro/minicomputers, including the HP 1000 family for
manufacturing automation.

• Instrument controllers, including the HP 9000 Series 300 Models
310,319, and 330, and the HP Vectra.

• Low-to mid-range engineering workstations, including the HP
9000 Series 300 Models 310, 319, 360 and 370.

• Personal computers, including HP Vectra, Industrial Vectra, The
Integral PC and HP 9000 Series 300 Model PC-308.
For more detailed information on the HP 9000 family of technical

computers, please see the Technical Computer Systems pages of this
catalog:

Page
638
640
643-642
646
647
650
652
653
657
658
660
665
666
667
668
669
670

HP 9000 Technical Computer Systems
HP 9000 General Information and Selection Guide
HP Precision Architecture
HP 9000 Series 800 Superminicomputers
HP 9000 Series 800 Superworkstations
HP 9000 Series 300 General Information
HP 9000 Series 300 Graphics Subsystems
HP 9000 Series 300 Entry Level Workstations
HP Technical Vectra
HP Integral PC
Languages and Operating Systems
Networking
X Window System
Artificial Intelligence
Peripherals
Interfacing Summary
DOS Coprocessor
HP 1000 Minicomputers

Low Cost of Ownership
Hewlett-Packard's low cost of ownership reflects the quality of its

computers, developed over years of computer design, manufacturing
and support, that have placed more than 250,000 HP 9000 computers
in businesses around the world.

Distributed Computing Environment
Hewlett-Packard's distributed computing environment, shown in

the diagram on this page, is comprised of computing systems,
networking, high-resolution graphics, advanced data management
systems, languages and a wide range of peripherals. HP is committed
to the UNIX" operating system as a standard, and to industry
networking standards such as IEEE 802.3 and ARPA/Berkeley.
Conformance to these and other standards allows systems to be con
figured into a powerful local area network (LAN), and provides an
open system environment to support multi-vendor solutions.

The Foundation
Success in implementing CAE/CAD/CAM depends not only on

software solutions to design problems, but on using a family of com
puters and workstations that meets the demands of those solutions,
both today and tomorrow. Engineers in these fields must have a broad
selection of computer systems to meet the needs of a number of appli
cations, both for their own development work, and as delivery vehicles
for developed products.

These computer systems must provide flexibility in configuration
choices for performance levels, programming languages and operat
ing systems. HP provides all this in its HP 9000 family of computers,
and offers a range of supporting products for networking, graphics,
artificial intelligence, interfacing and technical office automation.
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HP DesignCenter
Distributed Computing EnvironmentHP-UX

HP-UX is the primary operating system offered on the HP 9000
family. HP-UX adheres to AT &T's System V Interface Definition.
Issue 2, and offers compatibility with a large number of other UNIX
operating systems.

Along with HP-UX, many HP 9000 computers run Hewlett-Pack
ard's BASIC and Pascal language systems. HP BASIC offers the
ease-of-use of an interpreted language, yet features exceptional oper
ating speed, while HP Pascal can help design engineers to fine-tune
programs close to machine level.

Networking
HP is dedicated to maintaining compatibility across the HP 9000

family. Nearly all members of the HP 9000 family are available with
an industry-standard operating system. See page 658 for details on lan
guages and operating systems.

ARPA/Berkeley and NFS networking services add another level of
capability to the HP 9000 family, making these defacto networking
standards available on the Series 300 and 800 for communication be
tween computers, and with non-HP computers, including products
from DEC and Sun. See page 660 for details.
UNIX is a registered trademark at AT&T in the U.S. and other countries.
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Technical Software Solutions
Hewlett-Packard publishes several software catalogs that list tech

nical solutions available on the full line of HP technical workstations.
The software listed in these catalogs comes from two sources:

I. Software submitted by independent software suppliers to the
HP Valued Added Channels HP PLUS Program. More than 1500
products from over 500 vendors currently are involved in this third
party software supplier program - from aerospace simulators to water
utility operations.

2. HP Proprietary software (which offers a broad selection of HP
proven technical applications), utilities, and integrated solutions.

Applications areas in these catalogs range from engineering graph
ics systems to AC circuit analysis and from statistical analysis to data
communications. Software from fourteen different HP manufactur
ing divisions is included in these catalogs.

Software products listed in these catalogs run on the HP 9000, HP
1000, Series 80, HP Portable and HP Vectra hardware families. The
operating systems include BASIC, Pascal, HP-UX, RTE and MS
DOS.

HP Technical Software Catalog
The HP Technical Software Catalog (published annually in May)

contains more than 1,000 software solutions for HP 9000, HP 1000,
Series 80 and other HP technical computers running BASIC, Pascal,
RTE and MS-DOS operating systems. The catalog includes product
descriptions, vendor information and pricing.

HP-UX Software Catalog
The HP-UX Software Catalog (published semi-annually in Febru

ary and August) contains more than 500 products specifically
designed to run on the HP-UX operating system. These listings in
clude both technical and commercial products.

HP Vectra Techni(;al SoHwan' Guide
The HP Vectra Technical Software Guide (published annually in

April) contains more than 1,500 IBM PC-compatible technical prod
ucts tested to run on the HP Vectra Personal Computer. This catalog
includes recommended configurations, product descriptions, and ven
dor information. The Technical Software Guide is available from
your local HP Vectra PC Dealer.

HP PLUS Program
To service its more than 500 independent technical software suppli

ers, HP relies on a third party vendor program called HP PLUS. This
program is administered by the HP Field Sales organizations.

HP PLUS offers software in three different categories: Listed, Ref
erenced and Distributed/National Accounts. The Listed category is
for the supplier with the lowest level of HP involvement in marketing
his products. The Referenced category is for those products on which
HP has received favorable user feedback and is providing some mer
chandising assistance. The Distributed or National Account status is
for software that HP has elected to provide assistance in marketing,
merchandising, and selling.

Contact your local HP Sales Office for complete details on the HP
PLUS Program.

Orderinq Information
Hewlett-Packard technical software catalogs are free to HP cus

tomers and independent software vendors. For your copy of the Tech
nical Software Catalog, please contact your local HP Sales Office and
ask for HP Publication Number 5952-6696. For the HP-UX Soft
ware Catalog, ask for HP Publication Number 5951-6794. For the
Vectra Software Guide, ask for Publication Number 5951-6821.
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HP 64000-UX Microprocessor Development
Environment

The HP 64000 Microprocessor Development Environment pro
vides a powerful solution to the development of microprocessor-based
systems. The modular structure gives you the ability to select only the
subsystems needed for a cost-effective solution to your development
application. You also have the flexibility to expand the development
environment as your need for additional measurements grows.

This modular system can be easily configured for single- or multi
user design environments. A wide selection of platforms, memory, pe
ripherals, as well as hardware, software, and integration design tools
ensures tha t the optimum configuration is availa ble to solve your de
sign problem. For intensive hardware/software designs, there are
links to host computers, schematic capture, simulation, physical mod
eling and board test.

Increase Productivity
The HP 64000-UX is an effective solution to shortening the

microprocessor based system design cycle. It combines advanced soft
ware development, realtime emulation, sophisticated hard
ware/software analysis capabilities and the power of the UNIX
operating system.

Configuration flexibility combines with ease of operation to form a
system that allows you to develop your product rapidly. Software pro
ject management tools running under the HP-UX operating system
ensure smooth progress during the development cycle. Software engi
neers benefit from tightly coupled, high level development, debug,
and analysis tools. Realtime performance analysis tools quickly point
to system bottlenecks, allowing significant improvements in perform
ance in a fraction of the time required when using conventional tech
niques.

Powerful, interactive, yet easy-to-use emulation and timing analy
sis speeds hardware development. The HP 64000-UX environment
allows many engineers to share the same data base and combines in
teractive tools for hardware/software design tasks. System integra
tion, often the most time consuming system development phase, is
greatly enhanced. All this means product development schedules are

shorter and better products get to market sooner. The HP 64000-UX
can grow with your needs and provide complete assurance that your
investment is protected.

A System to Match Your Needs
HP 64000-UX workstations are capable of performing standalone

or in clusters sharing peripherals. Expansion of a single, hard-disc
based station to a multistation system is as simple as connecting an
other station to the bus.

Large design environments can benefit from the HP 9000 series of
workstations by running the UNIX· operating system. The worksta
tion connects directly to an HP 64120A instrumentation card cage
system bus so that it shares the same data base with the development
system.

HP 9000 series workstations offer powerful networking capabilities
for easy sharing of data between teams while preserving team inde
pendence for project management purposes. The UNIX operating
system provides software revision control systems and automatic
compiling and linking to ensure thai only the current version of a
module is used by team members.

HP 64000-UX cross-development and debug, and data communi
cations software is available to run on DEC-VAX series computers.
This means that you can protect existing investments and still take
advantage of all the power of the HP microprocessor development
environment. For very intensive microprocessor based system designs,
there are links to host computers, schematic capture, simulation phys
ical modeling, and board test, which makes the HP 64000-UX an
integral part of the HP DesignCenter environment.

ModUlarity Provides Flexibility and Economy
A variety of system configurations are possible With the modular

components in the HP 64000-UX microprocessor development envi
ronment. Starting with the powerful HP 9000 series 300 workstation
as the controller, you can build a flexible development environment
that supports a single user, a small development team, or a large team
linked over a LAN. The series 300 workstation controls access to the
instrumentation card cage which houses up to IO feature cards for HP
emulators and analyzers.
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HP 64000-UX Microprocessor Development Environment

The HP 64000-UX Microprocessor Development Environment is
easy to tailor to your design needs.Up to six stations can be as
sembled in a single cluster for small- to medium-sized teams
with a central data base. Larger teams link to a multi-user HP
UX computer.

HP 64000-UX Microprocessor Development
Environment

up to four card cages can be controlled by a single workstation.
One station can support up to ten users performing a variety of devel
opment tasks such as coding, compilation, emulation, analysis, etc.
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• • • •68020" • • • •
6aHel1

NEe 70116/70216 • •
70108170208 • •

N8t1onal NSCBoo • • •
PACE PACE 17S0

Tex8s Instrumenls TMS32010/320M10·

TMS32020/32OC2St

Zilog Zaool • • •
Z8oo2 • • •Z60't • • •
User Definable •
ROM •..
Microprogrammable' General-purpose development
(bitslicej subsystem with stale analysis

and run control

Supported on HP 64100 stations only
•• Supported on HP 64120 only.
t Also supported on HP 64700 series
t Supported on HP 64700 series only

Summary of processors supported by the HP 64000
Microprocessor Development Environment.

Compatibility with Existing HP 64000 Systems
HP cross compilers and assemblers currently running on the HP

9000 Series 500 and HP 9000 Series 300 computers, DEC VAX com
puters and HP 64000 stations are fully compatible with the HP
64000-UX microprocessor development environment.

There are high-level software debug subsystems that provide an in
tegrated design system. This integrated design capability includes
structured analysis with real-time extensions, structured design, ad
vanced technology language systems, debugging with either emula
tion control or simulation, coverage test, and software performance
analysis.

SPECIALIZED
WORKSTATIONS

GATEWAYS TO
OTHER COMPUTERS
OR NETWORKS

LAB
COMMON
RESOURCES

LAB PRINTER
CONTROL
DATABASE~ER~~

MASS
STORAGE

GATEWAY

~TE~~
MASS
SiORAGE

OPTIONAL LOCAL
MASS STORAGE

OPTIONAL LOCAL
MASS STORAGE

Hosted on HP 9000 Series 300
The HP 64000-UX Microprocessor Development Environment of

fers significant capabilities:
• Integration with HP's DesignCenter design automation system to

support CAE/CAD/CAEE solutions on a platform common with
the microprocessor development system.

• An open system with versatile networking to popular microproces
sor software development environments such as DEC VAX and
IBM PC.

• In-circuit emulators, language systems, high-level debuggers, and
powerful analysis tools for 8-, 16-, and 32-bit microprocessors in
cluding custom processors and bit slice design.

• HP Computer-aided Software Engineering tools (CASE) that ad
dress the entire microprocessor software design cycle.

• An outstanding range of performance options, ranging from low
cost RS-232 terminals to powerful, dedicated workstations. Small
to large design teams are supported with equal flexibility.

Systems Environment Features
An HP 64120A instrumentation cardcage houses the HP 64000

emulators and analyzers. Feature control software for these tools runs
on the HP 9000 Technical Workstation. User interfaces on RS-232
terminals and Series 300 displays are consistent with the HP
64100/641 IO stations, eliminating the need for current users to learn
a new interface.

Users can choose from the most comprehensive language support
available today for microprocessor development. Cross assemblers
and compilers are available for more than 40 popular microprocessors
and custom designs.

Emulation - 8, 16 & 32 BIT
The HP 64000 Logic Development System offers a wide selection

of emulators to support microprocessor-based product development.
These emulators provide an essential link between the software devel
opment environment and the target system. Programs developed on
the HP 64000 system or compatible computers are run on the emula
tor subsystem for real-time debug and analysis. Processor run con
trols in the emulator allow you to single-step, display and modify
memory. Modifications and improvements to software are made
quickly and easily in the early design phases; emulation gives you the
flexibility to experiment before committing a product to firmware.



For microprocessors that are not presently supported with a dedi
cated HP 64000 system emulator, a custom emulator can be devel
oped using Model 64274S User Definable Emulator as a base. For
ROM-based systems, there is a ROM Emulator, Model 64272S, to
provide a controlled environment for software execution and analysis.
Both user-defined emulators are powerful alternative tools for appli
cations not served by processor-specific HP 64000 system emulators.

Analysis
Analysis and system integration are major functions when design

ing and developing superior microprocessor based products. The HP
64000 System offers five analysis subsystems to meet measurement
needs for troubleshooting, debugging, and optimizing target systems.
The HP 64302A Emulation Bus Analyzer is a basic real-time analyz
er used with an emulation subsystem. As well as providing the dis
plays and triggering conditions for the emulator, the HP 64302A
analyzer is the emulator's access point for interactive emula
tion/analysis; in addition, it supports the High-Level Software Ana
lyzer (HP 64330) in an HP 64000 station for analysis in high-level
programming languages of C and Pascal. The HP 64340 Real-time,
High-level Analyzer is a hardware and software package that oper
ates with an appropriate HP 64000 emulation subsystem and HP
64100A station. HP 643l0A Software Performance Analyzer is also
used with an emulator, providing overview measurements that aid in
system-level evaluations. For complex problem solving, HP 64610S
Logic Timing/State Analyzer and HP 64620S Logic State/Software
Analyzer are high performance analyzers that may be used separate
ly or interactively. e

NEW
Basis Branch Analyzer

HP's basis branch analyzer (BBA) is a test coverage tool that pro
vides an integrated, straightforward way to measure the effectiveness
of software tests within the cross development environment. The BBA
uses the actual prototype hardware, running the program under test,
to produce metrics. Comprehensive reports provide detailed feedback
on the thoroughness of test cases for an embedded microprocessor
product.

Software Performance Analysis
Model 64310A Software Performance analyzer provides overview

measurements to aid in evaluating total system effectiveness of pro
grams operating in real time. Global measurements let software de
signers determine where system resources are being used, in terms of
execution times, memory usage and interaction traffic. Software per
formance measurements aid in determining where to focus optimiza
tion efforts for maximum effect on system performance.
• Histogram displays for quick comparisons of software activity
• Tabular displays with continually updated means and standard de-

viations on current measurement
• Measurement modes of memory and program activity
• Measurement modes of event duration
• Measurement modes of intermodule linkages

Logic State Analysis
Model 64620S Logic State/Software Analyzer offers real-time,

transparent state software analysis for microprocessor systems. A
modular system, the analyzer can be configured for 20 to 120 input
channels.
• Multiple trigger parameters using symbols, ranges, NOT, and

"don't care" terms as well as file names and line numbers
• Selective data storage for edited state listings
• Powerful IS-level sequencer that may also be used to form one or

two measurement windows
• Extensive symbolic tracing for quick setups and easy interpretation
• Real-time, nonintrusive analysis feature set supports debug for

high-level programming languages
• Two software performance overview modes for code optimization

The HP 64000-UX Microprocessor Development Environment is
a natural evolution of the HP 64000 family and is compatible
with existing 64000 systems. The development environment of
fers many capabilities, and shares a common workstation plat
form with many HP DesignCenter products.

Preprocessors and Interfaces
Preprocessors and interface modules tailor the HP 64620S Logic

State/Software Analyzer for use with specific microprocessor sys
tems. Preprocessors provide quick, convenient connections between
target systems and the logic analyzer. Control software and inverse
assemblers are included with the processor specific interface modules
that are installed in a general purpose preprocessor. The interface
modules contain interface circuits and cabling to connect to the target
system. Both processor-specific and userdefinable interface modules
are available.

Timing Analysis
Model 64610S High-speed Timing/State Analyzer subsystem of

fers powerful, high resolution, asynchronous and synchronous analy
sis with extensive postprocessing capabilities. Many triggering modes
allow precise positioning of the display window to locate timing mar
gin, state, execution and interaction problems. Postprocessing adds
another dimension to timing/state analysis with the ability to per
form operations on acquired data, such as automated compare and
statistical analysis of raw data. To analyze the operation of high
speed logic in bit slice, microprogrammable, and state machines in
real time:
• Asynchronous sampling from 2 Hz to 400 MHz for excellent reso

lution
• Synchronous sampling to 125 MHz
• Compare level, range and fault qualifications for state and timing

listings
• Memory depth of 4060 samples in wide sample mode and 8140

samples in fast sample mode
• Glitch capture and trigger for glitches as narrow as 3 ns to quickly

locate transients
• Dual threshold mode for checking transition times, loading

problems, and noise margins.

B
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HP Teamwork/SA user interface windows provide a simultane
ous view of data flow diagram from a variety of viewpoints. Pull
down menus permit easy function selection.

HP Teamwork An Environment for Structured Systems
Development and Reduced Life Cycle Cost

HP Teamwork is an integrated environment for structured systems
development and reduced life cycle cost. The system developer uses
HP Teamwork products to clearly define what functions the system
will perform and how these functions will be accomplished. Various
views of the system are supported to allow the developer a high degree
of flexibility when approaching each new project. HP Teamwork/1M
for information modeling helps analysts and designers model the enti
ties, relationships, and attributes of all application data at the concep
tuallevel- Retained Oata View. HP Teamwork/1M supports entity
relationship diagrams as described by Chen. HP Teamwork/SA im
plements structured analysis techniques and methods defined by
Yourdon and OeMarco to model the Functional View of the system.

HP Teamwork/RT provides real-time extensions to HP Team
work/SA for modeling the Control/State View of the system. HP
Teamwork/RT supports combinational and sequential finite state
modeling notation as defined by Hatley. HP Teamwork/SO for struc
tured design supports the design phase of the system life cycle. Sys
tems analysts and designers are provided with facilities for modeling
the Oesign View of the system. HP Teamwork/SO supports the
methodology prescribed by Yourdon and Constantine. HP Team
work/ACCESS opens the HP Teamwork models with documenta
tion, project management, and software development tools. The open
architecture of HP Teamwork/ACCESS is the key to unlocking the
full power of the HP Teamwork computer-aided systems engineering
environment.

Software Quality and Reduced Life Cycle Cost
The structured methods supported by HP Teamwork products en

courage the creation of quality software throughout the entire system
life cycle. Most of the cost of software in use today is incurred after
the initial release, during the maintenance phase. HP Teamwork
products assist the developer in creating a useful description of what
the system will do (analysis phase) and then how the system will per
form its functions (design phase). The resulting analysis and design
models playa large role in understanding the current state of the sys
tem and in proposing the next state of the system during each revision
cycle. Because these system models are based on standard methodolo
gies, they are extremely useful for new programmers and analysts as
signed to the project team to learn the what and the how of the
system. The overall result is improved software quality and reduced
system life cycle cost.

Project Database
Oata dictionary entries, diagrams, specifications, notes, and project

management data are contained in an extensive project database. To
improve team communication and eliminate redundancy, a single

database can be accessed by designers on a project team, each work
ing on separate workstations. In this multiple-designer environment,
file locking and write-access protection safeguard project data. Only
one user is allowed write access to an object at a time, but the object
can be viewed in a read-only mode by several users.

Intelligent Editing System and Consistency Checker
HP Teamwork gives you all the benefits of manual structured

methods while automating the tedious tasks usually associated with
manual implementation. An intelligent editing system, with model
building rules and consistency checker, allows users to quickly create,
edit, and correct diagrams and text according to the rules of the meth
odology. The checker allows the analysis and design team to gauge its
progress step-by-step, to resolve problems early, and to ensure that
the system adheres to the targets set for it.

Automated checking saves the analysis team many hours that can
be devoted to a specification's meaning, rather than its form. Al
though powerful and intelligent, the checker never restricts an design
er's creativity. It does not intrude during the analysis process, but
responds only when called upon.

Selecting a Logic Development System
The HP 64000-UX Microprocessor Oevelopment Environment is a

complex and dynamic family of microprocessor-based system support
tools. Consequently, it is recommended that an HP Field Engineer be
contacted for a suggested system configuration that will fit your appli
cation. For a copy of our latest HP 64000 brochure, in the U.S., call
1-800-447-3282 (in Colorado call collect 719-590-5540). Outside the
U.S., call your local HP sales office.

Ordering Information
The system model numbers HP 64131S and 64132S are base num

bers for bundled systems. Option numbers are used to specify the tar
get processor for the development environment.
Model Description Price
UP 64131S HP 64000-UX development environment $37,550

with HP 9000 Model 330 workstation
and 8-bit emulation

UP 64131S HP 64000-UX development environment $40,610
with HP 9000 Model 330 workstation
and 16-bit emulation

UP 64131S HP 64000-UX development environment $62,050
with HP 9000 Model 330 workstation
and 32-bit emulation

UP 64132S HP 64000-UX development environment $53,000
with HP 9000 Model 350 workstation
and 8-bit emulation

UP 64132S HP 64000-UX development environment $56,060
with HP 9000 Model 350 workstation
and 16-bit emulation

UP 64132S HP 64000-UX development environment $74,950
with HP 9000 Model 350 workstation
and 32-bit emulation

UP 64702S adds HP Teamwork/ACCESS to $900
Opt 004 HP Teamwork/SA/SO

UP 64710S HP Teamwork/SA $7500
Opt 004

UP 64712S adds HP teamwork/SO to $2500
Opt 004 HP Teamwork/SA

UP 64714S adds HP Teamwork/1M to $2500
Opt 004 HP Teamwork/SA/SO

UP 64715S adds HP Teamwork/RT to $2500
Opt 004 HP Teamwork/SA/SO

UP 64716S HP Teamwork/1M $7500
Opt 004

UP 64717S adds HP Teamwork/SA to $2500
Opt 004 HP Teamwork/SO

UP 64720S HP Teamwork/SO $7500
Opt 004
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Emulation Memory
Each HP 64700 Series emulator for 16-bit processors contains 128

kbytes of dual-port emulation memory; 8-bit emulators have 64
kbytes. The memory runs at maximum processor speeds with no wait
states, for accurate duplication of target system performance. The
dual-port memory allows emulation displays and modifications of em
ulation memory without halting the processor during emulation.
Memory can be mapped in 256-byte, 512-byte, or l-kbyte blocks, de
pending on the processor, and configured as either emulation or target
RAM, emulation or target ROM, or guarded memory.

o
HP 64700 Series Architecture 0

The HP 64700 Series consist of in-circuit emulation and logic anal
ysis products for popular 8- and 16-bit microprocessors. These stand
alone emulators/analyzers can be controlled from a terminal or inte
grated into environments ranging from IBM PC-compatible-based
environments to networked, high-performance, large, team-oriented
workstation environments. HP 64700 series emulators offer the fea
tures necessary for emulation and analysis in a single unit.

Ease of Use
• A friendly PC-hosted emulation interface - with windows, single

letter keystroke command entry, and menus
• Two RS-232-C communications ports, one with embedded RS-422

capability, offering standard interfaces plus high speed for connec
tions to a host or terminal, with pass-through modes of operation

• Low-profile, emulation probes with cables up to one meter long
ease plug-in to target microprocessor sockets in hard-to-reach
places

• Pair of handles to suspend or prop up the small, light-weight emu
lator as close to the target system as possible

• Resident, host-independent user interface with on-line help
• Ability to synchronize and cross trigger other HP 64700 emula

tors / analyzers

HP 64000-PC Personal Integration Environment
The HP MOOO-PC Personal Integration Environment provides the

solution for the microprocessor software development and analysis
needs of individual engineers and small design teams, as well as large
teams developing complex, multiprocessor systems. High-perform
ance tools at entry-level costs include an IBM PC-compatible, HP
64700 Series emulators with emulation user interfaces, and software
development tools. Together these tools constitute a complete devel
opment environment tailored for small design teams and those desir
ing personal development systems.

High Performance
• Real-time, transparent emulation at full processor speeds
• Triggering capabilities in an emulation bus analyzer support eight

level sequencing, time tags, prestore analysis for establishing soft
ware interrelationships

• An optional 16-channel external analyzer that can function as a
fully independent 100 MHz timing analyzer as well as a 25 MHz
state analyzer

• Synchronized operation and cross triggering between multiple em
ulators for multiple processor designs

• Real-time code coverage analysis for efficient, thorough software
testing and design

• A high-speed RS-422 interface greatly improves emulator
download and upload times

• Dual-bus architecture and dual-port emulation memory to ensure
nonstop, real-time emulation

• Fully tested to rugged electrical, temperature, and shock standards
to ensure continued reliability and performance

• Meets international requirements for RFI/EMI emmissions

Low Cost
• IBM PC-compatible-based system with emulator and integrated

analyzers for a high-performance environment at entry-level costs
• Comprehensive software and hardware migration path to HP

64000-UX Advanced Integration Environment for high-perform
ance, large team-oriented designs while preserving investment in
HP 64000-PC
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Popular File Formats
Popular absolute file formats are accepted by the HP 64700 Series

emulators - extended Tektronix hexadecimal, Intel hexadecimal,
Motorola S record formats, and HP absolute format. The HP abso
lute format is a binary format, providing added upload and download
speed over typical ASCII absolute file formats.

Host-independent User Interface
A firmware-resident ASCII terminal interface is embedded in each

HP 64700 Series emulator, supplying commands for all emulation
and analysis features. Commands are ASCII strings; file transfers us
ing industry-standard formats are accepted. Since a terminal can ac
cess these commands, host independence is realized. This interface is
ideal for remote field applications, portable computers, field service,
or any other application where a host is impractical or unavailable.

Simple connection to target systems
HP 64700 Series offer real-time execution with no wait states at

full processor speeds. Target system connection is made with flexible,
slim emulator probes which are up to three feet long. This is accom
plished without bulky, active circuits at the probe tip, aiding plug-in
into tight, hard-to-reach target systems. Full signal fidelity is main
tained at maximum-rated processor speeds. Multiple package types
are supported, where applicable. For example both PGA and DIP
packages for the Motorola MC68000 and LCC and PGA packages
for the Intel 80186 are supported.

Emulation bus analysis
Each HP 64700 Series emulator includes an emulation bus analyz

er for tracing microprocessor code flow. Based on the same "Iogic
analyzer-on-a-chip" used in the HP 1650Afl65\ A Logic Analyzers
and the HP 16500A Logic Analysis System, the analyzer has abun
dant resources for solving the most complex system problems. Up to
eight hardware resources, each consisting of address, data, and status
event comparators, can be combined in several fashions. Those re
sources can be grouped to establish complex sequential trace specifi
cations using "find A, followed by B ... " constructs up to eight levels
deep. A range comparator can be applied to address or data events at
anyone of the levels. Each event is tagged with an execution time, for
easy measurement of code execution times. A dual-bus architecture
allows all traces to be set up and reviewed without breaking processor
execution. A prestore function allows tracking of relationships be
tween a given software element and one or more other software events
that influence that element. For example, prestore helps pinpoint
which of several different tasks accessing a variable is responsible for
corrupting it.

Software Coverage Analysis
HP 64700 Series emulators have code coverage analysis imple

mented in hardware. Code coverage analysis is valuable during initial
coding and software test. Coverage analysis provides a history of the
memory addresses that are either written to or read from during pro
gram execution. For example, you can quickly determine how ex
haustive a test suite is by using coverage analysis to measure what
percentage of code is being accessed. Since the coverage analyzer is
built into hardware, it does not rely on statistical sampling of code
space and allows running in real time.

Logic Analysis
An optional 16-channel, state/timing analyzer can be included in

the HP 64700 series emulator. The analyzer can be configured as a
100 MHz timing analyzer with 5 ns glitch detection or as a 25 MHz
state analyzer. In state mode, the analyzer can be clocked by the
microprocessor clock or by an independent synchronous source.
Based on the same logic analyzer chip as the emulation bus analyzer,
the logic analyzer also has full triggering and qualification capabili
ties. The analyzer can serve as a stand-alone logic analyzer or can be

coupled with the emulation bus analyzer for correlation of
microprocessor activity with other target system activity. The two an
alyzers can cross trigger or arm each other on the basis of hardware or
software events that one analyzer detects. Target system probing is
through a 1.4 meter cable with 18 probe leads (16 da ta channels and
two clock channels). There are 36 miniature probe tips included for
easy connection of both signal and ground lines of each lead to target
system ICs or test points.

Coordinated Measurements
Designs involving multiple microprocessors are often quite com

plex in their interactions. The coordinated emulation of several target
system processors can greatly enhance the efficiency of designers do
ing system integration. Synchronized execution (start/stop) of multi
ple emulators enables users to finely control the interactions while
watching the behavior of the system. To allow the user to understand
and isolate the relationships between the various processors, the emu
lators and analyzers can be set up to cross trigger one another. HP
provides these capabilities by allowing up to 32 HP 64700 Series em
ulators to be interconnected over a dedicated Coordinated Measure
ment Bus (CMB).

PC Interface
The PC interface combines ease of use, speed, and power to make

the HP 64700 Series Emulator/Analyzer an effective tool for both
experienced and first time users. The PC Interface provides access to
symbols for powerful debug capability and displays timing diagrams
for emulators with the external logic analyzer. PC Interface windows
provide views of several areas of interest at once, eliminating time
wasted in repeatedly switching contexts or running commands. The
interface supports color and monochrome displays and uses directed
syntax with menus and submenus for quick selection of commands.

Ordering Information
Following is a listing of the emulators presently available. The HP

64000-PC Personal Integration Environment is a dynamic family of
processor-based system support tools, therefore, it is recommended
that an HP field engineer be consulted for a suggested configuration
that will fit your application. This will assure that you obtain the soft
ware to complete your emulation system. Also, there are bundled sys
tems available to simplify ordering that include an HP Vectra PC.
For a copy of our latest HP 64000-PC brochure or a copy of the HP
64000-PC demo disc in the U.S., call 1-800-447-3282 (in Colorado,
call collect 719-590-5540). Outside the U.S., call your local HP sales
office. The demo disc is a 5'/4 in. flexible disc that runs on an IBM
PC/AT or compatible with graphics card.
Model Supported processor Price
64742A 68000 DIP $11,300
647428 68000 PGA $11.300
64745A 68010 DIP $11.300
647458 68010 PGA $11.300
64753A Z80 $8,900
64762A 8086/87 $11300
64763A 8088/87 $11,300
64764A 80186 $11.300
647640 80CI86 $17,300
64765A 80188 $11.300
647650 80CI88 $17.300
6477JA 80C196·KA $13,200
64786A TMS32020 $13.300
64787A TMS320C25 $13.900
NOTE: To order the Logic Analyzer Option for any of the listed emUlators, add an Lafter the model
number. The price il an additional $2800 lor the listed emulators.



HP Electronic Design System
Hewlett-Packard's computer-aided engineering system for elec

tronic design provides tightly integrated tools for all phases in the
development of digital, analog, and microwave circuitry - design
capture, verification, netlist generation for physical layout, links to
test, and documentation. The easily-learned interface to these tools
ensures that valuable time is spent creating designs instead of learn
ing the syntax and operation of a computer system. Using a mouse
and pop-up menus simplifies command entry. Multiple windows pro
vide simultaneous views of different parts of a design and access to
other tools in the design and verification environment.

Available on the HP 9000 Series 300 workstations, the HP Elec
tronic Design System includes the following: HP Design Capture Sys
tem, Design Verification System with HILO@ -3, Analog
Workbench@ by Analog Design Tools, Inc., Parts Libraries, Design
Interfaces to physical layout systems, and links to HP's Program
mable Logic Device Design System and to prototype and manufac
turing test systems. This integrated set of tools addresses the total
electronic product development process.

Design Capture System
The HP Design Capture System is the cornerstone of HP's Elec

tronic Design System, providing schematic capture and design
database management capabilities to improve the electronic design
process. It forms the database and user interface foundation upon
which other elements of the HP Electronic Design System are built.
Engineers can use this same intuitive user interface to access a variety
of tools for entering and editing schematics for digital, analog, and
microwave circuits.

The HP Design Capture System also provides on-line checking of
design parameters such as fan-out, incompatible outputs, unused
pins, unconnected wires, wire loops, and symbol pin mismatch. Find
ing design errors as soon as they are entered helps avoid costly rework
at later stages of the design cycle. Additional features designed to
enhance productivity include automatic orthogonal routing of signals
and the use of color to help organize complex circuits by highlighting
different signal types or different areas of functionality on a circuit.

With full support for top-down, bottom-up, or flat circuit design,
the HP Design Capture System provides the flexibility for you to
work the way you want. For top-down design, you can create symbols
"on the fly" without leaving the circuit page on which you are work
ing. An automatic symbol-creation facility speeds the process of bot
tom-up design. Flat designs spread over several pages become easier
to handle with automatic part or signal locating functions.

Regardless of the design methodology you choose, the advanced
database structure provides access to other design information such
as physical references. This access makes interfaces with physical lay
out systems faster, more complete, and reliable. It also makes com
parison of simulation data with a prototype or production device
quick and easy.

DESIGN AUTOMATION 8
EE DesignCenter 627

HP Electronic Design System

Comprehensive Parts Libraries
Extensive, ANSI-compatible parts libraries support a wide variety

of digital and analog design requirements. These libraries contain
both symbolic and parametric information for more than 5,000 digi
tal and 2,200 analog parts, including off-the-shelf TTL, ECL, MaS,
microprocessor, and passive and active analog devices. In addition to
providing a graphical symbol for schematic drawing, each part entry
contains information used in other functions of electronic design, in
cluding titles and revision levels, load information, scions or related
parts, and physical design information.

In addition, you can associate custom information such as cost,
availability, power requirements, or capacitance to any graphical ele
ment in the database. This information can be displayed visibly or
hidden until called, or accessed and formatted via the Design
Database Language to create custom reports. This user-defined infor
mation, together with the variety of pin types, symbol shapes, and text
heights that can be stored in the database, allows you to address virtu
ally any documentation standard.

The object-oriented structure of the HP Design Capture System
database simplifies access and increases the speed at which informa
tion can be found, extracted, updated, or created. With object-orient
ed structure wires, components, pins, symbols, and other elements
used in electrical design are not merely graphics inside the database
but "objects" containing all the connective or textual information to
define a wire, component, pin, or symbol.

Design Database Language
Design Database Language provides the vehicle for direct read and

write access to the database. By constructing simple programs, you
can extract and format data into net lists or parts lists, generate docu
mentation, and create custom reports. You also can update informa
tion in the parts library to reflect changes in manufacturing data,
costs, or the addition or deletion of a part from a corporate preferred
parts list. To take full advantage of system capabilities, you can in
voke HP-UX processess from within a Design Database Language
program. If you write a program that you use regularly, you can even
add it as a command directly to the HP Design Capture System menu
structure.
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Hierarchical design techniques allow easy segmentation of
complex circuits.
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Libraries of over 5,000 digital parts and 2,200 analog parts are
available.

In addition to the Design Database Language, HP's support of
the Electronic Design Interchange Format (EDIF) standard pro
vides further capability for interfacing with the HP Design Cap
ture System database. A bidirectional EDIF link transfers
designs and symbols between the internal database format and
other CAE systems that support EDIF version 2 0 O.

Integrated Forms and Documentation
The HP Design Capture System's integrated forms and documents

tools automate the documentation process. In addition to providing
the ability to merge text and graphics, these tools provide a documen
tation system that tracks changes in the design by automatically up
dating schematics in a document when the original design is modified.

Forms are used to establish a standard outline and format for engi
neering documents. Documents may contain one of these forms, por
tions of a design, notes explaining the circuit, or text inserted from an
external file. Printer and plotter output is available in ANSI or ISO
industry-standard page size. This output can be automatically scaled
or rotated at print time to best fit the page size or orientation.

Design Verification System
HP's Design Verification System, based on industry-proven

HILO-3 simulation products, provides logic simulation, extensive
model libraries, timing analysis, fault simulation, and physical model
ing capabilities.

By using the intelligent database, connectivity information of the
complete circuit is maintained at all times. Because this electrical cir
cuit representation is available on line, it is easy to move back and
forth between design and simulation when making circuit modifica
tions. You don't need to flatten the schematic before beginning a new
simulation. When this capability is combined with the streamlined
data flow and common user interface between design and verification
tools, the design cycle time is shortened and engineering productivity
is improved.

The flexible simulator interface provides a choice of waveform or
textual formats for input specification and output display. A Simula
tion Data File Comparator can be used to compare any two user
created or simulated trace files, or to compare measured files from the
HP 16500A logic analyzer. The logic simulator incorporates a five
state, fifteen-value logic strength algorithm to accurately model
MOS bidirectional gates, wired ANDs, wired ORs, or tristate pullups
and pulldowns. Timing analysis tools provide checks for set-up, hold,
and pulse-width violations using single or dual-delay simulation
modes.

Simulation models are mapped one-to-one with the symbols in the
HP Design Capture System parts libraries, which provide the graphic
and parametric information for the design. This close coupling of the
graphics and the simulation models provides complete and consistent
access to commercially available parts throughout the logic design
cycle, including TTL, ECL, and MOS parts as well as a many com
plex microprocessors such as the Intel 8086 or the Motorola 68000. In
addition, ASIC design kits containing programs, symbols, and models
are available for specific ASIC vendors.

Flexible Constructs for Functional Modeling
HILO-3's modeling provides flexible, functional modeling con

structs such as event expressions, register transfer functions, Boolean
and arithmetic operators, loop constructs, and conditionals. Since the
modeling language is an event-driven, nonprocedural language, asyn
chronous signals such as interrupts can be modeled exactly as they
occur in hardware. Multilevel support in HILO-3 allows simulation
of designs, even when some parts are specified at a functional level
only.

Link Hardware and Software Design Tools
Designs containing a microprocessor with associated RAM/ROM

models can be checked for hardware/software integration problems
through the tight linkage of HP 64000-UX software development
tools and the HILO-3 simulator. The HP Software Link (see page
621) provides an effective means to test software and hardware inter
action while still in the simulation phase of development.

Save Modeling Effort with Hardware Modeling
The HICHIP@ Hardware Modeling System provides an efficient

method for modeling complex LSI/VLSI devices within the HP Elec
tronic Design System. HICHIP simplifies board-level simulation by
integrating hardware models, using the actual device, into logic simu
lation.

In simulations involving microprocessors, other hardware modeling
systems merely help model the complex device, which requires many
cumbersome, error-prone tasks to simulate even simple hard
ware/software interaction. As an integrated part of the HP Electron
ic Design System, HICHIP combines with the HP Software Link to
simulate the hardware device running software developed in the HP
64000-UX environment.

System Design Including Programmable Logic Devices
For designs including programmable logic devices (PLDs), HP of

fers a complete PLD Design System (see page 630), including sophis
ticated PLD design editors and debuggers. A bidirectional interface
transfers designs created on the HP Design Capture System to the
HP PLD Design System for PLD realization. This is especially useful
when redesigning an existing design to reduce board space and power
consumption. When the HP PLD Design System fits the design into a
PLD or multiple PLDs, this information can be transferred back to
the HP Electronic Design System for design layout and documenta
tion. HP PLD Design System also automatically creates HILO-3
models for more thorough system simulation of printed-circuit boards
containing PLDs.

Schematics in a document are automatically updated when the
original design is modified.
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HP logic design verification tools, based on the industry stand
ard Hi10-3 simulator, are tightly coupled to the HP Design Cap
ture System.

Arm!oq Simu!atiMj
For analog designs, you can use the advanced simulation capabili

ties of Analog Workbench from Analog Design Tools. A bidirectional
schematic interface allows the analog design engineer to take advan
tage of the specialized analysis tools while maintaining the powerful
schematic editing, documentation, and data management capabilities
of the HP Design Capture System. The Analog Workbench System
can reside either on the same workstation as the HP Design Capture
System or on a networked system.

MicrC'l'wave Design
The HP Design Capture System is particularly well-suited for mi

crowave design because the layout of microwave circuits is intimately
associated with electrical performance. When combined with HP's
Microwave Linear Simulator and Microwave Artwork Generator
(see page 625), the HP Design Capture System provides a tightly
integrated set of tools for microwave design, allowing you to move
effortlessly from one tool to another. Integrating microwave design
tools with documentation, networking, and design management func
tions maximizes the productivity of entire design teams.

Unks IG Test and Ind,nInWl\lal,iol'l
The HP EDSj16500A CAE Link lets you send simulation test vec

tors to the HP 16500A logic analyzer (see page 258) to use in debug
ging a prototype of the design. This link eliminates the manual test
generation and typing in of test vectors into the HP 16500A analyzer.
After the test vectors are nm through the prototype, measured results
can be sent back to the simulation environment to be compared
against simulated results using the HP Simulation Data File Compa
rator. All data translation and instrument configuration occurs within
the HP Electronic Design System Environment.

You can achieve more efficient testing of ASIC prototypes by
transferring HILO-3 test vectors to the HP 81810S IC Design Verifi
cation System (see page 320).

When design test vectors are developed with the fault simulator
and the prototype environment, they can be transferred to an HP
3065 Board Test System (see page 546). as ready-to-use board test
programs. During translation, the results are automatically checked,
ensuring that no timing violations occured during simulation that
would render the patterns unusable on the HP 3065. The HP
EDSj3065 test Program Generator also provides name translation
capabilities to ease the translation requirements and to accelerate test
generation.

Links to Physical Layout
Design interfaces link the HP Electronic Design System with SCI

CARDS®, Calay, Racal-Redac RINF, and PrimejComputervision
printed-circuit CAD systems. Interface capabilities between the HP
Design Capture System and the HP Printed Circuit Design System
(see page 632) are built into both systems. This combination provides
automatic transfer of design information, including back annotation
or the initiation of engineering change orders. The HP Design Cap
ture System also includes an interface to the HP Engineering Graph
ics System (see page 634) as a standard feature.

Hardware Configurations
The HP Design Capture System is available on a wide range of HP

9000 Series 300 workstations. For larger design teams that need to
share information across systems, these workstations can be
networked together using NSjARPA or Network File System serv
ices and supporting either IEEE 802.3 or Ethernet LAN standards.
In addition, such networks can include HP 9000 Series 800 Precision
Architecture computers dedicated to compute-intensive tasks such as
simulation or printed circuit board routing.

Ordering Information
HP Design Capture System HP 74210A $~.160

HP Bidirectional EDIF Schematic HP 74220A $15,000
Interface
HP Design Verification Sub-System HP 74230S $~3.000

HP Design Verification Interface HP 74230A $5.000
(includes HP Software Link)
HILO-3 Logic Simulator HP 74230B 10.000-45,000
HILO-3 Simulation Models HP 74230C 8.000-15,300
HILO-3 Fault Simulator HP 74230D $8,000
HICHIP Hardware Modeling HP 74231A $49,000
System
HP EDS j I6500A CAE Link HP 74240A $2.000
Simulation Data File Comparator HP 74240B $2.000
HP EDSj3065 Test Program HP 74241A $4,000
Generator
Analog Workbench HP 74610A $14.550
HILO and HICHIP are registered trademarks of GenRad.
Analog Workbench is a trademark of Analog DeSign Tools. Inc,
SCICARDS is a registered trademark of Scientitic Calculations, Inc.

Analog design information can be transferred to the Analog
Workbench module for analog simulation and analysis.

8
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HP PLD Design System picks the most appropriate device or sets of devices for a design.

HP PLD Design System
Hewlett-Packard's PLD Design System provides new capabilities

in adapting PLDs (programmable logic devices) to electronic designs.
A new breed of PLD design tool, HP PLD Design System provides a
device-independent design environment. Designers can develop and
verify logic without the constraints of a particular PLD architecture.
The system automatically fits complex designs into the most efficient
PLD, and if necessary, partitions designs into multiple devices.
HP PLD Design System supports the entire design process of PLDs
- from conceptual and functional design, through automatic device
selection and pin/resource assignment, to debugging and fusemap
generation.

As part of HP DesignCenter, HP PLD Design System is available
on the full range of HP 9000 Series 300 workstations, and is closely
linked with HP's Electronic Design System. A design or part of a
design can be transferred from the HP Electronic Design System and
submitted to HP PLD Design System for PLD realization. After de
vice selection, this information can be transferred back to the HP
Electronic Design System for design layout and documentation. In
addition, HP PLD Design System automatically creates HILO@-3
models for more thorough system simulation of printed circuit boards
containing PLDs.

PLD Design Entry and Verification
Without considering the target device, engineers enter designs with

schematic symbols, graphical state diagrams, truth tables,
waveforms, or Boolean equations. PLD debuggers specific to each de
sign entry method are tightly integrated to quickly verify PLD de
signs at the same level of abstraction.

The HP PLD Design System also supports hierarchical design to
allow complex PLD designs to be split into sub-designs or blocks.
Each block can be described according to the most appropriate design
method: state diagram or waveform entry. Once designed and veri
fied, the blocks can be interconnected and the entire design simulated.
A design block also can be entered into the library for future use in
other designs.

Waveform Entry
In the design of asynchronous circuits, a timing diagram often exits

showing the desired functionality in terms of certain input activity
causing output activity. The HP PLD Design System automatically

creates the necessary logic from this timing diagram. The waveform
debugger checks all causalities for any contradictions and then re
ports contradictions along with inconsistent waveforms.

Device Independence
The HP PLD Design System automatically selects the most appro

priate PLD - or multiple PLDs - from a prioritized list of the most
efficient devices for your design. Devices for this list come from a
comprehensive part library that includes over seventy popular archi
tectures from the leading PLD vendors. You can also modify the sys
tem's choice of devices.

You can implement an existing PLD design on a new, perhaps
more efficient device, by simply re-compiling the design rather than
having to modify it. A Foreign Tool Interface (FTI) allows you to
transfer PLDs designed on other systems via the JEDEC standard for
PLD fusemaps.

Programming and Test Generation
For device programming, the HP PLD Design System transfers

fusemap information in JEDEC standard format directly to a variety
of PLD programmers, eliminating the need for programmer com
mands. The system automatically creates electrical test patterns to
evaluate the behavior of programmed devices before designs are re
leased to production. In addition, the PLD timing-analysis tools in
clude state machine-glitch detection. Automatically generated test
patterns can be merged with the fusemap and downloaded for pro
gramming and testing.

Ordering Information
HP PLD Design System, complete software HP 74150A S 13,700
including editor, compiler, programming
modules, FTI, and HP EDS design interface
Advanced PLD Utilities, includes automatic HP 74153A $4, I 00
test generation capabilities, timing, estima-
tor and glitch sweeper

Options are also available for individual copies of the editor and
other software modules. Discounts are available for additional copies.
Contact your local Hewlett-Packard sales office for information on
related products and for detailed configuration and ordering informa
tion (see page 77 I).

HILO is a registered trademark of GenRad, Inc.
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Model 85150A Microwave Design System

e

The HP 85150A Microwave Design System runs on a compact
workstation to design microwave components quickly and ac
curately.

HP 85150AR Right-to-Reproduce the MDS software $24.650
The right-to-reproduce product allows users purchase additional

software systems at a reduced price. It does not include additional
tapes or MDS User Course enrollments.

HP 85153A GDS-I1 Translator $5.000
Artwork created with the Microwave Artwork Generator can be

easily translated into the GDS-I1 binary format for use on other
drafting and manufacturing systems. The translator is bi-directional.

$29,000

$74,600
$50.900

HP 85150T Microwave Design System
HP 85150E Microwave Design System

Software
HP 85150A Microwave Design System
The HP 85150A includes the following:

HP 742 lOA Design Capture System software
HP 85151A Microwave Linear Simulator software
HP 85l52A Microwave Artwork Generator software
Two enrollments in the MDS User Course

Ordering Information
Configured Systems

Two configured systems are available that contain, under a single
model number, the hardware and software needed to use the MDS
system. They each contain a HP 9000 Series 300 color workstation,
hard disc, HP-UX operating system, and HP 85150A Microwave De
sign System software. The software is factory installed so that design
ers can be more productive from the day the system arrives. The HP
85150T is based on a high performance Series 300 workstation, while
the HP 85150E is a lower cost entry-level system.

Simulating the circuit
The HP 85151A Microwave Linear Simulator (MLS) simulates

and optimizes linear circuits. Input to the simulator comes from the
HP DCS module, permitting interactive schematic-based circuit tun
ing. The MLS uses the latest verified microwave models as well as
state-of-the-art software technology, including sparse matrix reduc
tion, adjoint matrix optimization, and full nodal noise analysis. Addi
tionally, a comprehensive, flexible graphics package is integrated
with the Microwave Design System to display, manipulate, and gen
erate hardcopy of simulation results. These results can include S-, yo,
and Z-parameters, voltage and current transfer functions, other use
ful parameters, as well as arbitrary expressions combining any of the
above parameters.

Entering the schematic
The HP 74210A Design Capture System (DCS) is a graphics

based system that allows designers to draw circuit schematics on the
computer screen. Schematics are far more intuitive than other forms
of data entry, and save considerable effort over the life of a design
because they are used for circuit simulation, layout, and documenta
tion.

• Design with mainframe power on a desktop
• Minimize prototyping with accurate models
• Generate artwork from schematic, automatically
• Document designs effortlessly
• Interact with the schematic, analysis, and artwork si

mUltaneously

Integrated CAE tools for microwave designers
The HP 85150A Microwave Design System is a fully integrated

solution for microwave designers. It combines microwave circuit sim
ulation and optimization with schematic entry, layout generation,
and documentation utilities into one cohesive, user-friendly system. It
is a member of the HP DesignCenter, a broad family of electronics
and mechanical engineering productivity tools. The Microwave De
sign System, together with Hewlett-Packard computers and net
works, instruments, and support, form the most complete design
system available for microwave engineers.

Generating artwork
The HP 85152A Microwave Artwork Generator (MAG) automat

ically generates artwork for circuits based on their schematic repre
sentation in the HP DCS module. Layout equivalents for any circuit
element or subcircuit can be easily customized and stored in a library,
and thereafter used by the automatic layout facilities. The artwork
may then be enhanced using the graphics editor functions of the
MAG. Drawings can be output in a form compatible with HP EGS,
ME-lO, and ME-30, HP's professional drafting packages. These
products are a gateway to a complete array of mechanical engineer
ling CAD tools. Additionally, translators are available to convert
Iidrawings into the IGES, GDS-I1 stream, and other popular artwork

Ifmm
",.

Documenting the design
I Documentation is an essential part of every project, yet it is often
inadequate. Each schematic, plot, or piece of artwork generated by
Ithe Microwave Design System may be annotated with text and copied
Ito a special documentation area, where each is continually updated to
Ireflect changes to the design. Designers can, for example, create a
~tandard format having a company logo at the top and print results onrhigh resolution laser printer in a uniform, professional format.
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HP Printed Circuit Design System

HP Printed Circuit Design System
Hewlett-Packard's Printed Circuit Design System is a computer

aided design (CAD) solution that couples printed circuit board layout
to electrical engineering design, manufacturing, and test. HP Printed
Circuit Design System is a part of HP DesignCenter, an integrated
design environment for electrical, mechanical, and software engineer
ing teams. HP Printed Circuit Design System consists of systems,
software, and support in computer-aided engineering, design and
manufacturing (CAE/CAD/CAM).

Based on the modular HP 9000 Series 300 technical workstations
and HP-UX operating system, individual workstations as well as total
systems can be configured for particular applications in a powerful
local area network. HP-UX is derived from UNIX System V inter
face definition (UNIX is a trademark of AT &T in the U.S.A. and
other countries).

HP Printed Circuit Design System transfers all the functionality of
a mainframe-based system to a networked workstation environment.
This software has been evolving for over 10 years, and provides a re
fined and highly tuned base for HP's integrated CAD solution. The
system is the physical design link between logic design and manufac
turing that allows printed circuit board designers to create highly
manufacturable boards that perform as the electrical engineer in
tended. The open and documented design-file format eliminates re
dundant data entry and reduces chances for errors by making it easy
to enter circuit data and to generate manufacturing and test reports
and files.

Features and Ci"~pabilith~5

HP Printed Circuit Design System packing, placing, and routing
features can automatically layout digital, analog and mixed digi
tal/analog boards with through-hole and surface-mount technologies,
and also contain facilities for thick-film hybrid design.

Designers use a keyboard and either a four-button puck and A- or
B-size graphics tablet or a mouse to step through a dynamic, hierar
chical menu. The menu structure logically groups commands for
quick entry into design areas, and each successive menu displays only
the functions appropriate to the current design area. Projects can be
quickly initiated by using or modifying the many spacing and place
ment rules, manufacturing parameters, and board blanks provided by
the system. On-line design rule checking notifies board designers of
violations as they occur, but immediate correction is optional to allow
opportunities for subsequent layout adjustments. To assure all viola
tions are corrected eventually, a batch design rule checker can assess
a completed board, automatically noting all previously uncorrected
violations.

Entering CIrcuit Dala and Ehooim::1 E:k'llk Infonna'li\),;
Fully automatic transfer of netlist and part information is available

for schematics created on the HP Electronic Design System (see page
627). This link also features automated back annotation and bi-direc
tional engineering change.

Synchronization of logical and physical parts libraries eliminates
the need for translation files while automatic parts transfer eliminates
redundant data entry. Designers also can bring in circuit data from
the HP Engineering Graphics System (HP EGS) - See page 634),
as well as data from any vendor's system that supports the Electronic
Design Interchange Format (EDlF). In addition to common EDIF
features, HP Printed Circuit Design System EDIF format also sup
ports packaging information and parts mapping between data bases.

HP Printed Circuit Design System also accepts circuit data
through a variety of customized paths, and provides links to Hewlett
Packard's 2-D and 3-D CAD systems. Custom links to virtually any
CAE system are available either as off-the-shelf products or from HP
project and consulting services. In addition, a link exists for users of
schematic capture systems from P-CAD. Through this link, engineers
can develop schematics on HP Vectra personal computers (see page
656) and then transfer the netlist for layout and routing on high-per
formance workstations running HP Printed Circuit Design System.

Finally, circuit data can be interactively entered through the Sche
matic Netlist Editor. This function-key, menu-driven editor allows
easy, error-free entry of part and connection information into HP
Printed Circuit Design System format.

Design teams with special board blank requirements can begin to
design their boards on ME 10, HP's 2- D mechanical design system,
and then transfer the board blank to HP Printed Circuit Design Sys
tem. ME 10 allows designers to specify precise dimensioning, custom
shapes, and pre-defined locations for mechanically significant infor
mation such as connectors or transformers. Once transferred, these
board blanks can be saved as separate designs and reused across a
family of products with similar board specifications.

Flexible System and Data Managfunent
Management of system and network resources through the HP De

sign System Manager provides printed circuit board designers with
easy access to application software, data files, and peripheral devices,
which frees designers to concentrate on design work.

The HP Design Data Controller provides flexible data manage
ment and file security for users of HP Electronic and Printed Circuit
Design Systems. Large design teams can control data revisions, ac
cess to files, and also lock data at project checkpoints to prevent unau
thorized or unsynchronized updates.

Modular Software Desi~F'

HP Printed Circuit Design System is functionally divided into
three modules: Design Module, Autorouter Module, and Library
Module and Parts Library.

Design Module
Most of a designer's interaction with the system is through the De

sign Module, which includes powerful automatic tools to aid the de
signer during printed circuit board layout. Among these tools are the
automatic packer, placer and the interactive router, as well as rou
tines for improving parts placement to ensure the highest possible
router completion. To speed interactive tasks, designers can move
across the board and zoom in on a particular area as quickly as they
can move their pointing device. Rubberbanding and trace-snapping
make it easy to manually route selected traces. Designers can also add
dimensions in their choice of design units, including metric units.

The Design Module also includes routines for creating highly
manufacturable boards, such as "Tidy." Tidy improves the manufac
turability of boards by tear-dropping traces into pads to insure solid
electrical connections, widening traces to increase electrical reliabili
ty and eliminating unnecessary vias to reduce costs.

The HP Printed Circuit Design System includes special features
for placing, part swapping, and routing of surface mount devices
(SMDs). Physical descriptions of over 800 SMDs are available in



Ordering Information
74400A HP Printed Circuit Design System, com- $37,000

plete software for HP 9000 Series 300

In addition to the complete software, you can order the Design,
Library, and Autorouter modules separately, and order right-to-copy
options for each module. The Autorouter Module is available on both
Series 300 and Series 800 computers. Support products including Ac
count Management Support, Response Center Support, and Soft
ware Materials Subscription are also available. Contact your local
Hewlett-Packard Sales Office for current price and ordering informa
tion (see page 771 for sales offices).

Configuration
The flexibility of the modular HP 9000 Series 300 technical work

stations and HP Printed Circuit Design System allow a design team
to configure a particular system, then upgrade and extend individual
workstations or add to the overall system in a local area network.

For example, a design team may start with one complete HP
Printed Circuit Design System, with all three modules running on a
Series 300 and a high-resolution color monitor. Later the team can
add more workstations with only the Design Module running on a
more economical Series 300, sharing data over industry-standard
networking (IEEE 802.3). The automatic router can be moved to sep
arate Series 300 workstation with only a small monochrome monitor
to serve all the Design Module workstations on the network. A stand
alone router station may also reside on a Model 835 HP Precision
Architecture computer. Designers can then delegate the compute-in
tensive task of routing to these powerful compute servers while dedi
cating themselves to the more interactive tasks of printed circuit
design.

Teams who combine board-layout with 3-D mechanical design can
maximize their hardware resources by using both HP Printed Circuit
Design System and ME 30 (see page 636) on a single high-perform
ance 350SRX solids modeling display system. They also can transfer
completed bands or individual parts from HP Printed Circuit Design
System for 3D viewing in the ME 30 system.

Manufacturing and Test Links
HP Printed Circuit Design System does not stop with physical lay

out, but helps assure that the design is accurately transferred to man
ufacturing by automatically generating a range of reports and files
such as photoplotter command files, drill tapes for numerical control
and production reports. In addition, an output file in Board Configur
ation Format (BCF) can be sent to the HP 3065 board test family to
verify board connectivity and component values. The BCF file also
lists X,Y locations of device pins and test pads for the board test oper
ator.

For additional documentation or development of production draw
ings, designs can be transferred to ME 10 (see page 636), a 2-D
mechanical design package for creating more complex assembly
drawings. Once transferred to the ME 10, HP Printed Circuit Design
System drawings can move through an Initial Graphics Exchange
Specification (IGES) link to any other CAD system which supports
the IGES 3.0 standard.

Library Module and Parts Library
More than 7,000 physical parts are included in the starter library.

Designers can create, modify, validate, store and access these parts
quickly and easily. The system provides strict centralized control over
component usage to assure data integrity and standardization of
parts.

For manual routing, you can use separate dimensions, which allow
you to route analog, ECL, and critical board areas separately. At any
time, designers may interrupt the automatic routing, check on pro
gress, and restart the routing as needed.
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Autorouter Module
The automatic router employs rip-up and re-try technologies in ad

dition to a look-ahead algorithm that preplans the most effective rout
ing strategy for both through-hole and surface-mount devices. This
strategy recognizes and preserves critical traces already set down by
the designer.

The multiple-pass Autorouter Module routes up to four layers in
one pass, with 90- and 45- degree angles to create easier-to-manufac
ture boards. Users can specify automatic routing and via grids to al
low zero, one, two, or more traces between IC legs or SMD pads. The
Autorouter Module can also handle areas of surface mount technolo
gy (SMT) on both sides of the board, including hidden or buried vias.
It will also route signals on buried layers.

Autorouter Module provides user-definable routing grid to allow
fineline technology.

The Design Module provides special features for placing, part
swapping and routing of surface mount devices. A pad and
breakout for an SMD are shown here.

the Parts Library. Placement on both sides of a board and swapping
between sides decreases logic length and ensures higher Autorouter
completion. Breakouts to power and ground planes and a user-defina
ble routing grid also aid the routing task, while definable SMD spac
ing parameters increase reliability and manufacturing yields.
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HP EGS Engineering Graphics System
Hewlett-Packard's Engineering Graphics System (HP EGS) is an

easy-to use, entry-level computer-aided design (CAD) system for
complete product design. HP EGS consists of several modules that
enable the user to create schematic drawings, perform interactive
PCB layout, design thick-film hybrid circuits, and generate general
artwork ranging from card cage drawings and assembly diagrams to
block diagrams and presentation slides. Designs created on the sys
tem can be used directly or moved to more sophisticated design auto
mation tools such as HP Printed Circuit Design System (HP PCDS)
See page 632.

Among the built-in productivity tools provided by HP EGS are an
on-line HELP facility, customizable screen and tablet menus, and us
er definable macros, or "super-commands." These macros allow a us
er to supply a familiar name to a sequence of often-used commands.
In addition, users can develop custom modules for specific applica
tions, defining everything from specialized macros to menus and on
line message prompts.

HP EGS is currently in use at more than 4,400 installations world
wide. In runs on the HP 9000 Series 300 workstations, bundled with a
Pascal operating system. EGS also works with the HP Vectra Person
al Computer (See page 652), running on a coprocessor board. Users
may run HP EGS as a standalone system or as a Shared Resource
Management (SRM) system. The SRM system allows multiple
workstations or personal computers to share disc drives, printers and
plotters, which can dramatically reduce total system cost. The SRM
network also enables HP EGS users to easily share data such as draw
ings and library parts - offering significant productivity improve
ment. In addition, users can configure a local disc as a Hierarchical
File System (HFS). The HFS configuration allows multiple operat
ing systems to share the file system on a single disc. For example, an
HP EGS file may contain a special suffix which makes it readable by
HP-UX, HP's version of the UNIX'" operating system.

The HP Vectra fits smoothly into existing personal computer envi
ronments, providing the interactive power of HP EGS for schematic
capture and hybrid circuit design, and the links to workstation CAD
systems for logic simulation and PCB layout. For users who demand
the highest graphics performance, High-Performance HP EGS pro
vides a specially optimized version of HP EGS that takes advantage
of high-end hardware capabilities available on Series 300 worksta
tions. The customizability of HP EGS along with hardware platforms
that range from the HP Vectra to the most advanced HP 9000 Series
300 workstations provides users with a single-vendor, cost-effective
solution to their design automation problems.

Features and Capabilities
At the heart of HP EGS is the graphics editor, the tool used to

generate drawings on the screen. Drawings are created using ele
ments such as lines, circles, rectangles, polygons, arcs, and text. Com
plex, frequently used shapes can be stored as library parts and called
up as needed. Shapes on the screen can be altered with screen editing
commands. It is easy to copy, delete, scale, rotate or stretch lines and
objects. New drawings may also be created by modifying existing
drawings. By storing these new drawings in separate files, you can
easily maintain multiple revisions.

Pen plots of drawings can be obtained from anyone of the full line
of HP plotters - from an inexpensive A-size plotter to a roll-feed E
size drafting plotter. Many printers are supported on HP EGS, from
the inexpensive ThinkJet printer to the HP LaserJet printer, which
provide documentation-quality output for text as well as graphics.

Work Environments
Five specialized work environments or modules are available with

HP EGS. The Hybrid Circuit Design Module combines interactive
and automatic features for designing thick-film hybrid circuits. The
Printed Circuit Board Layout and Schematic Drawing Modules are
designed to increase the productivity of electronic engineers and de
signers developing printed circuit boards. The Mechanical Drawing
Module assists users in creating drawings of mechanical assemblies,
and the Engineering Graphics Module allows the creation of general
purpose artwork.

Hybrid Circuit Design Module
The Hybrid Circuit Design Module (HCD) tunes the extensive

feature set of HP EGS to the needs of hybrid circuit designers, com
bining industry-tested interactive graphics with automatic tools that
make this HP EGS module a great productivity aid for thick-film hy
brid circuit designers. They can easily move from manual and other
methods of hybrid circuit layout to this menu-driven CAD environ
ment that fully employs their design expertise while reducing errors
and speeding changes.

Designers can create and store standard substrate outlines, then
readily modify or create new outlines as needed. Adding parts to a
design is relatively automatic when using a connection list or material
list derived from a schematic. Alternatively, part information can be
entered directly from the keyboard or a tablet menu without using a
list.

To generate resistors, designers can draw on a library of resistor
paste curves that stores a set of values based on manufacturer-sup
plied data or on measurements unique to a manufacturing process.
For automatic resistor design, HCD uses the resistor value and refer
ence designators from the Schematic Drawing Module. HCD then
selects the optimum paste from the resistor paste curves, determines
the required active resistor surface size, generates the resistor, and
stores it on the display screen. If schematic data is not available, the
designer can enter resistor information from the keyboard. Once a
designer selects a resistor paste curve and specifies a resistor value,
the module will generate an appropriate resistor.

For parts placement and conductor routing, designers use the flexi
ble editing features of HP EGS to move, rotate, stretch, or mirror one
or more parts at a time with grid resolution to .00001 mil. Conductor
width can vary along individual conductors and from conductor to
conductor, and dielectric layers can be added with a single menu se
lection.

After finishing the layout, designers can use the Connection List
Compare routine to verify that the finished design matches the con
nectivity of the schematic. Designers can also create a manufacturing
material list for information such as part numbers and prices. In addi
tion, an area-calculating utility can help estimate material usage by
measuring the paste area on each layer (resistive, conductive, and in
sulating) and then generating information for calculating how much
ink will be needed.
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Powerful interactive and automatic features for thick-film hybrid
design

The above products are also available in right-to-copy options, which
offer an approximate I S% discount off the listed price, and in media
options for SI/4-inch or 31/2-inch flexible discs. Please consult your lo
cal HP Sales Office (see page 771) for current prices and detailed
ordering information.

6,000
8.000
4,000
6,000

99S
3.000

Price
$6,000

2,000
HP 7430SA
HP 74306A

HP74307A
HP 74308A
HP 98310A
HP 98311A
HP 98819A
HP 74309A

Ordering Information
Standard, modular HP EGS
HP EGS add-on modules for schematic
capture, PCB layout, or mechanical
engineering
Hybrid Circuit Design Module
High Performance HP EGS
HP EGS Photoplotter/NC Drill Utility
HP EGS IGES Translator
HP TechWriter
Vectra HP EGS

Additional Products
HP TechWriter - Documenting engineering tasks, wntmg re

ports, and developing presentation-quality materials that include il
lustrations consume a major portion of an engineer's time. HP EGS
combined with HP TechWriter helps the user deliver high-quality
documentation, reports, and presentation materials. This optional
document editor works with the entire Series 300 family of worksta
tions and with the HP Vectra and electronically merges text with the
graphics created by HP EGS. HP TechWriter may also be used inde
pendently from HP EGS.

Photoplot/NC Drill - HP's optional photoplot/NC drill feature
makes it easy to convert PCB and hybrid designs into Gerber
photoplotter format or to provide PCB drilling information for Excel
Ion drill machines.

IGES Translator -- Conforming to the Initial Graphics Exchange
Specification (IGES 3.0), HP's IGES Translator allows users to move
HP EGS drawings to other CAD systems or move drawings from oth
er systems to HP EGS. HP EGS can be used as a low-cost front end to
your expensive CAD systems.

A library of resistor-paste curves aids automatic resistor design.

Schematic Drawing Module
The Schematic Drawing Module includes a library of common

electronic schematic symbols. Users may also create their own parts,
using any logic symbol representation and assigning unique attribute
information to components. In this way users can create, modify, and
expand their own custom symbol libraries. Once the schematic design
is captured, the resulting connection list information can be passed to
the HP EGS PCB Layout Module, the HP EGS Hybrid Circuit De
sign Module, or to another PCB layout system, such as HP Printed
Circuit Design System.

Engineering Graphics Module
The Engineering Graphics Module may be used for a multitude of

applications ... from diagramming PCB card cage assemblies, gen
erating overhead slides, creating project scheduling diagrams, to any
other general artwork. This module is where many new users begin to
learn how to use HP EGS, and where many sophisticated users come
to create their own applications.

Mechanical Drawing Module
The Mechanical Drawing Module is designed to assist engineers

and draftspeople in preparing 2-D mechanical drawings. The isomet
ric grid capability allows the user to easily create 2-D representations
of 3-D objects. The library for this module includes drawing paper
templates, tolerancing and surface texture symbols, and macros for
defining families of screws and bolts. Both metric and English units
are available.

Printed Circuit Board Layout Module
The Printed Circuit Board Layout Module facilitates the creation

of printed circuit board artwork for electronic designs. Among the
productivity features in this module is the Rat's Nest Generator.
From a schematic connection list, it produces 'airline' connections be
tween placed PCB components. Users can move components to elimi
nate trace congestion, and, as components are moved, the connections
remain intact. Then, with a ROUTE macro, users can select an air
line and route it, locking the routed trace to pre-specified angles. In
the process of routing the trace, users can change layers as necessary
to complete the connection. A connection list routine compares the
schematic connection list and the PCB connection list. A report is
generated that notes any discrepancies, providing the user with a vali
dation of the design.

Users who want to simulate schematics before starting the physical
design may want to use HP Electronic Design System, a schematic
capture system with links to logic simulators. That system will gener
ate a net list in HP EGS format for users who want to use HP EGS for
physical design.



DESIGN AUTOMATION
ME DesignCenter
ME Series 10 and 30

HP's DesignCenter Series 10 and 30 offer advanced drafting, 2D design, and solids modeling
systems for mechanical engineering applications. These CAD systems run on a distributed com
puting environment of HP workstations.

ME Series 10 &30
HP DesignCenter Series 10 and 30 offer the full functionality re

quired for drafting, documentation, 20 design and solid modeling.
Both products use the same, easy-to-use user interface that drastical
ly reduces the learning time to allow greater designer productivity.
The systems operate on a complete range of hardware platforms and
under the major industry standard operating systems.

Functionality Overview

Drafting and Documentation
The ME Series 10 provides comprehensive drafting functionality

and extensive 20 design capabilities. It also provides a complete set of
functions to accelerate the production of drawings and other engi
neering documentation, while ensuring a standard of accuracy.

Design
ME Series 10 offers users an advanced set of tools for 20 design.

Powerful creation and modification commands, combined with inter
active variational design for creation of families of parts, enhance the
design process. An on-line design checking capability enables design
ers to quickly and easily develop accurate designs from a given set of
constraints.

Major features of ME Series 10 include:
• Full dimensioning capabilities according to international standards

(ANSI, ISO, DIN, etc.)
• Automated detail creation
• Full text input and editing capability
• Comprehensive set of drafting symbols
• Semi-automatic isometric drawing creation
• Parts and assembly creation
• Unlimited number of layers available for drawing organization
• Parametric design capability
• Advanced geometry modification for adapting designs
• Associated information and attributes for material specifications

and pricing details

Modeling
The ME Series 30 Modeling, Design, and Drafting system inte

grates full solid modeling with 20 design. Design accuracy within the
3D models provides the ability to simulate real prototypes. This sub
stantially reduces the need for design modifications as a result of er
rors in prototypes, thus allowing greater design department
throughput.

ADDITIONAL major features of ME Series 30 include:
• "Workplane" technique allows 3D model creation from 20 geome

try
• Machining functions for model creation, including mill and stamp

to support use of 20 geometry for model creation
• Full assembly modeling capability
• Extensive design checking capability, including mass properties

and interference

Data Management
Manage all design engineering information with HP's mechanical

engineering data management solution. Based on relational database
management technology, data management gives CAD users the
tools needed to locate, retrieve, manage and control the design office
information - with the same, easy to use, ME CAD user interface.

View-only Stations
View-only stations provide instant access to graphical and textual

information on the shop floor and at the manager's desk. Timely and
accurate information minimizes the risk of costly miscommunica
tions.

User Interface
The key to success with computer tools is complete functionality

and convenient access to that functionality. Computer tools must pre
sent functionality in a form understandable to the user.



HP's DesignCenter ME Series 30 is an integrated 3D solid mod
eling, 20 design and drafting system for mechanical engineering
applications. The system shown is operating on an HP 9000
Model 350SRX which provides dynamic rotation of hidden line
and shaded models.
Nowhere is this more important than in the design environment
where years of experience have led to the development of well proven
design techniques.

Short learning cycles and friendly system handling are essential for
engineering productivity. The HP ME Series products are menu-driv
en and provide the ease of use beginners require. In addition, they
provide customizing capabilities for special applications.

The ME Series 10 and 30 user interface was specifically designed
to ease user interaction by emulating traditional design techniques.
As a result, the combined tablet and screen menu interface provides
easy access to commands that use standard mechanical engineering
terminology - commands such as fillet and mill are easy to understand
and use. Interaction is further simplified by grouping the commands
into functional blocks and the use of descriptive prompts. An on-line
HELP facility is included to provide detailed descriptions of com
mands whenever necessary.

In both products, the user interface is optimized for mechanical
design:
• System functions are directly accessible from the graphics tablet,

complemented by screen menu subfunctions
• Multi-viewport capability eases handling of large and complex

models, designs, and drawings
• On-line HELP facility provides detailed explanation of the use of

commands
• Feedback mechanisms such as rubber banding and dynamic com

ponent tracking aid creation and modification operations

Integrating and Interfacing Your CAD System
The CAD system is an important place of your total Computer In

tegrated Manufacturing concept. It is the foundation for the product
development that allows a range of capabilities to grow around it.
With the HP ME Series CAD systems, that foundation can be easily
built upon, allowing you to add expanded capability as your require
ment grows.

ME Series integration capabilities include:
• Parts list information for stock control systems
• Drawing data included in documentation systems
• 2D geometry link to NC programming systems
• 2D geometry link to finite element analysis systems

• IGES translator
• DXF translator

ME Series 30 ADDITIONAL integration capabilities include:
• 3D geometry link to NC programming systems
• 3D geometry link to finite element analysis systems
• IGES output

HP's Proven Platform: Hardware and Support
The HP ME Series CAD systems support a complete set of

price/performance leading computers. These networkable systems
range from the MS-DOS·-based HP Vectra RS to the UNIX··
based HP 9000 Series 300 and 800 workstations and superworksta
tions. Complemented with a large selection of peripherals and graph
ics displays, HP offers a complete CAD solution.

Networking capabilities such as LAN enables users to set up a dis
tributed system featuring both products to address the full range of
mechanical engineering CAD requirements. Networking capabilities
also allow further integration of CAD stations into manufacturing
environments.

Training
A complete set of training courses is available for the ME Series 10

and 30 to help your engineers become increasingly productive. Struc
tured to match the increasing capability of the ME Series CAD fami
ly, the courses allow you to choose the correct level of training for
each engineer. Additional training in your environment is supported
by engineering consulting and a comprehensive set of documentation.

HP olfers a range of services to ensure that the initial period after
system delivery is trouble free. HP engineers are available to install
all components of your CAD system. They also will tailor the system
to your specific needs.

Your local HP sales office has full details of the training and sup
port programs available in your area. Contact them for details.

Ordering Information
For up-to-date ordering and pricing information you should con

tact your local HP sales office (see page 771).
• MS-DOS is a trademark of Microsoft Corporation
"UNIX is a trademark of AT&T Ben Laboratories

HP's DesignCenter ME Series 10 is an advanced 20 design and
drafting system for mechanical engineering applications. ME
Series 10 runs on HP 9000 Series 300 32-bit engineering work
stations under the HP-UX operating system and, as shown here,
HP Vectra RS 32-bit PC workstations under the MS-DOS oper
ating system.
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HP 9000 Series 800
Hewlett-Packard offers eleven different

models based on the RISC-based HP Preci
sion Architecture technology. All offer supe
rior price/performance when compared with
alternative systems. All provide extremely
high compatibility with other HP systems
and industry standards. All provide the low
cost of ownership and high reliability ex
pected from HP.

The new HP 9000 Model 855S supermin
icomputer is the fastest member of the Series
800 family, with approximately 50% better
CPU performance and greater expandability
than the Model 850S and three to four times
the performance of the Model 825S. Model
850S and 855 uses HP's proprietary NMOS
III VLSI technology and runs the HP-UX
operating system, equipped with HP's real
time enhancements to make it a top perform
er in applications of either the HP 9000 or
HP 1000 families. The Model 850S provides
2 to 2.5 times the performance of the Model
825S. It offers a large I/O fan out and can
support up to 300 users. Applications de
manding high multi-user throughput are eas
ily met with a Model 850S. A Model

Technical PC Systems
The Integral PC is an HP-UX-based

transportable computer that supports large
and sophisticated applications programs for
field-delivery applications. The Vectra PC
and Vectra Industrial PC support the full
range of DOS technical and commercial ap
plications. Using the HP Language Proces
sor, they can also support BASIC and Pascal.

Communications
HP technical computer systems can com

municate with each other, via various
networking protocols, a topic discussed on
page 660.

HP 1000 A-Series Systems
HP 1000 A-Series systems provide real

time operation at four different performance
levels (A900, A700, A600+, and A400), as
listed in the facing table. Predictable re
sponse to real-time events equips these sys
tems to function effectively as factory floor
workcell controllers, or in other applications
that require real-time responsiveness.

HP 9000 Series 300
The HP 9000 Series 300 is a flexible, scal

able computer system offering a wide range
of price/performance alternatives. With a
low entry price, the low-end workstations are
well-suited for dedicated instrument control
applications as well as for entry-level engi
neering and technical office automation ap
plications.

On the high end, Series 300 workstations
provide complex engineering design capabil
ity and increased computation performance.
From the Model 370 TurboSRX premier
graphics workstation to mid-range Model
330, the Series 300 offers a choice of work
stations for every application. The addition
of the HP DOS Coprocessor makes the Se
ries 300 workstation IBM PC AT compati
ble-both an engineering and personal
computer in one box.

-------Office Automation--------
Technical Computer Systems 850S can be easily upgraded to an 855S with

Hewlett-Packard offers a wide range of a simple CPU board swap.
technical computer systems for design, mea- HP 9000 Model 840S falls in the mid-
surement automation, manufacturing, and range of the Series 800 minicomputer line,
real-time monitoring and control, as iIIus- with three times the CPU performance of an
trated in the diagram above. The table on the HP 1000 A900 or HP 9000 Model 350 sys-
facing page provides comparative data on the tem. It provides all the industry standard
variety of technical systems available from software advantages of the Model
HP 850S/855S with 1.5 times the performance

. of an 825S. The new Models 835S and
835SE provide a broader midrange to the Se
ries 800. These systems provide support for
thirty to seventy-eight users, respectively.
They feature extremely high CPU perform
ance in very compact packaging. A simple
board upgrade from 825 systems is available.
Both the 835S and 835SE offer 1.5 to 2 times
the performance of an 825S..

HP 9000 Model 825S is the entry-level
member of the Series 800 minicomputer
family, with 1.5 to 2 times the performance
of the HP 1000 A900 or HP 9000 Model 350
systems. Like all the Series 800 products, it is
object code compatible with all other Series
800 systems, and source code compatible
with HP 9000 Series 300 products, with
PORT/HP-UX facilities for application mi
gration from HP 1000 systems.

The 825 graphics superworkstations per
form at 8.2 times the speed of a VAX
11/780, and the 835 performs at fourteen
times a VAX 11 /780. The 825 offers .65
MFLOPS; the 835 offers 2 MFLOPS doub
le-precision Linpacks performance. The
CHX, SRX, and the TurboSRX graphics
subsystems provide the user with a choice of
2D (wireframe), 3D solids, or high-perform
ance solid rendering capabilities.
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Hewlett-Packard Technical Computer Systems Summary

•Models 825/835 Superworkstalions have a maximum of 96 MB
Models 825/835 servers have e maximum 01 112 MB

Fltg PI
Speed
(KWIPS· Main Virtual Oper. Number Program System Application

Processor Base Speed BID) Memory Memory Systems of Users Languages Software Networking Environments
HP 9000 3-14 MIPS 2092 8-128· 28100 HP-UX 1-400 C X-Window ARPA/Berkeley Workstation
Series 800 to GB FORTRAN Starbase Network Structures Telecommunica·
pages 6600 Pascal GKS HP/NS to HP 1000 tions
643~46 Ada HP Allbase & HP 9000 Industrial

COBOL HP Today Automation
HP Visor Design Automation
NFS Multi-user

Scientific
Computation
Commercial

HP 9000 0.4 to 8 150 to I to 16 MB HP-UX I to 32 C HP Windows; X LAN Link to HP 1000, Workstation
Series 300 MIPS 2600 48 MB or 4 GB FORTRAN Window; Technical HP 3000, & HP 9000;
page 647 Pascal Office Automation and uucp comm to Multi-user

LISP HPtoday; other UNIX systems
Ada HP·GKS; ARPA/Berkeley Software
Prolog Starbase; Network Services Engineering
BASIC and DGUAGP Discless nodes

Graphics: NFS, IBM SNA
HP Allbase
DOS Coprocessor

BASIC 1 BASIC SRM Instrument
IBM 3270 Control

Pascal I Pascal DGL Graphics IBM 2780/3780 RJE
HP Vectra, 03 MIPS 45 To I MB to not MS-DOS 1 BASIC, IBM PC/AT RS-232C comm with Personal
RS/16, 100 16 MB appl. 3.1 Assembler compatible host computers, Productivity
RS120 HP BASIC Pascal software, 802.3/ARPA Design
page 653 Pascal incl. design capabilities Automation

& industrial and SRM Instrument
applications Control
software

HP 1000 1.2 MIPS 820 0.75 to 128 MB RTE·A Up to 20 FORTRAN IMAGE DBMS; LAN Link to HP 1000, Manufacturing
A900 32 MB for Pascal DGUAGP HP 3000, & HP 9000: ControllTest
page 670 data, BASIC Graphics: NS/IOOO pt-pt comm.
HP 1000 0.4 MIPS 340 0.5 to 7.75 MB Ada QDMllooo; wlHP 1000 & Data
A700 32 MB for PCIF/IOOO; & HP 3000: Acquisition
page 670 code Datapair/ and RJE, MRJE, &

1000 Prog-to-Prog comm.
HP 1000 0.4 MIPS 113 0.5 to 32 MB with IBM &plug- Telecommunica-
A600+ and 122 0.5 to 32 MB compatible systems tions
MOO
page 670 (Multi-user)
HP Not Not 512 KB not HP-UXI I C Standard RS-232C Software
Integral Spec'd Spec'd to appl. RO 5.0 BASIC Hp·UX Communication Engineering
PC 7.4 MB FORTRAN Software with host computers,
page Pascal HP-UX serial Instrument
657 Networking under Control

IlIlCP
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HP Precision Architecture: Simpler Means Better
Overview

ARCHITECTURE

USER NEEDS

IMPLEMENTATIONS

Figure 1: Relationship of Computer Architecture to User Needs

What Is Computer Architecture?
Computer architecture is the foundation upon which a computer

and its solutions are built. The architecture defines the instruction set,
the length of the instruction, the formats of data and instructions, and
memory format. The design of the organization and interconnection
of the hardware components is specified by the architecture.

Above the architecture is the implementation. For a given architec
ture, there may be several implementations. Implementation refers to
the organization of the architecture in hardware and software. The
implementation will vary with the goals of the system.

Finally, the system is implemented using some technology. For ex
ample, the system might use processors made from various IC fami
lies, such as, CMOS, TTL, NMOS, ECL, etc.

Processor 8
Central Bus

r-------~--·-----

Channel Channel
1/0 1/0

Adapter Adapter

I

I Channel 1/0 Bus I
:--j.fote: -for --: I/O Expander
:Mod,,1 835sE: with ChannelL_. __~'1LY_____:

1/0 Bus

Figure 2: Sample SPU Organization

Why Is Architecture Important?
Solutions presented by a computer system are based upon the hard

ware and software implementations. These implementations are con
strained by the underlying architecture. Hence, the architecture must
take into account today's and tomorrow's solutions needs.
HP Precision Architecture

As computer systems have evolved, they have progressed from very
simple architectures to complex systems with hundreds of instruc
tions and several means of accessing data. Each move to more com
plexity was intended to simplify the efforts of the programmer. High-

level languages were implemented to make communication with the
computer easier. In turn, these led to having many instructions so that
the compilers would be able to more closely parallel the high-level
language functions.

In the late 1970's, several industry experts began an analysis of
what real computers do when running real solutions. The results were
not surprising. Complex Instruction Set Computers, CISe's, spend
80% of their time executing 20% of the instruction set. In addition,
the most often used instructions were the simplest. What this means is
that the complexity of a CISC system is not really a boon to the
programmer. Instead, CISC causes a performance penalty whenever
these simple instructions are being accessed. Hardware and software
necessary to allow the complex instructions are rarely used.

This led to the development of RISC (Reduced Instruction Set
Computer) architectures. A RISC system allows reduced complexity
while increasing performance. The result is a faster, less expensive,
more reliable system. The main features of a RISC system are:
I. Reduced instruction set
2. Single cycle execution of most instructions
3. Hardwired instructions (no microcode)
4. Register intensive operation
5. Fixed instruction size
6. Short-cycle load/store design

HP PncJ.JOIi AldJt«t.n
Addn••JII, 'IiJd~.T'6
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Figure 3: HP-PA Addressability

The result of these features is that the system is able to run faster,
since extra decoding logic and data paths are eliminated; hardwired
instructions execute faster than microcoded instructions. Simpler
hardware also means lower cost and higher reliability.

HP Precision Architecture is RISC and much more. HP Precision
Architecture is scalable, allowing implementations in many technolo
gies. Systems are available using TTL logic and NMOS VLSI chips.
Other technologies, such as CMOS or EeL are also possible.

The architecture also accommodates attached processors and
coprocessors. This means that implementations can be tuned to spe
cific applications, such as when fast floating point calculations are
required.

Finally, memory addressing needs are increasing rapidly. Modern
programming techniques and artificial intelligence are using virtual
address space at an almost alarming rate. To solve this problem, HP
Precision Architecture offers a virtual address space sixty-four thou
sand times as big as other 32-bit systems. That's not all, to meet even
the most ambitious projections for the future, the architecture allows
a whopping total of 18.4 BILLION GBytes!

The Bottom Line
HP Precision Architecture offers leading performance at reasona

ble prices today. In addition, a growth path to the future is assured by
the scalability, provision for special processors, and vast virtual ad
dress space. In short, HP Precision Architecture is lasting value.
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HP 9000 Technical Computers 641
HP 9000 Series 800 Model 855S System

HP's Model 855S Superminicomputer is the most powerful
HP-UX-based system in Hewlett-Packard's history.

HP P~ecjsion ArchitechJfi"S High End System
The new HP 9000 Model 855S is the fastest member of the Series

800 family. It offers up to 50% better CPU performance and more
expandability than the Model 850S, and it supports up to 400 users.

The Model 855S utilizes HP's proprietary VLSI NMOS III tech
nology and runs under the HP-UX operating system. With enhance
ments added to equip the operating system for real-time
superminicomputer applications, the 855S represents a high capacity,
high performance extension to both the HP 9000 and HP 1000 prod
uct lines

The 855S is object code compatible with the other Series 800 sys
tems, making applications migration simple and fast. The entire Se
ries 800 family is highly compatible with the HP 9000 Series 500,
300, and 200 systems at the source code level.

High·{~(ld Pedorman.;(;' for a WHie Range of Applications
The Model 855S offers clear price and performance advantages

over other systems in its class. It has the power to serve a department
of scientific, engineering, or business users performing computation
or transaction-based tasks.

The computing power of the 855S makes it a good choice for tech
nical applications such as scientific modeling. For business applica
tions, the system fits well in large MRP environments or other
applications requiring a central database. In telecommunications, the
high data throughput capabilities of the 855S meet the needs of di
verse applications such as network management and message switch
ing.

Standard Operating System and More
The Model 855S, like the other members of the Series 800 family,

executes the HP-UX operating system, which adheres to AT&T's
UNIX· System V Interface Definition (SVID), Issue 2 Volume I.
HP-UX also fully complies with the System V Verification Suite,
which tests conformance with the SVID. HP-UX includes optimizing
C, FORTRAN 77 and Pascal language compilers, a symbolic debug
ger, and all of the other application development support features
normally included with a full-featured UNIX system. Popular Berke
ley features such as the C shell, sockets, job control, and the McKu
sick fast file system have been incorporated as well.

Additionally, HP-UX includes real-time capability, a necessity for
many industrial automation applications that require fast response to
interrupts. Pre-emptive scheduling of the kernel allows execution of
high priority processes immediately.

The Power of Industry Standards
In addition to an industry standard operating system, the Series

800 systems support IEEE 802.3, ARPA/Berkeley and TCP/IP
networking standards. The ALLBASE database management system
supports both IBM's Structured Query Language (SQL) relational
data base, the de facto standard, and the IMAGE network data base.
HP today can be added for fast, easy development of transaction en
try and reporting applications. Graphics support includes the
Starbase 2-D and 3-D graphics library, an implementation of the
ANSI CG-VDI specifications, and the DGL/AGP graphics libraries
for compatibility with existing applications using those libraries.

HP's Native Language Support (NLS), which enables localization
and use of applications in 18 different languages, was adopted as the
internationalization standard for X/OPEN.

Networking
The Model 855S communicates with HP 9000 and HP 1000 sys

tems via LAN/9000 Series 800 and NS/9000 Series 800 communi
cations products. Additional capability for communications with
other UNIX systems, including non-HP systems, is offered by the
ARPA Services/855 network services product.

Ordering Information
Please contact your local HP sales office for additional information

(see page 771).

'UNIX is a registared trademark 01 AT&T in the U.S. and other countries.
•• A system console and system disc, ordered separately. are required to operate the HP 855S.
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HP 9000 Technical Computers (cont'd)
HP 9000 Series 800 Models 835S and 835SE

UP AI03SA $45.000

emptive scheduling gives execution preference to the most important
programs so they can run immediately, if necessary. Process locking
can keep programs and data in memory for fastest real-time response.

Networking and National Language Support
The Model 835S and 835SE communicate with HP 9000 and HP

1000 systems via LAN/9000 Series 800 and NS/9000 Series 800
communications products. Additional capability for communication
with other UNIX systems, including non-HP systems, is offered by
the ARPA Services/800 network services product. HP-UX supports
localization and use of applications in sixteen different national lan
guages.

54.120
52.060
$2.142
53.150
51.400

S"U50
S2.000
$2,100

530.700

$10.100
517.050

599.000
54.775
54.775
S6.R30

S17,400
S3.500
52.600

UP 92459A

UP 92446A
UP 92S21A
UP 92S24A

UP 92447A
UP 92460A

UP AI040A
UP 92443A
UP 92444A
UP 92S33A
UP 3S30SA
UP 3S306A
UP 9244SA

Ordering Information
UP 9000 Series 800 Model 83SS SPU with
8MB memory, floating point coprocessor,
HP-UX operating system with 16-user
license, 6-channel multiplexer, and HP-IB
interfaces, installation and manuals
UP 9000 Series 800 Model 83SSE SPU
with 24 MB memory, floating point
coprocessor, HP-UX operating system
with 64-user license, 6-channel
multiplexer, and HP-IB interfaces, I/O
expander, powerfail battery backup system
HP FORTRAN 77/HP-UX
HP Pascal/HP-UX
HP VISOR HPSQL Interface
HP TODAY Developer Pack
HP TODAY Runtime Environment
Starbase Graphics Library
DGL/ AGP, and Starbase Graphics
Libraries
HPGKS
X Window System
Development system bundle, including
FORTRAN 77 and Pascal compilers and
DGL/AGP, and Starbase Graphics
Libraries
ALLBASE/HP-UX
ALLBASE/HP-UX and HP TODAY
Developer Pack
LAN/9000 Series 800 Link (interface and
software) UP 91786A
NS/9000 Series 800 Software HP 91787A
ARPA Services 800 UP S0981A
HP-UX Gateway SNA/3270 UP 36918A
NFS Services 800 UP S0970A
UNIX is a U.S. registered trademark of AT&T in the U.S.A. and in other countries.

Industry Standard Software
True real-time performance of HP-UX has been achieved without

compromising the compliance of HP-UX with the AT&T System V
Interface Definition Issue 2 (SVID). HP-UX includes an optimizing
C language compiler, a powerful symbolic debugger, and all applica
tion development support features normally included with a full-fea
tured UNIX system. Additional optimizing compilers are available
for FORTRAN 77 and Pascal programming. Also available is HP's
new ALLBASE DBMS, which supports both industry-standard SQL
relational data management and IMAGE network-model data man
agement. You can add HP TODAY for fast, easy development of
transaction entry and reporting applications. Add HP VISOR to pro
vide easy access to HPSQL data. Graphics support includes the
Starbase 2-D and 3-D graphics library, an implementation of the
ANSI CG-VDI specifications, and the DGL and AGP graphics li
braries for compatibility with existing applications that use those li
braries. HP-UX and its supported software subsystems comply with
official and de facto standards to the maximum extent practicable to
assure the widest possible useability of programs.

Superior Price/Performance
Because HP Precision Architecture is based on reduced complexity

principles, the Models 83SS and 835SE offer superior price/
performance over other superminicomputers in their class. At 2.02
double precision Mflops, as measured by the Linpack benchmark,
these new systems have competitive floating point performance. The
835S is ideally suited for applications requiring up to thirty users. The
83sSE offers the same performance with additional connectivity up to
seventy-eight users. Also, both systems support up to 112 megabytes
of memory and 9.1 gigabytes of disc capacity with HP-FL. These
characteristics, together with UNIX-based HP-UX, make the 83SS
and 835SE powerful software development engines for multiple engi
neers who need simultaneous access to a high-speed system. The high
compute power makes the Model 835S attractive for scientific users
doing simulation, finite element analysis, and laboratory analysis.
The 835SE is well-suited for office workgroup computing, business
graphics, and general purpose transaction processing. In manufactur
ing, the real-time capabilities of HP-UX and configurability make the
83SS and 83sSE effective as an area manager in the CIM hierarchy.
Its real-time functionality, capacity, and power also equip the Model
835S for real-time monitoring and control jobs, such as energy man
agement systems or communications switch controllers.

Real-time Functionality for Real-World Applications
HP-UX incorporates true real-time functionality. Predictable re

sponse to interrupts gives the Models 835S and 835SE the ability to
keep critical real-world processes under control. Standard automatic
powerfail recovery restarts the Model 835SE at the program state
ment whose execution was interrupted by a power failure. This func
tionality is available as an option to the 835S. Priority-based pre-

The New Models 8358 and 8358E

Industry Leading Mid-range Performance
The new HP 9000 Model 83sS and Model 83sSE are mid-range

members of Hewlett-Packard's Series 800 line of superminicom
puters, which are based on HP Precision Architecture. The Models
83SS and 83sSE run the HP-UX operating system and offer an aver
age of fourteen times the performance of a DEC VAX 11/780. The
Models 83sS and 83sSE are object code compatible with the Models
82sS, 840S, and 8S0S HP Precision Architecture systems, so applica
tions are completely portable. The Models 83SS and 83sSE offer
three to four times the performance of the HP 1000 A900 and HP
9000 Model 350. HP-UX is the real-time implementation of the
UNIX'" operating system and contains PORT/HP-UX facilities for
applications migration from HP 1000 systems. The HP-UX based
HP 9000 Series 500, 300, and 200 systems are highly source code
compatible with the Models 835S and 835SE, so application migra
tion and data exchange is virtually effortless among HP 9000 systems.
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HP 9000 Series 800 Model 850S System

The Power of Industry Standards
In addition to an industry standard operating system, the Series

800 systems support IEEE 802.3, ARPA/Berkeley and TCP/IP
networking standards. The ALLBASE database management system
supports both IBM's Structured Query Language (SQL) relational
data base, the de facto standard, and the IMAGE network data base.
HP today can be added for fast, easy development of transaction en
try and reporting applications. Graphics support includes the
Starbase 2-0 and 3-D graphics library, an implementation of the
ANSI CG-VOl specifications, and the DGL/AGP graphics libraries
for compatibility with existing applications using those libraries.

HP's Native Language Support (NLS), which enables localization
and use of applications in 18 different languages, was adopted as the
internationalization standard for X/OPEN.

Networking
The Model 850S communicates with HP 9000 and HP 1000 sys

tems via LAN/9000 Series 800 and NS/9000 Series 800 communi
cations products. Additional capability for communications with
other UNIX systems, including non·HP systems, is offered by the
ARPA Services/850 network services product.

$945

$7.'00

$4.620
$4.500

$ ~.050

$7.720
$6, ISO
$7.4'17
Sib.300
$6,500

SiIO.500

S3h,750
$14,700
$37.500

$10,300
$5,600

S70.000

$1.260
SIOJOO

$15.750
$32.000
$2:\000
$35.000
$2~,000

$32.500
$5.000

$1,540
$1.630
$2.525

$34.125
-$18,375

$2.625

HP 92529A
HP 92532A

HP 92464A

HP 92469A
HP 92535A
HP 35307A

HP 92468A

HP 92433A
HP 92461A

HP 92462A
HP 92463A

HP 271108
HP 27114A
HP 98196A
HP 92455A

Opt.OA3
HP 92439A

HP 19749A

HP AII0IA
HP All04A
HP All08A
HP Al122A
HP A1123A
HP A1124A
HP A1125A

Ordering Information Price
HP9000 Series 800 Model 850S System" HP 9742A $188.500
with 32MB memory, floating point
coprocessor, 2 bus converters, 2 channel
adapters, 6-channel multiplexor, HP-IB in-
terface, and 64-user HP-UX license.
Additional Channel Adapter
Additional 16MB Main Memory
Floating Point Upgrade Kit
CIO Terminal Expander
Expansion Module Kit
Add-on Expander
Cable Management Rack for up to 288
terminals
Cable Management System for up to 66
terminals, including a table for the
system console.
HP-IB Interface
Parallel Asynchronous FIFO Interface
Asynchronous 6-channel Multiplexor
Unlimited HP-UX License

Credit for upgrade from 64-user license.
HP Native Language I/O and Stick
Kanji Font
HP Simplex Kanji Font
HP FORTRAN 77/HP-UX for Model
850S
HP PascaIfHP-UX for Model 850S
HP Starbase/HP·UX Graphics
Library for 850S
HP DGL/AGPjHP-UX Graphics
Library for 850S
HP GKS for 850S
X Window System for 850S
(X client only)
ALLBASE/HP-UX and HPtoday
Developer Pack/HP-UX for 850S
ALLBASE/HP-UX for 850S
ALLBASE/Query for 850S
ALLBASE/4GL Developer Pack/HP-UX
for 850S
ALLBASE/4GL Run-time Environment/ HP 35308A
HP-UX for 850S
LAN/9000 Series 800 Link for 850S HP 91788A
NS/9000 for 850S HP 91789A
ARPA/BSD Services for 850S HP 50982A
NS for the DEC VAX Computer HP 50950A
NFS Services for 850S HP 50972A
HP-UX Gateway SNA/3270 for 850S HP 36919A
'UNIX is aregistered trademark of AT&T in the U.S. and other countries.

••A system console and system disc. ordered separately. are required to operate the HP 9742A.

Standard Operating System and More
The Model 850S, like the other members of the Series 800 family,

executes the HP-UX operating system, which adheres to AT &T's
UNIX· System V Interface Definition (SVID), Issue 2 Volume I.
HP-UX also fully complies with the System V Verification Suite,
which tests conformance with the SVID. HP-UX includes optimizing
C, FORTRAN 77 and Pascal language compilers, a symbolic debug
ger, and all of the other application development support features
normally included with a full-featured UNIX system. Popular Berke
ley features such as the C shell, sockets, job control, and the McKu
sick fast file system have been incorporated as well.

Additionally, HP-UX includes real-time capability, a necessity for
many industrial automation applications that require fast response to
interrupts. Pre-emptive scheduling of the kernel allows execution of
high priority processes immediately.

Price/Performance Leadership in Multi-user
Applications

The Model 850S is clearly a price leader when compared to
superminis with comparable specifications. With estimated relative
throughput of 7.2 (to the 840S' 4.5), the 850S outperforms other
superminis in its price class.

The 850S has the power to serve an entire computing or transaction
processing department. The compute power of the 850S makes it a
good choice for technical applications such as electronics modeling,
geological mapping, and monitoring control systems. In telecommu
nications, the high data throughput capabilities of the 850S and in
dustry standard HP-UX operating system meet the needs of network
management and message switching applications. The 850S offers
more connectivity and I/O capacity for use in transaction processing
applications, such as MRP or business applications requiring access
to a central database.

The HP 9000 Model 8505 is a high-end superminicomputer in
the UNIX-based Hewlett-Packard Precision Architecture
(HPPA) family. The 8508 offers 1.6 times the multi-user
throughput of the Model 8405 and floating point performance of
1.86 MFLOP5 DP Linpacks, outperforming competitive
superminis in its class.

High-end Performance
The Model 850S offers large terminal support, fast and expandable

I/O, and an easy growth path to more powerful processing power, in
addition to fast multi-user performance at a low price. The optional
Floating Point Upgrade provides 25 times faster floating point per
formance than the standard coprocessor. The Terminal Expander in
creases the number of supported terminals from 102 to 300.

The 850S utilizes HP's proprietary VLSI NMOS III technology
and runs under the HP-UX operating system. It is object code com
patible with the other Series 800 systems, making applications migra
tion simple and fast. The entire Series 800 family is highly compatible
witht the HP 9000 Series 500, 300, and 200 systems at the source
code level.
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HP 9000 Model 840S System

HP 9000 Model 8405 is shown here in expanded configuration,
with new memory cards, I/O expander, 96 MB and 128 terminal
or serial ports.

HP Precision Architecture Performance
The HP 9000 Series 800 Model 840S is based on HP Precision Archi

tecture. Running under the HP-UX operating system, the Model 840S
offers up to three times the CPU performance available on the HP 9000
Series 500 Model 550 or HP 1000 A900 system. Significant enhance
ments equip HP-UX to support real-time applications, making the Model
840S system a logical, high-capacity, high-performance extension of both
the HP 9000 and HP 1000 computer system product lines. The Model
840S as an extension of the HP 1000 product line is specifically supported
by extensive PORT IHP-UX facilities for applications migration from HP
1000 systems. The HP-UX based HP 9000 Series 500, 300, and 200 sys
tems are highly compatible with the Model 840S because they operate
under the same operating system, making data interchange and applica
tions migration among HP 9000 systems virtually effortless. In addition,
the Model 840S is object code compatible with the other members of the
Series 800 family.

Superior Price/Performance for Wide Applicability
The inherent design economy of HP Precision Architecture makes the

performance of the Model 840S more affordable than other superminis
with comparable specifications. The Model 840S is thus readily applicable
to support computation-intensive applications found in engineering, scien
tific, business and industrial environments. Its large capacity and indus
try-standard HP-UX operating system affords an excellent environment
for application developers.

Real-time Functionality for Real-World Applications
HP-UX incorporates true real-time functionality. Predictable response

to interrupts gives the Model 840S the ability to keep critical real-world
processes under control. Automatic power-fail recovery restarts the
Model 840S at the program statement whose execution was interrupted
by a power failure. Priority-based pre-emptive scheduling gives execution
preference to the most important programs so they can run immediately,
if necessary. Process locking can keep programs and data in memory for
fastest real-time response.

Industry-Standard Software
As important as the true real-time performance of HP-UX is the fact

that it has been achieved without compromising the compliance of HP
UX with the AT &T System V Interface Definition Issue 2 (SVID). HP
UX includes an optimizing C language compiler, a powerful symbolic
debugger, and all of the other application development support features
normally included with a full-featured UNIX@! system. Additional opti
mizing compilers are available for FORTRAN 77 and Pascal program
ming. HP's new ALLBASE DBMS, which supports both industry
standard SQL relational data management and IMAGE network-model
data management, is available. HPtoday can be added for fast, easy devel
opment of transaction entry and reporting applications. HP VISOR can
be added to provide easy access to HPSQL data. Graphics support in
cludes the Starbase 2-D and 3-D graphics library, an implementation of
the ANSI CG-VOl specifications, and the DGL and AGP graphics librar
ies for compatibility with existing applications that use those libraries.

HP-UX and its supported software subsystems comply with official and de
facto standards to the maximum extent practicable, to assure the widest
possible usability of programs within the HP 9000 and HP 1000 system
families and with respect to non-HP computer systems.

Networking and Na~ional Language Support
The Model 840 communicates with HP 9000 and HP 1000 systems via

LAN/9000 Series 800 and NS/9000 Series 800 communications prod
ucts. Additional capability for communication with other UNIX systems,
including non-HP systems, is offered by the ARPA Services/800 network
services product. HP-UX supports localization and use of applications in
16 different national languages and is available only from Hewlett-Pack
ard.

Memory and Graphics Support
The Model 840S has six available memory slots, and can be configured

for up to 96MB of memory. Graphics software capabilities similar to the
Series 300 offerings, including the Solid Rendering Display System
(SRX), are also available.

Model 8405 I/O Expander
The Model 840S can be configured to include a two-bay system with the

I/O Expander (option 601 or HP 19746B). The configurability with the
840S expander now supports up to 26 available CIO slots (28 including
the MUX and HP-IB that come with the system), and can support up to
128 users.

Orderin~ Information Price
HP 9000 eries 800 Model 840S SPU· HP9741A iO

8MB memory, Floating Point, HP-UX,
6-channel MUX and HP-IB interface I/S

Add 8MB of RAM Opt 508 ~,i ",oon
Replace 8MB RAM with 32MB RAM Opt 531 '> \I ~ ,~ jtlP
Add 32MB of RAM Opt 532 ;,,;'K,UOO
With 840S I(? Expander Opt 601 <'h. ~\ll

Additional 8 B of RAM HP 19748A ,~ '" '.noo
Additional 32MB of RAM HP 19733A ,<,i-!!I)O
Model 840S I/O Expander HP 197468 .-no
Cable Management System for u66 HP 19749A '51)4,~

terminals, includes console table
HP-IB Interface HP 271108 ;; I. ,,~o

Parallel Asynchronous FIFO Interface HP 27114A ';'1 (.1)0
Asynchronous 6-channel Multiplexer HP98196A ~.).-,;, '.:'
32-user HP-UX License HP 92453A '{. n, :':;UO
Credit for upgrade from l6-user license Opt OAO ~> ,~)~()

64-user HP-UX License HP 92454A t :7:':'

Credit for upgrade from l6-user license Opt OA1 '150
Credit for upgrade from 32-user license Opt OA2 i i ~,(Hl

HP-UX Unlimited License HP92455A ~~..f !: '-,
Credit for upgrade from l6-user license Opt OA1 ';,;,n
Credit for upgrade from 32-user license Opt OA2 d. "',il ' }
Credit for upgrade from 64-user license Opt OA3 ,'j",

HP FORTRAN 77/HP-UX HP92430A , , ;~o
HP Pasca~HP-UX HP 92431A '" ,bi!
ALLBAS /HP-UX HP 36217A (), _~ ~u

HPtoday Developer Pack HP92440A ".",;\Ju
HPtoday Run Time Environment HP 92441A -',-tOO
Starbase Graphics Library HP 92436A uou
DGL/AGP, and Starbase Graphics HP92437A ", "0

Libraries
X Window System HP92528A ; '. '00
Development system bundle, including HP 92438A I .; ,S ~.!l

FORTRAN 77 and Pascal compilers
and DGL/AGP, and Starbase Graphics

ALLBASE/HP-UX & HPtoday HP92442A ,,!' 'jOO
Developer Pack

HP Display List HP92526A ~: ,:,no
HP VISOR Interface to HP SQL HP 92534A q.;ln ~(1n

HP Simplex (KANJI font) HP 92433A _: IJI)

Native Language I/O & Stick KANJI HP 92439A '.:J.'? ')
Font

LAN/9000 Series 800 Link HP 98194A : ~.t)~O

(with software)
NS/9000 Series 800 Software HP 98195A ' 605
HP-UX Gateway SNA/3270 HP 36911A ,\97
NFS Services HP 50971A ':;', ~()()

ARPA Services/800 HP 50980A \.1, 2X~1
Solid Rendering Display System with HP98720A -:;! 1\0

D Solid Graphics Accelerator HP 98721A '''1/ l..:.n

DisElay Controller Interface HP AI017A ~(!O

8-p ane Frame Buffer Memory HP 98722A "1 fd'"
'The HP 9741A requires system console and system disc for operation
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HP 9000 Model 825S

Superminicomputer Performance
The new HP 9000 Model 825S is the midrange member of Hew

lett-Packard's Series 800 line of superminicomputers based on HP
Precision Architecture. Running under the HP-UX operating system,
the Model 825S offers .5 to .7 times the supermini throughput of the
Model 835S, Model 835SE, or Model 840S. The Model 825S is ob
ject code compatible with all series 800 HP Precision Architecture
systems so applications are completely portable. The Model 825S of
fers 1.5 to 2 times the performance of the HP 1000 A900 and HP
9000 Model 350. The Model 825S is a logical, high capacity, high
performance extension of both the HP 1000 and HP 9000 product
lines. HP-UX is the real-time implementation of the UNIXTM operat
ing system and contains PORT/HP-UX facilities for application mi
gration from HP 1000 systems. The HP-UX based HP 9000 Series
500, 300 and 200 systems are highly source code compatible with the
Model 825S so application migration and data exchange is virtually
effortless amoung HP 9000 systems.

Superior Price/Performance
Because HP Precision Architecture is based on reduced complexity

principles, the Model 825S offers superior price/performance over
other superminicomputers in its class. At 2.4 Million Double Preci
sion Whetstone Instructions per Second, and 12.6 Million Dhrystone
Instructions per Second, the Model 825S has very high CPU per
formance. In addition, the system offers a high degree of expandabili
ty with up to 64 users, 6.85 Gigabytes of disc memory with HP-IB
interface and 9.14 Gigabytes with HP-FL interface, up to 14 I/O
slots and 2 I/O channels. These characteristics along with UNIX
based HP-UX make Model 825S a powerful software development
engine for multiple engineers who need simultaneous access to a high
speed system. The high computation power make the Model 825S
attractive for scientific users doing simulation, imaging or modeling.
These characteristics also make the Model 825S well suited for seis
mic analysis, mapping and other earth reSources applications. In
manufacturing, the real-time capabilities of HP-UX and con
figurability make the Model 825S effective as an Area Manager in
the ClM hierarchy. Its real-time functionality, capacity and power
also equip the Model 825S for real-time monitoring, and control jobs,
such as energy management systems or communications switch con
trollers. Powerful multiuser performance also makes the Model 825S
well-suited for transaction-based business applications.
Industry-Standard Software

As important as the true real-time performance of HP-UX is the
fact that it has been achieved without compromising the compliance
of HP-UX with the AT&T System V Interface Definition Issue I
(SVID). HP-UX includes an optimizing C language compiler, a pow
erful symbolic debugger, and all of the other application development
support features normally included with a full-featured UNIX8 sys
tem. Additional optimizing compilers are available for FORTRAN
77 and Pascal programming. HP's new ALLBASE DBMS, which
supports both industry-stndard SQL relational data management and
IMAGE network-model data management, is available. HPtoday can
be added for fast, easy development of transaction entry and report
ing applications. HP VISOR can be added to provide easy access to
HPSQL data. Graphics support includes the Starbase 2-D and 3-D
graphics library, an implementation of the ANSI CG-VDI specifica
tions, and the DGL and AGP graphics libraries for compatibility with

existing applications that use those libraries. HP-CX and its sup
ported software subsystems comply with official and de facto stand
ards to the maximum extent practicable, to assure the widest possible
usability of programs within the HP 9000 and HP 1000 system fami
lies and with respect to non-HP computer systems.

Networking and National Language Support
The Model 825 communicates with HP 9000 and HP 1000 systems

via LAN (9000 Series 800 and NS/9000 Series 800 communications
products. Additional capability for communication with other UNIX
systems, including non-HP systems, is offered by the ARPA Serv
ices/800 network services product. HP-UX supports localization and
use of applications in 16 different native languages and is available
only from Hewlett-Packard. See page 660 for more information.

HP's National Language Support (NLS), which enables localiza
tion and use of applications in 18 different languages, was adopted as
the internationalization standard for X/OPEN.

Ordering Information

...HP 9000 Series 800 Model 825S SPU HP AI004A
w/8MB memory, Floating Point
coprocessor, HP-UX operating system
with 16 user license, 6 channel
multiplexor and HP-IB interfaces,
installation and manuals.
Additional 2MB of RAM (max of 6 per HP AI004A $3,500
825S) Opt 001
Additional 8MB of RAM (max of 6 per HP AI004A $8,000
825S) Opt 002

Add Model 825S CIO Expander HP AI004A $14,000
Adds 7 CIO slots and includes channel Opt 003
adapter interface and cable

Add Battery Backup Unit HP AI004A $4,500
Opt OEI

Delete 8MB RAM, add 16MB Opt 515 $8,000
Add 16MB RAM Opt 516 $16,000
Delete 8MB RAM, add 32MB Opt 531 $18,000
Access Port Kit HP AIOl5A $5,500
19 inch Rack Mount Kit for 825S HP 97099A $560
19 inch Rack Mount Kit for Battery HP 19500B $85

Backup
HP-IB Interface HP 27110B $1,540
Parallel Asynchronous FIFO Interface HP 27114A $1,680
Asynchronous 6-channel Multiplexer HP 27140A $2,450
32-user HP-UX License HP 92453A $10,500
Credit for upgrade from 16-user license Opt OAO -$5,250
64-user HP-UX License HP 92454A $18,375
Credit for upgrade from 16-user license OptOAl $5,250
Credit for upgrade from 32-user license Opt OA2 -$10,500
X Window System HP 92524A $2,100
HP FORTRAN 77/HP-UX HP 92443A $4,775
HP Pascal/HP-UX HP 92444A $4,775
ALLBASE/HP-UX HP92460A $17,050
HPVISOR HPSQL Interface HP 92533 $6,830
HPtoday Developer Pack HP 35305A $17,400
HPtoday Run Time Environment HP 35306A $3,500
Starbase Graphics Library HP 92445A $2.600
DGL/AGP, and Starbase Graphics HP 92446A $3,750

Libraries
NS for DEC VAX Computer HP 50950A $6,303
NFS Service HP 50970A $1,400
HP-UX Gateway SNA/3270 HP 36918A $3,150
Development system bundle, including HP 92447A $10,300

FORTRAN 77 and Pascal compilers
and DGL/AGP, and Starbase
Graphics Libraries

ALLBASE(HP-UX & HPtoday HP 92459A $30,700
Developer Pack

LANj9000 Series 800 Link HP 91786A $4.120
(interface and software)

NS/9000 Series 800 Software HP 91787A $2,060
ARPA Servies/800 HP 50981A $2,142
"The HP 9741A requires system console and system disc tor operation
'"' UNIX is atrademark of AT&T in the U.S.A. and other countries.
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HP 9000 Series 800 Superworkstations

HP 9000 Model 835 TurboSRX Superworkstation integrates powerful com
putation with interactive and photorealistic graphics.

HP AIOSOA $59,500

HP 9000 Series 800 Superworkstations

Mainframe Power Plus High-Performance Graphics
The Series 800 superworkstations combine high-performance com

putation with interactive graphics. Source code compatibility with
the Series 300 family and object code compatibility within the Series
800 facilitate choosing the levels of graphics and system processing
power appropriate for your application environment. Upgrade paths
from the Model 825 to the Model 835 and from the SRX to the
TurboSRX allow the superworkstation performance to grow as your
application needs grow.

Model 825CHX
The Model 825CHX combines advanced bit-mapped graphics with

a high-performance computational engine to meet the interactive
needs of computer-aided engineering applications such as integrated
circuit and printed circuit board layout. It features the Model 825
system processing unit (SPU), the AI020H graphics controller with
eight planes of frame buffer memory and two overlay planes, the
98556A 2D integer-based graphics accelerator, AI 017A graphics in
terface and cable, 46021A keyboard, 46060A HP-HIL 2-button
mouse, 46081A HP-HIL Extension with audio, 46084A HP-HIL ID
module, and a choice of either the 98752A 1280 x 1024 resolution 19
inch monitor or the 98789A 1280 x 1024 resolution 16-inch monitor.
The system also includes 92452A 1-16 user HP-UX license and soft
ware, 92445A Starbase Graphics Library, 91786A LAN/9000 and
50981A ARPA Services, and the X Window System.

HP AI008A $49.500

Model 835CHX
The Model 835CHX provides 50% more SPU power than the

Model 825CHX for integer calculations and more than three times
the floating point performance. It features the Model 835 SPU, the
A I020H graphics controller with eight planes of frame buffer memo
ry and two overlay planes, the 98556A 2D integer-based graphics ac
celerator, AI017A interface and cable, 46012A keyboard, 46060A
HP-HIL 2-button mouse, 46081A HP-HIL Extension with audio,
46084A HP-HIL ID module, and a choice of either the 98752A 1280
x 1024 resolution 19-inch monitor or the 98789A 1280 x 1024 resolu
tion 16-inch monitor. The system also includes 92452A 1-16 user HP
UX license and software, 92445A Starbase Graphics Library,
91786A LAN /9000 and 50981 A ARPA Services, and the X Window
System.

Model 825SRX
The Model 825SRX combines interactive 3D solids rendering ca

pabilities with high-performance computational engine to meet the
interactive needs of 3D mechanical computer-aided engineering ap
plications and mapping. It includes the Model 835 SPU, the 98720A
Solid Rendering Display Controller with four overlay planes, the
98721A 3D Solids Graphics Accelerator, eight planes of frame buffer
memory, expandable to twenty-four planes, 98752A 1280 x 1024 res
olution 19-inch monitor (or 98789A 1280 x 1024 resolution 16-inch
monitor), AI017A interface card and cable, 98290A RGB cable,
46021A keyboard, 46060A HP-HIL 2-button mouse, 46081 A HP
HIL Extension with audio, 46084A HP-HIL ID module, 92452A 1
16 user HP-UX license and software, 92445A Starbase Graphics Li
brary, 91786A LAN/9000 and 50981A ARPA Services, and the X
Window System.

HP AIOOSA $59.500

Model 835SRX
The Model 835SRX provides 50% more SPU power than the

Model 825SRX for integer calculations and more than three times
the floating point performance. It includes the Model 835 SPU, the
98720A Solid Rendering Display Controller with four overlay planes,
the 9872IA 3D Solids Graphics Accelerator, eight planes of frame
buffer memory, expandable to twenty-four planes, 98752A 1280 x
1024 resolution 19-inch monitor (or 98789A 1280 x 1024 resolution
16-inch monitor), AI017A interface card and cable, 98290A RGB
cable, 46012A keyboard, 46060A HP-HIL 2-button mouse, 46081 A
HP-HIL Extension with audio, 46084A HP-HIL ID module, 92452A
1-16 user HP-UX license and software, 92445A Starbase Graphics
Library, 91786A LAN/9000and 50981A ARPA Services, and theX
Window System.

HP AI04SA $69,500

Model 835 TurboSRX
The Model 835 TurboSRX incorporates powerful SPU perform

ance with interactive and photorealistic 3D solids rendering capabili
ties to meet the interactive needs of 3D mechanical computer-aided
engineering applications, imaging, and mapping. A fully configured
835 TurboSRX includes the Model 835 SPU, the 98730A Solid Ren
dering Display Controller with four overlay planes, three 98732A 3D
Solids Graphics Accelerator, twenty-four planes of frame buffer
memory, 98752A 1280 x 1024 resolution 19-inch monitor (or 98789A
1280 x 1024 resolution 16-inch monitor), AI017A interface card and
cable, 98290A RGB cable, 46021A keyboard, 46060A HP-HIL 2
button mouse, 46081A HP-HIL Extension with audio, 46084A HP
HIL ID module, 92452A 1-16 user HP-UX license and software,
92445A Starbase Graphics Library, 91786A LAN /9000 and
50981A ARPA Services, and the X Window System.

HP AIOSSA $91.500
Opt #624
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HP 9000 Series 300

HP 9000 Series 360 TurboSRX solid modeling workstation

HP 9000 Series 300
A modular family of high performance technical workstations

designed for computer-aided design and instrument control applica
tions, the Series 300 was developed with maximum flexibility in mind.
Two levels of product structure are available: pre-configured systems
to easily automate a wide range of design and measurement automa
tion tasks. Or, for users with more customized requirements, a full
range of individual component products are available making it feasi
ble to build a system matched exactly to their specific needs.

Based on the Motorola 68010, 68020, and 6830 line of processors.
Compatibility throughout the Series 300 family is ensured via object
code compatibility.

System Processing Units
The basis for any Series 300 system is the system processing unit

(SPU), which includes the CPU, RAM, floating point and standard
system interfaces: HP-IB, RS-232, Battery-backed clock, HP-HIL,
and timers. System expanders allow you to grow your Series 300 sys
tems as your needs change.

Model 370
The Model 370 is based on the 33MHz MC68030 processor and

includes the MC68882 floating point co-processor also running at
33MHz. Its performance is 7 MIPS and has the ability to address up
to four Obytes of virtual memory. The Model 370 houses four system
slots, which contain the processor board; eight megabyte of parity
RAM; and the system interface board, which includes the standard
interfaces plus the choice of either AUI LAN connector or ThinLAN
interface, two-channel DMA controller and the high-speed HP-1B or
optional SCSI disc interface. One system slot is available for install
ing a graphics board, floating point accelerator, or 2-slot DIO back
plane. The Model 370 features a full 32-bit I/O bus (DIO-lI) and a
dedicated "System Bus"; a high speed connection to RAM. Up to 32
megabytes of parity RAM or 48 megabytes of ECC RAM are sup
ported.

HP 98579B $21,900
Ideal applications: 3-D solid modeling, 3D design/analysis,

wireframe design, PC circuit board design and routing, EE simula
tion and verification, AI program development, scientific simulation.

Model 360
The Model 360 is based on the 25MHz MC68030 processor and

includes the MC68882 floating point co-processor, which also runs at
25 MHz. The system features performance of 5 MIPS. The Model
360 has room for four system boards. Two of the slots are occupied
with the processor/RAM sandwich assembly and the system inter
face board, which includes the standard system interfaces plus a
choice of AUI LAN connector or ThinLAN interface and optional
HP-IB or SCSI disc interface. Two system slots are available for in
stalling a graphics board, floating point accelerator, or 2-slot DIO
backplane. A full 32-bit DIO-Il I/O bus is supported and up to 16
megabyte maximum RAM, which is tightly coupled to the processor
board through a "sandwich connection."

HP 98579A $14,365

Upgrades
Products are available to transform a Model 330 into a Model 360

and a Model 350 into a Model 370 by exchanging the processor
boards with new customer installable 68030 based processors.

Model 330
The Model 330 is a 2 MIPS computer based on the Motorola:

16.67 MHz MC68020 processor, MC68881 floating point coproces
sor, and MC 68851 Paged Memory Management Unit. Maximum
system performance is ensured by operating 4 Mbytes of on-board
RAM synchronously with the MC68020 processor. The 330 features
a 32-bit Memory Bus, 32-bit DIO-II I/O Bus, plus the same system
interface board as the 350. Two system slots are available for adding
a RAM board, a graphics board or a 2-slot DIO backplane for acces
sories. Users can add an additional 4 Mbytes of RAM to this system.

HP 98S62A $10,850
Ideal applications: data manipulation and general computation,

microprocessor system development, EE schematic capture, 2D
mechanical design, personal productivity, computer-aided software
engineering, data acquisition/analysis.

Model 310
The Model 310 is a .4 MIPS computer consisting of a 10 MHz

MC68010 processor, operating synchronously with one Mbyte built
in RAM. Configured with 16 Mbytes virtual memory, 16 bit memory
bus, 512 x 400 B/W bit-mapped display interfaces, VLSI Memory
Management Unit and standard interfaces. Box includes system slot
for CPU, system slot for display board, plus 4 I/O slots for additional
memory or interface cards.

HP 98561A $5,055
Ideal application: Instrument Control, Architectural and Engi

neering Construction, Facilities Layout

Series 300 Systems
Design Automation: The following Design Automation workstations
are based on the UNIXlil System V operating system, bringing to
gether the high-powered 350 and 330 SPUs with industry leading
graphics subsystems.

Model 370 TurboSRX
The 370 TurboSRX consists of the 98579A 360 SPU; 8 megabytes

RAM standard; 32 megabytes (maximum) of parity RAM or 48
megabytes (maximum) of ECC RAM; high-speed HP-IB; fast HP
IB disc interface; 98730A 3D display controller; 98752A 19-inch col
or monitor (1280 x 1024); ROB cable; keyboard; HP-HIL 2-button
mouse; HP-HIL extension with audio; HP-HIL ID module; and
98549L HP-UX Iicense-to-use AXE, PE; NS-ARPA and NFS Serv
ices/300.

HP 98587H $44,250

Model 370CH
The Model 370CH couples high-power computation with industry

leading 2D graphics for such applications as printed circuit board and
VLSI design, 2D mechanical design, 2D mapping, and architectural
and engineering constructions. The 370CH features the 98579A
SPU; 8 megabytes RAM standard; fast HP-1B disc interface; 32
megabytes (maximum) of parity RAM or 48 megabytes (maximum)
of ECC RAM; 98550A 1280 x 1024 color graphics board with eight
plane frame buffer, two overlay planes and 19-inch color monitor;
ROB cable; keyboard; HP-HIL 2-button mouse; HP-HIL extension
with audio; HP-HIL ID module; and 98549L HP-UX license-to-use
AXE, PE, NS-ARPA, and NFS Services/300. With the optional in
teger graphics accelerator, the 370CH becomes the 370CHX with
increased graphics performance for 2D applications.

HP 98588G $31,900

Model 370MH
The Model 370MH is a high-performance monochrome system

well-suited for software engineering and AI application development,
analog circuit design, and logic design and simulation. Based on the
98579A SPU, the 370MH features 8 megabytes RAM standard; fast
HP-IB disc interface; 32 megabytes (maximum) of parity RAM or 48
megabytes (maximum) of ECC RAM; 98548A 1280 x 1024 mono
chrome graphics board with 19-inch high-resolution monochrome
monitor, video cable, keyboard, HP-HIL 2-button mouse, HP-HIL
extension with audio, HP-HIL ID module, and 98549L HP-UX li
cense-to-use AXE, PE, NS-ARPA, and NFS Services/300.

HP 98589G $24,500
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Model 360 TurboSRX
The Model 360 TurboSRX provides up to ten times the graphics

performance of the previous SRX for photorealistic 3D images. The
360 TurboSRX consists of the 98579A 360 SPU, 8 megabyte RAM
total, high-speed HP-IB, 98730A 3D display controller, 98752A 19
inch color monitor (1280 x 1024), 98726A 32-bit display controller
interface, 3 accelerators for 3D solids with full 16-bit Z-buffer, RGB
cable, keyboard, HP-HIL 2-button mouse, HP-HIL extension with
audio, HP-HIL ID module, and 98549L HP-UX license-to-use AXE,
PE, NS-ARPA, and NFS Services/300.

HP 98587T $35,995

Model 360SRX
The Model 360SRX provides true interactive performance for de

sign applications that require 3/D images and shaded solid models.
The 360SRX consists of the 98579A 360 SPU, 4 megabytes RAM
total, 98720A solid rendering display controller with four-plane
memory overlay, 3D solid graphics accelerator, eight-plane frame
buffer memory, 98752A (1280 x 1024) 19-inch color monitor,
98725A interface card and cable, RGB cable, keyboard, HP-HIL 2
button mouse, HP-HIL extension with audio, HP-HIL ID module,
and 98549L HP-UX license-to-use AXE, PE, NS-ARPA, and NFS
Services/300.

HP 98587W $34,965

Model 360CH
The Model 360CH couples high-power computation with industry

leading 2D graphics for such applications as printed circuit board and
VLSI design, 2D mechanical design, 2D mapping, and architectural
and engineering constructions. The 360CH features the 98579A
SPU, 98550A (1280 x 1024) color graphics board with eight-plane
frame buffer, two overlay planes, and 16-inch color monitor, RGB
cable, keyboard, HP-HIL 2-button mouse, HP-HIL extension with
audio, HP-HIL ID module, and 98549L HP-UX license-to-use AXE,
PE NS-ARPA and NFS Services/300. With the optional integer
gr;phics accelerator, the 360CH becomes the 360CHX with in
creased graphics performance for 2D applications.

HP98588W $19,510

Model 360MH
The Model 360MH is a high-performance monochrome system

well-suited for software engineering and AI application development,
analog, circuit design, and logic design and simulation. Based on the
98579A SPU, the 360MH consists of the 98548A (1280 x 1024)
monochrome graphics board with 19-inch high-resolution mono
chrome monitor, video cable, keyboard, HP-HIL 2-button mouse,
HP-HIL extension with audio, HP-HIL ID module, and 98549L HP
UX license-to-use AXE, PE, NS-ARPA, and NFS Services/300.

HP 98589W $16,010

Model 330CH Color Workstation
The Model 330CH high-resolution system provides powerful per

sonal computing for UNIX-based applications. It includes the
98562A 330 SPU, plus 98550A 8-plane color graphics board with
two overlay planes and RGB cable, 98789A 16-inch color monitor
(1280 x 1024) 46021A HP-HIL keyboard, 46060A HP-HIL mouse,
46081A HP-HIL buffer box, 46084A HP-HIL ID module.

HP98588S $17,450

Model 330MH Monochrome Workstation
The Model 330M high-resolution system provides personal, power

ful computing for HP-UX applications. Based on the 98562A 330
SPU, the 330M adds a 98544B monochrome graphics board, 98788A
19-inch monochrome monitor (1280 x 1024), 46021A HP-HIL key
board, 46060A HP-HIL mouse, 46084A HP-HIL ID module, I
meter HP-IB cable, RS-232 cable, HP-HIL cable.

HP 98589S $13,100

8EW
Model 319C+

The Model 319C+ uses the same 16.6 MHz CPU board as the
Model 330 in a low-cost, restricted configuration, 2-board computer
system. The 319C+ includes the MC68881 floating point co-proces
sor, 4 megabyte RAM, 32-bit memory bus, six-plane colo~ graphics
board with 16-inch (1024 x 768) color monitor. Standard mterfaces
included are HP-IB, RS-232C, IEEE 802.3/Ethernet LAN interface
with ThinMAU and "T" connector, two channel DMA controller.
The 319C+ also includes HP-IB, RGB, and HP-HIL cables.

HP 98564A $9,785

Model 318M Monochrome Workstation
Utilizing the same 16.6 MHz CPU board as the Model 330, the

Model 318M is a low-cost, restricted configuration, 2-board comput
er system. It includes a MC68881 Floating Point Coprocessor, four
Mbyte RAM, 32-bit memory bus, 1024 X 768 bit-mapped mono
chrome display, IEEE-488 HP-1B interface, RS-232C Serial Inter
face, IEEE 802.3/Ethernet LAN interface with ThinMAU and "T"
connector, HP Human Interface Link (HIL), Two-channel DMA
controller, HP-1B and HP-HIL cables.

HP 98563A $5,140

Measurement Automation
Combining the highest performance BASIC Language System

found in the market today with the versatile, low-cost 330, 310 and
308 systems, the following workstations address applications in a
wide range of measurement automation arenas.

Model 330MMA Monochrome Instrument Controller
The Model 330MMA consists of the 98562A 330 SPU, Opt. 010

98262A high-speed disc interface, Opt. 006 98242B 2-s10t DIO back
plane, 98542A medium resolution monochrome graphics board,
35731A 12-inch monochrome monitor, 46021A HP-HIL keyboard,
98616A Opt. 045 BASIC 5.0, I meter HP-1B cable, RS-232 adaptor
cable.

HP98580S $12,900

Model 330CMA Color Instrument Controller
The Model 330CMA is based on the 98562A Model 330 SPU, plus

Opt. 010 98262A high-speed disc interface, Opt. 006 98242B 2-slot
DIO backplane, 98543A medium resolution color graphics board
with RGB cable, 35741A 12-inch color monitor, 46021A HP-HIL
keyboard, 98616A Opt. 045 BASIC 5.0, I meter HP-IB, RS-232
adaptor cable.

HP 98581S $16,000

Model 310C Low-Cost Color Workstation
Based on the Model 310, this workstation consists of 98561A SPU,

98543A medium resolution color graphics board with RGB cables,
35741A 12" Color Monitor, 46021A keyboard, and BASIC 5.0. In
cludes a 10 MHz 68010 processor, HP-IB, RS-232, HP-HIL Inter
faces.

HP 98581A $8,610

Model 310M Measurement Automation Workstation
Based on Model 310, this MA workstation consists of a 35731A

12" monochrome monitor, 46021A keyboard, 98616A Opt. 044 BA
SIC 5.0. Includes a 10 MHz MC68010 Processor, HP-IB, RS-232,
HP-HIL and medium resolution monochrome graphics interfaces.

HP 98580A $5,900
·UNIX is a registered trademark of AT&T in the U.S. and other countries
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Graphics Componen's. Mouse, 2-button HP 46060A $210
Graphics Boards Mouse, 3-button HP 46060B $195
Monochrome Graphics Board (512 x Mouse, 3-button (uses Quadrature Port) HP 46095A $145
400); use with 35741A/B monitor HP 98542A $825 Quadrature Port HP46094A $165
Color Graphics Board (512 x 400); use 2.4 meter HP-HIL extension HP46080A $85
with 35741A/B monitor HP98543A $2.480 2.4 meter HP-HIL extension with audio HP 46081A $220
Monochrome Graphics Board (1024 x 15 meter HP-HIL extension with audio &
768); use with 98786A monitor HP98544B $ 1,450 RGB HP46082A $770
Monochrome Alpha/Graphics Board 30 meter HP-HIL extension with audio &
(512 x 390); set for Series 200 display RGB HP46082B $1,085
compatibility HP98546A $875 Knob HP46083A $200
Color Graphics Board (1024 x 768); 6- ID Module HP46084A $195
plane; use with 98785A or 98751A Control Dial Module HP46085A $1,410
monitor HP 98547A $4,645 32-Button Box programmable function
Monochrome Graphics Board (1280 x keys HP46086A $935
1024); hardware scan conversion for high Digitizer, ANSI A/ISO A4-size HP46087A $850
performance; use with 98788A monitor HP98548A $2,225 Digitizer, ANSI B/ISO A3-size HP46088A $1,365
Color Graphics Board (1024 x 768); 6- 4-button Cursor for 46087/88 HP 46089A $280
plane; hardware scan conversion for high Touchscreen Bezel HP 35723A $505
performance; use with 98785A or 98751A Bar Code Reader HP92916A $600
monitor HP 98549A $4,500 Upgrades
Color Graphics Board (1280 x 1024); 4-Slot 010 Backplane; converts 010 II
used in CH/CHX; 8-plane with 2 overlay to 010 in Option 004 of98570A/561A
planes; hardware scan conversion; use or 98562A HP98242A $465
with 98789A or 98752A monitor HP98550A $5,570 2-Slot 010 Backplane; converts 010 II
2D Integer-based Graphics Accelerator, 010 in 98562A/B SPU or 98570A
for systems that include 98549A or Option 004 HP98242B $390
98550A boards HP 98556A $6,070 Model 310 to 320 Processor Board
Graphics Subsystems Upgrade HP98243B $5.930
3D Display Controller (1280 x 1024) Model 330 to 350 Processor Board
used in SRX workstations; 4-planes Upgrade HP 98244A $J4,900
upgradeable to 24 image planes; 4 overlay The following upgrade trade-in credits vary with the computer con-
planes and hardware Z-buffer HP98720A $1 1,350 figuration returned. Consult your HP Sales Representative for de-
3D Graphics Accelerator for use with tails.
98720A; includes transform engine, scan Model 310 trade-in for Model 330
converter, microcode to provide Model 320 trade-in for Model 350
interactive 3D solid rendering HP98721A $ J 0.340 Series 500 trade-in for Series 8003D Display Controller (1280 x 1024) SPU Accessoriesused in TurboSRX workstations; 4 Direct-Connect 8-slot I/O Expander HP98568A $1.9fi5overlay planes plus 8 image planes
upgradeable to 24 image planes HP98730A S I -; ,500 Direct-Connect DIO II Expander; adds

3D Graphics Accelerator for use with two DIO II and four DIO slots to 330 or

98730A; includes triple transform engine, 350SPU HP 98570A $2.3H5

scan converter, full 16-bit Z-buffer, 16-slot DIO expander HP9888A $4, 155

microcode to provide interactive 3D solid EIA 19-inch rack mount kit for 35731 A HP98567A $233
rendering, and photorealism HP 98732A S~~.()OO

EIA 19-inch rack mount kit for 35741A HP 98567B $233
Monitors EIA 19-inch rack mount kit for S/300
12-inch (310mm) Monochrome Monitor SPU HP 98569A $243
(512 x 400); 60 Hz, 115/200 Vac; use RAM
with 98542A or 98546A graphics boards HP 35731A/B $340 I MB RAM board for 310 and 320 only HP98257A ill.500
12-inch (310mm) Color Monitor (512 x 4 MB RAM controller for 330 and 370 HP 98258A $5.630
400); 60 Hz, 115/200 Vac ("A" Version 4 MB RAM Add-on for 370 (use with
supports 115 Vac only); use with 98543A 98258A) HP 98258B $.\l15
or 98546A graphics boards HP 35741A/B '> i ,195 12 MB RAM Add-on for 370 (use with
19-inch (480mm) Color Monitor (1024 x 98258A) HP98258C S14,425
768); 60 Hz, 115/230 Vac; use with 8 MB Error-Checking and Correcting
98547A or 98549A graphics boards HP 98751A $6,1)50 (ECC) RAM for 370 only HP98264A $[2,960
19-inch (480mm) Color Monitor (1280 x 16 MB Error-Checking and Correcting
1024); 60 Hz, 115/230 Vac; use with (ECC) RAM for 370 only HP98264B 520.230
98550A graphics board or DOS Coprocessor
98720A/98730A subsystems HP 98752A (,.650 The Series 300 DOS Coprocessor System provides IBM PC AT
16-inch (406mm) Color Monitor (1024 x DOS software compatibility for HP 9000 Series 300 Technical
768); 60 Hz, 115/230 Vac; use with Workstations. DOS COPROCESSOR SYSTEM - includes DOS
98547A or 98549A graphics boards HP98785A $; ,615 Coprocessor, interface card, and DOS Coprocessor software.
17-inch (432mm) Monochrome Monitor HP98286S $1,335
(1024 x 768); 60 Hz, 115/230 Vac; use Please refer to page 669 for more detailed information on the DOS
with 98548A graphics board HP98786A S2,C)65 Coprocessor.
19-inch (480mm) Monochrome Monitor VMEbus Connection
(1280 x 1024); 60 Hz, 115/230 Vac; use HP 9000 VMEbus Interface - Includes 010 interface card, VME
with 98548A graphics board HP98788A $2.125 card, cable and manuaL HP98646A $U12
16-inch (406mm) Color Monitor (1280 x VMEbus Software Drivers -
1024); 60 Hz, 115/230 Vac; use with Pascal Opt. 24X HP 98358A 5116
98550A graphics board or HP-UX Opt. 34X HP98358A $217
98720A/98730A subsystems HP98789A $}.(.( 5 BASIC Opt. 44X HP 98358A $116
HP-HIL Input Devices HP Networking
Digitizer (II x II) HP 45911A S51() HP 9000 Series 300 and 800 computers using the HP-UX operat-
Keyboard (U.s. ASCII version) HP 46021A PIO ing system offer a wide range of networking products such as
Keyboard with rotary knob for Ethernet/IEEE 802.3 local area network. Please refer to page 660 for
BASIC/Pascal HP98203C 5805 additional information,
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HP 9000 Graphics Hardware
HP offers a variety of graphics display options for the Model 9000

workstations, which allows users to customize the workstation to pro
vide the desired graphics performance.

20 Graphics SUbsystems
The modularity of the Series 300 allows the system to be configured

into one of four different display options providing medium and high
resolution graphics on either monochrome or color displays. The
graphics display options are supported by the BASIC, PASCAL and
HP-UX operating systems. The 98550A can be ordered as the
AI020A for the HP 9000 Models 825 and 835.

HP 98SS0A is a high resolution 1280 x 1024 color graphics board
for 2D color applications such as EE physical design and 2D map
ping. It contains a hardware scan converter for high speed generation
of vectors, polygons, and circles. It provides eight color planes and
two overlay planes. The color planes may be used in a double buffered
mode for sixteen displayed colors. The 98550A operates with the
98556A Graphics Accelerator. It uses the 98789A or 98752A
monitor. $5,570

HP 98S48A is a high resolution 1280 x 1024 monochrome graphics
board ideally suited for applications such as Computer Aided Soft
ware Engineering and Computer Aided Publishing. The 98548A con
tains a hardware scan converter for high speed generation of vectors,
polygons, and circles. It will operate with the 98788A 19-inch mono
chromatic monitor. $2,225

HP 98S49A is a high resolution 1024 x 768 color graphics board for
applications requiring fewer colors and lower resolution than the
98550A. The 98549A contains a hardware scan converter for high
speed generation of vectors, polygons, and circles. It provides six color
planes for sixty-four colors; these planes may be used alternatively as
four color planes and two overlay planes. The 98549A may be used
with the 98556A Graphics Accelerator. It operates with the 98785A
or 98751A monitors. $4,500

UP 98SS6A is an integer-based graphics accelerator that may be
used with the 98550A and 98549A graphics display boards. The

98556A provides sharply improved performance for 2D vector-inten
sive application by providing a hardware transform engine. The
98556A is ideally suited for integer-based applications that require
real-time pan and zoom capability. It also provides improved window
performance through a dedicated Graphics Processing Unit. This
product will not operate with the Model 310 or Model 320
systems. $6,070

3D Graphics SUbsystems
UP 98720A is a high-performance 3D solid rendering subsystem

for applications such as Mechanical Computer Aided Engineering
and mapping. For full performance, the system is configured with
twenty-four planes (3 - 98722As), a full l6-bit Z-buffer (98722A)
and a graphics accelerator (9872lA). For less demanding require
ments, the system can be configured with a strip Z-buffer, without the
graphics accelerator, and with eight or sixteen planes. The four over
lay planes are standard.

HP 98720A $11,350
HP 98721A $10,350
HP 98722A $4,645

UP 98730A is a high-performance 3D solid-rendering subsystem
that provides three to ten times the performance of the 98720A. The
98730A provides the most advanced and extensive 3D solid rendering
feature set available in the industry. These features dramatically in
crease the users' competitiveness by maximizing graphics interactivi
ty and displaying photorealistic images.

For customers with the imaging applications, the system can be
configured without the graphics accelerator and Z-buffer (98732A).
This system provides the user with frame buffer memory (98722A),
overlay planes, pixel pan, and zoom and blending capabilities.

HP 98730A $17,500
HP 98722A $4,465
HP 98732A $24,000

The 98720A and 98730A support both the 98752A (19-inch) and
the 98789A (16-inch) 1280 x 1024, 60Hz non interlaced color
monitors.
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HP 9000 Graphics Software
HP provides a set of software tools which allow the application

programmer to interact with, and send graphics output to, a wide va
riety of graphics display devices and peripherals. They are based on
CG-VDI, GKS and other industry standards. The intent of these
standards is to provide a common interface to graphics devices.

Starbase Graphics Library is a high performance 2-D and 3-D
graphics library for the HP 9000 family. It is an extension of the
ANSI CGI standard currently under development. Starbase provides
procedures to perform basic graphics operations including lines,
markers, text, polygons and B-splines. Control functions, inquiry
functions and echoing are also supported. Starbase is capable of ap
plying 2-D and 3-D transformations to output primitives, generating
high quality text and shaded polygons and providing synchronous and
asynchronous input to the application. Starbase provides the interface

to the high performance lighting models, shading, non-uniform ra
tional B-splines of the SRX workstations. Starbase is part of the Se
ries 300 HP-UX programming environment, but an option product
for the Series 800.

HP 92445A $2,600
HP 92445R $1.820

HP 92521A/98672A/98673A HP-GKS graphics library is fully
compatible with Level 2b of the ANSI/ISO Graphical Kernel Sys
tem standard. The library provides application portability and high
performance for HP-UX, accessible from FORTRAN, C and Pascal.

Series 300 HP 98672A $1,000
Series 800 HP 92521A $2,000

HP 92521R $1,400
HP 92446A/98520A/600A consists of two sets of procedure librar

ies: DGL (Device-independent Graphics Library) and AGP (Ad
vanced Graphics Package). The libraries must be used in conjunction
with the HP-UX operating system.

Series 300 HP 98250A $1,000
Series 800 HP 92446A $3,750

HP 92446R $2,625
HP 98674A/98522A is an optional extension to the Starbase libra

ry: Starbase Display List. It allows graphics data and commands to be
stored and later re-executed and provides the ability to create, modify
and manipulate a hierarchy of segments.

Series 300 HP 98764A $500
Series 800 HP 92522A $1,000

HP 92522R $700
HP 97009A Starbase Driver Development Guide is documentation

for creating a Starbase driver for devices not supported by HP (PPL).
Series 300 HP 97009-10220 $250

HP 98053A Versatec Hardcopy Support is a software interface
and cable to allow color hardcopy dump from Series 300 bit-mapped
displays to Versatec C2500 color plotters.

Series 300 HP 98053A $1,000
HP 98683X/84X DGL Skeleton Device Handler allows interfac

ing to non-HP peripherals. The Skeleton Handler is largely a FOR
TRAN source code template.

Series 300 HP 98603X $495

HP 9000 Graphics Hardware Summary
Graphi~ SUbsystem 98542A 98543A 985448 98546A 98547A 98548A 98549A 98550A' 98720A 98730A

Resolution 512 x400 512 x400 1024 x 768 512 x 400 1024 x 768 1280 x 1024 1024 x 768 1280 x 1024 1280 x 1024 1280 x 1024

Overlay Planes 0 0 0 0 0-2 0 0-2 2 4 4

Color Planes 1 4 1 1 6-4 1 6-4 8 8-24 8-24

Colors'" Mono- 16 Mono- Mono- 64-16 Mono- 64-16 256 256-16M 256-16M
chrome chrome chrome chrome

Double Buffer No No No No No No 3 4 4,8, 4,8,
Planes or 12 or 12

Monitors/Size 35731AJB 35741AJB 98786A 35731AJB 98751A 98788A 98751A 98752A 98752A 98752A
12" 12" 17" 12" 19" 19" 19" 19" 19" 19"

98785A 98785A 98789A 98789A 98789A
16" 16" 19" 16" 16"

Options
- 8 planes graphics N/A N/A N/A N/A N/A N/A N/A N/A 98722A 98722A

memory
- Graphics N/A N/A N/A N/A N/A N/A 98556A 98556A 98721A 98732A

accelerator
-Huffer N/A N/A N/A N/A N/A N/A N/A N/A 98722A inc with

98732A

Systems Supported 319/
- Series 300 All" All" All" All" All" 330/350 330/350 330/350 350/360 350/360

/360 /360 /360
- Series 800 No No No No No No No 825/835 825/835 825/835

Operating Systems
Supported

- HP-UX Ves Ves Ves Ves Ves Ves Ves Ves Ves Ves
- BASIC Ves Ves Ves Ves Ves Ves Ves- Ves- No No

Not 98556A Not 98556A
- Pascal Ves Ves Ves Ves Ves Ves Ves- Ves- No No

Nol98556A Not 98556A
Order the A1020H for the Senes 800.

•• Not on the Model 318 or Model 319.
••• Displayable colors from apalette of 16 million. This refers to single buffered mode.
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Model 349 Workstation

20 Color Systems
The Model 349C+ and Model 349CH entry-level2D color systems

are attractive for entry-level printed circuit board design and routing
applications.

The Model 349C+ features a 16-inch color monitor with 1024 x
768 resolution and six graphics planes.

The Model 349CH features a 16-inch color monitor with 1280 x
1024 resolution, eight graphics planes and two overlay planes. An op
tional integer graphics accelerator is available with the Model
349CH.

Series 300 Entry Level Workstations
The new Model 349 entry level workstations feature a choice of

graphics subsystems ranging from 2D monochrome to 3D color and
an optional accessory slot for series 300 interface cards. These fea
tures make the Model 349 family the most flexible entry level systems
available in the workstation industry. These systems are based on
Motorola's MC68030 32-bit microprocessor and the MC68881 float
ing point coprocessor both running at 16.7 MHz.

Included with each workstation are on-board HP-IB, HP-HIL and
RS-232C interfaces, as well as either a ThinLAN interface with
built-in ThinMAU or an AUI LAN interface.

Industry standards, such as the X Window System and TCPjIP
based ARPA and Berkeley networking services, are fully supported
on all HP workstations. Each system contains an HP-UX license-to
use Application Execution Environment (AXE), Programming Envi
ronment (PE), NS-ARPA and Network File System (NFS) Serv
icesj300.

Options are available to add either a DIO accessory slot or an HP
IB or SCSI disc interface, an HP-HIL 2-button mouse, an HP-HIL
ID module and to expand memory from 4 megabytes RAM to 16
megabytes RAM.

Ordering Information
Model 349C+
Model 349CH

Price
TO BE ANNOUNCED
TO BE ANNOUNCED

Monochrome System
The Model 349M and 349 MH systems are ideal for applications

such as EE schematic capture, mechanical design and drafting and
software engineering.

The Model 349M features a 17-inch monochrome monitor with
1024 x 768 resolution and the Model 349MH features a 19-inch mon
itor with 1280 x 1024 resolution.

30 Color System
Solid rendering applications can be run on the Model 349 Turbo

SRX entry-level 3D system featuring full 3D functionality and a 19
inch color monitor with 1280 x 1024 resolution and a 3D display con
troller.

Ordering Information
Model 349M
Model 349 MH

Price
TO BE ANNOUNCED
TO BE ANNOUNCED

Ordering Information
Model 349SRX

Price
TO BE ANNOUNCED
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Technical Vectra Workstations

Vectra RS20 Personal Computer

HP Vectra PC Workstations Ordering Information
The HP Vectra RS PC workstations are based on the Intel 80386 HP Vectra RS/20

processor running at 20 MHz. Each workstation includes a hard disc Model 40 PC - I megabyte RAM, 40
controller; one 5.25-inch, 1.2-megabyte flexible disc drive; a flexible megabyte hard disc HP D1600A $6,595
disc controller; serial, parallel, and HP-HIL ports; HP Expanded Model 100 PC - 2 megabyte RAM, 103
Memory Manager/386; HP disc cache software; HP Volume Expan- megabyte hard disc HPD1602A $7,595
sion Utility; HP Terminal program; the Enhanced Vectra PC key- Model 106 PC - Same as Modell 00 with
board; and system documentation. System memory and hard disc VGA Adapter HP D160lA $7,995
storage are included as indicated (See Ordering Information). Model 150 PC - 2 megabyte RAM, 155

HP Vectra RS System Software megabyte hard disc HP D1603A $8,195

Microsoft Window/386 Presentation Manager. 5.25-inch flexible Model 300 PC - 2 megabyte RAM, 310

discs. Requires HP Vectra DOS 3.2 or higher. For HP Vectra RS megabyte hard disc HPD1604A $10,495

PCs only. Monitors and Video Adapters

Monitors and Video Adapters VGA:

VGA:
HP Video Graphics Adapter HP D1l80A $445

14-inch HP Video Graphics Display (HP Video Graphics Adapter Additional 256 Kbytes RAM for VGA Opt. lA7 $150

required) 14-inch HP Video graphics display HP D1l82A $695

Monochrome: Monochrome:

14-inch monochrome monitor (HP Video Graphics Adapter re- 14-inch VGA monochrome display HP D1l8lA $250

quired) Color:

Color: Multimode Video Adapter HP 4598lA $325
12-inch color monitor (Multimode video adapter and Multimode Multimode color adapter HP 45984A $50
color adapter required) 12-inch color monitor HP 3574lA $l,195

Monochrome Plus: Monochrome Plus:
12-inch HP Monochrome Plus video display. Compatible with HP Monochrome Plus video adapter HP 35732A $325
IBM monochrome drivers. (Monochrome Plus video adapter re- 12-inch monochrome monitor HP 357310 $325
quired) High Resolution Color:

High Resolution Color: Intelligent Graphics Controller HP 82328A $1,695
1024 x 768 graphics interface card featuring sixteen colors from a 16-inch color monitor (1024 x 768) HP 98785A $3,615
palette of 4096 colors and an optional EGA graphics compatibility 19-inch color monitor (1024 x 768) HP 9875lA $6,650
card (emulation module). EGA Emulation Module HP 82329A $595
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HP BASIC and Pascal Language Processors

For HP Vectra and Other Personal Computers
Now these popular HP programming environments are available

on personal computers. The HP BASIC and Pascal Language Proces
sors provide the capabilities of HP Series 200/300 BASIC and HP
Workstation Pascal to owners of HP Vectra CS, ES and RS Personal
Computers and PC/ AT compatible computers produced by other
manufacturers.

These HP Language Processor subsystems consist of an MC 68000
processor card, HP BASIC or HP Pascal, and emulator software. The
processor card fits into one backplane slot on industry standard MS
DOS personal computers. Together with the appropriate software,
the processor subsystems allow the HP Vectra to emulate an HP Se
ries 200/300 BASIC or Pascal workstation while retaining all the
capabilities of an MS-DOS personal computer.

The HP BASIC or Pascal Language Processor affords the user the
benefits of a superior scientific/technical computing environment,
easy yet flexible I/O capabilities, excellent performance, and a clear
HP growth path while providing access to a wealth of PC-DOS appli
cation software.

The HP BASIC Language Processor runs HP BASIC 5.1, and will
execute HP Series 200/300 BASIC programs with essentially no
change. Likewise, the HP Pascal Language Processor runs HP Work
station Pascal Release 3.2, and will execute Series 200/300 Pascal
software with few changes. In many cases recompiling is not necessa
ry.

The language processors are equipped with 512 K bytes of RAM
memory (standard) but may be expanded to a maximum of 4 M bytes
of RAM through the use of available RAM Expansion Board and
RAM Kits. They are equipped with a built-in HP-IB interface for
communicating with HP-IB instruments or for use of external disc
drives, etc. GPIO and Shared Resource Manager (SRM) Interfaces
are optionally available.

The HP BASIC Language Processor is supported for use on the
following personal computers: HP Vectra CS, ES, and RS, IBM-AT
Model 339, AT&T Model 6312, Zenith Model 248, Compaq Porta
ble III & 386/20, Compaq Deskpro 286 & 386/16, and Wyse pc
286.

The HP Pascal Language Processor is supported for use on the fol
lowing personal computers: HP Vectra CS, ES, and RS, IBM-AT
Model 339.

Refer to page 656 for ordering information for these products.

Trademark Declarations:
Zenith 248 is a registered trademark of Zenith Data Systems Inc.
Vectra CS, ES, ES/12 and RS are registered trademarks of Hewlett
Packard Company
IBM-AT is a registered trademark ofIBM Corp.
Compaq Deskpro 286, Deskpro 386, Portable III, and Portable 386
are registered trademarks of Compaq Computer Corp.
AT &T 6312 is a registered trademark of American Telephone & Tel
egraph

HP 82302A Using HP BASIC for Instrument Control

A Self-Study Course
Ifyou want to use your HP BASIC system to control HP-IB instru

ments, this self-paced learning course is ideal for you. It will enable
you to learn HP BASIC programming techniques quickly and begin
writing your own instrument- control programs. Designed to meet the
needs of the beginner as well as the more experienced programmer,
the course introduces a wide range of HP BASIC techniques.

The course includes practical examples of instrument-control pro
grams, which are described in the lessons and are also provided on
flexible disc. These programs control real HP-IB instruments, such as
the HP 3456A Digital Voltmeter, the HP 3325A Synthesiz
er/Function Generator, and the HP 438A Power Meter. You can
modify these programs and use them for your own applications.

The course consists of 3 parts, each having 10 lessons:
• Part I covers general programming techniques, starting at the be

ginner's level. You don't need to do all of the lessons if you already
have some experience with HP BASIC. You can start at your own
level and do the lessons at your own pace.

• Part H introduces HP-IB concepts and I/O programming tech
niques. Topics include outputting data and commands, entering
data and device status, formatting data, and bus control tech
niques. The "top-down" approach to I/O programming is de
scribed.

• Part HI presents some additional I/O programming techniques in
cluding handling interrupts, passing parameters, buffered I/O,
sending custom bus commands, and optimizing the performance of
your program.
You can use the course with any HP BASIC system, such as an HP

82300B BASIC Language Processor installed in an HP Vectra PC, a
PC 305 or PC 308 system, or an HP 9000 Series 200 or Series 300
computer. Course materials include two binders containing the 30
lessons (over 700 pages in all), plus 3.5- inch and 5.25-inch flexible
disc media. The course can be completed in about 55 hours.
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$97.00

$305.00

OESIGNED FOR. ..

Ordering Information
823140 PC-308ML HP BASIC Controller. Vectra ES/12,

Monochrome VGA, 20 MByte Hard Disc System.
823150 PC-308CL HP BASIC Controller. Vectra ES/ 12, Color

VGA, 20 MByte Hard Disc System.
823190 PC-308CM HP BASIC Controller. Vectra ES/12, Color

VGA, 40 MByte Hard Disc System
823160 PC-305M HP BASIC Controller. Vectra CS,

Monochrome VGA, Flexible Disc System.
823170 PC-305ML HP BASIC Controller. Vectra CS,

Monochrome VGA, 20 MByte Hard Disc System.

SYSTEMS

PC-300 Instrument Controllers
Hewlett-Packard's PC-305 and PC-308 HP BASIC Controllers

are for engineers and scientists who need a powerful, easy-to-use con
troller and an IBM compatible personal computer - all in one af
fordable package. The Instrument Controller in these systems is the
HP BASIC Language Processor card, the 82300B. These systems in
clude HP BASIC 5.0 in ROM and can automatically boot BASIC
without having to use the PC-DOS operating system.

Software installation is greatly simplified, and PC-DOS can be ac
cessed directly. The user can execute popular personal computer ap
plication software for a variety of tasks including data analysis and
text and graphical reporting. With the presence of PC-DOS, the user
is able to take advantage of the large quantity of available PC-DOS
software.

The PC-305 Controller uses the 8 MHz HP Vectra CS Personal
Computer. The PC-308 Controller uses the 12 MHz HP Vectra
ES/12 Personal Computer. All versions of these two Controllers in
clude 640 Kbytes of RAM, a 1.44 Mbyte 3.5 inch Flexible Disc
Drive, a VGA video adapter card and 14" VGA display, and a seri
al/parallel interface.

The PC-305M is a monochrome VGA system. For this and other
monochrome Controllers, there are three color options:

option 001: white
option 002: green
option 003: amber

The PC-305ML is a monochrome system with a 20 MByte hard disc
drive.

The PC-308ML is a monochrome system based on the Vectra
ES/12. The Vectra ES/12 provides improved controller perform
ance.

The PC-308CL and PC-308CM are color VGA systems. The PC
308CL has a 20 MByte hard disc and the PC-308CM has a 40 MByte
hard disc.

Price
$415.00

Vectra BASIC is a registered trademark of Hewlett-Packard Compa
ny.
MS QuickBASIC, MS GW BASIC, Microsoft C, and Microsoft Pas
cal are registered trademarks of Microsoft Corp. IBM BASICA is a
registered trademark of IBM Corporation. Lattice C is a registered
trademark of Lattice, Inc.

HP 82990A/E HP-IB Interface and Command Library
For the HP Vectra and Other Personal Computers

Now there's a low-cost alternative for controlling HP-IB devices
with industry-standard programming languages. The HP 82990A
HP-IB Interface and Command Library provides HP-IB Interface
hardware and Command Library software for control of HP-IB
(IEEE-488) instruments and the use of HP-IB printers and plotters
with HP Vectra PCs, IBM PC/XT/AT and other compatible MS
DOS computers, using a variety of MS-DOS languages. The HP-IB
interface card fits into a backplane slot on industry standard MS
DOS personal computers.

The HP-IB Command Library software supports the following lan
guages: HP Vectra BASIC, MS QuickBASIC, MS GW BASIC,
IBM BASICA, Microsoft C, Microsoft Pascal, and Lattice C (4 ver
sions). It lets you include commands in your BASIC, Pascal or C pro
grams to control HP-IB instruments, and provides the capability for
high-speed string transfers (DMA). You learn only one set of com
mands for all supported languages. For example, this allows you to
use the features of Interpreted BASIC for application development
and later convert to Compiled BASIC for increased performance.

The HP-IB Command Library is compatible with HP PC Instru
ments System Software for the HP PC Instruments BUS (PCIB).
This lets you control a combination of HP-IB instruments and PC
instruments from the same BASIC program. Support for disc and
tape backup units is available using an auxiliary software product
(HP 88500B).

In addition, the HP Peripheral Driver is included to add HP-IB
capability directly to the operating system. By using MS-DOS com
mands, outputs and inputs can be re-directed to HP-IB printers and
plotters.

Ordering Information
82990A HP-IB Interface and Command Library. In

cludes Plug-in HP-IB interface card, HP-IB
Command Library on 5.25 in. disc and User's
Manual.

82990E HP-IB Command Library. Same as 82990A
above, except HP-IB interface card is not in
cluded.

88500B HP-IB Command Library for support of HP
IB discs and tape Back-ups. Includes HP-IB
Command Library on 5.25 in. disc and User's
Manual. (HP-IB interface card not included).



BTECHNICAL COMPUTER SYSTEMS
HP 9000 Technical Computers
Vectra pc HP BASIC, HP Pascal, & CAD Workstations

Vectra PC Controllers
Hewlett-Packard offers prepackaged versions of the Vectra PC

specially configured for our technical customers.

The PC-308 Vectra ES/ 12 HP-BASIC Controllers provide the un
equalled power of HP BASIC on a personal computer that can run
the enormous variety of solutions available for the IBM'" PC / ATe
and its compatibles. The key to this match is the HP BASIC Lan
guage Processor System.

Vectra System Configurations
• PC-305M Vectra CS with 640 kilobytes RAM single 1.4

megabyte 3.5-inch floppy drive,
Serial/parallel, BASIC Language Processor
with HP-IB,
512K RAM, BASIC 5.1 ROM, VGA
Monochrome Display, VGA Video Adapter,
DOS with PAM.

• PC-305ML Adds 20 megabyte hard disc subsystem to
above

• PC-308ML Vectra ES/12 PC with 640 kilobytes RAM
single 1.4 megabyte 3.5-inch floppy drive,
Serial/parallel, 20 megabyte hard-disc drive,
DOS with PAM, BASIC Language Processor
with HP-IB, HP BASIC 5.1 ROM, VGA
Display, VGA Video Adapter.

• PC-308CL Vectra ES/ 12 PC with 640 kilobytes RAM
single 1.4 megabyte 3.5-inch floppy drive,
20 megabyte hard-disc drive, DOS with PAM,
BASIC Language Processor with HP-IB,
512K RAM, HP BASIC 5.1 ROM,
Serial/Parallel interface, VGA Video
Adapter, VGA Color Display with tilt/swivel
base.

• PC-308CM Vectra ES/ 12 PC with 640 kilobytes RAM,
single 1.4 megabyte 3.5-inch floppy drive, 40
megabyte hard-disc drive, DOS with PAM,
HP BASIC Language Processor with HP-IB,
512K RAM, HP BASIC 5.1 ROM,
Serial/Parallel interface, VGA Video
Adapter, VGA Color Display with tilt-swivel
base.

Language Processor System Specifications
• System Processing Unit: Motorola 68000, 8 MHz
• Operating System: HP BASIC/HP Pascal
• Memory: 512 kilobytes RAM on main board, expandable to I

megabyte on main board. Piggyback board with 512K RAM,
expandable to 3 megabytes - for maximum system RAM of 4
megabytes.

• I/O Interfaces: Built-in HP-IB. Optional SRM and GP-IO in
terfaces on separate boards. (Uses host Vectra for display, key
board, mass storage, real-time clock, serial and printer ports.)

• Size: Standard PC/ATe 8-bit full-length board (4.75" by 13")
• Power Consumption: 1.1 amperes at 5 volts (typical)

The Language Processor features a built-in HP-IB, and an optional
GP-IO card for high-speed I/O access. An optional Shared
Resource-Manager (SRM) card allows a Vectra using the Language
Processor System to act as a node on an SRM network. The Lan
guage Processor System allows up to 4 megabytes of RAM, for cus
tomers with large HP BASIC or Pascal programs.

Together, the Vectra ES/ 12 PC and the Language Processor pro
vide the best of both worlds: compatibility with the wealth of hard
ware and software available for the Vectra, and the convenience,
speed, and power of HP's premier BASIC instrument-control lan
guage.

The Language Processor System (and accessories) can be pur
chased separately, allowing customers to convert their Vectra PCs
into HP BASIC Controllers. (HP Pascal can also run on the Lan
guage Processor, and Pascal Software and Pascal Language Proces
sor Systems can also be purchased separately.)

Hewlett-Packard also offers the PC-305 Vectra CS HP-BASIC
Controllers which are lower in cost and performance than the PC-308
Vectra ES/ 12 Controller. The HP BASIC Language Processor is al
so included, with a built-in HP-IB, and the controllers have access to
thousands of solutions available on an IBM PC/XT.

Ordering Information
82314D Vectra ES/ 12 PC-308ML HP BASIC
Controller
8231SD Vectra ES/12 PC-308CL HP BASIC
Controller
82316D Vectra CS PC-305M HP BASIC Controller
82317D Vectra CS PC-305ML HP BASIC
Controller
82319D Vectra ES/12 PC-308CM
HP BASIC Controller
82300B HP BASIC Language Processor System (with
built-in HP-IB, 512K RAM, software, and
documentation).
82301B HP BASIC (software only)
82303A 512K RAM Expansion Kit
823048 HP BASIC ROM 5.1
8230SA RAM Expansion Board
82306A GP-IO Interface
82307A GP-IO Cable
82310A HP Pascal Language Processor System (with
built-in HP-IB, 512K RAM, software, and
documentation).
8231lA HP Pascal (software only)
S0963A SRM Interface
82312A HP BASIC/Pascal Right-to-Execute
82313A Hierarchical File System

Price
$6155

$6695

$4300
$4855

$7095

$1595

$595
$510
$595
$615
$510
$197

$1995

$995
$895

$1485
$395
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HP Integral Personal Computer

The HP Integral Personal Computer is a transportable, HP-UX
computer system for solution creators developing workstation
class software for mobile applications.

The HP Integral Personal Computer
The HP Integral Personal Computer delivers the performance of

an HP-UX operating system in a fully integrated, affordable and
easy-to-use package. The HP-UX operating system adheres to
AT &T's System V Interface Definition, Issue I. Everything you need
for full computing power-a printer, keyboard, monitor, mass stor
age, and an optional HP Mouse-is provided in the transportable In
tegral PC.

The standard 512K bytes of memory is expandable to 7M bytes.
And, there's 512K bytes of ROM, containing the HP-UX operating
system built in. Also included in ROM is the Personal Applications
Manager (PAM), a friendly user interface, and the HP Windows
multi-window manager.

PAM simplifies the user approach to the powerful operating sys
tem, and has been customized for the Integral PC's multi-tasking en
vironment. For high-end users, the Integral PC also offers traditional
UNIX operating system shells.

In addition, an optional Software Engineering ROM Module pro
vides over 150 of the most commonly used HP-UX commands includ
ing a complete "C" compiler and symbolic debugger; text editing,
formatting, and spelling checker; data communications; maintenance
tools; and system utilities. This provides a fast, reliable, truly trans
portable, low cost, integrated software development solution.

The Integral PC Features
• Motorola 68000, 16/32-bit microprocessor, 8 MHz
• 16-bit graphics processor
• 512K byte ROM contains:

HP-UX kernel
HP Windows
Personal Applications Manager (PAM)

• Standard 512K bytes of RAM expands to: 7M bytes
• Microfloppy 3'/2 inch disc drive, 7lOK byte

• Amber/black electroluminescent 9-inch display
• Two Hewlett-Packard Human Interface Loop (HP-HIL)

connectors
• Built-in HP ThinkJet Printer
• Fully functional, typewriter-style keyboard
• HP-IB interface
• Two expansion ports; extendable to ten with bus expander option
• Compatible with HP 9000 family of HP-UX computers

HP-UX and the Integral PC
The HP-UX kernel is stored in ROM, providing the Integral PC

with on-board power. You can run UNIX-operating-system-based
software programs and applications installed on 3'/2 inch floppy discs,
or stored in EPROM or ROM on the EPROM/ROM Module, elimi
nating the necessity of a Winchester hard disc.

UNIX Operating System Software Library
A substantial number of UNIX-based tools are available, especial

ly for software development, text processing, and communications.
The library includes Pascal, FORTRAN, and "C" compilers,
designed primarily for programming experts. Additionally, a Device
Independent Library (OIL) provides high-level language control of
instruments through compiled languages. This saves time when pro
gramming high-performance computer-aided test solutions.

Real-time extensions are available through HP-UX to provide reli
able interrupt handling and priority setting in a multi-tasking instru
ment control environment.

Graphics Display
The Integral PC features a 9-inch, 24-line x 80-column, amber and

black electroluminescent (EL) display. The flat panel display is tilt
adjustable, compact, and very readable. The Integral PC's bit
mapped display uses square pixels, which produce excellent, high
quality graphics. It has 255 pixels vertically and 512 pixels horizon
tally. The 16-bit graphics processor supports high-speed line drawing
and can change windows rapidly.

Specifications
Microprocessor/CPU: Motorola 68000, 16/32-bit processor run
ning at 8 MHz
Graphics Processor: 16-bit, with 32K bytes of dedicated RAM
Operating System: HP-UX (UNIX System V)
Memory: 512K bytes ROM

512K bytes RAM, expandable to 2.5M bytes in main sys
tem and to 7M bytes with I/O expanders

Mass Storage: Single 710K byte double-sided, double-density 3'/2
inch microfloppy
Display: 9-inch electroluminescent (EL), 24-line x 80-column screen
with adjustable tilt; 256 x 512 pixels
Keyboard: Fully spaced, 90-key, full-travel typewriter-style HP-HIL
compatible

Eight function keys
Numeric pad

Internal Printer: Built-in ThinkJet
150 cps
IK byte buffer
II x 12 dot character matrix text print resolution
96 x 96 or 192 x 96 dots per inch graphics resolution
Bold and underline print modes
Less than 50 dB sound pressure printing noise

Input/Output: HP-IB, two HP-HIL, and two expansion ports (can be
extended to ten ports using two Bus Extenders)
Weight: 25 pounds (11.4 kilograms)
Dimensions: 7 x 13 x 16 inches (178 x 330 x 406 mm)

How to Order Your Integral Personal Computer
For more information on the Integral PC, contact your HP sales

representative or your local HP personal computer dealer.

Ordering Information Price
HP 9807A The Integral Personal Computer $5162

The Integral PC comes complete with the HP-
UX operating system, 16/32-bit
microprocessor and graphics processor, 512K-
byte ROM, 512K-byte RAM, 710K-byte 3'/2
inch microfloppy disc drive, 9-inch EL display,
built-in ThinkJet Printer that includes 50
sheets of paper and a printhead, low-profile 90-
key keyboard with numeric keypad, internal
clock and speaker, p'ower cable, six
applications and utilities discs, and
comprehensive documentation.
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HP-UX
HP-UX is an exceptionally powerful, standards-based operating

system offering high capacity, high performance, and excellent trans
portability of applications between systems operating under the
UNIX@ system, including systems from different vendors.

HP-UX is based on AT & T's UNIX System V in compliance with
the SVVS2 assuring portability of applications developed on other
SVID compliant systems. HP-UX also incorporates features from
U.C. Berkeley's 4.2 BSD (Berkeley Software Distribution).

In addition, HP-UX includes many innovations to extend the capa
bilities of the UNIX system. Those HP-UX features include: real
time enhancements, high performance file access, device I/O librar
ies, Native Language Support, and the X Window System.

Hewlett-Packard supplies industry-recognized languages to give
you a broad span of programming capability including: Pascal, C,
FORTRAN 77, Cobol, Ada@, Common LISP, PROLOG, and
BASIC. These languages all run on our HP-UX operating system.

HP Pascal
HP Pascal is a software tool for structured application software.

Pascal has gained wide acceptance among software professionals as a
block-structured, strong-typed language that produces easily read
source code.

The system features include:
• a Hierarchical File System (HFS) for tree-structured directories

and subdirectories.
• Powerful and versatile data and programming structures including

program segmentation
• An I/O Procedure Library providing sophisticated device I/O
• A Graphics Library with full peripheral support
• A Librarian allowing the user to create custom procedure libraries.

The Pascal 3.2 Language System gives you all the advantages of a
compiled language, a small, tightly controlled execution environment,
and more. It offers you high speed and protection from program mod
ification, plus extensive enhancements not found in other Pascal sys
tems.

C Language
The C language is the HP-UX system programming tool and a ve

hicle for transporting software from other UNIX systems. C has a
syntax which incorporates certain data and control structures similar
to those of Pascal. It also provides very low-level operations and the
weak type checking of assembly language. The increased flexibility of
the C language olfers system programmers a closer, more efficient
interface to the hardware than does Pascal.

HP FORTRAN 77
The HP 9000 FORTRAN 77 compilers are supersets of the ANSI

X3.9-l978 FORTRAN standard commonly referred to as FOR
TRAN 77 and have been validated by the Federal General Services
Administration. These compilers are designed to provide a well-de
fined language standard for software portability and to feature exten
sions that enhance the flexibility and power of the FORTRAN
language. The result is a modern programming language for the engi
neer that allows for growth on the large base of available FORTRAN
software.

Cobol
Cobol is a popular programming language currently used in devel

oping business applications. Cobol/HP-UX is compliant with ANSI
X3.23. 1985 HIGH.

Ada@
Ada@ is a programming language designed in accordance with re

quirements defined by the U.S. Department of Defense and adopted
as an ANSI standard (ANSI/MIL-STD-1815A). Ada is the only
programming language approved for DoD mission-critical applica
tions.

A modern programming language, Ada is designed to decrease the
development and maintenance costs of large-scale software systems
and can be used in commercial, industrial and education environ
ments.

HP Common LISP
HP olfers a complete development environment for Common

LISP, a software product designed for the development of LISP·
based applications. The HP integrated development environment bal
ances the capabilities of symbolic computing with the capabilities of a
general purpose workstation.

HP PROLOG
The development environment for HP PROLOG allows the

programmer to describe problems using symbolic logic in much the
same way that humans reason. PROLOG allows the programmer to
develop programs that deal with the logical content of a problem
without being overly concerned about the manner in which it is
solved. The benefits of PROLOG include: integration into the same
environment as Common LISP; access to multiple PROLOG dia
lects; and extensions such as declarative determinism, procedural pro
gramming and floating point and rational numbers.

HP Technical BASIC
HP Technical BASIC is a BASIC interpreter for the Integral PC,

HP 9000 Series 300 and Series 500 HP-UX computer systems. HP
Technical BASIC olfers an easy to use, interpretive BASIC language
and development environment suitable for rapid prototyping, person
al programming and program development.

The HP 9000 family of computers is also available on the BASIC
or Pascal operating systems. Both are independent of the HP-UX op
erating system.

HP BASIC
HP BASIC 5.1 Language System adds to the inherent simplicity of

BASIC the computational power usually found in fORTRAN,
ALGOL, and APL. Beyond that, high-performance, I/O intensive
constructs are incorporated giving BASIC 5.1 the highest perform
ance found in interactive instrument control systems on the market
today.

BASIC 5.1 provides a Hierarchical File System (HFS), complex
numbers, support for 32-bit workstations, and additional peripherals
(such as PaintJet). Additional features, along with a host of other
additions in the areas of human interface, matrix operations and
back-up and restore capabilities, are available with the 5.1 release
while maintaining compatibility with the previous releases.

UNIX is a registered trademark of AT&T in the U.S. and other countries.
Ada' is a registered trademark of the U.S. Government (AJPO)
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Model Model Model
825/835 840 850

FORTRAN177 92443A 92430A 92461A
M,775 $7,350 $10,300

Pascal 92444A 9243lA 92462A
$4,775 $7,350 $10,300

Cobol 35328A 35326A 35330A
$10,750 $16,500 $23,100

$600

$600

$650

$3,185
$4,360
$3,060
$3,500
$4,180

$150
$500

$3,000

$360.

$1,445.

$1,015.

$\ ,015.

HP 98604A

HP 986l4A

HP 986l5C

HP 986l7A

HP 986l8A $505.

HP 98603A/B $1,920.

HP 98613B $875.

HP 986l6A $875.

HP 97054A
HP 97055A
HP 98678L
HP 98688L
HP 79232U

HP98599L

HP 98598L

HPL Language
ROM-based HPL 2.0 Language System. In
cludes one system ROM board, HPL 2.0
Language Manual Kit and HPL 2.0 Utilities
(not available for Models 220 or 236C),
Single-user
RAM-based HPL 2,1 Language System, In
cludes system flexible disc, HPL 2,0 Lan
guage Manual Kit and HPL 2,0 Utilities (not
available for Models 220 Or 236C)
Single-user

Pascal Language
RAM-based Pascal 3.2 Language System.
Includes system disc set and Pascal 3,2 Man
ual Set (for Series 300).
Single-user
RAM-based Pascal 3.1 Language System,
Includes system disc set and Pascal 3.1 Man
ual Set (for Series 300).
Single-user

BASIC Language
RAM-based BASIC 5,1 Language System
with Hierarchial file system, Includes one sys
tem disc set, BASIC 5.1 Utilities and manu
als for Series 200 and 300.
Single user
ROM-based BASIC 5,1 Language System.
Includes on ROM board, BASIC 5.1 Manual
Kit and BASIC 5.1 Utilities (for Series 200
and 300),
Single-user
BASIC 5.0/5.1 Compiler. Includes compiler
disc and manual (for Series 200 and 300),
Single-user
RAM-based BASIC 4.0 Language System,
Includes one system disc set, BASIC 4.0 Util
ities and manuals (for Series 200 and 300),
Single-user

Series 300 Languages and Operating Systems

HP-UX Operating System
HP-UX Application Execution Environment License. Includes HP-UX

Kernel, installation software, HP Windows/9000 and Personal Applications
Manager (PAM), Media and manuals are available separately,
I - 2 user HP 985l5L
1 - 16 multi-user HP 98595L
I - 32 multi-user HP 98596L

HP-UX Programming Environment. Includes
commands, C Compiler, MC680XO assembler,
Symbolic Debugger, RS-232 Data Communi-
cations, Device I/O and Starbase Graphics Li-
brary. Requires 98515L (single-user), 98595L
(I - 16 users) or 98596L (I - 32 multi-users), HP 98597L

HP-UX FORTRAN 77 Compiler.
Requires 98597L.
HP-UX Pascal Compiler.
Requires 98597L.
Ada'" Software for HP-UX
Single-user
Multi-user
HP Common LISP I
HP Common LISP II
HPPROLOG

(requires HP 98678L)

$0
$0

--$300

$0
$0

-$300

$0
$0

-$300

$2,500
$0
$0

$1,200

$5,250
$0
$0

-$300

-$5,250

-$5,250

-$5,250

-$2,900
$10.500

-$7,660
$18,375

--$22,540

-$10,500

-$18,375

-$10,500

HP 92439A

HP 92433A

HP 92454A

HP 92453A

HP 92452A

Opt AAO
Opt AAl
Opt OBO
OptOCC

Opt AAO
Opt AAl
Opt OBO
Opt OCC

Opt AAO
Opt AAl
Opt OBO
Opt OCC

Series 800 Languages and
Operating Systems

Hewlett-Packard's Precision Architecture HP 9000 Series 800 is based on
HP's HP-UX operating system, which complies with the AT&T System V
Interface Definition Issue 2. Each machine in the Series 800 comes standard
with an HP-UX operating system. The size of the license included with the
hardware depends on the particular Series 800 machine ordered. The Models
825 and 840 come standard with a 16-user HP-UX license. The Model 850
comes standard with a 32-user HP-UX license.

There are four HP-UX operating system products for the Series 800 com
puters:
HP-UX 16-user license for the Series 800

Opt AAO Software on 1/." cartridge tape
Opt AAl Software on '/2" 1600 cpi tape
Opt OBO Delete manuals
Opt OCC Revision upgrade for users not on

support services
HP-UX 1-32 user license for the Series 800

Opt OAO Upgrade from current 16-user
(92452) system
(Requires prior or concurrent
purchase of 92452A)
Software on y." cartridge tape
Software on 1/2" 1600 cpi tape
Delete manuals
Revision upgrade for users not on
support services

HP-UX 1-64 user license for the Series 800
Opt OA 1 Upgrade from current 16-user

(92452) system
(Requires prior or concurrent
purchase of 92452A)

Opt OA2 Upgrade from current 32-user
(92453) system
(Requires prior Or concurrent
purchase of 92452A)
Software on 1/." cartridge tape
Software on 1/2" 1600 cpi tape
Delete manuals
Revision upgrade for users not on
support services -$12,600

HP-UX unlimited user license for the Series 800 HP 92455A $34,125
Opt OAl Upgrade from current 16-user

(92452) system
(Requires prior or concurrent
purchase of 92452A)

Opt OA2 Upgrade from current 32-user
(92453) system
(Requires prior or concurrent
purchase of 92452A)

Opt OA3 Upgrade from current 64-user
(92454) system
(Requires prior or concurrent
purchase of 92452A)
Software on 1/." cartridge tape
Software on 1/2" 1600 cpi tape
Delete manuals
Revision upgrade for users not on
support services

Native Language I/O and Stick Kanji Font for
Series 800

Opt AAO Software on 1/." cartridge tape
Opt AAl Software On 1/2" 1600 cpi tape

Simplex Kanji Font for Series 800
(Requires current version of
92439A)

Opt AAO Software on 1/." cartridge tape $0
Opt AAl Software on 1/2" 1600 cpi tape $0
The HP-UX Operating System for the Series 800 comes standard with a C

compiler. In addition, FORTRAN and Pascal are available for the Series
800 systems.
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Local Area Network (LAN)

To:
- Mfg.
- Office
- Other Sites

- Terminal Access
- File transfer

:....
.............; .•....•••

Bridge ,.'
.............. .....

:....

- Terminal Access
- File transfer
- ARPA GW

Industry Std. NS
ARPA/Berkeley/IEEE 802.3
NFS

ISO
MAP
TOP

- Terminal Access
- File Transfer

- Terrrinal Access To Network

- File Transfer To Network

- Discless Node
- File Sharing

Shared Applica tions

- Computation

- Network as
- Networked Relational Da tabase
- Peripherals/Discs

Note: Slantf!d text denotes future product direction.

Model Networking Environment

HP AdvanceNei~ "he Networkinq Solution
Hewlett-Packard's AdvanccNet is a communications strategy and

network architecture designed to provide a broad range of networking
alternatives. HP AdvanceNet is a modular, scalable network that im
proves communication and productivity. To increase productivity,
HP AdvanceNet links engineering workstations through a high-speed
LAN so engineers can move large design files quickly. We then con
nect workstations to larger computers by using industry standard pro
tocols.

While the network improves communications, it also lowers costs
by allowing everyone to share expensive peripherals, thus minimizing
the cost per user.

Using HP AdvanceNet, engineers can share transparent access to
files, data bases and sophisticated peripherals like printers, plotters
and disks.

In the HP-UX environment, a user on any engineering workstation
can access resources on any other network station. A workstation can
also act as a dedicated peripheral server for heavy use.

HP AdvanceNet is solidly based on industry standards, which pro
tects your investment. We provide multivendor communications by
supporting industry and de facto standards important to the engineer
ing community, including IEEE 802.3 and Ethernet, Transmission
Control Protocol and Internet Protocol (TCP/IP), ARPA, Berkeley,
and NFS networking services.

Hewlett-Packar~'s membership in standards organizations guar
antees that HP AdvanceNet will continue to provide a solution that
adheres to new, evolving standards.

In addition, HP AdvanceNet supports other protocols commonly
used in mainframe computer centers, such as SNA and
HYPERchannel, providing easy access to these essential resources.
Additional services provide such capabilities as file and peripheral
sharing and the ability to develop customized network protocols.

As a full-range computer supplier, Hewlett-Packard provides net
work solutions that connect your entire company, including manufac
turing and business offices.

HP Advar":.,·,,Nef: ft. IHoduffW. S~~'P ·i;"i,step
Implemen!c:Jtion

HP AdvanceNet's modular approach makes it easy to implement
your network step by step. Each solution is designed to help solve a
particular networking problem in workgroups, engineering computer
centers, site computer center access, companywide access and facility
wiring.
Workgroup Solution

HP AdvanceNet connects engineering workstations and personal
computers into workgroups. These workgroups can be connected to
each other and to other resources.

The solution provides strong peer-to-peer capabilities, which con
nect multivendor equipment through an IEEE 802.3 or an Ethernet
LAN. HP AdvanceNet utilizes industry standard TCP/IP, along
with ARPA/Berkeley, NFS, and HP's Network Services, to provide
compatibility with a wide range of engineering computer systems.

Files can be shared through Remote File Access and NFS. Pro
grams can communicate with other programs using industry-stand
ard Berkeley services.

Since workgroups change as projects are completed and new ones
begun, the workgroup solution allows easy modification. Worksta
tions running the HP-UX operating system are connected using
IEEE 802.3 and ThinLAN cable. This cabling allows easy addition
and deletion of stations since workstations are connected to the cable
with simple BNC connectors. A peripheral server can be configured
as part of the workgroup.

Workstations running BASIC or PASCAL operating systems are
connected using the Shared Resource Manager (SRM), which allows
users to share peripherals and files among these different operating
systems.

The SRM also supports booting of the operating systems over the
network, allowing BASIC and PASCAL systems to operate without
the need for local disks - further reducing the cost per user.

The HP-UX environment is supported on both the SRM and IEEE
802.3 networks and can serve as a means to tie both networks togeth
er.
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UP 30241A
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UP 50969A/L
UP 50971A/R
UP 50970A/R
UP 50972A/R

UP 82913A
UP 50956A/57A

UP 50952CL
UP 98643A
UP50954A/R
UP 27125B
UP 50980A/R
UP 98195A/R
UP 98194A
UP 50981A/R
UP 91787A/R
UP 91786A
UP 50982A/R
UP 91789A/R
UP 91788A

UP D1801A
UP 46021A

UP D1800A
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J
HP 3000 HP 1000 HP 9000 HP 9000 HP 9000 HP Veclra

~PE RTE HP-UX HP-UX HP-UX
Sertee 300 Serle. 500 Serles 800
SNA 3270 AAPA SNA 3270

AAPA Berkeley AAPA

_'ey Berkeley
NS NS NS NS NS _A

SNA 3770 SNA 3770

NFS NFS

I IEthernet or IIEEE 802.3+ I I I
I I I I I

ARPA AAPA AAPA AAPA AAPA
NS Ber1<eley _ley Berkeley

Otho, IB~ PC-AT
DEC VAX DEC VAX SUN UNIX- ~S-DOS

VIolS UNIX UNIX Vendo... PC-DDS

To To ARPANET or
DECnet Defense Dato Net..

+Some vendo,. Implement £thonHlt on&-.
.UNIX '8 Q tr"t1H"",,* of AT&T.

Ncm-HP
Fusion'" From Network

Research Corp.
for Vectra PC

ARPA/Berkeley
Services for Series 500
from Wollongong

Shared Resource
Management

NFS/300
NFS/840
NFS/825
NFS/850

Ordering Information

Enginee~"e Gmll·;
ARPA Services/Vectra
ARPA ThinLAN Link/

Vectra
Keyboard (ASCII) for Server
12-in. Video Monitor

for Server
Network Services/200
Network Services-ARPA

Services/300
LAN/300 Link
Network Services/500
LAN / 500 Link
ARPA Services/840
Network Services/840
LAN/840
ARPA Services/825
NS/825
LAN/825 Link
ARPA Services/850
NS/850
LAN/850 Link
NS for DEC VAX
Computer
ThinMAU
MAU

HP 9000 Series 200,300,500 and 800 computers using the
HP-UX operating system can connect directly to the
Ethernet/IEEE 802.3 local area network (LAN).

Site Computer
o+-Center

HP Site Wire

Engineering Work Goups

Engineering Computer Center

Company-Wide
Access~

HP AdvanceNet for Engineering

G:cn'~t:,·a~."t)'·'-r"'dt ,:~'j.. :>:
For remote connections, this solution provides standard UNIX

communications via uucp and cu. These services are supported over
both dial-up asynchronous lines and X.25 packet-switched networks.
The module gives engineers access to information located anywhere
in the company.

To handle complex engineering computations, this solution pro
vides access to mainframes and supercomputers in the site computer
center.

A wide range of network protocols is supported, providing compati
bility with most existing computer networks. This minimal impact
approach eliminates costly and time-consuming changes inside your
computer center.

The module includes a gateway to access IBM mainframes via ei
ther SNA or UYPERchannel. Bisync capabilities offer an alternative
connection to IBM and many other types of mainframes.

~1P $i't~~\Urc .s(dutt-.:
UP AdvanceNet uses a flexible and efficient wiring plan to connect

workstations and provide access to other computing resources else
where in the facility. UP SiteWire is designed to be compatible with
the wiring in your existing engineering networks, while establishing a
foundation for future growth.

Workstations are wired together into workgroups using ThinLAN.
Workgroups are connected together and to the rest of the facility with
ThickLAN.

Both baseband and broadband cabling are available. Repeaters
and bridges permit interconnection of multiple LAN segments and
extend the LANs to cover longer distances.

Erigtnlf>erjr'~g (~c;'t:~}\.' .~>;:~. );~

UP AdvanceNet provides a flexible and powerful network solution
for the multiuser systems and workstation servers typically found in
engineering compu ter centers.

Communications with a wide variety of common minicomputers
and superminicomputers are provided via standard ARPA network
ing services. In addition, UP's Network Services can connect with
VAX computers through a product that is compatible with DECNet
and features file transfers between VAX computers and all UP com
puter families and virtual terminal connections to UP 9000 and UP
1000 systems.
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Engineering Computer Center RJE Interface for
NS/500 HP 50954A $4200 Series 200/300 HP98641A $1.115
LAN / 500 Link HP 27125B $2675 HP 9000 RJE Emulator
NS for DEC VAX for Series 500 HP 50968A $2677

Computer HP 50950A $6300/ II ,550 RJE Interface for Series 500 HP27122A $2220
ARPA Services/840 HP50980A $4n4 Non-HP Products
LAN/840 Link HP 98194A $5660 Network Systems@
NS/840 HP98195A $.1605 HYPERchannel@
ARPA Services/825 HP 50981A/R $2142/1822 Software Contact Local HP
NS/825 HP91787A/R $2060/1750 Sales Ot1icc
LAN/825 Link HP91786A $4120 Host-to-Adapter
ARPA Services/850 HP 50982A/R $7497/6374 Interfaces for
NS/850 HP91789A/R $6180/5250 HYPERchannel@ Contact Local HP
LAN/850 Link HP 91788A $7720 Sales Ol1ice

Non-HP Products
ARPA/Berkeley

Services for Series
ARPA/Berkeley 500 Wollongong WIN/H9000 $750n

Services for Series Network Server/Mitek
500 from Wollongong WIN/H9000 $7500 Systems Corp, M/2030/M2130 $29,000

Site Computer Center Access
snooo

3278 Emulator for Company Wide Access
HP Vectra PC HP50920A $1255 HP-UX Asynchronous

SNA/Link/3270 (Remote Data Communications: Bundled with

3270 SNA Terminal cU,uucp,uux HP-UX

Emulator for HP Vectra) HP50921A $1040 X,25 Multiplexer HP 2334A PLUS $2300

Advancelink 2392 for HP SiteWire
Vectra PC HP68333F $325 LAN/300 Link HP 98643A $\325

HP-UX SNA3270 for LAN/500 Link HP 27125B $2600
HP 9000 Series 300 LAN/840 Link HP 98194A $5660
Computer Systems HP 36590A Sl050 LAN/825 Link HP 91786A $4120

HP-UX Gateway/SNA3270 LAN/850 Link HP91788A $7720
for HP 9000 Series Shared Resource HP 50960A/ $4995/2395
300 Computer Systems HP 36591A $1050 Management 61A/62A/63A $845/845

HP-UX SNALink ThinMAU HP 28641A $.150
for HP 9000 Series MAU HP 30241A $400
300 Computer Systems HP 36592A $2040/5985 10 Mbps-I 0 Mbps LAN

HP-UX Gateway/ Bridge HP 28648A $8000
SNALink for HP 9000 Seicor@ Fiber Optic MAU Model 10-222 $750
Series 300 Computer Miscellaneous ConnectionsSystems HP 36593A $6120/6495 RS-232C AsynchronousHP-UX Gateway/SNA Serial Interface for3270 for HP 9000 Series 200 and 300 HP98626A $380Series 800 Model
825 Computer HP 36918A/R $30lJO/2625 Data Communications

Interface forHP-UX Gateway/SNA Series 200 and 300 HP 98628A $4853270 for HP 9000 4-channel MultiplexerSeries 800 Model 850
Computer HP36919A/R $\0,300/8500 for Series 200 and 300 HP98642A $600

RS-232C AsynchronousHP-UX Gateway/SNA Serial Interface3270 for HP 9000 for Series 200 and 300 HP98644A $190Series 800 Model 840
Computer Systems HP 36911A/R $7350/6250 HP 2392 and VT100

Terminal EmulatorHP-UX SNA 3770 for for Series 200 andHP 9000 Series 300
Computer Systems HP98188A $1020 300 HP 98791B $500

HP-UX Gateway/SNA 3770 HP-UX Asynchronous

for HP 9000 Series Data Communications: Bundled with

300 Computer Systems HP 98184A $1020 cu, uucp,uux HP-UX

HP-UX Gateway/SNA Asynchronous Serial
Interface for Series 500 HP 27128A $9303770 for HP 9000 Asynchronous 8-channelSeries 800 Model 825

Computer HP98185A/R $3000/2500 Multiplexer

HP-UX Gateway/SNA for Series 500 HP 27130B $2100

3770 for HP 9000 Asynchronous 6-channel

Series 800 Model 840 Modem Multiplexer for

Computer HP98186A/R $7140/6079 Series 500 HP 27140A $2450

HP-UX Gateway/SNA Programmable Data

3770 for HP 9000 Communication Package HP 98690A/91A TBD/650

Series 800 Model 850 Asynchronous Terminal

Computer HP 98187A/R $10,000/8500 Emulator for Series

HP 5080 Emulator HP98855A Contact Local HP 500 Basic HP 97056A $5.10

Sales Office Non-HP Products
3278 Display Station Communications Server/

Emulator HP 50955A $1605 Terminal Controllers CSI00 $5400
HP 9000 RJE Emulator Bridge Communications,

for Series 300 HP 50967A $1606 Inc, LS-l $16,000
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HP AdvanceNet: The Information Network for Computer
Integrated Manufacturing

To lower your operating costs, HP AdvanceNet provides instant
information exchange among all your manufacturing functions, in
cluding planning and control, financial systems, production processes,
production engineering and product design. Computer Integrated
Manufacturing (CIM) is the key to gaining the competitive edge by
improving quality, productivity and flexibility.

HP AdvanceNet also solves the problem of making terminal con
nections to a wide range of systems and applications. By keeping ter
minal transactions separate from system to system communication,
the network allows many terminal types to access a variety of com
puters throughout the site.

Our peer-to-peer services are based on the Open Systems Intercon
nect model (OSI) developed by the International Standards Organi
zation (ISO). These services overcome one of the principal obstacles
to CIM by providing full networking functionality for multivendor
information management, no matter where systems are located in the
factory. Our Manufacturing Automation Protocol (MAP) products
are only one example of our OSI commitment.

HP AdvanceNet's modular approach makes it easy to implement
your network step by step. Each module is designed to help solve a
particular networking problem in the wiring system, departmental
subnets, data centers and plant-wide integration. Like any good CIM
plan, HP AdvanceNet lets you implement the network in affordable,
manageable steps.
HP SiteWire Module

HP AdvanceNet is built on a communications wiring infrastruc
ture called HP SiteWire, which creates a plant-wide network back
bone to connect people with information.

S,. ~)J\l:\ \\"fk, gain easy access to the backbone from anywhere in
the plant. A, your pia III configurations change, the network backbone
easily accommodates them.

The primary and most versatile HP SiteWire backbone option is
based on the IEEE 802.7 broadband standard. This option meets the
most demanding needs and allows multiple voice, video and data
channels. It lets you mix terminals, point-to-point links, LANS's and
more on a single backbone cable, and it supports MAP.

An IEEE 802.3 backbone is available for less complex situations
that do not require video, voice or specialized data services.

For your subnetwork needs, HP SiteWire offers inexpensive twist
ed pair solutions for terminals and LANs. Where additional rugged
ness is required, IEEE 802.3 ThinLAN is supported on all our factory
systems. Our experienced network consultants will custom design HP
SiteWire to meet your unique requirements.
End-user Modules

HP AdvanceNet offers a wide range of end-user solutions to en
hance departmental productivity while providing access to informa
tion throughout the plant. Options include multivendor terminal
clusters and the latest in industry-standard LANs. Each option solves
problems in specific areas like planning and control, the shop floor and
production engineering.

HP AdvanceNet helps improve the productivity and effectiveness
of your planning and control staff with industry-standard StarLAN,

Plant Area
Management

Company
Wide

Access
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which connects PCs with information systems over low-cost, un
shielded twisted pair.

To provide operators and supervisors with plant-wide information,
we connect terminals to systems from different vendors through ter
minal cluster solutions. Data collection and retrieval are simple when
one terminal or bar code reader can access MRP, JlT or quality ap
plications no matter where they're running.

To connect UNIX workstations, we use industry-standard IEEE
802.3 with ARPA and Berkeley networking services. Production en
gineers can then share files and expensive peripherals. They can also
access mainframe resources and product design groups. With tight
communications between production engineering and design, new
products get to market faster.

Production Workcell Module
Before you can achieve CIM, you must establish effective islands of

automation. But CIM is easier to accomplish if these islands are ini
tially designed to communicate with the rest of the plant. Planning
ahead eliminates the high cost of retro fitting your islands for plant
wide communications.

HP AdvanceNet helps you build effective workcells with extensive
connectivity to factory floor devices. For common shop floor devices
like PLCs and numerical control equipment, we offer a broad range of
EIA RS-232 interfaces, from low-cost to user-programmable.

For the product test and data acquisition, Hewlett-Packard com
bines its leading position as an instrument supplier with its workcell
controllers, connecting instruments via IEEE 488 (HP-IB).

The network also makes it easy to create workcell clusters. Our
real-time UNIX and DOS PCs connect easily with IEEE 802.3
ThinLAN. An ideal choice for product test clusters is the Shared Re
source Manager (SRM), which connects our popular BASIC and
PASCAL systems.

When you're ready, HP AdvanceNet connects your workcells and
clusters to the rest of the plant. Even if you have systems from many
different vendors, HP AdvanceNet supports MAP, HP Network
Services (NS), NS for DECVAX, ARPA, and SNA network links
and services.

Computer Center Module
For your data center, we provide IEEE 802.3 ThinLAN subnets for

Hewlett-Packard and DEC equipment and SNA products for connec
tions to IBM and compatible mainframes. With HP AdvanceNet,
you get improved flexibility in application deployment and develop
ment, better access to data bases and peripheral sharing.

By connecting your data center to the entire plant, we eliminate
isolated subnets. All end-user and workcell subnets gain access
through one or more options in our plant area management module to
create the complete CIM foundation.

Plant Area Management Module
Application integration is CIM's major benefit, and we provide it

plant-wide among multiple vendors. We offer a choice of services, in
cluding HP Network Services for communications via IEEE 802.3
and TCPliP protocols across our baseband or broadband backbone.

For industry-standard multi-vendor applications in production en
gineering and links to product design, we offer industry-standard
ARPA and Berkeley services for UNIX systems and workstations.

All HP AdvanceNet services are based on the Open Systems Inter
connect model, ensuring that future services and protocols can easily
be added to your network, preventing the obsolescence of existing
equipment.

If you're currently implementing an effective CIM plan, our new
HP precision architecture UNIX systems are the ideal area managers
for distributed plant information management systems.

Company-wide Access Module
HP AdvanceNet's industry-standard X.25 wide area networking

gives you instant communications with headquarters, suppliers and
customers. These extensive connections keep you in touch so you
don't find out three weeks later what caused you to miss that critical
shipment and lose an important account.

You can also improve productivity and lower costs with worldwide
electronic mail, even if you have a SNA company network.
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HP Sitewire ThinLAN 3000/V Link HP 30240A $30X5-$7140
MAU HP 30241A $400 ThinLAN 3000/XL Link HP 36921A $9180
ThinMAU HP 28641A $350 Advanced Terminal Processor
Repeater Kit HP 92223A/C $4080 ATP for Meridian SL-I I/0 HP 30276A, 77A $8305/$9240
ThinLAN Hub HP 28645A $3010 Distributed Terminal Controller HP 2345A $7240
StarLan Hub HP 272I2A $1375 2346A/B $2775 1$3500
StarLan Bridge HP 28647A $5000 C $2775
Buffered Repeater Ungermann-Bass Terminal Server Ungermann-Bass
Terminal Server HP Network Buffered Repeater Ungermann-Bass

Planning Design Ungermann-Bass Custom Quote
Plant Area Management

End User HP Network Services
Operators, Supervisors, Data Capture For HP 9000 Systems
Terminal Servers for HP 3000 Network Services/800 HP 98195A $4080
Advanced Terminal Processor Ungermann-Bass Network Services/500 HP 50954A $2855
ATP Direct Connect Package HP 30273A $7660 Network Services-ARPA/300 HP 50952B SI015
ATP Direct Port Controller HP 30145A $6720 Network Services/200 HP 50956A, 57A S-I05/$1015
ATP System Interface Board HP 30144A $3240 (HP 3000)
ATP Modem Expansion Package HP 30274A $9240 NS3000/XL Network Services HP 36920A $3825-$7650
ATP Modem Port Controller HP 30155A $8300 NS3000/V Network Services HP 32344A $1020-$5610
ATP 37/M for HP 1000 HP 40290A $3670 For HP 1000 A-Series Systems
8-Channel Asynch. Multiplexer Network Services/IOOO HP 91790A $1530-$7140

for HP 9000(200,300 HP 120400 $2175 ARPA/Berkeley Services
Direct I/0 SerIal Interface HP 98642A $610 HP NS/ARPA/300 HP 50952B S]015
Terminal Emulator for ARPA Services/800 HP 50980A SI0200

HP 9000/500 HP 98791B $510 IBM Connectivity
Channel I/0 Asynchronous HP-UX SNA 3270 HP 36590A $1020

6-Channel Multiplexer HP 27140A $2450 HP-UX Gateway SNA/3270 HP 36591A $1020
Channel I{O Asynchronous 8- HP-UX SNA Link HP 36592A $5610

Channe Multiplexer HP 27130B $2100 HP-UX Gateway/SNA Link HP 36593A $6120
Advancelink 2392 (Terminal HP-UX Gateway/SNA 3270 HP 36911A $7140

Emulator for HP VECTRA) HP 68333F $300 3278 Display Station Emulator HP 50955A $1530
Planning and Control HP-UX RJE Emulator 300 HP 50967A $1530
AdvanceLink 2392 (for RJE Interface HP 98641A $1275

Vectra/IBM PC) HP 68333F $300 HP-UX RJE Emulator 500 HP 50968A $2550
LAN3000/V Link HP 30242A $3085 RJE Interface HP 27122A $2155
NS3000/V Network Services HP 32344A $1020 RJEpOOO-II HP 91781A $1630-$5100
StarLan Configurator/ MR E/IOOO HP 91782A $2040-$6 \ 20

Diagnostics Software HP 50906A $795
StarLan/ThinLAN Configurator HP 50912A $1830-$3665 Company-wide Access

Diagnostics Software 50912R $1280-$2565 Access to an X.25 Company-Wide Network
StarLAN HUB HP 272I2A $1375 NS3000/V Network Services HP 32344A $1020-$5610
StarLAN Server Kit HP 509041- $1375 X.25 Link/3000; X.25 Line
StarLAN User Link Kit HP 50905F $595 Concentrator (Dynapac)
StarLAN Bridge HP 28647A $595 (for U.S. Only) HP 32187A $3630-$8220
Buffered Repeater Ungermann-Bass LAN 300WV Link HP 30242A $3055-$7140
Production Engineering SNA/IM HP 30247A S3570-$8975
Buffered Repeater Ungermann-Bass SNA/NRJE HP 30245A $2450-$6120
ThinLan Hub Multiport SNA Link HP 30246A $2090-$8820

Repeater HP 28645A $3010 Access to an SNA Company-Wide Network
Network Services-ARPA/300 HP 50952B $1015 SNA/IMF HP 30247A $3570-$8980
Network Services for the $6120- SNA/NRJE HP 30245A $2450-$6120

DEC VAX HP 50950A $11220 SNA Link HP 30246A $2090-$8820
Network Services/200 HP 50956A, 57A $405/$1015 HP LU 6.2 Base HP 30252A $3265-$8160
Network Services/500 HP 50954A $4080 SNA Server HP 30254A/55A $1020/$1020
LAN/300 Link HP 98643A $\325 HP 30256A $610-$1225
LAN / 500 Link HP 27125B $2600 HP Office Connect to DISOSS HP 27515A $1430-$3570
ARPA Services/800 HP 50980A $10200 NS 3000~V Network Services HP 32344A $1020-$5610
Network Services/9000i800 HP 98195A $4080 LAN 30 /V Link HP 30242A $3085-$7140
LAN /9000 Series 800 ink HP 98194A $6120 NS Point-to-Point Link/3000 HP 30284A, 85A $2140/$5865

HP Serial Network HP 50910A $300
Production Workcell HP 50905F $605
For HP 1000 A-Series HP 50906A $810
8-Channel Asynch. Multiplexer HP 120400 $2175 HP 50912A $3665
Programmable Serial Interface HP 12042B $2070
PSI Firmware Dev. Package HP 24602A $]020 Network Support
8-Channel Multiuse HP 1204IA/B $2730 Network Planning & Design/Prepare Custom Quote
Asynchronous Multiplexer Network Startup/NetAssure Custom Quote

HP-IB I/0 (Series 200/300) HP 12009A $1120
Direct I/O HP-IB Interface HP 98624A $610 Additional Products
Programmable Datacomm I/O HP 98691A $665 HP 1000 A-Series Async Serial HP 12005B $865
VECTRA Prog.jDatacomm HP 98690A $415 HDLC Network I/F HP 12007B S2295
HP-IB I/0 and Command for DS61000-IV 12044A $2295

Library for SRM HP 82990A $410 HP 10 O-A Multiuse Serial HP 12043A $2370
SRM Coax Network for HP 50960A $5090 DS/IOOO-IV Data Link Slave HP 12072A $1450
HP 9000200/300 running 61A $2445 Binary Synchronous Modem HP 12073A $2275
BASIC or PASCAL 62A $860 & Direct Connect Interfaces 12082A $2600

63A $860 HP 1000-A LAP-B Modem HP 12075A $2070
LAN~IOOO Link and DDA LAN HP 12076A $3160

Computer Center Inter ace Controller 12079A $510
NS3000/V Network Services HP 32344A $ \020-$561 0 Data Link/Multipoint Master HP 12092A $2295
NS3000~XL Network Services HP 36920A $3825-$7650 Channel I/O RJE Interface HP 27122A $2155
ThinLA Hub HP 28645A $3010 Channel Asynchronous Serial HP 27128A $930
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The X Window System™

Widgets are interactive user interface tools, such as menus and
scroll bars, based on the Xt intrinsics. The industry has endorsed the
Xt intrinsics as a standard part of the X Window System to be provid
ed by all vendors of X products. The HP X Widgets provide large
productivity gains by providing developers with a set of tools for con
structing easy-to-use applications.

HP Supports X11 across a Wide Range of Systems
HP's X Window System products are available across the entire

family of HP 9000 Series 300 and Series 800 computers, as well as for
the Vectra PC. HP's Xli product for the Vectra PC provides the
server (display and input) functions of XII and thus can integrate the
Vectra into the X environment.

Because HP supports X on a wide price/performance range of
hardware platforms, application developers can have a broader plat
form base for their applications and end users can enjoy more free
dom and flexibility in their choice of hardware.

For More Information . ..
. . . please contact your nearest HP technical sales representative.

The X Window System: Windows for a New
Computing Environment

The X Window System provides HP's Series 300 Series 800, and
Vectra PC family with a network-compatible "windowing" system
that allows interconnection between HP computers and computers
from other vendors.

With the X Window System, you can create multiple windows on
your computer's display to allow you to interact with programs run
ning on your computer - or another HP computer, or computers from
other vendors, connected to your system over a network. Programs
compiled on another vendor's computer to use X ("clients") can use
the X windowing software on HP computers ("servers") for their in
put and output - and the reverse.

Why X?
X has emerged as the industry standard for supporting windowed

user interfaces across the network. Industry acceptance of the X Win
dow System is widespread, as evidenced by over 20 computer vendors
who have publicly endorsed X as the de facto industry standard. With
X, it is possible to have a program "run" on one computer, and use the
display, windowing, and user input of another computer on the same
network.

X software adjusts for differences in display or computer architec
ture automatically as packets of interactive graphical information are
exchanged between application and display. This exchange takes
place according to an efficiently-designed protocol which is at the
heart of the X Window System. Since applications written to this pro
tocol participate through a standard programmatic interface library,
applications are highly portable to other computer systems support
ing X. This protects investments in software, training and support.

Hewlett-Packard: A Technology Leader
HP's XII tUlly Implements the MIT Xli Release 2 specification;

in addition, HP has added tools and performance enhancements for
application developers and end users. Software developers are provid
ed with three levels of tools: Xlib, Xt intrinsics, and HP X Widgets.

Ordering Information
81151A X Window System Version 11 License-to-Use

for Series 300
81152A Media and Documentation for Bl151A Re

quires prior or concurrent purchase of
Bl151A

Opt AAO Software on 1/4-inch tape cartridge
Opt AA8 Software on 3Jj2-inch double sided disc

81155A X Window System Version 11 for Model
825/35

Opt AAO Software on 1/4-inch tape cartridge
Opt AAI Software on 1/2-inch 1600 cpi 9-track tape

81156A Right to Copy Bl155A X Window System
Version 11 for Model 825/835

Opt 080 Delete manual set
81157A X Window System Version 11 for Model 840

Opt AAO Software on 1/4-inch tape cartridge
Opt AAI Software on 1/2-inch 1600 cpi 9-track tape

81158A Right to Copy B1I57A X Window System
Version 11 for Model 840

Opt 080 Delete manual set
81159A X Window System Version 11 for Model

850/855
Opt AAO Software on 1/4-inch tape cartridge
Opt AAI Software on 1/2-inch 1600 cpi 9-track tape

81160A Right to Copy B1I59A X Window System
Version 11 for Model 850/855

Opt 080 Delete manual set
B1161A User Documentation for Series 300, 800 and

X/PC
81162A Programmer Documentation for Series 300

and 800
Dl851A X Window System/PC

Opt A8A US/English
D1800A ARPA Services (required For D1851A)
Dl801A ARPA ThinLan Link (required With

D1851A)

Price
$100

$715
$800

$2,100

$0
$0

$1,785

-$50
$3,200

$0
$0

$2,720

-$50
$4,500

$0
$0

$3.825

-$50
$160

$440

$495
$0

$150
$795
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Artificial Intelligence Development Environments

Knowledge Based Programming
The field of Artificial Intelligence has been greatly enhanced by

independent software companies. This is especially true in knowl
edge-based programming and expert system tools. Check the HP
Software Supplier Catalog under "AI" and you will find the leading
vendors represented (see page 620).

Price

$3,060
$1,020

HP 98678L
HP 98678A

Ordering Information
HP Common LISP (NMODE)

License-to-use
Media/manuals

HP Common LISP II
License-to-use HP 98688L $3,500
Media/manuals HP 98688A $500

HP PROLOG HP 79232U $4.180
In addition to the software products, HP has created AI Develop

ment Systems, which are bundles of hardware (excluding discs) and
software tailored to the needs of software developers at a more attrac
tive price.

Logic Programming
Unlike conventional programming languages which force the

programmer to write programs that are prescriptions of how to solve a
problem, PROLOG lets the programmer describe the problem via
symbolic logic in much the same way humans reason.

HP PROLOG is written in LISP and runs on top of HP Common
LISP I's NMODE environment. Thus, you can combine the best as
pects of both languages and have full access to the environment's
functionality. Benefits of the HP PROLOG include:
• Ability to blend PROLOG and Common LISP code
• One development environment to learn for both languages
• Combination of Edinburgh C-PROLOG syntax for portability and

an s-expression syntax more similar to LISP
• A more powerful implementation for serious applications with ex

tensions including improved I/O, more data types, a package sys
tem and a richer set of control structures.

Symbolic Programming
LISP provides improved symbolic computing, automatic manage

ment of dynamic data structures, ease of language extension, equiva
lence between data and source code and a combination of features
which allow incremental software development.

HP Common LISP II is HP's newest symbolic programming prod
uct. It is an implementation of Lucid Common LISP on the HP 9000
Series 300 computers. Common LISP II provides:
• Support for industry standards - Lucid Common LISP is widely

available on a variety of hardware systems
• Traditional language access - you can link in C and FORTRAN

programs
• The Flavors System - widely-used paradigm for object-oriented

programming
• Full editing and debugging support

Integrated Environment
HP offers a powerful browser-oriented multi-language develop

ment environment called NMODE in its HP Common LISP I prod
uct. NMODE's features include:
• Integration - allows access to HP-UX; C, FORTRAN, Pascal,

LISP and PROLOG; editing, debugging and windowing
• Modeless Editing - the editor is EMACS-based
• Customizeable - the editor and environment can be extended to

meet individual needs
• On-Line Help - full documentation, context-sensitive help, and a

tutorial

Artificial Intelligence
HP has recognized the need for specialized software to help in the

design and creation of applications using AI. HP has taken an ap
proach of offering a balance of AI and conventional computing tech
nology in a single system. This offers the application designer the best
of both technologies.
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Peripherals

Series Series
Product 300 800

Description Number BASIC Pascal HP·UX Hp·UX

3Ih-in, flexible disc (HP-IB) 9122C • • • •
51/,-in, flexible disc (HP-IB) 9127A • • • •
20/20 Mbyte cartridge disc (HP-IB) 7907A • • • •
10120/40 Mbyte winchester discs (HP-IB) 9153C • • •
81/152/304 Mbyte discs (HP-IB) 7957/58/59B • • • •
107/161/323 Mbyte discs (SCSI) 7957/58/59S •
404 Mbyte removable disc (HP-IB) 7935H • • • •
571 Mbyte disc (HP-IB) 7937H • • • •
571 Mbyte disc (Fiber Link) 7937FL •
Asian System Printer C1200A • t • •
Asian workstation printer 41063A • • • •
DeskJet printer 2276A • • • •
LaserJet Series-II printer 33440A • • • •
LaserJet 2000 printer 2684A1D/P • •
Pain/Jet color graphics printer 3630A • • • •
QuietJet printer (RS-232C) 2227/28A • • • •
QuietJet Plus printer (HP-IB) 2227B • • •
RuggedWriter printer 2235B/D • • • •
ThinkJet printer (HP-IB) 2225A • • •
ThinkJet printer (RS-232C) 22250 • •
300,,1200 Ipm impact line printers 2563B,,67B • • • •
Daisywheel impact printer 2603A • • •
700/22 Terminal C1004A1GIW • •
700/41 Terminal C1003A1G • •
700/43 Terminal ClO06A1GIW • •
700/92 Terminal C1001A1GIW • •
Graphics terminals 2393/97A • •
Industrial 2397Aterminal 9666A • •
700/94 Terminal C1002A1GIW • •
CHX Graphics controller 98550AlA1020H • • • •
SRX Graphics controller 98720A • • • •
Turbo SRX Graphics controller 98730A • • • •
2h-button mouse (HP-HIL) 46060AlB • • • •
Trackball (HP-HIL) M1309A • • • •
11XlI-in, tablet (HP-HIL) 45911A • • • •
AlB-size digitizers (HP-H IL) 46087/88A • • • •
Bar code reader (HP-HIL) 92916A • • • •
Control Dial Module (HP-HIL) 46085A • • • •
32 Button Box (HP-HIL) 46086A • • • •
C%rPro plotter, A-size 7440A • • • •
AlB-size 6-pen plotter 7475A • • • •
AlB-size 8-pen autofeed plotter 7550A • • • •
DraftPro plotter, C/D-size 7570A • • • •
DraftMaster plotter, AlE-size 7595/96A • • • •
30011200 baud modem 37212B t •
HP-IB Extender (RS-232C/twisted pair) 37201A • • • •
HP-IB Extender (Coax/Fiber Optic) 37204A • • • •
X,25 Multi-MUX 2334A • •
67 Mbyte I/,-inch cartridge tape 9144A • • • •
134 Mbyte l/,-inch cartridge tape 9145A • • • •
536 Mbyte I/,-inch tape autochanger 35401A • • • •
1600 cpi 9-track autoload tape 7979A • •
625011600 cpi 9-track autoload tape 7980AlXC • •

t Not determined at publication time, Please consult your HP Sales Office for current support status.----
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HP 9000 Interface Summary

Series 800 Interfaces
The following interfaces and memory enhancements are available

for HP 9000 Series 800 Technical Computers:
HP-IB Interface---Allows communication
with as many as 31 HP-IB-compatible device
addresses and 15 standard device loads

Series 800 & 500 HP 271108 $1,010
Parallel AFllnterface Series 800 HP 27114A 1,600
HP-CIO Service Extender-Extender
card for out-of-card-cage access to
HP-CIO interface card. Series 800 & 500 HP 27116A 400
Six-channel Modem Multiplexer Interface---
Supports up to six RS-232C/CCITT-V.22-
compatible devices Series 800 & 500 HP 27140A 2,400
Lan/800 Link and Transport protocols

Series 800 HP 98194A 6,000

HP98286A

HP98622A

HP 98253A

BCD Interface---Connects Series 300 with
bit-parallel, digit-parallel, binary-coded
decimal services for data input.

Series 300 HP 98623A 395
HP-IB Interface---Provides communication
with as many as 14 HP-IB-compatible
instruments. Series 300 HP 98624A 335
High-Speed Disc Interface---Connects disc
drives and other high-speed HP-IB devices.

Series 300 HP 986258 665
Serial Interface, RS-232C-Simple,
asynchronous serial communications.

Series 300 HP98626A/44A 385/194
RGB Color Video Output
Interface---Graphics output device with
programmable display formats up to
512
X 512 resolution Series 300 HP 98627A 1,095
Data Communications Interface---Protocol
management and electrical levels for
asynchronous serial communications

Series 300 HP 98628A 495
Breadboard Interface---Backplane buffering
circuits and dual-inline holes for
user-mounted circuit components.

Series 300 HP 98630A 330
6944A Multiprogrammer Interface

Series 300 HP 98633A 400
Floating Point Math Board-Provides
hardware floating point capability for
Series 200 and Model
310 computers. Series 300 HP 98635A 1.005
Analog-to-Digital Card (ADC)-Provides
seven channels of 55,000 readings per second
for data acquisition Series 300 HP 98640A 1,0 I 0
RJE Interface---Emulates IBM
2780/3780 when used with 50967A/R
software in an HP-UX system with asynchronous
modem. Series 300 HP 98641A 1,275
RS-232C MUX Interface, 4-port-Three
direct connect and one modem port.

Series 300 HP 98642A 610
LAN 300 Link-Connects to IEEE
802.3 or Ethernet, 10-Mbyte/second
ThinLAN. Series 300 HP 98643A 1,325
VME Interface---Connects Series
200/300 computers to VMEbus
card cage. Series 300 HP 98646A 1.3 12
Programmable Datacommunication Interface
(POI) Development Package for 98691A

Series 300 HP 98690A 425
Programmable Datacommunication Interface
(PDI). Development package for special
data communications or serial interfacing.

Series 300 HP 9869lA 665360

310

895

1.550

980

6,120

1,100
1,035
1,035

515

1.965

1.605

10,000

20.000

HP 98265A
HP98725A
HP 98726A

HP 36593A

HP 98259A

HP 98255A

HP 50955A

HP 50962A

HP AI037A

Series 800 RAM
RAM Memory Card, 8 megabyte ECC RAM
board HP AIOIOA
RAM Memory Card, 16 megabyte ECC
RAM board

Series 300 Interfaces
3278 Display Station Emulator

Series 300
SRM Coax Interface---Provides connection
to Shared Resource Management (SRM)
System Series 300
EPROM Programmer Interface---EPROM
programmer card for installation in any
HP-DIO backplane slot. Series 300
EPROM Card-Contains 16 sockets for
EPROMs to allow up to 256 kbytes of
storage using INTEL 27128 EPROMs.

Series 200
Bubble Memory Interface, 128 kbytes
Non-volatile memory that appears
like flexible disc to operating system

Series 300
Series 300 DOS Coprocessor Hardware

Series 300
HP-UX Gateway/SNA Link for S/300
Gateway
SCSI Interface, Single-ended for
330/360/370
Interface to connect 98720A
Interface to connect 98730A
DMA Controller, 2-channel

Model 310, 320 HP 986208
GPIO Interface---Provides 16 bits of
latched input and output data for
bidirectional information transfer, and
permits interfacing to GPIO-compatible
equipment. Series 300
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HP 9000 Series 300 DOS Coprocessor

HP's new Series 300 DOS Coprocessor bridges the gap be
tween UNIX@ and MS-DOS@ operating systems.

Series 300 DOS Coprocessor
The HP Series 300 DOS Coprocessor System provides IBM PC

AT software compatibility for the Series 300. Running in an HP-UX
environment, the HP Series 300 DOS Coprocessor bridges the gap
between the world's most popular but otherwise incompatible operat
ing systems, UNIX and MS-DOS. With the addition of the DOS
Coprocessor, the Series 300 customer has access to literally thousands
of standard, "off-the-shelf', MS-DOS based software applications.
Compatible applications include such popular DOS applications as
Lotus 1-2-3@, WordPerfect@, and R:Base for DOS@.

RS-232-C ports. Designing the system in this fashion provides a de
gree of DOS/UNIX operating systems integration unapproached in
the industry.

In fact, the majority of the DOS file system exists entirely within
the HP-UX file system. File System Access software provides a 'view'
of the entire resident HP-UX file system. The user can then use stand
ard DOS commands to manipulate the HP-UX file system. For exam
ple, the DOS user eould make directories and store and retrieve the
majority of his DOS files directly in the HP-UX file system. Drive C:
is configured to appear to DOS as a standard PC AT 20Mbyte hard
disc. Using this drive, even applications that directly manipulate
DOS's file system data structures are compatible. To HP-UX, this
drive appears as a standard file.

The system emulates many IBM PC interface cards using special
ized software and existing Series 300 hardware resources. System
memory, for example, is shared between DOS and HP-UX and can
be allocated to the DOS Coprocessor as Conventional, Extended and
Expanded memory (according to the Lotus@/Intel@/Microsoft@ Ex
panded Memory Specification, version 4.0). EMS emulation allows
DOS applications that support EMS (i.e. Lotus 1-2-3) running on the
DOS Coprocessor System to access memory beyond the Conventional
PC memory limitation of 640K. Many PC display adapters are also
emulated (MDA, CGA, EGA, and Hercules Graphics) with multiple
window sizes, dithered gray scaling (with CGA emulation on Mono
chrome monitors), and greatly improved alpha fonts using various Se
ries 300 video interfaces and displays. Common PC I/O capabilities
are also provided allowing Series 300 interfaces (RS-232, HP-IB,
HP-HIL) to emulate standard PC I/O interfaces (RS-232, Centron
ics Parallel)

NewWave Support
The system has been specifically designed to provide for the ability

to use the HP NewWave System. In addition to the EMS driver men
tioned above, other enhancements have been added to guarantee op
eration of HP's new office automation environment, NewWave. An
MS Mouse driver is supplied that allows the HP-HIL mouse to func
tion as an MS Mouse when in the DOS window.

BASIC/Pascallntegration
Although the system requires HP-UX, it has been developed so

that it can also be used in BASIC/Pascal environments. The system
only requires a minimum of the AXE (Application Execution Envi
ronment) portion of the HP-UX system to operate. Using this lost
cost version of HP-UX, the system can easily be used in conjuction
with another operating system such as Basic or Pascal. With the most
recent revisions of the BASIC and Pascal operating systems, the en
tire HP-UX/DOS/BASIC and/or Pascal system can be placed on a
single hard disc where all systems share the same file system.

IBM PC AT on a Plug-in-Card
The DOS Coprocessor System is comprised of an 80286 based

Coprocessor DIO-I card (with socket for an optional 80287 numeric
coprocessor) and the DOS Coprocessor Software. The system re
quites HP-UX version 6.2 or later, with a minimum of the single-user
AXE (Application Execution Environment) and works with Series
300 systems that can accept a DIO-I based card. A variety of Series
300 system configurations are supported. The system allows DOS to
function as a true HP-UX task that can operate either in the X Win
dow System (Version II), HP Windows 9000, or with no windowing
system.

The DOS coprocessor software consists of many elements, includ
ing a PC-AT compatible version of MS-DOS 3.3, Vectra's Personal
Applications Manager (PAM), an extensive utility set, and utilities to
interchange HP-UX ASCII files with MS-DOS format. The system
allows use of "off-the-shelf' 360K SI/4-inch and both nOK and 1.44
megabytes 3'/2-inch DOS applications via, respectively, the HP
9127A and all HP 3y2-inch drives that support these densities.

A great deal of effort has been made to improve the interactive
performance of the DOS System. While the majority of systems of
this type offer undesirable interactive performance, the DOS
Coprocessor System has evolved to offer impressive interactive per
formance on the majority of host machines.

Ordering Information
HP Series 300
DOS coprocessor system
(includes card and software)

HP Series 300
DOS/Memory Enhancement Kit
(includes I megabyte of
RAM and HP 98286S)

DOS Coprocessor Discless Node Kit

HP 360 Kbyte
SI/4-inch IBM-compatible floppy

HP98286S

HP98286T

HP98286D

HP 9127A

Price

$1.335

$2,270

$1.245

$1.090

Shared-system Resources
The DOS coprocessor system is designed to take advantage of

shared-system resources wherever possible. The following compo
nents, for example, are shared between HP-UX and MS-DOS: key
board, memory, display, printers and plotters, mouse, file system, and

HP numeric coprocessor (80287) HP D1387A
Lotus and 1-2-3 are U.S. registered trademarks of Lotus Development Corporation,
R:Base for DOS is a U.S. registered trademark of Microrim,
WordPerfect is a U.S. registered trademark of WordPerfect Corporation,
Microsoft and MS are U.S. registered trademarks of Microsoft Corporation,
Intel is a U.S. registered trademark of Intel Corporation.

$450
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HP 1000 Computers for Real-Time Applications

• Computer-aided manufacturing
• Computer-aided test
• Real-time monitoring and control
• Real-time data acquisition

HP 12100A A400 Minicomputer packs a complete A-Series
CPU, 0.5 megabyte of memory, and a four-port serial I/O multi
plexer on one card

Versatile Design for Real-Time Uses
HP 1000 computers are open, modular machines that are designed

for real-time multiprogramming, multi-user applications in manufac
turing, communications, research, and other fields that require real
time response. A choice of four processors and a wide variety of inter
faces and software equips H P 1000 computers to solve many different
applications, taking advantage of these HP 1000 real-time perform
ance features:

Fast, Efficient Handling of I/O. External sensors, measurement in
struments, and other I/O devices connect to HP 1000 systems via I/O
interfaces and an I/O system with multi-level, vectored hardware in
terrupt that expedites I/O. Each I/O channel has its own interrupt
priority level, from which interrupts directly initiate service pro
grams. Direct memory access controlled under a distributed intelli
gence I/O design speeds data transfers to and from memory with
minimal involvement of the CPU.

Fast Processing of Data. HP 1000 systems can process data at base
instruction rates to 1.3 MIPS and floating point processing speeds to
820 KWIPS-BID. This minimizes the time needed to process input
data, evaluate results, and initiate real-time action.

Clocked Operations Timing is provided by time base generator in
terrupts that maintain a real-time clock.

Large Main Memory Capacity. Up to 32 megabytes of main memory
can be provided to keep most critical programs resident and ready to
execute quickly, avoiding the delays inherent in moving programs to
and from disc.

A Powerful Real-Time Operating System. The RTE-A system sup
ports memory-based or disc-based real-time multiprogramming oper
ation with easy, efficient inter-process communication, and priority
based scheduling of programs in response to event interrupt, time-of
day, or program or user request. RTE-A manages sharable memory
resident data arrays up to 2 megabytes and virtual data arrays up to
128 megabytes in main memory and on disc. With its VC+ extension,
RTE-A supports execution of programs as large as 7.75 megabytes.

A Choice of Processors for Diverse Applications
Performance HP 1000 Base Floating Point I/O B/W
Level Processor Speed Speed (MB/Sec)

(MIPS) (KWIPS·BID)

1 MOO 04 120 43
A600t 04 110 43

2 A700 0.4 370 40

3 A900 13 820 37

The A400 Minicomputer packs an 0.4 MIPS CPU, double precision
floating point firmware, 0.5 megabyte of memory, and a four-port se
rial I/O multiplexer on a single plug-in board computer (SBC). At a
price close to what you'd expect to pay for a personal computer, the
A400 SBC delivers full A-Series functionality, including support
under the RTE-A real-time executive operating system and complete
compatibility with all other members of the A-Series family.

The A600+ Minicomputer offers 0.4 MIPS base execution speed
and double-precision floating point firmware. Unlike the A400 mini
computer, the A600+ can support ECC memory as well as parity
memory. The A600+ processor consists of a CPU card and a memory
controller card.

The A700 Computer adds floating point hardware with scientific and
vector instruction sets to the basic capability of the A400 and A600+
minicomputers, thus offering superior support of computer simula
tion, graphics, and other computation-intensive uses. The A700 is a
five-board computer.

The A900 Computer incorporates a pipeline implementation and a
cache memory scheme providing three times the performance of an
A700 computer. The A900's floating point processor and scientific
and vector instruction sets are built-in and 768k bytes of ECC memo
ry is standard for maximum system integrity. The five-board A900 is
the ultimate computation machine designed to meet the most de
manding needs of OEMs, system designers, and end users.

Exceptional Applications Flexibility. Programs can be developed
on any member of the A-Series family and executed without change
on any other member, from the A400 on up to the A900. Processing
power, capacity, and cost can be closely matched to application re
quirements with the guaranteed ability to grow as and whenever nec
essary. When upgrading, A400, A600+, and A700 computers can
receive trade-in credit toward the purchase of A900 computers.

Flexible Packaging - from Board Computers to System
Processor Units

HP 1000 A-Series processors are available in a variety of packages
to meet the requirements of many different applications, as shown in
the photo on the next page and as summarized below.

Processor A400 A600t A700 A900

Board 12100A 2106CK/OK Not Avail. Not Avail.
Computer

Micro 14/16 2424A 2426GIH Not Avail Not Avail.
6-510t Box
Computer

Micro 24/26/
27/29 14-510t
- Box Computer 2434A 2436G/H 2437B 2439B
- 5ystem Proc

Unit 2484B 2486B/C 2487B 2489B

20-510t Box 2134A 2156C/0 2137B 2139B
Computer

Model 26127129 Not Avail. 2196G/H 2197E 2199E
System Proe.
Unit



Board Computers make the A400 or A600+ processor available to
OEMs or system designers in a minimal package for embedded con
troller applications, or other uses in which custom integration is re
quired to fit into a particular physical package or to meet cost
objectives.

Box Computers incorporate the CPU card(s) and memory in a fully
powered card cage that can be installed in a rack cabinet. Because a
system console and system disc are not prerequisite to purchase, the
box computer offers OEMs and system designers more configuration
flexibility than the System Processor Unit.

System Processor Units (SPUs) include a box computer, interfaces
to the system console and system disc, the RTE-A operating system
and diagnostics, site prep consultation and installation/checkout
services, and 90-day on-site warranty. The higher level of integration
of the SPU simplifies design, ordering, and implementation of sys
tems that use a system console and a system disc. The SPU also com
plies with FCC and VDE EMI regulations.

The Micro 14/16 Box Computer provides the A400 or A600+
processor in a low-cost 6-slot box for low-end systems. Exceptionally
efficient cooling makes possible operation in ambient temperatures to
60°C. This and a 1.5G operating shock spec make the Micro 14/16
ideal for use in tough environmental conditions.

The Micro 24/26/27/29 Box Computer or System Processor Unit
provides the A400, A600+, A700, or A900 processor in the versatile
14-s10t Micro/I 000 package. The Micro/IOOO package can be placed
on a table or bench, installed in a space-saving vertical floor mount
with roll-about mobility (as shown in the photo above), or rack
mounted in a larger cabinet. In addition to its compactness and conve
nience, the Micro/I 000 package can incorporate integrated mass
storage (a 20 megabyte mini Winchester disc and a 630 kilobyte
microfloppy disc).

The 20-810t Box Computer provides the A400, A600+, A700, or
A900 processor in the largest available package for applications that
need more card cage slots than the Micro/IOOO package provides.

The Model 26/27/29 System Processor Unit provides the A600+,
A700, or A900 processor in the 20-S10t box computer that is intended
to be rack mounted in either a tall or a short rack cabinet (HP
29431 G or HP 29429A).

High Density Memory
HP now offers HP 1000 memory using I M bit RAMs: 2, 4, and 8

megabyte parity memory boards for the A400, A600+, and A700
computers and an 8 megabyte ECC memory board for the A900 com
puter. Four of these memory boards can give 32 megabytes of memo
ry to A-Series computers or SPUs.

Parity checking memory is standard in HP 1000 memory systems
for the A400 and A600+. For large systems in critical applications,
Error Correcting Code (ECC) memory, standard in A900 and op
tional in A600+ and A 700, detects and corrects all
single-bit errors and detects all double-bit errors to provide the best
possible system integrity.

HP 1000 Software
HP 1000 software products for program development, data base

management, graphics, distributed systems networking, quality deci
sion management, programmable controller communications, and
process monitoring and control are supported in all HP 1000 A-Series
computers. This universality of HP 1000 software helps you to tailor
comprehensive, coherent solutions to your specific application needs.
Further help is available from a growing array of HP 1000 software
products offered by third party suppliers under the HP PLUS soft
ware program.

Program Development
With a hard disc and optional software, HP 1000 systems can be

used to develop programs in BASIC, FORTRAN 77, Pascal, Ada,
and Macro/ I000 Assembly language. Symbolic Debug/ 1000, pro
gram profiling, and user microprogrammability (of the A900 proces
sor) provide extra capability that can be used to gain extra
performance.

Plant Automation
HP's wide range of hardware and software supports automation of

instruments and machines as well as monitoring and control of real
time processes. The HP 1000 can help improve productivity and re
duce costs. For low point-count data acquisition, A-Series Measure
ment and Control Cards provide many analog interfacing functions
right in the computer, without the need for an add-on peripheral de
vice.

Computer Networking
HP's AdvanceNet networking software makes it easy to connect

HPIOOO systems across a city or a continent, sharing vital informa
tion throughout the network. LAN link is now available for fast Local
Area communications with other HP systems or with DEC VAX sys
tems.

Compatibility with HP 9000 Series 800 Systems
PORT/HP-UX applications migration tools supplied with the HP

1000 A-Series and HP 9000 Series 800 systems promote compatibili
ty of HP 1000 systems with HP 9000 Series 800 systems. Multiple
HP 1000 systems used as factory floor cell controllers can thus benefit
from supervision and support by HP 9000 Series 800 systems used as
Area Managers at Level 2 in the CIM hierarchy, or in similar sup
porting host roles.

Automated Test Systems
HP Automated Test Systems can be configured from HP 1000 A

Series computers and a wide range of electronic instruments to per
form virtually any electronic test application.

Prices
Range from $2550 for an HP 121 OOA A400 Single Board Comput

er with 0.5 MB parity memory and four-port multiplexer to $39,800
for an HP 2489B A900 Micro/IOOO system with 3 MC ECC memo
ry. RTE-A/VC+ operating system, 20 MB integral disc, and system
console connected via an eight-port multiplexer.
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Hewlett-Packard offers nt product~
for industry, includin devices, 11·
ber optic component ruments for
chemical applications, tronics, and
scientific and industrial x-ray systems.

HP is a major business- uter manufacturer.
Our offering includes ca ors, portable com-
puters, personal computers and minicomputers. In
1986 HP introduced the first in a series of new,
high-performance computers based on HP Pred·
sion Architecture, allowing the company to devel
op a broad range of co ible computers of
outstanding price/performa e, compared to con
ventional designs.
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Peripherals &
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BSOLID STATE DEVICES
Components

HP's Growing Optoelectronic Family

LED Lamps

LED Solid State Lamps, Light Bars &
Arrays

Hewlett-Packard is a world leader in the
area of LED technology, and offers a broad
variety of LED indicator products available
in red, high efficiency red, yellow and high
performance green. Emphasizing high
brightness and superior reliability, Hewlett
Packard's most recent product introductions
include a family of high-performance green
indicators, ultrabright LED lamps (125 mod
at 20mA), and LED bar graph arrays of 10
and 10 I-elements. Recent advancements in
the fundamental semiconductor material
have generated new areas of contribution,
particularly in sunlight viewability, low pow
er consumption, and brightness.

Solid State Displays
Hewlett-Packard offers a complete line of

seven-segment displays in red, high efficiency
red, yellow and high performance green and
in a wide variety of package sizes. The new
est member is the micro-bright display which
has a 0.3-inch character height in a 0.5-inch
by 0.3-inch package.

LED alphanumeric displays in monolithic
and dot matrix versions are also available.
Some of these rugged displays are screened
and tested for use in military applications
and harsh environments.

The aesthetic appearance and reliable per
formance of LED displays make them appro
priate for use in instruments, point-of-sale,

Fiber Optic Family

Light Bars

appliance, automobile, telephone and other
high-ambient light front-panel displays.

Optocouplers
Hewlett-Packard's family of logic compat·

ible, high-performance optocouplers provides
solutions to problems caused by ground loops
and induced common mode noise for both an
alog and digital applications in commercial,
industrial and military products.

Types of optocouplers available include
high-speed and high-gain devices ac/dc to
logic interface optocouplers, and
optocouplers which interface directly with
microprocessors.

Fiber Optic Components
Hewlett·Packard offers three families of

fiber optic components which include trans
mitters, receivers, cable, connectors and con
nector assembly tools.

Plastic Snap-In Link Components
Low cost and ease of use make this family

of link components well-suited for applica
tions connecting computers to terminals,
printers, plotters and industrial-control
equipment. These links use rugged, I milli
metre diameter plastic fiber cable. Assem
bling the plastic snap-in connectors onto the
cable is extremely easy. The HFBR-0500
evaluation kit contains a complete working
link including transmitter, receiver,S metres
of connectored cable, extra connectors, pol
ishing kit and technical literature.

Hermetic Optocouplers

Low-Price Miniature
Fiber Optic Components

Miniature Link Components
This family offers a wide range of

price/performance choices for computer, in
dustrial-control and military applications.
The unique design of the lensed optical coup
ling system makes this family of components
very reliable. The low cost miniature line
(HFBR-0400 series) features a Dual-in-line
package which requires no mounting hard
ware or receptacle for use with SMA-style
connectors. The standard miniature line
(HFBR-0200 series) features a precision
metal package for rugged applications. Both
HP-style and SMA-style connectors are
available for this line. An evaluation kit is
available for sampling purposes. The HFBR·
0200 kit contains transmitter, receiver, 10
metres of cable and technical literature.

High Performance Modules
Transparent TTL-TTL link capability and

independence from data format restrictions
make this family of modules easy to use in a
variety of applications. A link monitor on the
receiver provides a digital indication of link
continuity, independent of the presence of
data. The modules are compatible with HP
style connectors and small-diameter glass fi
ber cable. A transmitter, receiver, 10 metres
of connectored cable and technical literature
are contained in the HFBR-OOIO evaluation
kit.



Hybrid Cascadable Amplifiers

Bar Code Components

Surface Mount Optocouplers Bipolar Transistors

Silicon Bipolar Transistors
Device-to-device uniformity and superior

performance are combined in the HXTR se
ries of microwave transistors which have
been individually designed for low noise
(HXTR-6000 series), high gain (HXTR
2000 series), low distortion linear power
(HXTR-5000 series). With guaranteed RF
performance specifications from 1000 to
4000 MHz, these devices are well suited for
high-reliability, space military, and industri
al applications at frequencies up to 6000
MHz.

Diodes
Schottky Barrier Diodes combine ex

tremely high rectification efficiency with
picosecond switching speeds, low series resis
tance, and low noise characteristics. This
combination makes the Schottky an excellent
mixer/ detector diode.
PIN Diodes: PIN diodes function as variable
resistors at microwave frequencies. By con
trolling the dc bias, the RF resistance of a
PIN diode can be varied from 1 ohm to about
10 ohms. This property of the PIN diode
makes it extremely useful as a switch attenu
ator, modulator, phase shifter, limiter or
AGC element at all frequencies from 1 MHz
to 18 GHz and above.
Step Recovery Diodes: Thc step recovery
diode is most graphically described as a

charge-controlled switch. That is, a forward
bias stores charge, a reverse bias depletes this
stored charge, and when fully depleted the
SRD ceases to conduct current.
Diodes for Hybrid Integrated Circuits:
These circuits are used to achieve circuits
with light weight, small size, operation to
high frequencies, repeatable characteristics
and lower end-product costs. HP offers a
wide range of PIN, Schottky and SRD single
diodes in beam lead and chip configurations
as well as Schottky lead pair and quad di
odes.
Integrated Products: Hewlett-Packard
manufactures a broad line of components for
the control, conversion, and generation of RF
and microwave signals. This line of integrat
ed products (combinations of chip and beam
lead diodes with hybrid thin film circuit tech
nology) includes SPST switches, absorptive
modulators, attenuators, limiters, comb gen
erators, double-balanced mixers, and mix
er /detectors.

Bar Code Products
Designed to meet the OEM's bar code

needs, Hewlett-Packard's bar code line in
cludes digital bar code wands, two decoder
IC's, optical reflective sensors, slot readers,
and bar code readers. The expanding line of
digital wands contains HP's Low Current
Digital Bar Wand, which draws less than 5

mA of current at 5 volts, and the HP Smart
Wand, an optical programmable contact bar
code reader for the HP-94 Industrial
Handheld Computer. The Digital Slot Read
er, introduced in 1986 and available in both
an infrared (880 nm) and a visible red (660
nm) version, is ideal for use in security or in
dustrial applications. The Multi-Purpose De
coder IC offers a simple and inexpensive
solution of adding bar code decoding capabil
ities to OEM products.

High Reliability Testing
Many Hewlett-Packard components are

space qualified. The reliability of these de
vices is established by one of the finest high
reliability testing facilities in the microwave
component industry. Hewlett-Packard's
High Reliability Test Group maintains mili
tary approved JAN and JANTX parts in
stock and can recommend HP standard
screening programs, patterned after MIL-S
19500, for any HP component.

Write For More Information
Specifications of Hewlett-Packard's com

ponent products are available in individual
data sheets or complete designer catalogs.
These are available free of charge from your
local HP sales office or authorized distribu
tor, or return the Information Request Card
located at the back of this catalog.



BANALYTICAL INSTRUMENTS FOR CHEMISTRY

HP 5890A Gas Chromatograph HP 3396 Integrator HP 18587A Bar-code Reader

HP 3359A Worksystem HP 1050 Series HPLC Modules

Hewlett-Packard, a manufacturer of both laboratory instruments
and computers, can meet the needs of most labs-from instruments
for routine analysis, to multi-instrument, multi-user systems.
Integrators. The HP family covers a wide range on the first rung of
the data handling ladder. The new HP 3396A low-priced integrator
lists advanced software and permanent inkjet printing among its
standard features.
Workstations. If your analysis techniques include GC, GCjMS,
UV jVIS Spectrophotometry or LCjMS, there is a powerful HP
ChemStation to control your instruments and handle your data.
Laboratory Data Systems. Multi-user, multi-instrument lab auto
mation and lab information management systems. Based on the HP
1000 computer system, they provide easy-to-use, yet sophisticated da
ta acquisition, data reduction and control, with a flexible upgrade

path. They help you manage the flow of samples, information and
materials throughout your lab.
Gas Chromatographs. The HP 5890A GC has earned its place as
the pacesetter of the industry. Used with the HP GC ChemStation, it
is a powerful tool for research and development. Moreover, it is the
most reliable GC available.
GC Sample Identification. The new HP 18587A Bar Code Identifi
cation System can be added to your HP 7673A Automatic Sampler.
Bar code technology greatly reduces errors in tray loading and sample
number entry.
Natural Gas Analysis. The HP 5890A is also available in a special
configuration for the analysis of natural gas. This low-cost system is
attractive to labs that monitor the processing and handling of natural
gas.



HP AminoQuant, Amino Acid Analyzer

HP 5988A GC/MS System

Liquid Chromatography. Adding to the proven capabilities of the
HP 1090 integra ted LC system, and the HP 1040 series of HPLC
detectors-HP introduces the HP 1050 Series of HPLC Modules.
Now you can upgrade the quality of your HPLC system a-piece-at-a
time. The HP 1050 Series includes an isocratic pump, a quaternary
pumping system, an autosampler, a variable wavelength detector and
a multiple wavelength detector.

If you need a fully integrated system, the HP 1090 Series is the
choice. It offers some powerful and convenient data handling options.
The HP 1090L has a single, built-in keyboard for easy control of the
whole system. It's ideal for routine and high volume automated analy
sis. The HP 1090 Series M, which incorporates the HPLC ChemSta
tion, offers exceptional versatility for methods development.
Amino Acids Analysis. HP AminoQuant, an HP 1090-based sys
tem, performs automated analysis of 17 primary and secondary ami
no acids. It includes extensively tested chemistries and methodologies
which provide biochemists with precise, accurate and sensitive re
sults.
GC/MS and LC/MS. Hewlett-Packard is leading the way in making
mass spectrometry available in economically priced, compact sys
tems. First, the new HP 5971A Mass Selective Detector (MSD). It is

HP 8452A UV!VIS Spectrophotometer

HP 5971A Mass Selective Detector

smaller than any previous MSD, and offers surprising capability at a
low price. It fits against the side of the HP 5890A GC, taking only
seven linear inches of counter space.

The HP 5970B MSD is the most widely used, most proven MSD. It
comes with a wide range of data system options. It takes only 18 in
ches of counter space.

The HP 5988A is HP's most powerful research-grade system. It
comes in many configurations, including LCjMS.
Drug analysis is only one of the demanding applications addressed by
HP's GCjIRDjMSD system. It combines the HP 5890A GC, the HP
5965A Infrared Detector, and the HP 5970 MSD. Therefore it pro
vides three dimensions of data: retention times, infrared spectra and
mass spectra. Data handling is provided by two HP ChemStations.
UV/VIS Spectrophotometry. The HP 8452 UV jVIS Spectropho
tometer makes diode array technology accessible to labs where budg
ets are tight. It works with a variety of controllers, including the HP
UV JVIS ChemStation, HP Vectra PC, and the IBM PC, XT or AT.
For further information write to Hewlett-Packard Company, Ana
lytical Products, 1820 Embarcadero Road, Palo Alto, CA 94303.



8 MEDICAL INSTRUMENTATION
Diagnostic Cardiology and Echocardiography

Cardiography Instrumentation
• New HP 4765A PageWriter II Interpretive Cardiograph
• ECG Management Systems for computer-aided management of

electrocardiograms
• ECG Workstations for PC-based ECG department management

Cardiovascular Instrumentation
• Computerized catheterization data analysis system automates on

line data collection analysis
• Comprehensive data base for generating both clinical and adminis

trative reports
• Complete choice of plug-in signal conditioners and transducers

Ambulatory ECG
• True, two-channel analysis and ST-segment measurement
• System includes HP Vectra PC, custom software, two patient ana

lyzers and an HP LaserJet Series II printer
• Optional HP 43405A Memory Module for full disclosure

Phased-Array Ultrasound Imaging
• Highly sensitive color flow imaging
• Superior 2-D, M-mode, and PWJCW Doppler imaging
• Dynamically focused phased-array transducers from 2.5 to 5 MHz
• Transesophageal imaging transducer option
• Upgradable to future advances in ultrasound technology
• Proven reliability and unsurpassed customer support



MEDICAL INSTRUMENTATION 8
Patient Monitoring and Resuscitation 679

Arrhythmia Monitorin~
• Detection and classificatIOn by algorithm
• Advanced information management capabilities
• Patient Information Centers
• Telemetry

Obstetrical and Neonatal Instrumentation
• Fetal/maternal monitoring equipment includes antepartum and

intrapartum fetal monitors, and central stations
• Telemetry for birthing centers
• Neonatal monitoring includes heart rate, temperature, respiration,

pressure, and transcutaneous blood gas

HP Component Monitoring System
• Patient monitoring system for the OR, CCU, and ICU
• Monitors up to 16 parameters simultaneously
• Choose 4, 6, or 8 waveforms, color or monochrome
• Intuitive, 2-levels of operation
• Comprehensive data management
• Interface to HP Critical Care Network

Resuscitation
• Easy to use, 3-step operation
• Lightweight, reliable design

For Additional Information on HP Medical instrumentation, request
literature in one or more of the following categories:
• Patient Monitoring
• Ultrasound Imaging
• Cardiography Instrumentation
• Cardiovascular Instrumentation
• Obstetrical and Neonatal Instrumentation
• Arrhythmia Monitoring
• OR Monitoring
• Resuscitation
• Healthcare Information Systems
• Healthcare Personal Computers
• Supplies, Consumables, Pressure Transducers
Please use request card at back of catalog.

An Invitation for you to become a subscriber to ADVANCES FOR
MEDICINE, the Hewlett-Packard medical products magazine. To
receive ADVANCES free of charge, simply fill in and return the re
quest card at the back of this catalog.



8 X-RAY EQUIPMENT
Cabinet X-Ray Systems
Models 43855A, 438558 and 43856A

FAXITRON MODEL 43855A
WITH OPTION A02

Faxitron® Cabinet Systems
Radiography, the art and science of mak

ing pictures with X-rays, has an important
place in modern technology. It is one of the
major nondestructive test methods available
to industry, provides an indispensable tool in
scientific investigations and is a valuable aid
to law enforcement agencies. Hewlett-Pack
ard makes a major contribution to these ac
tivities with X-ray equipment that offers a
"better way" through advanced technology
and design. This equipment makes radio
graphs easier and safer to take.

Scientific Applications
Oceanography, geology, marine biology,

paleontology, pathology, botany, forestry
and agricultural research are a few examples
of scientific disciplines that use X-rays. Ap
plications range from the study of the interi
or anatomy of fossils to determining the
viability of seeds.

These are among the many applications
served by HP Faxitron Cabinet X-ray Sys
tems. They offer a unique combination of
high quality radiographic capability, sim
plicity of operation and convenience of use
which is expanding the capabilities of scien
tific and industrial concerns throughout the
world.

FAXITRON MODEL 43856A

Industrial Inspection
Industrial quality control and inspection

procedures, especially in the field of electron
ics, benefit from nondestructive testing by ra
diography. The advantages of a testing
method which does not harm the test objects
are obvious. Radiography, therefore, offers
benefits in design engineering, incoming in
spection, production quality control, product
reliability and failure analysis. X-rays are
used to detect misregistration or plate-thru
problems in multi-layer P.c. boards; porosi
ty, poor substra te bonding and wiring or lead
location in transistors and integrated cir
cuits; voids and other encapsulation
problems in potted components; and solder
balls or other defects in sealed relays.

Die casting is another industry that bene
fits from the nondestructive aspects and abil
ity to "see inside" provided by radiography.
Porosity, gas void, tramp metal inclusion and
other common defects can be easily detected
and the cause determined. Expensive
machining time can be avoided for castings
found to be defective through X-ray inspec
tion. The integrity of welds, alignment of
connectors, inspection for proper assembly
and mechanical defects are further examples
of tests which radiography performs for in
dustry. The benefits of X-ray testing are re
duced production costs, better quality
assurance and product safety. The results are
increased profits.

FAXITRON MODEL 438558

Medical Applications
HP Faxitron Cabinet X-ray Systems are

used by the medical profession for specimen
radiography in support of diagnostic surgical
procedures and in biological research. Speci
men radiographs of biopsy samples are corre
lated with preoperative mammograms, for
example, and in the evaluation of mastecto
my specimens. Typical research applications
include microradiography of thin bone speci
mens and microangiographic studies of vas
culature.



X-RAY EQUIPMENT 8
Flash X-ray Systems 681

Models 437038, 43710A, 43731A, 43733A, 43734A

MODEL 43733A
300kV

MODEL 43731A
150kV

MODEL 43734A
450kV

Option 035 - Dual Remote Tubehead

ROCKVILLE (Sales)
#2 Choke Cherry Road
Rockville, Maryland 20850
Telephone (301) 948-6370

IRVINE
9800 Muirlands A~enue

Irvine, California 92718
Telephone (714) 472-3000

ALBUQUERQUE
7801 Jefferson Street, N.E.
Albuquerque, New Mexico 87109
Telephone (505) 823-6100

For specific information and consultation
regarding HP X-ray systems, contact Hew
lett-Packard, 1700 S. Baker Street,
McMinnville, Oregon 97128. Telephone
(800) 952-2212.

An HP basic single "channel" flash X-ray
system, composed of a pulse generator, high
voltage power supply, cold-cathode field
emission X-ray tube, and associated controls,
provides a single radiograph per event. Addi
tional pulserIX-ray tube sets (add-on chan
nels) may be combined with the initial single
channel system to provide multiple-channel
"systems." Multiple channel systems may be
of identical output voltage or may use varied
output voltage pulserItube combinations.
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PENETRATION IN STEEL

The basic performance requirement of a
flash X-ray system used for the study of tran
sient mechanisms is to provide high resolu
tion radiographs with exposure times short
enough to eliminate motion blur. HP series
43700 Flash X-ray systems produce X-ray
pulses of sub-microsecond duration and are
designed specifically for "stop motion" radio
graphic applications. All HP 43700 series
systems utilize the same basic components,
the same electrical theory, and are modular
in concept. Standard systems include 150
kV, 300 kV, 450 kV, I MV, and 2.3 MV
models.
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High-speed (flash) radiography is used to
record and study dynamic events where
interposed material, smoke, flame, debris,
or pressure variations exclude the use of
high-speed cameras. Typical events include
ballistics, shaped charges, explosives,
behind-armor studies, shock waves in solids,
aerospace phenomena, and crash-injury
studies.

Compression of golf ball
when hit with club



PERSONAL COMPUTERS & TERMINALS
Overview and Matrix

The HP Vectra PC Family now offers a full line of products, from portables to high-powered standalone systems.

Products for Every Need
Hewlett-Packard's PC and terminal prod

uct line offers a broad range of excellent
price/performance choices that are designed
to meet a wide variety of needs, from entry
level ASCII terminals to advanced 80386 PC
workstations.

The top of the line HP Vectra RS personal
computers provide exceptional power and ex
pansion capabilities, and are ideal for busi
ness, engineering or scientific applications.
For CAD/CAM applications, combining an
HP plotter and HP graphics tablet with an
HP Vectra RS PC provides a high-perform
ance engineering system. As a LAN server,
the HP Vectra RS PC delivers outstanding
throughput when using high-capacity, high
performance discs up to 310 Mbytes.

Our mid-range HP Vectra ES PC family is
designed for a broad range of solutions. The
HP Vectra ES/12 PC is ideal for desktop
publishing applications, providing exception
al speed with an extensive selection of high
performance Hewlett-Packard software, ac
cessories and peripherals.

The cost-effective HP Vectra CS PC pro
vides surprising power for a variety of typical
office applications. And should your needs
grow, the superior expansion capability of
the Vectra CS PC lets you expand your sys
tem to meet those needs.

For professionals on-the-go, HP's Portable
Vectra CS provides the best of both worlds; it
features full PC functionality in a battery
powered portable package.

If your computing environment requires
terminals, Hewlett-Packard now has a com
plete line of terminals for all your system

needs within the HP environment as well as
within DEC, IBM and other system environ
ments. These products are designed with
state-of-the-art ergonomics, including key
boards with tactile feedback, tilt and swivel
displays, and a choice of phosphor colors.

And because all HP PC's meet industry
standards, you can be assured that your fu
ture needs will be met as well as your needs
are met today. All Vectra PC's support the
MS-DOS@ operating system, and our 80286
and 80386 models run both Microsoft@
OS/2@ and Santa Cruz Operation (SCOTM)
Xenix@.

Hewlett-Packard's new VGA video sub
system provides a new level of power across
the entire product line. With performance up
to four times faster than other available
VGA systems, and features such as full 640 x
480 x 256 color capability and a 132-column
capability mode, HP's VGA solution is un
surpassed among PC vendors. And because it
is register- and BIOS-compatible, users can
be assured of maximum compatibility.

For example, automatic disc caching, a
technology typically found in minicom
puters, dramatically reduces the time needed
to access information stored on a disc, which
increases the time you spend working on re
sults. This feature is available on HP Vectra
RS PCs. In addition, the Vectra RS PC sys
tems support some of the fastest disc drives
available, featuring an average disc-access
time of 17 milliseconds.

Hewlett-Packard also boosts performance
through implementation of expanded memo
ry. All system memory on the HP Vectra
ES/12 PC runs at the accelerated 12 MHz
speed of the 80286 processor. further in
creasing system performance.

For large database, spreadsheet, and
windowing applications, Hewlett-Packard's
support of the Lotus@-Intel@-Microsoft@
(LIM) 4.0 Expanded Memory Specification
(EMS) provides even greater performance
and versatility when breaking through the
640 Kbyte memory "barrier."

HP Personal Computers
Hewlett-Packard has a personal computer

system to match any application need. From
our entry-level 8086-compatible PC through
our mid-range 80286-based PCs, and up to
our top-of-the-line 80386-based systems, HP
provides computers that excel in their class.

Power Throughout the Product Line
To achieve the highest system perform

ance possible, each component of the HP
Vectra PC is designed to optimize the per
formance of all other parts of the system.
There are several innovative technologies
that contribute to the overall power of the
family.

Lotus is a U.S. registered trademark of Lotus Development
Corporation.
Intel is a U.S. registered trademark of Intel Corporation.
Microsoft. MS-DOS. Xenix and OS/2 are U.S. registered trade
marks of Microsoft Corporation.
SCO is a trademark of Santa Cruz Operation.



The HP Vectra RS personal computers are ideal for business, engineering or scientific applications.

Personal Computer Matrix

Flexible Hard Video
Model Product Standard Package Disc Disc Adapter

PC Number Number Processor RAM Type size/(bytes) (Mbytes) (VGA) Price

CS Model 10 D1l10A 8086 640 KB D S.2S-in. (36O-KB) none $1,195.00
Model 15 Dl115A Compatible 640 KB D 3.S-in. (l.44-MB) none $1,295.00
Model 16 D1l16A 640 KB D 2 S.25-in. (360-KB) VGA $1,695.00
Model 20 Dl120A 640 KB D S.2S-in. (36O-KB) 20 none $1,895.00
Model 26 D1126A 640 KB D S.2S-in. (36O-KB) 20 VGA $2,295.00
Model 27 Dl127A 640 KB D 3.S-in. (1.44-MB) 20 VGA S2.295 00

ES Model 10 D1210A 80286 640 KB D S.2S-in. (1.2-MB) none $2,395.00
Model 15 D1215A (8-MHz) 640 KB D 3.S-in. (l.44-MB) none $2.39500
Model 20 D1220A 640 KB D S.25-in. (1.2-MB) 20 none $2.795.00
Model 26 D1226A 640 KB D S.25-in. (1.2-MB) 20 VGA $3.195.00
Model 27 D1227A 640 KB D 3.S-in. (l.44-MB) 20 VGA 53195.00

ES/12 Model 10 D1310A 80286 640 KB D S.2S-in. (1.2-MB) none $279500
Model 15 D1315A (12-MHz) 640 KB D 3.S-in. (l.44-MB) none 52.795.00
Model 20 D1320A 640 KB D S.2S-in. (1.2-MB) 20 none $3,195.00
Model 26 D1326A 640 KB D S.2S-in. (1.2-MB) 20 VGA S3,595.00
Model 27 D1327A 640 KB D 3.S-in. (l.44-MB) 20 VGA $3,595.00
Model 40 D1340A 640 KB D S.2S-in. (1.2-MB) 40 none $3.0;95.00
Model 46 D1346A 640 KB D S.2S-in. (1.2-MB) 40 VGA $3,99500
Model 47 D1347A 640 KB D 3.5-in. (l.44-MB) 40 VGA $3,995.0(1

RSI16 Model 40 D1500A 80386 1 MB F S.2S-in. (1.2-MB) 40 none $5,995.00
Model 100 D1502A (16-MHz) 2MB F S.2S-in. (1.2-MB) 103 none $6,995.00
Model 106 D150lA 2 MB F S.2S-in. (1.2-MB) 103 VGA $7.395.00

RS/20 Model 40 O1600A 80386 1 MB F S.2S-in. (1.2-MB) 40 none $6,S95.(}(1
Model 100 O1602A (20-MHz) 2MB F S.2S-in. (l.2-MB) 103 none $7,59500
Model 106 D1601A 2 MB F S.2S-in. (1.2-MB) 103 VGA $7,99500
Model 150 D1603A 2 MB F S.2S-in. (l.2-MB) 15S none S8,195.()(J
Model 300 D1604A 2 MB F S.2S-in. (1.2-MB) 310 none 510,495.00
Power User O1606B 4 MB F S.2S-in. (1.2-MB)/ 103 VGA 513,095.00

3.S-in. (l.44-MB) plus
S12K
Video
RAM

Vectra Portable CS D100lA 8086 640 KB P 2 3.5-in. (l.44-MB) none 52,49500
Portable CS Model 20 O1OO9A Compatible 640 KB P 3.S-in. (l.44-MB) 20 none $3,67500

D = Desktop F = Floor mount P = Portable

B



BPERSONAL COMPUTERS & TERMINALS
Vectra RS Personal Computers

The top-of-the-Iine HP Vectra RS personal computers provide exceptional power and expansion capabilities.

Top-of-the-Line Power and Expandability
The Hewlett-Packard Vectra RS personal computers are the most

powerful and expandable members of the HP Vectra PC family. Us
ing the power of the Intel 80386 microprocessor, these systems have
the performance and growth potential to match the most demanding
personal computer applications.

Both the HP Vectra RS/20 PC (20 MHz, 80386) and the Vectra
RS/16 PC (16 MHz, 80386) systems rely on a combination of ad
vanced microprocessor, memory and hard disc designs that result in
performance several times that of 80286 systems.

The HP Vectra RS PCs can meet today's most demanding needs,
as well as tomorrow's. They are designed to be fully compatible with
existing industry standards (IBM PC/AT), as well as with new soft
ware that will more fully use the power of the 80386 - such as the
Microsoft@ OS/2 operating system. The HP Vectra RS PCs also sup
port Microsoft Windows@/386 Presentation Manager, providing
multi-tasking of your existing MS-DOS@ 3.X applications.

The HP Vectra RS PCs use finely-tuned subsystems to achieve su
perior performance. At the center of the system is the most powerful
microprocessor in the PC industry, the Intel 80386, which provides
processing power three to four times that of the 16-bit 80286.

The HP Vectra RS PCs boost system performance with an ad
vanced memory architecture. In addition, high-speed coprocessors
enhance the computational power of the system.

Similarly, mass storage subsystems have been developed with per
formance in mind. The HP Vectra RS PCs support high performance
(17-ms seek time), high capacity (up to 310 Mbytes) hard discs, using
the Enhanced Small Device Interface (ESDI). These discs, which are
designed and manufactured by Hewlett-Packard, provide the per
formance, compatibility and reliability for solutions that require up to
620 Mbytes of storage.

In addition, the HP Vectra RS PCs have processing power for up to
16 Mbytes of 32-bit memory, large power supplies, six mass-storage
shelves and eight industry-standard accessory slots to accommodate
your growing needs.



Vectra RS PC Features
System Processing Unit
• Intel 80386 32-bit microprocessor running at 20-MHz or-16 MHz

clock rate, switchable to 8 MHz from the keyboard
• Eight PC/AT-compatible accessory slots:

- two 8-bit slots
- six l6-bit slots

• Four-function controller card: includes hard disc and flexible disc
controller, one serial port, and one parallel port (occupies one 16
bit slot)

• Socket for Intel 80387 numeric coprocessor or Weitek 1167 float
ing point accelerator board

• System clock/calendar/system configuration with CMOS Ran
dom Access Memory (RAM) and battery backup

• Six half-height data storage shelves, all with front access
• One HP-Human Interface Link (HP-HIL) port allows up to six

HP-HIL devices such as a mouse, graphics tablet, barcode reader
and touchscreen to be connected simultaneously

• Dual locks secure cover and prevent input from keyboard and HP
HIL input devices

Internal Memory
• Interleaved, page-mode memory subsystem architecture supports

zero wait state memory reads on open pages. Average number of
wait states depends on the application being run.

• Fast memory chips (80 ns for 20-MHz systems, 100 ns for 16-MHz
systems)

• I, 2, or 4 Mbytes of 32-bit memory standard, expandable to 16
Mbytes on processor board

• 64 Kbytes of Read Only Memory (ROM)
• Sockets for two additional Read Only Memory (ROM) chips
Data Storage
Internal

Five internal data storage devices are supported: up to two hard
discs and up to four flexible disc devices.
• 3'/2 inch, 1.44-Mbyte flexible disc drive (HP 45813A)
• 5'/4 inch, 1.2-Mbyte flexible disc drive (HP 45812A)
• 5'/4 inch, 360-Kbyte flexible disc drive (HP 45811A)
• 40-Mbyte ST-506 hard disc mechanism (HP D1297A)
• 103-Mbyte ESDI hard disc mechanism (HP D1674A)
• 155-Mbyte ESDI hard disc mechanism (HP D1675A)
• 310-Mbyte ESDI hard disc mechanism (HP D1676A)
• Four-function ESDI disc controller card (HP DI677A); includes

hard disc and flexible disc controller, one serial port, and one paral
lel port

• Flexible disc expander (HP D1678A), required for support of third
and fourth flexible disc interface devices

• 40-Mbyte internal tape backup mechanism (HP D1671A)

External
• 67-Mbyte 1/4-inch cartridge tape drive (HP 9144A), requires HP

IB disc/tape interface (HP 88500A)

Video
• The HP Vectra RS PCs support the high-performance HP Video

Graphics Subsystem

System Software
• Microsoft MS-DOS'" 3.3 for the HP Vectra Personal Computer
• Microsoft Windows'"/386 Presentation Manager
• Microsoft Windows for the HP Vectra PC, Version 2.0
• Microsoft Operating System/2 1.0, Version A

Terminal Emulation
• HP Terminal program software included with each HP Vectra RS

PC

HP-HIL Input Devices
• HP Mouse (HP 46060A)
• HP Touch Accessory (HP 35723A)

Note: for Monochrome Monitor only (HP 35731A)
• HP-HIL extension module (HP 46080A)
• Bar code reader (HP 929l6A)
• A-size digitizer (HP 46087A)
• B-size digitizer (HP 46088A)
• HP Graphics tablet, II-inch x ll-inch tablet (HP 45911A)

Other Input Devices
• HP SketchPro digitizing tablet (HP 7060A), requires RS-232C

port

Microsoft, Microsoft Windows, and MS-DOS are U.S. registered trademarks of Microsoft Corpo
ration.
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8 PERSONAL COMPUTERS & TERMINALS
Vectra ES and ES/12 Personal Computers

The HP Vectra ES PC provides powerful, yet economical desktop publishing capabilities.

Computing Power for Your Current
and Future Needs

The HP Vectra ES and the ES/12 Personal Computers provide the
power, compatibility and growth capability to meet your current and
future personal computing needs.

The HP Vectra ES/ 12 Personal Computer delivers superior power
and performance in an 80286-based desktop system. Its 12-MHz
microprocessor has been designed to speed through challenging office
and technical applications.

In addition, the Vectra ES/J2 features a proprietary design al
lowing the HP Vectra ES PC Expanded Memory Card to run at 12
MHz with one wait state. This is significantly faster than the 8 MHz
at which most expanded memory cards run today. Hence, the HP
Vectra ES/ 12 often out-performs the competition with software ap
plications written to take advantage of the Lotus@/Intel@/Microsoft@
Expanded Memory Specification (LIM EMS 4.0).

The HP Vectra ES PC, Hewlett-Packard's 8 MHz, 80286-based
personal computer, delivers economical IBM PC/AT compatibility
and performance. It can easily handle many spreadsheet, database
and sophisticated word processing applications.

Vectra ES and ES/12 PC Features

System Processing Unit
• Vectra ES: Intel 80286 16-bit microprocessor running at 8-MHz

clock rate
• Vectra ES/12: Intel 80286 16-bit microprocessor running at 12

MHz clock rate, switchable to 8 MHz from the keyboard
• 640 Kbytes RAM standard
• Seven IBM PC/ AT-compatible accessory slots:

- Two, 8-bit slots
- Five, 16-bit slots (one occupied by Four-Function Controller

Card)
• HP Expanded Memory Slot for use with HP Vectra ES Expanded

Memory Card
• Four-Function Controller Card: includes ST-506 hard disc and

flexible disc controller, one serial port and one parallel port
• Three half-height data storage shelves: two shelves suitable for

flexible disc drives, the third shelf for a hard disc drive

• Socket for Intel 80287 numeric coprocessor
• Sockets for two additional ROM chips
• System clock/calendar/system configuration with CMOS Ran

dom Access Memory (RAM) and battery backup
• One HP-Human Interface Link (HP-HIL) port allows up to seven

HP-HIL devices (such as a mouse, graphics tablet or barcode read
er) to be connected simultaneously without using an accessory slot

• Optional keylock provides system security

Internal Memory
• 64 Kbytes of ROM
• 640 Kbytes of RAM
• Memory expandable to 8 Mbytes

Data Storage
Internal
• 5'/4 inch, 360-Kbyte flexible disc drive (HP 45811A)
• 51/4 inch, 1.2-Mbyte flexible disc drive (HP 45812A)
• 3'/, inch. 1.44-Mbyte flexible disc drive (HP 45813A)
• 20-Mbyte hard disc drive (HP D1296A)
• 40-Mbyte hard disc drive (HP Dl297A)

External
• 67-Mbyte '14-inch cartridge tape drive (HP 9144A)

Video
• The HP Vectra ES and ES/12 PCs support the high-performance

HP Video Graphics Subsystem

Lotus is a U.S. registered trademark of Lotus Development Corporation.
Intel is a U.S. registered trademark of Intel Corporation.
Microsoft and MS-DOS are U.S. registered trademarks or Microsoft Corporation.
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Vectra CS Personal Computer

HP Vectra CS PC is an excellent entry-level system for basic graphics, word processing,
sprecldsiheet analysis, file management and data communications tasks.

EXlCel:ttiolnal Value
The Vectra CS Personal Computer delivers ex-

cq)t1onal value in integrated computing environments by providing
pelrformanl;e at an excellent price. Designed to support industry

stand:ard.s, the HP Veetra CS PC offers IBM PC/XT compatibility
access to an extensive selection of off-the-shelf software, accesso-

and peripherals.
The HP Vectra CS PC is an excellent entry-level system for basic

tasks: word processing, spreadsheet analysis, gra phies, file man
and data communications. Its 7.l6-MHz processor, fast

path (l6-bit memory bus), and 640 Kbytes of standard
make the HP Vectra CS PC an excellent choice for these

aplpli(;ations. A serial and parallel port are also standard equipment
the system.

As needs grow, the HP Vectra CS PC can keep pace with your
Ich.anging needs. As an entry-level system, it offers unsurpassed room

growth; seven expansion slots are provided for accessories and
mass storage shelves accommodate up to two flexible disk drives

one hard disc.

Iv........ '" CS PC Features

S~rstlem Processing Unit
16-bit CMOS microprocessor running at 7.16-

MHz rate, zero wait states
16-bit memory bus; 8-bit I/O bus
640 Kbyles of zero-wait-state memory
Passive backplane with eight, 8-bit I/O slots
- One slot reserved for CPU board (required)
Seven IBM PC/XT-compatible accessory slots
- One slot reserved for hard disc controller (optional)
Three half-height data storage shelves
- Two are suitable for flexible disc drives
One serial port and one parallel port (9-pin RS-232 and Centron
ics)
DIN keyboard interface
Flexible disc controller

• Clock/calendar and system configuration in CMOS RAM with
battery backup

• Socket for Intel 8087 numeric coprocessor
• Optional keylock (HP 45986A) provides system security

Internal Memory
• 64 Kbytes of Read Only Memory (ROM) for system BIOS
• 640 Kbytes of Random Access Memory (RAM)

Data Storage
Internal
• 5'/, inch, 360-Kbyte flexible dise drive (HP 458111\)
• 3'/2 inch, 1.44-Mbyte flexible disc drive (HP 458131\)
• 20-Mbyte hard disc subsystem (HP D1173A)
• 40-Mbyte internal tape backup mechanism (DI67IA)

External
• 67-Mbyte, '/,-inch cartridge tape drive (HP 9144A), requires

HP-IB disc/tape interface (HP 88500A)

Video
• The HP Vectra CS PC supports the high-performance HP Video

Graphics Subsystem

System Software
• Microsoft MS·DOS® 3.3 for the HP Vcctra Personal Computer
• Microsoft Windows® for the HP Vectra PC, Version 2.0

Terminal Emulation
• HP Terminal program included with each HP Vectra CS PC
• HP Terminal ROM Card (HP 24531A)

Microsoll. Microsoll Windows and MS-DOS are U.S. registered trademarks 01 Microsoft Corpo
ration.
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Portable Vectra CS PC

The HP Portable Vectra CS PC meets all your business comput
ing needs ... on the move, with a client, or in your office.

The Portable Vectra CS Personal Computer
The Portable Vectra CS PC is compatible with the IBM PC/XT, is

as functional as desktop PCs, and is flexible to meet your unique re
quirements. HP Portable Vectra PCs offer you the power to get the
job done with a wide selection of software and hardware. With their
quality and versatility, they meet your needs today and can adapt to
the changing business environment to meet your needs tomorrow.

Full Functionality in a Portable Package
Desktop computer functionality is provided without sacrificing bat

tery-powered portability. Designed with the professional in mind, the
HP Portable Vectra PCs feature a full-size keyboard with a separate
numeric keypad, high-density flexible disc drives, CGA (Color
Graphics Adapter), compatible high-resolution graphics using the
high-contrast supertwist LCD (Liquid Crystal Display) or an exter
nal color or monochrome monitor. With up to 10 hours of battery life

on full charge, the HP Portable Vectra CS personal computer can do
a full day's work without recharging. The HP Portable Vectra CS
Model 20 PC has up to four hours of battery life and adds the in
creased mass-storage capacity and fast access speed of a 20-Mbyte
hard disc.

With four ]/0 slots (a display/printer adapter standard and three
additional expansion slots), you can choose the adapters you need to
day and add adapters in the future to keep pace with advancing tech
nology and your changing business environment. The three additional
]/0 slots on the HP Portable Vectra CS PC and the two ]/0 slots on
the HP Portable Vectra CS Model 20 PC, enable you to choose from
a dual-serial/EMS (Expanded Memory Specification) adapter, a
1200 bps asynchronous modem and a 2400 bps synchro
nous/asynchronous modem. The removable display allows convenient
use of external monitors, such as the HP 35731 D Monochrome Dis
play or the HP 35743A Enhanced Graphics Display.

Portable Vectra CS PC Features

• HP Portable Vectra CS Personal Computer (HP DIOOIA)
- 640 Kbytes system RAM
- two 3'/2 inch, 1.44-Mbyte flexible disc drives
- keyboard
- display/printer adapter
- supertwist LCD display
- battery module
- recharger
- power cord

• HP Portable Vectra CS Model 20 Personal Computer (HP
DI009A)

- 640 Kbytes system RAM
- one 20-Mbyte hard disc drive
- one 31/2 inch, 1.44-Mbyte flexible disc drive
- display/printer adapter
- hard disc controller
- supertwist LCD display
- battery module, recharger and power cord

• 8086-compatible 16-bit CMOS microprocessor running at 7.16-
MHz clock rate; zero wait states

• Flexible disc controller
• Socket for 8087 numeric coprocessor
• User-replaceable battery module with built-in battery gauge
• Four I/O slots with a display/printer adapter standard and three

additional ]/0 slots for optional adapters (two additional ]/0 slots
in Model 20)
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Software Choices 689

HP Vectra Family of Personal Computers

Hewlett-Packard: Your Source for Software Solutions
The programs listed in this section are for use on the HP

Touchscreen II, HP Vectra, HP Portable PLUS, HP Portable
Vectra CS PC, IBM, and IBM-compatible personal computers.
Refer to Software and Accessories for the HP Touchscreen and
Portable Personal Computers for additional information.

The Hewlett-Packard Software Selection Guide features listings of
HP software products that can be used to automate test and measure
ment applications. Associated computer-aided engineering software
packages are also included.

Software Package Order Number Designations
The last letter in each software package order number indicates the

personal computer(s) that supports the package. (Does not apply to
numbers ending with t.)
Order No. Personal Computer

A Touchscreen II
C Portable PLUS
D Touchscreen II and Portable PLUS
F,E Vectra, Portable Vectra CS PC, and IBM PC

compatibles
K Portable PLUS Plug-In ROM
M Peripherals

Programming
HP 45445D BASIC by Microsoft@
HP 82862Kt BASIC by Microsoft, Opt. 400
HP 45446D Com-R\led BASIC by Microsoft
HP 45450D GW -BASIC by Microsoft
HP 45448A COBOL by Microsoft
HP 92248BA Cross-Reference Utility
HP 45449D FORTRAN by Microsoft
HP 45447D Pascal by Microsoft
HP 45435A Touchscreen Programmer's Tools
HP 45310A BASIC Programmer's Library
HP 45419C Programmer's Tools
HP 45452D Lattice@ C Compiler
HP 45311A ICON Design System
HP 45443A Forms Master

Host Services
HP 36890F Print Central 5180

5150
$150
5150

$710
$605
$295
$295
$295
$195

$375
5495
$495
$450
5450

$695
5695
$295
$395
$h95

$95
$150

$95
5195

$595
TBS
$495
$495

$49.95
$49.95
$49.95
54995
$49.95

5125
$125

The Gallery Collection
Gallery Collection
Charting Gallery
Drawing Gallery
The Gallery Collection
Office Activities Portfolio
Chemical/Petrochemical Portfolio
Business Management Portfolio
HPDraw Figures Portfolio

Graphics
HP 45437A
HP68352F
HP 68350F
HP 68351F
HP 68352F
HP68324F
HP 68325F
HP 68326F
HP 68327F

HP4S549K
HP45474D
HP 45554K
HP 27505A
HP 27536F

Word Processing
HP 27546F AdvanceWrite PLUS
HP 45427D WordStar@ Professional@
HP 4S418A Executive MemoMaker
HP 68330F Executive MemoMaker
HP 68330F Executive MemoMaker, Opt. 003
HP 45504K MemoMaker/Time Management, Opt.

400
Microsoft WORDTM, Opt. 400
Microsoft WORD
MultiMate™, Opt. 400
HP Word/PC
HP Word/PC

Personal Solutions
HP 3S15IDt The Calendar
HP 35152Dt The List Manager
HP 3S153Dt The Writer
HP 3S154Dt The Speller
HP 3S155Dt The Planner
HP 35156Dt The Personal Correspondence Pack
HP 3S157Dt The Personal Organizer Pack

Localization (Translation)
HP 82866KD Localization, German-Opt. 400
HP 82866KF Localization, French-Opt. 400
HP 82866KZ Localization, Italian-Opt. 400

Electronic Spreadsheets
HP 4S566A Lotus@ 1-2-3@
HP 45539K Lotus 1-2-3 V2.0 I, Opt. 400
HP 68340F Lotus 1-2-3 V2.01
HP 68340F Lotus 1-2-3 V2.01, Opt. 003

li300
li300
li395
li395
li750

$49
li395
$350
$295
5110
5325
5495

$99
5295

PriceDescriptionOrder No.

The following products, available through HP's Direct
Marketing Division, are vendor-supported.

GW-BASIC and Microsoft WORD are U.S. trademarks of Microsoft Corporation.
REFLECTION 1is a U.S. trademark of Walker Richer & Quinn, Inc.
MultiMate is a U,S.trademark of Multimate International Corporation, asubsidiary of Ashton-Tate
Corporation.
Microsoft is a U.S. registered trademark of Microsoft Corporation.
Latt;ce is aU.S. registered trademark of Lattice, Inc.
Lotus, 1-2-3, and Symphony are U.S. registered trademarks of Lotus Development Corporation.
WordStar and WordStar Professional are U.S. registered trademarks of MicroPro International
Corporation.

Corporate Site License for Personal Computer
Software

HP's worldwide Corporate Site License Program offers substantial
discounts on specified Vectra and Touchscreen PC software, along
with the benefit of software standardization, immediate availability,
distribution control, and unbundled documentation. Total dollar sav
ings can be estimated by combining the Site License discount per
centage and Purchase Agreement discount percentage. For ordering
information and savings, contact your local sales office.

Data Communications and Networking
HP 45431A AdvanceLink
HP 68333F AdvanceLink
HP 68333F AdvanceLink, Opt. 003
HP 27534A AdvanceMail
HP 82870K AdvanceMail, Opt. 400
HP 27535F AdvanceMail
HP 4564IBt Touchscreen 3278 Emulation

Accessory with File Transfer
HP 82863K REFLECTION lTM, Opt. 400
HP 45640A Touchscreen Internal Modem
HP 45412A VT I00 Terminal Emulator
HP 36569E HPMessage
HP 36568A HPMessage
HP 35177M JctStart (for use with ThinkJet

personal printer)
HP 35178M LaserStart (for use with

LaserJet printer)
HP 82867K YTERM 3278 Emulation, Opt. 630

Data Base Management
HP 36898A HP Access
HP 36898F HP Access
HP 45421A Executive Card Manager
HP 68331F Executive Card Manager
HP 45555K Executive Card Manager, Opt. 400
HP 68331F Executive Card Manager, Opt. 003

Integrated Solutions
HP 45498A Symphony@ from Lotus@
HP 68339F Symphony from Lotus

$300
$395
$395
$395
$295
$395

$1200

$395
5475
$180
$300
$300
$45

$95

$95

$625
$625
$300
5300
$295
$300

$695
$695

HP 35190Jt LaserControllOO (for Vectra and
LaserJet printer)

HP 35184At Sideways (for Touchscreen and
ThinkJet printer)

HP 35188A Laser Plotter (for Vectra and LaserJet
printer)

HP 35188D iPrint (for Vectra and LaserJet printer)

$150

579.95

$150

$349.95
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Computer Peripherals, Monitors and Accessories
Models 35731, 35741, D1181, D1180, D1182, 35723, D1030, D1183

The D1181 A/G/W Monochrome VGA
Display is a 14-inch, medium-resolution
monitor that offers the user 640 x 480
graphics, 64 shades of gray and a choice
of amber, green or white phosphor.

The D1183A Touchscreen Plus, for use
with the D1182A Display, provides the us
er with an intuitive and natural interface
with the computer.

HP 35723A Touch Accessory
The 35723A HP Touch Accessory is a 12-inch, user-installable

touchscreen bezel. Adding the HP Touch Accessory to an HP-HIL
supported terminal transforms an ordinary screen into an interactive
touchscreen and provides an easy and comfortable way of interacting
with the system.

HP Touch has a maximum resolution of 2,45 I touch points (43
vertical by 57 horizontal), which allows users to define touch areas of
various shapes and sizes and allows programming flexibility for a
wide range of applications.

HP 35741 Color Monitors
The 35741 HP Color Monitor provides a 12-inch RGB analog color

video display with a 640 x 400 resolution. Like the 35731 Mono
chrome Monitor, this monitor is used with many HP computer sys
tems, terminals and workstations.

The color monitor features RGB P22 color phosphor, with analog
video inputs capable of providing a continuous spectrum of colors.
The HP-HIL interface supports the HP Touch Accessory.

With convenient front panel controls, a non-glare screen and inte
grated tilt and swivel, the color monitor offers state-of·the-art ergo
nomics.

Price
$695
$530
$530

$39.95
$60

$325
$340

$1195
$445
$250

Ordering Information
HP D1182A/B VGA Color Monitor
HP DI183A HP Touch Accessory
HP 35723A Touch Accessory
HP D1030A EGA Cable
HP DI184A VGA Cable
HP 35731A Monochrome Monitor
HP 35731 B Monochrome International
HP 35741A/B Color Monitor
HP DI180A HP Video Graphics Adapter
HP DI18IA/G/W Monochrome Monitor

HP 35731 Monochrome Monitors
The 35731 HP Monochrome Monitor is a 12-inch, medium-resolu

tion monochrome video display unit used as an integral component of
HP terminals and workstations.

The monitor features an easy-to-read green phosphor display as
well as compatibility with HP systems that use 512 x 390 or 640 x 400
resolutions. It supports the HP Touch Accessory via the HP-HIL in
terface.

Ergonomic features on the monitor include an anti-glare screen
and built-in tilt and swivel for adjusting the screen viewing angle. The
monitor also has front panel brightness and contrast controls to make
display adjustments more convenient.

HP D1183A Touchscreen Plus
The HP DI183A Touchscreen Plus is a touchscreen interface

designed for use with the HP DI182A Color Video Graphics Display.
It transforms the display into an interactive touchscreen and provides
an easy and comfortable method for interacting with the system.

HP D1182A Color Video Graphics Display
The HP DI182 Color Video Graphics Display is a 14-inch, medi

um-resolution color display. It is designed for use by business profes
sionals or by low-end CAD users. The high quality of the screen and
the fine resolution of the display tube are ideal for use in environments
requiring a high daily system utilization. This combination provides
both excellent graphics (in resolutions up to 640 x 480) and very high
quality text character formation.

The DI182 display offers an optional tilt/swivel mechanism (PN
82959S) for enhancing ease of use.

HP D1181A Monochrome Video Graphics Display
The HP Monochrome Video Graphics Display (HP D1181) is spe

cifically designed for use with the Vectra family of personal com
puters. It is plug-compatible with the industry-standard VGA
monochrome monitors. HP's Monochrome Video Graphics Display is
designed for use with the HP Video Graphics Adapter (DI180A).

The Monochrome Display offers a choice of screen colors, includ
ing amber, green and soft-white. The display supports resolutions
varying from 320 x 200 to 640 x 480 and can display up to 64 shades
of gray. It is ideal for text, graphics and image applications.

The D1182A Color VGA Display is a 14
inch, medium-resolution monitor that of
fers excellent graphics display and very
high quality text character formation.

e
HP D1180A Video Graphics Adapter

The HP Video Graphics Adapter (DI180A) is the driving compo
nent for Hewlett-Packard's Video Graphics Subsystem. This IBM
VGA register-compatible video card features software compatibility
with MDA, Hercules, CGA, EGA and VGA video standards. The
HP Video Graphics Adapter is fully compatible with the HP Video
Graphics Color Display, the HP Monochrome Video Graphics Dis
play, and other monitors compatible with IBM's VGA video inter
face.

The HP Video Graphics Adapter (HP VGA) offers a number of
modes beyond the IBM VGA definition. These modes include 800 x
600 graphics resolution, I32-column text, and 640 x 480 graphics res
olution with 256 colors. In each mode, colors can be selected from a
palette of 262,144 colors.
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Terminals should provide a comfortable interface with the comput
er. Hewlett-Packard terminals are designed to work in harmony with
the user, offering features like crisp, clear characters, smooth
tilt/swivel positioning and excellent tactile feedback from keyboards
to add to your comfort and increase your productivity.

To select the right terminal to meet your needs (whether it's an HP,
IBM, DEC or other ASCII system), refer to the matrix below.

~" /8 e
~"

~"
~" <#~" ~~,,,~

~~ c.,~ ~~ ,,~ ~.,p; +<i~<i+'9, ~ '9," ,,~ ~~ .p
I I I

HP ?OO/92 HP ?OO/94 HP ?OO/41 HP ?OO/43 HP?OOI44 HP 700/22 HP ?OO/71 2393A 2397A

Compatibility 2392A 2394A Wyse 30 Wyse 30.50 PC Term DEC VT220 IBM 3191 TEK 4010/4014 TEK 4010/4014
Modes DEC VT220 DEC VT220 TV905,910+,925E TV905,91O+,925E, DEC VT220 DEC VT100 Model A,B ANSI x 3.64 ANSI x 3.64

DEC VT100 DEC VT100 ADM3A,5 950, ADM 3A,5,31 DEC VT100 DEC VT52
DEC VT52 DEC VT52 Hazeltine 1500 Hazeltine 1500 DEC VT52

ADDS VP A2 ADDS VP A2
Qume 101 Qume 101

Phosphor Green, Green, Green, Green, Green, Green, Green, Green Color BI64
Colors Amber, Amber, Amber Amber, Amber, Amber, Amber,

Soft White Soft White Soft White Soft White Soft White Soft White

Pages of B 16 4 4 4 9 9
Memory

132 Column yes yes no yes yes yes no Scrolled Scrolled

Printer Port yes yes yes yes yes yes no Opt: serial,HPIB
Centronix Parallel

Keyboard HP HP ASCII ASCII PC AT2 DEC VT220 IBM 3191, HP HP
Layout 102 or 122

Typewriter
ASCII

Data Entry

Warranty 1 Year 1 Year 1 Year 1 Year 1 Year 1 Year 1 Year 90 Day 90 Day

Additional VPLUS VPLUS 58 58 Programmable IBM PC 30 Keylock I/O Device Support:
Features Compatible Compatible Programmable keys character set Programmable Touch Screen, Graphics

Bar Code Forms Cache keys Bidirectional Bidirectional keys in VT220 Tablet, Mouse, Bar Code
reader Local Edit checks printer port printer port mode reader

support Modified data tag 75 Bar Code
Bar Code reader Programmable reader

support function keys support
in PC term

mode

Price $895 $1095 $375 $475 5575 $499 $695 $2295 $3595

DEC VT220, VT100 and VT52 are prodUcts of Digital EqUipment Corporation. ADM3A, ADM5 and ADM 31 are products of Lear Siegler Corporation.
IBM is a registered trademark of International Business Machines. Hazeltine 1500 is a product of Esprit Systems, Inc.
WY-30 and WY·50 are products of Wyse Technologies Systems. ADDS Viewpoint A2 is a product of Applied Digital Data Systems, Inc.
Televideo 90S, 910+, 925E and 950 are products of TeleVideo Systems, Inc. QUME QYT·101 is a prodUct of Qume Corporation.
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Personal Computation
Models HP-19B, HP-17B, HP-14B, HP-12C

Business Calculators
HP-19B HP Business Consultant II Professional Calculator

This top-of-the-line business calculator has the most comprehen
sive set of business and financial functions found in any calculator, yet
it is easy to use because of its menu and softkey approach to problem
solving. It offers a graphics package that plots histograms, scatter dia
grams, and four different curve-fitting models for statistics and fore
casting, plus net present value versus interest rate for investment
analysis. In addition, the HP Business Consultant II offers HP Solve;
data- and time-management functions, including an application to
manage name and address lists, a clock and calendar, and an appoint
ment scheduler with alarms; number lists with running totals and sub
totals; conversion applications for 39 world currencies and 63
different unit measurements; advanced math; and a built-in ROM
that allows messages and prompts to be displayed in German, Span
ish, French, Italian and Portuguese, in addition to English. The calcu
lator has a 4-line by 23-character alphanumeric display with separate
keyboards for numbers and letters, 6500 bytes of RAM and an infra
red printer interface. Application books are available.
HP-17B Business Calculator

The HP-17B is function-packed and easy to use. It offers a power
ful package of business and financial functions, including TVM, cash
flows, bonds and depreciation; number lists with running totals and
sub-totals; HP Solve; and appointments and time calculations. The
HP-17B has a 2-line by 22-character alpha-numeric display, 6500
bytes of RAM and an infrared printer interface. Application books
are available.
HP-14B Business Calculator

The HP-14B offers the most frequently needed functions for busi
ness students and professionals at an economical price. It also has
extras such as forecasting with four different curve fits, list-based
cash flows, return on investment, breakeven analysis and inventory
turnover rate. Other features include TVM with amortization; two
variable statistics with linear regression; interest rate conversions;
margin and markup; percent change and percent of total; and an al
phanumeric display. The HP-14B has a one-line, 12-character dot
matrix LCD. Application books are available.
HP·12C Programmable Financial Calculator

The HP-12C is a powerful financial calculator that is a favorite of
business professionals in banking, real estate and investment. It fea
tures Time Value of Money functions, discounted cash flow functions
(NPV and IRR), plus bond functions that calculate yield-to-maturity
and price. The HP-12C has a numeric one-line, 10-digit LCD and 20
storage registers. Application books are available.

Whether it's a business or scientific calculator, Hewlett-Packard
products can provide the sense of pride that comes from owning a
computational tool that has been designed-in every detail-to be the
finest of its kind.

Business calculators include the well-known HP-12C and the new
HP Business Consultant II, HP-17B and HP-14B. The HP-12C fea
tures HP's traditional RPN (Reverse Polish Notation) entry system,
while the others are designed for people who prefer algebraic entry
calculators. Scientific calculators that feature RPN include the popu
lar HP-41 and new HP-28S, HP-42S and HP-32S. The new HP-27S
and HP-22S have algebraic-entry systems.

The HP Business Consultant II, HP-17B, HP-28S, HP-27S and
HP-42S have menus and softkeys for easy access to functions and a
solver function to make working with equations easier. The HP-14B,
HP-32S and HP-22S also feature menus.

An optional infrared printer can be used with the HP Business
Consultant II, HP-17B, HP-28S, HP-27S, HP-42S and HP
41CVIX. A wide range of peripherals, plug-in modules and software
allow eustomization of the HP-41 for personalized application solu
tions.

HP-12C

HP-14B

HP-17B

e

e

e HP BUSINESS CONSULTANT II
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Models HP-28S, HP-41CV/CX, HP·42S, HP-27S, HP-32S

Scientific Calculators
HP-28S Advanced Scientific Calculator

The HP-28S is the state-of-the-art tool for scientific professionals
and students. It can calculate symbolic algebra and calculus as well as
plot equations on its display. It has 32K bytes of RAM; memory man
agement features for organizing information stored in memory; an
advanced graphics package with graphics storage and recall; matrix,
vector and complex-number arithmetic; and advanced program
mability through a high-level programming language. The HP-28S
performs unit conversions among arbitrary products, powers and ra
tios of 120 built-in units and user-defined units. Other features in
clude menus and softkeys that make access to functions faster and
easier, HP Solve for use in personalizing the HP-28S without pro
gramming, and enhanced RPN with optional algebraic entry. The
HP-28S has a 4-line by 23-character alphanumeric display with sepa
rate keyboards for numbers and letters and a wireless infrared printer
interface. Application books are available.
HP·41CV and HP-41CX Advanced Programmable Calculators

The HP·4ICV and HP-41CX provide the heart of expandable
computational systems. In addition to input/output capability, they
provide portability and touch-key simplicity.

In addition to all the built-in functions of the HP-41 CV, the HP
41 CX features built-in Time and Extended Functions/Memory mod·
ules, a text-file editing function and 19 other functions.

A broad range of HP-written Application Pacs and Solutions
Books is available. The HP-4ICV ICX have 2,233 bytes of RAM
(319 registers) built in, with 6,433 bytes (919 registers) maximum.
The HP-4ICX has 868 bytes (124 registers) of built-in extended
memory. The optional HP 82180A Extended Functions/Memory
Module adds 868 bytes (124 registers) to the HP-4ICV and the op
tional HP 82181A Extended Memory Module adds 1,666 bytes (238
registers) to the HP-41 CV ICX. There are over 200 built-in functions
in the HP-41 CX and over 128 in the HP-41 CV. Both calculators have
lO-digit, 12-alpha character (scroll to 24) LCDs.
HP-42S RPN Scientific Calculator

The powerful HP-42S has a complete set of math and science func
tions and a sophisticated matrix editor that prompts for input, which
is useful for solving simultaneous equations. The matrix editor also
allows complex numbers to be used as matrix elements. Variables,
including real and complex numbers and matrices, can be named. A
variable and function catalog keeps track of them, and they can be
used directly from the catalog. Access and use of all functions, pro
grams and variables in the calculator is possible via the catalog by
simply scrolling to the desired function and executing it. The HP-42S
also features equation solver and numerical integration functions.
Custom menus can be created and assigned to the top-row keys. The
HP-42S also runs thousands of keystroke programs available for the
HP-41 C/CV calculators. The HP-42S has a 2-line by 22-character
dot matrix LCD, 64K-bytes of ROM, 8K-bytes of RAM and an in
frared printer interface. Application books are available.
HP-27S Scientific Calculator

The HP-27S is a two-in-one calculator for technical professionals
and students who also need to perform business calculations. It offers
scientific functions, including logarithms, trigonometry and
hyperbolics; financial functions for TVM and amortization schedules;
number lists with running totals for statistics, forecasting and adding
columns of numbers; base conversions; HP Solve; appointments and
time calculations. The HP-27S has a 2-line by 22-character alphanu
meric display, 6.5K bytes of RAM and an infrared printer interface.
Application books are available.
HP-32S RPN Scientific Calculator

The HP-32S for technical professionals and students has a com
plete set of math and science functions, an equation solver that solves
for any variable once the equation is set equal to zero, numerical inte
gration and complex number functions and programming capabilities
for solving repetitive problems. it incorporates labeled variables for
input and output, and looping, tests and flags for problems that re
quire logical decision making. The HP-32S has a one-line, 12-charac
ter dot-matrix LCD, 390 bytes of user RAM and 27 storage registers.
An application book is available.

HP-28S

HP-41CV/CX

HP-32S

HP-27S

HP-42S

e

e

e
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Model HP-22S, Enhancements & Peripherals

HP-22S Scientific Calculator
The easy-to-use HP-22S, designed for science students, has a solve

function that lets users solve for any variable without re-entering an
equation. It also has a library of 16 commonly-used equations includ
ing roots of a quadratic equation, pressure of a fluid and kinetic ener
gy. Variables and messages, instead ofcryptic keycodes, appear in the
one-line, 12-character dot-matrix LCD. The HP-22S also has 16K
bytes of ROM, 371 bytes of user RAM and 26 storage registers. An
application book is available.

e

Ordering Information
HP-19B HP Business Consultant II
HP-17B Business Calculator
HP-14B Business Calculator
HP-12C Programmable Financial Calculator
HP-28S Advanced Scientific Calculator
HP-41 CV Advanced Programmable Calculator
HP-41 CX Advanced Programmable Calculator
HP-42S RPN Scientific Calculator
HP-32S RPN Scientific Calculator
HP-27S Scientific Calculator
HP-22S Scientific Calculator

HP-22S

Price
$175.00

110.00
69.95
79.95

235.00
175.00
249.00
110.00
69.95

110.00
59.95

HP 82160A HP-IL Interface Module
Plugs into anyone of the four ports in the HP-41, connecting it with

HP-IL peripherals and instruments, and to HP-IB, RS-232C and
GPIO devices using interface converters. Gives the HP-41 control of
up to 30 devices on the loop. Typical HP-41 transfer rate: 150
bytes/ second.
HP 82183A Extended I/O Module

Provides 59 I/O functions beyond those provided by the HP
82160A HP-IL Module.
HP 82104A Card Reader

Allows programs and data to be saved on magnetic cards which
contain 32 registers, 16 per side. Adds over 30 control functions to the
HP-41.
HP 82242A Infrared Printer Interface Module

Provides an interface that allows the HP-41 to be used with the
HP 82240A Infrared Printer. Permits numeric, upper- and lower
case alpha, double-wide characters, high-resolution plotting capabili
ties and intensity control. Allows user-defined special characters to be
transmitted to the printer.
00041-15043 Hp·IL Development Module

Allows the contents of any control register to be changed, certain
status bits to be polled, and the addition of a second HP-41 to monitor
the status of the HP-IL loop.
HP 82161A Digital Cassette Drive

Uses a digital-quality mini-cassette to store up to 128K bytes of
information. Number of tracks, 2; Density, 335 bits/cm (850
bits/inch); format, 256 bytes/record (8 bits/byte); formatted capaci
ty, 512 records (l31 ,072 bytes).
HP 82162A Thermal Printer/Plotter

Provides numeric upper- and lower-case alpha, doublewide charac
ters and intensity control.

The chief feature of the HP 82162A is that it has a !OI-character
buffer for enhanced graphics and bar code printing capabilities and a
FORMAT function which automatically centers or justifies copy to
the left and right margins.
HP 22258 ThinkJet Personal Printer

See numerical index for page number.
HP 91148 Disc Drive

See numerical index for page number.

HP 82240A

Enhancements and Peripherals

HP-19B, HP-17B, HP-41CV/CX, HP-285, HP-275
and HP-42S:
HP 82240A Infrared Printer

An infrared beam provides a cordless connection with the calcula
tor from up to 18 inches away. Prints 24 characters per line in 5x8 dot
matrix using the Roman-8 character set plus 10 additional special
math characters. Uses batteries or optional AC adapter. When used
with the HP-41, an HP 82242A Infrared Printer Interface Module is
required.

HP-41:
HP 82182A Time Module

With this module (built into the HP-41 CX), the HP-41 CV can be
come a time-scheduled system controller, alarm clock, appointment
reminder, calendar, timer or even an advanced stopwatch.

Ordering Information
HP-198, HP-178, HP-41CV/CX, HP-28S, HP·27S
and HP·42S:
HP 82240A Infrared Printer (II OV)
HP 82241A Adapter, U.S. (lIOV)
HP-41:
HP 82240A Infrared Printer (II OV)
HP 82242A Infrared Printer Interface Module
HP 82180A Extended Functions/Memory Module
HP 82181A Extended Memory Module
HP 82182A Time Module
HP 82160A HP-IL Interface Module
HP 82183A Extended I/O Module
HP 82104A Card Reader
00041-15043 HP-IL Development Module

~ Fast-Ship product-see page 766.

Price

$135.00~

15.00~

135.00~

65.00~

75.00~

75.00~

75.00~

125.00~

75.00~

195.00~

75.00~



Interfaces

Accessories
Accessories such as owner's manuals, programming pads, magnetic

cards, thermal paper, battery packs, rechargers and software manuals
are readily available for all types of HP calculators.

Software
HP offers software packages as application pacs, solutions books

and application booklets. Application pacs come with a manual, plug
in module, and when applicable, prerecorded magnetic cards, a key
board overlay and quick reference card. Solutions books come with
complete documentation. Application booklets stand alone. Available
from dealers and HP Representatives.

15.00W
15.00W
15.00W
15.00W
15.00W

15.00W
15.00W
15.00W

15.00W
15.00W
35.00W

15.00W
15.00W
15.00W
15.00W
15.00W
15.00W
15.00W

15.00W
15.00W
15.00W
15.00W
15.00W
15.00W

$49.00W
40.00W
40.00W
45.00W
40.00W
45.00W
40.00W
75.00W
40.00W
40.00W
45.00W
40.00W
40.00W
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Interfaces, Accessories & Software

HP-41
Application Pacs
00041-15055 HP-41 Advantage
00041-15006 Circuit Analysis
00041·15004 Financial Decisions
00041-15049 Math/Statistics
00041-15022 Games
00041-15016 Real Estate
00041-15019 Thermal & Transport Science
00041·15039 Petroleum Fluids
00041·15001 Standard Applications
00041-15027 Stress Analysis-Mechanical Engineering
00041-15021 Structural Analysis-Civil Engineering
00041-15005 Surveying
00041-15020 Machine Design
Solutions Books·
Business:
00041-90094 Business Statistics/Marketing/Sales
00041-90096 Home Construction Estimating
00041-90086 Lending, Savings, & Leasing
00041-90136 Real Estate
00041-90137 Small Business
Engineering:
00041-90093 Antennas
00041-90100 Chemical Engineering
00041-90089 Civil Engineering
00041-90092 Control Systems
00041-90088 Electrical Engineering
00041-90139 Fluid Dynamics & Hydraulics
00041-90140 Heating, Ventilating & Air Conditioning
Conditioning
00041-90090 Mechanical Engineering
00041-90138 Solar Engineering
00041-90441 Structural Design (cassette based)
Computation:
00041-90084 Geometry
00041-90083 High-Level Math
00041-90082 Test Statistics
Other:
00041-90102 Chemistry
00041-90099 Games I
00041-90443 Games II
00041-90142 Physics
00041-90141 Surveying
00041-90395 Time Module Solutions I
'As originals are depleted. photo copies will be supplied at same prices

Price

$295.00W
395.00W
295.00W

Ordering Information
HP-41:
HP 82164A HP-ILlRS-232C Interface
HP 82169A HP-IL/HP-IB Interface
HP 82165A HP-ILIGPIO Interface

HP-41
HP 82164A HP-IL/RS·232C Interface

Translates HP-IL signals into RS-232C signals, and vice versa, for
connection of HP-IL systems with RS-232C systems. Provides bit
serial asynchronous data communication. AC adapter included.
HP 82169A HP-IL/HP·IB Interface

Permits linkage of HP-IL systems with HP-IB (IEEE 488, 1978)
computers and lab equipment. When a controller is used, it can be
either an HP-IL or HP-IB device. AC adapter included.
HP 82165A HP-IL/GPIO Interface

Allows HP-IL to control equipment operating with parallel bus
structures. Contains I/O buffering and a built-in power supply that
operates from an HP standard AC adapter that is included.

HP-19B, HP-17B and HP-27S
Application Books
00017-90019 Real Estate, Banking, and Leasing
00017-90020 Business Finance and Accounting
00017-90021 Marketing and Sales
00017-90022 Personal Investment and Tax Planning

$9.95W
9.95W
9.95W
9.95W

HP-42S
Application Book
00042-90020 Programming Examples and Techniques

HP-32S
Application Book
00032-90057 Engineering Applications

$9.95W

$9.95W

HP-19B and HP-27S
Application Book
00027-90044 Technical Applications $9.95W

HP-22S
Application Book
00022-90034 Science Student Applications $9.95W

HP-28S
Application Books
00028-90111 Mathematical Applications (HP-28S)
00028-90105 Vectors and Matrices (HP-28C/S)
00028-90101 Algebra and College Math (HP-28C/S)
00028-90102 Calculus (HP-28C/S)
00028-90104 Probability and Statistics (HP-28C/S)

$9.95W
9.95W
9.95W
9.95W
9.95W

For additional information or a demonstration of Hewlett-Packard
professional calculators and bandbeld computers, visit your nearest
HP sales representative or HP dealer. In tbe US, for tbe location and
number of tbe one nearest you call toll-free 1-800-752-0900.

W Fast-Ship product see page 766.
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HP 260 Business Computers

The user-friendly, reliable HP 260 is designed for small busi
nesses requiring a powerful computing system.

HP 260 Business Computers
HP 260 business computers are multi-user, multi-tasking systems

designed to meet the needs of small- to mid-size businesses. They are
user-installable, and feature uncomplicated operation - facilitated
by softkey-driven processing and the use of full-screen displays that
resemble standard business forms. The IMAGE/260 database man
agement system, included with HP 260 computers, provides data
accuracy, protection from unauthorized access, and savings in data
storage costs. It also enables information retrieval and reporting by
non-programmers.

HP 260 Series 30 and Series 40
The low-end Series 30 and the high-end, high-performance Series

40 are fully compatible and can each be connected to the same num
ber of peripheral devices. The very affordable Series 30 is recom
mended for configurations with one to four users. The Series 40
features disc caching, which results in increased system performance,
and supports up to 15 concurrent users/tasks. To allow connection
with the greatest possible number of peripheral devices, Hewlett
Packard offers an I/O extender that provides slots for additional I/O
boards.

Growth Opportunities
Hewlett-Packard offers a wide range of high-quality peripherals,

including mass storage devices, workstations, data-entry terminals,
printers, and plotters, that provide an economical way to expand your
HP 260 system. Also, both the Series 30 and the Series 40 are upgrad
able to higher-performance systems. The two series are software
compatible, so it's quick and easy to upgrade from the Series 30 to the
more powerful Series 40.

There is also a compatible growth path from the HP 260 computers
to HP 3000 systems, because the HP Business BASIC/V language
enables HP 260 programs to run on HP 3000 systems. To protect
your investment in hardware, HP offers upgrade allowances for any
hardware that cannot be integrated into an HP 3000 system.

PC Integration
The latest release of the HP 260 operating system provides support

of terminal emulators running on several popular personal computers,
including AdvanceLink on the HP Touchscreen II PC, AdvanceLink
2392 on the HP Vectra PC and IBM"' PC/XTTM/AT"', and
REFLECTION I™ on the HP Portable PLUS.

Any of the personal computers can be used as direct- or modem
connect HP 260 workstations with bidirectional file-transfer capabili
ties. Hewlett-Packard personal computers are especially easy to use
with an HP 260 system, because they include a Personal Applications
Manager (PAM) that can initiate HP 260 applications. This makes it
easy to incorporate a personal computer's personal productivity capa
bilities, such as word processing, spreadsheet analysis, and decision
support graphics, into the multi-user HP 260 environment.

Data Communications
HP 260 systems can communicate with personal computers, HP

3000 systems, HP 250 systems, and other HP 260 systems. They can
also emulate IBM 2780/3780 batch terminals.

Application Software
The friendly yet powerful BASIC/260 programming language

makes HP 260 systems very useful tools for program development.
Programmer productivity is enhanced by the comprehensive
FORMS/260 program and the QUERY/260 database inquiry
system.

A wide selection of application software is available from HP
Value-Added System Suppliers. Value-Added System Suppliers are
independent companies that use their industry expertise to provide
innovative HP-260-based solutions. They have applications that ad
dress the specific needs of many different types of businesses, from
manufacturing plants to medical practices. In addition, the System
Suppliers can provide services such as system installation, system
management training, application software training, application soft
ware maintenance and support, and business consulting.

Specifications
Microprocessor: 16-bit Hewlett-Packard proprietary
Operating System: BASIC Operating System
Memory: Series 30 standard with 512K bytes; Series 40 standard
with 1M byte
Expansion Capability: Two integrated RS-232C ports standard on
both models; with I/O extender, slots are available for up to 2M
bytes memory, two 4-port video MUX boards, two 5-port ASI boards,
one peripheral interface channel (HP-IB parallel interface), and one
INP board
Weight: Series 30, Series 40, I/O extender (each): 12 kg (approx.
26.5 Ibs.)
Dimensions: Series 30, Series 40, I/O extender (each): 128(h) x
325(w) x 380(d) mm (approx. 5.0 x 12.8 x 15.0 inches)

Ordering Information
HP 4S070A HP 260 Series 30 SPU includes 512K-bytes memory,

two RS-232C ports, one peripheral interface channel
(HP-IB), system software, and a standard manual set.

HP 4S072A HP 260 Series 40 SPU includes disc caching, 1M-byte
memory, two RS-232C ports, one peripheral interface
channel (HP-IB), system software, and a standard
manual set.

HP 4S071A I/O extender: provides five additional board slots.

For more information on HP 260 solutions, contact your HP sales
representative or your local HP 260 Value-Added System Supplier.

IBM PC/XT is a U.S. trademark of International Business Machines Corporation.
IBM and PC/AT are U.S. registered trademarks of International Business Machines Corporation.
REFLECTION 1is a U.S trademark of Walker Richer & Quinn, Inc.
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HP 3000 business computers protect your investment in information management systems.

Integrated Information Systems
Hewlett-Packard pioneered distributed data processing for keeping

track of inventories and payables, generating invoices, organizing
payrolls, and producing timely reports. Collection, access, and dis
semination of data are made easy for any organization, from large
corporate headquarters to branch offices and departments. HP also
developed business automation systems that meet all the transaction
processing demands of today's offices. This includes functions such as
word processing, electronic mail, and report writing.

HP's productivity solutions for your office include the HP 3000
family of integrated information systems. The strength of HP com
munications products along with the flexibility of these systems lets
you place cost-efficient, task-oriented computers where you need
them.

The HP 3000 Family
The HP 3000 family of business computers combines hardware,

software, communications, and support in one integrated information
management system. Over 30,000 HP 3000 systems are used in a
wide range of office and manufacturing environments worldwide.
Well known for reliability and ease of use, HP 3000 systems simulta
neously manage on-line transaction processing, batch processing, pro
gramming, and data communications. HP 3000 systems provide both
the performance advantages of leading-edge technology and the se
curity of a fully compatible growth path.

To complement the HP 3000, Hewlett-Packard provides compre
hensive networking capabilities, high-quality peripheral devices and
workstations, personal computers, and a wide range of ready-to-run
software. And because the HP 3000 has been well established for more
than a decade, numerous third-party products are available for it.

The HP 3000 Family Tradition
Hewlett-Packard continues to implement the strategy that has

guided the development of the HP 3000 family from its beginning.
This strategy integrates:

Software compatibility. All members of the HP 3000 family share a
common operating environment, so applications can be run
on higher-performance models.

Expanding product line. The HP 3000 family continues to expand,
providing you with a broad, compatible range of systems
from which to choose.

Easy growth path to higher performance. HP 3000 systems are
always upgradabJe to higher-performance systems. Soft
ware and peripheral compatibility, as well as generous up
grade allowances, make it easy for you to adjust your
computing power to handle growing workloads and meet
new demands.

Ease of use. Among system operators, end users, and programmers,
the HP 3000 has a well-deserved reputation of being easy
to use. HP 3000 systems extend beyond data processing to
increase the productivity of all of your end users. By com
bining the flexibility of personal computers with the
processing power of the HP 3000, Hewlett-Packard allows
you to enhance the information-processing capabilities of
your entire organization.

Comprehensive network solutions. The HP 3000 offers a wide va·
riety of workstation-to-system, system-to-system, and sys
tem-to-mainframe communications capabilities.

Lasting value. By protecting your investment in software and hard
ware through compatibility and upgradability, and by
maximizing your productivity with easy-to-use systems,
Hewlett-Packard ensures that you get a maximum return
on your investment in HP 3000 solutions.

To complement its superior software and hardware, HP provides a
full range of documenta tion, training, and consulting programs, en
suring that you get the maximum benefit from your HP 3000.

HP 3000 Business Compuh' Syskms
The HP 3000 family features a compatible growth path and a wide

choice of systems, ranging from small distributed office systems to
large database hosts that can handle your company's business com
puting needs. The HP 3000 family includes the MICRO 3000LX,
MICRO 3000GX, .\-HCRO 3000XE, Series 52, Series 58, Series
925LX, Series 925, Series 70, Series 935, Series 950, and Series 955
systems.
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HP 3000 Business Computers (cont'd)

The 900 Series systems are based on HP Precision Architecture
(HP PAl, a new architecture that represents a fundamental change in
computer design, producing a high-performance, highly reliable sys
tem at a low cost. HP PA incorporates Reduced Instruction Set Com
puting (RISC), a design approach that delivers greatly simplified
computers that are optimized to provide the highest performance for
a given integrated circuit (IC) technology. In addition, the inherent
simplicity of HP PA means lower cost and higher reliability due to the
need for fewer components.

Series 70 The Series 70 is a high-performance system
for large business applications. It is suitable for
stand-alone operations or as the central com
puter (or major node) in large distributed net
works.

MICRO 3000LX
and
MICRO 3000GX

e

MICRO 3000XE

Series 52

Specifically designed for an office environ
ment, the MICRO 3000LX and MICRO
3000GX are ideal for small businesses, branch
offices and departments. As with all HP 3000
systems, the MICRO 3000LX and MICRO
3000GX can concurrently handle on-line trans
action processing and program development,
batch processing, office applications, and data
communications. In addition to its stand-alone
capabilities, it can serve as a node in a network
of computers.

The powerful, cost-effective MICRO
3000XE can be the primary computer for a
small company, can be dedicated to a single ap
plication in a large company, or can serve as a
node in a network of computers.

Designed as a departmental computer sys
tem, the mid-range Series 52 can also meet a
small company's data processing needs. In addi
tion to its stand-alone capabilities, it can serve
as a node in a network of computers.

Series 935

Series 950

Series 955

The Series 935 offers breakthrough high-end
performance for a remarkably low price and
small size. It brings impressive computing pow
er to the branch office or departmental environ
ment, and is also offered as a simple board swap
upgrade for Series 925 customers.

The first of a new generation of high-per
formance HP 3000 systems, the Series 950
processes at 7 MIPS. Based on a simplified
technologically advanced design, the Series 950
is smaller, consumes less power, and is more re
liable than typical systems in its performance
class.

The Series 955 is the highest performance
member of the broad family of compatible HP
3000 business computers. A convenient board
swap upgrade from the high-performance Se
ries 950, the Series 955 delivers significant, in
cremental growth with a modular approach to
extending the HP 3000 system family.

The Series 955 provides exceptional perform
ance and functionality in multi-user, multi
tasking, interactive, and batch environments.
The Series 955 processes at II MIPS.

Series 58

Series 925LX
and
Series 925

e

A mid-range system, the Series 58 can oper
ate as a stand-alone system or as the central
computer (or major node) in a distributed
processing system.

The Series 925LX and Series 925 are ideal
computer systems for small-to-medium sized
businesses, departments, and remote offices.
The Series 925LX and Series 925 deliver
superminicomputer performance in a surpris
ingly small package. Both process at 3.2 Million
Instructions Per Second (MIPS).

The MPE Operating System
All members of the HP 3000 family use the MPE (Multiprogram

ming Executive) operating system. a very powerful, multi-user,
multi-tasking operating system. MPE/V is the version used by
MICRO 3000LX, MICRO 3000GX, MICRO 3000XE, and Series
52, 58, and 70 systems. MPE/XL, an enhanced version of MPE for
the 900 Series systems, has been designed to take advantage of the
high-performance capabilities of HP Precision Architecture. The
MPE operating system allows easy system management and produc
tive application development.

Programming Languages
HP 3000 systems are optimized for on-line transaction processing

environments. Programmers can choose from a wide variety of high
level languages such as COBOL, FORTRAN, RPG, C, BASIC, Pas
cal and ALLBASE/4GL to best fit their application requirements.



Software to Manage Your Information Processing Needs
Hewlett-Packard was the first in the industry to put a database

management system on a minicomputer: IMAGE on the HP 3000.
With more than 30,000 active installations of IMAGE, HP has one of
the largest installed bases of database management systems in the
industry. Continuing its leadership role in database technology, HP
has developed ALLBASE/XL, a new database offering for the 900
Series systems.

AllBASE/Xl is a combination of a network model and a relational
model database management system. HP TurboIMAGE/XL, the
network model DBMS, is a native mode implementation of the previ
ous versions of IMAGE. It provides optimal performance for applica
tions with high-volume, repetitive transactions such as production
planning.

HP Sal, the relational model DBMS, is fully compatible with the de
facto industry standard, SQL (Structured Query Language). HP
SQL provides users with increased flexibility and programmer pro
ductivity.

For the MICRO 3000LX, MICRO 3000GX, MICRO 3000XE,
Series 52, 58, and 70 systems, the network and relational database
management systems are available separately. HP TurboIMAGE/V,
the network model, is included in the fundamental operating system
software; HP SQL/V, the relational model, is available as a separate
product.

Hewlett-Packard's database management systems are comple
mented by and integrated with other tools that combine to form HP's
"Information Management Framework."

System Dictionary provides a single source for documenting all as
pects of the system, from data definitions to configuration informa
tion. This makes it easier to develop and maintain applications, and to
manage system resources. System Dictionary can be customized to
meet your business needs.

Business Report Writer allows the development of sophisticated re
ports through easy-to-use menus, and makes it easy to combine data
from several sources in a single report.

Inform is an interactive inquiry and report-generation facility
designed for managers, purchasers, clerks, and secretaries. It allows
easy access to data.

Information Access is a personal computer application that lets
users access information on HP minicomputers and IBM main
frames. It then automatically translates the data into popular PC ap
plications such as Lotus@ 1-2-3@ and dBASE@ II.

VPlUS and HP Toolset are tools that increase programming pro
ductivity. VPLUS is an easy-to-use forms-design and screen-handling
tool for programmers. HP Toolset provides a high-productivity, inte
grated environment for application development. It includes facilities
for full-screen editing, symbolic debugging, and version managcment
of source code.

Virtuoso is a COBOL code generator. It increases applications devel
opment productivity by allowing developers to reuse existing blocks of
code. Virtuoso provides the productivity associated with fourth gener
ation languages, with the runtime performance of COBOL.

AllBASE/4Gl is an advanced fourth-generation language for devel
oping transaction processing applications. It is a tightly integrated
environment containing a screen painter, report writer, data dictiona
ry, test utility and logic commands. ALLBASE/QUERY is an easy
to-use query and reporting tool for HP SQL databases.

Silhouetle/3000 is HP's most complete high-availability solution for
the HP 3000. It automatically duplicates IMAGE and
TurbolMAGE databases on multiple HP 3000 systems. Silhou
ette/3000 is customer-installable and easy-to-use. It providcs high
system availability, application availability during system backup,
and load balancir.g across HP 3000 systems.

HeWlett-Packard Application Software
Hewlett- Packard features a wide range of worldwide business solu

tions for the HP 3000 family of business computers. Manufacturing,
accounting, financial planning and maintenance management are just
a fcw of the applications available today in several languages.

HP's Customizer Technology provides the flexibility to easily tailor
HP manufacturing, financial, and maintenance solutions to meet
your unique needs. Modifications to your application are achieved
without altering source code, thereby maintaining HP's industry
leading support.

HP Manufacturing Management II is a fully integrated MRP II so
lution for managing a world-class manufacturing operation - from
purchasing to sales orders and corporate finance. Within HP Manu
facturing Management II, the following functions arc provided: Plan
ning, Production Control, Manufacturing Specifications, Shop Floor
Control, Inventory Control, Purchasing, Sales Order Management,
Cost Management, Accounts Receivable, Accounts Payable, and
General Ledger. Lot Control and Just-In-Time functionality can be
added to enhance your manufacturing solution.
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HP 3000 Busines5 Conlputers (cont'd)

The HP 3000 family features a compatible growth path and a wide choice of systems.

HP Manufacturing Management II/CORE is a fully integrated
MRP II solution for managing a world-class manufacturing opera
tion that already has successful financial and sales order management
systems. HP Manufacturing Management II/CORE serves the fol
lowing operational areas: Planning, Production Control, Manufactur
ing Specifications, Shop Floor Control, Inventory Control,
Purchasing, Cost Management, and Accounts Payable. Lot Control
and Just-In-Time functionality can be added to enhance your manu
facturing solution.

HP Financial Accounting is an on-line, totally integrated software
application composed of seven accounting modules: General Ledger,
Accounts Payable, Accounts Receivable, Dual Ledger, Allocator, In
terface Facility, and Business Report Writer. HP Financial Account
ing provides you with immediate on-line access to the financial
information you need to efficiently run your business.

HP Financial Budgeting is an interactive application for bu<lgetin:g,
planning, and expense control. It provides capabilities
three-dimensional spreadsheets, which can be linked hie:ral'chically
and consolidated.

HP Maintenance Management assists maintenance and IaCIlIlleSI
managers in improving their operations. Capabilities such as
tive maintenance scheduling, work order control, inventory
purchase order tracking, and equipment catalog help to mininllizel
equipment downtime and reduce costs.



Hundreds of high-quality software products encompassing a broad
range of applications are also available for the HP 3000 from inde
pendent software suppliers.

Networking and Data Communications
Hewlett-Packard's AdvanccNet is a communications strategy

based on standards designed to provide a broad range of networking
alternatives. HP AdvanceNet products enable you to link all of your
company's data resources - workstations, minicomputers, and main
frames - in a high-speed, user-transparent network.

HP AdvanceNet unites two data processing methods: HP's distrib
uted processing and IBM's centralized batch processing. The HP Ad
vanceNet approach interfaces HP equipment with IBM and IBM
plug-compatible products for both SNA'" and Bisync environments.

Local area networks (LANs) are the links that connect individual
personal computers, mainframes, minicomputers, and related periph
erals. A network is a data and resource sharing system; each individu
al network node can easily and reliably communicate and exchange
information with other nodes.

HP 3000 users can increase productivity through high-speed
LANs. Hewlett-Packard's LAN/3000 Link and NS/3000 (Network
Services) software form a powerful local network that's easy to in
stall, use, maintain, and expand. The LAN/3000 Link includes ev
erything you need to connect your HP 3000 to an industry-standard
LAN, and the NS/3000 software provides sophisticated networking
capabilities.

The components most suitable for your application can be selected
from different vendors without compromising the unique needs of
your data communications environment. The compatibility of future
hardware and software additions to your HP AdvanceNet system is
ensured by HP's commitment to industry standards.

B

MICRO 3000LX
Series 92500or MICRO 3000XE Series 52 Series 58 Series 70 Series 935 Series 950 Series 955

MICRO 3000GX Series 925

Technology NMOS III NMOS III TIL TIL NMOS III EeL NMOS III NMOS III NMOS III

Main Memory
2-4 2-8 4-8 4-8 24-48/32-48 8-16 48-96 64-128 64-128(MOl

Workstalion- 8/16 56 92 152 32/152 400 240 400 400'

Disk Storage 0.3/2.0 4.5 4.5 4.5 4.619.1 13.7 13.7 17.1 27.4

Database
TurbolMAGEN TurbolMAGEN TurbolMAGEN TurbolMAGEN

ALLBASEIXL TurbolMAGEN ALLBASEIXL ALLBASEIXL ALLBASEIXL
Managemenl TurbolMAGEIXL TurbolMAGEIXL TurbolMAGEIXL TurbolMAGEIXL

Systems HP SQLN HP SQLN HP SQLN HP SQLN HP SQLIXL HP SQLN HP SQLIXL HP SQLIXL HP SQLIXL

'Maximum configuration at first release.
"Maximum number of configurable workstations will depend on the application.

1-2-3 and Lotus are U.S. registered trademarks of Lotus Development Corporation
aBASE is a U.S. registered trademark of Ashton-Tate Corporation.
SNA is a U.S. registered trademark of International Business Machines Corporation.
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Hewlett-Packard integrates your company's information resources into a single, tightly knit information network.

Better Use of Information and
Computing Resources

By making information more useful and HP 3000 systems more
effective, Hewlett-Packard's Integrated Information Solutions en
hance your entire investment in information resources. The solutions
combine products that utilize the advantages of personal computing,
networking, and HP 3000 distributed data processing into one com
plete integrated business system.

Furthermore, HP's Integrated Information Solutions are com
pletely tied to your organization's application environment, providing
immediate access to departmental, corporate and even global infor
mation resources. Functional end users at all levels are better able to
access, analyze, manipulate, share, and distribute vital information.

The HP NewWave Environment
The HP NewWave environment is an advanced personal computer

application environment providing a single window, or view, into your
entire network of information and computing resources. This open
environment is based on industry standards and is designed to allow
the end user to focus on completing tasks rather than on learning and
using individual applications. Furthermore, the HP NewWave envi
ronment presents a major opportunity for the developer to deliver
greater benefits to customers.

Users working in the HP NewWave environment can move quickly
and easily from one application to another because applications are
integrated seamlessly. The Object Management Facility (OM F) al
lows end users to link, combine, or manipulate different forms of data
such as text, spreadsheets, graphics, scanned images and voice by
treating it as a single object; to the end user, these objects are repre
sented as "icons." By manipulating the icons, a user can create com
pound objects by using the mouse to move one icon on top of another.

Once completed, these objects can be electronically mailed to other
users in the organization.

In addition, the HP NewWave environment also provides the user
with services such as computer-based training and context-sensitive
help.

HP NewWave Developer Products
There are three key products designed to enable developers to begin

immediate design work on new applications or to integrate their cur
rent applications with the HP NewWave architecture: the Developer
Kit, Developer Training and Technical Support.

The HP NewWave Developer Kit
The HP NewWave Developer Kit contains all the HP components

needed to write applications for this new environment. It includes the
HP NewWave environment software, software development tools,
and documentation.

HP NewWave Developer Training
This is an invaluable course for software developers who will be

writing applications under the HP NewWave environment. Although
the HP NewWave environment is based upon Microsoft Windows
2.0, it consists of many extensions to Windows. This course provides
the concepts and information on both Microsoft Windows 2.0 and
those extensions needed by any HP NewWave application developer.
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INFORMATION ACCESS
• HP 3000/PC Database Access
• Data Security and Control
• Conversion to PC Formats
• Personal Report Writer

PERSONAL APPLICATIONS
• Word Processing and Graphics
• Spreadsheet Analysis
• Automatic Software Distribution
• Software Update Service

INFORMATION DISTRIBUTION
• Mailing Services with Optional

Mainframe Links
• Application Integration
• Application Customization
• Data Gathering via Customer

Defined Forms

SHARED RESOURCES
• Printer and Plotter Sharing
• Disc Sharing
• PC Disc Backup
• PC Network Management

HP NEWWAVE ENVIRONMENT
• Common, User Graphic Interface
• Application Integration
• Task Automation
• Advanced Developer Tools

Hewlett-Packard's Integrated Information Solutions framework.
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Integrated Information Solutions (cont'd)

- PC Backup
- Information Distribution
- Printer and Plotter Sharing
- Disc Sharing

PC Integration and Departmental Services
PC integration and specific departmental services, such as access to

information, system-wide communication, and shared resources, in
crease the effectiveness of workgroups by linking personal computers,
terminals, minicomputers, mainframes and peripherals. Shared
printers, plotters and disc storage maximize return on peripheral in
vestments. Backing up PC hard discs to HP 3000 systems increases
data security, and centralized distribution of PC applications in
creases MIS control.

Integrating PC resources with the HP 3000 minicomputer concen
trates the power of each computer on the tasks it performs best. For
example, the HP 3000 is designed for transaction-based processing
and the PC is designed to enhance individual productivity.
HP Business System Plus

HP's Business System Plus incorporates these PC integration and
departmental service capabilities into a centrally managed system.
Business System Plus, which is a single-software product, enhances
the HP 3000 environment with resource sharing, information access,
information distribution and popular PC applications capabilities.
For example, with Business System Plus, users can extract data from
HP 3000 applications, analyze and describe the information on their
PC, and distribute the results electronically throughout the organiza
tion. The result: significantly improved use of computer resources and
more timely, accurate decision making.

Specific features of Business System Plus include:

- Centralized PC Software
Distribution

- Access to Information
- PC Network Management
- Advanced PC Applications

In addition, customers who do not need the complete capabilities of
Business System Plus can purchase the departmental services of in
formation access and information distribution, as well as PC applica
tion components individually.

Departmental Services Components
HP Information Access

Information Access is a unique information management software
package that provides access to information, facilitates reporting and
data exchange, and coordinates distribution between personal com
puters, HP 3000 minicomputers and IBM mainframes. It is an infor
mation server that extends the reach of your data processing systems
by delivering key business data throughout your organization. Infor
mation Access provides the means for end users to make better
informed decisions based on up-to-the-minute information by provid
ing simple, yet secure, access to information wherever it resides.

Information Access provides the most current information to PC
users by allowing access to local and remote HP 3000 systems as well
as PCs and databases. Results can be output directly to many popular
PC applications, including Lotus 1-2-3. Additionally, MIS profes
sionals are no longer burdened by requests for custom reports because
end users have direct access to the crucial information they require.

HP DeskManager
HP DeskManager manages the flow of information throughout

your network via electronic mail, and lets you integrate data process
ing applications such as for finance, payroll and order processing
functions. It simplifies administration of the electronic mail system
with central directory keeping, and provides security features such as
password protection, access limitation, and message scrambling.

With HP DeskManager, data processing reports can be sent auto
matically to predefined distribution lists, forms can be circulated and
returned, and financial data can be collected from multiple locations.
All types of messages, from simple tax files to complex documents,
programs and data files, can be sent and received as near as down the
hall or as far away as around the world.

The following products augment the standard departmental serv
ices with advanced capabilities to further enhance the effectiveness of
workgroups, departments or entire companies. These products can be
added to systems that already have Business System Plus or its indi
vidual components.

Additional Departmental Services Products
HP File/Library

HP File/Library is a complete electronic filing solution for the en
tire department. Any file, even a paper file, can be indexed in the HP
File/Library catalog. Users can access documents wherever they are
located, thus eliminating the need to duplicate files in multiple loca
tions and saving valuable disc space by archiving documents onto in
expensive cartridge or tape.
HP Schedule

HP Schedule keeps track of schedules and coordinates the busy
calendars of an entire department or even a group of departments. It
sets up meetings and can schedule resources located anywhere on the
network - from conference rooms and audio-visual equipment to
corporate jets.
PROFS

HP OfficeConnect to PROFS provides a transparent electronic
mail link between HP systems running DeskManager and IBM's Pro
fessional Office System, allowing users of these two systems to com
municate with each other through their own electronic mail systems.
DISOSS

HP OfficeConnect to DISOSS provides a transparent electronic
mail link between these two systems and IBM's Distributed Office
Support System. Users on either system can communicate with each
other using their standard address formats. Also, users on both sys
tems have open access to distribution lists and DISOSS document
libraries.
CONVERT/DCA

HP Convert/DCA enables HP and IBM users to exchange and edit
documents in both Final and Revisable Form Text DCA (Document
Content Architecture). IBM PC users with DisplayWrite can ex
change revisable documents with HP Vectra PC users using Ad
vanceWrite and Executive MemoMaker software.



Cooperative Services
Cooperative Services is a software development tool designed to

create cooperative processing applications between personal com
puters and an HP 3000 minicomputer. The product comprises an
MS-DOS procedure library and an HP 3000 intrinsic server, and it
supports popular PC development languages.

HP AdvancePrint
AdvancePrint provides low-cost, shared printing for PC users by

allowing HP Vectra, IBM, and HP 150 PC users to share printers and
plotters connected to an HP 3000 system. AdvancePrint takes advan
tage of low-cost basic serial connections; no expensive networking is
required. With AdvancePrint, PC users can print to shared devices as
if the printers or plotters were directly attached to their PCs (includ
ing full graphics support).

PC Applications
Hewlett-Packard PC applications provide users access to a wide

range of word processing, spreadsheet analysis, database manage
ment, and graphics capabilities. Designed for easy integration, these
PC applications, combined with any of Hewlett-Packard's industry
leading printers and plotters, provide professionals with high-quality
memos, reports, presentations and sophisticated documents.

Graphics Gallery ColIsctkm
The Graphics Gallery Collection provides professional quality

presentation capabilities to PC users. Users are able to create colorful
pie, bar and line charts as well as complex text charts, flow charts,
organization charts, logos and presentation slides.

AdvanceMail
AdvanceMail is a personal computer mailing application that en

hances the integration of PCs with HP DeskManager. End users are
able to utilize the full range of electronic mail capabilities while re
maining entirely in their PC environments.

AdvanceLink
AdvanceLink provides terminal emulation and file transfer capa

bilities to a host computer across a variety of data communication
links. AdvanceLink terminal emulation enables users to run applica
tions on HP 3000 and HP 1000 systems, and even DEC VAX sys
tems. AdvanceLink file transfer functions allow users to share data,
text files, memos, and even graphics between the PC and host com
puters. With the AdvanceLink command language, users can build
macros to coordinate and automate routine tasks.

Lotus and 1-2-3 are U.S. registered trademarks of Lotus Development Corporalion.

Executive MemoMaker
Executive MemnMaker (EMM) is a full-functioned, easy-to-use

word processor designed for business professionals and managers.
EMM includes features such as on-screen graphics integration, a
spelling checker, and search and replace functions, allowing the user
to create professional-quality memos and reports.

Executive Card Manager
Executive Card Manager (ECM) is a file management program

designed with a Rolodex-like card file interface. Users can manage
almost any kind of information, from addresses and phone numbers to
client contact records and purchase histories. Each file can contain up
to 64,000 cards and each card can contain up to II screens of infor
mation. ECM also provides a built-in report writer that lets users pre
sent information in a variety of formats, including mailing labels.

Lotus 1-2-3
Lotus 1-2-3 is a top-selling spreadsheet package that has become

an industry standard for personal computer users worldwide. Offering
speed, power, and ease of use, Lotus 1-2-3 helps all types of managers
and professionals gather, organize and analyze information better
than ever before.

AdvanceWrite Plus
AdvanceWrite Plus is designed for individuals who require the ad

vanced functionality of a sophisticated word processor with text,
graphics and image integration. Providing a level of performance and
functionality traditionally found only in dedicated word processors,
AdvanceWrite Plus includes capabilities such as table of contents and
index generation, equation processing, forms processing and integrat
ed spreadsheets.

Implementation and Support
To help you get the most out of your Integrated Information Solu

tions system, Hewlett-Packard offers a consulting service called HP
OFFICE-ASSIST. The HP OFFICE-ASSIST program provides an
experienced systems engineer and a day of customc;:r education to help
you implement your company's goals through the use of the appropri
ate office applications.

Microsoft and Microsoft Windows are U.S. registered trademarks 01 Microsoft Corporation.
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COMPUTER PERIPHERALS
Terminals - Rugged
Models 9666A and 3082A

HP 9666A

• Rugged (Meets NEMA 12)
• Over Temperature Sensor
• Touchscreen
• High Quality Color Display

$4,660.00

Price
$3,450.00
+$450.00
+$300.00
-+-$750.00

$0
+$225.00
+$125.00

+$60.00
+$85.00

$0

Ordering Information
HP 3082A Industrial Touch Display Terminal
Option 001 Adds Touchscreen
Option 002 Adds Barcode Decoder
Option 003 Adds Touchscreen and Barcode Decoder
Option 801 Water Tight Option (Canada)
Option 802 Water Tight Option (US)
Option 803 Water Tight Option (Other Countries)
Option 908 19" Rack Mount Kit
Option 910 Complete Manual Set
Option W03 Substitute 90-day Onsite for I-year War
ranty
HP 3082U Value-Added Business Development Kit

Features
Easy to Use
• Touchscreen Input
• Barcode Input (wand, laser scanner, slot-reader)
• Function Keys
• ABC keypad
Easy to Install
• Plug-compatible with HP computer systems
• Emulates DEC VT100/VT52 terminals
• Compact in Size
• Flexible mounting alternatives (wall, pole, 19" rack)
Easy Application Development
• Firmware-based and Menu-Driven Screen Editors
• Forms, oversized characters, character graphics, touch target edi-

tors
• Compatible with VPLUS, FORMS1000, HPTODA Y
• Quick Screen Design with HP Mouse or HP QWERTY Keyboard
High Quality and Reliability
• NEMA 4,12,13 enclosure
• Rugged, fan-free cast aluminum
• Designed for the factory floor

HP 3082A

• Compact
• Simple
• Rugged (Meets NEMA 4,12,13)

Industrial Touch Display Terminal
HP Industrial Touch is a compact, sealed and rugged display ter

minal designed to enhance the speed and accuracy of data capture
and display on the factory floor. It is plug-compatible with HP com
puter systems and emulates DEC VT100/VT52 terminals.

HP Industrial Touch is ideal for planning, production, control and
maintenance applications in process and discrete manufacturing in
dustries. It is easy to use, easy to install, easy to develop applications
for, and provides high reliability for operation in harsh industrial en
vironments.

Price
$5,924.00
+$622.00

Ordering Information
HP 9666A Operator Interface Unit
Opt 001 Bar Code Reader

Operator Interface Unit
The HP 9666A OIU is a compact, low-cost rugged terminal specifi

cally designed for factory floor applications. Its 12" high-resolution
color display and state-of-the-art interactive touchscreen is incorpo
rated in a compact dust and drip protected enclosure.

The unique HP-HIL interface lets you connect multiple input de
vices like HP-Touch, Mouse, Graphics Tablet and Bar Code Reader.
Eight basic colors can be displayed from a palatte of 64 making user
defined colors easily accessible, including those that match HP plotter
pens.

The OIU also provides color alphanumerics. Up to eight color pairs
(foreground/background) can be used on a per character basis to dif
ferentiate text and identify critical fields.

The terminal can operate at temperatures ranging from 0 to 60
degrees C and its enclosure meets NEMA 12 standards. The OIU is
also aided by an over-temperature sensor that prevents equipment
loss through automatic shutdown.

The versatility of the OIU is enhanced with the ability to interface
with HP 1000, 3000 and 9000 computer systems. In addition, the
OIU has ANSI X3.64 and TEKTRONIX 4010/4014 compatibility
so that it can be used on a variety of computer systems.

Software support for the OIU includes popular HP packages like
DSG/3000, HP DRAW, HP EASYCHART, HP MAP, Graphics
1000/11 and Graphics 9000. In addition, you can use the OIU with
many third-party software packages, including Precision Visuals DI
3000 and GRAFMAKER, ISSCO's DISSPLA and TELL-A
GRAF, and SAS Institute's SAS/GRAPH.

The standard OIU offers two RS 232 ports. Port 1 moves data at a
speed of up to 19.2 kbps with handshaking. For additional flexibility,
Port 2 provides a peripheral port for hardcopy output.

Allowing the OIU to be conveniently located on the factory floor,
HP features two mounting options: A tilt and swivel base or a 19"
rack mounting kit.



• 2400/1200/300 bps full duplex
• Error correcting (MNP) protocol
• Auto-dial/auto-answer

COMPUTER PERIPHERALS 807
Dial-Up Modem

Model 37212B

• PSTN or leased line selection
• Synchronous or Asynchronous
• Alternative control channel for DS and synchonous

applications

HP 372128

Asynchronous
Asynchronous/Synchronous
Asynchronous/Synchronous
Asynchronous/Synchronous

Universal V22 8is Modem
The new HP37212B modem is a high performance multi-function

modem offering a wide range of features to suit virtually any applica
tion. Numerous configuration options ensure optimum performance
for both HP and non-HP systems.

For Corruption Free Data Links
Without error control, transmission on a typical 2400 bps line

would probably result in an error every minute. The HP 37212B uses
the industry standard MNP error correcting protocol which allows
data to be transferred reliably and without errors regardless of noisy
phone lines.

With error correction enabled, the 37212B can automatically drop
back to transparent communication when connecting to a non-error
correcting modem. Alternatively it can be set to lock-out communica
tion with non-error correcting modems.

Given an error free line, no noticeable degradation of speed results
from using error correction. There is a choice of Flow control methods
CTS, ENQ/ACK or XON/XOFF.

Four Modulation Standards
Can communicate with a broad spectrum of industry standard

modems.
Bell 103 (FSK) at 300 bps
Be1l212A (DPSK) at 1200 bps
CCITT V.22 (DPSK) at 1200 bps
CCITT V.22 bis (QAM) at 2400 bps

Worldwide Regulatory Approvals
The 37212B conforms to the regulations of telephone approval au

thorities in several countries. The local HP field office will be able to
provide up-to-date information on the connection approval status in
your country.

Flexible Telephone Connection
Both North American and UK style telephone sockets are provid

ed. In addition to sockets for the modem/ telephone line, extra sockets
are provided for use with an adjacent telephone. This allows tele
phone communication to take place while the modem is not in use and
also enables manual-dial or manual-answer operation.

Convenience Features
NON-VOLATILE MEMORY stores telephone numbers, log-on str
ings and modem configuration for speedy operation.
PULSE OR TONE DIALING ensures dialing compatibility with
most telephone systems.
LEASED LINE OPERATION a single modem for both leased line
(2-wire) or dial-up operation.
INTEGRAL LOUDSPEAKER monitors call progress without requir
ing an adjacent telephone.
DIAGNOSTIC AND SELF TESTS allow users to verify both line
quality and modem operation without the need for special equipment.
INTEGRAL 120j240V POWER SUPPLY eliminates the need for an
external transformer.
RACK MOUNT KIT allows one or two 37212Bs to be mounted in
standard 19" equipment racks.
DC POWER OPTION simplifies incorporation into systems isolated
from an AC (line) supply.
SHORT-HAUL APPLICATIONS For applications up to 3000m.
connecting computers, instruments or printers on HP-IB, consider the
HP 37204A/B HP-IB bus extenders. See page 563 for further infor
mation.

Three Command Modes
Terminal Mode provides a user friendly way to operate the 37212B

directly from the keyboard of a terminal or PC. The user is prompted
for correct key sequences to obtain particular functions and status
information.

Computer mode is optimized to simplify the programming required
for a computer to control the modem automatically. Commands are
accepted by the modem, but it will not echo or reply unless specifically
requested to do so. This ensures that the computer will not receive any
unexpected characters from the modem. Status information is repre
sented by a string of eight ASCII characters instead of descriptive
text.

Manual command mode allows the HP 37212B to be operated using
front panel control switches.

Two Control Channels
Normally, the control channel is through the RS-232-C (CCITT

V.24) data interface, however, some computers or devices (eg. OS
cards) are unable to output configuration or dialing commands
through their data channel. For this reason, the HP 37212B offers an
alternative control channel to be selected on the RS-232-C port. A 'Y'
cable (Part number HP 15614A) can be used to break out the secon
dary control channel onto a separate RS-232-C port.

Ordering Information

HP 372128 Stand Alone Modem

Price

$920



8 COMPU'TER PERIPHERALS
Personal D~ta Storage
Models 91148, 9122C, 9123D, 9127A, 9153C

HP 9153C
An optional 2-megabyte (unformatted) 3.5" microfloppy is availa

ble with any hard disc model.

Features
• 10,20 or 40 megabytes
• Optional 2-megabyte (unformatted) 3.5" microfloppy
• Integrates HP's own 3.5" Winchester
• HP 9153M expands capacities of 10- and 20-megabyte models
• Rugged and reliable
• Data protection
• Supported on HP 150C
• Supported on HP 9000 Series 200/300 and HP 1000 A Series
• Supported on HP 64000

Data Interchange
HP 9127A-Single 5.25" Flexible Disc Drive

The HP 9127A is a single 5.25" disc drive that gives the HP Touch
screen and Touchscreen II data compatibility with the IBM-PC via
5.25" discs. Connected by HP-IB to the Series 300 (via DOS co
processor card) and Touchscreen computers, the drive can read,
write, and initialize discs in IBM-PC format as well as HP format.
The discs can be moved between IBM and HP computer systems for
easy data exchange. The 9127A can also read copy-protected DOS
software with the HP Series 300 DOS coprocessor card.

HP 9122C
Hewlett-Packard offers a full line of data storage solutions to fit a

wide range of personal or technical computer requirements. HP's disc
drives cover a variety of prices, capacities and performance levels.

3.5" MicrofloPi:,'f Personal Dat<' Storage Solutions
HP 91148 Portable 3.5" Disc Drive

Designed for HP's Portable computer family as well as the Series
40 and Series 70, the HP 9114B provides up to 710 Kbytes offormat
ted capacity in a lightweight, battery-operated package. The 3.5" disc
drive reads, writes, and initializes double-sided media in both single
sided and double-sided formats. This feature allows data exchange
with single-sided drives currently in use.

HP 9122C 3.5" Drive
The new HP 9122C is a 3.5" microfloppy disc drive with an un

formatted capacity size of 2 megabytes (1.42 megabytes, formatted).
It is tailored for the measurement automation and technical system
markets and comes in a single - or dual - drive configuration.

The 2 megabyte capacity size is twice that found in previous models
but is offered at the same price. It is ideal for backup, increased stor
age and file transfers among systems of the same type.

The HP 9122C employs an ANSI-standard format-sensing mecha
nism to differentiate 2-megabyte diskettes from those of other capaci
ties. Existing I-megabyte and 0.5-megabyte media can be used in the
HP 9122C, but new 2-megabyte media must be used only in 2
megabyte drives.

Features
• 2-megabyte (unformatted) 3.5" microfloppy
• Doubled capacity at yesterday's price
• Quiet operation
• Reliable Design
• Supported on HP 9000 Series 200/300
• Supported on HP 1000 A Series
HP 9123D Dual 3.5" Drive (for HP Touchscreen II Personal
Computers)
Designed exclusively for the HP Touchscreen II, the HP 9123D pro
vides users with I megabyte of unformatted storage. It relies on the
Touchscreen II for its power supply.

Hard Disc Pe'r;Oflal Oala Stor.>cge Solutions

HP 9153C· 10, 20 and 40 Megabyte Winchester Hard Discs
The HP 9l53C is a highly reliable and rugged desktop disc drive

offering users a choice of capacities, ability to expand storage size and
optional 2-megabyte 3.5" microfloppy.

The drive is well-suited for industrial, office automation, factory
floor and low-end CAD environments.

By offering the HP 9153C in 10,20 and 40 megabytes, HP lets
customers choose the capacity size most beneficial to their needs.
Customers initially purchasing the 10 or 20 megabytes models may
elect to expand their capacities to 30 or 40 megabytes, respectively,
with the HP 9153M. This product is a 20-megabyte upgrade kit that
is installed on the original HP 9153C package. The HP 9153M mech
anism is priced less than a disc subsystem of equal capacity.

The exceptional design of the HP 9153C is due to the integration of
HP's own 3.5" Winchester. This Winchester has proven its resiliency
in even the harshest environments.

Ordering Information
HP 91148 Double-sided 3.5" Disc Drive
HP 9122C Dual 2 Mbyte 3.5" Microfloppy

Opt 001 Deletes one microfloppy mechanism
HP 9123D Double-sided 3.5" Dual Drive
HP 9127A Single-sided 5.25" Flexible Disc Drive
HP9153C

Opt 01010 Mbyte hard disc plus floppy
Opt 011 10 Mbyte hard disc only
Opt 020 20 Mbyte hard disc plus floppy
Opt 021 20 Mbyte hard disc only
Opt 040 40 Mbyte hard disc plus floppy
Opt 04140 Mbyte hard disc only
WO 3 Subs 90-day on-site warranty for I-year return
to HP warranty

HP 9153M 20 Mbyte mechanism Upgrade Kit
HP 88500A IBM Disc/Tape Interface
HP 91290A 5.25" HP Qualified Media (Box of 10)
HP 92192A 3.5" 1.0-Mbyte Double-sided Microfloppy
(Box of 10)
HP 92192X 3.5" 2.0-Mbyte Double-sided Microfloppy
(Box of 10)
HP 195008 Rack Slide Kit to mount 9122C or 9153C
in 19" EIA cabinet
~ Fast ship product see page 766

Price
SR10

SI..\65
$-315
SiOOS
SI090

SI9.'$O
Si 72S
$2795
$2..\35
53MO
S3305

SO

SIOIS
S·IIO ...
$25'"
S39 ...

579

5125



• Rugged Design
• Reliability
• Serviceability

COMPUTER PERIPHERALS 8
Data Storage For Technical/Commercial System-Removable 709

Models 7907A, 7935H, 7935XP

• Integral Self Test and Diagnostics
• Internal Microprocessor Controller
• Removability

HP 7907A SYSTEMS

HP 7907A Fixed/Removable Disc Drive
The HP 7907A is a complete mass storage subsystem featuring

20.5 megabytes of formatted removable storage in an easy-to-use
front loading configuration. Add to this an additional 20.5 megabytes
offormatted fixed storage, and you have a workable on-line and back
up storage solution in one compact package.

This high performance, environmentally rugged disc subsystem is
ideal for applications such as automatic test, on-site data logging and
computer-aided engineering. Its small lightweight package allows
easy placement on a desk or in a 19" EIA rack enclosure.

Features
• 41 Mbytes of formatted disc storage
• 20.5 Mbytes of fixed storage/20.5 Mbytes of removable storage in

an easy to use front-loading 8" cartridge
• 30 ms average seek time
• Ramp-loaded heads for added reliability
• Front panel or system activated image backup/restore in less than

3 minutes
• Environmentally rugged design
• 19" EIA rackmount kit 19507A also available
• Customer installable
• Compact packaging (ISOHx325Wx467mmD)

HP 7935H,
7935XP

HP 7935H Disc Drive
The HP 7935H Disc Drive is a removable media device that pro

vides 404 Mbytes of removable media for increased system flexibility
and greater system uptime for private data volume configurations and
disc-to-disc backup/ restore operations.

HP 7935XP Disc Drive
The 7935XP is the same as the disc drive above, but includes one

megabyte of controller cache memory for higher performance.

Electromagnetic Emissions
Radiated and conducted interference:

• For U.S.A., designed to meet FCC docket 207S0 for Class A com
puting devices.

• For Europe, designed to meet VDE OS71 for Level A computing
devices and are FTZ licensed on some HP systems.

Safety
Both models of the HP 7935 and 7935XP meet all applicable safety

standards of the following:
• IEC 3S0 and 435
• UL 114 and UL 478
• CSA 22.2 No. 154

Electromagnetic Emissions
Radiated and conducted interference:
• For U.S.A., designed to meet FCC Docket 20780 for Class B com

puting devices.
• For Europe, designed to meet applicable VDE OS71 requirements

for computing devices.

Safety
The HP 7907 A meets all applicable safety standards of the follow

ing:
• IEC 3S0 and 435
• UL 114 and 47S
• CSA C22.2 No. 154

Ordering Information
HP 7907A (41 Mbytes)
Opt 015: 240V/50Hz
Opt 550: Delete HP-IB Cable
HP 7935H (404 Mbytes)
HP 7935XP (404 Mbytes)
Standard Input Power: 20S volts
Opt 120: For 120-volt operation in U.S.A., Canada
Opt 210: For 20S-volt operation in Canada
Opt 220: For 220-volt operation in Canada
Opt 221: For 220-volt operation in continental Europe
Opt 222: For 220-volt operation in Switzerland
Opt 223: For 220-volt operation in Denmark
Opt 241: For 240-volt operation in United Kingdom
Opt 242: For 240-volt operation in Australia, New
Zealand
HP 97907A 20.5 Mbyte removable disc cartridge

Price
$13.420

$0
5-85

$24.000
$25.500

$0
$0
$0
$0
$0
$0
$0
$0
$0

$225



COMPUTER PERIPHERALS
Data Storage for Technical/Commercial Systems
Models 7957B, 7958B, 7959B, 7962B, 7963B

HP 79598

Safety
The HP 7957B, 7958B, 7959B, 7962B and 7963B meet all applica

ble safety standards of the following:
• lEC 380 and 435
.UL 114 and 478
• CSA C22.2 no. 154
• CSA C22.2 no. 220 (7957B, 7958B, 7959B)

Electromagnetic Emissions
Radiated and conducted interference:
• For U.S.A., meets FCC docket 20780 for Class B computing pe

ripheral devices.
• For Europe, meets EMI level FTZ 1046/84 and provides a Manu

facturer's Declaration.
For more information, contact your local HP office.

Features
• 152 megabytes (formatted), HP 7962B
• 304 megabytes (formatted), HP 7963B
• Additional capacity can be placed in original package at a later

date
• 152 and 304 megabyte upgrade kits available
• Integrates HP's own 5.25" Winchester
• 17 ms average seek time
• 1.25 Mbyte/s burst transfer rate
• Compact size (l32H x 325W x 554mmD)

HP 79578, 79588 and 79598 Disc Drives
The HP 7957B (81 megabytes), 7958B (152 megabytes) and

7959B (304 megabytes) are 5.25" disc drives that offer the capacity
and performance demanded by today's commercial and technical
multi-user systems and engineering workstations. These disc subsys
tems each feature an average seek time of) 7 ms and burst data trans
fer rate of 1.25 megabytes per second.

The compact packaging of the HP 7957B, 7958B and 7959B allows
them to be tucked away in HP's attractive mini-rack cabinetry, or
placed unobtrusively on a desktop. There is, of course, a rack-mount
kit available for 19" EIA cabinetry, and, with a sound power level of
52 dB(A), each drive is suitable for the office or lab environment.

The foundation of this new product family is HP's own designed
and built 5.25" Winchester mechanism. This high performance
mechanism features a special track positioning system that essential
ly eliminates seek errors. Plus, it enhances read/write accuracy over
the entire operating range. The ability to service the products is en
hanced by error-logging, autosparing and self-test capabilities. And
low monthly maintenance costs contribute to low overall cost of own
ership.

Features
• 81 megabytes (formatted), HP 7957B
• 152 megabytes (formatted), HP 7958B
• 304 megabytes (formatted), HP 7959B
• 17 ms average seek time
• 1.25 megabyte/second burst transfer rate
• Compact packaging (132H X 325W X 285mmD)
• Quiet operation
• Integrates HP's own 5.25" Winchester
• Automatic error correction and error logging
• Quick access to all replaceable assemblies
• CS/80 instruction set

HP 79628 and 79638
Available in initial configurations of 152 and 304 megabyte capaci

ties, the HP 7962B and 7963B disc drives provide lasting value at an
affordable price.

The efficient package design accommodates up to three HP Win
chester mechanisms. Users initially purchasing a subsystem with one
mechanism can later install as many as two additional stand-alone
mechanisms - all to the original package.

These stand-alone mechanisms are available as 152 or 304
megabyte upgrade kits. Both upgrade kits are attractively priced to
provide a growth path that's lower in price than equivalent, but sepa
rately packaged, disc drive subsystems.

The HP 7962B and 7963B integrate HP's own designed and manu
factured 5.25" Winchester mechanism. This mechanism provides a
fast seek time, high reliability and excellent performance.

Channel optimization is another key feature of this disc family.
Similar to rotational position sensing, channel optimization increases
performance by allowing multiple discs to better utilize a single HP
IB channel.

e
uESIGNEl) FOH
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SYSTEMS

Ordering Information
HP 79578 (81 megabytes)
HP 79588 (152 megabytes)
HP 79598 (304 megabytes)
HP 79628 (152 megabytes with upgrade capability)
HP 79638 (304 megabytes with upgrade capability)

Opt 015 for non-U.S.A. shipments, voltage set for
230V operation
Opt 550 Delete I-metre HP-IB cable
Opt W03 Converts I-year return-to-HP warranty to
90-day on-site warranty

HP 979628 (152 megabyte upgrade kit with controller)
HP 979638 (304 megabyte upgrade kit with controller)

Opt D02 Deletes HP installation
Opt W03 Converts I-year return-to-HP warranty to
90-day on-site warranty

HP 195008 Rack kit for mounting HP 7957B, 7958B
or 7959B in 19" EIA rack enclosure

HP 195608 Rack kit for mounting HP 7962B or 7963B
in 19" EIA rack enclosure (HP 12679C
rack rails required)

HP 79638

Price
$3,850
$5,475
$9,350
$6.300

$10,750
$0

$-80
$0

$4,150
$7,050
$-100

$0

$125

$125
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Data Storage for Technical/Commercial Systems 711

Models 7936H, 7937H, 7936XP, 7937XP, 7936FL and 7937FL

• High reliability
• Compact size
• Low power consumption
• Choice of controllers

$0
$0

$34.325

$70,300

$72,300

$135,600

$139,600

Price
$14,250
$15,700
$16,000
$17,450

$3,315
$15,500
$16,950

$3,315
$1000

$265
$5,000

$31.825
$65,300

$125,600
$35,325

Safety
The HP 7936H/7937H, HP 7936XP/7937XP and HP 7936FL/

7937FL meet all applicable safety standards of the following:
• IEC 380 and 435
• UL 114 and 478
• CSA C22.2 no 143 and 154

Ordering Information
HP 7936H (307 megabytes)
HP 7937H (571 megabytes)
HP 7936XP (307 megabytes + 2 Mbytes cache)
HP 7937XP (571 megabytes + 2 Mbytes cache)
HP 97520XP (Controller cache upgrade)
HP 7936FL (307 Mbytes + HP-FL controller)
HP 7937FL (571 Mbytes + HP-FL controller)
HP 97522FL (HP-FL controller upgrade)
HP 19511A (Cabinet for 2 HP 7936/37 drives)
HP 19512A (Mounting kit for 19" EIA cabinet)
HP 19514A (Cabinet for 8 HP 7936/37 drives)
HP 19521H (2 7937H drives with 19511A cabinet)
HP 19522H (4 7937H drives with 19514A cabinet)
HP 19524H (8 7937H drives with 19514A cabinet)
HP 19521XP (2 HP 7937XP drives with HP 1951lA
cabinet)
HP 19522XP (4 HP 7937XP drives with HP 19514A
cabinet)
HP 19524XP (8 HP 7937XP drives with HP 19514A
cabinet)
HP 19521FL (2 HP 7937FL drives with HP 19511A
cabinet)
HP 19522FL (4 HP 7937FL drives with HP 19514A
cabinet)
HP 19524FL (8 HP 7937FL drives with HP 19514A
cabinet)
Opt 015 (50 Hz operation)
Opt 017 (230 VAC operation)

support of large mass storage configurations (up to 32 drives on some
models), and cable lengths of up to 500 metres. In addition, the CPU
interface to disc controller burst transfer rate is 5 megabytes per sec
ond. And because data is transmitted via light, the fiber-optic cable is
immune to electromagnetic interference and does not emit radio fre
quencyenergy.

Features
• 307 megabytes, HP 7936

571 megabytes, HP 7937
• 20 ms seek; 8.33 latency; less than 1.0 ms controller overhead
• 2.35 megabytes/second internal burst data transfer rate
• Modular packaging
• Choice of controllers
• Available in large mass storage configurations
• MTBF of 70,000 hours

HP 19521, 19522 and 19524
Multiple 7937s plus a cabinet can now be ordered as one product

with HP's new large mass storage configurations, the HP 19521,
19522 and 19524. Standard ("H"), cache ("XP"), or fiber-optic
("FL") models can be purchased in l.1-Gbyte, 2.2-Gbyte and 4.5
Gbyte solutions.

Electromagnetic Emissions
Radiated and conducted interference:

• For U.S.A., designed to meet FCC Docket 20780 for Class A com
puting peripherals devices.

• For Europe, designed to meet applicable FTZ 1046/84 require
ments and provides a Manufacturer's Declaration.
For more information, call your local HP office.

2 HP 79378 in HP 19511A cabinet

~
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HP 7936H and HP 7937H
The HP 7936H and HP 7937H disc drives are fixed media storage

devices that provide formatted storage capacity of 307 and 571
megabytes, respectively. These Winchester disc drives incorporate
sealed head/disc assembly (HDA), extensive VLSI, and HP-devel
oped sputtered thin film media. As a result, excellent performance,
reliability, and f100rspace utilization are available at an attractive
price.

Designed to meet the performance demands of present as well as
future computer systems, the HP 7936H and HP 7937H disc drives
offer high density storage and compact size. Ideal for a broad range of
multi-user computer systems, these disc drives provide low per
megabyte storage costs and require low power consumption. Compat
ibility with the basic standard of HP-IB and CS/80 guarantees oper
ations on existing and future HP 3000, HP 9000 and HP 1000
computers.

HP 7936XP and HP 7937XP
These disc drives are the same as those described above, but con

tain controller cache as an included feature. The cache contains two
megabytes RAM for read cache coupled with a single-instruction
write cache. Performance can increase 10-20% on most systems.

HP 7936FL and HP 7937FL
These disc drives integrate the new HP-FL controller, one of four

components found in the HP-FL fiber-optic link. n,is link is sup
ported only on HP Precision Architecture Systems and is made up of
the disc drive controller, CPU interface card, a fiber-optic cable, and
PBus cable to daisychain multiple discs. The HP-FL link provides



COMPUTER PERIPHERALS
Tape Drives
Models 35401A, 9144A, 9145A, 7980XC, 7980A, 7979A

HP 35401A 1/4-inch
Cartridge Autochanger
Tape Drive

HP 9144A ~ inch
Cartridge Tape Drive

HP 9145A V4 inch Cartridge Tape Drive

HP 7980XC, HP 7980A and HP 7979A 112-inch Magnetic Tape
Backup Systems

1f4 -inch Tape i8)<lCkl.lp Sc,!utio,; i
HP offers a range of \I.-inch cartridge tape drive solutions which

are suitable for PCs, technical and business systems. Products are
available which offer low cost, high performance and high capacity.

HP 9144A 1f4,-'!,(;h C:ilf!:,dglf lpe Drive
The HP 9144A provides a low cost backup solution for technical

and small business systems, providing 67 Mbytes of data storage on
each 16-track cartridge tape. The HP 9144A provides a more conve
nient and reliable backup alternative to multiple floppy discs.

HP 9145A '!4"Jv:h (;3r~ridge ~pe Drive
The HP 9145A is a high performance cartridge tape drive for tech

nical and small business systems. The HP 9145A has a transfer rate
of 4 Mbytes per minute and stores 133 Mbytes of data per cartridge
tape. The HP 9145A reads and writes data to 32-track cartridges but
is still able to read 16-track cartridges maintaining backwards com
patibility with existing %-inch cartridge tape drives.

HP 35401A '., -m.;;;h ,;':C'n,id'FAutochanger Tape Drive
The HP 35401A provides a high capacity unattended backup solu

tion for business systems and technical workstation networks.
This \I.-inch cartridge drive can store up to 536 Mbytes of data with

no operator intervention necessary. It uses 16-track cartridge tapes
and has the same cartridge and data format as the HP 9144A.

The HP 9144A and HP 9145A are available in built-in versions for
Micro 3000 GX/LX systems.

Price
511.200

S23.200
.~! 3.400
5 I ] .400

Ordering Informa1itm
HP 7980XC '/2 inch tape drive (1600/6250/6250XC
cpi)
HP 7980A 1/2inch tape drive (1600/6250 cpi)
HP 7979A 1, inch tape drive (1600 cpi)
HP 88703A Field Upgrade Kit (HP 7979A-to-HP
7980A)
HP 88705A Field Upgrade Kit (HP 7980A-to-HP
7980XC)

'/2-inch Tape Backup Solutions

See technical data sheet #5953-6897 for detailed product informa
tion.

HP 7980XC, HP 7980A and HP 7979A lh-inch Tape
Drives

These compact autoload tape drives offer high reliability, reducing
basic monthly maintenance costs as much as 50%. The drives are
mounted horizontally in a one-meter high, standard 19-inch wide
rack. Another tape drive or disc drive can be mounted beneath the
existing drive. The HP 7979A provides a low-cost backup solution for
systems requiring between 100 and 500 megabytes of disc backup. It
offers 1600 cpi density for industry standard interchange. The HP
7980A provides backup solution for systems in the 400 megabyte to 2
gigabyte range. It operates with both 6250 cpi and 1600 cpi industry
standard densities. The HP 7980XC has an advanced method of data
compression built into the tape drive electronics allowing more infor
mation to be stored on standard '/,-inch tape reels. It writes and reads
tapes in industry-standard 1600 and 6250 cpi densities. The com
pressed format, not an industry standard, is an option on the 6250 cpi
density only. Backup times for large systems can be dramatically re
duced by pairing two or more HP 7980XC tape drives with HP's
TurboSTORE backup utility program. TurboSTORE, available with
HP 3000 systems, gathers data from discs and writes it to one or more
tap drives simultaneously. The entire line of tape drives is field up
gradeable. Select the one to meet your current needs and upgrade as
your system's disc capacity increases. Support is provided on most HP
3000, HP 1000, and HP 9000 systems.

Price
$2550
$3980
$8000

Ordering info··,Tli'\ "'"
HP 9144A '/.I-inch cartridge tape drive (16-track)
HP 9145A \I.-inch cartridge tape drive (32-track)
HP 35401A 'I.-inch cartridge autochanger tape drive
(16-track)
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13Desktop Scanners

Model 9190A

• Flatbed design for image source variety
• Variable resolutions insure high-quality output
• IBM and Macintosh compatibility

• Extensive software sur:port broaden~; appiications
• Optical Character Recognition (OCR) capability
• Optional Automatic Docummlt Feede!

Automatic Document Feeder
Productivity is increased even more when the OCR software is cou

pled with an HP 88190A Automatic Document Feeder. Just set up to
20 pages of text into the document feeder, start the scanning process,
and the images on the pages are automatically converted to comput
er-readable text.

accessories or as applications. Desk accessories allow you to scan
images and incorporate them into your work without leaving your ap
plication software. This makes scanning images significantly easier
and faster than using separate scanning applications. However, if you
prefer to use the software as applications, you have the freedom to do
so.

OCR Capability
Optical character recognition (OCR) software and the HP ScanJet

scanner allow you to enter typed text into your computer without
rekeying, saving you valuable time. You'll achieve a new level of pro
ductivity when entering large volumes of typed text into your comput
er. For IBM and compatible systems, HP 88400A ReadRight OCR
software gives your Scanlet OCR capabilities. OCR solutions for the
Macintosh market are provided through third-party vendors.

Extensive Software Support
By supporting most of today's popular file formats, the HP ScanJet

desktop scanner is capable of operating with a wide variety of applica
tion software packages including publishing, word processing, image
processing, painting and drawing, and facsimile packages.

With the PC Interface, files are stored and brought to application
software via the four industry-standard file formats: TIFF, MS Paint,
GEM, and PC PaintBrush. Scanning Gallery works under both the
MS-DOS (Ver. 3.0 and above) and MS Windows (Ver. 1.03 and
above) operating environments.

The Interface Kit for the Macintosh provides extensive software
support for a variety of software packages through storage of images
in the popular Macintosh DTP file formats: TIFF, MacPaint, PICT
and a Clipboard.

Price
$1495

495
495
495

68
595
595
895

Ordering Information
HP 9190A Scanlet Desktop Scanner
DP 88290A Personal Computer Interface Kit
DP 883908 Macintosh Interface Kit
DP 88490A PS/2 Interface Kit
DP 88293A PS/2 Model 30 Accessory Kit
DP 88190A Automatic Document Feeder
DP 88400A ReadRight™ OCR Software
DP 88401A ReadRight InternationaFM OCR Soft
ware

IBM Compatibility
The HP Scanlet desktop scanner is supported on the HP Vectra

PC, IBM XT/ AT and compatibles. Operation with these systems re
quires the Scanlet PC Interface Kit, HP 88290A. It is supported on
the IBM PS/2 (Models 50, 60 and 80) with the ScanJet PS/2 Inter
face Kit, HP 88490A. Support for IBM PS/2 Model 30 systems is
provided with the PC Interface Kit, HP 88290A, and an accessory
kit, HP 88293A.

At the heart of Scanlet's operation in the IBM environment is HP's
Scanning Gallery software. The software is included with both the PC
Interface Kit and the PS/2 Interface Kit and allows easy scanning,
cropping and storage of images for use in a wide variety of application
software.

Macintosh Compatibility
The HP ScanJet desktop scanner is supported on the Macintosh

Plus, Macintosh SE and Macintosh II with the HP 88390B Interface
Kit for the Macintosh.

The DeskGallery software package included with the Macintosh
Interface Kit consists of two components, DeskScan and
DeskPaint™. Together they provide easy scanning, editing and en
hancement of images. The DeskGaliery software may be used as desk

Flatbed Design
Scanlet's flatbed design can handle a wide variety of documents,

from a wallet-sized photograph to a full-size, single sheet drawing 
even oversized documents. The image lays flat on the glass. There are
no rollers to damage your original or let it slip out of position. The
flatbed accommodates both bound and loose-leaf documents. Pages in
books and magazines can be easily scanned.

Scaling/Resolution
Scanned images can be enlarged or reduced to fit the space availa

ble in your document - from 13% to 200% of the original. Images can
be scanned at any resolution from 38 dpi to 600 dpi. This allows you
to scan images at the same resolution as your printer for the highest
quality output.

HP ScanJet Desktop Scanner
The HP Scanlet scanner provides high-quality reproductions of

photographs, line art or illustrations. These images can be incorporat
ed into word processing and desktop publishing packages as well as
presentation graphics and spreadsheets. Adding images to newslet
ters, manuals, reports and catalogs helps capture the reader's atten
tion and adds impact and understanding to the printed message.

In addition to final documents, the HP Scanlet can also be used to
develop proofs for professionally-printed literature. This provides bet
ter control over the design process, eliminates steps and saves time for
designers.
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Tablet-A-size Graphics Tablet
HP SketchPro, RS-232-C Model

• New technology for unparalleled reliability
• Includes stylus and four-button cursor
• Supported by major PC CAD software on the HP Vec

tra PC, IBM AT, IBM PC/XT, and compatibles

The HP 7060A SketchPro Graphics Tablet is a small format (II x
II in.) tablet for personal CAD systems. It is used for quick menu
selection, and rapid cursor movements, as well as tracing and draw
ing. Primary applications include mechanical, electrical, and elec
tronics CAD, and AEC (Architecture/Engineering/Construction).
Secondary applications include business graphics and desktop pub
lishing (DTP).

Unparalleled Reliability
Due to a patent-pending Permuted Trace Ordering (PTO) technol

ogy, Hewlett-Packard can minimize parts, making the HP SketchPro
tablet one of the most reliable tablets on the market. The SketchPro
tablet meets HP's standards, at a low price.

supports Top PC CAD Packages
The HP SketchPro tablet is designed to work with the software and

hardware you have selected. The HP SketchPro tablet's industry
standard RS-232-C/CCITT V.24 interface enables users to connect
the SketchPro tablet to the HP Vectra PC, IBM AT, IBM PC/XT,
and compatibles.

The HP SketchPro tablet has four operating modes: Hewlett-Pack
ard, Summagraphics Bit Pad 2 (emulation), Hitachi HDG 1111 B
(emulation), and Microsoft Mouse (emulation). With these modes,
the SketchPro tablet supports the most popular CAD and graphics
software, such as AutoCAD, VersaCAD, and CADKEY.

A Complete Package
The HP SketchPro tablet provides everything you need in the box 

For operation, both a comfortable stylus and four-button cursor; for
interfacing, an RS-232-C/CCITT V.24 cable for the HP Vectra PC
or the IBM AT and compatibles, a cable adapter for the IBM PC/XT
and compatibles, and set-up instructions for configuring your soft
ware; for tablet menus, a clear anti-static overlay to hold menus se
curely in place without tape.

• Competitive Price
• Compact design with overlay hold-down/protector
• Superior resolution - up to 1200 lines per inch
• Multifunction softkeys with Mouse Mode

Superior Resolution
The HP SketchPro tablet has a resolution that is programmatically

selectable up to 480 lines per cm (1219 lines per in.), and is accurate
up to within 0.5 mm (0.02 in.) of the selected point. The HP Sketch
Pro tablet's resolution meets the most stringent requirements.

Multifunction Softkeys
The HP SketchPro tablet includes several softkeys to provide com

monly used functions; variable active areas, aspect ratio adjustments,
and mouse mode. These softkeys are predefined. Additional,
programmable softkeys are provided for future software vendor sup
port.

Specifications
Size: height, 50 mm (2.0 in.); width, 325 mm (12.8 in.); depth, 343
mm (13.5 in.); tablet tilt, 7 degrees
Net weight: 1.8 kg (4 Ibs)
Power requirements: source, 110-120 V or 230-240 V (depending on
country); frequency, 60 Hz or 50 Hz (depending on country); power,
1.8 Watts
Resolution: 480 lines per cm (1219.05 lines per in.)
Accuracy: ±0.5 mm (0.02 in.); repeatability, ±0.25 mm (0.01 in.)
Proximity: 2.5 mm (0.01 in.); jitter, 0 pixels
Stylus tilt: any degree <90°
Active area: 278 mm x 278 mm (II in. x II in.)
Technology: capacitive with Permuted Trace Ordering (PTO)
Data rate: up to 19,200 baud
Product regulations: safety, UL Listed, CSA certified; RFI, tested at
system level to FCC class Band VDE level B; Acoustics, less than 40
db sound per A-weighted scale
Environmental range: operating temperature, 0° to 55 ° C; non-oper
ating, _40° to 70° C; relative humidity, 5% to 95%; shock, '/2 sine
shock pulse <3 m duration, 160 in./sec delta V, non
operating Trapezoidal pulse, 30 g, 292 in./sec delta V

AutoCAD is a trademark of Autodesk, Inc. and Microsoft is a registered trademark of Microsoft
Corporation.

Intelligent Design
The HP SketchPro has been designed with special attention to

ergonomics and aesthetics. The tablet's slope and shape provide maxi
mum user comfort. The anti-static overlay and recessed menu area
mean menus without messy tape. Plus the small footprint saves valua
ble desk space. Both a power on/off LED and a point-digitizing LED
provide positive feedback.

Ordering Information
HP 7060A HP SketchPro Graphics Tablet

Price
$599



• Low cost: $499
• Works with HP Vectra, Touchscreen, and HP 9000

Series 300 systems

HP45911A

The HP 45911A is a high-performance, low-cost graphics tablet.
When it is installed on a computer supporting the Hewlett-Packard
Human Interface Link (HP-HIL), you have a very effective pointing
device to increase your productivity with interactive graphics applica
tions such as:
• CAD/CAM
• Presentation Graphics
• Computer Art

The HP Graphics tablet is ideal for tasks such as menu picks,
graphics placement, drawing, and tracing. Overlays, like the ones
provided with many software packages, can be used on the tablet al
lowing you to choose menu items conveniently without using screen
space. With the tablet's stylus you can make fast movements and cre
ate complex drawings as easily as with a pencil and paper.

COM!a~eTsERA~~~~~~h~~fa~~ 17151
HP 45911A, HP-HIL Model

• High-resolution: up to 1200 lines/inch
• Easy connection using HP-HIL

and output devices at the same time, you won't need multiple serial
port cards or costly switch boxes.

Software Support
The HP Graphics tablet is supported by many popular software

packages including ME 10, Graphics Gallery, AutoCAD™ (version
2.52 and above), and Versacad (version 5.1 and above).

Superb Design
The HP Graphics tablet has been designed with special attention to

ergonomics and aesthetics. The tablet slope and stylus shape have
been chosen to make it comfortable in use. And the tablet is so com
pact in size it uses less desk space than most tablets with equivalent
active area.

Specifications
Size; height, 50 mm (2.0 in.); width, 325 mm (12.8 in.); depth, 343
mm (13.5 in.)
Active area: 278 mm x 278 mm (11 in. x 11 in.)
Tablet tilt: 7 degrees
NetWeigbt: 1.8 kg (41bs)
Power requirements: source voltage, 100, 120,200,240 V--IO%,
+5%; current 150 mA maximum; power, 1.8 Watts
Resolution: 480 lines per em (1219.05 lines per in.)
Accuracy: ±0.5 mm (.02 in.)
Repeatability: ±0.25 mm (.01 in.)
Proximity: 2.5 mm (.1 in.)
Stylus tilt: any angle <90 0

Data output rate: up to 130 pairs per second
Document material: non-conductive
Product regulations: safety, UL Listed, CSA certified; RFI, tested at
system level to FCC class Band VDE level B; Acoustics, less than 4.0
Bels sound per A-weighted scale
Environmental range: operating temperature, 0 0 to 50 0 C; non-oper
ating, -550 to 700 C; relative humidity, 6% to 95%; shock, '/2 sine
shock pulse <3 msec duration, 140 in./sec delta V, non-operating
Trapezoidal pulse, 30 G, 292 in./sec delta V

Unparalleled Reliability
Due to a patent-pending new Permuted Trace Ordering (PTO)

technology, Hewlett-Packard can minimize parts, making the HP
45911A one of the most reliable tablets on the market. The tablet
meets the reliability standards you expect from Hewlett-Packard, at a
low price.

Excellent Performance
The HP Graphics tablet has very high resolution, up to 1200 lines

per inch. And its fast response time and high accuracy make it easy to
use. The tablet is based on capacitive technology and is immune tothe
effects of magnetic fields.

Easy to Install and Use
The stylus is as easy to use as a pencil. Movements of the stylus tip

on the tablet surface will be tracked on the computer monitor. The
stylus tip can be activated by a gentle push of its tip onto the tablet
surface.

The HP Graphics tablet can be used with computers and applica
tions which support the HP-HIL interface. HP-HIL allows you to
daisy chain up to 7 input devices (such as a mouse, tablet, bar code
reader, keyboard, and others) without using a serial port. Simply plug
the HP Graphics tablet into the keyboard, HP-HIL port, or another
input device. The HP-HIL interface provides power from the host
computer or terminal, eliminating the need for additional power
cords.

Saves a Serial Port
Since HP-HIL input devices have their own port and they daisy

chain together, your serial ports are free so you can use other periph
erals, such as plotters and printers. If you want to use input devices

Accessories Supplied
Stylus: 16 em with .75 m attached cable
Overlay: 295 mm x 295 mm (lP/8 in. x 115/& in.)
HP-HIL Cable

Ordering Information
HP 45911A Graphics Tablet
AutoCAD is a lrademark of Aulodesk, Inc.

Price
$499
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Printers - Versatile Color Graphics and High-Speed NLQ Text Printer
HP PaintJet Color Graphics Printer

• Color overhead transparencie~'

• Fast throughput for both text and graphics
• Quiet operation

• Extensive software support
• Three interface options
• High resolution

Print Resolution: character structure, 15 x 30-dot print character
cells; graphics, 180 x ISO dpi; 330 colors at 90 dpi; 7 colors at 180 dpi.
Character Sets: Roman8, PC-8, US ASCII, Spanish, French, PC-8
(Danish/Norwegian), German, Italian, United Kingdom, Nor
wegian I, Swedish Names, and ECMA-94.
Print Styles: Courier, 12 point (10 cpi); Letter Gothic, 12 point (12
cpi); Letter Gothic, 8 point (18 cpi); also bold, underline, superscript,
subscript, and color text.
Paper Handling: friction and sprocket feed; Z-fold and CutSheet pa
per; single sheet transparency film; CutSheet paper, 210 x 297 mm
and 8'/2 x II in.; Z-fold paper, 210 x 304.8 mm and Sy2 x II in.;
single-sheet film, 210 x 297 mm and S'/2 x II in. HP PaintJet paper
and transparency film are recommended for best results. Other print
er papers may be used for draft-quality output and provide satisfacto
ry print quality for many applications.
Print Metbod: color inkjet non-impact dot-matrix printing; unidirec
tional and bidirectional text printing; unidirectional color printing on
paper and transparency film.
Print Mechanism: cartridges, one black, one color; nozzles, total of 60
in two print cartridges (30 black, 10 cyan, 10 magenta, 10 yellow);
typical cartridge lifetime, black pen, 1100 text pages (approximately
1.1 million characters); color pen, ISO pages of color graphics (with
typical use of solid area fill) or 160 overhead transparencies.
Printable Characters Per Line: 144 at 18 characters per inch; 96 at 12
characters per inch; 80 at 10 characters per inch.
Controls and Indicators: power on, paper out, top-of-form, line feed,
and form feed.
Interfaces: Centronics Parallel; RS-232-C/CCITT V.24; HP-IB
(IEEE 488-1978).
Power Requirements: supply, 48-66 Hz; 100,120,220,240, VAC +
10%; consumption, 20 W maximum.
Environmental Ranges: operating temperature, 15° to 30° C (60° to
S6° F); non-operating temperature, _40° to 70° C (-40° to 158°
F); operating relative humidity (paper), 20% to 80% (at 10° to 30°
C); operating relative humidity (transparency film), 20% to 70% (at
10° to 30° C).
Acoustics: 5.3 bels(A); typically quoted sound pressure <50 dB (A).
Physical Specifications: height, 98 mm (3.S6 in.); width, 442 mm
(17.4 in.); depth, 302 mm (l1.S9 in.); net weight,S kg (1llb); ship
ping weight, 10.6 kg (23.3 Ib).
Buffer Size: 8K bytes.
Product Certifications: CSA approved, CSA C22.2 No. 154; UL
Listed, UL-478; TUV Approved, GS Mark, IEC-380; FCC Certified,
Class B; VDE Radio Protection Mark, Level B; VCCI Approved,
Class 2.
Estimated Average Usage: 10 pages per day.

The HP PaintJet (HP 3630A) printer is designed especially for
business and PC Engineering professionals who need both high-reso
lution color graphics and fast NLQ text from a personal printer. The
HP PaintJet offers crisp, dark text; merged text and graphics for re
ports or schedules; and full-page color graphics on either paper or
overhead transparency film.

High-Resolution Color Graphics
The PaintJet printer has a resolution of 180 dots per inch, so it

produces sharp, solid color graphics. With a PaintJet printer, users
can create colorful presentation overheads, project schedules, or 3D
CAD drawings from the same device that provides their convenience
printing.

NLQ Text
With a IS x 30-dot character cell, the PaintJet printer produces

clear, sharp near-letter-quality text - perfect for memos, status re
ports, and project updates. And the PaintJet printer offers a choice of
IO-pitch Courier, 12-pitch and 18-pitch Letter Gothic, plus bold, un
derline, superscript, subscript, and color text capability.

Fast Throughput
At 167 characters per second, the PaintJet printer can generate a

typical page of near-letter-quality text in less than 40 seconds! And a
full-page of color graphics takes less than four minutes on paper and
under eight minutes on overhead transparency film.

Bright Colors m Disposable Cartridges
The PaintJet printer's two disposable print cartridges hold four

specially-formulated inks (cyan, yellow, magenta, and black). With
these inks, the PaintJet printer produces 330 shades of color. And the
same print cartridges work on both paper and overhead transparency
film.

MUltiple Character Sets
The PaintJet printer supports 12 distinct character sets including

RomanS, PC-S, US ASCII, Spanish, French, PC-S (Danish/
Norwegian), German, Italian, United Kingdom, Norwegian I, Swed
ish Names, and ECMA-94.

Hardware and Software Compatibility
The PaintJet printer comes with three interface options - Cen

tronics Parallel, RS-232-C/CCITI V.24, and HP-IB (IEEE ~88

1975) - so it works with most popular personal computers. And it is
supported by leading business graphics, word processing, productivi
ty, PC CAD, and utility software.

Specifications
Print Speed (NLQ): 167 characters per second at 10 pitch; 200 char
acters per second at 12 pitch; 30-40 seconds per typical page of text;
full-page color graphics, 4 minutes or less on paper, 8 minutes or less
on transparency film. *

Supplies and Accessories
HP SI606A Black print cartridge
HP S1606C Color print cartridge
HP SI630P Z-fold paper, 8'/2 x II in., 250 sheets
HP SI630R Z-fold paper, 210 x 304.8 mm, 250 sheets
HP 51630Y CutSheet paper, 81/2 x II in., 250 sheets
HP 51630Z CutSheet paper, 210 x 297 mm, 250 sheets
HP 51630Q Single sheet transparency film, 8'/2 x II in.,

50 sheets (with plastic sleeves)
HP 51630S Single sheet transparency film, 210 x 297

mm, 50 sheets (with plastic sleeves)

Ordering Information
HP 3630A PaintJet Color Graphics Printer

Options
001 RS-232-C/CCITT V.24 interface
002 HP-IB interface (IEEE 488-1978)
004 Centronics Parallel interface

•Specifications quoted tor e centronics perellal printer.

Price
27.95
34.95
17.95
17.95
22.95
22.95
64.95

64.95

Price
$1395.00

N/C
N/C
N/C
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Models HP 2225A1B/C/O/P, HP 2276A, HP 2227A1B, HP 2228A, HP 2235A, HP 33440A, HP 33447A

Thini<.Jet Portable Prj,1i(;

HP 2225A/B/C/D/P
RuggedWriter 480 Pnnte,
HP 2235 series

• Quiet, compact
ISO-cps printing

• Easy-to-read draft
and NLQ printing

• Disposable print
cartridges

• Excellent software
support

• Battery powered
models offer 200
pages printing
between recharges

This convenient desktop printer is quiet and unobtrusive, yet quick
and efficient, delivering crisp, easy-to-read text and graphics for let
ters, reports, even spreadsheets. Two battery powered versions (HP
IL and Centronics-type interfaces) allow you to match this very dura
ble and lightweight printer with the smallest of computers.

• Fast, 480-cps
rugged printing

• 24-wire impact
dot matrix

• Three independent
paper paths

• Paper handling
flexibility

• Built-in dual I/O
• 6 part forms

The wide carriage HP RuggedWriter 480 Printer offers top-quality
printing that's fast (480-cps draft and 240-cps letter-quality). It's
rugged (unlimited duty cycle and 20,000 hours mean time between
failures), designed for use as a shared printer on minicomputers or PC
networks, or as an individual PC printer for high-volume applications.

laserJet Series II

DeskJet Printer
HP 2276A

• Publications-quality
print at eight
pages/minute

• LaserJet PLUS com
patibility-two font
cartridge slots;
downloadable
fonts/forms

• Expandable memory
up to 4.5 megabytes

• Easy-to-use front
control panel

See page 719 for LaserJet Fonts, Memory Boards, Accessories and Tempested products.

The LaserJet lID printer offers the same quiet, high resolution
printing as the LaserJet Series II printer, but adds the flexibility and
paper capacity to serve several users or one high-volume user. Multi
ple input trays and duplex (two-sided) printing allow the printer to
run longer between paper refills. Like the HP LaserJet Series II print
er, it is excellent for applications such as general, technical and legal
word processing, spreadsheets, reports, forms and desktop publishing.

• Publication-quality
print at eight pages
per minute

• Two paper input
trays handle bigger
print volumes

• Envelope feeder ac
cessory adds a third
input source

• Two-sided page
printing for excellent
paper usage

• 24 fonts standard

The LaserJet Series II printer improves on the features of the popu
lar LaserJet PLUS printer. Printing up to 8 pages per minute on pa
per sizes including letter, legal, executive, and European A4, the
printer is compatible with over 600 of the most popular software
packages. The LaserJet Series II prints text and graphics at 300 x 300
dots/inch and provides whisper-quiet operation with virtually all PCs
and PC networks. The printer is especially well-suited for desktop
publishing. e

EWlaserJet 110 Printer
The new DeskJet Printer offers laser-quality output at an afforda

ble price. Create professional-looking letters and office documents us
ing common office papers and watermarked letterhead. Simple
operation, compact size, friendly control panel and font cartridge ac
cessories assure superior printing for individual personal computing
applications.

You get exceptionally quiet, quality printing for word processing,
data base management, and computer graphics. The narrow-carriage
QuietJet Printer is just big enough to handle standard 8.5 x II-inch
and A-4 size paper, a real space saver for personal computer and ter
minal users. The QuietJet Plus Printers have a wide carriage for pa
per up to 15".

QuietJet and
QuietJet Plus Prmter;
HP 2227AlB, HP 2228A

• True letter-quality
300 dpi

• Attractive desktop
design

• Multiple fonts, high
resolution graphics

• 240 cps draft and
120 cps letter-quality
printing

• Built-in sheet feeder

• Quiet, quality ..
desktop printing

• I92-cps draft and
48-cps NLQ

• Excellent software
support

• Disposable print
cartridges

e



COMPUTER PERIPHERALS
Departmental and Systems Printers
Models HP 2684A/D/P, HP 2932/34A, HP 2563/64/66/678, HP 2680A, HP 2685C, HP 2689A and Output Design
Service

LaserJet 2000

• Publication-quality
print at up to 20
pages/ minute

• LaserJet PLUS
compatibility for
office/departmental
use

• Optional double
sided (duplex)
printing

• Optional 2000-sheet
input paper deck

The LaserJet 2000 printer offers high-volume, high-speed printing
for the minicomputer and PC network environment. The LaserJet
2000 has upgradeable memory to 5.5 megabytes-ideal for multiple
users requiring full-page graphics at 300 x 300 dots/inch and many
downloadable fonts. Paper cassettes are available for printing on six
paper sizes, including letter, legal, executive, ledger, and Eureopean
A4 and A3. Includes thirty-four resident fonts and 3 LaserJet font
cartridge slots.

LaserJet Fonts and Memory Boards

A large selection of LaserJet-compatible font cartridges and
downloadable soft fonts are available in many typefaces, styles and
point sizes. The LaserJet Series II, LaserJet lID and LaserJet 2000
printers also offer upgradeable memory for increased font download
ing and graphics capability. For information about available fonts
and printer memory, contact your HP sales representative.

TEMPEST Printer Family

TEMPEST versions of selected peripherals are available for gov
ernment applications requiring security protection. International dis
tribution is limited; contact your local HP sales representative for
availibility and ordering information.

HP 2934A Printers

• 200-cps, 136-column
impact printing

• Up to 6-part forms
• Handles up to 12,000

pages/month
• Interface flexibility

Speed, reliability, simplicity of operation, and unlimited duty cycle
allow the HP 2934A to meet heavy duty printing needs. The HP
2934A offers all the print features of the HP 2932A plus near-letter
quality (NLQ), font cartridges, bar codes, OCR, large character gen
eration, and optional single bin sheetfeeder (see picture).

HP 2563B, 2564B,
2566B, 2567B

• 300,600, 900, or
1200/16001pm

• Bar code and multi
part forms printing

• 16-channel vertical
format control

• 55 dBA cabinets
for standard
HP 2563/64B
models

The HP 2563B, 2564B, 2566B, and 2567B are a fully supported
line impact dot matrix printer family for minicomputer, microcom
puter, or mainframe computer systems. They feature high density
and compressed text, graphics, bar code and OCR capabilities, and
multiple character sets. High reliability is assured through battery
backed-up printer memory, microprocessor control, and few moving
parts. Enhanced bar code capabilities are available with the HP Label
Card option.

HP 2680A
Laser Printing
System

• 45 ppm; up to
1,000,000 sheets
monthly

• 8.5 x II-inch fanfold
paper

• Electronic forms and
graphics

• High-volume label
printing

The HP 2680A Laser Printing System is the solution for HP 3000
and Precision Architecture computer systems. It features continuous
paper feed for paper-handling reliability, non-contact fusing, and a
data control system that handles variable size characters and up to
four pages of print on one sheet of paper. Merged text and graphics as
well as electronics forms capabilities are available using IFS/3000,
IDSFORM/3000 and other software applications.

HP 2685C Laser Print Station

The HP 2685C Laser Print Station is a local or remote solution for
large host mainframe computer systems. It consists of the HP 2680A
laser printer and a system controller, terminal, disc drive, and mag
netic tape.

Output Design Service

The Output Design Service provides custom forms design, logos,
and signature-scanning services for all HP laser printers, including
the HP 2680A and HP 2685C.
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Personal, Departmental and Systems Printers

ORDERING INFORMATION FOR HEWLETT-PACKARD PRINTERS

Literature
For additional information, ask your HP sales representative or

your dealer for the following literature:

Product (s) Part Numbers

LaserJet Family Printers
HP LaserJet Series II Printer
HP LaserJet lID Printer
HP LaserJet 2000 Printer

Accessory:
JetScript

$2695
$4295

$19,995-$25,695

$2795

$6190-$7790
$11,45(}-$12,950

$22,641
$29,170

$2205

Computer Peripherals Selection Guide
PaintJet Color Graphics Printer
ThinkJet/QuietJet Family Printers
DeskJet Printer
JetScript Accessory Kit
LaserJet Series II Printer
LaserJet lID Printer
HP LaserJet 2000 Printer
TEMPEST LaserJet Family
HP 2930 Family Printers
RuggedWriter 480 Printer
HP 256XB Family of Line Impact Dot Matrix Printers
HP Label Card
HP 2680/85/89 High Speed Laser Printer Family
Output Design Service

Product Line

Products

ThinkJet Family Printers
HP 2225A: HP-IB Interface
HP 22258: HP-IL Interface, battery power
HP 2225C: Parallel Interface
HP 2225D: RS-232 Interface
HP 2225P: Centronics Interface, battery power

Accessory:
922197 Cable

IQuietJet Family Printers
IMP 2227A: Dual I/O (Centronics/RS-232), wide
Icarriage
'HP 22278: HP-IB Interface, wide carriage
'HP 2228A: Dual I/O (Centronics/RS-232)

5954-9305
5954-8752
5954-9952
5954-9942
5951-6896
5951-6901
5951-6897
5951-6899
5954-9482
5954-7007
5954-9944
5954-7326
5954-7327
5954-8973
5954-8961

Prices

$495
$495
$495
$495
$495

+$49

$799

$799
$599

HP 2934A Printer
HP 2934A: RS-232 standard

Interface options:
RS-422 (#035)
SNSjData Link (#039)
Centronics-type (#042)
HP-I8 (#046)
Multipoint Asynchronous (#034)

Accessory:
HP 29340S: single-bin sheet feeder (2934 only)

RuggedWriter 480 Printers
HP 2235A: Dual I/O (Centronics/RS-232)
HP 22358: Dual I/O (HP-IB/RS-232)
HP 2235C: Dual I/O (CentronicsjRS-232) w/sheet
feeder
HP 2235D: Dual I/O (HP-IB/RS-232) w/sh.:et feeder

Accessories:
HP 12239A (sheet feeder - US letter-size tray)
HP 122398 (sheet feeder - EUR A4 size tray)
HP 12235A (font cartridge - 4 fonts and 16K
RAM)

Line Impact Dot Matrix Printers
HP 25638: 300 Ipm
HP 25648: 600 Ipm
HP 25668: 900 Ipm
HP 25678: 1200/1600 Ipm

Accessory:
HP Label Card: option #024

$2995

+50
+200
+50

+150
+200

+395

$1695
$1895
$1945

$2145

$250
$250
$150

DeskJet Printer
lIP 2276A: Dual I/O (Centronics/RS-232) $995

High Volume Laser Printers
HP 2680A Laser Printing System
HP 268SC Laser Print Station

$87,750
$95,423-$124,428
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Plotters-Scientific Measurement/Business Plotter
ColorPro Plotter

• 8-pen carousel
• Handles A4/A-size· paper, transparency film

• High-quality output
• ROM cartridge slot

$SO.OOW

$69.00W

$40.00W

NjC
NjC

$80.00W

Price
$1295.00W

$ISO.OOW

Compatibility
With a choice of two interfaces, RS-232-CjCCITT V.24 or HP-IB

(IEEE 488-1978), the HP ColorPro plotter works with virtually all
personal computers. It can also be connected to a variety of HP and
non-HP minicomputers or mainframes, but does not provide eaves
drop capability in these environments.

ROM Cartridge Slot
To keep up with your expanding needs (such as emerging graphics

standards), the ColorPro plotter has a ROM cartridge slot. HP offers
a Graphics Enhancement Cartridge as an accessory to the ColorPro
plotter. The cartridge adds more advanced capabilities to your Color
Pro plotter such as additional HP-GL instructions to draw arcs, cir
cles and polygons; a larger RS-232-C buffer (1024 bytes); and 14 ISO
character sets.

Graphics Software
The ColorPro plotter is supported by a wide variety of graphics

application packages for HP as well as non-HP computer systems.
Details are available from any HP sales and support office.

Specifications
Resolution: smallest addressable step size, 0.025 mm (0.001 in.)
Repeatability: with a given pen, 0.1 mm (0.004 in.)
Pen velocity (each axis): pen up, approx. 52.0 cmjs (20.5 in.js); pen
down, maximum, approx. 40.0 cmjs (15.7 in.js); programmable, 1.0
to 40.0 cmjs in 1.0 cmjs increments
Acceleration: approximately 1.2 g's
Environmental range: operating, O°C to 55°C, 5% to 95% Rh (at
40°C), non-operating, -40°C to 75°C
Maximum plotting area: pen axis, 191 mm (7.5 in.) for A and A4*;
paper axis, 272 mm (10.7 in.) for A4, 257 mm (10.1 in.) for A
Interfaces: HP-IB (IEEE 488-1978) interface which implements
IEEE 488-1978 standards; RS-232-CjCCITT V.24, asynchronous
serial ASCII with switch selectable baud rates of 75, 110, 150,200,
300,600, 1200,2400,4800,9600; 60-byte buffer
Power requirements: source, 100, 120, 200, 240 V~ -10%, +5%;
frequency, 48-66 Hz; consumption, 20 W maximum
Size: height, 125 mm (4.9 in.); width, 460 mm (18.1 in.); depth, 308
mm (12.1 in.)
Weight: net, 5.5 kg (12.0 lb); shipping, approx. 8.6 kg (19.0 Ib)
FCC: FCC certified to conform to limits set for radio frequency inter
ference when used with a class B computing device. Meets or exceeds
IEC-380, IEC-435, UL-478

Accessories Supplied
HP ColorPro Graphics Plotter Operating Manual
Power supply
An assortment of pens and media are also supplied with the plotter.
The media size and appropriate power supply are determined by pIot
ter destination.
NOTE: Interface cables are not supplied with the plotter. They must
be ordered separately.

Ordering Information
HP 7440A ColorPro Plotter
HP 17440A Graphics Enhancement Cartridge
Options
001 RS-232-CjCCITT V.24 (cable not included)
002 HP-IB (IEEE 488-1978) (cable not included)

Interface Cables
HP 13242G M-M special RS-232-C cable for use with
Option 001, HP 150 Personal Computers, HP Vectra
PC with HP 24541A interface
HP 17255D M-F special RS-232-C cable for use with
Option 001, IBM PC, AT &T Personal Computers
HP 24542G M-M special RS-232-C cable for use with
Option 001, HP Vectra PC with HP 24540A interface,
IBM AT
HP 10833A HP-IB I-metre cable for use with Option
002
W Fast-Ship product - see page 766.

Eight-pen Carousel for Color and Convenience
Once you load the ColorPro plotter's eight-pen carousel, you have

access to a spectrum of colors in two different widths - thick pens for
headings, thin pens for details. And the pens are capped when not in
use to prolong pen life.

Programming Features
If you plan on creating your own graphics programs, you can utilize

the HP-GL instructions resident in the ColorPro plotter. HP-GL
(Hewlett-Packard Graphics Language) is a simple but powerful com
mand set that controls plotting functions such as pen movement, la
beling, character set selection, and axis placement. Order the HP
ColorPro Programming Manual (Part No. 07440-90001) for com
plete explanations and examples of the plotter's graphics and in
terfacing instructions.
*A4 Size is 210 x 297 mm; A Size is 8'12 x II in.

The HP ColorPro eight-pen plotter is designed to provide quick,
presentation-quality color visuals for business and scientific applica
tions. It draws with fiber-tip pens on overhead transparency film and
regular and glossy paper.

The ColorPro plotter is designed for professionals who make deci
sions from numbers and make presentations with numbers. Whether
you're drawing overheads for a meeting or recording data from a
smart instrument, output quality is important. The exceptional line
quality of the ColorPro plotter makes drawings and charts perfect for
most professional presentations or reports.

High-Quality Output
With an addressable step size of 0.025 mm (0.001 in.), the Color

Pro plotter can draw up to 1000 points in a I-inch line. That means
you get ruler-straight lines, even on the diagonal. And when com
manded to return to the same point with no pen change, the plotter
achieves this repeatability within 0.1 mm (0.004 in.). This precision
helps ensure that circles are closed and bar and pie charts are properly
aligned.



• High-quality output
• Drafting capability
• Choice of A3/B * * and A4/A * media sizes
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Model 7475A

• Six-pen carousel
• Plots on paper, transparency film, polyester film
• Plots using fiber-tip and liquid-ink pens

Interface Options
The HP 7475A is easy to interface with most HP and non-HP com

puters because you have the choice of two interface options - either
RS-232-C/CCITT V.24 or HP-IB (IEEE 488-1978). By adding an
eavesdrop cable you can connect the HP 7475A in series with a com
puter and a terminal.

Graphics Software
The HP 7475A is supported on a wide variety of business and de

sign graphics application packages for HP as well as non-HP comput
er systems. Details are available from any HP sales and service office.

Accessories Supplied
HP 07475-90002 Operation and Interconnection Manual
HP 07475-90003 Reference Card

Power cords and an assortment of pens and drawing media are also
supplied with the plotters. The media size and appropriate power sup
ply are determined by plotter destination.
NOTE: Interface cables are not supplied with the plotter. They must
be ordered separately.

Specifications
Resolution: Smallest addressable step size, 0.025 mm (0.001 in.)
Repeatability: with a given pen, 0.1 mm (0.004 in.); from pen to pen,
0.2 mm (0.008 in.)
Pen velocity (each axis): pen up, 50.8 cm/s (20 in./s); pen down,
maximum, 38.1 cm/s (15 in.js); programmable, I to 38 cm/s in 1
cm/s increments
Acceleration: approximately 2 g's
Environmental range: operating, O°C to 55°C; non-operating,
-40°C to 75°C
Plotting area: x-axis, 258 mm (10.2 in.), A/B; 275 mm (10.8 in.),
A4/A3; y-axis, 198 mm (7.80 in.), A; 192 mm (7.56 in.), A4; 414 mm
(16.3 in.), B; 402 mm (15.8 in.), A3
Interfaces: HP-IB (IEEE 488-1978) implements the following func
tions as defined in IEEE 488-1978 - SHl, AHI, T2, TEO, LEO,
SRI, RLO, DCl, DTO, L2, PPO (listen only or address less than 7,
otherwise PP2); RS-232-C/CCITT V.24, asynchronous serial ASCII
with switch selectable baud rates of75, 110,150,200,300,600,1200,
2400,4800,9600. External clock input capabilities with intermediate
baud rates of up to 9600 baud; 1024 byte buffer
Power requirements: source, 100, 120,220, 240 V~ -10%, +5%;
frequency, 48-66Hz
Size: height, 127 mm (5 in.); width, 568 mm (22.4 in.); depth, 367
mm (14.5 in.)
Weight: net, 7 kg (16.0 Ib); shipping, approx. II kg (24.0 Ib)
FCC: FCC certified to limits set for radio frequency interface when
used with a class B computing device

The HP 7475A is a low-cost plotter that provides the kind of graph
ics excellence and versatility you would expect to find in a much more
expensive plotter. The HP 7475A produces fast, high-quality draw
ings for business, design, and measurement professionals.

With the HP 7475A, you have your choice of two media sizes 
A4/A-size· for colorful report and presentation graphics, and A3/B
size" plots for PERT charts, schematics, engineering drawings, and
design applications. You can switch chart sizes with the push of a
button.

If you need a vertical format, you can use the front panel keys to
rotate the chart 90 degrees. And if you need to digitize, you can do
that from the front panel, too.

The HP 7475A accepts four different types of media - chart pa
per, glossy presentation paper, overhead transparency film and doub
le-matte polyester film. And you have a choice of two different pen
types - fiber-tip pens for paper and overhead transparencies and liq
uid-ink drafting pens for high-quality drawings on polyester film. Fi
ber-tip pens are available in ten colors and two tip widths. Refillable
short-body drafting pens come in three different tip widths.
Applications
Business: The A3 /B-size·· capability of the HP 7475A makes it the
ideal plotter for PERT charts, organization charts, flow charts, or
small flip charts. And the HP 7475A produces colorful A4/A-size·
charts for reports, meetings, and presentations.
Design: Perfect as an entry level drafting plotter or an inexpensive
companion to your design system, the HP 7475A creates liquid-ink
drawings on polyester film for frequently handled archival copies or
check plots using fiber-tip pens on paper.
Measurement: The HP 7475A adds hardcopy graphics capability to
intelligent instruments and instrument systems with an HP-IB (IEEE
488-1978) interface. Many systems (with or without display screens)
can have the benefits of high-quality, hardcopy graphics plotted di
rectly from measured data.
High-Quality Output

With an addressable step size of 0.025 mm (0.001 in.), the HP
7475A can plot up to 1000 points in a I-inch line. When commanded
to return to the same point with no pen change, the plotter achieves
this repeatability within 0.1 mm (0.004 in.). Because of the outstand
ing resolution and repeatability, the HP 7475A produces straight,
professional-quality lines.

• A4 Size is 210 x 297 mm; A Size is 8Y> x 11 in.
.. A3 Size is 297 x 420 mm; B Size is 11 x 17 in.
Special Programming Features

If you create your own graphics programs, you'll be glad to learn
that the HP 7475A contains over 50 HP-GL (Hewlett-Packard
Graphics Language) instructions to control such functions as arc and
circle generation, and area fill in pie and bar charts. Plus, the HP
7475A has 19 internal character sets, including ISO European sets,
Katakana, ASCII, and Roman 8 extensions.

Accessories Available
HP 07475-90001 Interfacing and Programming
Manual

Ordering Information
Options
001 RS-232-C/CCITT V.24 (cable not included)
002 HP-IB (IEEE 488-1978) (cable not included)
HP 7475A Six-pen Graphics Plotter
Available from Instruments Direct 800-523-2121 (U.S. only)
W Fast-Ship product - see page 766.

Price
$20

Price

N/C
N/C

$1895W
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Plotters - High Speed/High Performance Plotter
Model 7550A

• Ideal for high-volume, shared environments
• Requires minimum operator supervision
• Uses drafting media, pens

• High throughput
• 6 g acceleration, 80 cm/s (31.5 in./s)
• Accepts A3/B- and A41A-size media

HP 7550A

Hewlett-Packard's sheet feed 7550A plotter is an innovative graph
ics tool for business and technical users alike. Automatic cut sheet
feed capability for paper and transparencies makes the HP 7550A
ideal for unattended plotting or multiple color copies. With an un
matched 6 g of acceleration, the HP 7550A can produce quick graphs
for problem-solving or decision making, or working drawings for
drafting or design systems. And the HP 7550A meets Hewlett-Pack
ard's high performance standards, so it creates professional-looking
graphs for reports and presentations.

Fast Throughput
The HP 7550A's fast acceleration and pen speed mean shorter

plotting time. The HP 7550A draws in any direction at 80 cm/s (31.5
in./s) and letters at approximately 7-9 characters per second. It uses
the powerful MC68000 l6-bit microprocessor. The HP 7550A is also
equipped with a replot capability so if an entire plot will fit in the
replot buffer (~ 12K bytes), the HP 7550A can produce up to 99
original color copies without rerunning the program, freeing your
computer to go on with other tasks.

Minimum Operator Supervision
The HP 7550A eliminates manual paper handling of A3/B- and

A4/A- size sheets of paper, and transparency film. The carousel al
lows eight pens to be loaded at once, and the plotter caps the pens
when not in use to keep ink fresh. The HP 7550A automatically
senses the type of carousel loaded, then sets the optimal pen speed and
force. It also senses what paper size is being used.

High Quality Output
With an addressable resolution of 0.025 mm (0.001 in.) and

mechanical resolution of 0.006 mm (0.00025 in.), the HP 7550A
makes smooth arcs and draws lines that meet precisely. It also has a
curved line generator which can be invoked when exceptionally
smooth curves are required.

With 20 character sets, the HP 7550A is ideal for international
business. Choices include Katakana and ISO European languages for
Denmark, France, Germany, Italy, Norway, Portugal, Spain, Swe
den, and the United Kingdom. The HP 7550A letters in two fonts: arc
font with proportional spacing for maximum readability and stick
font with fixed character spacing for speed.

Features
The front-panel display and function keys guide users through each

plotter setup, report plotter status, and give program messages. The
HP 7550A rotates graphs 90 degrees for a choice of either horizontal
or vertical formats, and aligns graphs to pre-printed forms and grids,
all from the front panel.

The HP 7550A accepts standard A4/A- and A3/B-size paper,
double-matte polyester film, vellum, and A4/A-size transparency
film. Pen choices include liquid-ink, roller-ball, paper, and trans
parency pens. Because of its complete device control command set
and dual interface - HP-IB (IEEE-488) and RS-232-C/CCITT
V.24, the HP 7550A is adaptable to most system environments.



Technical Applications
The drawing quality, media flexibility, automatic sheet feed and

fast plotting time of the HP 7550A make it ideal for quick working
drawings or small format final drawings in computer-aided design, or
for technical graphics in manufacturing, testing, or research and de
velopment. The HP 7550A is supported by many technical graphics
software packages; the HP 7550A can draw A3/B-size check plots
and working drawings to help relieve overburdened drafting plotters,
produce quick, problem-solving graphs or engineering analyses, and
plot charts and graphs on transparency film for technical presenta
tions. And the HP 7550A does it all quickly and easily.

Business Applications
The HP 7550A is suited to business graphics users who appreciate

the value of color hardcopy graphics, need quality graphics in quanti
ty, and want a plotter that requires a minimum of operator supervi
sion. Financial graphs, project schedules, forecasts and text charts are
typical uses for a HP 7550A in a business environment. And both HP
and non-HP graphics software packages make it easy for anyone to
use the HP 7550A.

Software
Software support is available for the HP 7550A on many HP and

non-HP computer systems, as well as HP and non-HP personal com
puters. In addition to HP's Industry Standard Plotting Package, a
variety of graphics packages for nonprogrammers is available. These
software packages cover both business and technical applications.
Complete information is available from any HP Sales and Support
office.

8

Environmental range: operating, O°C to 55°C; nonoperating,
-40°C to 75°C; automatic sheet feeder, operating with paper, 10 
40 C and 0 - 80% RH, with transparency film, 15 - 35 °C and 25 - 75%
RH
Size: height, 215 mm (8.5 in.); width, 670 mm (26.4 in.); depth with
A4/A loading tray/no catcher, 432 mm (17.0 in.), A4/A loading
tray with catcher, 682 mm (26.8 in.), A3/B loading tray /no catcher,
635 mm (25.0 in.), A3/B loading tray with catcher, 896 mm (35.3
in.)
Weight: net approximately 17.3 kg (38.0 Ib), shipping approximately
25.0 kg (55.0 Ib)
Pens: 8 per carousel: fiber-tip, roller-ball, and liquid-ink
Media: manual feed, chart paper, high-gloss paper, transparency
film, vellum, double-matte polyester mylar film; automatic sheet
feed, chart paper and transparency film.

Accessories Supplied HP Part Number
Operation and Interconnection Guide 07550-90002
Pocket Guide 07550-90003
A-size Media Loading Tray 17561A
A4 Media Loading Tray 17562A
A4/A Paper Catcher 17563A
Pen carousel for fiber-tip transparency pens 07550-60050
Pen carousel for fiber-tip paper pens 07550-60051

A power cord and an assortment of fiber-tip pens, paper and trans
parency media are also supplied with the plotter. The media size and
appropriate power cord are determined by destination. Drafting pens
and drafting media are available; please refer to the Computer Users
Catalog for a complete listing.

Specifications
Media sizes: accommodates ISO A4 (210 x 297 mm), ANSI A (8.5
x 11 in.), ISO A3 (297 x 420 mm), and ANSI B (11 x 17 in.)
Maximum plotting area: pen axis, 254 mm (9.97 in.) for A/B, 272
mm (10.65 in.) for A4/A3; paper axis, 411 mm (16.12 in.) for B, 399
mm (15.65 in.) for A3, 196 mm (7.68 in.) for A, 190 mm (7.45 in.) for
A4.
Resolution: smallest addressable step size is 0.025 mm (0.001 in.);
mechanical resolution is 0.006 mm (0.00025 in.)
Repeatability: with a given pen, 0.1 mm (0.004 in.)
Pen velocity: pen down, maximum, 80 cm/s (31.5 in./s) in incre
ments of 1 cm/s, from the front panel 10 to 80 cm/s (4 to 31.5 in./s)
in increments of 5 cm/s; pen up 80 cm/s (31.5 in./s)
Acceleration: maximum approximately 6 g's; programmable from I
to 6 g's in increments of I g.
Pen force: I5 to 66 grams
Power requirements: source, 100, 120,220,240 V, -10%, +5%;fre
quency, 48 - 66 Hz; consumption, 100 W maximum
Interfaces: HP-IB implements the following HP-IB functions as de
fined in IEEE 488-1978: SHl, AHl, T6, L3, SRI, RLO, DCl, DTO,
CO, PPO, for listen only, PPI for address greater than 7, and PP2 for
address of 7 or less, device address front panel selectable, default
value - 5; RS-232-C/CCITT V.24, asynchronous serial ASCII with
front panel selectable baud rates of 75, 110, 150,200, 300,600, 1200,
2400, and 9600, default value - 2400
Buffer size: default, 1024 bytes; from the program expandable to
12K bytes
Character sets: 20 sets, each in two character fonts, including, the
following ISO registered sets: International Reference Version (002);
United Kingdom (004), U.S. ASCII (006), Swedish (010), Swedish
for Names (011), Katakana (013), 1IS ASCII (014), Italian (015),
Portuguese (016), Spanish (017), German (021), French (025), Nor
wegian (060), Norwegian II (061), plus HP 9825 character set,
French/German, Scandinavian, Spanish/Latin America, Special
Symbols, and Roman 8 Extensions

Ordering Information
Interface cables
HP 17355D Male-female RS-232-C/CCITT
V.24 cable for use in remote modem environ
ments; pins 1-25 wired end-to-end
HP 17255F Female-female RS-232-C/CCITT
V.24 cable, adapted for use with IBM personal
computer interface
HP 17255D Male-female RS-232-C/CCITT
V.24 cable, adapted for use with HP 150 per
sonal computer interface
HP 17855A RS-422-A adapter cable
HP 10833A or 45529A HP-IB I-metre cable;
RFI shielded
HP 108338 or 455298 HP-IB 2-metre cable;
RFI shielded

Accessories Available
HP 17526A A3-size Media Handling Kit, in
cluding media loading tray, media catcher, 50
sheets A3-size plotter paper
HP 17525A 8-size Media Handling Kit, in
cluding media loading tray, media catcher, 50
sheets B-size plotter paper
HP 17564A B-size Loading Tray
HP 17565A A3-size Loading Tray
HP 17566A B-size Media Catcher
HP 07550-90001 Interfacing and Program
ming Manual

HP 7550A Graphics Plotter
W Fast-Ship product - see page 766.

Price

$60W

$40W

$40W

$200W
$80W

$90W

$160W

$160W

$110
$110

$42
$35

$3900W



BCOMPUTER PERIPHERALS
Plotters Low-cost, Eight-pen Drafting Plotter
HP DraftPro Plotter

• Professional, quality output
• Solid software support

• Pens and media for every application
• A2/C/Architectural C- and A 1/D/Architectural D-size

media

The HP DraftPro plotter is an 8-pen drafting plotter that's been
designed especially for you and your personal CAD system. The HP
DraftPro plots on single sheets with widths from 550 mm to 640 mm
and lengths from 400 mm to 1000 mm. That includes ISO A2 and A3
sizes, ANSI C and D sizes, and Architectural C and D sizes.

Whether you create electrical schematics, floor plans, part render
ings, or topographical maps, the DraftPro plotter offers the profes
sional-quality output your work deserves - at a price you can afford.

High-Quality Output
When your drawings look good, you look good. So you need high

quality output that reflects the professional nature of your work. The
DraftPro plotter provides the high-quality output you expect from a
Hewlett-Packard product.

The DraftPro plotter has a mechanical resolution of 0.013 mm
(0.0005 in.) and an addressable resolution of 0.025 mm (0.001 in.) to
ensure you get smooth arcs and crisp letters. And with DraftPro's
repeatability of 0.10 mm (0.004 in.), your drawings will have precise
corners and circles that close.

For applications that require precision plotting, accuracy is an im
portant specification. Accuracy refers to the difference in length be
tween distance the plotter is instructed to draw and the distance it
actually draws. The DraftPro plotter is accurate to within 0.5 mm
(0.02 in.) or 0.2% of the specified line length, whichever is greater.

Media and Pen Flexibility
Different types of media are appropriate for different applications.

And for best results, it's important to use pens that are compatible
with your media. The DraftPro plotter plots on paper, vellum, and
polyester film. And it draws with fiber-tip pens, disposable liquid-ink
pens, and refillable liquid-ink pens.

The HP DraftPro also allows you to choose one of eight different
plotting speeds right from the front-panel. You can select the speed
that is most appropriate for your pen/media combination.

Eight-pen Carousel
The DraftPro plotter's eight-pen carousel means you have access to

a wide variety of colors and line widths for every drawing. During a
plot, pens are changed automatically and they are automatically
capped when not in use. Two carousels come with every DraftPro
plotter - one for fiber-tip pens, and one for drafting pens.

High Throughput
Hewlett-Packard knows that you don't have time to sit around and

wait for your plots to finish. In addition to it's maximum 2.8 g acceler
ation and 40 cm/s (15.7 in./s) velocity, the DraftPro plotter has sev
eral features that help minimize plotting time.

The DraftPro plotter has a "pen sorting" feature; the plotter mini
mizes the number of pen picks by grouping lines of the same color
together and drawing them at the same time. In addition, the HP
DraftPro has strong communication abilities.



Easy-to-Use
With the HP DraftPro, you can start producing drawings the same

day you unpack the plotter. The paper and pen loading procedures are
simple, and the front-panel controls can be mastered in minutes. And
when you're loading media, the HP DraftPro automatically senses
the sheet size and sets the margins accordingly.

The DraftPro plotter is small and lightweight, so it fits almost any
where. And because it has its own set of wheels, the DraftPro is easy
to move and easy to share.

BuDer size: 7448 bytes (to be shared between user-definable I/O,
polygon, and pen sort buffers)
Environmental Range: operating temperature, 0° C to 55° C; non
operating temperature, -40° C to 75° C; relative humidity, 5% to
95% (in 0° C to 40° C)
Size: height, 1030 mm (40.6 in.); width, 1140 mm (44.9 in.); depth,
520 mm (20.5 in.)
Weight: 30 kg (66 lb)
Pens: 8·pen carousel: fiber-tip, disposable liquid-ink, and refillable
liquid-ink drafting pens.
Media: Paper, vellum, and double-matte polyester film.

Accessories Supplied
User's Guide
Pocket Guide
Power Cord
Media Sampler Kit

5 sheets of architectural D-size paper
Fiber-tip pens (0.3 mm)

Pkg of 5 (black, green, red, and yellow)
Carousels

Fiber-tip pen carousel
Liquid-ink drafting pen carousel

Grit Wheel Brush
Hewlett-Packard Drafting Supplies Catalog
(P/N 5957-3776 [D] or 5957-3777)

Accessories Available
Description Part Number
HP-IB Installation Instructions 07570-90014
Programmer's Reference (available in English only) 07570·90001
Programmer's Pocket Guide (available in English only) 07570-90003
Hardware Support Manual 07570-90000

Powerful Command Set
Programmers will be glad to know the HP DraftPro supports more

than 80 HP-GL (Hewlett-Packard Graphics Language) commands.
With just a few commands, you can label; draw lines, arcs, and cir
cles; or select one of 20 international character sets.

Hardware and Software Compatibility
The DraftPro plotter connects easily to almost any HP or other

personal computer or workstation. An RS-232-C/CCITT V.24 inter
face comes standard; HP-IB (IEEE 488-1978) can be ordered as an
accessory.

Like all HP drafting plotters, the DraftPro is supported by the
leading software vendors. Check with your local HP sales and support
office for complete software information. Or contact your current
software vendor about their support for the DraftPro.

Specifications
Media sizes: accommodates widths from 550 mm to 640 mm, lengths
from 400 mm to 1000 mm. These measurements include
A2/C/Architectural C- and AI/D/Architectural D-size media.
Margins: Expanded mode, 5 mm (0.2 in.) on three edges, 31 mm (1.2
in.) on the fourth; Normal mode, 15 mm (0.59 in.) on three edges, 39
mm (1.5 in.) on the fourth.
Resolution: smallest addressable move, 0.025 mm (0.001 in.);
mechanical resolution, 0.013 mm (0.0005 in.)
Repeatability: (for the same pen): 0.10 mm (0.004 in.); (pen to pen):
0.20 mm (0.008 in.). These specifications are for 0.08 mm (0.003 in.)
polyester film.
Accuracy: 0.5 mm (0.02 in.) or 0.2% of the specified line length,
whichever is greater. These specifications are for 0.08 mm (0.03 in.)
polyester film.
Pen Velocity: pen down, 40 cm/s (15.7 in./s); pen up, 50 cm/s (19.7
in.fs)
Acceleration: maximum, 2.8 g
Pen Cycle Time: 100 ms
Power requirements: source, 100, 120, 220, 240 V~ ± 10%; fre
quency, 47.5-66 Hz: consumption, less than 80 W maximum.
Interlaces: RS-232-C/CCITT V.24, HP-IB (IEEE 488-1978) avail
able as an accessory. HP-IB (IEEE 488-1978), implements the fol
lowing HP-IB functions as defined in IEEE 488-1978: SHI, AHI,
T6, U, SRI, RLO, DCI, DTO, CO, PPO for listen-only, PPI for ad
dress greater than 7, and PP2 for address of 7 or less. For more on
these codes, refer to the HP-IB section of this catalog.

Ordering Information
HP 7S70A DraftPro Plotter
HP 17S70A HP-IB Cartridge

Price
$3,995

$295



BCOMPUTER PERIPHERALS
Plotters-large-Format Drafting Plotters
HP DraftPro DXL and EXL

• Excellent line quality
• Medium throughput
• One- and two-megabyte buffer options
• Compatible with a wide variety of hardware and soft

ware

• Powerful HP-GL command set
• Media and pen flexibility
• HP quality and reliability
• Attractive price

e

The HP DraftPro DXL and EXL plotters are designed to meet the
needs of today's CAD professionals.

The HP DraftPro DXL accepts A4/ A- through Al /D-media; the
DraftPro EXL accepts A4/A- through AO/E-media. (Standard ISO,
ANSI, and architectural sizes.)

Excellent Line Quality
With a mechanical resolution of 0.0127 mm (0.0005 in.) and an

addressable resolution of 0.0254 mm (0.001 in.), the DraftPro DXL
and EXL plotters draw well-defined lines, smooth curves, and crisp
characters that help you and your designs look their best. The 0.10
mm (0.004 in.) repeatability means your drawings have the profes
sional quality you need.

For many applications, accuracy is important. The HP DraftPro
DXL and EXL plotters are accurate to within 0.5 mm (0.02 in.) or
0.2% of the specified line length, whichever is greater.

Medium Throughput
With 2.8 g maximum (diagonal) acceleration and 80 cm/s (32

in/s) velocity, the DraftPro DXL and EXL plotters produce your
plots quickly. Both plotters include a pen sorting feature that mini
mizes pen changes for more efficient plotting.

Two Extended Buffer Options
Two extended buffer options are available as accessories for in

creased productivity. Available in one- and two-megabyte options,
these easy-to-install cartridges let you quickly download an entire

plot, freeing your computer for other tasks. (Available for use with
RS-232-C interface only.)

Hardware and Software Compatibility
The HP DraftPro DXL and EXL plotters connect easily to almost

any HP or other personal computer/workstation. An RS-232-C serial
interface is standard; HP-IB (IEEE 488-1978) can be ordered as an
accessory.

The DraftPro DXL and EXL fit into most office environments. And
because DraftPro plotters have their own set of wheels, they're easy to
move and share.

Over 100 software packages work with the HP DraftPro DXL and
EXL plotters. All the leading vendors in architectural, mechanical,
and electronic PC CAD software support the DraftPro DXL and
EXL plotters.

Powerful Command Set
Programmers will be glad to know the HP DraftPro DXL and EXL

use HP-GL (Hewlett-Packard Graphics Language). With just a few
commands you can label, draw lines, arcs, and circles, or select one of
22 international character sets.

While most plotter manufacturers claim to have HP-GL compati
bility, only HP plotters have HP-GL that's been tested and approved
by Hewlett-Packard.



Repeatability: for the same pen: 0.10 mm (0.004 in.) (These specifi
cations are for 0.08 mm (0.003 in.) double-matted polyester film at
10-30°C, 20-80% relative humidity.)
Accuracy: 0.5 mm (0.02 in.) or 0.2% of the specified line length,
whichever is greater. (These specifications are for 0.08 mm (0.003
in.) polyester film at 10-30°C, 20-80% relative humidity.)
Maximum pen velocity: 80 cm/s (32 in./s).
Maximum acceleration: diagonal, 2.8 g; axial, 2.0 g.
Pen cycle time: 67 ms.
Margins: expanded mode, 5.0 mm (0.2 in.) on three edges, 31.0 mm
(1.2 in.) on the fourth; normal mode, 15.0 mm (0.59 in.) on three
edges, 39.0 mm (1.5 in.) on the fourth.
Buffer size: 31 Kbytes (shared between user-definable polygon and
pen sort buffers); optional I and 2 megabyte expandable buffers avail
able as accessories (for use with RS-232-C interface only).
Environmental ranges: operating temperature, 0 to 55 degrees C
(32 to 13/ degrees F); storage temperature, -40 to 75 degrees C
(-40 to 167 degrees F); humidity, 5 to 95% (in 0 to 40 degrees C).
Power requirements: source, 100, 120, 220, 240 V +10%, -10%;
frequency, 47.5-66 Hz; consumption, less than 80 W maximum.
Size: DraftPro DXL, height, 1105 mm (43.3 in.); width, 1145 mm
(45 in.); depth, 570 mm (22.5 in.). DraftPro EXL, height, 1120 mm
(47.5 in.); width, 1450 mm (57 in.); depth, 620 mm (24.5 in.).
Weight: DraftPro DXL, net weight, 34 kg (76 Ib); shipping weight,
54 kg (120 Ib). DraftPro EXL, net weight, 41 kg (91 Ib); shipping
weight, 61 kg (135Ib).

Output for Every Application
The HP DraftPro DXL and EXL plotters have the pen and media

flexibility you need to get the job done. The DraftPro DXL handles
A4/ A- through AI/D-media; the DraftPro EXL handles A4/A
through AO/E-media. (Standard ISO, ANSI, and architectural
sizes.)

The DraftPro DXL and EXL plot on paper, vellum, and polyester
film. For presentations, you can use glossy paper or transparency film.
The DraftPro DXL and EXL plotters draw with fiber-tip paper pens,
transparency pens, disposable drafting pens, and refillable drafting
pens.

From the front panel you can select the pen speed that optimizes
performance and line quality for your pen/media combination. And
the eight-pen carousel lets you use a variety of colors and line widths
with ease. Pens are changed automatically during plotting. And to
increase the life of your pens, they're automatically capped when not
in use.

HP Quality and Reliability
Equipment downtime costs you time and money. That's why the

HP DraftPro DXL and EXL plotters meet the same tough standards
for quality and reliability that have made HP pen plotters leaders in
the industry. Solid HP engineering and sophisticated electronics re
duce the number of parts and increase product reliability.

The HP DraftPro DXL and EXL plotters are subjected to mechan
ical and electrical abuse, shock, vibration, and extreme temperature
cycling - all to make sure your HP drafting plotter can handle the
most demanding workload.

We feel so strongly about the reliability of our DraftPro DXL and
EXL plotters, we back them with a one year, on-site warranty. And if
you'd like an on-site service contract after the first year, you'll pay the
lowest prices in the industry.

All at an Attractive Price
The HP DraftPro DXL and EXL give you HP quality at an attrac

tive price. The combination of reliability, quality, performance, flexi
bility, and support make these plotters an excellent value and a smart
choice in drafting plotters.

Specifications
Media sizes: DraftPro DXL accommodates widths from 205 mm to
485 mm and from 555 mm to 645 mm, lengths from 215 mm to 1140
mm, including A4/A- through AI/D-media (standard ISO, ANSI,
and architectural sizes); DraftPro EXL accommodates widths from
207 mm to 634 mm and from 837 mm to 927 mm, lengths from 215
mm to 1230 mm, including A4/A- through AO/E-media (standard
ISO, ANSI, and architectural sizes).
Pens: number, 8 in carousel; type, Fiber-tip paper, fiber-tip trans
parency, disposable drafting, refillable drafting.
Media: paper, vellum, double-matte polyester film, glossy paper, and
transparency film.
Character sets: French/German, HP 9825, Scandinavian, Span
ish/Latin American, Roman Extensions, Special Symbols, Drafting,
Kanji, and these ISO registered sets: ANSI ASCII (006), ECMA 94
Extensions (100), French (025), German (021), International Refer
ence Version (002), Italian (015), JIS ASCII (014), Katakana (013),
Norwegian I (060), Norwegian II (061), Portugese (016), Spanish
(017), Swedish (010), Swedish for Names (Oil), United Kingdom
(004).
Resolution: addressable, 0.0254 mm (0.001 in.); mechanical, 0.0127
mm (0.0005).

Accessories Supplied
User's Guide
Power cord (appropriate to plotter destination)
Media sample kit

5 sheets of metric
AI-size paper (594 x 841 mm)

Fiber-tip pens (0.3 mm)
Package of 5 (black, blue, green, red, and yellow)

Disposable drafting pens (0.35 mm)
Package of 4 (black, blue, red, green)

Carousels
Fiber-tip pen carousel
Drafting pen carousel

Grit wheel brush
Supplies catalog

Ordering Information
HP 7575A DraftPro DXL drafting pen plotter
HP 7576A DraftPro EXL drafting pen plotter

Accessories Available
17573A I Megabyte extended buffer*
17574A 2 Megabyte extended buffer*
17570A HP-TR interface cartridge
17571A HP-IB interface cartridge with Kanji
07570-90014 HP-IB cartridge installation instructions
07575-90001 Programer's Reference (English only)
07575-90000 Hardware Support Manual
•Available for RS-232-C interlace only.

Price
$4,995
$6.495



COMPUTER PERIPHERALS
Plotters-High Performance, A4/A through AO/E size Drafting Plotters
HP DraftMaster I and DraftMaster II

• High throughput; up to 5.7 g acceleration
• Built-in intelligence
• Superb line quality

Hewlett-Packard has created a new generation of drafting plotters
to meet the high-performance requirements that today's CAD envi
ronments demand - the DraftMaster I and the roll-feed
DraftMaster II plotters. HP DraftMaster plotters combine state-of
the-art hardware with the latest in drafting technology at a price
that's less than you'd expect.

Exceptional Performance
Your drafting productivity is directly affected by plotter

throughput. With a maximum pen speed of 60 cmls (24 in./s) accel
eration of up to 5.7 g, and a host of built-in intelligence features, the
HP DraftMaster's plotting power gets the job done fast to keep you
on schedule.

HP's pen sorting function trims plotting time by minimizing pen
changes. The DraftMaster plotter scans your entire plot program to
combine pen-up moves wherever possible. The bi-directional plotting
feature further increases drawing efficiency by automatically starting
the next line segment at it's nearest endpoint. And the powerful 10
MHz 16-bit microprocessor enables the HP DraftMaster to draw nu
merous short lines quickly, a real advantage for lettering.

High throughput is essential in shared environments, especially
when several users who share a plotter are facing the same deadlines.
HP DraftMaster is designed to meet the increased demands of a mul
ti-user system.

Superb Line auality
No matter how demanding your application - a complex IC or

PCB plot, a precise mechanical part design, a detailed architectural
drawing - HP DraftMaster showcases your work with the best line
quality available. With an addressable resolution of 0.025 mm
(0.00098 in.) and repeatability of 0.10 mm (0.004 in.), you can be
sure your design will have a first-class presentation.

• Triple interface: RS-232-C, RS-422-A, HP-IB
• HP 758XB emulation
• Accepts eight standard media sizes

e
Roll-feed Capability on HP DraftMaster II Plotter

HP DraftMaster II is designed for high-volume, continuous feed,
and long-axis plotting. HP DraftMaster II's roll-feed capability keeps
productivity humming at peak levels when several user's share a piot
ter. You can store the completed drawings neatly on the take-up roll,
or cut them off one at a time with the built-in media cutter.

When your work requires unattended roll-feed plotting, you can
use the DraftMaster plotter's "group pen" function. You can plot up
to eight times longer on single-color plots (or four times longer on
two-color plots) without stopping to reload the pen carousel. After the
first pen has plotted a preset distance, the DraftMaster plotter auto
matically switches to the next pen in that group. A roll-feed upgrade
kit is available for the HP DraftMaster I.

Simple Operation
HP DraftMaster plotters are designed for fast and convenient oper

ation with easy, common-sense controls. The 32-character liquid
crystal display (LCD) presents easy-to-follow command menus in six
major languages.

A convenient loading lever makes media handling fast and uncom
plicated. Plus, HP DraftMaster senses media size and automatically
scales plot size to fit, so there's no worry about pens drawing off the
page. DraftMaster's generous eight-pen carousels eliminate time
consuming manual pen changes. And pens are always capped auto
matically to prevent ink from drying out. You won't have to reset pen
speed and force when you change carousels, either - HP
DraftMaster senses the type of carousel and automatically adjusts
speed and force.



Accessories Supplied
Description
User's Guide
Pocket Guide (available in English only)
Drafting Supplies Catalog

Pen, Media Flexibility
With the HP DraftMaster Plotter, you can choose from vellum,

polyester film, tracing bond, paper, and even transparency film and
glossy paper, in A4/A through AO/E-size cut sheets. The HP
DraftMaster II also plots on continuous rolls for high-volume, unat
tended operation, as well as long-axis plotting.

All HP pens and media are carefully designed and tested to give
you top-quality results from your HP plotter. HP pens are available in
a wide variety of point sizes and colors; the DraftMaster plotter ac
cepts your choice of fiber-tip, roller-ball, and drafting pens (both dis
posable and refillable).

Compatibility
Whether you have a personal computer, technical workstation,

minicomputer, or mainframe, you can add an HP DraftMaster pIot
ter to your system. For maximum hardware compatibility, all HP
DraftMaster plotters come with a triple interface - both RS-232
C/CCITT V.24 and HP-IB (IEEE 488-1978), as well as RS-422-A
for longer distance computer connections. And HP DraftMaster plot
ters have full eavesdrop capability (dual serial I/O for terminal con
figurations) .

metres (150 ft). Maximum frame lengths, 609.6 mm (24 in.) rolls,
914.4 mm (36 in.), 938.4 mm (36.9 in.) rolls, 1243.2 mm (48.9 in.)
Margins (sheets only): normal mode; three margins approx. IS mm
(0.59 in.) each, fourth margin approx. 39 mm (1.54 in.). Expanded
mode; three margins approx. 5 mm (0.2 in.) each, fourth margin ap
prox. 29 mm (1.14 in.)
Resolution: smallest addressable step size, 0.025 mm (0.00098 in.)
Repeatability (for a given pen): 0.025 mm (0.00098 in.)
Accuracy: 0.09% of the move or 0.25 mm (0.0098 in.), whichever is
greater.
Pen velocity: pen up/down, 60 cm/s (24 in.js) independent of vector
direction
Acceleration: maximum, 5.7 g (55.6 m/s2

) on diagonal; 4 g per axis;
programmable, 2 or 4 g (19.4 or 39 m/s2

)

Pen force: programmable or front panel selectable; 15-66 grams
Power requirements: Source, 100, 120, 220, 240, V~ ± 10%; fre
quency 48-66 Hz; consumption, 105 W maximum.
Interfaces: HP-IB (IEEE 488-1978), RS-232-C/CCITT V.24, RS
422-A
Buffer size: 25 K (configurable)
Environmental range: operating temperature, 00 to 55 0 C; non-op
erating temperature, _40 0 to -75 0 C; relative humidity, sheets, 5
95%; rolls, 30-70%.
Size: height, 119.4 cm (47 in.); width, 134.6 cm (53 in.); depth, 50.8
cm (20 in.)
Weight: DraftMaster 1,73 kg (160 lb); DraftMaster II, 75 kg (164
Ib)
Pens: 8 in carousel; automatic pen changing and capping; automatic
setting. Fiber-tip, roller-ball, long-body drafting (refillable or dispos
able)
Media: Vellum, double-matte polyester film, tracing bond, plotter pa
per, transparency film, and glossy paper.

HP Part No.
07595-90002
07595-90003
5957-3776D
5957-3777

Paper sampler, Architectural D size (5) 9280-9050
Adjustable carousel (2) 5062-1576
Disposable pen adapters (4) 5061-7578
Disposable vellum pens (4) 506 I-7 566
Roller-ball pens (4) 5061-5037
Fiber-tip pens (10) I7845P
Grit-wheel brush 07595-20085
Power cord (appropriate cord supplies based on destination)

8

HP 758XB Emulation Mode
There's a tremendous amount of software already available for the

DraftMaster plotters because all of the software written for the HP
7585B and 7586B drafting plotters will run on the HP DraftMaster I
and II. Just the touch of a button engages HP's proprietary software
emulation feature.

International Design
The LCD menu can prompt in any of six languages: English (de

fault), French, German, Italian, Spanish, and Japanese. The front
panel buttons are labeled with symbols instead of words. And when
programming with HP-GL (Hewlett-Packard Graphics Language)
commands, users can select from over 20 international character sets
in three fonts.

Specifications
Media sizes: ranges include ISO sizes AO through M, ANSI sizes A
through E, and architectural sizes, as well as oversized media.
DraftMaster I (sheets only); acceptable media widths; 207-381 mm
(8.15-15 in.), 539-713 mm (21.22-28.07 in.), 753-927 mm (29.65
36.5 in.). DraftMaster II (same sheet sizes as listed above, plus these
roll sizes); width, 609.6 mm (24 in.), 914.4 mm (36 in.); length, 46

Additional Accessories Supplied with
DraftMaster II
Description
914.4 mm (36 in.) paper spool
Paper roll sampler, 914.4 mm (36 in.) wide, 1143
mm (45 ft) long
Media cutters (5)

Ordering Information
HP 7595A DraftMaster I plotter (sheet feed only)
HP 7596A DraftMaster II plotter (sheet feed and roll
feed)

Accessories Available
Description
Programmer's Reference (available in English only)
Roll-feed Upgrade Kit (HP DraftMaster I only;
must be installed by qualified serviceperson)
Kanji Retrofit Kit (must be installed by qualified
serviceperson)
HP Industry Standard Plotting Package (software)

HP Part No.
9300-1069

9280-0736
07596-60008

Price
$8,495

$10,995

HP Part No.
07595-90001

17520A

17521A
17580C



BCOMPUTER PERIPHERALS
Plotters-Monochrome Electrostatic Plotters
Models 240D and 240E

• Fast plotting speed
• Excellent resolution
• Built-in vector-to-raster converter

• Three standard interfaces and HP-GL compatibility
• Long-axis plotting
• Installation included

eThe HP 7600 Series, Models 2400 and 240E monochrome electro
static plotters are designed to meet the high performance and volume
demands of a department using a computer-aided-design (CAD) sys
tem. The HP 7600 Series plotters are also wen suited for any CAD
user in an application involving complex, intricate images or large
amounts of area fill. The HP 7600 Series plotters meet the same strin
gent standards for quality and reliability that have made HP pen plot
ters leaders in the industry.

The HP 7600 Series, Model 2400 accepts media 609 mm (24 in.)
wide, and the Model 240E uses media 914 mm (36 in.) wide. And one
low price includes the plotter, the vector-to-raster converter (YRC),
and instanation by a qualified representative.

Fast Plotting Speed
Whether you need final drawings to meet a tight deadline or quick

working plots for immediate feedback during the design process, the
HP 7600 Series plotters can meet the challenge.

The HP 7600 Series electrostatic plotters have a fast print
speed-actual plotting time for a typical fun-size drawing is less than
one minute, including the vector-to-raster conversion time. And the
powerful YRC keeps rasterization time short to help maximize total
through pu1.

Top Quality Output
With a resolution of 406 dots per inch (160 dots per cm), the HP

7600 Series plotters produce wen-defined lines, smooth curves, and
crisp characters that help you and your designs look their very best.

Our media and toner products are completely compatible and have
been extensively tested together to make sure you get clear, sharp,
smudge-resistant drawings every time you plot.

For users with special needs, the control panel has two handy fea
tures-"Enhance" for thicker, bolder lines; and "Darker" for plots
requiring the blackest possible black.

Meant to be Shared
One HP 7600 Series plotter can easily serve the needs of an entire

department. It has a high-volume setup and is designed to run with
minimal operator supervision.

Media and toner changes can be done in a snap. Once the supplies
are loaded, the plotter can run virtually unattended. A single roll of
paper can produce as many as 150 A I/O-size plots on the Model
2400 or 125 AO/E-size drawings on the Model 240E.

A simple, straightforward control panel minimizes the need for us
er/plotter interaction. Even in a shared work group, you can be sure
the HP 7600 Series plotter win be properly configured and ready to
go. The control panel has a series of LEOs, so it only takes a quick
glance to check on the paper supply.



Powerful, Built-in VRC
Since most graphics software programs output data in vector for

mats and electrostatic plotters are raster devices, we've included a
built-in vector-to-raster converter (VRC) with each HP 7600 Series
plotter. The HP 7600 Series VRC is based on the powerful 32-bit
Motorola 68020 processor. It was designed with performance as the
number one goal-and it shows!

For typical plots, rasterization and printing are performed simulta
neously. The VRC is so efficient that the print engine doesn't have to
stop mid-plot and wait for input, so you get consistent plot quality.

Easy System Integration
HP 7600 Series electrostatic plotters connect easily to almost any

computer system-personal computers, workstations, and large sys
tems. Every HP 7600 plotter comes with three standard inter
faces-RS-232-C/CCITT V.24, Centronics Parallel, and HP-IB
(IEEE 488-1978). The HP 7600 Series also has RS-422-A capability
for long-distance communication.

Like our drafting pen plotters, HP 7600 Series plotters are HP-GL
(Hewlett-Packard Graphics Language) compatible, making them
ready to use on hundreds of software packages. The HP 7600 plotters
also introduce the next generation of the HP-GL command language,
HP-GL/2. HP-GL/2 offers higher throughput and greater overall
performance, plus compatibility for the future.

Output for Every Application
An extra wide plotting width [600 mm (23.6 in.) for the Model

240D and 896 mm (35.3 in.) for the Model 240E] enables these plot
ters to accommodate architectural drawings, in addition to standard
ISO Al and AO and ANSI D and E sizes.

With the built-in 40-megabyte hard disc, you can produce long
axis plots up to 15.3 m (50 ft) in length-perfect for "life-size" parts.
And the disc automatically stores the current drawing so you can
redraw the plot with the touch of a button or a simple software com
mand when you need multiple copies.

The media set for the HP 7600 Series includes report grade paper,
premium grade paper, translucent paper· and vellum, so you have
media for all your plotting needs: working copy, final output, or archi
val drawings.

Designed to Fit Right In
A sturdy, compact design makes these plotters an easy addition to

almost any department. Set on casters, the HP 7600 Series plotters
can be moved from one place to another. The convenient narrow
width helps the plotters slide easily through all standard doorways.

A wide range for environmental specifications makes the HP 7600
Series plotters appropriate for many work area settings. Departments
can keep the plotter close by for on-the-spot output.**

Specifications
Media width: Model 240D, 609 mm (24 in.); Model 240E, 914 mm
(36 in.).
Plot width: Model 240D, 600 mm, ±2.4 mm (23.6 in., ±O.l in.);
Model 240E, 896 mm, ±3.6 mm (35.3 in., ±O.I in.).
Toner capacity: 5 litres (1.3 gal)
Print speed: Model 240D: normal mode, 1.6 cm per second (0.64
inches per second); high density mode, 0.8 cm per second (0.32 inches
per second). Model 240E: normal mode, 2.2 cm per second (0.86 in
ches per second); high density mode, 1.1 cm per second (0.43 inches
per second).
Resolution·: mechanical, 160 dots per cm (406 dots per inch); ad
dressable, 0.025 mm (0.00098 in.)
Maximum accumulated error·: ±0.2%
Pin electrodes: configuration, dual array; diameter, 0.0060 cm
(0.0024 in.); spacing, 0.00625 cm (0.0025 in.); pin electrodes per unit
area, 25,600 dots per square cm (164,836 dots per square inch); total
pin electrodes, Model 240D, 9600; Model 240E, 14,336.
Environmental ranges: heat dissipation, 1200 BTUs/hour maxi
mum; operating temperature, 10 to 35°C (50 to 95°F)**; operating
humidity, 30 to 80% RH**. Hardware: storage temperature, -10 to
60°C (14 to 140°F)**; storage humidity, 15 to 85% RH**. Media:
storage temperature, -10 to 40°C (14 to 104°F)**; storage humidi
ty, 30 to 80% RH**, high temperature, no more than 48 hours over
40°C (104° F). Toner: storage temperature, 5 to 40°C (41 to
104°F)**; high temperature, no more than 72 hours over 50°C
(122°F); no more than 48 hours over 60°C (l40°F)**.
Power requirements: source-I 00 VAC, range-90-11 0 VAC, fre
quency-47-53, 57-63 Hz; source-l20 VAC, range-I08-132
VAC, frequency-47-53, 57-63 Hz; source-220 VAC, range 198
242 VAC, frequency-47-53, 57-63 Hz; source-240 VAC, range
216-252 VAC, frequency-47-53, 57-63 Hz. Consumption: operat
ing, 365 W max (1245 BTUs/hour); standby, 200 W max (682
BTUs/hour)
Size: Model 240D, height, 900 mm (35.4 in.); width, 1100 mm (43.3
in.); depth, 620 mm (24.4 in.). Model 240E, height, 900mm (35.4
in.); width, 1400 mm (55.1 in.); depth, 620 mm (24.4 in.).
Weight: Model 240D, net weight-plotter, 185 kg (407 Ib), VRC,
17.3 kg (38 Ib); shipping weight-plotter, 220 kg (484 Ib), VRC, 20
kg (45 Ib); accessories, 16 kg (35 Ib). Model 240E, net
weight-plotter, 220 kg (484 Ib), VRC, 17.3 kg (38 Ib); shipping
weight-plotter, 260 kg (572 Ib), VRC, 20 kg (45 lb); accessories,
21.8 kg (48Ib)
Product certifications: safety approvals, CSA approved, CSA
C22.2 No. 220; UL listed, UL-478, 5th edition; Compliance with
IEC-380, TUV approval in progress (GS-Mark). electromagnetic in
terference, FCC Verified Class A; FTZ 1046/84 VDE 0871-B/with
Manufacturer Declaration; VCCI registered, Class I
• At 23'C (73'F), 40 to 60% RH with dimensionally stable media

•• Non-condensing (Note: Never operate the plolter In the presence of condensation or damage
will occur to the writing head.)

Accessories Included
User's Guide, Programmer's Reference, Power cord (appropriate

to plotter destination), Premium Grade Paper (one roll), Pre-mixed
Liquid Toner, Writing Head Cleaner, Writing Head Polish, Lint-free
Cleaning Wipes, Media Cutter, Empty 5 litre (1.3 gal) bottle.

Simple Maintenance
Maintenance procedures are simple and take only a few minutes.

HP 7600 Series maintenance supplies are designed to help keep the
toner system and writing head clean and trouble-free for the life of
the plotter. All mechanical and electrical adjustments are set at the
factory, and no special periodic maintenance requiring outside service
personnel is necessary.

Installation Included
When you buy an HP 7600 Series plotter, a qualified representative

will come out to your site to install and test the product to make sure
you get up and running. You'll even get tips on media and toner load
ing, built-in confidence plots, control panel functions, maintenance
procedures, and plotter operation.
• Scheduled availability for translucent paper is Winter 1989.

•• Optimal plot quality achieved at 23'C (73'Fj, 40 to 60% RH. Extremes in temperature or hu
midity can affect plot quality. See "Specifications" for acceptable environmental ranges.

Ordering Information
HP Part No. Description
CI600A HP 7600 Series Model 240D

Al /D-size electrostatic plotter
CI60lA HP 7600 Series Model 240E

AO/E-size electrostatic plotter
Note: Interface cables must be ordered separately

Price
$22,900

$27,500



COMPUTER PERIPHERALS
Pen Plotters - Comparison Guide

HP 7550A, 7475A, and ColorPro

HP Pen Plotter Comparison Guide

HP DraftPro EXL HP DraftMaster I

Number of Media load

HP Model pens Pen types Media sizes Media types methods Interfaces Page

Manual sheet RS-232-C/CCITI V.24

ColorPro Paper, Paper, loading for all or

(HP 7440A) 8 in carousel transparency MIA transparency f,lm media types (HP-IB) IEEE-488 720

Paper, Paper, Manual sheet RS-232-C/CCITI V.24

transparency, transparency film, loading for all or

HP 7475A 6 in carousel liquid-ink MIA, A3/B polyester film media types (HP-IB) IEEE-488 721

Automatic sheet

feed for paper,

transparency film

Paper, Paper,

transparency, transparency film, Manual sheet RS-232-C/CCITI V.24

liquid-ink, vellum, loading for all and

HP 7550A 8 in carousel roller-ball MIA, A3/B polyester film media types (HP-IB) IEEE-488 722

RS-232-C/CCITI V.24

Paper, Manual sheet (standard)

DraltPro Paper, vellum, loading for all (HP-IB) IEEE-488

(HP 7570A) 8 in carousel liquid-ink A2/C to AIIO polyester film media types (optional) 724

Paper, RS-232-C/CCITI V.24

DraftPro Paper, MIA transparency Manual sheet (standard)

DXl transparency, to film, vellum, loading for all (HP-IB) IEEE-488

(HP 7575A) 8 in carousel liquid-ink AIIO' polyester film media types (optional) 726

Paper, RS-232-C/CCITI V24

DraltPro Paper, MIA transparency Manual sheet (standard)

EXl transparency, to film, vellum, loading for all (HP-IB) IEEE-488

(HP 7576A) 8 in carousel liquid-ink AIIO' polyester him media types (optional) 727

Paper, Paper, transparency RS-232-C/CCIT V.24,

transparency, film, vellum, Manual sheet RS-422-A,

DraltMaster I liquid-ink, tracing bond, loading for all and

(HP 7595A) 8 in carousel roller-ball MIA to AO/E' polyester film media types (HP-IB) IEEE-488 728

Automatic roll

feed for all

media types

except

tracing bond

Paper, and transparency

Paper, MIA to transparency film RS-232-C/CCITI V24,

transparency, AO/E,' him, vellum, Manual sheet RS-422-A,

DraftMaster II liquid-ink, 24" and tracing bond, loading for all and

(HP 7596A) 8 in carousel roller-ball 36" rolls polyester film media types (HP-IB) IEEE-488 728
• Standard ISO, ANSI, and architectural sizes.



• Designer color system

Hewlett-Packard offers a complete line of pens, drawing media,
and accessories for both business and technical graphics applications.
And all these supplies are manufactured in the HP tradition of quality
- quality that you'll see reflected in your work.

Designer Color System
HP's family of compatible plotter supplies consists of fiber-tip pa

per pens and transparency pens, plotter paper, glossy plotter paper
and transparency plotter film. The fiber-tip pens are available in 10
matching colors so that you can create paper duplicates of your trans
parencies. Pen colors are black, green, aqua, blue, violet, red-violet,
red, orange, yellow and brown. Pens are available in narrow and wide
line widths (0.3 mm and 0.7 mm for paper pens; 0.3 mm and 0.6 mm
for transparency pens).

Paper pens can be used on all plotters. You can obtain high quality
results With HP plotter paper for graphs and large quantities. Use HP
glossy paper for reports and presentations. Transparency pens can be
used on the HP ColorPro, DraftMaster, 7470, 7475, 7550, 7090,
9872,7220/7221, and 7225 plotters with HP transparency film for
overhead presentations or with HP glossy paper for presentation
handouts.

Quality color overheads help you make a point, sell a product or
idea, enhance an iml;ge. Research proves that:
• presentations using visual aids are 43% more effective than unaided

presentations,
• color is more persuasive than black and white for visuals,
• an average speaker using visuals can be as effective as a better

speaker using no visuals.
Overall, presenters using color overheads were rated as more credi

ble and more interesting by the audience.

Technical Drafting Applications
Hewlett-Packard offers three different types of pens and four dif

ferent types of media so you can select the pen/media combination
that's right for your application. Fiber-tip pens are available in ten
colors for use on plotter paper. Roller-ball pens come in four colors. In
addition to four line widths for disposable drafting pens, HP offers
long-body and short-body drafting pens in six line widths.

Sheets of plotter paper, vellum, tracing bond, and polyester film,
are available in a range of sizes, both English (A to E) metric (A4 to
AO) and architectural (C-E). Polyester film, vellum, and plotter pa
per come in 914.4 mm (36 in.) and 609.6 mm (24 in.) rolls for use
with the HP 7586B and DraftMaster II roll-feed drafting plotters.

COMPUTER PERIPHERALS 0
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• Disposable drafting pens

Disposable Drafting Pens
These pens are designed especially for preliminary drawings and

checkplots on plotter paper or final drawings on vellum. Disposable
drafting pens come in four line widths and eight colors. Our pens for
use with polyester film produce the same, final plot, archival drawings
you've come to expect with a refillable drafting pen but without the
messy cleaning or refilling.

Ordering Information
Plotter supplies may be ordered through HP's direct telephone or

dering service, from any HP sales and support office, or from your
local retail dealer. The HP Computer User's Catalog (P/N 5953
2450) describes the complete range of plotter supplies and accesso
ries.

For Best Results
Glossy Paper Polyester

Paper Transparency Film Tracing Bond Vellum Film

Fiber-tip pens HP ColorPro
(paper) HP 7475

HP 7550
HP DraftPro
HP DraftMaster
HP 7580
HP 7585
HP 7586

Fiber-tip pens HP ColorPro
(transparency) HP DraftMaster

HP 7475
HP 7550

Roller-ball pens HP 7550
HP DraftMaster
HP 7580
HP 7585
HP 7586

Disposable HP 7550 HP 7550 HP 7550
drafting Pens HP DraftMaster HP DraftPro HP DraftPro

HP 7580 HP DraftMaster HP DraftMaste
HP 7585 HP 7580 HP 7580
HP 7586 HP 7585 HP 7585

HP 7586 HP 7586

Refillable HP 7550 HP 7550
drafting pens HP DraftPro HP DraftPro

HP DraftMaster HP DraftMaste
HP 7580 HP 7580
HP 7585 HP 7585
HP 7586 HP 7586
HP 7475 HP 7475
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Design Plus

• Furniture that fits your
Hewlett-Packard system like a glove.

92211N 92211L 922118

Shown from left to right: Mobile Drawer Unit, System Table with Mobile Support Cabinet tucked underneath, Mobile LaserJet Cabinet
and Mini-Rack Cabinet. For complete details, see chart on the next page.

Design Plus
Design Plus fits HP computers and peripherals perfectly, becoming

an integral part of your total computer solution.
It's constructed of the highest quality materials. Die-cast metal

legs withstand the weight of your equipment and the pressure of nor
mal office moves, without danger of buckling or breaking. Matte sur
faces resist scratches and stains, while protecting your eyes from the
glare of overhead lighting.

Mini-Rack Cabinet
Designed to hold the CPU and disc drive of your HP 9000 Series

200, 300 or 500 computer, also the HP 3000 Series 37, HP 260 or
MICRO 3000. It matches the height and depth of our tables and can
be locked into place. This results in additional work surface, flush
fitted and without troublesome gaps or height discrepancies.

Mobile Drawer Units
Store your files, documentation and other valuables. These units

match the height of our tables exactly.

Mobile Support Cabinets
Storage for hard-disc drives and tape back-up systems that fit con

veniently under our tables.

Mobile Sound Enclosure Cabinet
Choose this cabinet for HP serial impact dot matrix printers.

Universal Support Stand
Printers and small plotters are supported, and rolled about easily

on self-locking casters.

HP Ergonomic executive chair with arm support

Part no. Color Seal
92208M Gray Height
92208N Blue Depth
92208P Beige Width

92208Q Cylinder for 92208M/N/P

HP Ergonomic workstation/managerial chair

Part no. Color
92208E Gray
92208F Blue
92208G Beige

92208K Dk Brown

Chair back Price
Height 18-2025 in. (457-514 mm) (1-2). ................." ..... ... $475.00 ea. W

(3+) .. ...... 440.00 ea. W
Width 17.5 in. (445 mm)

(1-2) ........... 4O.ooea.W
(3+) .. " ............................ 3700 ea. W

Chair back Price
Height 1050-15.50 in. (267-394 mm) (1-2) ..... $245.00 ea W

(3+) ..... 22500 ea W
Width 16 in. (406 mm)

92208H Cylinder for 92208E1FIG

Seal
Height
Depth
Width

Arm set

16.25-19 in. (413-483 mm)
18 in. (457 mm)
19 in. (483 mm)

16.25-20.75 in. (413-527 mm)
18 in. (457 mm)
18.50 in. (470 mm)

(1-2) .
(3+) .
(1-2) .
(3+) ..

79 00 ea. W
69.00 ea. W
4O.ooea W
37.00 ea. W

HP Ergonomic workbench chair

Part no. Color
922085 Blue

92208L

92208U

Dk Brown

Cylinder for 922085

Seal
Height 19-25.50 in. (483-648 mm)
Depth 18 in. (457 mm)
Width 18.50 in. (470 mm)
Caster sell5 per set

Chair back
Height 10.50-15.50 in. (267-394 mm)

Width 16 in. (406 mm)

Price
(1-2)............ $365.00 ea. W
(3+) 34000 ea. W

(1-2) 3900 ea W
(3+) 3500 ea W
(1-2)................................. 5500 ea W
(3+) 5100 ea. W

WFast-ship product - see page 766
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Part number

92214A

922148

92214C

922138

Description
Design Plus Mobile terminal support and transport system table. Designed to
safely move terminals and small systems.

Medium Design Plus System table. Comes with cable management. locking
casters, and is same height as 92211 Rmobile rack system cabinet.

Large Design Plus System table. Comes with cable management. adjustable
leveling glides, and is same height as 92211 Rmobile rack system cabinet.

Design Plus CAD Mini-workstation. For use with the HP 9000 Series 300/500
computers. Comes with 14.25-in. (362 mm) wide ra~ed monitor platform, pull
out work surface that extends to 36-in. (914 mm) deep, pull-out keyboard
drawer and cable management. Same height as 92211R mobile mini-rack;
92211UM fits underneath.

Height
284 in.

(720 mm)

28.4 in.
(720 mm)

28.4 in.
(720 mm)

28.4 in.
(720 mm)

Width
29.5 in.

(750 mm)

44.3 in.
(1l25 mm)

59.0 in.
(1500 mm)

44.3 in.
(1125 mm)

Depth
28.0 in.

(711 mm)

28.0 in.
(711 mm)

28.0 in.
(711 mm)

28.0 in.
(711 mm)

Price
{l-2 tables) $445.00 ea. W
(3t) 415.00 ea. W
(1-2 tables) $495.00 ea. W
(3t) 465.00 ea. W
(1-2 tabies) $545.00 ea. W
(3t) 52000 ea. W
(1-2 units) $799.00 ea W
(3t) 759.00 ea. W

280 in. (1-2 tables) $84900 ea W
(711 mm) (3t) . 799 00 ea W

92213F

92213Q

92213R

Design Plus CAD workstation is designed for use with HP CAD
systems. It comes with apull-out work surface, keyboard
drawer, raised monitor platform and cable management. It
attaches to other Design Plus Furniture.

Design Plus ergonomic task lamp. Specifically designed for
computer wor1<stations. Two nine-watt emitters produce the
same light as 8o-watts incandescent. Lamp stem fits Design Plus
tables. UL listed and CSA approved.

Design Plus clamp. Designed for the Design Plus lamp (92213Q.)
For use on non-Design Plus table tops. Maximum clamp opening
is 5 inches, (I27 mm.) Use this clamp for HP standard tables.

e
e
e

28.4 in.
(720 mm)

N/A

N/A

59.0 in.
(1500 mm)

N/A

N/A

N/A

N/A

{1-2 units) $229.00 ea. W
(3t) 214.00 ea. W

g~ U.~i.tS)::::::::::::::::::::::::: $~~~:: I

"C" and "D" sized drawing holder. Mounts to workstation and system tables.
Two-section arm for height and tilt position extends from 13.0 in. (330 mm) to
22.25 in. (565 mm).

$199.00 ea. W
.. .... 189.00 ea. W

(1-2 units). . $40.00 ea. W
(3t) .. 37.00 ea W

(1-2 units).. .. $245.00 ea. W
(3t) 225.00 ea. W
{l-2 tables)....... . $849.00 ea W
(3t) 799.00 ea W

(1-2 units)..
(3t) .

N/A

2.6 in.
(6mm)

44.3 in.
(1125 mm)

N/A

30.0 in.
(762 mm)

28.0 in.
(711 mm)

44.3 in.
(1l25 mm)

28.4 in.
(720 mm)

Each side

N/A

200 in.
(508 mm)

e
e

Design Plus joining bracket kit. For use on all Design Plus
furniture pieces to anchor one to another. Comes with needed
screws and instructions lor assembly and use.

9o-degree Design Plus Corner turn. Used for joining two system tables together
for alarger work area. NOTE: not intended to support CAD monitors.

Design Plus CAD corner workstation. Perfectly fitted for use with
HP CAD systems. Workstation comes with akeyboard drawer
and cable management. It can be joined to Design Plus furniture.

92214J

92214..

92211U

922130

Q

C?

28.0 in. (1-2 units) $645.00 ea. W
(711 mm) (3-9) 610.00 ea. W

(lOt) 575.00 ea. W

92211C

92211L

92211M

92211N

Design Plus Mobile sound enclosure cabinet. For use with all 293X serial impact
dot matrix printers.

Design Plus Mobile support cabinet. Rolls easily under the 92214B/C Design Plus
system tables. Can be used as a stand-alone system cabinet for the HP 9000
Series 200/300/500, has open back. Comes with two sets of mounting rails, a
cable routing kit (92199F), and a storage shelf. Internal dimensions are 12.8 in.
(325 mm) wide x 20.40 in. (520 mm) high.

Design Plus small Mobile support cabinet. Rolls easily under the 92214B/C
Design Plus system tables. Can be used as a stand-alone system cabinet for the
Series 200, Model 237 or 300. Comes with one set of mounting rails, a cable
routing kit (922199F), and a pad to put under the Model 237. Internal
dimensions are 12.8 in. (325 mm) wide x 13.26 in. (338 mm) high.

Design Plus Mobile drawer unit. Rolls easily and sits next to all Design Plus
system tables (also same height as tables). Comes with three drawers, 4 in., 6
in. and 12 in. (104 mm, 156 mm, and 312 mm).

28.4 in.
(720 mm)

24.4 in.
(620 mm)

17.1 in.
(435 mm)

28.4 in.
(720 mm)

29.5 in.
(750 mm)

16.7 in.
(425 mm)

16.7 in.
(425 mm)

14.8 in.
(375 mm)

19.7 in.
(500 mm)

20.7 in.
(525 mm)

(I unit) $675.00 ea. W
(3t) 620.00 ea. W
{l-2 units) $25000 ea. W
(3-9).. 235.00 ea. W
{lOt) 220.00 ea. W

92211R Design Plus Mobile mini-rack system cabinet for HP modular peripherals and
systems. Comes fully assembled with casters. Back opens for easy access.

Accessories available are the 92211S mounting rail and module lock kit,
9221 IT filler panel kit, and 92199B power strip. Internal dimensions are 12.8 in.
(325 mm) wide x 22.44 in. (572 mm) high.

28.4 in.
(720 mm)

14.8 in.
(375 mm)

28.0 in. (1-2 racks) $58500 ea. W
(711 mm) (3-9).. .. 55000 ea. W

(lOt) 51500 ea. W

(1-2 units) $129.00 ea. W
(3t) .. 11900 ea. W
{1-2 units) $13900 ea W
(3t) 12900 ea W
(1-2 units) $149.00 ea. W
(3t)... . 13900 ea. W
(1-2 kits) $50.00 ea. W
(3-9) .. .. 45.00 ea W
(lOt) . 40.00 ea. W
(1-2 kits).... .. $40.00 ea. W
(3-9) 35.00 ea. W
(lOt) 30.00 ea. W
{1-2 units)....... $295.00 ea W
(3t) 265.00 ea. W

17.7 in.
(450 mm)

18.62 in.
(473 mm)

1862 in.
(473 mm)

18.62 in.
(473 mm)

Raillength-25.1 in.
{638mm}

0.9 in.
(23 mm)

23.6 in.
(600 mm)

12.8 in.
(325 mm)

12.75 in.
(324 mm)

12.75 in.
(324 mm)

12.75 in.
(324 mm)

0.9 in.
(23mm)

4 in.
(102 mm)

6in.
(152 mm)

12 in.
(305 mm)

28.4 in.
(720 mm)

Design Plus Universal support stand. For use with HP LaserJet, HP 2932/33/34,
HP 2563A printers and small HP plotters. Comes with printout catcher shelf,
casters and leveling glides. Has slot in top for bottom feeding and slot in door
top for front feeding. Also has sound control pad.

Large (I2 inch) drawer unit for 92211R Mobile mini-rack system cabinet.

Rail kit for 92211R Mobile mini-rack cabinet. Comes with four sets of rails and
module locks. Used to mount up to four HP computer and peripheral equipment
modules.

Filler panel kit for 92211R mobile mini-rack cabinet. Kit contains 20 snap-in
panels used to fl1l empty space not occupied by computer equipment modules.

Small (4 inch) drawer unit for 92211R Mobile mini-rack system cabinet.

Medium (6 inch) drawer unit for 92211R Mobile mini-rack system cabinet.

922115

92211G

922l1F

92214P

922l1E

922l1T

en
922118 Design Plus Mobile LaserJet Printer cabinet. Features adrawer designed to hold

fonts and manuals, adeep cabinet with ashelf, and an exterior shelf.
28.3 in.

(720 mm)
23.6 in.

(600 mm)
28.0 in. (1-2 units) $5B5.00 ea. W

(711 mm) (3t) 54500 ea. W

W Fast-ship product - see page 766
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HP Standard Furniture

• Solid, Expandable, Economical

92210H Stand-up printer/terminal stand 92210T Mobile workstation table 92210P Printer stand

HP Standard furniture
Part no. Description Height Width Depth Price

92210A Compact workstation table, with leg levelers and modesty 27.0 in. 48.0 in. 30.0 in. (1-2 units) ........... $305.00 ea. W
; I panel. 7-in. (178 mm) shelf standard. See 92210L casters (686 mm) (1220 mm) (762 mm) (3 +) ................... 28500 ea. W

, Il_~---e~~
next page to adapt table height to 28.4 in. (720 mm)., l. ~

"t

92210B Standard workstation table, with leg levelers and modesty 27.0 in. 60.0 in. 30.0 in. (1-2 units) ........... $360.00 ea. W
panel. 7-in. (178 mm) shelf standard. See 92210L casters (686 mm) (1524 mm) (762 mm) (3 +) ................... 34000 ea. W
next page to adapt table height to 28.4 in. (720 mm).

92210C

92210D

Workstation table with right-hand adjustable keyboard
section. Leg levelers, modesty panel and 7-in. (178 mm)
shelf standard. Keyboard section starts 3 in. (76 mm) from
the right side, adjusts down a total of 2.1 in. (53 mm)
from table top and can be tilted 10 degrees from the
horizontal. Manual adjustments. See 92210L casters next
page to adapt table height to 28.4 in. (720 mm).

Workstation table with left-hand adjustable keyboard
section. Leg levelers, modesty panel and 7-in. (178 mm)
shelf standard. Keyboard section starts 3 in. (76 mm) from
the left side, adjusts down a total of 2.1 in. (53 mm) from
the table top and can be tilted 10 degrees from the
horizontal. Manual adjustments. See 92210L casters next
page to adapt table height to 28.4 in. (720 mm).

29.0 in. 60.0 in. 30.0 in.
(736 mm) (1524 mm) (762 mm)

Adjustable keyboard dimensions
1.2 in. 24.0 in. 10.0 in.

(30 mm) (610 mm) (254 mm)

29.0 in. 60.0 in. 30.0 in.
(736 mm) (1524 mm) (762 mm)

Adjustable keyboard dimensions
1.2 in. 24.0 in. 10.0 in.

(30 mm) (610 mm) (254 mm)

(1-2 units) $405.00 ea. W
(3 +) 375.00 ea. W

(1-2 units) $390.00 ea. W
(3 +) 35000 ea. W

92210Ue The standard CAD corner workstation is perfectly fitted for
use with HP CAD systems. Workstation comes with a
keyboard drawer. Part of the HP standard furniture line.

29 in.
(736 mm)

45 in.
(1143 mm)

45 in. (1-2 tables) $569.00 ea. W
(1143mm) (3+) 53900eaW

LJ'': :-- --
, ,

92210V Workstation tabletop connector. 90-degree triangle. Joins Each side
two 92210A/B/C/D tables together.

30.0 in.
(763 mm)

(1-2 units) $12000 ea. W
(3 +) 110.00 ea. W

WFast-ship product - see page 766
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HP Standard Furniture

HP Standard furniture (continued)
Part no. Description Height Width Depth Price

92210F Desktop storage shelf for 92210A workstation table. Includes
two book supports and back-wall message board. II in. (279
mm) storage sheif adjusts from 15 in. (381 mm) t9 21 in. (533
mm) above work surface of table. Convenient paper/storage
shelf included.

23.0 in.
(584 mm)

47.0 in.
(1194mm)

12.0 in.
(305 mm)

(1-2 units)
(3+) ...

..... $215.00 ea. W
19500 ea. W

92210G

92210Z

92210N

92210Q

92210R

92210E

f
II
/ '

92210W

Desktop storage shelf for 922108/C/D workstation table. 23.0 in. 59.0 in. 12.0 in. (1-2 units) .... $235.00 ea W
Includes three book supports and back-wall message board. 11 (584 mm) (1499 mm) (305 mm) (3+). ......................... 215.00ea.W
in. (279 mm) storage shelf adjusts from 15 in. (381 mm) to 21
in. (533 mm) above work surface of table. Convenient
paper/storage shelf included.

Newly revised desktop wide-flipper door storage unit for 34.0 in. 59.0 in. 14.0 in. (1-2 units) .. ....................... $475.00 ea. W
922108/C/D workstation table. Includes lockable flipper door (864 mm) (1499 mm) (356 mm) (3+) .. .. 44000 ea. W
and back-wall fabric-covered message board. Space from table
top to shelf bottom is 19.5 in. (495 mm).

Mobile drawer unit. on casters. Two drawers, with identicai key 27.0 in. 15.4 in. 20.0 in. (1-2 units). ..........$295.00 ea W
lock all units. Deep bottom drawer like 92210Q below. Unit (686 mm) (391 mm) (508 mm) (3+) .... .. ........ 28000 ea. W
rolls easily to any workstation; top same height as 92210A/8.

Suspended drawer unit. Two drawers, with identical key lock 21.0 in. 14.8 in. 19.4 in. (1-2 units). .. ........................$215.00 ea. W
units. Deep bottom drnwer can store three types of hanging (533 mm) (375 mm) (493 mm) (3+) ..... ....... 19500 ea. W
files: letter-size, legal-size, and computer printout binders. Fits
right or left side of 92210A/8/C/D tables.

Storage module unit, with three-position adjustable shelf. Rear 19.0 in. 21.0 in 19.4 in. (1-2 units) .............................$95.00 ea. W
of module is open for ventilation and access to 92210A/8/C/D (483 mm) (534 mm) (493 mm) (3+) .. ...... 8700 ea. W
cable management system, when module used to hold Inside module dimensions
electronic equipment. Fits right or left side of 92210A/8/C/D 17.0 in. 19.4 in. 19.4 in.
tables. (432 mm) (493 mm) (493 mm)

Work surface extension (return), with leg levelers and modesty 27.0 in. 40.0 in. 24.0 in (1-2 units) . ................. $185.00 ea W
panel. Fits right or left side of 922108 table, left side of (686 mm) (1016mm) (610 mm) (3+) " 17000 ea. W
9221OC, right side of 922100. Requires use of 'Z' bracket
(included) when mounting on 92210C/D. Not for 92210A.

Task light unit. Screws into place underneath the 92210F/G/Z 2.0 in 24.0 in. 6.6 in. (1-2 units) .. .......................$99.00 ea. W
desktop storage units. Includes 20-watt fluorescent bulb, lens (50.8mm) (610 mm) (168 mm) (3+) .. .. 8900 ea. W
and power cord wire management clips. UL listed and CSA
approved.

92210L

92210H
(see photo
previous page)

92210P
(see photo
previous page)

Set of four heavy-duty, double-wheel casters. Use in place of
leg levelers on 92210A/8/C/D tables or 92210P stand where
mobility is desired. Caster height 1.75 in. (45 mm). Adapts
height of tables to 28.4 in. (720 mm).

Standup printer/terminal stand. Design matches HP 92210
series workstation system. Same slotted top and rear printout
catcher as 92210P (see below), Height is 38 in. (965 mm),
ideal for walk up operation of equipment. Cable management
slots, 7-in. (178 mm) shelf standard.

Printer stand. Design matches HP 92210 series workstation
system. Convenient paper feed slot (4 x 19 in., 102 x 483 mm)
in top allows bottom paper feed. Also features rear printout
catcher with 1.5-in. (38 mm) slot to allow paper transport to
rear feed printers. Cable management slots, 7-in. shelf
standard.

38 in.
(965 mm)

29.5 in.
(749 mm)

27 in.
(686 mm)

18.5 in.
(470 mm)

Work surface
30 in. 24 in.

(762 mm) (610 mm)
Printout catcher

17 in. 13.5 in.
(432 mm) (343 mm)

Work surface
30 in. 24 in.

(762 mm) (610 mm)
Printout catcher

17 in. 13.5 in.
(432 mm) (343 mm)

(1-2 units) $2600 set W
(3+).. . 2\00 set W

(1-2 units) $265.00 ea. W
(3+) .. . 25000 ea. W

(1-2 units) $265.00 ea. W
(3+) .. . 24500 ea W

(1-2 units) $31000 ea. W
(3+).. . .. 290.00 ea. W

92210T
(see photo
previous page)

Mobile workstation table for terminals. Design matches HP
92210 series workstation system. Features adropped, pull-out
keyboard surface. Cable management slots, locking casters and
7-in. (178 mm) shelf standard.

28.3 in.
(720 mm)

26.4 in.
(670 mm)

Work surface
30 in, 28 in.

(762 mm) (712 mm)
Keyboard surface

23.5 in. 12 in.
(597 mm) (305 mm)

WFast-ship product - see page 766
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CABLES & ADAPTERS
Cables, Adapters & Typical SWR Performance
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a HP 1251-2816
HP 1250-0597 HP 1250-0080

HP 1250-1158 HP 1250-1287 Some part numbers are not pictured.

The performance curves in the graph will help you in choosing and
applying HP cables, connectors and adapters. SWR curves show de
sign specifications for mated pairs of connectors of the type indicated.
You can expect typical performance in that range.

For cross-series adapters, use the curve with the highest SWR in
each case. For applications of Tee-adapters such as HP 1250-0559,
1250-0846 and 1250-0781, be sure to consider the extra shunt capaci
tance of the Tee.

Of course when HP mounts various connectors onto RF and micro
wave products, the product specification predominates and SWR is
often far superior to that shown in these utility curves. For example,
the HP "precision" Type-N adapters shown on these pages are for
high accuracy use dc-1.3 GHz where SWR < 1.03.

For more information on history and performance of various coax
connectors, see HP's Coaxial & Waveguide Measurement Accesso
ries Catalog. (Lit # 5954-6401).
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CABLES & ADAPTERS B
Cables & Adapters 741

Ordering Information

$6.00W

$18.00W
$18.00W
$32.00W
$36.00W
$24.S0W
$SO.OOW
$35.00W
$36.00W

$30.00W
$15.00W
$10.7SW

$6.S0W
$lO.SOW
$23.50W
$20.00W
$12.00W
$5S.00W
$27.00W
$60.00W
$15.S0W

$20.2SW
$10.25W
$13.2SW

Price

$30.00W
$S7.50W
$14.S0W
$37.00W
$33.00W
$62.50W

$8.25W
$26.00W
$30.00W
$27.00W
$23.00W
$37.00W
$12.50W
$SS.OOW
$62.50W
$32.00W
$37.00W
$31.00W
$S7.S0W

$170.00W
$170.00W
$23S.00W
$235.00W

$135.00W
$16S.00W
$llS.OOW
$ISO.OOW
$160.00W
$160.00W
$17S.00W
$13S.00W
$3S0.00W

W Fast-Ship product-see page 766.

[11 "Precision": typically ~36 dB return loss to 1.3 GHz.
[21 Type Nouter conductor; center pin sized for 75 Qcharacteristic.
l31 BNC outer conductor; center pin sized for 75 Q characteristic.
[4] 5MB &SMC are used ollen inside HP instruments for inter-module RF connections.

5MB is snap·on configuration. SMC is screw·on configuration.
[5] The K~nnector is developed &manufactured by the Wiltron Co. Morgan Hill, CA.

® APC·7 is a registered trademark of the Bunker Ramo Corporation

HP Part Number

Adapters APC-3.S
1250-1743 APC-3.S(m) to N(m)
1250-1744 APC-3.S(f) to N(m)
1250-1745 APC-3.S(f) to N(f)
1250-1746 APC-3.S(m) to APC-7
1250-1747 APC-3.S(f) to APC-7
1250-1748 APC-3.5(m) to APC-3.S(m)
1250-1749 APC-3.S(f) to APC-3.S(f)
1250-1750 APC-3.S(m) to N(f)
1250-1866 APC-3.S(mm) to APC-3.5(f)

Adapters SMA
1250-1158 SMA(f) to SMA(f)
1250-1159 SMA(m) to SMA(m)
1250-1249 SMA Right angle (m) (f)
1250-1397 SMA Right angle (m) (m)
1250-1462 SMA(m) to SMA(f)
1250-1698 SMA tee(m) (f) (f)
1250-1787 SMA(m) to BNC(m)
1250-2015 SMA(f) to BNC(m)

Adapters APC-7®
11524A APC-7 to N(f)
11525A APC-7 to N (m)
11533A APC·7 to SMA (m)
11534A APC-7 to SMA (f)

Adapter Banana Plug
1251-2816 Dual banana plug

Adapters BNC, Standard 50 n
1250-0069 BNC(m) to UHF(f)
1250-0071 BNC(f) to UHF(m)
1250-0076 Right angle BNC(UG-306jD)
1250-0080 BNC(f) to BNC(f) (UG-914jU)
1250-0216 BNC(m) to BNC(m)
1250-0591 BNC(f) to WECO Video (m)
1250-0595 BNC(f) to BNC Triaxial (m)
1250-0781 BNC tee(m)(f)(f)
1250-1263 BNC(m) to single banana plug
1250-1264 BNC(m) to dual banana plug
1250-1830 BNC(f) to BNC Triaxial (f)
1251·2277 BNC(f) to dual banana plug

Adapters BNC, Standard 75 n(3]
1250-1286 Right angle BNC
1250-1287 BNC(f) to BNC(f)
1250-1288 BNC(m) to BNC(m)

Adapters 5MB,SMC[4]
1250-0670 SMC tee(m) (m) (m)
1250-0671 5MB(m) to N(m)
1250-0672 5MB(f) to 5MB(f)
1250-0674 5MB(m) to SMA(f)
1250-0675 SMC(m) to SMA(f)
1250-0813 5MB(m) to 5MB(m)
1250-0827 SMC(m) to SMC(m)
1250-0831 SMC(m) to BNC(m)
1250-0832 SMC(f) to BNC(f)
1250-0837 SMC tee(m) (m) (m)
1250-0838 SMC tee(f) (m) (m)
1250-1023 SMC(m) to N(m)
1250-1113 SMC(f) to SMC(f)
1250-1152 SMC(f) to N(m)
1250-1153 SMC(f) to N(f)
1250-1236 5MB(f) to BNC(f)
1250-1237 5MB(m) to BNC(f)
1250-1391 5MB tee(f) (m) (m)
1250-1857 5MB(f) to BNC(m)

$13.25W
$14.7SW
$21.00W
$38.00W
$13.2SW
$12.00W
$14.25W
$20.25W
$35.00W
$6S.00W

$130.00W
$70.00W

Price

$40.00W
$45.00W
$30.00W
$60.00W
$4l.00W
$35.00W

$20.00W

$90.00W

$30.00W

$28.00W

$32.00W
$19.S0W

$20.00W
$23.S0W
$30.00W

$30.00W

$20.00W

$30.00W
$60.00W
$40.00W
$41.00W
$36.00W
$38.00W
$34.00W

$450.00
$450.00
$450.00
$375.00
$37S.00
$375.00
$37S.00
$42S.00
$42S.00
$4S0.00
$4S0.00
$450.00
$450.00
$SOO.OO
$500.00
$SOO.OO
$SOO.OO

HP Part Number
Cable Assemblies
HP 10501A:112 cm son coax with one UG-88CjU
BNC (m) connector
HP 10502A: 23 cm son coax with UG-88CjU BNC
(m) connectors
HP 10503A: like HP lOS03A, but 122 cm
HP 8120-1838: 30 cm son coax with two BNC (m) con
nectors
HP 8120-1839: like HP 8120-1838, but 61 cm
HP 8120-1840: like HP 8120-1838, but 122 cm
HP 11000-60001: 112 cm son coax with dual banana
plugs
HP 11001-60001: 112 cm son coax, UG-88CjU BNC
(m) to dual banana plug
HP 11002A Test Leads: IS2 cm, alligator clips to dual
banana plug
HP 11003A Test Leads: IS2 cm, probe and alligator clip
to dual banana plug
HP 8120-1661: 112 cm dual BNC (m) to alligator clips,

HP Frequency Length Connectors SWR Ins. Price
Model IIInge em (in) Loss

(GHz) (dB)
lI500A de ·\2.4 183 (72) N(m) (2) - - $110
115008 de ·\2.4 6\ (24) N(m) (2) - - 110
11501A de·18 183 (72) N(m)·N(f) - - 110
11500c dc ·18 61 (24) Precision Nlm) (2) 1.4 1.5 550
mOOD de·18 152 (60) Precision N(m) (2) 1.4 3.0 650
lI500E de·26.5 61 (24) APC·3.5 (m) (2) 1.4 20 600
11500F de·26.5 152 (60) APC·3.5 (m) (2) 1.4 4.0 700

Adapters, 2.4 mm
(See page 333 for technical description and performance)
11900A 2.4 mm (m) to 2.4 (m)
1190082.4 mm (f) to 2.4 (f)
11900C 2.4 mm (m) to 2.4 (f)
11901A 2.4 mm (m) to APC-3.S (m)
119018 2.4 mm (f) to APC-3.S (f)
11901C 2.4 mm (m) to APC-3.S (f)
119010 2.4 mm (f) to APC-3.5 (m)
11902A 2.4 mm (m) to APC-7
119028 2.4 mm (f) to APC-7
11903A 2.4 mm (m) to Type N (m)
119038 2.4 mm (f) to Type N (f)
11903C 2.4 mm (m) to Type N (f)
11903D 2.4 mm (f) to Type N 1m)
11904A 2.4 mm (m) to K (m)[5]
1190482.4 mm (f) to K (f)[5]
11904C 2.4 mm (m) to K (f)
11904D 2.4 mm (f) to K (m)
Adapters Type N, Standard 50 n
1250-0077 N(f) to BNC(m)
1250-0082 N(m) to BNC(m)
1250-0176 N(m) to N(f) right angle (use < 12 GHz)
1250-0559 N tee, (m)(f)(f)
1250-0777 N(f) to N(f)
1250-0778 N(m) to N(m)
1250-0780 N(m) to BNC(f)
1250-0846 N tee (f)(f) (f)
1250-1250 N(m) to SMA(f)
1250-1562 N(f) to SMA(m)
1250-1636 N(m) to SMA(m)
1250-1772 N(f) to SMA(f)

Adapters Type N, Precision 50 n(1]
1250-1472 N(f) to N(f)
1250-1473 N(m) to BNC(m)
1250-1474 N(f) to BNC(f)
1250-1475 N(m) to N(m)
1250-1476 N(m) to BNC(f)
1250-1477 N(f) to BNC(m)
Adapters Type N, Standard 75 n[2]
1250-0597 N(m) (SOn) to N(f)(7sn)
1250-1528 N(m) to N(m)
1250-1529 N(f) to N(f)
1250-1533 N(m) to BNC(m)
1250-1534 N(f) to BNC(m)
1250-1535 N(m) to BNC(f)
1250-1536 N(f) to BNC(f)



TRANSIT CASES
Rugged Protection for Instruments

Typical System II Transit Case

Hewlett-Packard transit cases are rugged protective outer shells
for use when instruments must be frequently transported or used
away from laboratory conditions. HP cases protect your instruments
from hostile environments, shock, vibration, moisture and impact,
while providing a secure enclosure for shipping. The cases are molded
from a structural composite which is 65% lighter than al,uminum, yet
provides excellent strength and durability. Tests of the composite
show tensile and compressive strength exceeding 33,000 PSI and flex
ural strength exceeding 45,000 PSI.

Typical Uses
Transit cases are a necessity whenever equipment is frequently

transported from one operating location or test site to another, or is
shipped for testing and calibration. Transit cases are particularly val
uable for instruments used by service and repair personnel. For exam
ple, telephone companies frequently use transit cases for the

instruments they use to repair line faults. Transit cases are also valua
ble when instruments must be transported over rough roads, or are
used in dusty environments or outdoors.

Product Detail
HP transit cases are pressure-molded of an extremely strong and

light fiberglass and resin laminate which provides an excellent
strength-to-weight ratio. All cases seal tightly with O-ring gaskets
and clamping latches. They are rainproof under the test conditions of
MIL-STD-108. Carrying handles are conveniently placed and fold
flat when not in use.

Transit cases are typically provided with foam cushions that are
designed to cradle the instrument securely. Maximum protection is
provided against damage from handling, dropping or crushing. The
cushion inserts are typically molded polyurethane, or are fabricated
from slabs of polyurethane or polyethylene flexible foams. Each
case/cushion unit is designed as its own shock and vibration damping
system.

Hewlett-Packard's standard transit cases provide effective protec
tion from all but the most abusive treatment. To ensure maximum
protection for your instrument, transit cases are also available in ver
sions that meet the specified requirements of MIL-STD-I 08, MIL-T
21200, MIL-T-28800, MIL-T-4734 and MIL-C-4150.

Removable swivel casters are available as an option on certain HP
transit cases. These cases are identified with an asterisk (*) in the case
selection tables on pages 744 and 745.

How to Select the Proper Transit Case
Transit cases are available for almost all HP instruments. If you

are ordering a case for one of HP's 80 most popular instruments and
computation products, you can use the quick cross-reference table be
low. To order a case for any other instrument, please refer to "Accu
rate Measurements Assure Proper Fit", and use the tables for
ordering System I and System II style cases.

HP Product Number to Transit Case Number Cross-Reference

Product I Transit Case Product I Transit Case Product I Transit Case Product I Transit Case Product I Transit Case

14lT 9211-1294 3586A1B/C 9211-2650 4191A 9211-2663 8340AlB 9211-2662 8660AlC 9211-2662
853A 9211-5439 3708A 9211-2655 4192A 9211-2663 8341 AlB 9211-2662 8662A 9211-2662
11713A 9211-2671 3708A(Opt.1) 9211·2661 4328A 9211-1318 8349A1B 9211-2667 8663A 9211-2662
11729C 9211-2654 3709A 9211-2661 4935A 9211-1290 8350B 9211-2649 8671A1B 9211-2661
1630A 9211-1294 3711A 9211-1293 4937A 9211-1289 8403A 9211-1292 8672A 9211·2661
1645A 9211-1289 3712A 9211-1294 4945A 9211-2650 8405A 9211-1293 8673B/E 9211-2661
1725A 9211-2459 3717A 9211-2654 4947A 9211-2650 8445B 9211-1292 8673C10 9211-2663
1740A 9211-2459 3730B 9211-0839 4948A 9211-2650 85B 9211-4120 8683A1B/0 9211-2649
1741A 9211-2459 3746A 9211-2656 4951C 9211-1290 850lA 9211-2660 8684A1BID 9211-2649
197B 9211-2675 37461A 9211-2678 4952A 9211-1290 8505A 9211-2665 8702A 9211-2656
262X Series 9211-4677 3764A 9211-2650 4953A 9211-2650 8508A 9211-2649 8720A 9211·2658
264X Series 9211-4676 3776A1B 9211-2650 4954A 9211-2657 8508A (opt. 001) 9211-2655 8753A1B 9211-2656
2671G 9211-2649 3777A 9211·2644 4955A 9211-2663 8510AlB' 9211-2661 8754A 9211-2661
2673G 9211-2649 3779C10 15514A 4972A 9211-2657 8511A-8515A 9211-2661 8756A 9211-2656
2816A 9211-1315 3780A 18055A

5061A 9211-1294 8555A 9211-2671 8757A 9211-2656
334A 9211-1289 3781A1B 18055A
339A 9211-2643 3782A1B 18055A 5065A 9211-0839 8562A1B 9211-5604 8770A 9211-2663

3325A 9211-2655 3785A1B 18055A 5150A 9211-2673 8565A 9211-2656 8780A 9211-2662

3336A1B/C 9211-2655 3787B 9211-2655 5316A 9211-2681 8566A1B' 9211-2655 8901A1B 9211-1293

3421A 9211-2642 3789A1B 9211-2656 5328A 9211-2648 8566A1B' 9211-2661 8970AlB 9211-2649

3455A 9211-2654 3787B 9211-2656 5334A 9211-2642 8567A 9211-2665 8971B 9211-2648

3456A 9211-2654 3852A 9211-2657 5335A 9211-2643 8568A1B 9211-2655 8980A 9211-2661
3457A 9211-2642 3964A 9211-2557 5340A 9211-1292 8569B 9211-2656 8981A 9211-2661
3478A 9211-2676 3968A 9211-2557 5342A 9211·2682 8570A 9211-2656 890lAlB 9211-1293
3488A 9211-2642 432A1B 9211-1318 5343A 9211-2682 8620C 9211-1289 9826A 9211-2662
3561A 9211-2459 435B 9211-1318 5423A 9211-2661 8640B 9211-1296 9836A' 9211-2652
3562A 9211-2663 436A 9211-2667 59306A 9211-2667 8642A1B 9211·2661 9836A' 9211-2662
3577A 9211-2663 436B 9211-2671 59313A 9211-2671 8654A 9211-1895 9876A 9211-4679
3582A 9211-2656 438A 9211-2676 59401A 9211-2682 8654B 9211-1290 11713A 9211-2671
3585A 9211-2663 4145A 9211-2663 82509B 9211-4684 8656B 9211-2661 11720A 9211-2671

'Top half 'Bottom half 'Instrument reauires two cases



Instrument Cabinet System Styles
Hewlett-Packard produces two styles of cabmet systems: System I

and System II. The most visible difference is handle configuration; the
handles on System I instruments are a part of the instrument side
frame, and project at 90 degrees from the instrument face. The han
dles on System II modules also project at 90 degrees from the instru
ment face, but are not a part of the instrument frame, are easily
removable, and are turned outward at the handle grip. Each of the
cabinet styles requires a different cushion insert configuration. This
difference makes it important to order your case from the correct se
lection table.

Transit Case Styles
Each transit case is coded according to its style in the following

tables: Valise (V), hinged with the handle opposite the hinge; Transit
(T), a completely removable cover with a handle at each end; and
Valise Transit (VT), a hinged transit case with a handle opposite the
hinge and a handle at each end. Each case is designed and manufac
tured in the style that best suits the configuration of its instrument. If
a style other than the standard is more appropriate for your applica
tion, a special case can be ordered.

Typical valise transit (VT) style case

Typical valise (V) style case

Typical transit (T) style case

Special or Custom Transit Cases
When HP began providing standardized cases, it was understood

that there would be certain instruments that would not fit into the
standard cases. For that reason, special or custom cases are available.

Proper fit is very important in protecting your instrument, and the
dimensional measurements of your instrument are critical. It is rec
ommended, when ordering a custom case, that you provide your Hew
lett-Packard sales office with the instrument's exact height, width and
depth, the serial and model number, and any other pertinent informa
tion that may affect the design of the case or cushions. In designing
your own case, you may wish to have additional space available for
the protected storage of materials necessary for your instrument's on
site operation. Space can be provided for storing power/data cables,
operating supplies, accessories, additional printed circuit boards and
documentation or manuals. All specifications and measurements
should be on hand when discussing your needs with a representative
from your local HP sales office.

Colors
HP transit cases are produced in "Hewlett-Packard Pearl Gray

Cabinet," a standard color used in whole or in part on a majority of
the instruments HP produces. Transit cases in any other color must
be a special order at additional cost.

Accurate Measurements Assure Proper Fit
To assure proper fit, each instrument must be measured carefully.

The three measurements necessary are:
WIDTH: The distance across the entire body of the instrument, not
including rack mounting accessories. Instruments set up to be rack
mounted require special cushion designs (custom transit cases).
DEPTH: The depth of the instrument from the front panel face to the
rearmost projection at the back of the instrument. On a System II
instrument, add two inches if the instrument has handles.
HEIGHT: The actual instrument height from the base to the top of
the cabinet.

The selection tables include American standard and metric mea
surements. The addition of any options, accessories or standoff de
vices will affect the instrument's overall configuration and must be
taken into consideration when ordering a transit case.



BTRANSIT CASES
Rugged Protection for Instruments (cont'd)

Typical full module System I style cabinet

System I Cabinet Style Transit Cases
Full Module Width Instruments
Instrument Width - 16.75 in. 425.5 mm

Instrument Depth - 11.25 in. 285.8 mm
Insl Height HP Part "Price

In. mm Style Number 1-4 5-49

3.50 88.9 VT' 9211-1288 $370 330
5.25 133.4 VT' 9211-1289 $380 340
7.00 177.8 VT' 9211-1290 $390 360
8.75 222.3 T' 9211-1291 $420 380

Instrument Depth - 16.25 in. 412.8 mm
Ind. Height HP Part "Price

In. mm Style Number 1-4 5-49

3.50 88.9 VT' 9211-1292 $400 370
5.25 133.4 VT' 9211-0839 $420 380
7.00 177.8 VT' 9211-1293 $430 390
8.75 222.8 VT' 9211-1294 $430 390

10.50 266.7 T' 9211-1295 $430 390
12.25 311.2 T' 9211-1313 $450 410

Instrument Depth - 19.25 in. 489.0 mm
Ind. Height HP Part "Price

In. mm Style Number 1-4 5-49

5.25 133.4 VT' 9211-1296 $440 400
7.00 177.8 VT' 9211-1735 $450 410

Instrument Depth - 22.25 in. 565.2 mm
Insl. Height HP Part "Price

In. mm Style Number 1-4 5-49
12.25 311.2 T 9211-1297 $480 430

'Removable casters are an option.

Two-thirds Module Width Instruments
Instrument Width - 10.50 in. 266.7 mm

Instrument Depth - 11.00 in. 270.4mm
Insl. Height I I

HP Part
I "Price

In. mm Style Number 1-4 5-49
6.5 165.1 I V I 9211-1895 I $330 300

Halt Module Width Instruments
Instrument Width - 7.75 in. 196.9 mm

Instrument Depth - 8.00 in. 203.2 mm
Ind.Helght

I I HP Part
I "Price

In. mm Style Number 1-4 5-49

6.5 165.1 I V I 9211-1316 I $300 270

Instrument Depth - 11.00 in. 279.4 mm
Insl Height I I HP Part

I "Price
In. mm Style Number 1-4 5-49
6.5 165.1 I V I 9211·1315 I $310 280

Instrument Depth - 16.00 in. 406.4 mm
Insl. Height I I HP Part

I
"Price

In. mm Style Number 1-4 5·49

6.5 165.1 I V I 9211-1734 I $330 300
••Prices shown are subjecl 10 change.

Typical full module System II style cabinet

One-third Module Width Instruments
Instrument Width - 5.125 in. 130.2 mm

Instrument Depth - 8.00 in. 203.2 mm
Insl. Height I I HP Part I ··Price

In. mm Style Number 1·4 5·49
6.5 165.1 I V I 9211-1317 I $290 260

Instrument Depth - 11.00 in. 279.4 mm
Insl. Height

I I
HP Part I "Price

In. mm Style Number 1·4 5-49
65 165.1 I V I 9211-1318 r $300 270

System II Cabinet Style Transit Cases

Full Module Width Instruments
Instrument Width - 16.75 in. 425.5 mm

Instrument Depth - 15.25 in. 387.4 mm
Insl. Height HP Part "Price

In. mm Style Number 1·4 5·49
3.50 88.9 VT 9211-2642 $430 390
5.25 133.4 VT 9211-2643 $430 390
7.00 177.8 VT 9211-2644 $430 390
8.75 222.3 VT 9211-2645 $430 390

1050 266.7 T' 9211-2646 $430 390
12.25 311.2 T' 9211-2647 $430 390

Instrument Depth - 18.25 in. 463.6 mm
Insl. Height HP Part "Price

in. mm Style Number 1·4 5-49

3.50 88.9 VT 9211-2648 $480 430
5.25 133.4 VT 9211-2649 $480 430
7.00 177.8 VT 9211-2650 $480 430
8.75 222.3 T' 9211-2651 $480 430

1050 266.7 T' 9211-2652 $480 430
12.25 311.2 T' 9211-2653 $480 430

Instrument Depth - 21.50 in. 546.1 mm
Insl. Height HP Part "Price

In. mm Style Number 1-4 5·49
3.50 889 VT 9211-2654 $520 470
5.25 133.4 VT 9211-2655 $520 470
7.00 177.8 VT 9211-2656 $520 470
8.75 222.3 T' 9211-2657 $520 470

10.50 266.7 T' 9211-2658 $520 470
12.25 3112 T' 9211-2659 $520 470

Instrument Depth - 24.50 in. 622.3 mm
Insl. Height HPPart "Price

In. mm Style Number 1-4 5·49
3.50 88.9 VT 9211-2660 $550 500
5.25 133.4 VT 9211-2661 $550 500
7.00 177.8 T' 9211-2662 $550 500
8.75 222.3 T' 9211-2663 $550 500

10.50 266.7 T' 9211-2664 $550 500
12.25 311.2 T' 9211-2665 $550 500

'Removable casters are an option.



B

Typical System II half module instrument

System II Cabinet Style Transit Cases (Continued)

Half Module Width Instruments
Instrument Width - 8.50 in. 215.9 mm
Instrument Depth - 9.75 in. 247.7 mm

Inst. Height HP Part **Price
in. mm Style Number 1·4 5·49
3.50 88.9 V 9211-2666 $330 300
5.25 133.4 V 9211-2667 $330 300
7.00 177.8 V 9211-2668 $330 300
8.75 222.3 V 9211-2669 $330 300

10.50 266.7 V* 9211-2670 $330 300
Instrument Depth - 12.75 in. 323.9 mm

Inst. Height HP Part "Price
in. mm Style Number 1·4 5·49
3.50 88.9 V 9211·2671 $390 350
5.25 133.4 V 9211-2672 $390 350
7.00 177.8 V 9211-2673 $390 350
8.75 222.3 V 9211-2674 $390 350

10.50 266.7 V 9211-2675 $390 350
Instrument Depth - 15.75 in. 400.1 mm

Inst. Height HP Part "Price
in. mm Style Number 1·4 5·49
3.50 88.9 V 9211-2676 $400 360
5.25 133.4 V 9211-2677 $400 360
7.00 177.8 V 9211-2678 $400 360
8.75 222.3 V 9211-2679 $400 360

10.50 266.7 V 9211-2680 $400 360
Instrument Depth - 18.75 in. 476.3 mm

Inst. Height HP Part **Price
in. mm Style Number 1·4 5·49
3.50 889 V 9211·2681 $400 360
5.25 133.4 V 9211-2682 $400 360
7.00 177.8 V 9211-2683 $400 360
8.75 222.3 V 9211-2684 $400 360

10.50 266.7 V 9211-2685 $400 360
• Removable casters are an optIon.
•• Prices shown are subject to change.

Typical System II quarter module instrument

Quarter Module Width Instruments
Instrument Width - 4.125 in. 104.8 mm
Instrument Depth - 9.75 in. 247.7 mm

Inst. Height HP Part **Price
in. mm Style Number 1·4 5·49
3.50 88.9 V 9211-2686 $280 250
5.25 133.4 V 9211-2687 $280 250
7.00 177.8 V 9211-2688 $280 250

Instrument Depth - 12.75 in. 323.9 mm
Inst. Height HP Part "Price

in. mm Style Number 1·4 5·49
3.50 88.9 V 9211-2689 $290 260
5.25 133.4 V 9211-2690 $290 260
7.00 177.8 V 9211·2691 $290 260

Instrument Depth - 15.75 in. 400.1 mm
Inst. Height HP Part "Price

in. mm Style Number 1·4 5·49
3.50 88.9 V 9211-2692 $350 310
5.25 133.4 V 9211·2693 $350 310
7.00 177.8 V 9211-2694 $350 310

Field-installed swivel caster kit. HP part number 1490-0913



BOPERATING CASES
Rugged Protection for Instruments

Exploded view of an Operating Case with an instrument and
drawer ready for mounting.

Operating Cases
Hewlett-Packard operating cases are rugged protective enclosures,

used when instruments are transported and used on-site. They are
constructed of the same pressure-molded fiberglass/resin laminate as
Hewlett-Packard transit cases. Hewlett-Packard's standard hard
ware provides excellent protection from damage and the elements.
Conveniently placed handles fold flat when not in use. Front and back
covers seal with O-ring gaskets and clamping latches. All transit cases
are rainproof under MIL-STD-I08.

Interior Configuration
Operating cases are equipped with shock-mounted aluminum

frames that accept any standard 19-inch rack mounting instrument
(EIA-RETMA standard) up to the height of the frames. Most full
sized instruments and modular combinations of instruments can be
rack mounted in one of our operating cases. The frame arrangement
and the ability to remove the front and back covers allows the conve
nience of operation without removing the instrument. As a result, the
instrument can be set up for operation with a minimum of delay. At
the same time, environmental protection is afforded. Both Hewlett
Packard System I and System II cabinet styles can be mounted in
operating cases (including System I module combining cases).

Rack mounting offers a number of conveniences. Total systems
configured of individual instruments and accessories can be combined
in one or more operating cases. Patch cable, HP-IB and HP-IL con
nections can be left in place within the case, so that instruments are
ready to be put into use with a minimum of delay.

Sturdy drawers that accommodate various HP accessories and
operating supplies are available in three sizes and come with
smooth-operating ball bearing slides.

Elastomeric shock-mounted frames provide outstanding shock
and vibration attenuation. A set of standard shock mounts can
be provided for any equipment weight and fragility.

Accessories and Options
A number of accessories and options are available to provide maxi

mum flexibility. Drawers are available in three heights, ~o that small
accessories, supplies and tools can be kept inside the case with the
instrument (cut foam cushions can be designed to accommodate any
of these items). Aluminum skids, stacking feet, internal power recep
tacles and many other items are available as options on special orders,
or as accessories for customer installation when ordered separately.

How to Order
Operating cases, like transit cases, are ordered through your local

HP sales office. Because of the wide variety of options available and
the number of configurations possible, it is recommended that you
discuss your needs with an HP representative before you order.



Heavy-duty removable caster and mounting plate

Operating Case Selection Guide

Case Width = 24.00 in.l609.6 mm (standard)
Case Depth = 28.50 in.l723.9 mm (standard)
Nominal Rack Instrument Weight

Height maximum minimum Case Height HP Part 'Price
in. ISO Ibs kg Ibs kg in. mm Number 14 5-49

5.25 3U 75 34.0 20 9.1 10.75 273.1 9211-1302 $1.350 1,080

8.75 5U 75 34.0 20 9.1 1520 386.1 9211-1303 $1,450 1.160

10.50 6U 130 59.0 30 116 17.00 431.8 9211-2635 $1650 1.320
12.25 7U 130 59.0 30 13.6 18.87 479.3 9211-1163 $1)50 1,400

14.00 8U 130 59.0 30 13.6 20.50 520.7 9211-1241 $1800 1,450

15.75 9U 130 59.0 30 13.6 22.25 565.2 9211·1242 $1.800 1,450

17.50 IOU 130 59.0 30 13.6 24.00 612.1 9211·1243 $1,800 1,450

19.25 llU 130 59.0 30 13.6 25.75 654.1 9211-1244 $1800 1,450

21.00 12U 250 113.4 50 22.7 28.00 711.2 9211·1245 $1,800 1,450

2275 13U 250 113.4 50 227 29.75 755.7 9211·2636 $1800 1,450

24.50 14U 250 113.4 50 22.7 31.50 800.1 9211·1911 $2,200 1)50

26.25 15U 250 113.4 50 227 33.25 844.6 9211-2637 $2,200 1)50

28.00 16U 250 113.4 50 22.7 35.00 889.0 9211·2638 $2,200 1)50

29.75 17U 250 113.4 50 22.7 36.75 933.5 9211-2639 $2.200 1)50

31.50 18U 250 1134 50 22.7 38.50 977.9 9211·2640 $2200 1}50

33.25 19U 250 113.4 50 22.7 40.25 1022.4 9211-1713 $2,200 1)50

47.25 27U 320 145.2 70 31.8 53.88 1368.6 9211·2641 $2.700 2.150

•Prices shown are subject to change.

Standard Features

Inner rack frame with provision for infinitely adjustable T-bar instru
ment support bracket. Standard 20" depth.

Inner rack frame with RETMA hole pattern drilled in rear rails.

Special Features Available
A. Mating feet for stacking one case on top of another.
B, Special color. Please specify.
C. Modified inner rack frame depth. Standard depth
20" from front panel mounting surface to rear surface
of frame. This option includes an appropriate change in
the overall depth of the enclosure. Please specify de
sired inner frame depth. Maximum 23", minimum 12".
D. Instrument slide pair to mount on either side of inner
frame using RETMA hole pattern drilled in front and
rear rails.
E. Special shock mounts for unusual instrument
weights. Please specify weights.
F. Increased front cover depth. Maximum depth 6".
Please specify.
G. Increased rear cover depth. Maximum depth 6".
Please specify.
H. Latches recessed into the surface of the case.
I. Handles recessed into the surface of the case.
J. Hermetically-sealed case tested by the hot water
method.
K. MIL-C-4150 certification with the exception of de
sign and preproduction testing. Case will have in
creased wall thickness, hardware anodized to military
specification, and will be hermetically tested using the
hot water method.
L. Automatic pressure relief valve.
M. Addition of four permanently mounted, 3W' diame
ter swivel casters.
N. Addition of four removable, 3W' diameter swivel
casters. Also available in kit form.
O. Addition of two aluminum hat-section skids to the
case bottom.
P. Addition of lift rings to either side of the case.
Q. 31;'2 H (88.9 mm) Drawer with ball bearing slides.
R. 51/.1 H (133.4 mm) Drawer with ball bearing slides.
S. 7 H (177.8 mm) Drawer with ball bearing slides.
T. Pair of T-Bar instrument support brackets.
U. AC power receptacle strip with four outlets mounted
on bottom rear of inner rack frame. Power cord 1 meter
(3' 3") long, NEMA connectors.

Accessories (when ordered separately)
9211-1164)1/2 H (88.9 mm) Drawer with ball bearing
slides.
9211-1165 5V. H (133.4 mm) Drawer with ball bear
ing slides.
9211-11667 H (177.8 mm) Drawer with ball bearing
slides.
0950-0122 AC power receptacle strip with four outlets
mounted on bottom rear of inner rack frame. Power
cord I meter (3'3") long, NEMA connectors.
9211-1173 Pair T-Bar instrument support brackets.
1490-0913 Caster kit, four removable, )1/2" (88.9 mm)
swivel casters. For transit cases only. Recommended to
be removed before transit.
5081-5831 Operating Case Latch.
5081-5832 Aluminum hat-section skids (2) for case
bottom.
5081-5834 Caster kit, four removable, 3W' (88.9 mm)
swivel casters. Heavy duty for Transit or Operating
Cases. Recommended to be removed before transit.

$50
$40

$300

$90

$40

$250

$250

$250
$90
$90

$290

550
Sl20

$250

S120

$50
$330
$350
$370
530
$50

$380

$400

$480

550

$46
$210

57.75 each
$155

$300

Standard color: pearl grey cabinet.

Manual pressure relief valve.

On request, cases can be fabricated that meet the environmental
requirements of military specifications. Specifications other than mil
itary are subject to change without notice.



Price
$38.00W

35.00W
33.00W

Name
Bail Handle Kit for 88.1 (3V2) Module

Bail Handle Kit for 132.6 (5V.) Module

Bail Handle Kit for 177.0 (7) Module

NOTICE-Most of the b'
. I d b ca ,net accesso k'

mc u e oth inch and m t . " ry ,ts shown On th

h
e flC ,asteners to k h ese Dages

t e new metric-fastener.cabin t rna e t em compatible with

cabinets which are stilI in servi~:' r~s. well as. the older inch·fastener.

be aware of these different t: t' IS most I.mportant for the user to

a~taching the accessory kits. ~:~~r~/o aVOid th~ead damage when

with a yellow label on the rear whic~c a~e~,er.ca?mets are identified

hardware" a "metric" b ~ea s Caution-metric and inch

h . ' . em ossmen t m th f t b .

t e plastic tflm strip, and on th 'ddl e ron ezel casting under

e ml e of the rear bezel casting.

SY~~~m " and System" Plus Cabinet Design

s modular cabinet system offe b .

mounting versatility. These cabinet rs d e~ch-s tackmg and rack

with EIA and IEC sta.ndards, both i~ ~~t::~~~~i~o~t.compatibili
ty

System. II Plus cabmets and accessories are identical in form fit

and ~un~tlOn a~ System II, but are different colors for improved vi~uai

contmulty. ThiS catalo~ lists System rr Plus part numbers only. Old

System II p~rts are.a.vallable until May 1989. For old part numbers,

refer to preVlOUS editIOn of this catalog.

Bail Handle Kit
For V2 MW cabinets, you can attach this front bail handle for easy

portability. Attaching hardware furnished.

HP Part No.
5062-4001

5062-4002
5062-4003

Handles and Rack Mount Flanges

Handles and rack flanges are available for all System U cabinets,

although they find most use on full width modules or combinations of

narrowe~ ~odules locked together to form I MW (module width).

<:ertal~ Instruments are supplied with front handles as part of the

selhng pnce. Han~les. and rack flanges can be supplied with most in.

s.truments ?y specifYing the appropriate option from the following

hst, at the t~me of order. The extra cost ofeach option is usually speci

fied on the mstrument data sheet.

Option 907 Front Handles

Option 908 Rack Mount Flanges

Option 909 Handles with Rack Flanges

Option 913 Rack Mount Flanges (If handles already furnished)

(HP 5062-4069 Version)

T.he table ?elo~ describes kits available for use after receipt of

eqUIpment. FIeld IDstallation is very straight-forward. A plastic trim

strip is easily removed and the handle or flange attached with screws

supplied in the kit. Before rack mounting, bottom feet must be re

moved.

Handles and
Rack Mount Flange

a
Bail Handle

CABINETS & CAB
System" PIus-Handles INET ACCESSORIeS

and Rack Flanges, Ba" Handle Kit

fFE=::::::::::d'tl ====-~J',~"c?~."(,~"2~~~'1Hi- ...
Ir- lI-rr 265.9 (10'1.) H

lr'r."ir =,.:Ji-1F 41 221.5 (8%) H

riC """""""""" ='Jil- ~ II 177.0 (7) H

F iI-IFI 41,32.6 (5'10) H

CrF
--===="""J~II- C:~I~.1(3·/.)H

....... FULL MODULES ='

System 1/ Cabinet Design

B

Handle and Rack Flan es

o Front Handle o Rack Mount e Rack Mount Flange Kits
o Rack Mount Flange Kit

Instrument Kit
Flange Kit [3] with Handles

for Instruments With Previously

Module

Su lied Handles

Height
mm (Inch) HP Part No. Price HP Part No. Price HP Part No. Price HP Part No. Price

88.1 (3lf2)H 5062-3988 $ 50.DOW 5062-3974[lJ $3100W 5062·3975(IJ $ 72.5021: 5062-4069[lJ $2100[4J 21:

88.! (3lf2)H
5062-3976[2} 3100W 5062-3982[2} 72.5021: 5062·4070[2] 36.00(4) W

132.6 (5V.)H 5062-3989 55.DOW 5062-3977 33.50W 5062·3983 825021: 5062-4071 2800 W

1770 (7)H 5062-3990 65.00W 5062-3978 36DDW 5062·3984 95 DOW 5062-4072 3200 W

221.5 (8Y.)H 5062·3991 75.00W 5062-3979 4O.DDW 5062-3985 105.0DW 5062-4073 36.00 W

265.9 (lOIt)H 5062-3992 95.00W 5062·3980 45.00W 5062·3986 120.00W 5062-4074 40.00 W

310.4 (12'4)H 5062·3993 I40DDW 5062·3981 50.DOW 5062-3987 l6D.DOW 5062-4075 49.00 W

Kit includes
2 Handles +2Trim Strips + 2 Flanges + 2 Handles +2 Flanges + 2 Flanges +

Mtg. Screws Mtg. Screws Mtg. Screws Mig. Screws

fl1 HP 5062-:1974/3975/4(J69 Kits use stlllldard nanges wnh 1.75' hole speelng. {3] Will n01 fit onto instruments with previously supplied handles.

f2] HP 5082-3976(3982/4070 Kits use special flange with 3.00'hoJe spacing. [4J Option 913 ordered on instruments supplies HP 5062-4069. For 3.00' spacing order HP 5062-4070 inatead

orop!.lm. W Fo.c\...ShiO oroduct. See page 766



CABINETS & CABINET ACCESSORIES 0
System II Plus-Support Shelves, Filler Panels L:J

NOTICE-Most of the cabinet accessory kits shown on
these pages include both inch and metric fasteners to
make them compatible with the new metric-fastener
cabinets, as well as the older inch-fastener-cabinets
which are still in service. It is most important for the
user to be aware of these different fasteners to avoid
thread damage when attaching the accessory kits.
Metric-fastener-cabinets are identified with a yellow
label on the rear which reads "Caution-metric and
inch hardware", a "metric" embossment in the front
bezel casting under the plastic trim strip, and on the
middle of the rear bezel casting.

Support Shelf, Slide, and Filler Panels
Submodules of differing heights, widths, and depths (up to 20 D)

may be rack-mounted using these support shelves. Any combination
of III MW and '12 MW will fit side-by-side up to I MW. Filler panels
close up vacant spaces either on top of short modules or side-by-side.
The slide kit provides ready access to internal shelf areas and is
designed for HP racks with 24-inch depth vertical support rails. Slide
kit includes brackets and mounting screws.

Support Shelf
Slide Kit

Price
$195.00W

195.00W
210.00W
120.00W

Sub Module Support
Shelf Kit

Name
Support Shelf for 88.1 (3'12)H Modules
Support Shelf for 132.6 (5 111)H Modules
Support Shelf for 177.0 (7)H Modules
Slide Kit (2 ea slides, brackets, hardware)

HP Part No.
5062-39960
5062-3997 0
5062-3998 0
1494-0015 4)

Front Filler
Panel

Rack Mount Adapter Kits
Modules of less than I MW can be rack mounted using these kits.

Individual \I.l MW or '12 MW modules use the kits shown below direct
ly. Combinations of \I.l MW and '12 MW (of equal depth) are first
joined side-by-side with the Lock Link Kit (HP 5062-3994) (follow
ing page), then have end flanges applied. Combinations adding to I
MW use regular rack flange kit (previous page). Kits include attach
ing screws but not front panel rack mounting screws. Hole patterns
conform to EIA and IEC standards.

Rack Mount Adapter Kits

0 0 G
Module Mounts II MI Mounts ~ MI Mounts~.MI
Height Module or 2 ea. II MW[2] (3 ea. II MIXI] or

mm (Inch) Modules y.&~MW

slde-bY1Ide(2j

HP Part No. Price HP Part No. Price HP Part No. Price

88.1 (311)H 5062-3973 $56.0OW 5062-3972 $51.0OW 5062-3971 $43.0OW
132.6 (511)H - 5062-3957 62.0OW 5062-3958 50.0OW
177.0 (7)H - 5062-3960 67.0OW 5062-3961 70.0OW

265.9 (lOIl)H - 5062-3966 77.5OW 5062-3967 72.5OW

Kit 1ea. rack flange 1ea. rack flange 1ea. rack flange

includes 1ea. V. MW 1ea. Ih MW I ea. Y. MW extension
extension adapter extension adapter extension adapter
flange and screws flange and screws flange and screws

[1] ',. MW can be center mounted using 201 these kits.
[2] Sid&-by-slde modules 01 equal depth require lock link kit (HP 5062-3994).

Filler Panels

Description Size HP Part No. Price

0
For 88.1 (3\1) Hsupport shelf partially filled Y. MWto fill 5062-4021 $67.50
with instruments, and having the following \I MW to fill 5062-4022 80.00
front panel space to fill: \\ MW to fill 5062-4023 92.50

0 for 132.6 (511) Hsupport shelf, and having II MW to fill 506-4024 $80.00
the following front panel space to fill: II MW to fill 5062-4025 87.50

0 For 177.0 (7) Hsupport shelf, and having II MWtofili 5062-4066 $75.00
the following front panel space to fill: \I MW to fill 5062-4027 110.00

0 For Y. MW and having the following vertical 43.2 (1 \\)H 5062-2035 $50.00
space to fill: 87.6 (3\11H 5062·2036 50.00

o For II MW and having the following vertical 43.2 (H.) H 5062-2037 $50.00
space to fill: 87.6 (3\1) H 5062-2038 50.00

W Fast-Ship product. See page 166



8 CABINETS & CABINET ACCESSORIES
System II Plus-Lock Link Kits, Rack Mount Slide Kits

NOTICE-Some of the cabinet accessory kits shown on these pages
include both inch and metric fasteners to make them compatible with
the new metric-fastener-cabinets, as well as the older inch-fastener
cabinets which are still in service. It is most important for the user to
be aware of these different fasteners to avoid thread damage when
attaching the accessory kits. Metric-fastener-cabinets are identified
with a yellow label on the rear which reads "Caution-metric and
inch hardware", a "metric" embossment in the front bezel casting
under the plastic trim strip, and on the middle of the rear bezel cast
ing. Oue to design considerations, the slide-mount kits shown on this
page are offered in both inch and metric fastener versions.

Lock Link Kits HP 5062-3994 (includes inch screws)
All sub-module cabinets of equal depths can be linked together

over-under or side-by-side with hardware in the lock link kit. Cabinet
frames are already pre-threaded to allow quick assembly. For side
by-side connections the kit contains l2 front hooks and six rear links,
enough for 3 side-by-side joints. For vertical connections, the kit also
contains four front hooks and four rear links enough for two over
under joints. Kit includes screws. Locking cabinets together horizon
tally in a configuration wider than 1 MW is not recommended.

If the over-under linked combination is to include rear standoff feet
(HP 5062-4009), then the over-under locking feet kit HP 5062-3999
(next page) should be used for over-under connection.

The HP 5062-3994 Lock Link Kit is not recommended for full
module over/under combinations. Use Kit HP 5061-9699 Locking
Feet Kit (next page) to handle those larger weights.

Slide Kits and Rack Brackets
Rack slides are available for full-width System II cabinets to per

mit easy access to internal spaces. Each kit consists of two slides
which mount directly to System II cabinet side handle recess spaces
(after removing side handles). The slides also mount directly to verti
cal support rails in HP-racks. HP 1494-0060 mounts 345.40 and
421.60 depth System 11 cabinets. HP 1494-0059; 497.80 and
574.00.

Standard weight slides carry 38.6 kg (85 lbs) max. load. Tilting
versions are available in standard duty only. (HP 1494-0062 and
1494-0063.)

o HP Rack
Heavy Duty

(Slide Kit

I"

~ .. .------------ (
CD 'LJ'"~
Non-HP RackV -.........,;;;:
Heavy Duty Slide Bracket Kit

co co coco co co r-

I ~J ~ I ~I~
I

dd
eX2~

(8 Places)
c:::) c::=J
c:::) c::=J

I--- 76.2-----+1

For non-HP-racks, end bracket kits are available for both standard
and heavy duty slide kits. Slotted hole arrays in the brackets provide
for front-to-back rack rail spacing of 24, 26, and 28-inch nominal
centers. They also allow choice of two vertical positions. Each kit of
four brackets includes screws and four bar nuts. These general pur
pose mounting brackets fit most common non-HP-racks such as GE,
Honeywell, etc.

HP Part No. Name Price
Metric (Incb)
5062-3994 Lock Link Kit $ 25.00W
1494-0060 o Non-Tilting, Std. Slide Kit, Fits
(1494-0018) 345.40 & 421.60 Cabinets IOO.OOW
1494-0059 o Non-Tilting, Std. Slide Kit, Fits
(1494-0017) 497.80 & 574.00 Cabinets IOO.OOW
1494-0062 Tilting, Std. Slide Kit, Fits 345.40 &
(1494-0025) 421.60 Cabinets 190.00W
1494-0063 Tilting, Std. Slide Kit, Fits 497.80 &
(1494-0026) 574.00 Cabinets 190.00W
1494-0058 o Non-Tilting, Heavy Outy Slide Kits
(1494-0016) (497.80 & 574.00 Cabinets Only) 290.00W
1494-0061 G (4) End Brackets for Non-HP Racks,
(1494-0023) Std. Slides 46.00W
1494-0064 0 (4) End Brackets for Non-HP Racks,
(1494-0042) Heavy Outy Slides 70.00W
W Fast-Ship product. See page 766



CABINETS & CABINET ACCESSORIES 8
S1System II Plus-Cabinet Feet

NOTICE-Most of the cabinet accessory kits shown on
these pages include both inch and metric fasteners to make
them compatible with the new metric-fastener-cabinets, as
well as the older inch-fastener-cabipets which are still in
service. It is most important for the user to be aware of
these different fasteners to avoid thread damage when at
taching the accessory kits. Metric-fastener-cabinets are
identified with a yellow label on the rear which reads "Cau
tion-metric and inch hardware", a "metric" embossment
in the front bezel casting under the plastic trim strip, and
on the middle of the rear bezel casting.

HP 5041-8805

~

HP 5041-8801
HP 5041-8822

~

~ "
'~

~
~

~

HP 5062-3995

....
....

HP 5062-3999
HP 1460-1345

For 1/4 MW cabinets, foot HP 5041-8805 fits front or rear (two re
quired). Tilt stand HP 1460-1369 fits the standard 1/4 MW foot and
can be used front or rear depending on whether you want an upward
or downward display.

Rear Panel Locking Foot Kit
When full module cabinets are to be linked vertically, and rear

standoff feet are planned, use this kit. It consists of right and left foot
linking pairs and 2 front hooks, enough for one over-under joint.

Also requires one HP 5062-4009 foot kit to supply the remaining 4
corner feet.

Bottom and Rear Cabinet Feet

Cabinet Rear Standoff Feet HP 5062-4009 (includes inch
screws)

Kit HP 5062-4009 provides four corner feet which give 25.4 mm
(I-in.) stand-off protection to the rear panel of instruments. It is used
when instruments are to be operated or stored vertically on their rear
panels. (Fits all but 1/4 MW by (88.1) 3V2H). Includes mounting
screws.

Cord Wrap Feet Kit HP 5062-3995 (includes inch screws)
Kit HP 5062-3995 contains four ribbed corner posts on which you

can wrap power cords or signal cables for transport or storage. (Rec
ommended for 1/4 MW and 1/2 MW cabinets weighing less than II
kg, (24 Ibs). Includes mounting screws.

Cabinet Bottom Feet and Tilt Stands
The standard foot HP 5041-8801 fits the bottom of full width and

1/2 MW cabinets. It fits front or rear and four are required. HP
5041-8822 foot is a non-skid version. Used in pairs it can prevent
bench-top creeping. Tilt-stand HP 1460-1345 fits into the standard or
non-skid foot and is used in pairs (front or rear) to tilt the instrument
up or down for better viewing.

HP Part No. Name
5062-4009 Rear Standoff Feet Kit (4 Feet)
5062-3995 Cord Wrap Feet Kit (4 Feet)
5041-8801 Standard Foot
5041-8822 Non-Skid Foot
1460-1345 Tilt Stand
5041-8805 1/4 MW Foot
1460-1369 1/4 MW Tilt Stand
5062-3999 I MW Cabinet Lock-Foot Kit
W Fast-Ship product - See page 766

Price
$8.75W

$25.00W
$2.50W
$4.00W
$1.50W
$7.00W

$IO.OOW
$6000W



CABINETS & CABINET ACCESSORIES
SYSTEM 1-Rack Hardware and Accessories

Price

$135.00W

$260.00W

Price
$150.00W
$150.00W

$28.00W
$12.00W

Mount
Slides

Attach
Adapter

Name
Rack Adapter 178mm (7-in)
Rack Adapter 89mm (3'/2-in)
Extra Vertical Dividers for 5060-8764
Extra Vertical Dividers for 5060-8762

Cabinet Adapters
HP Part No. Name
1490-0722 Adapter plate for 88.9mm H(3Y2 in.)

cabinets
1490-0721 Adapter plate for 133mm H(5i4 in.)

and higher cabinets
W Fast-Ship product. See page 766

Remove Handles
and Feet

HP Part No.
5060-8762
5060-8764
5040-6678
5040-6680

Rack Mount Slide Kits and Cabinet Adapters
By removing the side handle of full width system I cabinets, rack

mount slides can be attached for easy access to internal space. Both tilt
ing and non-tilt are available, while max. load factor is 31.7 kg (70 Ib).
The cabinet adapter plate attaches to the handle recess then to the slide.
Slide kits include four angle brackets which mount to rack rails with
front-to-back nominal spacings of 24, 26 and 28-inches.

Rack Adapter Frames, HP 5060-8762, 5060-8764
These frames can be used to hold combinations of Y3 and \6 module

width HP instruments. Each frame is furnished with mounting hardware
and three dividers. Two models are available for different instrument
heights. Adapter frames are for permanent or semi-permanent rack
mounting. Where quick removal and reinstallation of instruments is de
sirable, the HP 1015A and HP 10152A should be used.

HP 5060-8762 is 178 mm (7 in.) high and accepts instruments heights
of i4H, I·m, and IH. HP 5060-8764 is 89 mm (3 112 in.) high and accepts
instruments of '4H and Y2H.

~
'

~~~.~.--. . ..... - •.

. '.$40.00
$1.00

Price
$750.00
$750.00

Nominal Cabinet Height

HP Part Number Millimetres Inches Price

5060-8739 88.1 3'/2 $40.00W
5060-8740 132.6 51/. $40.00W
5060-8741" 177 7 $40.00W
5060-8742 221.5 83/. $45.00W
5060·8743 265.9 101/2 $45.00W
5060·8744 310.4 121/. $50.00W

"Also used to rack mount Combining Kits HP 1051A & 1052A shown above.

Rack Mounting Kits, HP 5060-8739 to 5060-8744
With these kits all Hewlett-Packard products in full rack-width cabi

nets of the integral side frame-handle style (see HP I051A, I052A, Com
bining Cases above) can be easily prepared for rack mounting. Each kit
contains two flanges, a filler strip, and mounting screws.
Rack Mountinq Kit Orde~ing ilflformation

System 1 Cabinet Design
System I Cabinets are still used on older HP instruments. System I

can be identified by its front handles being integral with the side casting
frame. These two pages describe accessories for use with System I Cabi-

:.;~:..- n_e_ts_a_n_d_s_m_a..ll""m"",O"",d"",,"I" ',,"=rn".,~

~ Rack Mounting
Kits (HP 5060-8739 To 5060-8744)

Combining Cases, HP 1051A, 1052A
HP 1051A and HP 1052A combining cases conveniently rack or bench

mount combinations of small modular Hewlett-Packard SYSTEM I in
struments. Both cases accept '/l or 1/2instrument modules, 130mm or 198
mm wide (51j8 or 725/32 inches). The basic difference is that the HP 1052A
is 130 mm (5 1/8 in.) deeper and will accept modules up to 416mm deep
(16'/8 in.). The HP 1051A accepts instruments up to 286mm deep (l11j.
in.). Each case is furnished with two dividers.

Accessory drawer HP 5060-8756 supplies storage space 1/3 width and
77 mm (3-1/32") high. Use an HP 5060-8758 filler panel above or below.
HP 1051A, 10,,21\, !i(l6(H3756 fipecifications
Size
UP I051A: 178 H x 482.6 W x 337 mm D (7" x 19" x 13 1/4).
UP I052A: 178 H x 482.6 W x 467 mm D (7" x 19" x 18'/8).
Weight
UP I051A: net, 4.5 kg (10 Ib). Shipping, 6.7 kg (l5Ib).
UP I052A: net, 5.4 kg (12Ib). Shipping, 8.1 kg (l8Ib).
Opt 908: Rack Mount Kit
Opt 910: Extra Manual



CABINETS & CABINET ACCESSORIES 0
System 1 • Slide Kits, Fans, Joining Brackets, Cases L:J

Rack Mount Slide Kits, HP 1490-0713 to
1490·0720

HP Part Slide Cabinet
Number' Type Depth
1490-0713 fixed All Sizes
1490-0714 fixed All Sizes
1. Cabinet Adapters, below, must be added to slides
2. Slide's stationary mounting depth: 406.4 (16)
3. Slide's stationary mounting depth: 558.8 (22)

Extension
Length

482.6 OW
635.0 (25)3

Price
$140.00W
$160.00W

Price
$160.00W
$160.00W
$170.00WEJ.W 1H IHp·5:~~.J

\ l'JW !4H }

HP 5060-8759 HP 5060-8757

'!2W1H R
bd

HP 5060-8756
Accessory
Drawer

Joining Bracket Kits, HP 5060·8541 to
5060-8545

These kits join HP System 1 instruments of the same width and
length into easily handled single stacks. Each kit consists of two
brackets, mounting hardware and trim. They are available to fit the
three most common instrument depths:
HP Part Number
5060-8541: 279 mm (11 in.) EIA panel depth
5060-8543: 406 mm (16 in.) EIA panel depth
5060-8545: 480 mm (19 in.) EIA panel depth

HP 5060-8760 HP 5060-8761

'hW !4H

HP 5060-8540

Filler Panels, HP 5060·8540, 5060·8757 to
5060-8761

Filler panels can be used to close off any leftover space after instru
ments are mounted in combining cases (left) or adapter frames (be
low) Panels are available in a variety of widths and heights

Module Case Filler Panel Dimensions
HP Part No. Height xWidth Millimetres Inches Price
5060-8540 1/. x I;' 38 x 198 11;' x725132 $54.00
5060-8757 1/. x 113 38 x 130 11;' X 51/8 $75.00
5060·B75B l/2x lh 77 X130 31132 X5!Ia $43.00
5060·8759 full x 113 155 x 130 63132 x 51/8 $43.00
5060·8760 full x 1;' 155 x 198 63132 x725132 $44.00
5060-8761 full x 1/6 155 x63 63132 x 231/64 $70.00

W Fast-Ship product. See page 766.



CABINETS & CABINET ACCESSORIES
EIA Racks
HP 46298-Series

• Functional fit with HP instruments
• Same design as HP Design Plus work station furniture
• Quality construction

e

Modularity lets you select only the parts you really need: doors, anti-tip feet, a work surface or a convenient drawer for small system parts.

With the addition of these racks, Hewlett-Packard can now offer
you a total system of test instruments, rack cabinets, computers and
work stations. All these pieces are designed to be compatible - both
in form and function.

These 19-inch commercial/industrial EIA rack cabinets easily ac
commodate HP test instruments and incorporate the same design ele
ments as HP's Design Plus work station furniture (see page 734). You
can create work places which are easy to install, look good and incor
porate the latest in ergonomic features.

The rack system is modular. Choose from three heights: 1600mm
(63.0n

), IOOOmm (39.4n
) or 720mm (28.4n

). Then purchase doors,
filler panels or other products only as you need them. You can select
from blank front doors, ventilated rear doors, front caps, blank filler
panels, a sliding drawer and anti-tip feet. We can even provide you
with the proper mounting hardware.

The basic rack consists of the frame, two side panels and a top pan
el. The frame includes a base plate, the four corner struts, to which

the instruments are attached, and a top plate. Everything is manufac
tured from folded, welded steel. This all-steel, one-piece construction
offers incredible strength compared to racks which are merely bolted
together. The colors are selected to blend with old and new HP instru
mentation. The HP custom paint matches perfectly the newer instru
ment colors (known as System II Plus).

The racks offer many additional features:
• Convenient lift hooks are included with all cabinets. Use them to

lift the empty cabinet into place.
• If you have a large system you can mount instruments both from

the front and the rear, since the ErA hole pattern appears on all
four corner struts.

• The leveler pads are located at the extreme outer corners of the
frame to provide the largest base possible for safety.

• Swivel casters mounted to the base let you roll the racks easily into
position.



Lockable doors
Blank front and louvered rear doors come in three different sizes

for each of the rack heights. Both are lockable with a key, so that the
instruments can be protected from unauthorized access. Even with
the rear door closed, power to the system can still be furnished.

The rear door is fully ventilated for maximum convection cooling.
However, some configurations will require additional ventilation from
user supplied fan units.

Anti-tip foot kit
Each kit contains two feet with leveler pads. The cast steel feet can

be mounted either to the front or the rear using existing holes. Bolting
the feet to the frame is easy with a wrench and the hardware supplied.

B
Front caps

The front caps visually "clean up" the front of the rack by covering
the corner struts and the edge of the side panels. You will still have
complete access to the instruments and the mounting ears.

The caps are made of folded, painted steel and only a wrench is
necessary for mounting. Mounting hardware is included.

Name plate and mounting hardware
If you wish, you can attach a Hewlett-Packard system nameplate

in the existing indentation in the upper left corner of the racks. The
plate features the HP logo, the words "Hewlett-Packard" and "Sys
tem". These labels are furnished with each rack.

A kit of sheet metal nuts and 10-32 screws is all you need to com
plete the system. Each rack mount kit comes with hardware to mount
the rack ears to the instruments. These screws and nuts mount the
ears to the frame. There is enough in the kit to mount the maximum
number of instruments in the tallest (1600mm) rack.

Specifications
Exterior height: nOmm (28.4"), 1000mm (39.4"), or 1600mm

(63.0")
Usable rack height: 553mm (21.8"), 833mm (32.8"), or 1433mm

(56.4")
Exterior depth: 800mm (31.5")
Max. instrument depth: 71 Omm (28")
Exterior width: 600mm (23.6")
Net weights: nOmm: Slkg (ll3lb)

IOOOmm: S9kg (l301b)
l600mm: 75kg (l661b)

Hole spacing: EIA standard
Caster load weight: l80kg (4001b) each

Sliding drawer
Keep your instrument manuals or system software close to you in

this convenient 5'/," high drawer.
Construction is folded, painted sheet metal and it glides easily out

on a set of slides. A plastic bezel in the front recess protects your
fingers.

Ordering information
HP 46298A Rack, nOmm
HP 46298B Rack, 1000mm
HP 46298C Rack, 1600mm
HP 46298E Front door for nOmm rack
HP 46298F Front door for 1000mm rack
HP 462980 Front door for 1600mm rack
HP 46298H Rear door for nOmm rack
HP 46298J Rear door for 1000mm rack
HP 46298K Rear door for 1600mm rack
HP 40112A Front Cap Kit, nOmm
HP 40113A Front Cap Kit, 1000mm
HP 40115A Front Cap Kit, 1600mm
HP 4010lA Filler panel, 1.75"
HP 40102A Filler panel, 3.50"
HP 401 03A Filler panel, 5.25"
HP 40104A Filler panel, 7.00"
HP 40105A Filler panel, 8.75"
HP 40106A Filler panel, 10.50"
HP 46298M Drawer and slides
HP 46298N Work surface
HP 40100A Anti-tip foot kit
HP 46298R Mounting hardware
W Fast-Ship product - see page 766.

Price
$8S0W
$900W
$97SW
$175W
$190W
$2ISW
$175W
$190W
$21SW

$8SW
$90W
$95W
$36W
$37W
$38W
$40W
$41W
$42W

$23SW
$270W
$130W

$26.60W



8CUSTOMER SUPPORT
General Information

system or a complete factory, Hewlelt-Pack
ard can offer you technical assistance
through Consulting Services or design the
system for you through Project Services.

Smooth Implementation Through
Knowledge

A thorough understanding of your equip
ment's capabilities is essential to achieving
maximum performance from your invest
ment. That's why we back our products with
education courses and materials to ensure
that you learn the best way to apply our
equipment to your environment.

We also offer installation services to en
sure that your system is installed correctly
and quickly.

wide service organization staffed with
trained engineers and technicians who are
backed by factory designers and a large in
ventory of replacement parts. We supply re
pair and calibration services. We will focus
the necessary resources to keep your equip
ment operating at peak performance.

With computers playing a larger role in to
day's measurement systems, software sup
port plays an essential role in maintaining
your system's performance. Hewlett-Pack
ard keeps you up-to-date on the latest soft
ware improvements to ensure your system
continues performing to its maximum poten
tial.
Support for Your Needs

The following pages provide more details
on Hewlett-Packard's wide range of support
services. Ask your local HP representative to
help you select the services that best meet
your needs in maximizing your measurement
system's performance.

Supporting Your Success
,:ou're developing a system built on HP's

equipment because it best meets your test,
measurement, and computing needs. Hew
lett-Packard wants you to be successful and
we're committed to helping you achieve the
best results from your system for years to
come. We don't stop serving you once the
sale is complete. Our flexible support solu
tions-in hardware, software, customer edu
cation, and consulting services-bring you
many benefits. Our support services will:
• Shorten the period between purchase and

effective use of an HP product.
• Deepen your understanding of your HP

equipment and its capabilities.
• Customize hardware and software for ap

plication-specific requirements.
• Make available unique resources for main

tenance and troubleshooting.
Measure the results in greater overall pro
ductivity and lower cost of ownership.

Maximizing the return from your equip
ment investment can be seen as a three-phase
process of planning and design, implementa
tion, and operation. Hewlett-Packard offers
support services to ensure that you obtain
maximum performance from your measure
ment system during each of these phases.

Planning and Design

• Project Services
• Consulting

Support Life Cycle

Implementation

• Customer Education
• Consulting
• Installation Services
• Project Sel"/ices

Operation

• Hardware Support
• Software Support

Performance by Design
A thorough design will ensure that your

test and measurement system performs to
your expectations and meets your needs.
Whether you're planning a single instrument

Continuous Operation Through
Maintenance

To help you minimize e~ui~ment down
time, Hewlett-Packard maintains a world-

Service Selection Guide

instrument system reqUired

are introduced in your enVIronment

• Fast, efficient implementation of

critical applications or frequently used

• Instrument controllers
• Instruments with software

• Whenever new products ortechnology

• Most instruments. especially those in

Best Fit

• Expert implementation assistance
• Quic\( s\.altUIl of instrument systems

• Increased productivity

• New software releases ,
• up-to-date software information
• Fast, accurate support
• Personalized support

• Fast learning ,
• Time and cost savings over learmng

independently ,
• Up.to-date instruction

• Fast turnaround time
• Cost savings
• Dependable measurement accuracy
• Peall instrument performance

Major 8enefits

• HP-ASSIST
• Installation Services
• Project Services
• Time and Materials Consulting

• Software Materials subscription
• Software Notification Service
• Response Center Support
• Account Management Support

• Wide variety of courses covering latest
HP products and technology

• Return-to-f1P Services
• On-site Services
• W30: Two Mditional Years Hardware

Service

Services

Consulting
Services
(pg.764)

Software
Support
(pg.763)

Customer
Education
(pg.760)

Hardware
Support
(pg.757)
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Return-to-HP
Hardware Support

We are committed to maintaining your
HP equipment in peak condition so that it
continues to work for you in years to come.
Our wide range of quality support is highly
respected by industry experts. If you want to
learn more about how we can keep your
hardware performing now ano in the future,
take a look at our Customer Service Center
offerings.

Precise Calibration, Comprehensive
Repair

Our maintenance and repair technology
comes right out of the original design centers
for our products. We know all the inner
workings and when things do go wrong we
correct them quickly and cost-effectively.

Expert Technicians
Our technicians have an average of 14

years experience in servicing HP products.
They receive factory training on all new
products and technologies regularly, and are
backed up by well-supplied, highly-auto
mated service centers.

Extensive Automation
HP Customer Service Centers rely on au

tomated processes to calibrate instruments
and diagnose problems. Our investment in
automation enhances the quality of repair
and repeatability of calibration. This efficien
cy results in savings for you.

High In-stock Inventory
Each HP Customer Service Center man

ages its spare parts inventory so that over 85
percent of required parts are immediately
available. We can usually get any other re
quired part very quickly.

Efficient Problem Escalation
Management

Most of the time hardware problems can
be solved quickly. In the few cases that re
quire special attention, we will call upon our
worldwide technical and managerial network
to rapidly develop a permanent solution.

Minimum Downtime
We know turnaround time is important to

you. No one wants a production line disabled
because an instrument is out for service. HP
strives to reduce downtime-we work quick
ly and accurately, enabling you to get back to
business promptly. We're even willing to
specify our turnaround time. Here are our
standards:

Five-day Service for Instruments
We will repair or calibrate any HP instru

ment covered by an HP Service Agreement
in most parts of the world within five working
days of receiving it.

Three-day Service for Workstations
We will repair any HP workstation cov

ered by a Repair Agreement usually within
three working days of receiving it.

For more information, ask your HP Cus
tomer Service Center for additional details.

An Outstanding Array of Services
Whatever your needs we aim to be as flexi

ble as possible in meeting them. We offer re
pair and calibration, to commercial or
military requirements, on a per-incident ba
sis and under each of our agreement services:
• Repair Agreement
• Calibration Agreement
• Full-Service Agreement

In summary, HP's service programs offer
the benefits of factory support, highly trained
technicians, automated repair and calibra
tion, problem escalation management, engi
neering upgrades, and fast turnaround time.
We're proud of our capabilities and customer
service record.



CUSTOMER SUPPORT
Hardware Support (cont'd)

Service Agreement Selection Guide

A Variety of Service Agreements

Comprehensive and Economical
Our services maximize the performance of

your HP equipment. You can choose an HP
support agreement that best fits your appli
cation and type of equipment. Service Agree
ments are for you if:
• You want to know in advance exactly what

you'll be paying for an entire year of sup
port.

• You want your equipment calibrated ac
cording to factory-recommended proce
dures and timetables.

• You want the security of continuous cover
age by experienced HP personnel.
Read on about HP's Service Agreements

and consider the ways they can keep your
equipment at peak performance.

Repair Agreement
Our Repair Agreement covers equipment

failures. Similar to an extension of your
product's warranty, it is significantly more
economical than equivalent per-incident re
pairs on instruments and workstations. Prod
ucts covered under the Agreement are sent to
the nearest HP Customer Service Center,
where they are repaired within the timespan
stated in the Agreement, generally three to
five days. Return freight, parts, and labor are
included. [Please note: failures resulting
from abuse or damage are not covered by
Agreements.]

Calibration Agreement
Periodic calibrations at factory-recom

mended intervals lead to confidence in mea
surements. The factory-suggested timetable
of our Cal Agreement results in a history of
more accurate measurements. In addition,
the agreement is much more economical than
purchasing per-incident calibration. If you
change instrument use or operating condi
tions often, we can provide calibrations at an
interval you request. Return freight is includ
ed, of course.

Full Service Agreement
Ifyou want both repair and scheduled cali

bration, we have combined them in our Full
Service Agreement. This agreement is 3 to 9
percent less expensive than separate Repair
and Cal Agreements, and about 15 percent
lower than equivalent per-incident service.

Military Standard Agreements
Military Standard Calibration and Full

Service Agreements are also available for ap
proximately 1,300 HP instrument products
in the United States. Other government cer
tification programs are available in other
parts of the world.

Volume Service Agreement Discounts
You may be eligible for a volume Service

Agreement discount. Call your local HP
Customer Service Center for details.

Repair
Agreement

Calibration
Agreement

Full Service
Agreement

Features

• Complete repair
coverage

• Fixed annual price
• No parts exclusions
• Preventive maintenance

and engineering upgrades
when appropriate

• Return surface shipment
included

• Priority service, 5 days or less

• Periodic calibration at
HP-recommended intervals

• Fixed annual price
• NBS traceabilitv
• Military standard option
• Return surface shipment

included
• Customer-specified cal

cycle for an adjusted price
• Priority service, 5 days or less

• Features of Repair and Cal
Agreement combined

• Military standard option
• Priority service, 5 days or less

Major Benefits

• Single, budgetable
expense

• Typically 10% lower
price than equivalent per
incident service

• Elimination of quota
tion approval delays

• Dependable
measurement
accuracy

• Typically 15% lm\-'er
price than annual
Standard Cal

• Peak instrument
performance

• Typically 20% lower
price than equivalent per
incident service

• 3% to 9% lower price
than other agreements
combined

• Lower self-support parts
inventory and traimng
costs

• Less demand pn self
suppnrt pers(lnnel

Best Fit

• Instruments n(lt
requiring calibration

• Frequently used
products

• Critical applications
• Workstations requiring

cost-effective coverage

• Accuracv critical
applications

• Traceability required
• All instruments

requiring regular
calibration

• Military standard
compliance required

• Most instruments
• Critical applications



On-site Hardware Support
Basic System Maintenance Service

This service agreement provides next-day
on-si te service coverage from 8 am to 5 pm
Monday through Friday (excluding HP holi
days) for customers within 100 miles of a sup
port responsible office. Service includes an
account-assigned customer engineer (CE) who
becomes familiar with your environment and
takes personal responsibility for managing
your measurement system's maintenance pro
gram.

Also, your CE will perform preventive main
tenance on a regular basis, scheduled in ad
vance, to maintain your system at its optimal
performance specifications.

Desktop computers configured with mea
surement systems gain the account manage
ment and system support essential for those
configurations.

Standard System Maintenance Service
This agreement provides coverage from 8

am to 9 pm, Monday through Friday (ex
cluding HP holidays). This coverage allows
all scheduled maintenance services to be per
formed after normal working hours. Custom
ers within 100 miles of an HP Support
Responsible Office will receive an on-site vis
it within four hours. Extended coverage op
tions can provide service up to seven days per
week, 24 hours per day.

Measurement System Calibration
Service

For HP instrument products configured in
to measurement systems, calibration service
can be added to the Standard or Basic Sys
tem Maintenance agreements. Some prod
ucts can be calibrated at your site, while
others will need to be returned to an HP Cus
tomer Service by your CEo Customer Service
Centers will calibrate your requipment so it
is traceable to the U.S. National Bureau of
Standards (or other international standards
organization, where applicable).

System Installation Services
When you purchase an HP computer or

measurement system, support services begin
even before your system is installed. A cus
tomer engineer routinely provides site plan
ning, site environmental survey, and
installation services.

Option W30: Two Years Additional
Hardware Service

Economically priced, this service is easy to
purchase along with your hardware. Similar
to a warranty extension, it keeps your invest
ment in good working condition three years
after delivery. Services include diagnosis and
correction of hardware problems as well as
services to enhance and extend your prod
uct's useful life, including cleaning, inspect
ing, testing, and installation of engineering
improvement modifica tions.

Other Services
In addition, we will make our best effort to

repair or calibrate any HP product, whatever
its age, even if the product has passed
through its support life. Charges will be
made on a Time and Materials basis.
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Customer Education

Customer Education
We are committed to offering training that

will permit you to get the best possible use of
HP equipment. We recognize that both ini
tial instruction and ongoing education con
tribute to your success: that's why we offer
courses in operation, applications, and soft
ware and hardware maintenance for HP in
strument and computer products.

Quality Training
Our Instructors Understand Your
Industry

They speak the language. We make sure
our instructors have a deep understanding of
the subject and can effectively explain-in
clear, concise terms---everything you need to
know, from specialized test techniques to the
physics behind the measurements.

Backing them up are HP class-develop
ment teams. Product specialists, industry ex
perts, curriculum engineers, course writers,
and instructors develop training materials
and design courses with the goal of maximiz
ing your learning experience.

Courses That Work For You
Our courses are consistently updated to

keep pace with evolving technology and in
dustry changes. HP designs instructional
materials-including student training manu
als and lab and instructor materials-to
serve as long-term references. A course can't
cover everything, but it can help guide your
thinking on the subject matter. Our texts will
help you keep in focus long after the class has
ended.
Limited Class Sizes

Classes are limited to six to ten students.
We believe small classes encourage closer in
teraction with the teacher and other stu
dents, thus permitting them to share learning
experiences and applications expertise.

It's Not All Books
Hands-on training IS Important to your

success. That's why we provide lab equip
ment in our classes. Each course has lab time
as a key training benefit.
The Payback

Our experience shows that you'll learn
faster with HP education courses. The bene
fits are twofold: the equipment can be used
sooner and the time you would have spent on
independent learning can be used for other
opportunities.

Worldwide Training
Worldwide Training Center Network

HP has training centers throughout the
world, with classes in continuous progress.
Training schedules are published throughout
the year.
On-site Training

All HP courses can be scheduled and
taught at your site. This option may prove
more attractive to you, bringing the advan
tages of training in a familiar environment
with your own equipment.
Off-schedule Training

Additional HP classroom courses can be
arranged beyond those published in the local
training schedule. These classes can accom
modate your emerging training needs.



B
Hewlett-Packard Customer Education Locations Curriculum

HP-IBTheory
HP-IB Instrument Control Using
200/300 BASIC
Data AcqUisition Training
HP-IB with MS·DOS'·

4 days
I day

HP-UX
HP 51434A 5days Hp·UX for Programmers
HP 51435A 5days Advanced HP-UX Tools
HP 51432A 5days HP-UX Fundamentals for General

Users
HP 51433A 5days Shell Programming for General

Users
HP 51439A 1day Advanced Editing with VI
HP 51438X 2 days SSCS and make
HP 51489A 2 days HP-UX Basics for Application Users

Programming Tools
HP 05096A 3days SA/SD for Test &Measurement

Software
HP 51473A 2days Architecture for Test &

Measurement Software
HP 348ooA+24D 3days Developing Test Plans Using

FTMl300
HP 50959A 1day Using SRM from BASIC and Pascal

RF and Microwave
HP 11776A+24D 2 days HP 11776A Waveform Generation

Language Software Users Course
HP 85668A 4 days Spectrum Analyzer Operation
HP 8753A+24A 1day HP 8753A RF Network Analyzer

Course
HP 8510B+24D 3days Basic Measurements Using HP 8510

Network Analyzer System
HP 85150A+24D 2days Intro to HP Microwave Design

System
HP 3048A+24A 2days HP 3048A Phase Noise

Measurement

General Instrumentation
HP 1631O+24D 2days Logic Analysis Measurement

Techniques
HP 18347A 1day HP 4951C Protocol Analyzer Users

Course
HP 35629A 3days HP 3562A Users Course
HP 6944S+24D 3days HP 6944S Multiprogrammer System

Users Course
HP 55280A+24A 1day Basic Laser Measurement System

Course
HP 55283A+24A I day Advanced Laser Measurement

System Course
HP 37050S+24A 5days HP 37050S User &System Manager

Course
HP 4062C+24D 3 days HP 4062C Operating &

Programming Course

Programming Languages
HP 98501 B 5days Introduction to Workstation BASIC
HP 98510D 5days Series 200/300 BASIC Operating

and Advanced Programming
HP 31112A 5days Introduction to Pascal
HP 98511C 4 days Series 200/300 Pascal Operating

and Advanced Programming
HP 50697A 5Days Programming in FORTRAN 77
HP 35130B 5Days Programming in C

HP 3852A+24D
HP 51412A

Instrument Control and Data
Acquisition
HP 51409A I day
HP 5OO11C 5days

.United Stales -Allanta
Boston
Chicago
Dallas
Delroil
Los Angeles
New York
San Jose
Seattle
Washington, DC
-Caracus

-Osleras
-Riyadh
-Singapore
-Barcelona
Madrid
-Sandton
-Spanga
-Geneva
Winden

• Taiwan -Taipei
• United Kingdom -Uxbridge • Venezuela

Specialized Training Materials
HP education is typically based on class

room training, led by professional instructors
with solid engineering experience. Other HP
training formats include computer-based
training, videotape sessions, satellite-broad
cast instructions, and self-paced training
modules.

• South Afma
• Sweden
• Switzerland

• Norwav
• Saudi Arabia
• Singapore
• Spain

• France -Evrv
-Vill~pinle

• Germany -Bad Homburg
Sindelfingen

• Hong Kong -Hong Kong
• italy -Cemusco
• Japan -Tokyo
• Korea -Seoul
• Malaysia -Kuala Lumpur
• Mexico -Xochlmilco
• Nelherlands -Amstelveen

• Austria
• Belgium
• Canada

• Argentina -Buenos Aires
• Australia -Melbourne

Svdnev
-Vienn'a
-Brussels
-Mississauga
Montreal

• China -BeiJing
• Denmark -Birkerod
• Finland -Espoo
• France -Ecully

Customized Classes
We can meet special training needs by de

veloping custom training classes. These
changes may include modification of class
materials, development of special labs, inte
gration of new sections in the course, and
even the development of entirely new classes.
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Customer Education (cont'd)

Design Engineering

Education Planning Guide (EPG). The
EPG presents information on HP's entire
course range, including curriculum flow dia
grams, course objectives, outlines, and course
content. It is your tool for planning the best
possible education for yourself and other
members of your organization.

Curriculum Path Brochures. These
brochures show the curriculum layout and
give class descriptions for the following mar
kets:
• Test & Measurement
• Engineering Systems
• HP-UX
• Technical Computing
• Personal Computers

Maximize Your Training Dollars. This
brochure highlights the benefits of HP's cus
tomer education in terms of accelerated
learning, productivity gains, and time and
cost savings. A worksheet is included to help
you quantify the payback available to your
organization from HP training.

Schedules and Literature
Training schedules are published quarterly

(for regularly scheduled classes). Contact
your HP Sales Office or HP Education Cen
ter for a copy of local training schedules.

Your sales office can also provide the fol-
lowing training literature:

Course Data Sheets. Every HP class has a
data sheet which describes the course in de
tail. Included are key topics, target audi
ence, course outline, prerequisites, and
ordering information.
Training Schedules. HP training sched
ules are published throughout the world
and list class schedules for each education
center, by country.

2 days Electronic Design System Overview
3 days Electronic Design Capture,

Verification
3 days Electronic Design Modeling Course
2 days Electronic Design System

Administration
3 days Introduction to HP EGS
2days PCB Design with HP EGS
3 days Customizing HP EGS
5days PCB Design with PCDS
3 days Building Parts with PCOS
2 days PCDS System Management
5days HP DesignCenter ME 30 Users

Course
3 days HP DesignCenter ME 5Users

Course

HP 74298A
HP 74298B

HP 74298C
HP 74298D

HP 74300A
HP 74301A
HP 74302A
HP 74490A
HP 74493A
HP 74494A
HP 74836T

HP 9836A+24D

Logic Development
HP 64100A+24D 2days HP 64000 Logic Development

Concepts and Measurements
HP 64120T 2 days HP DesignCenter 64000·UX Users

Course
HP 6412lT 1day Hp·UX for HP 64000-UX Users
HP 64310A+24D 1day Software Performance Analysis

Training
HP 64600S+24D 1day Timing/Hardware Analysis Training
HP 64620S+24D 1day State/Software Analysis Training
HP 64810A+24D 2days Pascal/64000 on 8080/8085

Course
HP 64812A+24D 2days HP 64000/Pascal on l80

Microprocessors
HP 64814+240 2days Pascal on 8086/8088

Microprocessors
HP 64815A+24F 2days HP64OOO/Pascal on 68000

Microprocessors
HP 64817A+24F 3 days HP 64000 System HOST Pascal

Programming

HP 44531A
HP 44850A
HP 44851A

Board Test Systems
HP 3065C+24D 10 days HP 3065 Board Test System User

Training
10 days HP 3060Al61A162A Users
5days HP 3065 Advanced User

10 days HP 3065AT Users Course

HP 35073A
HP 35129B
HP 51482A

System Administration
HP 22861A 2 days Arpa/Berkeley Services tor Series

300
5days HP-UX System Administration for

Series 300
3 days Series 200 System Administration
3 days Series 500 System Administration
5days Series 800 System Administration

HP 51436A

How to Order
Call your local sales office or contact the

nearest HP Education Center to register for
any HP class.

HP Education ...
Engineered for Your Success
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Software Support
Increasing sophistication of instrumenta

tion has led many designers to implement
new features in software. At HP, this soft
ware undergoes ongoing development, lead
ing not only to the resolution of specific
anomalies, but ultimately to improvements
in overall performance.

Software is a key part of your investment
and forms an increasingly significant portion
of the initial purchase price. Keeping your
software up-to-date ensures maximum utility
from your instruments and test systems. Us
ing the latest HP software will ensure you
don't lose time and money resolving unneces
sary applications difficulties.

Software Materials Subscription
(SMS)

Our Software Materials Subscription
(SMS) program helps you get as much out of
our products as we put in them. Software
Materials Susbscription is for you if:
• You want your software kept up-to-date

with the latest performance improvements.
• You want to remain current on possible

software anomalies and their solutions.
• You want to receive the latest updates au

tomatically.
Automatic Updates Direct to User

SMS automatically provides you with the
latest software and documentation updates
so you can take advantage of the newest fea
tures. Updates are delivered directly to the
person you name, not just your company's
address. This allows you to maintain your in
strumentation investment and provides you
with the opportunity to achieve ever-increas
ing standards of equipment performance.
Software Improvements

Each new update to your software auto
matically includes any improvements added
by HP. This means better measurement
methods where it counts: accuracy, resolu
tion, and speed. In some cases additional fea
tures and enhancements may be added to
improve the versatility of your software.
SMS brings them all to you, at no additional
cost.
Problems? We May Have Already Solved
Them

As specific discrepancies in HP software
and documentation are resolved, we include
them in new releases of the software. You'll
also receive a status report on resolved
problems, temporary fixes, and work-around
procedures for all known software difficul
ties. If you come across a software problem
this information can serve as a quick refer
ence to discover whether a solution already
exists. This way you don't waste time on a
problem that's already been solved.
Easy to BUdget For

Because SMS is purchased on a contractu
al basis, you can plan your software budget a
year in advance. Your costs are known up
front and fixed for the contract period.
Available for Many Software-Based
Instrumentation Products

Here are some of the popular instrument
products for which HP offers Software
Materials Subscription:

• Microwave/Communication
85810A Microwave Design System
3048A Phase Noise Measurement
System
11805A Transceiver Test System

• Metrology
11806B Attenuator Test System
11808A Signal Generator Test System

• General Instrumentation
5180T Waveform Recorder
5183A Waveform Recorder
Transistor Characterization (TECAP)
I 1776A Waveform Generation
Language
35630A VISTA Signal Processing
35680A Instrument-BASIC

• Telecommunications/
Datacommunications
4972A Protocol Analyzer
3701lA Telecom System Software

• Computer-Aided Test/Data
Acquisition
34800A Functional Test Manager
44458A DAC Manager
3852A DAC Unit
3235A Switch/Test Unit
4062B/C Parametric Test System
16269A Test Management Shell/
TekBase

Your local HP systems engineer will be
happy to check on SMS availability for your
specific instrument software.

In summary, here's what you get by buy
ing SMS:

New Software Releases. You automati
cally receive all software releases for your
supported software as soon as they become
available, and all information necessary to
ensure a smooth software transition.

Reference Manual Updates. SMS guar
antees that your documentation is as up-to
date as your software, including all manual
updates and revisions.

Software Status Bulletin. The Software
Status Bulletin (SSB) contains information
on all reported discrepancies in HP software
and documentation. Since it also includes
temporary corrections or workarounds, it
provides you with a convenient resource to
check if you have a question or problem with
HP software or manuals. One copy will be
sent to you periodically.

Software Notification Service
If you are unable to take advantage of the

benefits of SMS, but want to stay current on
changes to HP software, then Software Noti
fication Service (SNS) is for you. SNS pro
vides information about the changes to HP
software through the Software Status Bulle
tin, without providing updated software or
documentation. Thus SNS subscribers can
make informed decisions about updating
their software. SNS can also be used to obtain
additional copies of the Software Status Bul
letin for other members of your organization.

Instrument Controller Support
Your instrument's software is updated

over time. The same is true for your control
ler's operating system and its software for
other applications. Instrument software re
leases must conform to these changes to stay
compatible with the current version of the
controller's operating system. They may not
operate properly on an older version. That's
why it's wise to stay current on your control
ler's software in addition to your instru
ment's software.

Our most comprehensive service for con
troller support, Account Management Sup
port, provides you with the personalized
expertise of an account-assigned systems en
gineer and fast response via telephone access
to Hewlett-Packard's Response Center. HP's
Response Center is staffed with technical ex
perts on individual software products. They
will provide fast, accurate answers to ques
tions on product usage, and help resolve
problems you may encounter.

Access to the Response Center is also
available as a separate level of support. With
Account Management Support or with Re
sponse Center Support, you'll also receive all
the benefits of Software Materials Subscrip
tion. Similar programs are available for sys
tem products such as Design Automation
(CAE/CAD), Board Test Systems, and
Microprocessor Development Systems. Your
local HP systems engineer can suggest the
proper support level to best meet your specif
ic needs.

New support services are in development
to meet the unique needs of test-and-mea
surement customers. Your local HP field en
gineer and systems engineer will help you
select the best program to improve the utility
of your HP software and the effectiveness of
the people who use it.
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Consulting Services
As measurements and technology have be

come more complex, HP's equipment has be
come more sophisticated. Now that you've
selected the best hardware that money can
buy, let HP help you put it to work. Our wide
range of consulting services helps you fully
take advantage of your equipment's capabili
ties. We help you quickly advance from in
stallation to optimal system use. Whether
you need a few hours of guidance from an ex
perienced consultant or a complete custom
plan, our Application Engineering Organiza
tion and Project Centers are ready to help,
through the following services.

Installation Services
HP's Installation Services, available for

selected products, allow you to concentrate
on your new system's applications, not the
process of installation. We'll set up your HP
9000 hardware and ensure that your operat
ing system and application software are up
and ready to run.

Installation Services Products
HP 98595A+42A HP-UX Application

Execution
Environment
Installa tion

HP 98597B+42A HP-UX Programming
Environment
Installa tion

HP 74210A+42A HP Electronic Design
System Installation

HP 74400A+42A HP Printed Circuit
Design System
Installation

HP 64801S+42A HP 64000-UX
Microprocessor
Development
Environment
Installa tion

HP64710S+42A HPTeamwork
Products Installation

HP 98366A+42A HP ME-5, 10, & 30
CAD System
Installation

HP 35630A+42A HP Signal Processing
System Installation

HP 85150A+42A 85150A Microwave
Design System
Installation Service

HP 51414A Additional Time and
Materials Consulting

HP Project Center Services
When your requirements are unique, in

vestigate custom solutions from HP's Project
Centers. Backed by the full resources of
Hewlett-Packard, Project Center teams de
liver on-time, on-budget solutions to your
specifications. Look to our experts to save the
time, expense, and worry of devising custom
solutions yourself.

Hewlett-Packard Project Centers have a
proven track record in providing cost-effec
tive, reliable, and supportable solutions. We
use structured methodologies for project
analysis, design, development, and manage
ment.

Technical Expertise
Project Center expertise in test automa

tion results from extensive experience in test
system analysis and design. Project Center
engineers are also adept in the design of other
applications, including data acquisition and
control, in-circuit and functional circuit test
ing, semiconductor testing, and micro
wavejRF testing.

HP Project Centers integrate the broad
range of HP products, ranging from sche
matic capture and simulation to manufactur
ing test. With Project Services, Hewlett
Packard offers you a one-vendor solution
backed by experience and quality.

General Consulting
Problem Solving

Sometimes a few hours of time with an ex
pert can help you overcome what seems to be
an insurmountable roadblock. Consulting
can be used to help you develop, customize,
or optimize your instrument system. On-site
consulting is available on an hourly, weekly,
and off-hours basis. Ask for HP 51414A.



Consulting Services Compared
B

When you need:

Installation of hardware,
software, or operating
system

Implementation assistance
for HP's computer-aided
applications

Additional resources,
custom coding,
performance improve
ment, general help

Integrated custom
solutions, project
management, third-party
management, custom
software development,
functional specs,
requirements definition

Ask for:

Installation
Services

HP-ASSIST

Time and
Materials
Consulting

Project Services

Applications:

HP 9000 UX &
applications

ME-CAD, quality
management,
manufacturing

All

Computer-aided test,
factory automation,
design systems
integration

Features:

Customized
operating system,
system verification
and review

Active planning,
tools, consulting,
training, struc
tured process

Flexible uses,
experienced and
trained resources

HP quality and
partnership, custom
solutions, proven
performance,
single-vendor
solution, added
expert resources

Benefits:

Quick startup

Quick startup,
efficient use of
system, less
risk

Quick access
to expertise,
efficient use of
system

Specific needs
reliably met,
time and cost
savings, pro
ductivity
increase

HP-ASSIST
Our years of proven success in system im

plementation are packaged in HP-ASSIST,
a structured consulting framework. This dis
tillation of wisdom gained from implement
ing hundreds of systems becomes available to
you in the form of consulting, tools, and
training.

Teamwork Spells Success
Your people bring their knowledge of your

business; HP applications engineers bring
specific expertise and years of implementa
tion experience. Jointly we plan ahead, using
HP-ASSIST's checklists and recommended
activity guidelines to cover analysis, training,
and final implementation. Taken together
these ensure a smooth transition. If you are
looking for an efficient, cost-effective startup,
one backed by Hewlett-Packard's consulting
resources, then the HP-ASSIST implemen
tation service is for you.

HP-ASSIST Products
HP 98365A+60A ME-5/IO ASSIST Base

Unit (1st workstation)
HP 98365A+60B ME-5/10 ASSIST Two

Additional Workstations
HP 98365A+60C ME-ASSIST Network
HP 98365A+60D ME-ASSIST Add to

Network
HP 98365A+65Z ME-5/IO ASSIST

Additional Service Units
HP 74836A+60A ME-30 ASSIST Base

Unit (1st workstation)
HP 74836A+60B ME-30 ASSIST Two

Additional Workstations
HP 74836A+60C SRX-ASSIST
HP 74836A+65Z ME-30 ASSIST

Additional Service Units
HP 44672A+60A HP Q-STATS II/HP PR

PLUS ASSIST
HP 44672A+65Z HP Q-STATS II ASSIST

Additional Service Units

How to Order
Your HP Sales Representative can help

you select a combination of support services
to help you gain maximum use from your
new HP system in the minimum time possi
ble. Ask your local HP Sales Representative
for more details.
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Fast-Ship Service

• Convenient catalog shopping
• Computer supplies/accessories
• Test & measurement accessories (U.S. only)

• Quick, easy telephone ordering
• Fast shipment

What Is Fast Ship Service?
Fast-Ship Service is the quick way for you to choose from

thousands of HP products, order them by phone and receive expedit
ed delivery. Three catalogs offer an array of supplies and accessories,
add-on peripheral devices and test instruments.

Now, with Fast-Ship Service, you can call HP DIRECf distribu
tion centers (see opposite page) and receive fast shipment from our
complete stock of supplies, accessories and add-on products.



CUSTOMER SUPPORT 0
Fast-Ship Service LJ

Test & Measurement Accessories Catalog (U.S. only)
This catalog features a broad line of electronic test and measure

ment accessories, such as oscilloscope probes, rack mount hardware,
logic probes, and microwave power sensors, detectors and attenu
ators.

It is designed to make selection of accessories as easy as possible
and features full-color photographs, detailed descriptions, and selec
tion guides. Three different indexes make products easy to find.

The catalog also contains a selection of HP's most popular test in
struments - all available off-the-shelf and shipped the same day if
your order is received by I PM.
To Get a Catalog (available in U.S. only)

Call 800-538-8787 or contact your local HP Sales Office and re
quest publication #5954-01930.

What Makes Fast-Ship Convenient?
When you call our HP Direct Phone Order Service weekdays be

tween 6 AM and 5 PM Pacific Time, from anywhere in the U.S., you
receive immediate confirmation of product availability, pricing and
delivery. And remember, our prices include regular UPS or truck de
livery. Expedited air service is also available. We usually can charge
your order with an HP DIRECT Open Account (P.O.'s), or with your
VISA, MasterCard or American Express credit card. We want you to
be absolutely satisfied with our products. All supplies and accessories
are designed and tested to meet the high quality standards you expect
from Hewlett-Packard. All. products in our catalog come with our
guarantee of satisfaction. Any product in our catalogs not meeting
your expectations can be returned - no questions asked.

Z Fast-Ship Service in the U.S.
Throughout the pages of this catalog you will notice the telephone

symbol. This symbol identifies a wide variety of products available to
your through the u.s. Fast-Ship Service, as well as through your local
HP Sales Office:
• Test and Measurement Accessories
• Cables and adapters
• Microwave Accessories
• Basic Instruments
• PC Instruments
• Data communications
• Handheld calculators and computers
• Personal computers and software
• Peripherals and terminals
• Furniture and accessories
• Printers
• Plotters and their supplies
• Magnetic media.

Documentation Index (Worldwide)
More than 2500 manuals, binders, books and guides for HP com

puter systems and peripherals as well as instruments are listed in this
annual publication. For ease of use, the index is conveniently divided
into three sections. You can find a manual easily - even if you don't
know the part number - because the first two sections list the publi
cation under the computer or peripheral to which they belong. The
third section lists the publications in numerical order and includes the
title, latest print date and the latest update (if this information is
available).
To Get an Index

In the U.s.: Call 800-538-8787 or contact your local HP Sales Of
fice and request publication #5953-2460D.

Outside the U.S.: Call your local HP Sales Office. Request publica
tion #5953-2460.

(03) 895-2645
(0222) 25 00614/615/616
(02) 761 3111
(416) 671-8383
(043) 01640
(90) 887 2361
(01) 69 8617 25
01303322
(01) 6726090
(02) 92369702
0427591321
063003150
(020) 547 6606
(02) 246090

(011) 802 5111
(021) 537 954
(91) 6374013
(91) 6370011

Sweden (08)7502400
Switzerland (057) 312491/94/95
United Kingdom (0734) 697 201

In countries where HP DIRECT is not yet available, order from
your HP Sales Office.

Netherlands
Norway
South Africa

Johannesburg
CapeTown

Spain

HP Direct Order Phones (Worldwide)
In the U.S. call: 800-538-8787
Outside the U.S. call:
Australia
Austria
Belgium
Canada
Denmark
Finland
France
German Federal Republic
Greece
Italy
Japan

Computer Users Catalog (Worldwide)
This biannual publication provides a fast, easy way for HP custom

ers to shop for nearly 2,000, supplies, accessories and add-on prod
ucts. These products are HP manufactured, tested or approved to
operate at maximum efficiency with HP equipment. Detailed descrip
tions, charts, full-color photographs and equipment guides provide all
the information necessary to select the best products for your applica
tion.

Information is easily accessible, with new products grouped togeth
er in front and four convenient indexes for easy referencing.
To Get A Catalog

In the U.S.: Call 800-538-8787 or call your local HP Sales Office
and request publication #5953-24500.

Outside the U.S.: In the following countries, call the listed phone
number (see below) and request the appropriate publication:

• U.K. 5953-2450UK
• Germany 5953-2450GE
• France 5953-2450FR
• Italy 5953-2450IT
In Japan request publication #9320-0761 from your local HP Sales

Office. In all other countries, call HP DIRECT or ask your local HP
Sales Office for publication #5953-2450.
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Rental, Lease and Gradual Purchase Plans

HP Financing provides professional advi
sors to help you analyze and tailor a plan for
your individual needs.

For a Quote
To compare a lease versus cash purchase

for your instruments, simply contact your
closest HP sales office.

Just ask an HP Financing representative
to help you weigh your options and structure
a plan that's best for you.

HP Financial Advisors

I
36

Figure 1

HP Lease With Option to
Purchase

This 60-month plan offers our lowest rates
and the option to buy the equipment at term
end - for just 10% of the amount financed.

HP Operating Lease Plan
An excellent way to hedge against obsoles

cence. HP offers two-thirds of each payment
to accrue towards purchase at term end, and
"off-balance sheet" financing. 12- to 48
month terms. Some plans include flexibility
to discontinue.

HP Rental Plan
This plan is designed for shorter-term

needs or transition purposes. 12-month
terms. Low rates. Nearly two-thirds of every
payment accrues towards purchase.

A Full Range of Plans:

$40.000'

$60.000-

$50.000-

$70.000'

Lease-vs.- Buy Comparison
After-tax cost of $100,000 instrument acquisition, using a 10% discount rate.

Excellent Rates
Compare our rates with anyone in the

marketplace. HP uses its low cost of funds to
offer you extremely competitive rates. And
these rates are fixed - they will not vary
throughout your lease term.

Plus Four More Advantages
Leasing also can help you:

• Acquire new technology without a large
cash outlay. Simply pay in affordable,
monthly payments.

• Sohe short-term project needs.
Rentals and leases allow you to quickly
complete temporary projects - and assign
expenses precisely.

• Upgrade and add-on with ease.
By leaving ownership in the hands of HP,
you can upgrade and add-on smoothly.
This provides a hedge against obsolescence
and an easy avenue for growth.

• Obtain new technology in spite of tight cap
ital budget restrictions.
"Off-balance sheet" financing allows you
to expense your monthly payments. Re
ducing the strain on your capital budget.

Why HP Financing?

Cost Savings . ..
To decide if you should lease or buy your

equipment, start by comparing costs.
Figure I, for example, shows the after-tax

cost in today's dollars of instruments leased
and purchased outright.

It also shows how HP Financing's low
rates always make leasing more attractive
than buying. Whether you keep the equip
ment or return it.

Leasing-vs.-Buying

Backed 100% by HP
Your equipment is installed and supported

by the company that knows it best - Hew
lett-Packard.

HP Payment Plan
Similar to a bank loan - at rates many

banks can't match. No down payment is
needed. 36- to 60-month terms.

Generous Equity Accrual
As a manufacturer, HP is motivated to

help you acquire your equipment. Nearly
two-thirds of every payment accrues towards
purchase. This means buyout terms that
make very good sense for lessees.

Flexibility
HP Financing can help you match your

payment stream with your revenue stream.
We understand that every organization has
individual needs.

HP State and Local Government
Plan

Low rates offered to eligible customers.
Structured as a $1 lease or an installment
contract. Permits cancellation if funding is
discontinued. 12- to 60-month terms.

HP Federal Government Lease to
Ownership Plan

This plan is designed for Federal agencies
and authorized contractors. "Pass-through"
of GSA purchase discounts available. Per
mits cancellation for convenience. 12- to 60
month terms for "off-GSA" leases. "On
schedule" terms, too.
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Communicating With HP
Hewlett-Packard is committed to provid

ing convenient local support and the best pos
sible attention to customer needs on a
worldwide basis. There are more than 149
sales and support offices in the U.S. and some
334 sales and support offices and distributor
ships in 77 other countries; a listing of these
offices starts on page 771.

Your entry point to the resources of Hew
lett-Packard is through the HP office nearest
you. Our sales representatives and order sup
port specialists there are well-equipped to
provide you with pre-sale assistance in prod
uct selection, as well as related business in
formation such as current product
availability and price delivered to your
location. In the U.S. you can also call our
Customer Information Center at 1-800-752
0900 extension 779E for the same informa
tion or for the location of your nearest sales
office.

Most HP sales offices are tied into a so
phisticated intra-company communications
system. This not only means prompt trans
mission of orders to any HP product respon
sible division-it also speeds the flow of
regular messages among HP sales offices and
factories. The objective, of course, is to pro
vide the fastest possible response to your
product interests.

Pricing and Quotations
Price information which may be supplied

with this catalog provides you with helpful
budgetary guidance.

Please call your nearby Hewlett-Packard
sales office to determine a product's delivered
price.

Prices furnished with this catalog are U.S.
list prices prevailing at the time of printing.
In many cases HP can offer special limited

time prices which cannot be reflected in this
catalog. Hewlett-Packard reserves the right
to change prices, and those prices prevailing
at the time an order is received will apply.

Destination prices and other details you
may need to know before ordering can be
quickly obtained via telephone. Just call your
nearest HP office.

If you are an international customer re
quiring formal paperwork such as pro forma
invoices or quotations, please contact the
Hewlett-Packard office or representative
serving your area.

Placing Your Order
Since many products or configurations are

changed or improved during the life of this
catalog, we suggest that you always contact
your nearest HP sales office for current prod
uct and pricing information prior to placing
your order.

Hewlett-Packard people at the sales office
nearest you will be pleased to provide assist
ance in selecting the HP equipment most ap
propriate to your needs, and to help you pre
pare your order.

The information in this catalog will, in
many cases, be sufficient for you to decide to
buy a particular HP product. In those in
stances, a telephone call to the nearest HP
office will provide you with information on
the product's availability and price.

To ensure maximum satisfaction with
HP's products and services we ask that you
order in the country of end use. Orders for
end use inside the USA may be placed with
your nearest U.S. sales office. Orders for end
use outside the USA should be placed with

an HP sales office in the country of end use.
More information on placing such orders is
available from the HP headquarters offices
listed on page 771.

HP wants to be sure the product delivered
to you is exactly the one you want. Therefore,
when placing your order, please specify the
product's catalog (model, accessory, or part)
number, as well as the product's name. Be as
complete as possible in specifying exactly
what you'd like, including standard options.

If you want special features or capabilities,
such as different color or a non-standard
power line voltage, ask your HP sales repre
sentative about availability and cost of these
"specials" first-and then, to prevent misun
derstandings, include special instructions
and specification details with your order.

Terms of Sale
Inside the USA: Hewlett-Packard's stand
ard credit terms for established customers in
the USA are net 30 days from invoice date.

Leasing and extended financial terms are
available. However, the associated costs are
not included in any product prices furnished
with this catalog. Your nearby HP office will
be pleased to discuss your requirements and
work with you in setting up an appropriate
program.
Outside the USA: Please contact the nearest
Hewlett-Packard international sales office or
an authorized HP subsidiary or distributor
regarding terms for orders placed with them.

U.s. Government Sales
Many products in this catalog are covered

on GSA federal supply schedule multi-award
contracts.

Product Changes
Although product information and illus

trations in this catalog were current at the
time it was approved for printing, Hewlett
Packard, in a continuing effort to offer excel
lent products at a fair value, reserves the
right to change specifications, designs, and
models without notice.

Shipping Methods
Inside the USA: All prices include HP
standard transportation and routing to any
U.S. destination. If a different shipping
method is needed, we will gladly ship to satis
fy your requirements. In this case, the ship
ment will typically be sent freight collect.
Outside the USA: Shipments to destinations
outside the USA are made by either surface
or air, as requested.



8 OPERATING ENVIRONMENTS & WARRANTY

Operating Environments
Hewlett-Packard provides solutions to customer needs through

products that must operate in the expected environmental conditions.
In an attempt to meet our customer needs effectively, all new hard
ware designs are tested to internal HP standards on operating envi
ronments before they are released for customer sales. These internal
HP standards are derived from our experience with the environments
existing at customer installations and from other well-known stand
ards, such as IEC, ISO, ANSI and MILITARY standards. These
internal HP standards provide guidance to all divisions producing
new hardware products and systems. The classification codes, used to
identify expected environments where HP products or systems may
be used, are as follows:

Al - Rugged Environment
A2 - Outdoor Environment (Portable)
BI - Portable General Purpose Environment
B2 - General Purpose Environment
Cl - Controlled Office Environment
C2 - Controlled Computer Room Environment
The classes range from the severe environments found in heavy in

dustrial areas unsuitable for operating personnel (Class AI) to the
controlled environments found in dedicated computer rooms (Class
C2). Most HP hardware products are designed to meet Class B2, ap
plying test limits commonly found in general purpose applications of
light industrial and commercial facilities.

Several parameters of the operating environment are evaluated
during the design process. The major ones are as follows:

Operating temperature
Storage temperature
Humidity
Altitude
Shock
Vibration
Power line variation (frequency and voltage)
Power line surge
Power line sag and dropout
Power line distortion susceptibility (THD)
Electromagnetic interference (radiated and conducted)
Magnetic interference
Magnetic susceptibility
Radiated susceptibility
Electrostatic discharge
Acoustics
Though the details of these internal HP standards are the property

of HP and are treated as proprietary material, information on the
classes and the test limits appropriate for each class is available for
those considering the use of HP equipment at their own facility. To
obtain this information contact your HP sales representative. If you
are considering the use of a specific model product then ask your sales
rep what environmental class it was designed to (AI,
A2,BI,B2,CI,C2) and the limits it met for the environmental param
eter of concern. The information you receive must not be construed as
an implied warranty because the classification codes are used for
guiding the design of new products and not for evaluation of produc
tion units. Only those specific parameters identified in the technical
data sheet (specifications) for the model number of interest will be
warranted by Hewlett-Packard according to the terms of the pub
lished warranty information.

warranty-
As an expression of confidence that our products will continue to

meet the high standards of reliability and performance that our cus
tomers expect, Hewlett-Packard products carry the following war
ranty:

HP hardware products are warranted against defects in materials
and workmanship. If HP receives notice of such defects during the
warranty period, HP shall. at its option, either repair or replace
hardware products which prove to be defective.

HP software and firmware products which are designated by HP
for use with a hardware product. when properly installed on that

hardware product, are warranted not to fail to execute their pro
gramming instructions due to defects in materials and workmanship.
If HP receives notice ofsuch defects during the warranty period, HP
shall repair or replace software media and firmware which do not
execute their programming instructions due to such defects. HP does
not warrant that the operation ofthe software, firmware or hardware
shall be uninterrupted or error free.

If HP is unable, within a reasonable time. to repair or replace any
product to a condition as warranted, Buyer shall be entitled to a re
fund of the purchase price upon return of the product to HP.

a. SUPPLEMENTAL STATEMENT: Supplemental statements
setting forth the duration and implementation of warranty and in
stallation are available for most product types. These statements, if
applicable to purchased products, are attached hereto and incorpo
rated herein.

b. DURATION AND COMMENCEMENT OF WARRANTY
PERIOD: The warranty period for each product is specified in the
supplemental statement ofwarranty and installation attached hereto
and incorporated herein. The warranty period begins either on the
date of shipment or, where the purchase price includes installation
by HP. on the date of installation. If Buyer schedules or delays in
stallation more than thirty (30) days after delivery, the warranty pe
riod begins on the thirty-jirst (31st) day from the date of shipment.

c. PLACE OF PERFORMANCE: Within HP service travel areas
warranty and installation services for products installed by HP and
certain other products designated by HP will be performed at Buy
er's facility at no charge. Outside HP's service travel areas, warranty
and installation services will be performed at Buyer's facility only
upon HP's prior agreement and Buyer shall pay HP's round trip
travel expenses and applicable additional expenses for such services.

On-site warranty services are provided only at the initial installa
tion point. If products eligible for on-site warranty and installation
services are moved from the initial installation point, the warranty
will remain in effect only if Buyer purchases additional inspection or
installation services at the new site.

Installation and on-site warranty services are available outside the
country of initial purchase only if Buyer pays HP international
prices. If Buyer transports a product from the country of initial
purchase without having paid HP international prices, any remain
ing warranty covers just parts and labor and applies only if the prod
uct is returned to the country of initial purchase. Warranties
requiring return to HP are limited to the country ofpurchase unless
the product is portable (battery powered) or the customer paid HP
international prices.

For product warranties requiring return to HP. products must be
returned to a service facility designated by HP. Buyer shall prepay
shipping charges (and shall pay all duties and taxes) for products
returned to HPfor warranty service. Except for products returned to
Buyer from another country, HP shall pay for return ofproducts to
Buyer.

d. LIMITATION OF WARRANTY: The foregoing warranty
shall not apply to defects resulting from:

1. Improper or inadequate maintenance by Buyer;
2. Buyer-supplied software or interfacing;
3. Unauthorized modification or misuse;
4. Operation outside of the environmental specifications of the

product; or
5. Improper site preparation and maintenance.

THE WARRANTY SET FORTH ABOVE IS EXCLUSIVE AND
NO OTHER WARRANTY, WHETHER WRITTEN OR ORAL IS
EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES
The remedies provided herein are Buyer's sole and exclusive reme
dies. In no event shall HP be liable for direct, indirect, special, inci
dental or consequential damages (including loss of profits) whether
based on contract, tort, or any other legal theory.



SALES OFFICES 0
Arranged alphabetically by country 0

HEADQUARTERSOFACES Biotron S.A.C.I.M.e.1. Perth, BRAZIL
If there is no sales oflice listed for your area, contact one of these Av. Paso Colon 221, Piso 9
headquarters oflices. 1399 BUENOS AIRES

Western Australia Tesis Informatica SA

Tel: 541-333-490, Office Alameda Rio Negro, 750-1. AND.

ASIA UNITED KINGDOM 541-322-587 Hewlett-Packard Australia LId. ALPHAVILLE

Hewlell-Packard Asia LId. Hewlett-Packard LId. Telex: 17595 BIONAR Herdsman Business Park 06400 Barueri SP

22/F Bond Centre, Wast Tower Nine Mile Ride
CLAREMONT, W.A. 6010 Tel: (011) 421.1311

89 Queensway, Central WOKINGHAM
Laboratorio Rodriguez Tel: 61-9-383-2188 Telex: (011) 71351 HPBR BR

HONG KONG Berkshire, RG113Ll
Corswant S.R.L. Telex: 93859 Cable: HEWPACK Sao Paulo

G.P.O. Box 863, Hong Kong Tel: 0344 773100
Misiones, 1156 - 1876 Cable: HEWPARD Perth Hewlett-Packard do Brasil SA

Tel: 5-8487777 Telex: 848805/848814/848912
Bernal, Oeste Praia de Botalago 228-A-614

Telex: 76793 HPA HX
BUENOS AIRES Sydney, New South 6. AND.-CONJ. 801

Cable: HPASIAL TO UNITED STATES OF
Tel: 252-3958, 252-4991 Wales Office Edificio Argentina - Ala A

AMERICA Intermaco S.R.L. Hewlett-Packard Australia LId. 22250 RIO DE JANEIRO, RJ

CANADA Customer Information Center Florida 537/71 17-23 Talavera Road Tel: (021) 552-6422

Hewlell-Packard (Canada) LId. (800) 752-0900 Galeria Jardin - Local 28 P.O. Box 308 Telex: 21905 HPBR BR

6877 Goreway Drive 6:00 AM to 5 PM Pacific Time 1005 BUENOS AIRES NORTH RYDE, N.S.W. 2113 Cable: HEWPACK Rio de Janeiro

MISSISSAUGA, Ontario l4V 1M8 Tel: 393-4471/1928 Tel: 61-2-888-4444

Tel: (416) 678-9430 EASTERN USA Telex: 22796 HEW PAC-AR
Telex: 21561 Van Den Cientifica Llda.

Telex: 069-8844
cable: HEWPARD Sydney Rua Jose Bonifacio, 458

Hewlell-Packard Co. Argentina Esanco S.R.L. Todos os Santos

EASTERN EUROPE 4 Choke Cherry Road AlASCO 2328 AUSTRIA 20771 RIO DE JANEIRO, RJ

Hewlell-Packard Gas.m.b.h.
ROCKVILLE, MD 20850 1416 BUENOSAIRES Hewlell-Packard Gas.m.b.h. Tel: (021) 593-8223

Lieblgasse 1
Tel: (301) 948-6370 Tel: 541-58-1981, 541-59-2767 Verkaufsbuero Graz Telex: 33487 EGLB BR

P.O.Box 72 MIDWESTERN USA
Telex: 22796 HEW PAC-AR Grollenholstrassa 94 ANAMED I.C.E.I. Ltda.

A-1222 VIENNA, Austria Hewlell-Packard Co. All Computers SA A-8052 GRAZ Rua Vergueiro, 360
Tel: (222) 2500-0
Telex: 13 4425 HEPA A

5201 Tollview Drive Montaneses 2140/50 5 Piso Tel: 43-316-291-5660 04012 SAO PAULO, SP

ROLLING MEADOWS, Il 60008 1428 BUENOS AIRES Telex: 312375 Tel: (011) 572-1106

NORTHERN EUROPE Tel: (312) 255-9800 Tel: 781-4030/4039/783-4886 Hewlell-Packard Gas.m.b.h. Telex: 1124740 AMED BR

Hewlell-Packard SA
Telex: 18148 Ocme Lieblgasse 1

V. D. Hooplaan 241 SOUTHERN USA P.O. Box 72 BRUNEI

P.0.Box999 Hewlell-Packard CO. AUSTRALIA A-1222 VIENNA Komputer Wisman Sdn Bhd

Nl-118LN 15AMSTELVEEN 2000 South Park Place Tel: 43-222-2500 G6, Chandrawaseh Cmplx,

The Netherlands ATLANTA, GA 30339 Adelaide, South Telex: 134425 HEPA A Jalan Tutong

Tel: 205479999 Tel: (404) 955-1500 Australia Office
P.O. Box 1297,

Telex: 18919 hpner Hewlell-Packard Australia Ltd. BAHRAIN BANDAR SERI BEGAWAN

SOUTH EAST EUROPE
WESTERN USA 153 Greenhill Road Green Salon NEGARA BRUNI DARUSSALAM

Hewlell-Packard Co. PARKSIDE, SA 5063 P.O. Box 557 Tel: 673-2-2000·70/26711

Hewlell-Packard SA 5161 lankershim Blvd. Tel: 61-8-272-5911 MANAMA

World Trade Center NORTH HOLLYWOOD, CA 91601 Telex: 82536 Tel: 255503-250950 CAMEROON

110 Avenue louis-Casai Tel: (818) 505-5600 Cable: HEWPARD Adelaide Telex: 84419 Beriac

1215 Cointrin, GENEVA, Switzerland Wael Pharmacy
B. P. 23

Tel: (022) 98 96 51 OTHER Brisbane, Queensland DOUALA

Telex: 27225 hpser INTERNATIONAL Office
P.O. Box 648 Tel: 420153

Mall Address: AREAS Hewlell-Packard Australia LId.
MANAMA Telex: 5351

P.O. Box
Tel: 256123

CH-1217 Meyrin 1
Hewlett-Packard Co. 10 Payne Road Telex: 8550 WAEL BN CANADA
Intercontinental Operations THE GAP, Queensland 4061

GENEVA 3495 Deer Creek Road Tel: 61-7-300-4133 Zayani Computer Systems Alberta
Switzerland 218 Shaik Mubarak Building

PALO ALTO, CA 94304 Telex: 42133 Hewlell-Peckard (Canada) Ltd.

MIDDLE EAST
Tel: (415) 857-5027 Cable: HEWPARD Brisbane Government Avenue 3030 3rd Avenue N.E.

Telex: 034-8300
P.O. Box 5918 CALGARY, Alberta T2A 6T7

AND CENTRAL AFRICA Cable: HEWPACK
Canberra, Australia MANAMA Tel: (403) 235-3100

Hewlett-Packard SA Capital Territory Tel: 276278

Middle East/Central ALGERIA Office Telex: 9015 plans bn Hewlell-Packard (Canada) LId.

Africa Sales H.Q. Hewlell-Packard Trading SA Hewlell-Packard Australia ltd.
11120-178th Street

7, rue du Bois-du-Lan Bureau de Liaison Alger Thynne Street, Fern Hill Park BELGIUM EDMONTON, Alberta T5S 1P2

P.O. Box 364 Villa des Lions BRUCE, A.C.T. 2617 Hewlell-Packard Belgium S.A.lN.V. Tel: (403) 486-6666

CH-1217 Meyrin 1 9, Hal Galioul P.O. Box 257, Blvd de \a Woluwe, 100 British Columbia
GENEVA DZ·BORDJ El BAHRI JAMISON, A.C.T. 2614 Woluwedal

Switzerland Tel: 760336 Tel: 61-62-80-4244 B-1200 BRUSSELS Hewlell-Packard (Canada) ltd.

Tel: (022) 83 12 12 Telex: 63343 dlion dz Telex: 62650 Tel: (02) 32-2-761-31-11
10691 Shellbridge Way

Telex: 27835 hmea ch Cable: HEWPARD Canberra Telex: 23494 hewpac
RICHMOND,

Telelax: (022) 83 1535 ANGOLA
British Columbia V6X 2W8

European Operations Telectra Angola LOA
Melbourne, Victoria BERMUDA Tel: (604) 270-2277

Hewlell-Packard SA Empresa TOOnies de Equipamentos Office Applied Computer Technologies
Telex: 610-922-5059

150, Route du Nant d'Avrii 16 rue Cons. Julio de Vilhema Hewlett-Packard Australia LId. Atlantic House Building Hewlett-Packard (Canada) LId.

CH-1217 Meyrin 2 LUANDA 31-41 Joseph Street P.O. Box HM 2091 121 - 3350 Douglas Street

GENEVA, Switzerland Tel: 35515,35516 P.O. Box 221 Par-La-Ville Road VICTORIA, British Columbia V8Z 3L1

Tel: 4122/838111 Telex: 3134 BLACKBURN, Victoria 3130 HAMILTON 5 Tel: (604) 381-6616

Tel: 61-3-895-2895 Tel: 295-1616

ARGENTINA Telex: 31-024 Telex: 380 3589/ACT BA Manitoba

Hewlett-Packard Argentina SA Cable: HEWPARD Melbourne
Hewlett-Packard (Canada) Ltd.

Montaneses 2140/50
BOLIVIA 1825 Inkster Blvd.

1428 BUENOS AIRES
Arrellano Ltda WINNIPEG, Manitoba R2X 1R3

Tel: 541-11-1441
Av. 20 de Octubre #2125 Tel: (204) 694-2777

Telex: 22796 HEW PAC-AR
Casilla 1383
LAPAZ
Tel: 368541



BSALES OFFICES
Arranged alphabetically by country (cont'd)

CANADA (Cont'd) Olympia (Chile) Ltda. COSTA RICA EGYPT Hewlett-Packard France
Av. Rodrigo de Araya 1045 Cientilica Costarricense SA Sakrco Enterprises 28 Rue de la Republique

New Brunswick Casilla 256-V Avenida 2, Calle 5 P.O. Box 259 Boite Postale 503

Hewlett-Packard (Canada) Ltd. SANTIAGO 21 San Pedro de Montes de Oca ALEXANDRIA 25026 BESANCON CEDEX, FRANCE

814 Main Street Tel: 225-5044 Apartado 10159 Tel: 802908, 808020, 805302 Tel: (81) 83-16-22

MONCTON, New Brunswick E1C 1E6 Telex: 340892 OLYMP SAN JOSE Telex: 54333 Telex: 361157

Tel: (506) 855-2841 Cable: Olympiachile Santiagochile Tel: 9-011-506-243-820
International Engineering Associates Hewlett-Packard France

Telex: 3032367 GALGUR CR
6 EI Gamea Street ZA KergaradecNova Scotia CHINA, People's O. Fischel R. Y. Cia. SA Agouza Rue Fernand Forest

Hewlett-Packard (Canada) Ltd.
Republic of Apartados 434-10174 CAIRO F-29239 GOUEESNOU

Suite 111
900 Windmill Road China Hewlett-Packard Co., Ltd. SAN JOSE Tel: 71-21-68134-80-940 Tel: (98) 41-87-90

DARTMOUTH, Nova Scotia B3B 1P7 22/F Bond Centre, West Tower Tel: 23-72-44 Telex: 93830 lEA UN Hewlett-Packard France
Tel: (902) 469-7820 89 Queensway, Gentral Telex: 2379 Cable: INTEGASSO Chemin des Mouilles

HONG KONG Cable: OFIR
Sakrco Enterprises Boite Postale 162

Ontario Tel: 5-8487777
70 Mossadak Street 69131 ECULLY Cedex (Lyon)

Hewlett-Packard (Canada) Ltd. Telex: 76793 HPA HX CYPRUS
Dokki, Giza Tel: 33-78-33-8125

3325 N. Service Rd., Unit W03 Cable: HP ASIA LTD Telerexa Ltd.
CAIRO Telex: 310617F

BURLINGTON, Ontario L7N 3G2 China Hewlett-Packard Co., Ltd.
P.O. Box 1152

Tel: 706 440, 701 087 Hewlett-Packard FranceTel: (416) 335-8644 P.O. Box 9610, Beijing
Valentine House

Telex: 9337
8 Stassandrou St. Parc d'acllvites du Bois Briard

Hewlett-Packard (Canada) Ltd. 4th Floor, 2nd Watch Factory Main
NICOSIA S.S.C. Medical 2Avenue du Lac

552 Newbold Street Shuang Yu Shou, Bei San Huan Road
Tel: 45 628, 62 698 40 Gazerat EI Arab Street F-91040 EVRY Cedex

LONDON, Ontario N6E 2S5 Hai Dian District
Telex: 5845 t1rx cy Mohandessin Tel: 3311/6077 9660

Tel: (519)686-9181 BEIJING
CAIRO Telex: 692315F

Tel: 33-1947 33-7426 DENMARK Tel: 803844, 805998, 810263Hewlett-Packard (Canada) Ltd. Telex: 22601 CTSHP CN Hewlett-Packard France
6877 Goreway Drive Hewlett-Packard AlS Telex: 20503 SSC UN Application Center
MISSISSAUGA, Ontario L4V 1M8

Cable: 1920 Beijing
Kongevejen 25 5, avenue Raymond Chanas

Tel: (416) 678-9430 China Hewlett-Packard Co., Ltd. DK-3460 BIRKEROD EL SALVADOR 38320 EYBENS (Grenoble)
Telex: 069-83644 CHP Shanghai Branch Tel: 45-02-81-6640 IPESA de EI Salvador SA Tel: (76) 62-57-98

23/F Shanghai Union Building Telex: 37409 hpas dk 29 Avenida Norte 1223 Telex: 980124 HP GRENOB EYBEHewlett-Packard (Canada) Ltd. 100 Van An Rd. East
Hewlett-Packard AlS

SAN SALVADOR
2670 Queensview Dr. SHANG·HAI Tei: 9-011-503-266-858 Hewlett·Packard France
OTTAWA, Ontario K2B 8K1 Tel: 265550

Rolighedsvej 32
Teiex: 301 205391PESA SAL Parc Club des Tanneries

Tel: (613) 820-6483 Telex: 33571 CHPSB CN
DK-8240 RISSKOV, Aarhus Batiment B4

Cable: 3416 Shanghai
Tel: 45-06-17-6000 ETHIOPIA 4, Rue de la FaisanderieHewlett-Packard (Canada) Ltd.

3790 Victoria Park Ave.
Telex: 37409 hpas dk

Seric-Ethiopia 67381 L1NCOLSHEIM

WlLLOWDALE, Ontario M2H 3H7 COLOMBIA DOMINICAN REPUBLIC P.O. Box 2764 (Strasbourg)

Tel: (416) 499-2550 Instrumentaci6n
Microprog SA

ADDIS ABABA Tel: (88) 76-15·00

H. A. Langebaek &Kier SA Tel: 185114 Telex: 890141F
Juan Tomas Mejia y Cotes No. 60

Quebec Carrerra 4A No. 52A-26
Arroyo Hondo

Telex: 21150 Hewlett-Packard France
Hewlett-Packard (Canada) Ltd. Apartado Aereo 6287

SANTO DOMINGO Centre d'affaires Paris-Nord
17500 Trans Canada Highway BOGOTA 1, D.E. Tel: 565-6268

FINLAND Blillment Ampere
South Service Road Tel: 212-1466

Telex: 4510 ARENTA DR (RCA)
Hewlett-Packard Finland Rue de la Commune de Paris

KIRKLAND, Quebec H9J 2X8 Telex: 44400 INST CO Field Oy Boite Postale 300
Tel: (514) 697-4232 Cable: AARIS Bogota ECUADOR Niittylanpolku 10 93153 LE BLANC·MESNIL
Telex: 058-21521 CYEDE Cia. Ltda.

00620 HELSINKI Tel: (1) 865-44-52Nelromedicas Ltda.
Calle 123 No. 9B-31 Avenida Eloy Alfaro 1749

Tel: (90) 757-1011 Telex: 211032F
Hewlett-Packard (Canada) Ltd. Telex: 122022 Field SF
1150 rue Claire Fontaine Apartado Aereo 100-958 YBelgica HeWlett-Packard France
QUEBEC CITY, Quebec G1R5G4 BOGOTA D.E., 10 Casilla 6423 CCI HeWlett-Packard Oy Parc d'activites Cadera
Tel: (418) 648-0726 Tel: 213-5267, 213-1615 QUITO Piispankalliontie 17 Quartier Jean-Mermoz

Teiex: 43415 HEGAS CO Tel: 9-011-593-2-450975 02200 ESPOO Avenue du President JF Kennedy

Saskatchewan Compumundo
Telex: 39322548 CYEDE ED Tel: (90) 887-21 33700 MERIGNAC (Bordeaux)

Telex: 121563 HEWPA SF Tel: 33-56-34-0084Hewlett-Packard (Canada) Ltd. Avenida 15 # 107-80 Medtronics
130 Robin Crescent BOGOTA D.E. Valladolid 524 Madrid Telex: 550105F

FRANCE
SASKATOON, Saskatchewan S7L 6M7 Tel: 57-214-4458 P.O. 9171, QUITO

HeWlett-Packard France HeWlett-Packard France
Tel: (306) 242-3702 Telex: 39642450 COMPU CO Tel: 2-238-951

Z.I. Mercure B 3, Rue Graham Bell

Carvajal, SA
Telex: 2298 ECUAME ED

Rue Berthelot BP 5149
CHILE Calle 29 Norte No. 6A-40 Hospitalar SA 13763 Les Milles Cedex 57074 METZ Cedex
ASC Ltda. Apartado Aereo 46 Robles 625 AIX·EN·PROVENCE Tel: (87) 36-13-31
Austria 2041 CALI Casilla 3590 Tel: 33-42-59-4102 Telex: 860602F
SANTIAGO Tel: 9-011-57-3-621888 QUITO Telex: 410770F HeWlett-Packard FranceTel: 223-5946, 223-6148 Telex: 39655650 CUJCL CO Tel: 545-250, 545-122 Miniparc-ZIRSTTelex: 392-340192 ASC CK Hewiett-Packard France

Telex: 2485 HOSPTL ED
64, Rue Marchand Saillant Chemin du Vieux Chene

Jorge Calcagni y Cia CONGO Cable: HOSPITALAR-Quito
F-61000 ALENCON 38240 MEYLAN (Grenoble)

Av. lIalia 634 Santiago Seric-Congo
Ecuador Overseas Agencies CA Tel: (33) 29 04 42 Tel: (76) 90-38-40

Casilla 16475 B. P. 2105
Calle 9 de Octubre #818 980124 HP Grenobe

SANTIAGO 9 BRAZZAVILLE
P.O. Box 1296, Guayaquil

Hewlett-Packard France

Tel: 9-011-562-222-0222 Tel: 815034 Batiment Levitan HeWlett-Packard France
QUITO Bureau vert du Bois BriandTelex: 392440283 JCYCL CZ Telex: 5262
Tel: 39343873 ECUOVE ED

2585, route de Grasse
Bretelle Autoroute Cheman de la Garde

Metrolab SA Telex: 3361 PBCGYE ED
06600 ANTIBES - CP 212 212

Moniitas 454 01. 206 Tel: (93) 74-59·19 44085 NANTES Cedex
SANTIAGO Tel: (40) 50-32-22
Tel: 395752, 398296 Telex: 711085F
Telex: 340866 METLAB CK



Hewlett-Packard France Hewlett-Packard France Hewlett-Packard GmbH Hellamco Blue Star Ltd.
125, Rue du Faubourg Bannier Parc d'activite des Pres Gesch~ftsstelle P.O. Box 87528 Sahas
45000 ORLEANS 1, Rue Papin Cedex Heidering 37-39 18507 PIRAEUS 414/2 Vir Savarkar Marg
Tel: 33-38-62-2031 59658 VILLENEUVE D'ASCQ D-3000 HANNOVER 61 Tel: 4827049 Prabhadevi

Hewlett-Packard France
Tel: 33-20-91-4125 Tel: (0511) 5706-0 Telex: 241441 BOMBAY 400 025

Zone Industrielle de Courtaboeuf
Telex: 160124F Telex: 0923259 hphan Tel: 422-6155

Avenue des Tropiques Hewlett-Packard France Hewlett-Packard GmbH GUATEMALA Telex; 011-71193 BSSS IN
IPESA DE GUATEMALA Cable: FROSTBLUE

91947 LES ULIS Cedex (Orsay) Parc d'activites Paris-Nord 11 Gesch~ftsstelle
Avenida Reforma 3-48, Zona 9

Tel: 33-6-907 7825 Boite Postale 60020 Rosslauer Wag 2-4 Blue Star Ltd.
Telex: 600048F 95971 Roissy Charles de Gaulle D-6800 MANNHEIM

GUATEMALA CITY
Kalyan, 19 Vishwas Colony

Tel: 316627, 317853,66471/5
Hewlett-Packard France

VILLEPINTE Tel: 49-0621-70-05-0
9-011-502-2-316627

Alkapuri, BARODA, 390 005

15, Avenue de L'Amiral-Bruix
Tel: (1) 48 63 80 80 Telex: 0462105 hpmhm

Telex: 3055765 IPESA GU
Tel: 65235, 65236

75782 PARIS Cedex 16
Telex: 211032F

Hewlett-Packard GmbH
Cable: BLUE STAR

Tel: 33-15-02-1220
GABON

Gesch~ftsstelle HONG KONG Blue Star Ltd.
Telex: 613663F

Sho Gabon
Messerschmittstrasse 7 Hewlett-Packard Hong Kong, Ltd. 7Hare Street

Hewlett-Packard France P.O. Box 89
D-7910 NEU ULM 22/F Bond Centre, West Tower P.O. Box 506

242 Ter, Ave J Mermoz LIBREVILLE
Tel: 49-0731-70-73-0 89 Queensway, Central CALCUTTA700 001

64000 PAU Tel: 721 484
Telex: 0712816 HP ULM-D G.P.O. Box 863 Tel: 230131, 230132

Tel: 33-59-80-3802 Telex: 5230 Hewlett-Packard GmbH HONG KONG Telex: 031-61120 BSNF IN

Telex: 550365F Gesch~ftsstelle
Tel: 5 848 7777 Cable: BLUESTAR

GERMAN FEDERAL Emmericher Strasse 13 Telex: 76793 HPA HX Blue Star Ltd.
Hewlett-Packard France

D-8500 NURNBERG 10 Cable: HEWPACK HONG KONG 133 Kodambakkam High Road
6, Place Sainte Croix REPUBLIC
86000 POITIERS Hewlett-Packard GmbH Tel: (0911) 5205-0 CET Ltd. MADRAS 600 034

Tel: 33-49-41-2707 Vertriebszentrum Mitte Telex: 0623 860 hpnbg 10th Floor, Hua Asia Bldg. Tel: 472056, 470238

Telex: 792335F Hewlett-Packard-Strasse Hewlett-Packard GmbH 64-66 Gloucester Road Telex: 041-379

D-6380 BAD HOMBURG Vertriebszentrum Ratingen HONG KONG Cable: BLUESTAR
Hewlett-Packard France Tel: (06172) 400-0 Berliner Strasse 111 Tel: (5) 200922 Blue Star Ltd.47, Rue de Chativesle Telex: 410 844 hpbhg D-4030 RATINGEN 4 Telex: 85148 CET HX 13 Community Center51100 REIMS
Tel: 33-26-88-6919 Hewlett-Packard GmbH Postfach 31 12 Schmidt & Co. (Hong Kong) Ltd. New Friends Colony

Gesch~ftsstelle Tel: (02102) 494-0 18th Floor, Great Eagle Centre NEW DELHI 110 065
Hewlett-Packard France Keithstrasse 2-4 Telex: 589 070 hprad 23 Harbour Road, Wanchai Tel: 682547
Parc d'activites de la Poterie D-1000 BERLIN 30 Hewlett-Packard GmbH HONG KONG Telex: 031-2463
Rue Louis Kerautel-Botmel TeJ: (030) 21 9904-0 Vertriebszentrum Muchen Tel: 5-8330222 Cable: BLUEFROST
35000 RENNES Telex: 018 3405 hpbln d Telex: 74766 SCHMC HX
Tel: 33-99-51-4244 Eschenstrasse 5 Blue Star Ltd.

Telex: 740912F Hewlett-Packard GmbH D-8028 TAUFKIRCHEN
ICELAND

15/16 CWellesley Rd.

Verbindungsstelle Bonn Tel: 49-89-61-2070 PUNE411011
Hewlett-Packard France Friedrich-Ebert-Allee 26 Telex: 0524985 hpmch Hewlett-Packard Iceland Tel: 22775
98 Avenue de Bretagne 5300 BONN

Hoefdabakka 9
Cable: BLUE STARHewlett-Packard GmbH 112 REYKJAVIK76100 ROUEN Tel: (0228) 234001

Tel: 33-35-63-5766 Gesch~ftsstelle Tel: 354-1-67-1000 Blue Star Ltd.
Telex: 8869421 Ermlisallee Telex: 37409 2-2-47/1108 Bolarum Rd.Telex: 770035F
Hewlett-Packard GmbH 7517 WALDBRONN 2 SECUNDERABAD 500 003

Hewlett-Packard France Vertriebszentrun SGdwest Postfach 1251 INDIA Tel: 72057, 72058
4, Rue Thomas-Mann Schickardstrasse 2 Tel: (07243) 602-0 Computer products are sold through Telex: 0155-459
Boite Postale 56 D-7030 BOBLINGEN Telex: 782 838 hepk Blue Star Ltd. All computer repairs Cable: BLUEFROST
67033 STRASBOURG Cedex Postfach 1427 and maintenance service is done
Tel: (88) 28-56-46 GREAT BRITAIN through Computer Maintenance Corp.

Blue Star Ltd.

Telex: 890141F
Tel: (07031) 645-0 T.C. 7/603 Poornima
Telex: 7265 743 hep See United Kingdom Blue Star Ltd. Maruthunkuzhi

Hewlett-Packard France Hewlett-Packard GmbH B. D. Patel House TRIVANDRUM 695013
Le Peripole III Zeneralbereich Mktg GREECE Near Sardar Patel Colony Tel: 65799, 65820
3, Chemin du Pigeonnier de la Ceplere Herrenberger Strasse 130 Hewlett-Packard A.E. AHMEDABAD 380 014 Telex: 0884-259
31081 TOULOUSE Cedex D-7030 BOBLINGEN 178, Kifissias Avenue Tel: 403531, 403532 Cable: BLUESTAR
Tel: 33-61-40-1112 Tel: (07031) 14-0 6th Floor Telex: 0121-234
Telex: 531639F Telex: 7265739 hep Halandri-ATHENS Cable: BLUE FROST

Computer Maintenance Corporation

Greece Ltd.
Hewlett-Packard France Hewlett-Packard GmbH Tel: 301116473 360, 301116726 090 Blue Star Ltd. 115, Sarojini Devi Road
Les Cardoulines

Gesch~ftsstelle Telex; 221 286 HPHLGR 40/4 Lavelle Road SECUNDERABAD 500 003
Batiment B2 Schleefstr. 28a BANGALORE 560 001 Tel: 310-184, 345-774
Route des Dolines D-4600 DORTMUND-41 Kostas Karaynnis SA Tel: 57881, 867780 Telex: 031-2960
Parc d'activite de Valbonne Tel: (0231) 45001 8, Omirou Street Telex: 0845-430 BSLBIN Hewlett-Packard IndiaSophia Antipolis Telex: 822858 hepdod ATHENS 133 Cable: BLUESTAR
06560 VALBONNE (Nice) Tel: 32 30 303, 32 37 371 Meridian Commercial Complex

Tel: (93) 65-39-40 Hewlett-Packard gmbH Telex: 215962 RKAR GR Blue Star Ltd. 6th Floor
Reparaturzentrum Frankfurt Band Box House 8 Windsor Place

HeWlett-Packard France Berner Strasse 117 Impexin Prabhadevi Janpath
9, Rue Baudin 6000 FRANKFURT/MAIN 60 Intelaet Div. BOMBAY 400 025 NEW DELHI 110 001
26000 VALENCE Tel: (069) 500001-0 209 Mesogion Tel: 4933101, 4933222 INDIA
Tel: 33-75-42-7616 Telex: 413249 hpffm 11525 ATHENS Telex: 011-71051 Tel: 91-11384911

Hewlett-Packard France Tel: 6474481/2 Cable: BLUESTAR Telex: 31-4935 HPNDIN
Hewlett-Packard GmbH Telex: 216286Carolor Vertriebszentrum Nord

ZAC de Bois Briand Kapstadtring 5 Haril Company
57640 VIGY (Metz) D-2000 HAMBURG 60 38, Mihalakopoulou
Tel: (8) 771 2022 Tel: 49-40-63-804-0 ATHENS 612

Telex: 02163032 hphh d Tel: 7236071
Telex: 218767



BSALES OFFICES
Arranged alphabetically by country (cont'd)

INDONESIA Hewlett-Packard Italiana S.pA IVORY COAST Yokogawa-Hewlett-Packard ltd. KENYA
BERCA Indonesia P.T. Via Principe Nicola 43G/C S.I.T.E.l. Nagoya Kokusai Center Building ADCOM ltd., Inc.. Kenya
P.O.Box 496/Jkl. 1-95126 CATANIA Societe Ivoirienne de 1-47-1, Nagono, Nakamura-ku P.O.Box 30070
JI. Abdul Muis 62 Tel: (095) 37-10-87 Telecommunications NAGOYA, AICHI 450 NAIROBI
JAKARTA Telex: 970291 Bd. Giscard d'Estaing Tel: (052) 571-5171 Tel: 331955
Tel: 21-373009 Hewlett-Packard Italiana S.p.A. Carrefour Marcory Yokogawa-Hewlett-Packard ltd. Telex: 22639
Telex: 46748 BERSAL IA Via G. di Vittorio 10 Zone4.A. Sai-Kyo-Ren Building
Cable: BERSAL JAKARTA 20094 CORSICO (Milano) Boite postale 2580 1-2 Dote-cho KOREA
BERCA Indonesia P.T. Tel: 39-02-4408351 ABIDJAN 01 OOMIYA-SHI SAITAMA 330 Samsung Hewlett-Packard Co. ltd.

P.O.Box 2497/Jkt
Tel: 353600 Tel: (0486) 45-8031 Dongbang Yeoeuido Building

Hewlett-Packard Italiana S.p.A. Telex: 43175 12-16th Floors
Antara Bldg., 12th Floor Viale Brigata Bisagno 2 Yokogawa-Hewlett-Packard ltd. 36-1 Yeoeuido-Dong
JI. MOOan Merdeka Selatan 17 16129 GENOVA S.I.T.1. Chuo Bldg., 5-4-20 Nishi-Nakajima Youngdeungpo-Ku
JAKARTA·PUSAT Tel: 39-10-541141 Immeuble "Le General" 4-20 Nishinakajima, 5Chome, SEOUL
Tel: 21-340417 Telex: 215238 Av. du General de Gaulle Yodogawa-ku Tel: 784-4666, 784-2666
Telex: 46748 BERSAL IA 01 BP 161 OSAKA,532 Telex: 25166 SAMSAN K
BERCA Indonesia P.T.

Hewlett-Packard Italiana S.p.A. ABIDJAN 01 Tel: (06) 304-6021

JaJan Kulai 24
Viale G. Modugno 33 Tel: 321227 Telex: YHPOSA 523-3624 Young In Scientific Co., ltd.
1-16156 GENOVA PEGLI Telex: 22149 Youngwha BuildingSURABAYA Tel: (010)68-37-07 Yokogawa-Hewlett-Packard ltd. 547 Shinsa Dong, Kangnam-KuTel: 67118 Telex: 215238 JAPAN 1-27-15, Yabe SEOUL 135Telex: 31146 BERSAL SB

Yokogawa-Hewlett-Packard ltd. SAGAMIHARA Kanagawa, 229 Tel: 546-7771
Cable: BERSAL-SURABAYA Hewlett-Packard Italiana S.pA

Via G. di Vittorio 9 152-1,Onna Tel: 0427 59-1311 Telex: K23457 GINSCO

IRAQ 1-20063 CERNUSCO SUL ATSUGI, Kanagawa, 243 Yokogawa-Hewlett-Packard ltd. Dongbang Healthcare
Hewlett-Packard Trading SA NAVIGLIO Tel: (0462) 25-0031 Hamamtsu Motoshiro-Cho Daichi Products Co. ltd.
Service Operation (Milano) Yokogawa-Hewlett-Packard ltd. Seimei Bldg 219-21, Motoshiro-Cho Suite 301 Medical Supply Center
AI Mansoor City 9B/3/7 Tel: (02) 923691 Meiji-Seimei Bldg. 6F Hamamatsu-shi Bldg. 1-31 Dongsungdong
BAGHDAD Telex: 334632 3-1 Motochiba-Cho SHIZUOKA, 430 Jong Ro-gu, SEOUL
Tel: 551-49-73 Hewlett-Packard Italiana S.p.A. CHIBA, 280 Tel: (0534) 561771 Tel: 764-1171, 741-1641
Telex: 212-455 HEPAIRAQ IK Via Nuova Rivoltana 95 Tel: (0472) 25 7701 Yokogawa-Hewlett-Packard ltd. Telex: K25706 TKBKO

20090 L1MITO (Milano) Yokogawa-Hewlett-Packard ltd. Shinjuku Daiichi Seimei Bldg. Cabie: TKBEEPKO
IRELAND Tel: 02-92761 Yasuda-5eimei Hiroshima Bldg. 2-7-1, Nishi Shinjuku
Hewlett-Packard Ireland ltd. 6-11, Hon-dori, Naka-ku Shinjuku-ku,TOKYO 163 KUWAIT
Temple House, Temple Road Hewlett-Packard Italiana S.p.A.

Tel: 03-348-4611 AI-Khaldiya Trading &Contracting
Blackrock, Co. DUBLIN Via Nuova San Rocco a HIROSHIMA, 730

P.O. Box 830
Tel: 88/333/99 Capodimonte, 62/A Tel: (082) 241-0611 Yokogawa Hewlett-Packard ltd. SAFAT
Telex: 30439 1-80131 NAPOLI Yokogawa-Hewlett-Packard ltd. 9-1, Takakura-cho Tel: 424910, 411726

Tel: (081) 7413544 Towa Building Hachioji-shi, TOKYO, 192 Telex: 22481 AREEG KT
Hewlett-Packard Ltd. Telex: 710698 2-2-3 Kaigan-dori, Chuo-ku Tel: 81-426-42-1231 Cable: VISCOUNT
75 Belfast Rd, Carrickfergus

Hewlett-Packard Italiana S.pA KOBE,650 Yokogawa-Hewlett-Packard ltd.Belfast BT38 8PH Gulf Computing Systems
NORTHERN IRELANO Via Orazio 16 Tel: (078) 392-4791 3-29-21 Takaido-Higashi, 3Chome P.O. Box 25125
Tel: 09603-67333 80122 NAPOLI Yokogawa-Hewlett-Packard ltd. Suginami-ku TOKYO 168 SAFAT
Telex: 747626 Tel: (081) 7611444 Kumagaya Asahi 82 Bldg. Tel: (03)331-6111 Tel: 435969

Telex: 710698 3-4 Tsukuba Telex: 232-2024 YHPTOK Telex: 23648
ISRAEL Hewlett-Packard Italiana S.pA KUMAGAYA, Saitama 360 Yokogawa Hokushin Electric Corp. Photo &Cine Equipment
Eldan Electronic Instrument ltd. Via Pellizzo 15 Tel: (0485) 24-6563 (YEW) P.O. Box 270
P.O.Box 1270 35128 PADOVA Yokogawa-Hewlett-Packard Ltd. Shinjuku-NS Bldg. 10F SAFAT
JERUSALEM 91000 Tel: 39-49-664-888 Asahi Shinbun Daiichi Selmei Bldg. 9-32 Nokacho 2Chome Tel: 2445111
16, Ohaliav SI. Telex: 430315 4-7, Hanabata-cho Shinjuku-ku Telex: 22247 MATIN KT
JERUSAlEM 94467 KUMAMOTO, 860 TOKYO, 163 Cable: MATIN KUWAITHewlett-Packard Italiana S.p.A.Tel: 533 221, 553 242

Viale C. Pavese 340 Tel: 96-354-7311 Tel: (03) 349-1859
Telex: 25231 AB/PAKRD IL Telex: J27584 W.J. Towell Computer Services

1-00144 ROMA EUR Yokogawa-Hewlett-Packard ltd. P.O. Box 5897
Computation and Measurement Tel: 39-65-48-31 Shin-Kyoto Center Bldg. Yokogawa·Hewlett-Packard ltd. SAFAT
Systems (CMS) ltd. Telex: 610514 614, Higashi-Shiokoji-cho Meiii-Seimei Tel: 2462640/1
11 Masad Street Karasuma-Nishiiru Utsunomiya Odori Building Telex: 30336 TOWELL KT
67060 Hewlett-Packard Italiana S.p.A.

1-5 Odori, 2Chome
Via di Casellina 57/C KYOTO, 600

TEL·AVIV
500518 SCANDICCI·FIRENZE Tel: 075-343-0921 UTSUNOMIYA, Tochigi 320 LEBANONTel: 388 388 Tel: (0286) 33-1153

Telex: 33569 MolillL Tel: 39-55-753863 Yokogawa-Hewlett-Packard Ltd. Computer Information Systems SAl.

Hewlett-Packard Italiana S.p.A. Mito Mitsui Bldg. Yokogawa-Hewlett-Packard ltd. Chammas Building

Yasuda Seimei Nishiguchi Bldg. P.O. Box 11-6274 Dora
ITALY Corso Svizzera, 185 1-4-73, Sanno-maru

30-4 Tsuruya-cho, 3Chome BEIRUT
Hewlett-Packard Italiana S.p.A 1-10144 TORINO MITO, Ibaraki 310

Traverse 99C Tel: (0292) 25-7470 Kanagawa-ku, YOKOHAMA 221 Tel: 894073
Tel: 39-11-74-4044

Tel: (045)312-1252 Telex: 42309 chacis Ie
Via Giulio Petroni, 19 Telex: 221079 Yokogawa-Hewlett-Packard ltd.
1-70124 BARI Meiji-5eimei Kokubun Bldg. LIBERIA
Tel: (080) 41-07-44 7-8 Kokubun, 1Chome, Sendai JORDAN Unichemicals Inc.
Hewlett-Packard Italiana S.p.A. MIYAGI,980 Scientific and Medical Supplies Co. P.O. Box 4509
Via Emilia, 51/C Tel: (0222) 25-1011 P.O. Box 1387 MONROVIA
1-40011 BOLOGNA Anzola Dell'Emilia AMMAN Tel: 224282
Tel: 39-051-731061

Yokogawa-Hewlett-Packard ltd. Tel: 24907, 39907 Telex: 4509
Telex: 511630

Gohda Bldg. 2F Telex: 21456 SABCO JO
1-2-10 Gohda Okaya-Shi
Okaya-Shi
NAGANO,394
Tel: (0266) 23 0851



LUXEMBOURG Microcomputadoras Hewlett-Packard, NEW ZEALAND OMAN PORTUGAL
Hewlett-Packard Belgium SA!N.v. S.A. de C.V. Hewlett-Packard (N.Z.) Ltd. Khimjil Ramdas Mundinter Intercambio
Blvd de la Woluwe, 100 Hewlett-Packard de Mexico, 5 Owens Road P.O. Box 19 Mundial de Comercio S.A.R.L.
Woluwedal S.A. deC.V. P.O. Box 26-189 MUSCATISULTANATE OF OMAN Av. Antonio Augusto Aguiar 138
B-12oo BRUSSELS Monte Pelvoux No. 111 Epsom, AUCKLAND Tel: 795 901 Apartado 2761
Tel: (02) 762-32-00 Lomas de Chapultepec Tel: 64-9-687-159 Telex: 3489 BROKER MB MUSCAT LISBON
Telex: 23-494 paloben bru 11000 MEXICO, D.F. Cable: HEWPAK Auckland

Suhail &Saud Bahwan
Tel: (19) 53-21-31, 53-21-37

Tel: 5968077/5967933 Telex: 16691 munter p
MADAGASCAR Telex: 17-74-507 HEWPACK MEX Hewlett-Packard (N.Z.) Ltd. P.O.Box 169

Technique et Precision
184-190 Willis Street MUSCAT/SULTANATE OF OMAN Soquimica

Hewlett-Packard de Mexico, WELLINGTON Tel: 734 201-3 Av. da Liberdade, 220-2
12, rue de Nice SA de C.V. P.O. Box 9443 Telex: 5274 BAHWAN MB 1298 L1SBOA Codex
P.O. Box 1227 Czda. del Valle Courtenay Place, WELLINGTON 3 Tel: 56-21-82
101 ANTANANARIVO 409 Ote. 4th Piso Tel: 877 199

Imtac LLC
Telex: 13316 SABASA

Tel: 22090 Colonia del Valle Cable: HEWPACK Wellington
P.O. Box 9196

Telex: 22255 Municipio de Garcia MINA AL FAHAL/SULTANATE Telectra-Empresa Tecnica de

66220 NUEVO LEON Northrop Instruments &Systems Ltd. OF OMAN Equipmentos Electricos S.A.R.L.
MALAYSIA Tel: 83-78-42-40 131 Khyber Pass Road Tel: 70-77-27, 70-77-23 Rua Rodrigo da Fonseca 103
Hewlett-Packard Sales (Malaysia) Telex: 382410 HPMY Northrup House - 2nd Floor Telex: 3865 Tawoos On P.O. Box 2531
Sdn. Bhd. Private Bag LISBON 1
9th Floor Infograficas y Sistemas Newmarket, AUCKLAND PAKISTAN Tel: (19) 68-60-72
Chung Khiaw Bank Building del Noreste, SA Tel: 794-091 Mushko &Company Ltd. Telex: 12598
46, Jalan Raja Laut Rio Orinoco #171 Oriente Telex: 60605 House No. 16, Street No. 16

C.P.C.S.!.
50736 KUALA LUMPUR, MALAYSIA Despacho 2001 Sector F-6/3
Tel: 03-2986555 Colonia Del Valle Northrop Instruments & Systems Ltd.

ISLAMABAD
Rua de Costa Cabral 575

Telex: 31011 HPSM MA MONTERREY 110 Mandeville St.
Tel: 824545

4200 PORTO

Tel: 559-4415, 575-3837 P.O. Box 8388
Telex: 54001 Muski Pk

Tel: 499174/495173
Protei Engineering Telex: 483164 CHRISTCHURCH

Cable: FEM US Islamabad
Telex: 26054

P.O.Box 1917 Tel: 488-873
Lot 6624, Section 64 Hewlett-Packard de Mexico, Telex: 4203 Mushko & Company Ltd. PUERTO RICO
23/4 Pending Road S.A.deC.V. Oosman Chambers Hewlett-Packard Puerto Rico
Kuching, SARAWAK Blvd. Independencia No. 2000 Ote. Northrop Instruments & Systems Ltd.

Abdullah Haroon Road 101 Munoz Rivera Av
Tel: 36299 Col. Estrella Sturdee House

KARACHI 0302 Esu. Calle Ochoa
Telex: 70904 PROMAL MA TORREON, COAH. 85-87 Ghuznee Street

Tel: 524131, 524132 HATO REY, Puerto Rico 00918
Cable: PROTELENG Tel: 171-82201 P.O. Box 2406

Telex: 2894 MUSKO PK Tel: (809) 754-7800WELLINGTON
Tel: 850-091 Cable: COOPERATOR Karachi

MALTA MOROCCO Telex: NZ 3380 QATAR
Philip Toledo Ltd. Etablissement Hubert Dolbeau &Fils PANAMA Computer Arabia
Kirkirkara P.O. Box 11 81 rue Karatchi NIGERIA Electronico Balboa, SA P.O. Box 2750
Notabile Rd. B.P.11133 Elmeco Nigeria Ltd.

Calle Samuel Lewis, Ed. Alta DOHA
MRIEHEL CASABLANCA 45 Saka Tirubu St.

Apartado 4929 Tel: 428555
Tel: 447 47, 455 66, 4915 25 Tel: 3041-82, 3068-38 Victoria Island

PANAMA CITY Telex: 4806 CHPARB
Telex: Media MW 649 Telex: 23051, 22822 LAGOS

Tel: 9-011-507-636613
Nasser Trading &Contracting

Telex: 368 3483 ELECTRON PG
MAURITIUS Gerep Tel: 61-98-94 P.O.Box 1563

Blanche Birger Co. Ltd. 2. rue Agadir Telex: 20-117 DOHA

18, Jules Koenig Street Boite Postale 156 PERU Tel: 422170

PORT LOUIS CASABLANCA 01 NORTHERN IRELAND Cia Electro Medica SA (ERMED) Telex: 4439 NASSER DH

Tel: 20828 Tel: 272093, 272095 See United Kingdom Los Flamencos 145, Ole. 301/2

Telex: 4296 Telex: 23 739 San Isidro SAUDI ARABIA
Casilla 1030 Modern Electronics Establishment

Sema-Maroc NORWAY LIMA 1Peru Hewlett-Packard DivisionMEXICO Dept. Seric Hewlett-Packard Norway A/S Tel: 9-011-511-4-414325, 41-3705 P.O. Box 281
Hewlett-Packard de Mexico, 6, rue Lapebie Oesterndalen 16-18 Telex: 39425257 PE PB SIS Thuobah
SA de C.V. CASABLANCA P.O. Box 34 AL·KHOBAR 31952
Rio Nio No. 4049 Desp. 12 Tel: 260980 N-1345 OESTERAAS SAMS SA

Tel: 895-1760, 895-1764
Frace. Cordoba Telex: 21641 Tel: 47-2-24-6090 Arenida Republica de Panama 3534

Telex: 671106 HPMEEK SJ
JUAREZ, Mexico Telex: 76621 hpnas n San Isidro, LIMA

Cable: ELECTA AL-KHOBAR
Tel: 161-3-15-62 NETHERLANDS Tel: 9-011-511-4-229332/4139841

Hewlett-Packard de Mexico, Hewlett-Packard Nederland B.V. HeWlett-Packard Norway AlS 413226 Modern Electronics Establishment

S.A. de C.V. Startbaan 16 Boemergt. 42 Telex: 39420450 PE L1BERTAD Hewlett-Packard Division
Box 2470 P.O. Box 1228

Condominio Kadereyta NL-1187 XR AMSTELVEEN
N-5037 SOLHEIMSVIK Redec Plaza, 6th Floor

Circuito del Mazon No. 186 Desp. 6 P.O. Box 667 PHILIPPINESTel: 004715/29 00 90 JEDDAH
Col. Del Prado - 76030 NL-1180 AR AMSTELVEEN The Online Advanced Systems Corp.
aRO, Mexico Tel: (020) 547-6911 Hewlett-Packard Norway A/S 2nd Floor, Electra House

Tel: 644 96 28

Tel: 463-6-02-71 Telex: 13216 HEPA NL Baadegt. 2 115-117 Esteban Street
Telex: 402712 FARNAS SJ

N-4006 STAVANGER P.O. Box 1510
Cable: ELECTA JEDDAH

Hewlett-Packard de Mexico, Hewlett-Packard Nederland B.V.

SA de C.V. Bongerd 2 Tel: 47-4-52-29-03 Legaspi Village, Makati Modern Electronics Establishment

Monti Morelos No. 299 P.O. Box41 Telex: 47-4-52-09-39 Metro MANILA HeWlett-Packard Division

Fraccionamiento Loma Bonita 45060 NL2900AA CAPELLE AID IJSSEL Hewlett-Packard Norway AlS Tel: 815-38-10 (up to 16) P.O.Box 22015

GUADALAJARA, Jalisco Tel: 31-20-51-6444 Siuppenvn. 5 Telex: 63274 ONLINE PN RIYADH 11495

Tel: 36-31-48-00 Telex: 21261 HEPAC NL P.O. Box 1508, Nidarvoll Tel: 491-97 15,491-6387

Telex: 0684186 ECOME N-7002 TRONDHEIM Telex: 202049 MEERYD SJ
Hewlett-Packard Nederland B.V.
Pastoor Petersstraat 134-136 Tel: 47-7-96-47-75

P.O. Box 2342 Telex: 47-7-96·47-76

NL 5600 CH EINDHOVEN
Tel: 31-40-32-6911
Telex: 51484 hepae nl



BSALES OFFICES
Arranged alphabetically by country (cont'd)

SAUDI ARABIA Hewlett-Packard So Africa (Pty.) Ltd. SUDAN THAILAND Teknim Company Ltd.
(Cont'd) Private Bag Wendywood Mediterranean Engineering Unimesa Co. Ltd. Iran Caddesi NO.7

SANDTON 2144 &Trading Co. Ltd. 2540 Sukumwit Avenue Karaklidere
Abdul Ghani EI Ajou Corp. Tel: 27-11-802-5111, 27-11-802-5125 P.O. Box 1025 Bangna ANKARA
P.O. Box 78 Telex: 4-20877 SA KHARTOUM BANGKOK 10260 Tel: 275800
RIYADH Cable: HEWPACK Johannesburg Tel: 41184 Tel: 662-398-6953 Telex: 42155 TKNM TR
Tel: 40 41717 Telex: 24052 Telex: 84439 Simonco TH
Telex: 200932 EL AJOU SPAIN Kurt & Kurt A.S.

Cable: UNIMESA Bangkok Mithatpasa Caddesi No. 75
SCOTLAND

Hewlett-Packard Espanola, SA
SWITZERLAND Bangkok Business Equipment Ltd. Kat 4 KizilayCalle Entenza, 321

See United Kingdom E.-BARCELONA 29 Hewlett-Packard (Schweiz) AG 5/5-6 Dejo Road ANKARA

Tel: 3/322 24 51, 3217354 Clarastrasse 12 BANGKOK Tel: 318875/6/7/8

SENEGAL Telex: 52603 hpbee CH-4058 BASEL Tel: 234-8670, 234-8671 Telex: 42490 MESR TR

Societe Hussein Ayad & Cie.
Tel: 41-61-33-5920 Telex: 87699-BEOUIPT TH Saniva Bilgisayar Sistemleri A.S.Hewlett-Packard Espanola, SA Cable: BUSIOUIPT Bangkok76, Avenue Georges Pompidou Calle San Vicente SIN Hewlett-Packard (Schweiz) AG Buyukdere Caddesi 103/6

B.P.305 Edlficio Albia 11-78 7, rue du Bois-du-Lan TOGO
Gayrettepe

DAKAR Case postale 365-1366 ISTANBUL48001 BILBAO Societe Africaine De PromotionTel: 32339 CH-1217 MEYRIN 1 Tel: 1673180Tel: 4/423 83 06 Immeuble SagebCable: AYAD-Dakar Tel: (0041) 22-83-6-11 Telex: 26345 SANI TR
Hewlett-Packard Espanola, SA Telex:27333 HPAG CH Rue d'Atakpame

Monager Distribution SA Crta. N-VI, Km. 16,400 P.O. Box 4150 Best Inc.
1, Rue Parent Las Rozas Hewlett-Packard (Schweiz) AG LOME Esentepe, Gazeteciler Sitesi
B.P.148 E-MADRID Allmend 2 Tel: 21-62-88 Keskin Kalem
DAKAR Tel: (1) 637.00.11 CH-8967 WIDEN Telex: 5357 Sokak 6/3, Gayrettepe
Tel: 215 671 Telex: 23515 HPE Tel: 41-57-31-2111 ISTANBUL
Telex: 587 Telex: 53933 hpag ch TRINIDAD & TOBAGO Tei: 172 1328, 1733344

Hewlett-Packard Espanola, SA Cable: HPAG CH Caribbean Telecoms Ltd. Telex: 42490
Systeme Service Conseil (SSC) Avda. S. Francisco Javier, SIN Corner McAllister Street &14, Avenue du Parachois Planta 10. Edificio Sevilla 2 Hewlett-Packard (Schweiz) AG

Eastern Main Road, Laventille UNITED ARAB
DAKAR ETOILE E·SEVILLA 5, SPAIN Schwamendingenstrasse 10

P.O. Box 732 EMIRATESTel: 219976 CH-8050 ZURICHTel: 54/64 44 54 PORT·OF·SPAIN Emltac Ltd.Telex: 577 Telex: 72933 Tel: 41-1-315-8181
P.O. Box 1641Telex: 823 537 HPAG CH Tel: 624-4213

SINGAPORE Hewlett-Packard Espanola, SA Telex: 22561 CARTEL WG SHARJAH

Hewlett-Packard Singapore (Sales) Isabel La Catolica, 8 SYRIA Cable: CARTEL, PORT OF SPAIN Tel: 591181

Pte. Ltd. E-46004 VALENCIA General Electronic Inc. Computer and Controls Ltd.
Telex: 68136 EMITAC EM

1150 Depot Road Tel: 34-6-3611354 Nuri Basha Ahnaf Ebn Kays Street P.O. Box 51
Cable: EMITAC SHARJAH

SINGAPORE,0410 Telex: 63435 P.O. Box 5781 1Taylor Street Emitac Ltd.
Tel: 273 7388 Hewlett-Packard Espanola, SA DAMASCUS PORT·OF·SPAIN P.O. Box 2711
Telex: 34209 HPSGSO RS Av. de Zugazarte, 8 Tel: 33-24-87 Tel: (809) 622-7719/622-7985 ABU DHABI
Cable: HEWPACK, Singapore Las Arenas-Guecho Telex: 44-19-88 Telex: 38722798 COMCON WG Tel: 820419-20

Dynamar International Ltd. E-48930 VIZCAYA Cable: ELECTROBOR DAMASCUS LOOGO AGENCY 1264 Cable: EMITACH ABUDHABI

Unit 05-11 Block 6 VIZCAYA Middle East Electronics Feral Assoc. Emitac Ltd.
Kolam Ayer Industrial Estate Tel: 34-423-83 06 P.O.Box 2308 8 Fitzgerald Lane P.O. Box 8391
SINGAPORE 1334 Telex: 33032 Abu Rumaneh PORT·OF·SPAIN DUBAI,
Tel: 747-6188

SWEDEN
DAMASCUS Tel: 62-36864, 62-39255 Tel: 377591

Telex: 26283 RS Tel: 334592 Teiex: 22432 FERALCO Emitac Ltd.
Hewlett-Packard Sverige AB Telex: 411 771 Meesy Cable: FERALCO P.O. Box 473SOUTH AFRICA Ostra Tullgatan 3 RAS AL KHAIMAHHewlett-Packard So Africa (Ply.) Ltd. S-20011 MALMO TAIWAN TUNISIA Tel: 28133, 21270P.O. Box 120 Box 6132 Hewlett-Packard Taiwan Ltd.

Tunisie Electronique S.A.R.L.Howard Place, CAPE PROVINCE Tel: 46-40-702-70 THM Office
31 Avenue de la Liberte UNITED KINGDOM

7450 South Africa Telex: (854) 17886 (via SpAnga 2, Huan Nan Road
TUNISTel: 27121153-7954 office) CHUNG LI, Taoyuan
Tel: 280-144 ENGLAND

Telex: 57-20006 Tel: (034) 929-666
Hewlett-Packard Sverige AB Tunisie Electronique S.A.R.L. Hewlett-Packard Ltd.

Hewlett-Packard So Africa (Pty.) Ltd. Elementvagen 16 Hewlett-Packard Taiwan Ltd.
94, Av. Jugurtha, Mutuelleville Miller House

2nd Roor Juniper House S-7022 70REBRO Kaohsiung Office
1002 TUNIS-BELVEDERE The Ring, BRACKNELL

92 Overport Drive Tel: 49-019-10-4820 11/F, 456, Chung Hsiao 1st Road
Tel: 280144 Berks RG12 1XN

DURBAN 4067 Telex: (854) 17886 (via SpAnga office) KAOHSIUNG
Telex: 13238 Tel: 44/344/424-898

Tel: 27-31-28-4178 Tel: (07)2412318 Telex: 848733
Telex: 6-22954 Hewlett-Packard Sverige AB

Hewlett-Packard Taiwan Ltd. Corema SA
Skalhollsgatan 9, Kista 1ter. Av. de Carthage Hewlett-Packard Ltd.

Hewlett-Packard So Africa (Ply.) Ltd. P.O. Box 19 8th Floor, Hewlett-Packard Building
TUNIS Customer Sales &Support

Shop 6 Linton Arcade S-16393 SpANGA 337 Fu Hsing North Road
Tel: 253-821 Building 1

511 Cape Road Tel: (08) 750-2000 TAIPEI
Telex: 12319 CABAM TN FIlion Road

Linton Grange Telex: (854) 17886 Tel: (02) 712-0404 Stoke Gifford
PORT ELIZABETH 6001 Telefax: (08) 7527781 Telex: 24439 HEWPACK TURKEY BRISTOL, BS 12 60Z
Tel: 271411301201 Cable:HEWPACK Taipei

E.M.A Hewlett-Packard Ltd.Telex: 24-2916 Hewlett-Packard Sverige AB
Box 266 Ing Lih Trading Co. Mediha Eidem Sokak No. 41/6 Oakfield House, Oakfield Grove

Hewlett-Packard So Africa (Pty.) Ltd. Topasgatan 1A 3rd Floor, No.7, Sect. 2 Yenisehir Clifton BRISTOL, Avon BS8 2BN
Fountain Center S-42123 VASTRA·FROLUNDA Jen Ai Road ANKARA Tel: 44-272-736 806
Kalkoen Str. (Gothenburg) TAIPEI 100 Tei: 319175 Telex: 444302
Monument Park Ext 2 Tel: 46-031-89-1000 Tel: (02) 394-8191 Telex: 42321 KTX TR
PRETORIA 0105 Telex: 22894 SANKWANG Cable: EMATRADE ANKARA Hewlett-Packard Ltd.

Telex: (854) 17886 (via SpAnga
9 Bridewell PlaceTel: (012) 455725 office)
LONDON EC4V 6BSTelex: 32163
Tel: 44-01-583-6565
Telex: 298163



B
Hewlett-Packard Ltd. Alabama Hewlett-Packard Co. Hewlett-Packard Co. Illinois
Pontefract Road Hewlett-Packard Co. 2525 Grand Avenue 115 Glastonbury Blvd Hewlett-Packard Co.
NORMANTON, West Yorkshire WF6 1RN2100 Riverchase center LONG BEACH, CA 90815 GLASTONBURY, CT 06033 2205 E. Empire St.
Tel: 44/924/895 566 Building 100 - Suite 118 Tel: (213) 498-1111 Tel: (203) 633-8100 BLOOMINGTON, IL 61704
Telex: 557355 BIRMINGHAM, AL 35244 Fax: (213) 494-1986 Fax: (203) 659-6087 Tel: (309) 662-9411
Hewlett-Packard Ltd. Tel: (205) 988-0547 Hewlett-Packard Co. Florida Fax: (309) 662-0351
The Quadrangle Fax: (205) 988-0547 X207 5651 West Manchester Ave. Hewlett'Packard Co. Hewlett·Packard Co.
106-118 Station Road Hewlett-Packard Co. LOS ANGELES, CA 90009 5900 N. Andrews, Suite 100 525 W. Monroe St., Suite 1308
REDHILL, Surrey RH11PS 420 Wynn Drive Tel: (213) 337-8000 FORT LAUDERDALE, FL 33309 CHICAGO, IL 60606
Tel: 44-737-686-55 HUNTSVILLE, AL 35805 Fax: (213) 337-8338 Tel: (305) 938-9800 Tel: (312) 930-0010
Telex: 947234 Tel: (205) 830-2000 Hewlett·Packard Co. Fax: (305) 938-2293 Fax: (312) 930-0986
Hewlett-Packard Ltd. Fax: (205) 830-1427 321 E. Evelyn Ave. Hewlett-Packard Co. Hewlett-Packard Co.
Avon House Alaska Bldg. 330 6800 South Point Parkway 1200 East Diehl Road
435 Stratford Road

Hewlett-Packard Co. MOUNTAIN VIEW, CA 94039 Suite 301 NAPERVILLE, IL 60566
Shirley, SOLIHULL, West Midlands

4000 Old Seward Highway Tel: (415) 694-2000 JACKSONVILLE, FL 32216 Tel: (312) 357-8800
B904BL

Suite 101 Fax: (415) 694-0600 Tel: (904) 636-9955 Fax: (312) 357-9896
Tel: 44-21-745-8800

ANCHORAGE, AK 99503 Hewlett·Packard Co. Fax: (904) 636-9955 Hewlett·Packard Co.Telex: 339105
Tel: (907) 563-8855 5161 Lankershim Blvd. 5201 Tollview DriveHewlett-Packard Co.

Hewlett-Packard Ltd. Fax: (907) 561-7409 NORTH HOLLYWOOD, CA 91601 255 East Drive, Suite B ROLLING MEADOWS, IL 60008
Heathside Park Road

Arizona
Tel: (818) 505-5600 MELBOURNE, FL 32901 Tel: (312) 255-9800

Cheadle Heath, Stockport Fax: (818) 505-5875 Tel: (407) 729-0704 Fax: (312) 259-5878
SK3 ORB, United Kingdom Hewlett-Packard Co.

Fax: (407) 723-4557Hewlett-Packard Co.
IndianaTel: 44-061-428-0828 8080 Pointe Parkway West

5725 W. Las Positas Blvd.Telex: 668068 PHOENIX, AZ 85044 Hewlett·Packard Co. Hewlett-Packard Co.
Tel: (602) 273-8000 PLEASANTON, CA 94566 6177 Lake Ellenor Drive 11911 N. Meridian St.Hewlett-Packard Ltd. Fax: (602) 273-8080 Tel: (415) 460-0282 ORLANDO, FL 32809 CARMEL, IN 46032Harman House Fax: (415) 460-0713 Tel: (407) 859-2900 Tel: (317) 844-4100Hewlett-Packard Co.No. 1George Street

Hewlett-Packard Co. Fax: (407) 826-9309 (2) Fax: (317) 843-1291UXBRIDGE, Middlesex UB8 1YH 3400 East Britannia Dr.
Tel: 895 720 20 Bldg. C, Suite 124 4244 So. Market Court, Suite A Hewlett·Packard Co. Hewlett·Packard Co.
Telex: 893134/5 TUCSON, AZ 85706 SACRAMENTO, CA 95852 4700 Bayou Blvd. 111 E. Ludwig Road

Tel: (602) 573-7400 Tel: (916) 929-7222 Building 5 Suite 108Hewlett-Packard Ltd. Fax: (602) 573-7429 Fax: (916) 927-7152 PENSACOLA, FL 32503 FT. WAYNE, IN 46825King Street Lane
Hewlett-Packard Co. Tel: (904) 476-8422 Tel: (219) 482-4283Winnersh, WOKINGHAM Arkansas
9606 Aero Drive Fax: (904) 476-4116 Fax: (219) 482-9907Berkshire RG 11 5AR Hewlett-Packard Co.
SAN DIEGO, CA 92123Tel: 44/734/784774 10816 Executive center Dr Hewlett·Packard Co. IowaTelex: 8471789 Conway Bldg. Suite 116
Tel: (619) 279-3200 5550 Idlewild, #150

Hewlett-Packard Co.
LITTLE ROCK, AR 72211

Fax: (619) 541-7376 TAMPA, FL 33634
4050 River Courte Dr.

NORTHERN IRELAND Tel: (501) 376-1844 Hewlett·Packard Co. Tel: (813) 884-3282
CEDAR RAPIDS, IA 52402

Hewlett-Packard (Ireland) Ltd. Fax: (501) 221-3614 50 Fremont St. Suite 200 Fax: (813) 889-4445
Tel: (319) 393-0606

Carrickfergus Industrial centre SAN FRANCISCO, CA 94105
Georgia Fax: (319) 378-1024California Tel: (415) 882-680075 Belfast Road, Carrickfergus

Hewlett-Packard Co. Fax: (415) 882-6805 Hewlett·Packard Co. Hewlett·Packard Co.CO. ANTRIM BT38 8PM
26701 W. Argoura Rd. 1995 North Park PI 4201 Corporate Dr.Tel: 0960367333
CALABASAS, CA 91302 Hewlett-Packard Co. ATLANTA, GA 30348 WEST DES MOINES, IA 50265

Cardiac Services Company Tel: (818) 880-3400 3003 Scott Boulevard Tel: (404) 955-1500 Tel: (515) 224-1435
95A Finaghy Road South Fax: (818) 880-3437 SANTA CLARA, CA 95054 Fax: (404) 980-7669 Fax: (515) 224-1870
BELFAST, BT10 OBY Tel: (408) 988-7000

Hewlett-Packard Co.Hewlett-Packard Co. Fax: (408) 988-7103 KansasTel: 0232-625566
353 Lakeside Dr 3607 Parkway Lane

Hewlett-Packard Co.Telex: 747626
FOSTER CITY, CA 94404 Hewlett-Packard Co. Suite 300

North Rock Business Park
SCOTLAND Tel: (415) 378-8400 5280 Valentine Rd. Suite 205 NORCROSS, GA 30092

3450 N. Rock Rd.
Hewlett-Packard Ltd. Fax: (415) 378-8405 VENTURA, CA 93003 Tel: (404) 448-1894

Suite 300Tel: (805) 658-6898 Fax: (404) 246-52061/3 Springburn Place Hewlett·Packard Co. Fax: (805) 650-0721 WICHITA, KS 67226
College Milton North 1907 North Gateway Blvd.

Hawaii
Tel: (316) 636-4040

EAST KILBRIDE, G74 5NU FRESNO, CA 93727 Colorado Fax: (316) 682-8155
Tel: 041-332-6232 Tel: (209) 252-9652 Hewlett·Packard Co. Hewlett,Packard Co.
Telex: 779615 Fax: (209) 456-9302 2945 Center Green Court South Pacific Tower Kentucky

Suite A 1001 Bishop St. Hewlett-Packard Co.Hewlett-Packard Ltd. Hewlett-Packard Co.
BOULDER, CO 80301 Suite 2400 305 N. Hurstbourne Lane,SOUTH QUEENSFERRY 1421 S. Manhattan Av. HONOLULU, HI 96813 Suite 100West Lothian, EH30 9TG FULLERTON, CA 92631
Tel: (303) 499-6655

Tel: (808) 526-1555 LOUISVILLE, KY 40222Tel: 0313311188 Tel: (714) 999-6700
Fax: (303) 938-3025

Fax: (808) 536-7873 Tel: (502) 426-0100Telex: 72682 HPSQFYG Fax: (714) 778-3033 Hewlett-Packard Co. Fax: (502) 426-0322

Hewlett-Packard Co. 24 Inverness Place, East IdahoUNITED STATES ENGLEWOOD, CO 80112 Hewlett-Packard Co. Louisiana
Hewlett-Packard Co. 7408 Hollister Ave. #A

Tel: (303) 649-5000 Hewlett-Packard Co.11309 Chinden Blvd.Customer Information Center GOLETA, CA 93117
Fax: (303) 649-5787 160 James Drive East

Tel: (800) 752-0900 Tel: (805) 685-6100 BOISE, 10 83707
ST. ROSE, LA 70087

Hours: 6:00 AM to 5:00 PM Fax: (805) 685-6163 Connecticut Tel: (208) 323-2700
Tel: (504) 467-4100

Pacific Time Hewlett-Packard Co. Hewlett-Packard Co. Fax: (208) 323-2528
Fax: (504) 467-4100 x 5986

9800 Muirlando Ave. 3 Parkland Dr.

IRVINE, CA 92718 DARIEN, CT 06820

Tel: (714) 472-3000 Tel: (203) 656-0040

Fax: (714) 581-3607 Fax: (203) 656-5563



BSALES OFFICES
Arranged alphabetically by country (cont'd)

UNITED STATES Nebraska Hewlett-Packard Co. Hewlett-Packard Co. Hewlett-Packard Co.

(Cont'd) Hewlett-Packard 2975 Westchester Ave 6655 South Lewis, 5700 Cromo Dr
11626 Nicholas SI. PURCHASE, NY 10577 Suite 105 EL PASO, TX 79912

Maryland OMAHA, NE 68154 Tel: (914) 935-6300 TULSA, OK 74136 Tel: (915) 833-4400
Hewlett-Packard Co. Tel: (402) 493-0300 Fax: (914) 935-6497 Tel: (918) 481-6700 Fax: (915) 581-8097
3701 Koppers Street Fax: (402) 493-4334 Hewlett-Packard Co.

Fax: (918)481-2250
Hewlett-Packard Co.

BALTIMORE, MD 21227
Tel: (301) 644-5800 New Jersey 3 Crossways Park West Oregon 10535 Harwin Drive

Fax: (301) 362-7650 Hewlett-Packard Co.
WOODBURY, NY 11797 Hewlett-Packard Co. HOUSTON, TX 77036

120 W. Century Road Tel: (516) 682-7800 9255 S. W. Pioneer Court Tel: (713) 776-6400
Hewlett-Packard Co. PARAMUS, NJ 07652 Fax: (516) 682-7806 (2) WILSONVILLE, OR 97070 Fax: (713) 776-6495
2 Choke Cherry Road Tel: (201) 265-5000 North Carolina Tel: (503) 682-8000 Hewlett-Packard Co.
ROCKVILLE, MD 20850
Tel: (301) 948-6370

Fax: (201) 599-5382 Hewlett-Packard Co. Fax: (503) 682-8155 3301 West Royal Lane

Fax: (301) 258-5986 Hewlett-Packard Co. 305 Gregson Dr. Pennsylvania IRVING, TX 75063

10 Silyn Way CARY, NC 27511 Tel: (214) 869-3377

Massachusetts PARSIPPANY, NJ 07054 Tel: (919) 467-6600 Hewlett-Packard Co. Fax: (214) 830-8951

Hewlett-Packard Co. Tel: (401) 682-4000 Fax: (919)469-9441 Heatherwood Industrial Park
Hewlett-Packard Co.

1775 Minuteman Road Fax: (401) 682-4031 50 Dorchester Rd.
109 E. Toronto. Suite 100

ANDOVER, MA 01810
Hewlett-Packard Co. Route 22

Tel: (617) 682-1500
Hewlett-Packard Co. 9401 Arrow Point Blvd HARRISBURG, PA 17112

McALLEN, TX 78501

Suite 100 Tel: (512) 630-3030
Fax: (617) 682-1500 x 2619

20 New England Av. West Tel: (717) 657-5900
Fax: (512) 630-1355PISCATAWAY, NJ 08854 CHARLOTTE, NC 28217 Fax: (717) 657-5946

Hewlett-Packard Co. Tel: (201) 562-6100 Tel: (704) 527-8780 Hewlett-Packard Co.
29 Burlington Mall Rd Fax: (201) 562-6246 Fax: (704) 523-7857 Hewlett-Packard Co.

930 E. Campbell Rd.
BURLINGTON, MA 01803-4514 Hewlett-Packard Co.

111 Zeta Drive
RICHARDSON, TX 75081

Tel: (617) 270-7000 New Mexico 5605 Roanne Way
PITTSBURGH, PA 15238

Tel: (214) 231-6101
Fax: (617) 221-5240 Hewlett-Packard Co. GREENSBORO, NC 27420

Tel: (412) 782-0400
Fax: (214) 699-4437

Fax: (412) 963-1300
Michigan 7801 Jefferson N.E. Tel: (919) 852-1800 Hewlett-Packard Co.
Hewlett-Packard Co.

ALBUQUERQUE, NM 87109 Fax: (919) 547-1997 Hewlett-Packard Co.
14100 San Pedro Ave., Suite 100

3033 Orchard Vista S.E.
Tel: (505) 823-6100 2750 Monroe Boulevard

SAN ANTONIO, TX 78233
GRAND RAPIDS, MI 49506

Fax: (505) 823-1243 Ohio VALLEY FORGE, PA 19482
Tel: (512)494-9336

Tel: (616) 957-1970 Hewlett-Packard Co.
Hewlett-Packard Co. Tel: (215) 666-9000

Fax: (512) 491-1299
Fax: (616) 956-9022 1362-C Trinity Dr.

2717 S. Arlington Road Fax: (215) 666-2034
AKRON, OH 44312 Utah

Hewlett-Packard Co.
LOS ALAMOS, NM 87544 Tel: (216) 644-2270 South Carolina
Tel: (505) 662-6700 Hewlett-Packard Co.

39550 Orchard Hill Place Drive Fax: (216) 644-7415 Hewlett-Packard Co.
3530 W. 2100 South SI.

NOVI, MI 48050
Fax: (505) 662-4312 Brookside Park, Suite 122

SALTLAKE CITY, UT 84130
Tel: (313) 349-9200

Hewlett-Packard Co. 1Harbison WayNew York 4501 Erskine Road Tel: (801) 974-1700
Fax: (313) 349-9240 Hewlett-Packard Co. CINCINNATI, OH 45242

COLUMBIA, SC 29210
Fax: (801) 974-1780

Tel: (803) 732-0400
Hewlett-Packard Co. 5 Computer Drive South Tel: (513) 891-9870 Fax: (803) 732-0606 Virginia
560 Kirts Rd. ALBANY, NY 12205 Fax: (513) 891-0033
Suite 101 Tel: (518) 458-1550 Hewlett-Packard Co. Hewlett-Packard Co.

TROY, MI48084 Fax: (518) 458-1550 x 0393 Hewlett-Packard Co. 545 N. Pleasantburg Dr. 840 Greenbrier Circle

Tel: (313) 362-5180
15885 Sprague Road Suite 100 Suite 101

Hewlett-Packard Co. STRONGSVILLE, OH 44136 CHESAPEAKE, VA 23320
Fax: (313) 362-3028 GREENVILLE, SC 29607

130 John Muir Dr. Tel: (216) 243-7300 Tel: (803) 232-8002 Tel: (804) 424-7105

Minnesota AMHERST, NY 14228 Fax: (216) 234-7230 Fax: (803) 232-8739 Fax: (804) 424-1494

Hewlett-Packard Co.
Tel: (716) 689-3003

Hewlett-Packard Co. Hewlett-Packard Co.
2025 W. Larpenteur Ave.

Fax: (716) 636-7034
9080 Springboro Pike Tennessee

4305 Cox Road
ST. PAUL, MN 55113 Hewlett-Packard Co. MIAMISBURG, OH 45342 Hewlett-Packard Co.

GLEN ALLEN, VA 23060
Tel: (612) 644-1100 200 Cross Keys Office Park Tel: (513) 433-2223 One Energy Centro Suite 200

Tel: (804) 747-7750
Fax: (612) 344-5273 FAIRPORT, NY 14450 Fax: (513) 433-3633 Pellissippi Pkwy.

Fax: (804) 747-6580
Tel: (716) 223-9950 KNOXVILLE, TN 37932

Mississippi Fax: (716) 223-6331 Hewlett-Packard Co. Tel: (615) 966-4747 Hewlett-Packard Co.
Hewlett-Packard Co. One Maritime Plaza, 5th Floor Fax: (615) 966-4747 x 138 2800 Electric Road Suite 100
1675 Lakeland Dr., Suite 102 Hewlett-Packard Co. 720 Water Street ROANOKE, VA 24018
JACKSON, MS 39216 7641 Henry Clay Blvd. TOLEDO, OH 43604 Hewlett-Packard Co.

Tel: (703) 774-3444

Tel: (601) 982-9365 LIVERPOOL, NY 13088 Tel: (419) 242-2200 889 Ridge Lake Blvd.,
Fax: (703) 989-8049

Fax: (601) 362-8958 Tel: (315) 451-1820 Fax: (419) 241-7655 Suite 100

Fax: (315) 451-1820 x 255 MEMPHIS, TN 38119
Washington

Missouri Hewlett-Packard Co. Tel: (901) 763-4747

Hewlett-Packard Co.
Hewlett-Packard Co. 675 Brooksedge Blvd. Fax: (901) 762-9723 Hewlett-Packard Co.

6801 WestChester Ave.
No.1 Pennsylvania Plaza WESTERVILLE, OH 43081 15815 S.E. 37th Street
55th Floor Tel: (614) 891-3344 Hewlett-Packard Co. BELLEVUE, WA 98006

KANSAS CITY, MO 64131
34th Street & 7th Avenue Fax: (614) 891-1476 44 Vantage Way, Tel: (206) 643-4000

Tel: (816) 737-0071 MANHATTAN NY 10119 Suite 160 Fax: (206) 643-8748
Fax: (816) 737-4690 Tel: (212) 971-0800 Oklahoma NASHVILLE, TN 37228

Hewlett-Packard Co. Fax: (212) 330-6967 Hewlett-Packard Co. Tel: (615) 255-1271 Hewlett-Packard Co.

13001 Hollenberg Drive 3525 N.W. 56th SI. Fax: (615) 726-2310 N. 1225 Argonne Rd

BRIDGETON, MO 63044
Hewlett-Packard Co. Suite C-100 SPOKANE, WA 99212

Tel: (314) 344-5100
Executive Square Office Bldg. OKLAHOMA CITY, OK 73112 Texas Tel: (509) 922-7000

Fax: (314) 344-5273
66 Middlebush Rd. Tel: (405) 946-9499 Hewlett-Packard Co. Fax: (509) 927-4236
WAPPINGERS FALLS, NY 12590 Fax: (405) 942-2127 1826-P Kramer Lane
Tel: (914) 298-9125 AUSTIN, TX 78758
Fax: (914) 298-9154 Tel: (512) 835-6771

Fax: (612) 835-6739



West Virginia Olympia de Uruguay S.A. Tecnologica Medica del Caribe, CA YUGOSLAVIA
Hewlett-Packard Co. Maquines de Oficina Multicentro Empresarial del Este Do Hermes
501 56th Street Avda. del Libertador 1997 Ave. Libertador General Zdanova 4
CHARLESTON, WV 25304 Casilla de Correos 6644 Edit. Libertador YU-11000 BEOGRAD
Tel: (304) 925-0492 MONTEVIDEO Nucleo "C" - Otlcina 51-52 Tel: (011) 342 641
Fax: (304) 925-1910 Tel: 91-1809, 98-3807 CARACAS Telex: 11433

Telex: 6342 OROU UY Tel: 339867/333780
Wisconsin Do Hermes

Hewlett-Packard Co.
Hewlett-Packard de Venezuela C.A. Celovska 73

275 N. Corporate Dr.
VENEZUELA Residencias Tia Betty Local 1 YU-61000 LJUBWANA

BROOKFIELD, WI 53005 Hewlett-Packard de Venezuela C.A. Avenida 3 Ycon Calle 75 Tel: (061) 553170

Tel: (414) 792-8800 3A Transversal Los Ruices Norte MARACAIBO, Estado Zulia Telex: 31583

Fax: (414) 792-0218
Editicio Segre 1-2 &3 Apartado 2646

ElektrotehnaApartado 50933 Tel: 586175669
CARACAS 1050 Telex: 62464 HPMAR Titova 51

URUGUAY
Tel: (582) 239-5664 YU-61000 LJUBWANA

Pablo Ferrando SAC. e I. Hewlett-Packard de Venezuela C.A.
Avenlda Italia 2877 Telex: 251046 HEWPACK

Urb. Lomas de Este Do Hermes

Casilla de Correo 370 Analytical Supplies, CA Torre Trebol- Plso 11 Kralja Tomislava 1

MONTEVIDEO Quinta #103 Impermes VALENCIA, Estado Carabobo YU-71000 SARAJEVO

Tel: 59-82-802-586 Av EI Centro Apartado 3347 Tel: (071) 35 859

Telex: 398802586 Los Chorros Tel: (5841) 222992 Telex: 41534

Apartado 75472
CARACAS
Tel: 364904, 2394047
Telex: 26274 CABIC
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APPLICATION NOTES
Free Aids to Solving Your Test and Measurement Problems

Amplitude Modulation
AN 91 How Vector Measurements

Expand Design Capabilities - 1
to 1,000 MHz

AN 150 Spectrum Analyzer Basics
AN 150-1 Spectrum Analysis ... AM

and FM
AN 150-7 Spectrum Analysis ... Signal

Enhancement
AN 286-1 Applications and Operation of

the 8901A Modulation Ana
lyzer

AN 95-1 S-Parameter Techniques for
Faster, More Accurate Net
work Design

AN 286-2 Accurate Mixer/Amplifier
Compression Measurement
Using the 8901A Modulation
Analyzer

AN 327-1 Extended Dynamic Range of
Scalar Transmission Measure
ments Using the HP 8757A,
8756A or 8755C Scalar Net
work Analyzers

AN 345-1 Amplifier Measurements Us
ing the Scalar Network Ana
lyzer

Control System Development
Using Dynamic Signal Ana
lyzers

TOR Fundamentals for use
with HP 54120T Digitizing
Oscilloscope and TOR
How Vector Measurements
Expand Design Capabilities - 1
to 1,000 MHz
Measuring Electrical Length
Delay of Cables
Precise Cable Length and
Matching Measurements Us
ing the HP 5370B Universal
Time Interval Counter and HP
5363B Time Interval Probes
Direct Radio Frequency Impe
dance Measurements Using
the 4191A RF Impedance An
alyzer

Data Capture with the
6942A/6944A Multiprogram
mers
Parametric Characterization
of Digital Circuits up to 50
MHz
Practical Test System Signal
Switching
Automatic MIL-STD EMI
Testing Using the HP
85864A/B EMI Measurement
Software
Automatic CISPR EMI Test
ing for Conducted Emissions
Microwave Switching from
SPOT to Full Access Matrix
Using the HP 5183T to Char
acterize Sonar Transducers
and Systems
Reducing Fixture-Induced
Test Failures
Mixed Signal Transmission
Tests Using an HP 3065CT
Jet Engine Controller Testing
Environmental/ Autoclave
Testing
Communications Cable Test
ing
Materials Development
Jet Engine Testing
Large Product Characteriza
tion
Missile System Testing
Machine Monitoring and Con
trol
Appliance Testing

AN 191-6

AN91

AN 302-1

Cable
AN62

AN 174-10

Bode Plot
AN 243-2

CRT Displays
AN 366-1 How to Measure Insertion

Loss of Optical Components

Board Test Systems Networking
AN 314-2 Synthesizing Magnetic Disc

Read and Servo Signals with
the HP 8770S Arbitrary
Waveform Synthesizer System

AN 421-24

AN 421-12
AN 421-16
AN 421-18

AN 421-8

AN 340-1

AN 370-1

AN 421-5
AN 421-7

AN 421-19
AN 421-20

Battery Charging/Discharging
AN 250-2 Battery Charging/

Discharging
AN 421-14 Battery Testing

AN 330-1

AN 316-5

AN331-1

AN 332

AN 340-1

AN 319

AN 328-1

The Fundamentals of Signal
Analysis
Measuring the Coherence
Function with the HP 3582A
Spectrum Analyzer
Third Octave Analysis with the
HP 3582A Spectrum Analyzer
Log Sweep with the HP 3582A
Spectrum Analyzer
High Speed Measurement of
Semiconductor Devices from
Sub-PA to IA

AN 245-2

AN 245-3

AN 245-5

AN 356

Audio
AN 243

Automatic Test Systems
AN 218-1 Applications & Performance

of the HP 8671A and 8672A
Microwave Synthesizers

AN 222-12 A Signature Analysis Based
Test System for ECL Logic

AN 283-3 Low Phase Noise Applications
of the HP 8662A and 8663A
Synthesized Signal Generators

AN 289 A Stimulus for Automatic Test
AN 290-2 Using the HP 3497A to Con

trol Industrial Wastewater
Treatment

AN 297-1 8161A Programmable Pulse
Generator

AN 297-2 Automated Reverse Recovery
Time Measurements of Diodes

AN 313-10 Radar System Characteriza
tion and Testing

AN 314-1 Receiver Testing with the HP
8770S Arbitrary Waveform
Synthesizer System

AN 314-2 Synthesizing Magnetic Disc
Read and Servo Signals with
the HP 8770S Arbitrary
Waveform Synthesizer System

AN 316-0 Introduction to Computer
Aided Test

How to Order Application Notes
To obtain a free copy of the HP Applica

tion Note Index and any of the Application
Notes listed on the following pages, just call
your HP Customer Information Center
(CIC) or contact your nearest HP office. Lo
cations and phone numbers of HP CICs and
offices are listed on the back pages of this cat
alog. You may also order the AN index and
Application Notes with the information re
quest card inside the rear cover of this cata
log. When requesting the AN index or
Application Notes, please include the appro
priate ordering numbers from the table at the
end of this listing.

A to D Converters
AN 313-10 Radar System Characteriza

tion and Testing
AN 340-1 Using the HP 5183T to Char

acterize Sonar Transducers
and Systems

Air Navigation
AN 243-2 Control System Development

Using Dynamic Signal Ana
lyzers

Amplifiers
AN 57-1 Fundamentals of RF and Mi

crowave Noise Figure Mea
surement

AN 57-2 Noise Figure Measurement
Accuracy

Application Note Index
The listing of Application Notes on the fol

lowing pages is condensed from HP's Appli
cation Note Index, which contains a
comprehensive list of all Application Notes,
Application Briefs, Application Bulletins,
Product Notes and Programming Notes
available from Hewlett-Packard.

Application Notes
HP's free Application Notes help you solve

your measurement, computation and design
problems. Some notes are tutorial, others de
scribe how-to procedures. All are generic or
multiple-product oriented.



AN 421-8 Communications Cable Test
ing

Calibration
AN 57-2 Fundamentals of RF and Mi

crowave Power Measurement
AN 77-3 Measurement of Complex Im

pedance 1 - 1000 MHz
AN 150-8 Spectrum Analysis ... Accu

racy Improvement
AN 170-1 HP 8640A/B Signal Genera

tor Output Level Accuracy
AN 183 High Frequency Swept Mea

surements
AN 187-6 Performance of the HP 8620C

Sweep Oscillator Under Re
mote Programming

AN 191-1 Automatic Zero Calibration of
the HP 5359A Time Synthe
sizer at a Designated Remote
Location

AN 221A Automating the HP 8410B
Microwave Network Analyzer

AN 243-1 Effective Machinery Mainte
nance Using Vibration Analy
sis

AN 245-2 Measuring the Coherence
Function with the HP 3582A
Spectrum Analyzer

AN 286-1 Applications and Operation of
the 8901 A Modulation Ana
lyzer

AN 332 Microwave Switching from
SPDT to Full Access Matrix

AN 340-1 Using the HP 5183T to Char
acterize Sonar Transducers
and Systems

AN 341-2 Simulating Sensor Signals
AN 358-1 Characterization of Frequency

Agile Sources with the HP
5371A Frequency and Time
Interval Analyzer

AN 358-2 Jitter and Wander Analysis in
Digital Communication with
the HP 5371A Frequency and
Time Interval Analyzer

Coaxial Systems
AN 62 TDR Fundamentals for use

with HP 54120T Digitizing
Oscilloscope and TDR

AN 77-3 Measurement of Complex Im
pedance, I - 1000 MHz

AN 91 How Vector Measurements
Expand Design Capabilities - I
to 1,000 MHz

AN 183 High Frequency Swept Mea
surements

AN 187-6 Performance of the HP 8620C
Sweep Oscillator Under Re
mote Programming

AN 221A Automating the HP 8410B
Microwave Network Analyzer

AN 229-11 Protocol Converters: Linking
HP Graphics Peripherals with
IBM Networks/Systems

AN 312-1 Configuration of a Two-tone
Sweeping Generator

AN 326 Principles of Microwave Con
nector Care (for Higher Relia
bility and Better Measure
ments)

AN 327-1 Extended Dynamic Range of
Scalar Transmission Measure
ments Using the HP 8757A,
8756A or 8755C Scalar Net
work Analyzers

AN 332 Microwave Switching from
SPDT to Full Access Matrix

AN 332-1 Novel Combinations of Micro
wave Switches and Step At
tenuators for Programming
Applications

Communications
AN 181-2 Voltage Controlled Oscillators

Characterization Using the
HP 5350B, 5351B, 5352B CW
Microwave Frequency
Counter

AN 191-7 High Speed Timing Acquisi
tion and Statistical Jitter Anal
ysis Using the HP 5370B
Universal Time Interval
Counter

AN 283-3 Low Phase Noise Applications
of the HP 8662A and 8663A
Synthesized Signal Generators

AN 314-1 Receiver Testing with the HP
8770S Arbitrary Waveform
Synthesizer System

AN 314-4 Exceptionally Complex Signal
Simulation for Multi-Signal
Environments In Radar /EW
Test

AN 318-1 The Benefits of P/ AR
AN 332 Microwave Switching from

SPDT to Full Access Matrix
AN 336 An Introduction to Signaling
AN 343-1 Measurements Applications

for Digital Microwave Radio
AN 358-1 Characterization of Frequency

Agile Sources with the HP
5371A Frequency and Time
Interval Analyzer

AN 358-2 Jitter and Wander Analysis in
Digital Communication with
the HP 5371A Frequency and
Time Interval Analyzer

AN 359 Selecting a Jitter Test Set
AN 366-2 How to Measure Return Loss

of Connectorized Optical
Components

AN 421-8 Communications Cable Test
ing

AN 421-18 Large Product Characteriza
tion

AN 421-19 Missile System Testing
AN 422 X.25 Data Communications

Component Test
AN 57-1 Fundamentals of RF and Mi

crowave Noise Figure Mea
surement

AN 57-2 Noise Figure Measurement
Accuracy

AN 91 How Vector Measurements
Expand Design Capabilities - I
to 1,000 MHz

AN 181-2

AN 191-5

AN 238

AN 238-1

AN 286-2

AN 289
AN 302-1

AN 302-2

AN 315

AN 316-4

AN 316-5

AN 317

AN 319

AN 321

AN 322

AN 332

AN 339

AN 339-20

AN 343-2

AN 345-1

AN 345-2

Voltage Controlled Oscillators
Characterization Using the
HP 5350B, 5351 B, 5352B CW
Microwave Frequency
Counter
Measurement of Propagation
Delays Using the HP 5370B
Time Interval Counter and HP
5363B Time Interval Probes
Semiconductor Measurements
with the HP 4140B Picoamme
ter/DC Voltage Source
Ultra Low Current Semicon
ductor DC Parameter Mea
surement System Using HP
4140B
Accurate Mixer/Amplifier
Compression Measurement
Using the 890lA Modulation
Analyzer
A Stimulus for Automatic Test
Direct Radio Frequency Impe
dance Measurements Using
the 4191A RF Impedance An
alyzer
Impedance Characterization
of High Q Devices from I
MHz to 1000 MHz with I Hz
Resolution
DC Parametric Analysis of
Semiconductor Devices, Prac
tical Applications of the 4145A
Semiconductor Parameter An
alyzer
Power Supply Programming
with the 6942A Multi
programmer
Data Capture with the
6942A/6944A Multiprogram
mers
Practical Design and Evalua
tion of High Frequency Cir
cuits Using the HP 4193A
Vector Impedance Meter
Parametric Characterization
of Digital Circuits up to 50
MHz
High Speed Testing and Multi
Bin Sorting of Varactor Diodes
Using the HP 4277A
Analysis of Semiconductor Ca
pacitance Characteristics Us
ing the HP 4280A I MHz C
Meter / C-V Plotter
Microwave Switching from
SPDT to Full Access Matrix
Parametric Analysis for Elec
tronic Components and Circuit
Evaluation Using the HP
4194A
Role of DC Parametric Test in
High Speed Digital and Micro
wave Component Manufactur
ing
Dynamic Component Test Us
ing Vector Modulation Analy
sis
Amplifier Measurements Us
ing the Scalar Network Ana
lyzer
Mixer Measurements Using
the Scalar Network Analyzer



APPLICATION NOTES
Free Aids to Solving Your Test and Measurement Problems (Cont'd)

AN 358-1 Characterization of Frequency
Agile Sources with the HP
5371A Frequency and Time
Interval Analyzer

AN 366-1 How to Measure Insertion
Loss of Optical Components

AN 366-2 How to Measure Return Loss
of Connectorized Optical
Components

Computer Aided Engineering - EE
AN 350-4 Line Quality and Accuracy 

What They Are and How to
Achieve Them

AN 350-5 Using an External Plotter Buf
fer with your Plotter and PC

AN 420 EPROM Card Troubleshoot
ing for the HP 9000 Series
200/300 Pascal and BASIC
Workstations

Computer Aided Engineering - ME
AN 243-3 The Fundamentals of Modal

Testing
AN 350-4 Line Quality and Accuracy 

What They Are and How to
Achieve Them

AN 350-5 Using an External Plotter Buf-
fer with your Plotter and PC

Computer Aided Test
AN 421 Data Acquisition and Comput-
Series er Aided Test Application

Summary Series

Crystal Filters
AN 91 How Vector Measurements

Expand Design Capabilities - I
to 1,000 MHz

AN 171-1 Crystal Testing with the
8640A/B and 8405A

Computer Crystals
AN 91 How Vector Measurements

Expand Design Capabilities - 1
to 1,000 MHz

AN 171-1 Crystal Testing with the
8640A/B and 8405A

AN 200-2 Fundamentals of Quartz Oscil
lators

AN 302-1 Direct Radio Frequency Impe
dance Measurements Using
the 4191A RF Impedance An
alyzer

AN 302-2 Impedance Characterization
of High Q Devices from I
MHz to 1000 MHz with 1 Hz
Resolution

AN 317 Practical Design and Evalua
tion of High Frequency Cir
cuits Using the HP 4193A
Vector Impedance Meter

AN 290

AN 359
AN 360

Digital Data Transmission
AN 191-7 High Speed Timing Acquisi

tion and Statistical Jitter Anal
ysis Using the HP 5370B
Universal Time Interval
Counter

AN318-1 TheBenefitsofP/AR
AN 341-1 Testing a Complex LSI/VLSI

IC with a Low-Cost Measure
ment Set-up

AN 358-2 Jitter and Wander Analysis in
Digital Communication with
the HP 5371A Frequency and
Time Interval Analyzer

AN 360 Jitter Tolerance Testing Using
External Phase/Frequency
Modulated Sources and Bit Er
ror Rate Test Sets

AN 366-1 How to Measure Insertion
Loss of Optical Components

Digital Troubleshooting
AN 163-2 New Techniques of Digital

Troubleshooting
AN 191-2 Determining Digital Circuit

Timing Tolerance to Optimize
Adjustment or Design

AN 421-30 Environmental Test Auto Ra
dio

AN 421-31 Sonar System Testing
AN 421-32 Environment Test Electrical

Subassembly

Digital Communications
AN 191-7 High Speed Timing Acquisi

tion and Statistical Jitter Anal
ysis Using the HP 5370B
Universal Time Interval
Counter

AN 231-2 Codec Testing with the
3779C/D Primary Multiplex
Analyzer

AN 314-1 Receiver Testing with the HP
8770S Arbitrary Waveform
Synthesizer System

AN 341-1 Testing a Complex LSI/VLSI
IC with a Low-Cost Measure
ment Set-up

AN 343-1 Measurements Applications
for Digital Microwave Radio

AN 343-4 Measuring Demodulator Im
age Rejection Using the HP
8980A Vector Analyzer

AN 343-5 Simulating Sensor Signals
AN 355 Digital Radio Theory and

Measurements
AN 358-1 Characterization of Frequency

Agile Sources with the HP
5371A Frequency and Time
Interval Analyzer

AN 358-2 Jitter and Wander Analysis in
Digital Communication with
the HP 5371A Frequency and
Time Interval Analyzer
Selecting a Jitter Test Set
Jitter Tolerance Testing Using
Phase/Frequency Modulated
Services and Bit Error Rate
Test Sets

AN 421-22
AN 421-23
AN 421-24
AN 421-25
AN 421-26
AN 421-27
AN 421-28
AN 421-29

AN 421-11
AN 421-12
AN 421-13
AN 421-14
AN 421-15
AN 421-16
AN 421-17
AN 421-18

AN 421-2
AN 421-3
AN 421-4
AN 421-5
AN 421-6

AN 420

Data Acquisition
AN 191-7 High Speed Timing Acquisi

tion and Statistical Jitter Anal
ysis Using the HP 5370B
Universal Time Interval
Counter

AN 243-3 The Fundamentals of Modal
Testing
Practical Temperature Mea
surements

AN 290-1 Practical Strain Gauge Mea
surements

AN 290-2 Using the HP 3497A to Con
trol Industrial Wastewater
Treatment

AN 313-10 Radar System Characteriza
tion and Testing

AN 316-0 Introduction to Computer
Aided Test

AN 316-5 Data Capture with the
6942A/6944A Multiprogram
mers

AN 339-20 Role of DC Parametric Test in
High Speed Digital and Micro
wave Component Manufactur
ing
EPROM Card Troubleshoot
ing for the HP 9000 Series
200/300 Pascal and BASIC
Workstations

AN 421-1 Data Acquisition and Comput
er Aided Test Application
Notes for 32 Industries in Se
ries
Fan Testing
Vehicle Body Testing
Waste Water Treatment
Jet Engine Controller Testing
Internal Combustion Engine
Testing

AN 421-7 Environmental/Autoclave
Testing

AN 421-8 Communications Cable Test
ing

AN 421-9 Residential Facility Monitor-
ing

AN 421-10 Canning Process Characteri
zation
Explosion Testing
Materials Development
Plating Line Control
Battery Testing
Pilot Plant Monitoring
Jet Engine Testing
Facility Management
Large Product Characteriza
tion

AN 421-19 Missile System Testing
AN 421-20 Machine Monitoring and Con-

trol
AN 421-21 Pharmaceutical Process Con

trol
Paper Process Control
Rolling Mill
Appliance Testing
Air Frame Testing
On-Road Vehicle Testing
Pumping Station Control
Receiver Testing
Bed of Nails Test: DA Con
verter

Ultra Low Current Semicon
ductor DC Parameter Mea
surement System Using HP
4140B
DC Parametric Analysis of
Semiconductor Devices, Prac
tical Applications of the 4145A
Semiconductor Parameter An
alyzer

AN 315

DC
AN 238-1

8



AN 191-5 Measurement of Propagation
Delays Using the HP 5370B
Time Interval Counter and HP
5363B Time Interval Probes

AN 222-0 An Index to Signature Analy
sis Publications

AN 222-2 Application Articles on Signa
ture Analysis

AN 222-3 A Manager's Guide to Signa
ture Analysis

AN 222-4 Guidelines for Signature Anal
ysis: Understanding the Signa
ture Measurement

AN 222-6 Troubleshooting with Compos
ite Signatures

AN 222-12 A Signature Analysis Based
Test System for ECL Logic

AN 324-1 Understanding Your Test Fix
ture

AN 340-1 Reducing Fixture-induced
Test Failures

AN 341-1 Testing a Complex LSI/VLSI
IC with a Low-Cost Measure
ment Set-up

AN 358-2 Jitter and Wander Analysis in
Digital Communication with
the HP 5371A Frequency and
Time Interval Analyzer

AN 360 Jitter Tolerance Testing Using
External Phase/Frequency
Modulated Sources and Bit Er
ror Rate Test Sets

AN 370-1 Mixed Signal Transmission
Tests Using the HP 3065CT

Distortion
AN 150-11 Spectrum Analysis ... Distor

tion Measurements
AN 170-2 The 8640A/B Third Order In

termodulation Product Char
acteristics

AN 246-1 Optimizing the Dynamic
Range of the HP 3585A Spec
trum Analyzer

EMI
AN 150-10 Spectrum Analysis ... Field

Strength
AN 330-1 Automatic MIL-STD EMI

Testing Using the HP
85864A/B EMI Measurement
Software

AN 331-1 Automatic CISPR EMI Test
ing for Conducted Emissions

Electrical Length
AN 191-6 Precise Cable Length and

Matching Measurements Us
ing the HP 5370B Universal
Time Interval Counter and HP
5363B Time Interval Probes

Electronic Warfare (EW)
AN 181-2 Voltage Controlled Oscillators

Characterization Using the
HP 5350B, 5351B, 5352B CW
Microwave Frequency
Counter

AN 191-7 High Speed Timing Acquisi
tion and Statistical Jitter Anal
ysis Using the HP 5370B
Universal Time Interval
Counter

AN 218-1 Applications & Performance
of the HP 8671A and 8672A
Microwave Synthesizers

AN 218-5 Obtaining Leveled Pulse-Mod
ulated Microwave Signals
from the HP 8672A

AN 290-1 Practical Strain Gauge Mea
surements

AN 313-10 Radar System Characteriza
tion and Testing

AN 314-4 Exceptionally Complex Signal
Simulation for Multi-Signal
Environments in Radar/EW
Test

AN 332 Microwave Switching from
SPDT to Full Access Matrix

AN 358-1 Characterization of Frequency
Agile Sources with the HP
5371A Frequency and Time
Interval Analyzer

Emulation, Microprocessors
AN 150-8 Spectrum Analysis ... Accu

racy Improvement
AN 341-1 Testing a Complex LSI/VLSI

IC with a Low-Cost Measure
ment Set-up

Error Analysis
AN 64-1 Fundamentals of RF and Mi

crowave Power Measurement
AN 77-3 Measurement of Complex Im

pedance, I - 1000 MHz
AN 170-1 HP 8640A/B Signal Genera

tor Output Level Accuracy
AN 183 High Frequency Swept Mea

surements
AN 191-7 High Speed Timing Acquisi

tion and Statistical Jitter Anal
ysis Using the HP 5370B
Universal Time Interval
Counter

AN 221A Automating the HP 8410B
Microwave Network Analyzer

AN 302-1 Direct Radio Frequency Impe
dance Measurements Using
the 4191A RF Impedance An
alyzer

AN 358-2 Jitter and Wander Analysis in
Digital Communication with
the HP 5371A Frequency and
Time Interval Analyzer

Factory Data Collection
AN 290-2 Using the HP 3497A to Con

trol Industrial Wastewater
Treatment

AN 316-0 Introduction to Computer
Aided Test

AN 316-5 Data Capture with the
6942A/6944A Multiprogram
mers

AN 420 EPROM Card Troubleshoot
ing for the HP 9000 Series
200/300 Pascal and BASIC
Workstations

AN 421-4 Waste Water Treatment
AN 421-10 Canning Process Characteri-

zation
AN 421-13 Plating Line Control
AN 421-15 Pilot Plant Monitoring
AN 421-18 Large Product Characteriza

tion

AN 421-20 Machine Monitoring and Con
trol

AN 421-22 Paper Process Control
AN 421-23 Rolling Mill

Fiber Optics
AN 191-7 High Speed Timing Acquisi

tion and Statistical Jitter Anal
ysis Using the HP 5370B
Universal Time Interval
Counter

AN 351 Characterization of High
Speed Optical Components
with an RF Network Analyzer

AN 358-2 Jitter and Wander Analysis in
Digital Communication with
the HP 5371A Frequency and
Time Interval Analyzer

AN 362 Bit Error Rate Measurements
on Optical Fiber Systems

AN 366-2 How to Measure Return Loss
of Connectorized Optical
Components

Fourier Analysis
AN 243 The Fundamentals of Signal

Analysis
AN 243-1 Effective Machinery Mainte

nance Using Vibration Analy
sis

AN 243-2 Control System Development
Using Dynamic Signal Ana
lyzers

AN 243-3 The Fundamentals of Modal
Testing

AN 245-2 Measuring the Coherence
Function with the HP 3582A
Spectrum Analyzer

AN 245-3 Third Octave Analysis with the
HP 3582A Spectrum Analyzer

AN 245-4 Accessing the HP 3582A
Memory with HP-IB

AN 245-5 Log Sweep with the HP 3582A
Spectrum Analyzer

AN 313-10 Radar System Characteriza
tion and Testing

Frequency
AN 150-8 Spectrum Analysis ... Accu

racy Improvement
AN 171-1 Crystal Testing with the

8640A/B and 8405A
AN 174-6 Measuring the Stability of a

Frequency Source
AN 174-7 Measuring Fractional Fre

quency Standard Deviation
(Sigma) Versus Averaging
Time (TAU)

AN 174-8 Measuring FM Peak-to-Peak
Deviation

AN 174-12 Measuring Frequency Sweep
Linearity of Sweep Generators

AN 174-14 Radar System Characteriza
tion and Testing Using the HP
5345A/ 55A/ 56A,B,C,D
Counter

AN 181-2 Voltage Controlled Oscillators
Characterization Using the
HP 5350B, 5351B, 5352B CW
Microwave Frequency
Counter

AN 187-6 Performance of the HP 8620C
Sweep Oscillator Under Re
mote Programming



APPLICATION NOTES
Free Aids to Solving Your Test and Measurement Problems (Cont'd)

Frequency Modulation

Frequency MUltiplication
AN 283-2 External Frequency Doubling

of the 8662A Synthesized Sig
nal Generator

Frequency Stability (Short-Term)
AN 174-7 Measuring Fractional Fre

quency Standard Deviation
(Sigma) Versus Averaging
Time (TAU)

AN 181-2 Voltage Controlled Oscillators
Characterization Using the
HP 5350B, 5351B, 5352B CW
Microwave Frequency
Counter

AN 191-7 High Speed Timing Acquisi
tion and Statistical Jitter Anal
ysis Using the HP 5370B
Universal Time Interval
Counter

High Speed Timing Acquisi
tion and Statistical Jitter Anal
ysis Using the HP 5370B
Universal Time Interval
Counter
Role of DC Parametric Test in
High Speed Digital and Micro
wave Component Manufactur
ing
Testing a Complex LSI/VLSI
IC with a Low-Cost Measure
ment Set-up

AN 356

AN 339

AN 322

AN 321

AN 317

AN 62-1

AN 154
AN 183

AN 77-3

Insertion Gain/Loss
AN 57-1 Fundamentals of RF and Mi

crowave Noise Figure Mea
surement

AN 57-2 Noise Figure Measurement
Accuracy

AN 341-1

Impedance
AN 62 TDR Fundamentals for use

with HP 54120T Digitizing
Oscilloscope and TDR
Improving Time Domain Net
work Analysis Measurements
Measurement of Complex Im
pedance, I - 1000 MHz
S-Parameter Design
High Frequency Swept Mea
surements

AN 221A Automating the HP 8410B
Microwave Network Analyzer

AN 231-3 Making Telecommunication
Measurements in Complex Im
pedances

AN 302-1 Direct Radio Frequency Impe
dance Measurements Using
the 4191A RF Impedance An
alyzer

AN 302-2 Impedance Characterization
of High Q Devices from I
MHz to 1000 MHz with I Hz
Resolution
Practical Design and Evalua
tion of High Frequency Cir-
cuits Using the HP 4193A
Vector Impedance Meter
High Speed Testing and Multi
Bin Sorting of Varactor Diodes
Using the H P 4277A
Analysis of Semiconductor Ca
pacitance Characteristics Us-
ing the HP 4280A I MHz C
Meter/C-V Plotter
Parametric Analysis for Elec
tronic Components and Circuit
Evaluation Using the HP
4194A

AN 339-3 Crosstalk and Impedance
Measurements of PC Board
Pattern

AN 339-6 Static Head Testing for Disk
Drives

AN 340-1 Using the HP 5183T to Char
acterize Sonar Transducers
and Systems

AN 343-2 Dynamic Component Test Us-
ing Vector Modulation Analy
sis
High Speed Measurement of
Semiconductor Devices from
Sub-PA to IA

AN 339-20

Ie Testing
AN 191-7

AN 360

AN 289
AN 329

Frequency Synthesizers
AN 91 How Vector Measurements

Expand Design Capabilities - I
to 1,000 MHz

AN 164-4 Digital Phase Modulation
(PSK) and Wideband FM

AN 187-6 Performance of the HP 8620C
Sweep Oscillator Under Re
mote Programming

AN 218-1 Applications & Performance
of the HP 8671A and 8672A
Microwave Synthesizers

AN 218-2 Obtaining Millihertz Resolu
tion from the 8671A and
8672A

AN 218-5 Obtaining Leveled Pulse-Mod
ulated Microwave Signals
from the HP 8672A

AN 283-2 External Frequency Doubling
of the 8662A Synthesized Sig
nal Genera tor

AN 283-3 Low Phase Noise Applications
of the HP 8662A and 8663A
Synthesized Signal Generators
A Stimulus for Automatic Test
Spectral Purity Characteristics
of HP Microwave Signal
Sources

AN 340-1 Using the HP 5183T to Char-
acterize Sonar Transducers
and Systems
Jitter Tolerance Testing Using
External Phase/Frequency
Modulated Sources and Bit Er
ror Rate Test Sets

AN 401-15 8672A Synthesized Signal
Generator - HP 1000 HP-IB
Programming

Graphics
AN 229-11 Protocol Converters: Linking

HP Graphics Peripherals with
IBM Networks/Systems

AN 350-1 Using Your HP Plotter with an
IBM Mainframe - For ISSCO
Software Users

AN 350-3 Using Your Plotter with an
IBM Mainframe - For
SAS/Graph Software Users

AN 350-4 Line Quality and Accuracy 
What They Are and How to
Achieve Them

AN 350-5 Using an External Plotter Buf
fer with your Plotter and PC

Group Delay
AN 123 Floating Measurements and

Guarding
AN 221A Automating the HP 8410B

Microwave Network Analyzer

Frequency Standards
AN 52-4 Contribution of HP Clocks to

the DII 1's International
Atomic Time Scale

AN 171-1 Crystal Testing with the
8640A/B and 8405A

AN 174-6 Measuring the Stability of a
Frequency Source

AN 174-7 Measuring Fractional Fre
quency Standard Deviation
(Sigma) Versus Averaging
Time (TAU)

Spectrum Analyzer Basics
Spectrum Analysis ... AM
and FM
Measuring FM Peak-to-Peak
Deviation
Voltage Controlled Oscillators
Characterization Using the
HP 5350B, 5351B, 5352B CW
Microwave Frequency
Counter
Practical Strain Gauge Mea
surements
User's Guide to the 5355/56
Automatic Frequency Con
verter
Characterization of Frequency
Agile Sources with the HP
5371A Frequency and Time
Interval Analyzer
Jitter Tolerance Testing Using
External Phase/Frequency
Modulated Sources and Bit Er
ror Rate Test Sets

AN 290-1

AN 360

AN 358-1

AN 291-1

AN 181-2

AN 174-8

AN 150
AN 150-1

AN 191-4 Using the HP 5370B Universal
Time Interval Counter to
Characterize Pulse Width,
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AN 325-10 Sub-Micro Positioning with
the HP 5527A Laser Position
Transducer System
Microwave Switching from
SPDT to Full Access Matrix

AN 339-20 Role of DC Parametric Test in
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Programming

AN 312-1

AN 286-2

AN 345-2

Mixers
AN 57-I

AN 401-15

AN 358-1
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Enhancement
Spectrum Analysis ... Accu
racy Improvement
Spectrum Analysis ... Noise
Figure Measurement
Spectrum Analysis ... Field
Strength
Spectrum Analysis ... Distor
tion Measurements
S-Parameter Design
The 8640A/B Third Order In
termodulation Product Char
acteristics
Measuring the Tuning Step
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AN 222-6 Troubleshooting with Compos
ite Signatures

AN 222-12 A Signature Analysis Based
Test System for ECL Logic

Microwave Component
Measurements
AN 181-2 Voltage Controlled Oscillators

Characterization Using the
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High Speed Digital and Micro
wave Component Manufactur
ing

AN 421-4 Waste Water Treatment
AN 421-7 Environmental/Autoclave

Testing

Power Supplies
AN 90B DC Power Supply Handbook
AN 236-2 Two Power Supply Redundan
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AN 340-1 Using the HP 5183T to Char
acterize Sonar Transducers
and Systems

AN 358-2 Jitter and Wander Analysis in
Digital Communication with
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Oscillators
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trolled Oscillator
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AN 286-1 Applications and Operation of
the 890lA Modulation Ana
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AN 62 TDR Fundamentals for Use

with HP 54120T Digitizing
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AN 313-11 Using Digital Filtering Tech
niques to Improve Analog to
Digital Converter Measure
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AN 344 Bandwidth and Sampling Rate
in Digitizing Oscilloscopes

AN 348 Voltage and Time Resolution
in Digitizing Oscilloscopes

Phase Modulation
AN 150-1 Spectrum Analysis ... AM

and FM
AN 164-4 Digital Phase Modulation

(PSK) and Wideband FM
AN 174-14 Radar System Characteriza

tion and Testing Using the HP
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AN 343-2 Dynamic Component Test Us
ing Vector Modulation Analy
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Spectrum Analysis ... Noise
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Spectrum Analysis ... Noise
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linearity of a Voltage Con
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Measuring Integral Non
linearity of a Voltage Con
trolled Oscillator
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and Systems
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tralia's Digital Microwave
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(PSK) and Wideband FM
HP 8640A/B Signal Genera
tor Output Level Accuracy
The 8640A/B Third Order In
termodulation Product Char
acteristics
Applications & Performance
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Microwave Synthesizers
Configuration of a Two-tone
Sweeping Generator
Receiver Testing with the HP
8770S Arbitrary Waveform
Synthesizer System
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8980A Vector Analyzer
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AN 77-3 Measurement of Complex Im
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S-Parameter Design
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AN 221A Automating the HP 8410B
Microwave Network Analyzer
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AN 314-4 Exceptionally Complex Signal
Simulation for Multi-Signal
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ing the Scalar Network Ana
lyzer

AN 345-2 Mixer Measurements Using
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from the HP 8672A

AN 283-3 Low Phase Noise Applications
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Sweeping Generator

AN 313-11 Using Digital Filtering Tech
niques to Improve Analog to
Digital Converter Measure
ments

AN 327-1 Extended Dynamic Range of
Scalar Transmission Measure
ments Using the HP 8757A,
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Figure Measurement
AN 150-10 Spectrum Analysis ... Field

Strength
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nance Using Vibration Analy
sis

AN 243-3 The Fundamentals of Modal
Testing

AN 245-2 Measuring the Coherence
Function with the HP 3582A
Spectrum Analyzer

AN 319

SWR
AN 77-3

S-Parameters
AN 95-1 S-Parameter Techniques for

Faster, More Accurate Net
work Design

AN 154 S-Parameter Design
AN 221A Automating the HP 8410B

Microwave Network Analyzer

Measurement of Complex Im
pedance, 1 - 1000 MHz

AN 221A Automating the HP 8410B
Microwave Network Analyzer

AN 327-1 Extended Dynamic Range of
Scalar Transmission Measure
ments Using the HP 8757A,
8756A or 8755C Scalar Net
work Analyzers

Semiconductors
AN 238 Semiconductor Measurements

with the HP 4140B Picoamme
ter/DC Voltage Source

AN 238-1 Ultra Low Current Semicon
ductor DC Parameter Mea
surement System Using HP
4140B

AN 289 A Stimulus for Automatic Test
AN 297-1 8161A Programmable Pulse

Generator
AN 297-2 Automated Reverse Recovery

Time Measurements of Diodes
DC Parametric Analysis of
Semiconductor Devices, Prac-
tical Applications of the 4145A
Semiconductor Parameter An
alyzer
Parametric Characterization
of Digital Circuits up to 50
MHz
High Speed Testing and Multi
Bin Sorting of Varactor Diodes
Using the HP 4277A
Analysis of Semiconductor Ca
pacitance Characteristics Us-
ing the HP 4280A 1 MHz C
Meter /C-V Plotter

AN 325-10 Sub-Micro Positioning with
the HP 5527A Laser Position
Transducer System
Automation of Semiconductor
Parameter Analysis

AN 339-20 Role of DC Parametric Test in
High Speed Digital and Micro
wave Component Manufactur
ing

Signal Sources
AN 170-1 HP 8640A/B Signal Genera

tor Output Level Accuracy
AN 170-2 The 8640A/B Third Order In

termodulation Product Char
acteristics

AN 171-1 Crystal Testing with the
8640A/B and 8405A

AN 187-6 Performance of the HP 8620C
Sweep Oscillator Under Re
mote Programming

AN 218-1 Applications & Performance
of the HP 8671A and 8672A
Microwave Synthesizers

AN 218-2 Obtaining Millihertz Resolu
tion from the 8671 A and
8672A

AN 218-5 Obtaining Leveled Pulse-Mod
ulated Microwave Signals
from the HP 8672A



APPLICATION NOTES
Free Aids to Solving Your Test and Measurement Problems (Cont'd)

AN 421-1

AN 332-1

Switching
AN 328-1

Throughput Analysis
AN 191-7 High Speed Timing Acquisi

tion and Statistical Jitter Anal
ysis Using the HP 5370B
Universal Time Interval
Counter

Time-Interval
AN 174-14 Radar System Characteriza

tion and Testing Using the HP
5 345A/ 5 5A / 56A, B,C,D
Counter

AN 191-1 Automatic Zero Calibration of
the HP 5359A Time Synthe
sizer at a Designated Remote
Location

AN 191-2 Determining Digital Circuit
Timing Tolerance to Optimize
Adjustment or Design

AN 191-3 Precision Time Interval Mea
surements in Radar Applica
tions

AN 191-4 Using the HP 5370B Universal
Time Interval Counter to
Characterize Pulse Width,
Repetition Rate, and Jitter

AN 191-5 Measurement of Propagation
Delays Using the HP 5370B
Time Interval Counter and HP
5363B Time Interval Probes

AN 191-6 Precise Cable Length and
Matching Measurements Us
ing the HP 5370B Universal
Time Interval Counter and HP
5363B Time Interval Probes

AN 200-3 Time Interval Measurement
Using an Electronic Counter

AN 200-4 U nders tanding Frequency
Counter Specifications

AN 297-2 Automated Reverse Recovery
Time Measurements of Diodes

AN 313-11 Using Digital Filtering Tech
niques to Improve Analog to
Digital Converter Measure
ments

AN 358-3 Time Domain Characteriza
tion of Magnetic Disc Drives

Timing Analysis
AN 313-10 Radar System Characteriza

tion and Testing

Transistor Parameters
AN 57-1 Fundamentals of RF and Mi

crowave Noise Figure Mea
surement

AN 95-1 S-Parameter Techniques for
Faster, More Accurate Net
work Design

AN 334 Automation of Semiconductor
Parameter Analysis

AN 339-20 Role of DC Parametric Test in
High Speed Digital and Micro
wave Component Manufactur
ing

Transistors
AN 339-20 Role of DC Parametric Test in

High Speed Digital and Micro
wave Component Manufactur
ing

Transmission Lines
AN 62 TDR Fundamentals for use

with HP 54120T Digitizing
Oscilloscope and TDR

AN 62-1 Improving Time Domain Net
work Analysis Measurements

Using Digital Filtering Tech
niques to Improve Analog to
Digital Converter Measure
ments

Receiver Testing with the HP
8770S Arbitrary Waveform
Synthesizer System
Exceptionally Complex Signal
Simulation for Multi-Signal
Environments in Radar/EW
Test
The Benefits of P/ AR
Detection of High Level Sig
nals In FDM Networks
Return Loss and the HP
4937A
An Introduction to Signaling
Amplifier Measurements Us
ing the Scalar Network Ana
lyzer
Mixer Measurements Using
the Scalar Network Analyzer
Characterization of High
Speed Optical Components
with an RF Network Analyzer
Digital Radio Theory and
Measurements
High Speed Measurement of
Semiconductor Devices from
Sub-PA to IA
Selecting a Jitter Test Set
Jitter Tolerance Testing Using
External Phase/Frequency
Modulated Sources and Bit Er
ror Rate Test Sets
Quality Gains in Telecom Aus
tralia's Digital Microwave
Network
How to Measure Insertion
Loss of Optical Components
How to Measure Return Loss
of Connectorized Optical
Components
Mixed Signal Transmission
Tests Using the HP 3065CT

Temperature Measurement
AN 421-4 Waste Water Treatment
AN 421-5 Jet Engine Controller Testing
AN 421-6 Internal Combustion Engine

Testing
AN 421-7 Environmental/Autoclave

Testing
AN 421-8 Communications Cable Test

ing
AN 421-9 Residential Facility Monitor-

ing
AN 421-11 Explosion Testing
AN 421-12 Materials Development
AN 421-14 Battery Testing
AN 421-15 Pilot Plant Monitoring
AN 421-16 Jet Engine Testing
AN 421-17 Facility Management
AN 421-18 Large Product Characteriza

tion
AN 421-19 Missile System Testing
AN 421-20 Machine Monitoring and Con

trol
AN 421-21 Pharmaceutical Process Con-

trol
AN 421-22 Paper Process Control
AN 421-23 Rolling Mill
AN 421-24 Appliance Testing

Television
AN 313-11

AN 370-1

AN 366-2

AN 366-1

AN 364-1

AN 359
AN 360

AN 356

AN 355

AN 351

AN 345-2

AN 318-1
AN 323

AN 335

AN 314-4

AN 314-1

AN 336
AN 345-1

Practical Test System Signal
Switching
Novel Combinations of Micro
wave Switches and Step At-
tenuators for Programming
Applications
Data Acquisition and Comput
er Aided Test Application
Notes for 32 Industries in Se
ries

AN 421-19 Missile System Testing

Tape Recording
AN 89 Magnetic Tape Recording

Handbook
AN 314-2 Synthesizing Magnetic Disc

Read and Servo Signals with
the HP 8770S Arbitrary
Waveform Synthesizer System

AN 358-3 Time Domain Characteriza
tion of Magnetic Disc Drives

Synthesizers/Signal Generators
AN 164-4 Digital Phase Modulation

(PSK) and Wideband FM
AN 218-1 Applications & Performance

of the HP 8671A and 8672A
Microwave Synthesizers

AN 218-2 Obtaining Millihertz Resolu
tion from the 8671A and
8672A

AN 218-5 Obtaining Leveled Pulse-Mod
ulated Microwave Signals
from the HP 8672A

AN 283-2 External Frequency Doubling
of the 8662A Synthesized Sig
nal Generator

AN 283-3 Low Phase Noise Applications
of the HP 8662A and 8663A
Synthesized Signal Generators

AN 289 A Stimulus for Automatic Test
AN 314-4 Exceptionally Complex Signal

Simulation for Multi-Signal
Environments in Radar/EW
Test

AN 329 Spectral Purity Characteristics
of HP Microwave Signal
Sources

AN 360 Jitter Tolerance Testing Using
External Phase/Frequency
Modulated Sources and Bit Er
ror Rate Test Sets

AN 401-15 8672A Synthesized Signal
Generator - HP 1000 HP-IB
Programming

Telecommunications
AN 191-7 High Speed Timing Acquisi

tion and Statistical Jitter Anal
ysis Using the HP 5370B
Universal Time Interval
Counter

AN 218-1 Applications & Performance
of the HP 8671A and 8672A
Microwave Synthesizers

AN 231-2 Codec Testing with the
3779C/D Primary Multiplex
Analyzer

AN 231-3 Making Telecommunication
Measurements in Complex Im
pedances

AN 313-11 Using Digital Filtering Tech
niques to Improve Analog to
Digital Converter Measure
ments

B



Measuring the Transfer Char
acteristic of a Voltage Con
trolled Oscillator
Measuring Differential Non
linearity of a Voltage Con
trolled Oscillator
Measuring Integral N on
linearity of a Voltage Con
trolled Oscillator
Measuring Dual VCO Track
ing Error
Measuring Warm-Up Charac
teristics and Aging Rates of
Oscillators
Measuring the Tuning Step
Transient Response of VCOs
to 18 GHz
Measuring Linearity of VCOs
from 10 Hz to 23 GHz

AN 174-2

AN 181-1

AN 174-13

AN 174-4

AN 174-3

AN 174-11

Voltage-Controlled Oscillators
(VCOs)
AN 174-1

AN 364-1 Quality Gains in Telecom Aus
tralia's Digital Microwave
Network

Vector Modulation Measurements
AN 314-4 Exceptionally Complex Signal

Simulation for Multi-Signal
Environments in RadarlEW
Test

AN 343-1 Measurements Applications
for Digital Microwave Radio

AN 343-2 Dynamic Component Test Us
ing Vector Modulation Analy
sis

AN 343-3 Coherent Pulsed Tests of Ra
dar and EW Systems

AN 343-4 Measuring Demodulator Im
age Rejection Using the HP
8980A Vector Analyzer

AN 343-5 A Calibrated Signal Simula
tion System Utilizing IIQ
Modulation Techniques

Troubleshooting
AN 163-2 New Techniques of Digital

Troubleshooting
AN 222-0 An Index to Signature Analy

sis Publications
AN 222-2 Application Articles on Signa

ture Analysis
AN 222-3 A Manager's Guide to Signa

ture Analysis
AN 222-4 Guidelines for Signature Anal

ysis: Understanding the Signa
ture Measurement

AN 222-6 Troubleshooting with Compos
ite Signatures

AN 222-12 A Signature Analysis Based
Test System for ECL Logic

AN 326 Principles of Microwave Con
nector Care (for Higher Relia
bility and Better Measure
ments)

Vector Measurements
AN 95-1 S-Parameter Techniques for

Faster, More Accurate Net
work Design

AN 154 S-Parameter Design
AN 170-1 HP 8640A/B Signal Genera

tor Output Level Accuracy
AN 221A Automating the HP 8410B

Microwave Network Analyzer

Video Receivers
AN 356 High Speed Measurement of

Semiconductor Devices from
Sub-PA to IA

Voltage
AN 286-1 Applications and Operation of

the 890lA Modulation Ana
lyzer

Wave Analysis
AN 207 Understanding and Using

Phase Noise in the Frequency
Domain

AN 344 Bandwidth and Sampling Rate
in Digitizing Oscilloscopes

AN 348 Voltage and Time Resolution
in Digitizing Oscilloscopes

Ordering Numbers for Applications Notes

Ordering Ordering Ordering Ordering Ordering
AN Number Number AN Number Number AN Number Number AN Number Number AN Number Number
AN Index 5954·0203 174-8 5952-0885 238 5952-8840 314-4 5952-3702 344 5954-2631
52-4 5952-7855 174-9 5952-7325 238-1 5953-8873 315 5953-6900 345-1 5954-1599
57-1 5952-8255 174-10 5952-7326 243 5953-8898 316-0 5952-4102 345-2 5954-8369
57-2 5952-3076 174-11 5952-7327 243-1 5953-5113 316-4 5952-4075 348 5954-2652
62 5954-2681 174-12 5952-7328 243-2 5952-5136 316-5 5952-4116 350-1 5954-7174
62-1 5954-2682 174-13 5952-7329 243-3 5952-7957 317 5953-6910 350-3 5954-8748
64-1 5952-8178 174-14 5952-7892 245-2 5952-8768 318-1 5952-4996D 350-4 5954-7132
64-2 5952-8197 181-1 5952-7321 245-3 5952-8800 319 5952-9549 350-5 5954-8843
64-4 5954-7363 181-2 5952-7852 245-4 5952-8804 321 5953-6937 351 5954-8352
77-3 5952-0991 183 5952-9200 245-5 5952-8805 322 5953-6939 355 5954-9554
89 5952-2820 187-6 5952-9271 246 5952-8765 323 5953-5411 356 5950-2930
90B 5952-4020 191-1 5952-7487 246-1 5952-8815 324-1 5953-6951 358-1 5952-7924
91 5952-0917 191-2 5952-7488 246-2 5952-8838 325-10 5952-7942 358-2 5952-7925
95-1 5952-1130 191-3 5952-7491 250-2 5952-4033 326 5954-1566 358-3 5952-7928
123 5952-2153 191-4 5952-7505 283-2 5952-8217 327-1 5953-8882 359 5954-9563
150 5954-9130 191-5 5952-7563 286-1 5952-8208 328-1 5953-6962 360 5954-9564
150-1 5952-1051 191-6 5952-7568 286-2 5952-8245 329 5954-8349 362 5952-9650
150-2 5952-1039 191-7 5952-7908 283-3 5952-8435 330-1 5954-2705 364-1 5954-9572
150-4 5952-1147 200-1 5952-7484 287-2 5952-7530 331-1 5954-2724 366-1 5952-9660
150-7 5952-9205 200-2 5952-7507 287-3 5952-7549 332 5953-6466 366-2 5952-9661
150-8 5952-9210 200-3 5952-7561 289 5952-9517 332-1 5953-8892 370-1 5954-8697
150-9 5952-9229 200-4 5952-7522 290 5952-8801 334 5952-7765 401-15 5953-2814
150-10 5952-9234 207 5952-8708 290-1 5952-8880 335 5952-5033 420 5954-8292
150-11 5952-9235 218-1 5952-8219 290-2 5953-6921 336 5952-5034 421-1 5954-9631
154 5952-1087 218-2 5952-8184 291-1 5952-7541 339 5950-2856 Thru Thru
163-2 5952-7558 218-5 5952-8251 297-1 5952-9540 339-3 5952-7863 421-32 5954-9662
164-4 5952-8143 221A 5952-9300 297-2 5952-9542 339-6 5952-7871 422 5954-8579
170-1 5952-1218 222-0 5952-7625 298-3 5953-2745 339-20 5952-7936 424 5952-5131
170-2 5952-8129 222-2 5952-7542 298-4 5953-2746 340-1' 5952-7805 425 5952-5132
171-1 5952-8117 222-3 5952-7592 302-1 5952-8853 340-1' 5954-8672
174-1 5952-0879 222-4 5952-7595 302-2 5952-8872 341-1 5952-9572
174-2 5952-0879 222-6 5952-7684 312-1 5952-9316 341-2 5952-9651
174-3 5952-0880 222-12 5952-7667 313-10 5952-7905 343-1 5954-6365
174-3 5952-0880 229-11 5953-9874 313-11 5952-7945 343-2 5954-6367
174-5 5952-7564 231-2 5953-5426 314 5953-3898 343-3 5954-6366
174-6 5953-0883 231-3 5953-5484 314-1 5954-6358 343-4 5952-3703
174-7 5952-7344 236-2 5952-5484 314-2 5954-6357 343-5 5952-6471

'Reducing Fixture-induced Failures 'Testing a Complex LSIIVLSI IC ...



BFREE PUBLICATIONS
Aids to Selecting t Using & Maintaining HP Products

Free aids to selecting, IJsing
and maintaining HP products

HP offers a variety of free publications to
help you choose the HP products that best fill
your needs, to help you benefit from applica
tions knowledge acquired by users inside and
outside of HP, and to help you maintain your
HP products. These publications range from
new-product announcements, catalogs, prod
uct family brochures, and single-product
technical data through application notes,
product notes, and programming aids to serv
ice notes and general maintenance periodi
cals. Because the number and types of free
publications vary with product family, a
summary of available publications is provid
ed below. Brief descriptions of some of the
listed publications follow the summary.

Instruments and Systf'l'ns
Product Information
Test & Measurement News
Data sheets and brochures
Catalogs

Test & Measurement Accessories
Catalog (U.S. only, 5954-0193D)

DC Power Supplies (5952-4174D)
Coaxial & Waveguide Measurement

Accessories (5954-640 I)
Digital IC Tester Program (5952-7790)

DesignCenter magazine
HP Journal

Application Information
Application Notes
Product Notes
Programming Notes

Service tnformation
Service Notes
Bench Briefs

Computers, Peripherals &
Calculators
Product Information
Test & Measurement News
Data sheets & brochures
Selection guides
Catalogs

Computer Users Catalog (5953-2450D)
Computer Users Documentation Index

(5953-2460D)
HP Technical Software (5954-8289)
HP Vectra Technical Software Guide

(5951-6821 )
Software and Accessories Guide for the

Touchscreen PC (5954-7198D)
Supplies Catalog for HP Plotters and the

HP PaintJet Color Graphics Printer
(5957-3776D,5957-3777)

Software and Hardware Solutions for the
HP Plotter Family (5954-8835D)

HP Journal
Application Information
Application Notes
Application Briefs
Plotter Notes
Set-Up Instructions (for plotters)

Components
Product Information
Catalogs

Microwave and RF Designer's Catalog
(5954-2091)

Optoelectronics Designer's Catalog
(5954-8450)

Data sheets
HP Journal
Application Information
Application Notes
Application Bulletins

Test & Measurement News
Six times a year Test & Measurement

News announces HP's latest electronic mea
suring instruments and accessories; comput
er/controller, component, and telecom
products; and new no-charge literature such
as catalogs and application notes.

HP DesignCenter
HP DesignCenter is published for users of

HP systems for electronic design, printed cir
cuit board layout, and microprocessor-based
development. This full-color magazine fea
tures customer application stories, answers to
common customer questions, and announce
ments of new product enhancements.

Hewlett-Packard Journal
Published six times a year to communicate

technical information from the laboratories
of HP to all of the fields served by HP, the
Journal contains in-depth design descriptions
of current hardware and software products
as well as research papers and more general
information such as advances in technology.

Application Note Index
The AN index lists and describes the con

tents of all Application Notes, Programming
Notes, and Product Notes on electronic in
struments, instrument systems, and solid
state components.

Application Briefs, Bulletins,
and Notes

These aids to solving your measurement,
computation, and design problems offer the
benefit of the applications research and expe
rience of both HP customers and HP engi
neers. Some are tutorial, others describe
how-to procedures. All are generic or multi
ple-product oriented.

Product Notes
Product Notes are product-specific and

augment the operating and service manuals
supplied with HP instruments. They cover
applications of the specific instrument and
analyze specifications and characteristics
with the goal of obtaining improved perform
ance over limited operating conditions and
narrower environmental limits.

Programming Notes
Programming Notes provide product-spe

cific information on the use and operation of
instruments in HP-IB systems. Some notes
address the needs of inexperienced users and
cover basic operation of an HP-IB instru
ment using a specific HP desktop computer.
Others address the needs of experienced
users.

Service Notes
Service Notes contain product-specific

service information for HP's electronic prod
ucts. Subjects include product improve
ments, modifications, and procedures for
troubleshooting, maintenance, and repair.
Service Notes are published as appropriate
throughout the life of a product. All new
Notes are announced in Bench Briefs.

Bench Briefs
Bench Briefs provides those who maintain

HP instruments with timely information that
has both specific and general application.
Subjects include troubleshooting tips and de
scriptions of new technologies, components,
tools, and equipment. Also, new Service
Notes are listed in Bench Briefs as they be
come available.

How to Obtain Free
Publications

To obtain any of the publications de
scribed on this page:
In the U.S.A., phone 1-800-752-0900, exten
sion 779E. Outside the U.S.A., contact your
Customer Information Center (CIC) or
nearest HP office. Locations of HP offices
and CICs are listed on the back pages of this
catalog.

When requesting any of the catalogs listed
on this page, please include the number in
parenthesis following the catalog's title.
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