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Documentation Map

Operation Manual Set (HP Part Number 68751-30000)
User’s Guide

The User’s Guide walks vou through system setup and initial power-on, shows how to make
basic measurements, explains commonly used features, and tells you how to get the most
performance from your analyzer. After you receive your HP 8751A, begin with this manual.
(P/N 08751-50001)

General Information

The General Information provides general information, specifications.

RBeference Manual

The Reference Manual provides in-depth reference information.

HP-IB Programming Manual

The HP-IB Programming Guide provides a summary of all available HP-IB command, and
shows how to make basic program to control the HP 8751A by a controller via HP-IB.

Maintenance Manual (HP Part Number 08751-90030)

The Maintenance Manual explains how to verify conformance to published specifications.

Service Mannal (Option 915), (BP Part Number 08751-90031}

The Service Manual explains how to adjust, troubleshoot, and repair the instrument.

Using HP Instrument BASIC with the HP 87514

The Using HP Instrument BASIC with the HP 8751A describes how HP Instrument BASIC works
with the HP 8751A and any unique features.

HP Instrument BASIC Manual Set (Option 662 only), (HP Part Number E2083—991}0(})
HP Instrument BASIC User’s Handbook

The HP Instrument BASIC User’s Handbook provides some helpful hiﬁt‘s“';on”getting the most
nse from HP Instrument BASIC programming language, and pz‘ov1de<; a general programming
reference. This manual is furnished option $02. :

HP? Instrument BASIC Language Reference

The HP Instrument BASIC Language Reference provides a summary of all available HP
Instrument BASIC Language. This manual is furnished option 002,






Manual Printing History

The manual printing date and part number indicate its current edition. The printing
date changes when a new edition is printed. {Minor corrections and updates which are
incorporated at reprint do not cause the date to change.) The manual part number changes

when extensive technical changes are incorporated.

October 1990..... 1st. Edition
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Safety Summary

The following general safety precautions must be observed during all phases of operation,
service, and repair of this instrument. Failure to comply with these precautions or with
specific WARNINGS given elsewhere in this manual violates safety standards of design,
manufacture, and intended use of the instrument.

The Hewleti-Packard Company assumes no liability for the customer’s failure fo comply with
these requirements.

Ground The Instrument

This is a Safety Class 1 product (provided with a protective earthing terminal). An
uninterruptible safety earth grand must be provided from the main power source to the
product input wiring terminals, power source to the product input wiring terminals, power
cord, or supplied power cord set. Whenever it is likely that the protection has been impaired,
the product must be made inoperative and secured against any unintended operation.

DO NOT Operate in An Explosive Atmosphere

Do not operate the instrument in the presence of flammable gasses or fumes. Operation of any
electrical instrument in such an environment constitutes a safety hazard.

Keep Away From Live Circuits

Operating personnel must not remove instrument covers. Component replacement and
internal adjustments must be made by qualified maintenance personnel. Do not replace
components with the power cable connected. Under certain conditions, dangerous voltages
may exist even with the power cable removed. To avoid injuries, always disconnect power and
discharge circuits before touching them.

DO NOT Service Or Adjust Alone

Do not attempt internal service or adjustment unless another person, capable of rendering
first aid and resuscitation, is present.

DO NOT Substitute Parts Or Modify Instrument

Because of the danger of introducing additional hazards, do not substitute parts or perform
unauthorized modifications to the instrument. Return the instrument to a Hewlett-Packard
Sales and Service Office for service and repair to ensure the safety features are maintained.

Dangerous Procedure Warnings

Warnings, such as the example below, precede potentially dangerous procedures throughout
this manual. Instructions contained in the warnings must be followed.

Warning Dangerous voltages, capable of causing death, are present in this instrument.
Use exireme caution when handling, testing, and adjusting this instrument.
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How To Use This Manual

This is the Operating Manual for the HP 8751 A Network Analyzer. This manual contains
specifications, installation, configuration, and operation in the procedure following
documentations. After you receive your HP 8751A, begin with chapter 1. of Users Guide.

For error messages of the HP 8751A, refer to Error Message in the Operation Manual.



Typeface Conventions

Bold

ftalics

Computer

yi

Boldface type is used when a term is defined. For example: icons are
symbols.

Italic type is used for emphasis and for titles of manuals and other
publications.

Ttalic type is also used for keyboard entries when a name or a variable
must be typed in place of the words in italics. For example: copy
filename means to type the word copy, to type a space, and then to
type the name of a file such as filel.

Computer font is used for on-screen prompts and messages.

Labeled keys on the instrument front panel are enclosed in ().

Softkeys located to the right of the CRT are enclosed in




Certification

Hewlett-Packard Company certifies that this product met its published specifications at the
time of shipment from the factory. Hewlett-Packard further certifies that its calibration
measurements are traceable to the United States National Institute for Standards and
Technology, to the extent allowed by the Institution’s calibration facility, or to the calibration
facilities of other International Standards Organization members.

Warranty

This Hewlett-Packard instrument product is warranted against defects in material and
workmanship for a period of one year from the date of shipment, except that in the case of
certain components listed in General Information of this manual, the warranty shall be for the
specified period. During the warranty period, Hewlett-Packard Company will, at its option,
either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated
by HP. Buyer shall prepay shipping charges to HP and HP shall pay shipping charges to
return the product to Buyer. However, Buyer shall pay all shipping charges, duties, and taxes
for products returned to HP from another country.

HP warrants that its software and firmware designated by HP for use with an instrument will

execute its programming instruction when property installed on that instrument. HP does not
warrant that the operation of the instrument, or software, or firmware will be uninterrupted or
error free.

Limitation Of Warranty

The foregoing warranty shall not apply to defects resulting from improper or adequate
maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized modification or
misuse, operation outside of the environment specifications for the product, or improper site
preparation or maintenance.

No other warranty is expressed or implied. HP specifically disclaims the implied warranties of
merchantabilily and fitness for a particular purpose.
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Exclusive Remedies

The remedies provided herein are buyer’s sole and exclusive remedies. HP shall not be liable for
any direct, indirect, special, incidental, or consequential damages, whether based on contraci,
tori, or any other legal theory.

Assistance

Product maintenance agreements and other customer assistance agreements are available for
Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Address
are provided at the back of this manual.
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Safety Symbols

Cieneral definitions of safetv symbols used on equipment or in manuals.
¥ BY

Warning

Caution

Note

Instruction manual symbol: the product will be marked with this symbeol
when it is necessary for the user to refer to the instruction manual in order to
protect against damage to the instrument.

Indicates dangercus voltage (terminals fed from the interior by voltage
exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical shock in case
of a fault. Used with wiring terminals to indicate the terminal which must be
connected to ground before operating equipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for a signal
common, as well as providing protection against electrical shock in case of
fault. A terminal marked with this symbol must be connected to ground
in the manner described in the installation (Operation) manual, and before
operating the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of the
equipment which normally includes all exposed metal structures.

Alternating current (power line).
Direct current {power line).
Alternating or direct current {power line).

Warning denotes a hazard. It calls attention to a procedure, practice,
condition or the like, which, if not correctly performed or adhered to, could
result in injury or death to personnel.

Cauiion sign denotes a hazard. It calls attention to a procedure, practice,
condition or the like, which, if not correctly performed or adhered to, could
result damage to or destruction of part or all of the product.

Note denotes important information. It calls attention to a procedure,
practice, condition or the like, which is essential to highlight.
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General Information

ABOUT THIS MANUAL SET

This HP 8751A Network Analyzer Operation Manual is a complete guide to operating the
analyzer alone or as a component in a system. It is part of a two manual set; the Maintenance
Manual completes the set.

To explore the manuals further, inspect their title pages and the “Contents” and “Index”
sections,

instruments Covered by This Manual

The instrument you received with this manual is covered by this manual without change.
Any other instrument with one of the serial number prefixes listed on the title page is also
described by this manual. (The serial number plate, shown in Figure 1-1 | is attached to the
rear panel of the analyzer.}

(" [@B) YOKOGAWA HEWLETT-PACKARD |
|
| :
| SER.NO. :

[AK] MADE IN JAPAN 33

C2101002

Figure 1-1. Typical Serial Number Plate

Other instruments differ from the instruments covered directly by this manual. Those
differences are documented in the “Instrument History” section. See “Instrument History”
section if the serial number prefix of your instrument is not listed on the title page.

Microfiche Copies of the Manual

Use the microfiche part number on the title page to order a package of 10 x 15 centimeter (4
% 6 inch) microfilm transparencies of this manual and the Maintenance manual.
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HP 8751A DESCRIPTION

The HP 8751A is a b Hz to 500 MHz vector network analyzer for reflection and transmission
parameters. It integrates a high resolution synthesized RI" source, and a dual channel and
three-input receiver to measure and display magnitude, phase, and group delay responses of
active and passive RI' networks. Option 001 provides a high sfability frequency reference. For
information on other options, refer to “OPTIONS AVAILABLE” later in this section.

Two independent display channels and a large screen color CRT display the measured results
of one or both channels, in rectangular or polar/Smith chart formats. The display function
has capability to display three trace simultaneously.

Digital signal processing and microprocessor control combine to provide easy operation and
measurement improvement. Measurement functions are selected with front panel keys and
softkey menus. Displayed measurement results can be printed or plotted directly with a
compatible peripheral without the use of an external computer. A built-in micro flexible disk
drive stores and recalls instrument states and trace data (measurement data). Built-in service
diagnostics are available to simplify troubleshooting procedures.

Trace math, data averaging, trace smoothing, electrical delay, and accuracy enhancement
provide performance improvement and flexibility. Accuracy enhancement methods range from
normalizing data to complete one or two port vector error correction. Vector error correction
reduces the effects of system directivity, frequency response, source and load matech, and
crosstalk.

In combination with its compatible test sets and accessories, the analyzer has the ability to
make complete reflection and transmission measurements in both 50 and 75  impedance
environments.

Additional Features

In addition to the above capabilities, this analvzer has several features:

Advanced List Sweep Mode

The analyzer can measure specifically at user defined frequencies, power levels, IF bandwidths,
and number of points as defined in List Segment. The list sweep mode can make the display
resolution even, even though the frequency points are not evenly distributed, as well as
making the frequency base display even.

Automatic Sweep Time

The analyzer can automatically shorten sweep time as much as possible for the given IF
bandwidth, number of points, averaging mode, frequency range, and sweep type.

Automatic Interpoiated Error Correction

This allows the operator to perform any type of calibration, and then display any subset of
that frequency range or use a different number of points. If the operator changes the stimulus
parameter, the analyzer turns the interpolated error correction on, and new error coefficients
are interpolated from the coefficients of the original calibration. Interpolated error correction
provides a great improvement over uncorrected measurements, but is not specified. Refer to
Chapter 7.
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Conjugate Matching

This calculates the optimum parameters of devices in assumed two element L-C impedance
matching networks at a DUT end to obtain optimum power transfer at a specific frequency.
Several types of the assumed matching circuit will be selected automatically from among the
eight provided candidates depending on the DUT’s characteristics.

The operator can simulate the circuit after modifying the parameters to suit to commercially
available values.

Four Trace Simultaneous Measurement

The analyzer can measure and display two traces for one channel, which allows four traces
simultaneous display using the dual channel display capability. In addition, stimulus values
{frequency, power) can range independently for each channel.

HP Instrument BASIC (Opfion 002)

This allows the analyzer programmability without any external controller. HP Instrument
BASIC is subset of HP BASIC and allows all of the analyzer’s measurement capabilities and
any other HP-IB compatible instrument to be programmed. {Refer to Using IIP Instrument
BASIC with the HP 87514.)

/G port

This allows the creation of a production line measurement system when used with an
attomatic handler. Refer to Appendix C for more information.

System Description
An HP 8751A system consists of the analyzer with one of the following test sets/accessories:

g HP 87511A/B S-parameter test set’
m P 87512A/B transmission/reflection test kit
g HP 11850C/D or 11667A power splitter

In addition to one of the above, a system reqguires a compatible Hewlett-Packard calibration
kit and the necessary cables. The compatible test sets, power splitters, calibration kits,

and cables are described under “TEST SETS REQUIRED” and “MEASUREMENT
ACCESSORIES AVAILABLE” later in this section.

The system may also include other compatible peripherals such as a printer or plotter. The
printer and plotter are described under “SYSTEM ACCESSORIES AVAILABLE” .

The system can be automated with the addition of an HP 9000 series 200 or 300 computer,
this allows all of the measurement capabilities to be programmed over the Hewlett-Packard
Interface Bus (HP-1B).
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HEWLETT-PACKARD INTERFACE BUS (HP*EB}

The analyzer is factory-equipped with a remote programming interface using the
Hewlett-Packard Interface Bus (np-18). HIP-IB is Hewlett-Fackard’s hardware, software,
documentation, and support for IEEE-488.1, [KEE-488.2, IEC-625, and JIS-C1801 worldwide
standards for interfacing instruments. This provides a remote operator with the same control
of the instrument available to the local operator, except for control of the power line switch
and some internal tests. Remote control is maintained by a controlling computer thai sends
commands or instructions fo and receives data from the analyzer using HP-IB. Several ostput
modes are available for output data. A complete general description of HP-IB is available in
Condensed desceription of the Hewleti-Packard Interface Bus (HP part number 59401-90030),
and in the Tuforial Description of the Hewleti- Packard Interface Bus (HP literature number
5952-0156).

The analyzer itself can use HP-IB to output measurement results directly to a compatible
printer or plotter without the ause of an external computer.

OPTIONS AVAILABLE

Option 001, High Stability Frequency Reference

This option, a 10 MHz crystal in temperature stabilized oven, improves the source signal
frequency accuracy and stability.

Option 002, HP Instrument BASIC

See the previous section for information.

Option 008, Add Japanese Manual Set

Option 009, Delete Manual Set

Option 907, Front Handie Kit

Option 908, Rack Mount Kit

This option is a rack mount kit containing a pair of flanges and the necessary hardware to

mount the instrument, with handles detached, in an equipment rack with 482.6 mm (19
inches} horizontal spacing,.
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Option 909, Rack Mount Flange and Handle Kit

This option is a rack mount kit containing a pair of langes and the necessary hardware to
mount the instrument with kandles attached in an equipment rack with 482.6 mm (19 inches)
horizontal spacing. )

Option 916, Extra Manual Set

This option is an extra manual set containing the same manual set which is furnished with the

analyzer.

Option 915, Add Service Manual (HP Part Number: 08751-90031}

TEST SETS REQUIRED

HP B7511A/B S-Parameter Test Sets

These contain the hardware required to make simultaneous transmission and reflection
measturement in both the forward and reverse directions. An RF switch in the sel is controlled
by the analyzer so that reverse measurement can be made without changing the connections
to the device under test.

HP 87512A/8 Transmission/Reflection Test Kits

These contain the hardware required to make simultaneous transmission and reflection
measurement in one direction only.

Other Test Sets Available

HP 85048A/B S-parameter Tast Seis

These measure the response of devices from 300 kHz to 500 MHz with HP 8751A. These
contain two internal DDC bias tees for biasing of active devices.

HP 850444A/8 Transmission/Reflection Test Sets

These measure the response of devices from 300 kHz to 500 MHz with OP 8751A. These
include a 0 to 70 dB step attenuator mantally controllable in 19 steps, and the circuitry
necessary to allow biasing of active devices through the test set.
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MEASUREMENT ACCESSORIES AVAILABLE

Power Splitters

HP 11850C/0D Three-Way Power Splitiers

These are four-port, three-way power splitters. One output arm is used as the reference for
the network analyzer in making ratio measurements and the other two output arms are test
channels. The HP 11850C has a frequency range of DC to 3 GHz and an impedance of 50 )
the HP 118501 has a frequency range of DC to 2 GHz and an impedance of 75 Q. Three

HP 11852B 50 to 75 €@ minimum loss pads are supplied with the HP 11850D power splitter,
to provide a low SWR impedance match between the power splitter and the 50 £ ports of the
network analyzer.

HP 11667A Power Splitter

This is a two-way power splitter with one output arm used for reference and one for test. It
has a frequency range of DC te 18 GHz and an impedance of 50 {1

Active Probes

HP 41800A Active Prohe

This is a high input impedance probe for in-circuit measurement which covers the same
frequency range as the HP 8751A.

HP 41802A 1 MO Input Adapter

This adapter allows use of a high impedance probe. It has a frequency range of 5 Hz to 100
MIiz.

Catibration Kils

The following calibration kits contain precision standards (and required adapters) of the
indicated connector type. The standards (known devices) facilitate measurement calibration,
also calied vector error correction. Refer to the data sheet and ordering guide for additional
information. Part numbers for the standards are in their respective manuals.

e [P 850318 7 mm Calibration Kit
HP 850328 50 © Type-N Calibration Kit
g HP 850368 75 0 Type-N Calibration Kit

Test Port Beturn Cables

The following RI° cables are used to return the transmitted signal to the test set in
measurement of two-port devices. These cables provide shielding for high dynamic range
measurements,
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HE 1185870 7 mim Test Port Return cable Set

These are a pair of test port return cables for use with the HP 87511A or HP 85046A
S-parameter test sets. The cables can be used in measurements of devices with connectors
other than 7 mm by using the appropriate precision adapters.

HP 118578 75 () Type-N Test Port Return Cable Set

These are a pair of test port return cables for use with the HP 87511B or HP 850468
S-parameter test sets.

HP 118518 50 {1 Type-N RF Cable Set

This kit contains the three phase-matched 50 Q type-N cables necessary to connect the

HP 87512A/B or HP 85044A /B transmission/reflection test kit or a power splitter to the
analyzer, as well as an RF cable to return the transmitted signal of a two-port device to the
network analyzer. For use with the HP 875128 or HP 850448 test kit, the HP 11852B 50 Q
to 75 Q minimum loss pad supplied with the test kit must be used for impedance matching
with the RF return eable.

Adapter Kits

HE 148528 50 T to 75 O Minimum Loss Pad

This device converts impedance from 50  to 75 & or from 75 £ to 50 &. It is used to
provide a low SWR impedance match between a 75 {} device under test and the HP 8751A
network analyzer or a 50 Q measurement accessory. An HP 11852B pad is included with the
HP 875128 and 1P 850448 75 € transmission/reflection test kit. Three IIP 118528 pads are
included with the HP 11850D 75 2 power splitter.

These adapter kits contain the connection hardware required for making measurements on
devices of the indicated connector type.

@ HP 11853A 50 @ Type-N Adapter Kit
e HP 11854A 50 & BNC Adapter Kit
w HP 11855A 75 @ Type-N Adapter Kit
a HIP 11856A 75 & BNC Adapter Kit
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SYSTEM ACCESSORIES AVAILABLE

System Rack

The HP 850438 system rack is a 124 cm (49 inch) high metal cabinet designed to rack mount
the analyzer in a system configuration. The rack is equipped with a large built-in work
surface, a drawer for calibration kits and other hardware, a hookshelf for system manuals,
and a locking rear door for secured access. Lightweight steel instrument support rails support
the instrument along their entire depth. Heavy-duty casters make the cabinet easily movable
even with the instruments in place. Screw-down lock feet permit leveling and semi-permanent
installation: the cabinet is extremely stable when the lock feet are down. Power is supplied
to the cabinet through a heavy-duty grounded primary power cable, and to the individual
instruments through special power cables included with the cabinet.

Plotters and Printers

The HP 8751A is capable of plotting displayed measurement results directly to a compatible
peripheral without the use of an external computer. The Compatible plotters are:

m HP 7440A Option 002 ColorPro Eight-Pen Color Graphics Plotter, plots on ISO Ad or 8
1/2 x 11 inch charts.

w HP 7475A Option 002 Six-Pen Graphics Plotter, plots on ISO A4/A3 or 8 1/2 x 11 inch or
11 % 17 inch charts.

& HP 75508 Option 002 High-Speed Eight-Pen Graphics Plotter, plots on ISO A4/A3 or 8
1/2 x 11 inch or 11 x 17 inch charts.

w IIP 7090A Measurement Plotting System, is & high-performance six-pen programmable
digital plotter. It plots on ISO A4/A3 or 8 1/2 x 1l inch or 11 x 17 inch paper or overhead
transparency film.

The compatible printers for both printing and plotting are:

g HP 3630A Paintjet Option 002 color printer
g P 2225A (HP-IB compatible} ThinkJet printer
@ P 22278 QuietJet Option 002 printer

HP-IB Cables

An HP-IB cable is required for interfacing the analyzer with a plotter, printer, computer, or
other external instrument. The cables available are HP 10833A (1 m), HP 10833B (2 m), and
HP 10833D (0.5 m).

Computer

An external controller is not required for measurement calibration. However, the system can
be automated with the addition of the HP 9000 200/300 series computer.
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Diske and Disk Accessories

Hewlett-Packard disks are listed below.

Table {-1. Disks and Disk Accessories

HY Parts Number Descripiion
92191A Box of 10 3.5 inch, 270K byte microfloppy disks
92192ZA Box of 10 3.5 inck, 720K byte microfloppy disks
92192N Box of 100 3.5 inch, 720K byte microficppy disks
92192X Box of 10 3.5 inch, 1.44M byte microftoppy disks
921918 Rosewood roll-iop disk holder. Holds 50 disks.
921814 Acrylic lift-top disk holder. Holds 25 disks.
92191F Bookshelf-style folding plastic disk holder. Holds 10 disks.
02191H Disk Library binder. Holds 20 disks initially.

External Monitors

The analyzer can drive both its internal CRT and an external monitor simultancously. One
recommended color monitor is the HP 35741A/B. A monochrome monitor, such as the
P 35731A/B, may also be used if the analyzer is operated in the monochrome mode.

RECOMMENDED TEST EQUIPMENT

Equipment required to test, adjust, and the system is listed in the beginning of the
Maintenance Manua! and the Service Manual. Other equipment may be substituted if it
meets or exceeds the listed critical specifications.
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instrument Specifications

These specifications are the performance standards or limits against which the instrument is
tested. When shipped from the factory, the HP 8751 A meets the specifications listed in this
section. The specification test procedures are covered in HP 87514 Mainienance Manual.

SOURCE

Frequency Characteristics

2 1T P 5 Hz to 500 MHz
Accuracy
at 23 o BT e +(20 ppm + 1 mHz)
at 0 to 55°C (with Opt. 001, 20 minutes after power on) ........... +(1.0 ppm + 1 mHz)}
Stability (at 23 £ 5°C)
AR 3 o +5x10°%/day
Typical with Opt. 001, 48 hours after power on ...................... +2.5%10°%/8 hours
ROt on o e 1 mHz

Output Power Characteristics

R e o e =50 to +15 dBm
RSOl U M o e 0.t dB
Level Accuracy (at 23 4£5°C, 0 dBm output level, 50 MHz) ... ... ... + 0.5dB
Flatness (at 23 £5°C, 0 dBm output level relative to 50 MHz)

BHz € Freq. < 1 MHz oo e e e + 2.0dB

1 MHz < Freq. <300 Mz . + 1.5dB

300 MHz < Freq. <500 MHz .. i 4 2.0 4B
Linearity (at 23 £5°C, relative to 0 dBm output level at 50 MHz)

Cutput Level > =35 dBm ... e + 0548

Output Level < =30 dBm ..o e e +1.5 dB
Impedance

N OmEna) o 50 O
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Return Loss (at 0 dBm, typical)

Spectral Purity Characteristics

Harmonics (at +10 dBm ocutput level}

Non-harmonic Spurious Signals {at 0 dBm output level)

Phase Noise (at 20 kHz offset from 0 dBm fundamental)

Sweep Characteristics

Frequency Sweep

Same as the Frequency Characteristics.

Power Sweep

Maximum Span

> 15 dB
....................... < =30 dBe
....................... < —45 dBce

< -75 dBc/Hz

25 dB to 35 dB

MNote
i

The sweep start power is determined by the

sweep stop power.

Stop Power Range

Start Power

4+ dBm to +15 dBm

> —20 dBm

—5 dBm to +5 dBm

> —30 dBm

—15 dBm to —-b dBm

> —40 dBm

-50 dBm to —15 dBm

> =50 dBm

Resolution

Linearity (at 23 £5°C, Reference: Stop Power)

Start Power > 45 dBm

Span < +20 dB

Span > 420 dB

CW Freq. < 300 MHz

(0.3 dB/10 dB + 0.2 dB)

(0.3 dB/10 dB + 1.0 dB)

CW Treg. > 300 MHz

+(1.0 dB/10 dB + 0.2 dB)

(1.0 dB/10 dB + 1.0 dB)

Start Power < —45 dBm

Span < 428 4B

Span < +20 dB

CW Freq. < 300 MHz

£(0.3 dB/10 dB + 1.2 dB)

+(0.3 dB/10 dB + 2.0 dB)

CW Freq. > 300 MHz

(1.0 dB/10 dB + 1.2 dB)

+(1.0 dB/10 dB + 2.0 dB)
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Others

Reverse Power Protection ........ . ... ...oiiiiiiiiiiiiiii, None {Neither AC nor DC)
Output Connector ........ .. ... ... e Type N female, 30 1, Single ended
RECEIVER

Input Characteristics

Frequency Range

Impedance

Nominal

Return Loss

Maximum Input Level

Damage Level

At ATT
At ATT

Noise Level (at 23 :£5°C)

........................................................ 5 Hz to 500 MHz
ATT = 0 dB ATT = 2048
5 Mz < Freq. < 100 MHz > 20 dB > 25 dB
100 MHz < Treq. < 300 MHz > 1b dB > 25 dB
306 MHz < Freq. < 500 MHz > 10dB > 2048
ATT = 0 dB ATT = 20 dB
5 He < Freq. < 4 kHz —26 dBm -6 dBm
4 kBz < Freq. < 10 kHz —21 dBm -1 dBm
10 kHz < Freq. < 500 MHz —20 dBm 0 dBm
............................................................................... +3V
0 A e e -+15 dBm
= 20 A e +2{ dBm
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[ dB o 0 dBm at ATT = 20 d3,
or to —20 dBm at ATT =G B |
80 -
TSR SR S t | REW = 4 kHz
90 : | RBW = 3 kHz
-5t | : " ‘n
100 d " — RBW = 200 Hz
-5 REN R o ey
i ' : ‘ o R 70 2 1 > 200 Ha
115
-120 : ‘ i
S0 0w Wk o0k M oM 100M 15
5 K 25
50k 500M
C2R007
Figure 2-1. Average Noise Level on Magnitude Measurement
IF Bandwidth (IFBW) ... 2 Hz, 20 Hz, 200 Hz, 1 kHz, and 4 kHz
Input Crosstalk (at the same ATT setting for both input ports)
Freq. < 10 KHZ) oo e < —95 dB
Fred, 2 10 KHZ i e e e e e e e e < —100 4B
Source Crosstalk {at +15 dBm output level, ATT = 0 dB)
Freqg. < 10 kHz oo e < —100 dB3
Freg. 2 10 kHz oo < —135 dB
Input Connector ... .. .. ..., Type N female, 50 €, single ended, 3 inputs (R, A, and B)

Magnitude Characteristics

Absolute Characteristics

Display Range (Refl. value can besel to) ... 500 dBm
Display Resolution {/divecan besetto)........ ..., 0.001 dB/div to 500 dB/div
Marker Resolution ... . .. i 0.001 dB or 5 digits

Absolute Amplitude Accuracy (at 23 £5°C, —30 dBm for ATT = 0 4B, or —10 dBm for
ATT = 20 dB)

Freg. < 300 MHz .o e e e +1.6 dB
300 MHz < Freq. <800 MHz oo +1.5 dB
Residual responses (excluding line related and CRT scan related component)

AtATT = 20dB o —100 dB to input level 0 dBm
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AMATT = 0dB . -~ 100 dB to input level —~20 dBm

Ratio Characteristics

Display Range (Ref. value can beset f0).....oooiiiiiii i +500 aB
Display Resolution (/diveanbeset to).............. ... ..., 0.001 dB/div to 500 dB/div
Marker Resolution .. ... .. i e 0.001 dB or 5 digits

Ratio Accuracy {at 23 & 5°C, the same ATT setting for both input ports -10 dB relative to
Input Range)

Freg, € 100 MEz o o e e e s +0.5 dB

100 Mz < Freq. <300 MHz ... o e +1.0 dB

300 MHz < Freq. <500 MHz ... +1.5 dB
Note Frequency response can be corrected by the calibration.

Dynamic Accuracy (At 23 £ 5°C, 20 Hz bandwidth, Freq. > 1 kHz)

s Typical

MO ACCURACY [48)

ST

20 0  Ref. -0 -26 -30 -40 -50 -60 70 -8O
INPUT LEVEL 4B
it Level: AR and B/R - Beho input fevel = -0 dBm @ATT = 20 dB) or ~30 dfm @ATT = O o3}
AR - Behinput Level = —10 dBm (@ATT = 20 4B or —30 oBm @ATT = 0 43}
Assumption @ Het iput Level = ~20 dBm @ATT = 20 dB} or ~40 d8m @ATT = 0 4B}

Figure 2-2. Dynamic Accuracy {Amplitude)
Trace Noise (at 1 kHz bandwidth, —10 dB full-scale, Freq. > 100 kHz) ...... < 10 mdB rms
=151 3 0.02 dB/°C

Phase Characteristics
Measurement Mode ... Normal/Expanded

Meagsurement Range
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Normal mode .. ..oviiiiii i +100 kdeg (no radian unit available)

Expanded mode ... e +5 Mdeg
Display Resolution ... i 107 deg/div to 10 kdeg/div
Marker Resolation

Normal mode ..o e e 0.01 deg. or 5 digits

Faxpanded Mode ..ot e e 5 digits

Frequency Response {at 23 &+ 5°C, deviation from linear phase, input level —10 dBm (ATT
= 20 dB) or =30 dBm {(ATT = 0 dB), ATTs are the same setting)

Freq. < 100 MHEZ . oot i e s +2.5 degree
100 MHz < Freq. €300 MHz oo +5.0 degree
300 MHz < Freg. <500 MMz . .o o +10.0 degree
Mote This specification is oaly for the deviation from linear phase. Frequency
4 response can be corrected by calibration.

Dynamic Accuracy {at 23 £ 5°C, 20 Hz bandwidth, Freq. > 1 kHz)

DR ARANT AT

a1

oo 10 Ref, -G -20 -3 -40 80 -BG 70 -BD
INPUT LEVEL 1dB]

A - Bk Input Level = ~10 dBm {@ATT = 20 B} or - 30 dBm @ATT = O dB)
Assumption © Hef, input Level = ~20 dSm @ATT = 20 dBl or —40 dBm (@ATT = O di})

Caloaces

Figure 2-3. Dynamic Accuracy (Phase)

Trace Noise (at Freq. > 100 kIz, 1 kHz bandwidth, input level —10 dBm (ATT = 20 dB)
or =30 dBm (ATT = 0dB) ..oor o e 50 mdeg rms

Y Y1 £ A R R 0.05 deg/°C
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Delay Characteristics

Aperture Frequency .................. 7\%9_%% to 100% of span, where N is Number of Points
Display Range {Ref. value can beset to}...... ... ... i, +10 psec to 0.5 sec
Display Resolution (/div can be set to) . ..o, 10 fsec/div to 10 sec/div

Accuracy (at = 23 +5°C)
In general, the following formula can be used to determine the accuracy, in seconds, of a
specific group delay measurement:

Phase Accuracy[deg]
360[deg] x Aperiure[deg]

Depending on the aperture, input level, and device length, the phase accuracy used in
either incremental phase accuracy or worst case phase accuracy.

DC Voltage Measurement Characteristics for INPUT B

LT + 2 Vie
ACCUTECY .« e + {05 % + 5 mV)
Damage Level L. e e + 3 Vdce

GENERAL CHARACTERISTICS
Operating Conditions

When disk drive is in operation

N T R AV <SP PO 10 to 50 °C

Humidity {at wet bulb < 29°C, without condensation) .............. 15% < RH < 80%
When disk drive is not in operation

eI PEratire L ettt et e e i 0 to 55 °C

Humidity {at wet bulb < 29°C, without condensation) .............. 15% < RH < 95%
Altitade ... oL e e e 0 to 4,500 meters (15,000 feet)
Warm Up TIme .o e e e e 30 minutes

Non-operating Conditions

TOIIPeTatlire ottt e -40 ta 60 °C

Humidity (at wet bulb < 29°C, without condensation) ..................... 15 % <95 %

Altitude 0 to 15,240 meters (50,000 feet)

Probe Power ........ ... i, +15 V {300 mA), ~12.6 V {160 mA}, GND
Safety ..o Based on TEC-348, UL 1244 certified by C5A 556B
B M L Based on FTZ 526/527
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Line Power

Voltage | Line Voltage Line MAX. VA
Selector Frequency

115V |90 to 132 V {47 to 66 Hz 1350

230V | 198 to 264 V 147 to 66 Hz | 350

AT 1 P 28 kg {Typ.)
Cabinet Dimensions 425(W) x 235(H) x 553(D) mm (Typ.)

REAR PANEL SPECIFICATIONS

I/O Buses

HP-IB interface
ANSI/IEEE 488.2 compatible. There is no address switch.

S-Parameter Test Set interface

Figure 2-4 shows pin assignments of the S-parameter test set interface.

>_.

23] <X
=t - o
<2 Y L
z a,
P = |
T i, ul
w <l [ == o
5o [ &

[ A R s ]
= % X
P S [ +
= o =
L B T
= b
e
-

C23200%

Figure 2-4, S-Parameter Test Set Interface Pin Assignments

The HP part number for the connection cable is 08503-60051.
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/O Port
See Appendix C in the Reference Manual.

BNC Conneciors

“EXT REF INPUT 10/N MHz” Connector

This inputs a frequency reference to phase lock the analyzer to an external frequency
standard.

Applicable inpuf signal is:

BT OQUENCY ottt e e e et lﬁq MHz 410 ppm, {N=1,2,5,10)
Amplitude .. 0 £5 dBm
Nominal Impedance ... e .. 5080

“REF OVEN (OPTION 001)” Conneclor

This outputs a frequency standard if Option 001 is installed. Output signal specifications
follow:

B equemiCy oo e e e 10 MHz £1.0 ppm
Ampltude .o e e e 0 £5 dBm
Nominal Tmpedance ..ot et D00

“INT REF QUTPUT” Connector
This outputs a frequency reference to an external instrument to phase lock it to the analyzer.

Output signal specifications follow:

e L Tc T, O S 18 MHz 420 ppm
3 3 L 0 +5 dBm
Nominal Impedance ... e e e B0

“EXT TRIGGER” Connector
This triggers a measurement sweep.

Trigger signal specifications follow (refer to Figure 2-5):
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Vil
Figure 2-5. Trigger Sighal
Vih e e +2Vio 45V
VL 0Vio+05YV
Sink current {I8) .o s fs < 0.4 mA
Pulse width (D) oo e Tp > 20 usec

Positive edge trigger

“EXT PROG RUN/CONT” Connecior

This externally triggers RUN/CONT of the Instrument BASIC program. The signal
specifications are the same with the “EXT TRIGGER” connector.

“EXT MONITOR” Connectors

These drive an external monitors. The signal specifications follow:

P eVl 0t 0.714V
H-sync. signal oo mixed in “G7” signal

FURNISHED ACCESSORIES

Accessory HP part numnber
Operation Manual 08751-90000
Maintenance Manual | 08751-90030

Floppy Disk 9164-029%
Power Cablet
BNC Adapter? 1250-1859

1 power cable depends on where is the
instrument used, see figure on the next page

2 Only option 001.
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OPTIGN 800 United Kingdom

Plug s BS 13634, 250V
Cable : HP 8128-1351

OPTION 90} Australin/New Zealand

Line

Plug : NZSS 198/A8 C112, 250V
Catle : HP 8120~138%

OPTION 402 European Continent

Eirth

B 11

farth \

Plug: CEE-VIL 2530V
Cabie : HP 8120- 1589

Beutrst

OPTION 303 0.8,/ Canada

S

-
Weutrg] a—— Line

Plug: NEMA 5-15P, 125V, I5A
Cable s HP B120-1378

QPTION 904 UL 5. fCanada

OPTION 905* Any eountry

Line )
Ling
T Earth Newtra) Fastt
Plug: NEMA 6-15P, 230V, 15A Plug : CEE 22-VI, 256V
Cable: WP 8120-0698 Cable: HP 8120-1396
OPFTION 908 Switzeriand OPFION 912 Denmark

'\ Neutrat
e
/

e Baeth

Line

Plug: BEV 1011.1859-24507 Type 12, 250V
Cable : HP 8120-2104

Neutra}

Plug: DHCR 107, 220V
Cable r HP 8126-2956

OPTION 917 india/Republic of S.Afriea

Uround-earth

/

Line

Meutral
Plug: SABS 154, 250V
Cable: HP 8320-4211

OPTION 918 Japan

Barth

Neutrai

Plug: JIS ¢ 8305, 125V, 154
Cable: HP 8§120-4753

Line

NOTE: Each option number includes a
family' of cords and connectors of various
materials and plug body configurations
(straight, 96 ° ete.)

Plug option 905 is frequently used for
interconneecting system components and
peripherals,

Figure 2-6. Power Cables Supplied
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TYPICAL SYSTEM PERFORMANCE

introduction

The performance of a network analyzer system depends not only on the performance of the
individual instruments, but also on the system configuration, the user-selected operating
conditions, and the measurement calibration.

This section explains the residual errors remaining in a measurement system after accuracy
enhancement. [t provides information to calculate the total measurement uncertainty of
different systems. Graphs at the beginning of the section show examples of the performance
that can be calculated using the methods in this section.

The sources of measurement errors are explained, with an error model flowgraph and
uncertainty equations. Information is provided for conversion of the dynamic accuracy error
{(in dB) to a linear value for use in the uncertainty equations. The effects of temperature drilt
on measurement uncertainty are illustrated with grapks.

Procedure and blank worksheets are supplied to compute the total error-corrected
measurement uncertainty of a system. These procedures combine the terms in the tables, the
uncertainty equation, and the nominal S-parameter data of the device under test.

Comparison Of Typical Error-Corrected Measurement Uncertainty

Figure 2-7 through Figure 2-14 are examples of the measurement uncertainty data that can be
calculated using the information provided in this section. These figures compare the reflection
and transmission measurement uncertainty of a 7 mm system using different levels of ervor
correction. Each figure shows uncorrected values and residual uncertainty values after full
two port calibraiion. The data applies to a frequency range of 100 kllz to 500 MHz with a
stable temperature (no temperature drift), using compatible 7 mm calibration devices from
the HP 850318 calibration kit, and setting the attenuators in input port A and B of the

HP 8751A to 20 dB.

The results graphed in Figure 2-7 through Figure 2-14 can be obtained using the HP 87511A.
Different measurement calibration procedures provide comparable measurement improvement
or the following compatible connector types and test sets (using the compatible calibration
kits):

s P 87511A with option 001 30Q {ype-N cannectors

® HP 875118 75Q) type-N connectors
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Reflection Uncertainty of a One-Port Device

eited

ryar 51 1epori calisration

F Assumptions im0 d3m
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Figure 2-7. Total Reflection Magnitude Uncertainty
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Figure 2-8. Tolal Reflecticn Phase Uncertainty
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Reflection Uncertainty of a Two-Port Device
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Figure 2-9. Total Reflections Magnitude Uncertainty
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Figure 2.10. Total Reflection Phase Uncertainty
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Transmission Uncertainty of a Low-Loss Device

Uncertainty (dB;

.87

el

1a REF -:if} 2B -38  —48 -8 ~E@ -7 1] -33

321 Insertion Loszs (dBJ

Power Lovel = -1 B

Figure 2-11. Total Transmission Magnitude Uncertainty

Unoertasnty (Degs

58

28

m REF 18 -2 -38 -4 -5 -~68 -7’4 -8 -49B

821 Insertion Loss {(di;

Assuinghion:

Figure 2-12. Total Transmission Phase Uncertainty
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Transmission Uncertainty of a Wide Dynamic Range Device

Uncertainty (dB)

&2
TREF -1 2R —3B  -40  -SB -8B —7B  -83 s —199

521 Inseriion Loss (dB)

Figure 2-13, Toial Transmission Magnitude Uncertainty
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Figure 2-14. Total Transmission Phase Uncertainty
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TYPES OF RESIDUAL MEASUREMENT ERRORS

Network analysis measurement errors can be separated into three types: systematic, random,
and drift errors. Measurement errors that remain after measurement calibration are called
residual measurement errors. See “Measurement Calibration” in the Reference Manual, for a
detailed description of the systematic errors corrected by measurement calibration.

Residual Systematic Errors

These errors result from imperfections in the calibration standards, connector standards
and interface, interconnecting cables, and instrumentation. These are the errors that affect
transmission and reflection measurements.

Transmission Measurements ! Reflection Measurements

Dynamic Accuracy
Effective Switch port match
Switch tracking
Frequeney error

Effective crosstalk Effective directivity
Effective load match Effective source match
Effective transmission tracking | Effective reflection tracking
Cable stability

Residual Random Errors

These non-repeatable errors are due to trace noise, noise floor, and connector repeatabilisy.
They affect both transmission and reflection measurements.

Residual Drift Errors

These errors stem from frequency drift and instrumentation drift. They affect both kinds of
measurements. Instrumentation drift is primarily temperature related.
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SYSTEM ERROR MODE

Any measurement result is the vector sum of the actual test device response plus all

error terms. The precise effect of each error term depends upon its magnitude and phase
relationship to the actual test device response. When the phase of an error response is not
known, phase is asswmed to be worst case {0 or 180 degrees). Random errors such as noise
and connector repeatability are generally combined in a root-sum-of the squares (RSS)
manner. The error term related to thermal drift is combined on a worst-case basis as shown in
each uncertainty equation given in the following paragraphs.

Figure 2-15 shows the error model for the analyzer with the HP 87511A /B S-parameter

test set. This error model shows the relationship of the various error sources in the forward
direction, and may be used to analyze overall measurement performance. The model for signal
fiow in the reverse direction is similar. Note the appearance of the dynamic accuracy, noise
errors, switch errors, and connector repeatability terms in both the reflection and transmission
pertions of the model.

[+
14Tt +THd
\
;_ _______ “ \\
HRn+Sn | S i 1+ Sz e s
& PR | \ b
T ] .
! 1
Rr+Sn E
‘ S S22l § Maw
- 1
Ra+8n i 1
i 1
P g T s hd 1 3 ’
Sz M
HAK+SH § 1 4R 452
Boom mm oem oo ot o o
PORT 1 DEVICE UNDER TEST PORT 2
CONNECTOR CONNECTOR
AND CABLE AND CABLE

CO3008

Figure 2-15. HP 8751A/87511A System Error Model
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Table 2-1. Parameters of System Error Model
A = Dynamic Accuracy D = Residual Directivity
(A = Magnitude Dynamie Accuracy)
(A,, = Phase Dynamic Accuracy)

Ny = Noige Floor M. = Residual Source Maich

Ny = High Level Noise M; = Residual Load Mateh

Tow = Switch Tracking C = Residoal Crosstalk

Mo — Switch Port Mateh T, = Residual Reflection Tracking

R,y = Port 1 Reflection Repeatability T, = Residual Transmission Tracking
By = Port ¢ Reflection Repeatability Sp1 = Port 1 Cable Reflection Stability
Ri1 = Port 1 Transmission Repeatability Spz = Pori 2 Cable Reflection Stability
Riz = Port 2 Transmission Repeatability St = Port 1 Cable Transmission Stability
Tra = Reflection Tracking Drift S.2 = Port 2 Cable Transmission Stability
Tia = Transmission Tracking Drift

For measurement of one-port devices, set the crosstalk {C), load match {My), transmission
tracking (Ty), port 2 connector repeatability {Ryq, Re2), and port 2 cable stability (5,2, S¢z)
error terms to zero.
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REFLECTION UNCERTAINTY EQUATIONS

Total Reflection Magnitude Uncertainty (Eym)

An analysis of the error mwodel yields an equation for the reflection magnitude uncertainty.
The equation contains all of the first order terms and the significant second order terms.

The error term related to thermal drift is combined or a worst case basis with the total of
systematic and random errors. The four terms wnder the radical are random in character and
are combined on an RSS basis. The terms in the systematic error group are combined on

a worst case basis, In all cases, the error terms and the S-parameters are treated as linear
absolute magnitudes.

Erm(linear) = Vr SliTrd(magn.itudc)

and
., By
Enflog) = 20log ( HES ﬁ)
where

V=S, 4+ W2+ X2+ Y2 472
Sy == systematic error
= (1 - TSW)(D + Sﬂ) -+ (r.fsw -+ Tr)Sll -+ (V{S“ + I\Iq + S:’l )S%I + I\/I]_SmSm -+ AWSH

W, == random low-level noise
= 3N;

X = random high-level noise
= 3Np55;

Y. = random portl repeatability
= Ryt + 2ResS1y + Rea STy

Zy = random pori? repeatability
= R:2521512

Total Reflection Phase Uncertainty (Exp)

Reflection phase uncertainty is determined from a comparison of the magnitude uncertainty
with the test signal magnitude. The worst case phase angle is computed. This result is
combined with the error terms related to thermal drift of the total system, port 1 cable
stability, and phase dynamic accuracy.

Vr - %SE H

i1

Iy = arcsin ( ) + Lrdphasey + 250 + Ay
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TRANSMISSION UNCERTAINTY EQUATIONS

Total Transmission Magnitude Uncertainty (Eyy)

An analysis of the error model in Figure 2-15 yields an equation for the transmission
magnitude uncertainty. The equation contains all of the first order terms and some of the
significant second order terms. The error term related to thermal drift is combined on a worst
case basis with the total of systematic and random errvors. The fours terms under the radical
are random in character and are combined on an RSS basis. The terms in the systematic error
group are combined on a worst case basis. In all cases, the error terms are treated as lincar
absolute magnitudes.

Etm(iinear) = Ve + S?ITtd(magnitude)

and
Etm)
E = 20log [ 1 2=
tm(log) g ( oy
where
Vem St W24 X2+ Y2+ 22
8¢ = systematic error

C + (Tsw + Te)Sa1 + (Maw + My + 510)S11521 + (Maw + My + 512)521522 + AwSa
Wi = random low-level noise
= 3N,
. = random high-level noise
=3NSy
Y, = random portl repeatability
Ri1Sa: + Ria 81152
random port2 repeatability
Reiz2S21 + ReaS2252

i

=

I

Zy

Total Transmission Phase Uncertainty (Ey)

Transmission phase uncertainty is calculated from a comparison of the magnitude uncertainty
with the test signal magnitude. The worst case phase angle is computed. This result is
combined with the error terms related to phase dynamic accuracy, cable phase stability, and
thermal drift of the total system.

‘/rf. - 14711521

Fip = arcsin (
1921

) + y, !tgj(ph,ase) + ‘9‘53 "‘}" 5!?)2 + f/ip
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DYNAMIC ACCURACY

The dynamic accuracy value used in the system uncertainty equations is oblained for the
analyzer’s dynamic accuracy specifications. The specification for magnitude dynamic accuracy
is in dB, and it must be converted to a linear value to be used in the UNCERTAINTY
equations. In addition, the HP 8751A’s dynamic accuracy specifications are given for an
absolute input signal in dBm, and nust be couverted to a relative ervor (relative to the power
at which the measurement calibration occurs) to be used in the system uncertainty equations.

Dynamic Accuracy (linear) = 10 D F1

Dynamic Accuracy (dB) = 20log{1 £ Dynamic Accuracy (linear))

Definitions

Pear = the calibration (thus the reference) power level at the instrument input port
{A or B} (i.e. when the short is measured in a reflection calibration OR when
the thru is measured in a transmission calibration}

Pieas = the measured input signal {dBm) when the DUT is measured

Residual dynamic accuracy = the residmal error remaining when Pyeae 15 equal to Py

Linace = refative dynamic accuracy (linear magnitude or phase} for the ratioed
measurement used in the linear system performance calcuiation

Lincal = dynamic accuracy (linear magnitude or phase) term for single input at Py

Linmeas = dynamic accuracy (linear magnitude or phase) term for single input at Prgas

Determining Relative Dynamic Accuracy Error Contribution

The example given here shows how to determine the relative dynamic accuracy error
contribution to a measurement in a ratio mode. Six example graphs are provided: Figure 2-16
and Figure 2-17 show the worst-case magnitude and phase dynamic accuracy error with a
reference power level of 0 dBm, Figure 2-18 and Figure 2-19 with a reference power leve] of
~20 dBm, and Figure 2-20 and Figure 2-21 with a reference power level of —60 dBm.

Table 2-2 shows the equations used to determine the relative dynamic accuracy error
contribution, when assuming the R channel inpaut power level is constant during calibration
and when measuring a DUT.

Table 2-2. Determining Relative Dynamic Accuracy (Linacc)

Poal 0 dBm> P., >—40 dBm —40 dBm> P, >=-100 dBm
Pioss 0 dBm> Puees »—40 dBm ~40 dBm>» Pmeas 2100 dBm | 0 dBm> Ppeas 2~100 dBm
Linacci ABS(Lincal — Linmeas} + Residual®'2 | Lincal + Linmeas — Residualls? Lincal 4 Linmeas

1 Residual Magnitude Dynamic Accuracy (linear} = 0.000645
2 Residual Phase Dynamic Accuracy = 0.08°
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Dynamic Accuracy Error Contribution
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Dynamic Accuracy Error Contribution
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Dynamic Accuracy Error Contribution
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EFFECTS OF TEMPERATURE DRIFT

Figere 2-22 to Figure 2-25 are graphs showing the effects of ternperature drift on
error-corrected measurement uncertainty values. Values are shown for changes of £1°C,
+3°C and £5°C from the ambient temperature. Figure 2-22 and Figure 2-23 show total
reflection magnitude and phase uncertainty with temperature drift following an Syy one-port
calibration. Figure 2-24 and Figure 2-25 show total transmission magnitude and phase
uncertainty with temperature drift following a full two-port error correction. The graphs
apply to measurementis up to 500 MHz.
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Temperature Drift with $44 One-Port Calibration
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Temperature Drift with Full Two-Port Calibration
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SYSTEM PERFORMANCE WITH DIFFERENT TEST SETS AND
CONNECTOR TYPES

The Tables in the following pages provides typical system performance for HP 8751A systems
using different test sets and different connector types. The values listed are for uncorrected
measurements and for corrected measurements after measurement calibration, The linear
value is shown in parenthesis under the dB value.

instrument Specifications  2-28



Table 2-3. Typical System Performance for Devices

T o b7 50 1 Type N 7 75 3 Type N 2 o4
Symbol Error Terms Uweorrected | Fall tweo port | Uacoreected | Fall two post | Uncoevectad | Full two paori
5] Directivity ~35 di ¥ 50 JdR F 5 dF Y B | A B s dp d iy dp ?
(L7107 | (07 ) (LT | (4T 07 | (zeax 107 | (sananT)
M Source Match -2 B -AG T e 20 di - 35 AR w0 R N N 1
{1} (.01} {01} {1.78x1077) (0.1} {1.76x167%)
T Reflection Tracking £1.0 48 406,05 B 1.0 dl $6G.06 4kl +1.0 db G066 dF
(L.2ex107) | (5.77x107%) § (122107 L {8s3x1073) | (122x107) | (6.03x 1Y)
My Load Match ~ 20 dh —42 dB 20 dB ~35 dB 20 dB ~55 dB
(6.1 (7.94%x107%) {0.1} {1.78x1077%) (0.1} (1.78x1072)
T, Trans. Tracking +1.0 4B +0.03 dB 4+1.0 4B +0.05 4B 41,0 4B +0.05 dB
(12231078 | (3.46x307%) | (12207 | rrxie™?) §{1.22x1070) | (5,77 )07
O Cross Talk -100 dB ~110 dB —~300 dB —110 dB —~100 JdB —~3110 dB
(1.00%107%) 1 (3.16x107%) | {1.00x107%) | (3.36x107%) | {1.00x10™%) | (3.16x107%)
Riq Fortl Refl, Connector —70 4B ~65 dB —65 dB
Repeatahility {Typical) {3.16x107%) (5.62x16™%) (5.62x107%)
Ry Portl Trans. Connector —T0 dB -85 dR —65 dB
Repeatability {Typical) {3.16%10™1) {5.62%107%) (5.62x107%)
Ri2 Port2 Refi. Connector —70 4B —65 dB —65 dB
Repeatability {Typical) {3.16x1074) (5.62x106™%) (5.62%1071)
Ryo Port? Trans, Connector —~70 dB -85 dB —-65dB
Repeatability {Typical) {31610} (5.62x10™%) (5.62x107%)
N; Low-Level Noise & 110 dBm ~118 dBm ~ 100 dBm
{3.16%10™%} {3.16x107°) (1.00x10™%}
Ny  |High Level Noise © 0.601 dB 0.001 dB 0.001 dB
{1.15x10™4) {1.15%x107%) (1.15%107%)
Am,Ap | Dynamic Accuracy Error Hefer te “Dynaric Accuracy” in this section
Syt Port 1 Cable Trans. 0,025 degrees 7 0.025 degrees 4 0.025 degrees 5
Phase Stability
S:1 | Port 1 Cable Reft. 7048 7 ~70dB ¥ —704B 8
Stability (3.16x 107 %) {3.16%107%) {3.16x107%)
Sz Fort 2 Cable Trans. 0.G25 degrees 7 0.025 degrees 7 §.025 degrees 8
Phase Stability
Sr2 | Fort 2 Cable Refl. ~76dB 7 ~70dB 7 ~70 4R &
Stability (3.16x10~ %) {3.16% 101} {3.16%107%)
Tia Trans. Tracking Drift Magnitude: 0.0015 /°C Magnitude: 8.0015 /°C Magnitude: ¢.0015 /°C
{(Typical) Phase: 0.2 degrees/°C Phase; 0.2 degrees/°C Phase: 0.2 degrees/°C
Tia Refl. Tracking Drift Magnitude: 0.015 /°C Magnitude: ¢.015 /°C Magnitude: 0.015 /°C
(Typical) Phase: 0.2 degrees/°C Phase: 0.2 degrees/°C Phase; 0.2 degrees/*C
Tsw Switch Tracking +£0.03dB  (3.46x107%)
Miw Switch Port Match 70 dB (3.16)(10“4)

1 Accuracy enhancement procedures are performed using HP 85031B 7 mm calibration kit.

2 Emvironmental temperature is 23°C £5°C at calibration: £1°C from calibration temperature must be maintained for valid

measurement calibration.

3 Accuracy enhancement procedures are performed using HP 850328 50 £ type-N calibration kit.

4 Accuracy enhancement procedures are performed using HP 850368 75 (i type-N calibration kit.
5 Frequency range is 300 kHz to 500 MHz.
6 With IF bandwidth of 20 Hz.
7 Asrived at by bending HP 11857D cables out perpendicular to front panel and reconnecting. Stability is better with less Hexing.

8 Arrived at by bending HP 1185878 cables out perpendicular to front panel and recormecting. Stability is better with less flexing.
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DETERMINING EXPECTED SYSTEM PERFORMANCE

The uncertainty equations, dynamic aceuvacy calculaiions, and tables of system performance
values provided in the preceding pages can be used to caleulate the expected system
performance. The following pages explain how to determine the residual errors of a particular
system and combine them o obtain total error-corrected residual uncertainty values, using
worksheets provided. The uncertainty graphs at the beginning of this System Performance
section are examples of the results that can be calculated using this information.

Procedures

Table 2-4 is a worksheet used to calculate the residual uncertainty in reflection measurements.
Table 2-5 is a worksheet for residual uncertainty in transmission measurements. determine
the linear values of the residual error terms and the nominal lincar S-parameter data of the
device under test as described below and enter these values in the worksheets. Then use

the instructions and equations in the worksheets to combine the residual errors for total
system uncertainty performance. The resulting total measurement uncertainty values have a
confidence factor of 99.9%.

S-parameter Values. Convert the S-parameters of the test device to their absolute linear
terms.

Noise Floor. Refer to the Receiver Noise Level Performance Test in the Maintenance Manual
to determine the actual noise floor performance of your measurement setup.

Crosstalk. Refer to the Inpui Crosstalk Performance Test, Connect an impedance-matched
load to each of the test ports and measure Sy or Sqy after calibration. Turn on the marker
statics function (see “Using Marker” in Reference Manual}, and measure the mean value of
the trace. Use the mean value plus one standard deviation as the residual crosstalk value of
your system.

Dynamic Accuracy. Determine the absolute linear magnitude dynamic accuracy as described
under Dynamie Accuraecy in the chapfer.

Other Error Terms. Refer te Table 2-3, depending on the test set and connector type in your
system. Find the absolute linear magnitude of the remaining error terms.

Combining Error Terms. Combine the above terms using the reflection or transmission
ancertainty equation in the worksheets.
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Table 2-4. Reflection Measwement Uncertainty Worksheet

In the coligmns below, enter the appro

wiake values for each term.

Precpiency:

Ervor Torm Syobrol dB Value Linear Value
Ehirectivity I
HeHection tracking T,
Seource match M.
Load match M;
Dynamic accuracy (magaitude) 1 Am
Dynamic accuracy (phase) i Ap

S11 S11

Saz S

Si2 S1z
Noise Hoor 2 Ny
High level noise 2 Ny
Connector reflection repeatability R, Biep
Connector transtmission repeatability R, BRin
Magnitude drift due to temperature Tra(mag}
Phase drift due to temperature Tya{phase}
Cable reftection stability 51, S
Cable transmission phase stability Se1, Sia
Switch Tracking Tsw
Switch Port Match M w

Magnitude

Combine Systematic Errors. In the space provided, enter the appropriate linear values from the list of errovs.
Then combine these errors to obtain the total sum of systematic errors.

{1 + Tsw)x(D + Sn1)

(Tew + Tr)x8yq,

{(Mew + 511 + MIxS811 %540
M xB21 X512

Am X Sy

Subtotal: k 4+ 14+ m+4+n+o

&)

{1

(m)

(n)

{ + 34 + ) =
¢ + )% =

{ + 4 ¥ X
X x sl
+ + + + =

Combine Random Ercors, In the space provided, enter the appropriate linear values from the list of errors.

Then combine these errors in an KRS8 fashion to obtain a total sum of the random errvors.

3AxN, ax = (w)
3AxNp xSy 3% X £3]
Rer + 2% R0 %511+ Rey x511%811 +2x X + X X = (¥}
Ry X521 X552 X X = {2)
VW R £y 4t N A S S S S S = (R}
Subtotal: S+ R = (Ve)
Total Magnitude Errors:

Erm{linear) = V; + Tralmag} x S +{ X } =

Erm{log) = 20 Log{14E;n /S11) 20 Log(1lk / V= 4aB
Phase

Eep = Arcsinl{Vy — AmxS8y1)/511] Arcsinf( - X i I+ +2x =+ degrees

+ Toa(phase) + 2xSui + Ap

1 With IF bandwidth of 20 Hz.

2 Inchuded in dynamic accuracy.
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Table 2-5. Transmission Measurement Uncerlainty Worksheet

In the columns below, enter the appro

sriate values for cach term.

Frecquency:

Error Term Symbol dB Value Linear Value
Crosstalk C
Transmission tracking Ty
Source match M,
Load match M;
Dynamic accuracy {magnitude) 1 Am
Dynamic accuracy (phase) 1 Ap
811 S13
Sa1 B21
Sz 813
S22 S22
Noise floor * N
High level noise 2 Ny,
Connector reflection repeatability Ry1, Rz
Connector transmission repeatability Res, Rz
Magnitude drift due to temperature T.q{mag)
Phase drift due to temperature Tia(phase}
Cable reflection stability Sy S4n
Cable transmission phase stability S, S
Switch Tracking Tsw
Switch Port Match Mow

Magnitude

Combine Systematic Errors. In the space provided, enter the appropriate linear values from the list of ervors.
Then combine these errors to obtain the total sum of systematic errors.

e}

(Tow + Tt} X S

(Maw 4+ Se1 4 M) %533 %50
(Msw + Sr2 + M) %S21 %892
Awm X Sy

Subtotal: k+1l4+m+n4 o

= (k)
)% = {1)

{ + + )% x = (m)
{ + + )% X = (n)
X = {o)

+ + + + = (5)

Combine Random Ervors. In the s

Then combine these errors in an RSS fashion to obtain a total sum of the random ervors,

pace provided, enter the appropriate linear values from the list of errors.

2 x N ax = {w)
3% Ny X 891 3x X = {x}
Rii%82: + Bri X811 %89 X + % % P {y)
Rz %821 + RiaxSay xS X -+ P % = (=)
V4R P R A SR SRS SN S S S (R)
S+R + = (Vi)
Total Magnitude Evrors:

Evm{linear} = Vy 4 Tyy(mag) x Sa +{ X V=

Eim{log) = 20 Log{1+F:n/521) 20 Log{1+ / ) = 4B
Phase

Etp = Aresin{{Vy — ArxS21)/S2:] Avesin{{ - X )/ i+ + + + =+ degrees

+ Ttd(l)hase) + Si1 4+ Sz 4+ Ap

1 With IF bandwidth of 20 Hz.

2 Included in dynamie accuracy.
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GUIDE TO THE CHAPTERS IN THIS DOCUMENT

For information on specific topics, refer to the index at the end of this volume.

Analyzer using either front panel controls, or an external controller. The information in this
reference is intended fo supplement the separately included tutorial documents in this volume
with additional details. It is divided into chapters providing the following information:

® Chapter 1 includes a block diagram and functional description of the analyzer system. This

ig followed by descriptions of the front panel features and display labels, and the rear panel
features and connectors.

Chapters 2 through 11 provide detailed information on front panel keys and softkeys, their
purpose and use, HP-IB equivalents in parentheses, and expected indications and resulis.
Specific areas of operation described in these chapters include calibration procedures for
accuracy enhancement, asing markers, imit testing, plotting and printing, and saving
instrument states.

Chapter 12 contains information for operating the system remotely with a controller
through HP-IB.

Appendix provides a complete listing of the instrument preset state, a map of the operating
softkey menu structure, information on I/O ports, and information on manual changes.

Error Messages lists analyzer error messages, with explanations.

Index lists an alphabetical index.

i



Safety Symbols
General definitions of safety symbols vsed on equipment or in manuals.

Tistruction manual symwbol: the product will be marked with this symbol
when it is necessary for the user to refer to the instruction manual in order to
protect againgt damage to the instrument.

Indicates dangerous voltage (terminais fed from the interior by voltage
exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical shock in case
of a fault. Used with wiring terminals to indicate the terminal whick must be
connected to ground before operating equipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for a signal
common, as well as providing protection against electrical shock in case of
fanit. A terminal marked with this symbol must be connected to ground
hefore operating the equipment.

Frame or chassis terminal. A coarection to the frame (chassis} of the
equipment which normally includes all exposed metal stractures.

Alternating current (power linej.

Direct current (power line).

Alternating or direct current (power line).

Warning denotes a hazard. It calls attention to a procedure, praciice,
condition or the like, which, if not correctly performed or adhered to, could
result in injury or death to personnel.

Warning

Cautlon sign denotes a hazard. It calls attention to a procedure, practice,
condition or the like, which, if not correctly performed or adhered to, could
result in damage to or destruction of part or all of the product.

Caution

Note denotes important information. It calls attention to a procedure,
practice, cordition or the like, which is essential to highlight.

Note
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System Overview

SYSTEM OVERVIEW

Network analyzers measure the reflection and transmission characteristics of devices and
networks by applying a known swept signal and measuring the response of the test device.
The signal transmitted through the device or refiected from its input is compared with the
incident signal generated by a swept RI source. The signals are applied to a receiver for
measurement, signal processing, and display. A network analyzer system consists of a source,
signal separation devices, & receiver, and a display.

The HP 8751A vector network analyzer integrates a high resolution synthesized RF source
and a dual channel three-input receiver {0 measure and display magnitude, phase, and group
delay of transmitted and reflected power. The HP 8751 A Option 602 has the additional
capability of programing the measurement sequence and controlling other HP-IB instrument
without an external controller. Other options are explained in the General Information and
Specifications sections. Figure -1 is a simplified block diagram of the network analyzer
system. A detailed block diagram of the analyzer is provided in the Service Manual {HP Part
Number:08751-90031), together with complete theory of system operation.

BHz
SHz to 500MHz
fo 500MHz R
RF OUT
SYNTHESIZED TEST SET Al RECEIVER jm—=| DISPLAY

SOURCE
B

e e DUT <

C200on1

Figure t-1. Simplified Block Diagram of the Network Analyzer System
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Overall Operation

The source RF signal is transmitted through the device under test (puT) and is then applied
to the B input of the receiver. The portion of the signal that reflects off the DUT’s input port
is coupled to the receiver’s A input. The A and B inputs are compared to the original signal
at the R input to characterize reflection and transmission response of the DUT,

The Built-In Synthesized Source

The analyzer’s built-in synthesized source produces a swept RF signal in the range of 5 Hs to
500 MHz. The RIF output power is leveled by an internal ALC (automatic leveling controf)
circuit. To achieve frequency accuracy and phase measuring capability, the analyzer is phase
locked to a highly stable crystal oscillator.

Test Sets

A test set provides connections to the device under test, as well as the signal separation
devices that separate the incident signal from the transmitted and reflected signals., The
incident signal is applied to the R {(reference]} input, and the reflected and transmitted signals
are applied to the A or B inputs.

The HP 87511A /B S-parameter test sets contain the hardware required to make simultaneous
transmission and reflection measurements in both the forward and reverse directions. An RF
path switch in the test set is controlled by the network analyzer so that reverse measurements
can be made without changing the connections to the device under test. The HP 87512A/B
Transmission/Reflection Test Kits contain the hardware required to make simultaneouns
transmission and reflection measurements in one direction only. The HP 11850C/D
three-way power splitters or the HP 11667A two-way power splitter can be used for making
transmission-only measurements.

The Receiver Block

The receiver block contains identical mixers for the R, A, and B inputs. The signals are
mixed to produce a 5 kHz IF (intermediate frequency) to be converted to digital data. Both
amplitude and phase information are measured simultaneously, regardless of what is displayed
on the CRT.

The Buili-in Attenuators

The built-in attenuators in the HP 8751A adjust the power level to the reference port and
test ports of the HP 8751 A without changing the level of the incident power to the DUT. The
built-in attenuators are controiled from the front panel of the analyzer.

The Microprocessors

The microprocessors take the raw data and perform all the required error correction, trace
math, formatting, scaling, and marker operations, according to the instructions from the front
panel. The formatted data is then displayed on the CRT. The data processing sequence is
described below.
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Calibration Standards

In addition to the analyzer and the test set (or power splitter), a measurement may reqguire
calibration standards for vector acesracy enhancement, and cables for interconnections. Model
numbers and details of compatible power splitters, calibration kits, and cables are provided in
the General Information and Specifications.
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DATA PROCESSING

Overview

The analyzer’s receiver converts the R, A, and B input signals into useful measurement
tnformation. This conversion oceurs in two main steps. First, the swept high {requency input
signals are translated to fixed low frequency IF signals, using analog mixiag technigues.

Refer to “Theory of Operation” in the Service Manual for details. Second, the IF signals are
converted into digital data by an analog-to-digital converter (ADC). From this point on, all
further signal processing is performed mathematically by the analyzer microprocessors. The
following paragraphs describe the sequence of math operations and the resulting data arrays
as the information flows from the ADC to the display. They provide a good foundation for
understanding most of the response functions, and the order in which they are performed.

Figure 1-2 is a data processing flow diagram that represents the flow of numerical data from
IF detection to display. The data passes through several math operations, denoted in the
figure by single-line boxes. Most of these operations can be selected and controlled with

the front panel RESPONSE block menus. The data is also stored in data arrays along the
way, denoted by double-line boxes. These arrays are places in the {low path where data is
accessible via HP-IB or using the internal disk drive.

important Concepts
e Stimulus is whatever is being measured on the display x-axis {frequency, or power).

m A data point or point is a single piece of data representing a measurement at a single
stimulus value. Most data processing operations are performed point-by-point; some involve
more than one point.

A sweep 1s a series of consecutive data point measurements, taken ever a sequence of
stimulus values, A few data processing operations require that a full sweep of data is
available. The number of points per sweep is user defined, while the default number of
points is 201. Note that the meaning of the stimulus values (independent variables) can
change, depending on the sweep type, although this does not generally aflect the data
processing path. Examples of sweep fypes are linear frequency, logarithmic frequency, power
sweep. Frequency list mode is the last sweep type, it allows you to choose specific stimulus
points to be measured.
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Figure 1-2. Data Processing Flow Diagram
Note While only a single flow path is shown, two identical paths are available,

corresponding to channel 1 and channel 2. When the channels are uncoupled,
each channel can be independently controlled, so that the data processing
operations for one are different from the other.
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Processing Details

The ADCs

The ADCs at every port (R, A, and B} convert an analog signal, which is already
down-converted to a fixed low frequency IF, into digital data. Refer to “(Meas) KEY™ in
Chapter 6 for more information on inputs.

Bigital Filter

The digital filter detects the IF signal by performing a discrete Fourier transform (DET) on
the digital data. The samples are converted into complex number pairs, real plus imaginary,
R-+-jI, which represent both the magnitude and phase of the IF signal. If the Bdc input is
selected, the imaginary part of the pair is set to zero. The filter shape can be altered by
selecting the IF bandwidth from among 2, 20, 200. 1 k, and 4 kHz, which is a highly effective
technique for noise reduction. Refer to “(ave] KEY” in Chapter 6 for information on different
noise reduction techniques.,

IF Carrection

This process digitally corrects for frequency response errors in the analog down conversion
path.

Ratio Calculations

These are performed if the selected measurement is a ratio of two inputs {(e.g. A/R or B/R).
This is simply a complex divide operation. If the selected measurement is absolute (e.g. A or
B), no operation is performed. The R, A, and B values are also split into channel data at this
point. Refer to “(MEAS) KEY” in Chapter 6 for more information.

Input Attenuator Correction

If the built-in attenuafor is used, this corrects the value to be equal to what it was before
being attenuated.

Sweep-io-sweep Averaging

This is one of the noise reduction techniques. This caleulation involves taking the complex
exponential average of up to 999 consecutive sweeps. Refer to “(ave) KEY” in Chapter 6.
Raw Data Arrays

These store the results of all the preceding data processing operations. When full 2-port error
correction is on, the raw data arrays contain all four S-parameter measurements required for
accuracy enhancement. When the channels are uncoupled (coupled channels off ), there may
be as many as eight raw data arrays. These arrays are directly accessible via HP-13, or using
the internal disk drive. Note that the numbers here are still complex pairs.

Vector Error Correction {accuracy enhancement)

When a measurement calibration has been performed and correction is turned on, error
correction removes repeatable systematic errors, stored in the calibration coefficient arrays,
from the raw data arrays. This can vary from simple vector normalization to full 12-term
error correction. Refer to Chapter 7 for details.
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The calibration coetficient arrays themselves are created during @ measurement calibration
using data from the raw data arrays. These are subsequently used whenever correction is on,
and are accessible vie HPIB, or using the internal disk drive.

The results of error correction are stored in the data arrays as complex number pairs. These
arrays are sccessible via HP-IH, or using the internal disk drive.

Il the deta-te-memory operation is performed, the data arrays wre copied inte the memory
arrays. Refer to “(Dispiay} KEY” in Chapter 6.

Trace Math Operation

This selects either the data array, memory array, or both to continue flowing through the data
processing path. In addition, the complex ratio of the two (data/memory) or the difference
{(data—memory) can alsc be selected. If memory is displayed, the data from the memory
arrays goes through exactly the same data processing flow path as the data from the data
arrays. Refer to “(Dispiav} KEY” in Chapter 6 for information on memory math functions.

The Delay Block (Electrical Delay}

This involves adding or subtracting a linear phase in proportion to frequency. This is
equivalent to “line-stretching” or artificially moving the measurement reference plane. Refer
scate REF) KEY” in Chapter 6 for details.

Conjugate Matching

This simulates matching circuits at the end of the BUT in order to match the DUT to
the system characteristic impedance, Parameters of the provided matching cireuits will be
calculated.

Conversion Transforms

This transforms the measured S-parameter data to the equivalent complex impedance (7}
or admittance (Y) values, or to inverse $-parameters (1/5}. Refer to “Conversion Menu” in
Chapter 6

Unformat Data Arrays

This arrays hold the complex number pairs which will be converted into a scalar number in
the next stage. The arrays are accessible using the internal disk drive.

Formatting

This converts the complex number pairs into a scalar representation for display, according to
the selected format. This includes group delay calculations. These formats are often easier to
interpret than the complex number representation. (Polar and Smith chart formats are not
affected by the scalar formatting.) Note that after formatting, it is impossible to recover the
complex data. Refer to “(FORMAT } KEY” in Chapter € for information on the different lormats
available and onr group delay principles.

Smoothing

This is one of the noise reduction techniques, that smooths neise on the trace. When
smoothing is on, each point in a sweep is replaced by the moving average value of several
adjacent (formatted) points. The number of points inciuded depends on the user defined
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smoothing aperture. The effect is similar to video filtering. If data and memory are displayed,
smoothing is performed on both data and memory traces. Refer to “(ave) KEY™ in Chapter 6
for information about smoothing.

Formal Arrays

The results so far are stored in the format arrays. It is important to note that marker values
and marker functions are all derived from the format arrays. Limit testing is also performed
on the formatted data. The format arrays are accessible via HP-IB, or using the internal disk
drive.

Scaling

These operations prepare the formatted data for display on the CRT. This is where
the reference line position, reference line value, and scale calculations are performed, as

appropriate to the format. Refer to “(Scate rer} KEY” in Chapter 6.

Display Memory

The display memory stores the display image for presentation on the display. The information
here includes graticules, annotation, and softkey labels - everything visible on the display.
When the display is prinied or plotted, the information sent to the printers or plotter is taken
from display memory. Finally, the display memory data is sent to the display.
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Front and Rear Panel

INTRODUCTION

This chapter describes the analyzer operation using its front panel controls, and explains the
use of softkey menus. It provides illustrations and descriptions of the front panel features, the
CRT display and iis labels, and the rear panel features and connectors.

Analyzer functions are activated from the front panel by the operator using front panel keys
or softkeys. In this manual, all front panel keys and softkey labels are shown as and

ACTIVE FUNCTION

The function currently activated is called the active function, and is displayed in the active
entry area at the upper left of the display. As long as a function is active it can be modified
with the ENTRY keypad (refer to “ENTRY BLOCK KEYS” in Chapter 4). A function
remains active until another function is selected, or (ENTRY OFF} is pressed.

FRONT PANEL KEYS AND SOFTKEY MENUS

Some of the front panel keys change instrument functions directly, and others provide access
to additional functions available in softkey menus. Softkey menus are lists of up to eight
related functions that can be displayed in the softkey label area at the right-hand side of the
display. The eight keys to the right of the CRT are the softkeys. Pressing one of the soltkeys
selects the adjacent menu function. This either executes the labeled function and makes it
the active function, causes instrument status information to be displayed, or presents another
softkey menu.

Some of the analyzer’s menns are accessed directly from front panel keys, and some from other
menus. For example, the stimulus menu accessed by pressing the key presents all the
stimulus functions such as sweep type, number of points, power, sweep time, and trigger.
Pressing b of PBINTS allows the required number of points per sweep to be entered

directly from the number pad. The RE Ril. softkeys returns to previous menus, while DDNE

both indicates completion of a specific procedure and returns to an earlier menu.

Usually, whenever a menu changes, the present active function is cleared, unless it is an active
marker function.
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Softkeys that are Joined by Vertical Lines

In cases where several possible cholces are available for a function, they are joined by vertical
lines. For example, in the input menn under the key, the available inputs and input
rations are listed: A, B, R, A/R, B/R. A/B, and oaly one can be selected at a time. When a
selection has been made from the listed alternatives, that selection is underlined antii another
selection is made.

Softkeys That Toggle On or Off

Some softkey functions can be toggled ON or OFF, for example averaging, and this is
indicated in the softkey label. The current state, ON or OFF, is capitalized in the softkey
label,

Example:

The word ON is capitalized, showing that averaging is eurrently
on.

The word OFF is capitalized, showing that averaging is
currently off.

Softkeys that Show Status Indications in Brackets

Some s‘oftkoy la‘;)cfis show ’cho current statt}s of a funciion in blackets These inc]udo

1 he IF BH @ofﬁney is an example of a
status- on]y indicator whcu the selec ted Va§ue of the If' bandwidth is shown in brackets in the
softkey label.

Function Key Blocks

The front panel keys that provide access to softkey menus are grouped into the STIMULUS,
RESPONSE, and INSTRUMENT STATE function blocks.

Stimulus Bloek

The stimuius block keys and softkey menus control all the functions of the test signal source,

Response Block

The response block keys and softkey menus control the measurement and display fanctions
specific to the active channel.

Instrument State Block

The instrument state block keys and softkev menus control channel-independent system
function such as printing and plotting, save/recall, and HP-IB controlier mode. In addition,
major features such as limit testing, and Instrument BASIC (Option 002) are accessed under

the key.

The Instrument BASIC allows a BASIC program entry using a full keybeard, to automate
DUT measurement. Instrument BASIC may also be configured to run automatically at power
on. This fanction also allows the operator to control external HP-1B instrument from the
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anatyzer. The Instrument BASIC Operation Monual, included in Option 002, describes this
feature.

HP-IB Control

The functions sccessible from the front panel can also be accessed remotely by an external
controlier using HP-IB, or the Instrument BASIC function (Option 002), Equivalent HP-IB
commands are available for most of the front panel keys and softkey menu selections. The
HP-IB programming command equivalent to each front panel and softkev function is provided
in parentheses after the first reference. Additional information about HP-IB programming is
provided in HP-IB Programing Manual.

Infermation on Keys and Softkeys

The following chapters describe all the front panel keys and softkey menus in detail. The
purpose and use of each function is detailed, together with expected indications and results,
allowable values, and possible limitations, This information is presented in function block
order. Each function block is illustrated and described in general terms. This is followed

by information about each front panel key in the function block, together with a map and
description of all the menus accessed from that key. Each menu is illustrated, and each softkey
function in each menu is explained in detail. A complete map of the softkey menu structure is
provided in Appendix B at the end of this reference, together with an alphabetical index.
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FRONT PANEL FEATURES
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Figure 2-1. HP 8751C Front Panel

Figure 2-1 illustrates the following features and function blocks of the analyzer front pénei.
These features are described in more detail in this and subsequent chapters.

Caution A properly grounded AC outlet is mandatory when operating the analyzer.
- Operating the instrument with an improperly grounded or floating ground
prong WILL DAMAGE THE INSTRUMENT!

1. LINE switch. This cantrols AC power to the analyzer. 1 1s ON, 0 is OFF.

2. URT display. This is used for display of data traces, measurement annotation, softkey
labels, and other information. The display is divided into specific information areas,
illustrated in Figure 2-2.

3. Softkeys. These keys expand the capabilities of the analyzer with additional functions
beyond those of the front panel keys. They provide access to menu selections displayed on
the CRT.

4, STIMULUS function block. The keys in this block control the RF signal from the
analyzer’s source, and other stimulus functions.

5. RESPONSE function block. The keys in this block control the measurement and display
functions of the active display channel.
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6.

0.

il

12.

13.
14.

ACTIVE CHANNEL keys. These keys select the active channel from two independent

dispiay channels. Any functions then entered apply to this active channel.

The ENTRY block includes the knob, the step (1) (1) keys, and the number pad. These are

for entering numerical data and controliing the marker,

INSTRUMENT STATE function dock. These keys control channel-independent system

funictions such ag the following:

® Limit testing {under the (s¥YsTEM) key ).

@ Real time clock setting (under the (system} key).

& Instrament BASIC (Option 002) (under the (SYsTEM) key).

®# Changing the HP-IB addresses used by the analyzer when controlling external devices
(printer, plotter). This done through the key.

g Printing and plotting (under the key).
® Save/Recall, under their respective keys.

. (PreseT) key. This key returns the instrument to a known standard preset state from any

step of any manual procedure. A complete listing of the instrument preset conditions is
provided in Appendix A.

Network analyzer inputs R, A, and B. These receive input signals from a test set, souzce,
or device under test. Input R is used as the reference input, Input B is alse used as the dc
voltage input. The input impedance of each input is 50 1.

PROBE POWER connector. This connector {fused inside the instrument) supplies power
to an active probe for in-circuit measurements of AC circuits. Applicable active probes
are described in the General Information section.

RF OUT connector. This connects the RT output signal from the analyzer’s internal
source to a test set or power splitter. The output impedance of this connector is 50 Q.

HP-HIL connector. This connects the keyboard to use the Instrument BASIC.

Built-in Flexible Disk Drive. This stores the data measured, instrument status, list sweep
tables, and Instrument BASIC programs. Disk format is LIF (logical interchange format).
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Figure 2-2. CRY Display (Single Channel, Cartesian Format)

The CRT displays the grid on which the measurement data is plotted, the currently selected
measurement traces, and other information describing the measurement. Figure 2-2 illustrates
the locations of the different CRT information labels, described below.

In addition to the full-screen display shown in Figure 2-2, a split display is available, as
described under “(DisPLAY] KEY” in Chapter 6. In this case, information labels are provided
for each half of the display.

Several different display formats for different measurements are illustrated and described in
“(FoRMAT) KEY? in Chapter 6.
The screen can be also used for the Instrument BASIC display. The Instrument BASIC uses a
full-screen display or a half-screen display below a graticule display.
The following describe the information labels in detail.

1. Active Channel is the number of the current active channel, selected with the

(AcTivE cHANNEL ) keys. If dual channel is ON with an overlaid display, both channel 1 and
channel 2 appear in this area.

2. Measured Input(s) shows the S-parameter, input, or ratio of inputs currently measured, as
selected using the key. The current display memory status is also indicated in this
area.
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10.

1%.

Format is the display format selected using the [FORMAT] key.
Scale/Div is the scale selected using the (SCALE REF] key, in units appropriate to the

current measurement.

Reference Level is the value of a reference line in Cartesian formats or the outer eircle in
polar formats, selected using the (scaLe REF ) key. However the reference line is invisible, it
is indicated by a small triangle adjacent to the graticnle at the left.

Muarker Dala Readou!l are the values of the active arker, in units appropriate to the
carrent measurement. Refer to Chapter 8.

Marker Stotistics, Width Value are statistical marker values determined using the menus
accessed with the (Mkr fcTn] key. Refer to Chapter 8 .

Softkey Labels are menu labels displayed on the CRT that redefine the function of the
softkeys immediately to the right of the CRT.

Pass/Fail are used for limit testing using limit line. Refer to “LIMIT LINE AND LIMIT
TESTING” in Chapter 9.

Stimulus Stop Value is the stop frequency of the source in frequency domain
measurements, or the upper limit of a power sweep. When the stimalus is in center/span
mode, the span is shown in this space. The stimulus values can be blanked, as described

under “{(DISPLAY] KEY” in Chapter 6.

Stimulus Start Value is the start frequency of the source in frequency domain
measurements, or the lower power value in power sweep. When the stimulus is in
center /span mode, the center stimulus value is shown in this space.

(For power sweep measurements, the CW frequency is displayed centered hetween the
start and stop power values.)
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12. Status Notations is the current stafus of various funciions for the active channel, The
following notations are used:

Avg Sweep-to-sweep averaging is ON. The averaging count is shown
immediatelv below {see “(avc} KEY” in Chapter 6},

Cor Error correction is ON (see Chapter 7).

Cc7 Sthnulus parameters have changed, and interpolated error correction 1
ON (see “{cai} Key” in Chapter 7).

cH Stimulus parameters have changed. and interpolated error correction is

not available (see “(caL] Key” in Chapter 7).

€2 Two-port error correction is ON (see Chapter 7).

carz Two-port error correction is ON, but stimulus parameters have changed,
and interpolated error correction is ON.

g2 Two-port error correction is ON, but stimulus parameters have changed,
and interpolated error correction is not available,

Del Flectrical delay, port extension, or phase offset has been added or
subtracted (see “(scALE REF} KEY™ in Chapter 6).

{nj Conjugate Matching is ON.

Ext Waiting for an external trigger.

Hid Hold sweep (see “Trigger Menu” in Chapter 5).

msH “msH” indicates that the mechanical switch hold mode is engaged. The

user has selected a mode of operation which would cause repeated
switching of either the test port transfer switch in S-parameter test set
or the mechanical switch in the analyzer. For more information refer to
Chapter 5.

Sve A service mode is tarned on. [f this notation is shown, the measurement
data wili be out of specifications. {Refer to Maintenance Manual.)

Pl Source power has been automatically set to minimum due to overload at
the input {see “Power Menu” in Chapter 5).

Smo Trace smoothing is ON (see “(av} KEY” in Chapter 6).
* Source parameters changed: measured data in doubt until a complete

fresh sweep has been taken.

13. Conjugate Maiching Circuit Parameters are the derived parameters by the conjugate
matching function. Refer to “Conjugate Matching Menu” in Chapter 6.

14. Active Entry Area displays the active function and its current value.
15. Message Area displays prompts or error messages.
16. HP-IB “REMQOTE” Indicator displays “RMT” when the analyzer is in the remote state.

17. Title is a descriptive alpha-numeric string title defined by the user and entered as
described at “Title Menu” in Chapter 6 under “(DispLaY) KEY” in Chapter 6.
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MNote The information provided here appiies to Cartesian formats. In polar and
Swmith chart formats labeling may differ.

REAR PANEL FEATURES AND CONNECTORS
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Figure 2-3. HP 8751A Rear Panel

Figure 2-3 illustrates the features and connectors of the rear panel, described below.
Requirements for input signals to the rear panel connectors are provided in the General
Characteristics table of the General Information and Specifications section.

1. HP-IB connector. This connects the analyzer to an external controller and other
instruments in an automated system. This connector is also used when the analyzer itself
is the controller of compatible peripherals. Refer to Chapter 12,

2. TEST SET INTERCONNECT . This connects the analyzer to an HP 87511A/B
S-parameter test set using the interconnect cable supplied with the test set. The test set
is then fully controlled by the analyzer. The HP 87512A/B transmission/reflection test
kits do not use this interconnection.

3. I/0 port connector. See Appendix C for complete information.
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4.

16.
11.
12.
13.

14,

16.

Serial number plate. Yor information about serial nusnbers, refer to “Instruments Covered
by This Manual” in the General Information.

EXT PROG RUN/CONT connecior. This externally triggers RUN or CONT of the
Instrument BASIC program. At positive-going edge of a pulse more than 20 psec wide in
the LOW status will trigger RUN or CON'T. The signal is TTL-compatible.

. EXT TRIGGER connector. This triggers a measurement sweep, At the positive-going

edge of a pulse with more than 20 psec wide in the LOW status will start a measurement.
The signal is TTL-compatible. To use this connector, set the trigger mode to external

using softkey functions (see “Trigger Menu” in Chapter 3).

INT REF QUTPUT connector. This connects a frequency reference input of an external
instrument to phase lock it to the HP 8751A.

EXT REF INPUT connector. This inputs a frequency reference signal to phase lock the
analyzer to an external frequency standard for increased frequency accuracy.

When the HP 8751A is equipped with the external oven {Option 001}, this conunector
must be connected to REF OVEN connector.

The external frequency reference feature is automatically enabled when a signal is
connected to this input. When the signal is removed, the analyzer automatically switches
back to its internal frequency reference.

REF OVEN (Option 001) connector connects to the EX'T REF INPUT connector, when
Option 001 is installed. Option 001 improves the frequency accuracy and stability of the
analyzer.

Fan. This provides forced-air cooling for the analyzer.
RED conmnector.
GREEN connector.

BLUE connector. The red, green, and blue video output connectors provide analog red,
green, and blue video signals which can drive an external color monitor such as the

HP 35718 or monochrome monitor such as the HP 33731B. Other analog multi-sync
monitors can be used if they are comupatible with the analyzer’s 25.5 kHz scan rate and
video levels: 1 Vp-p, 0.7 V = white, 0 V = black, —0.3 V syne, sync on green.

A monochrome display with applicable input specifications can also be connected to the
BLUE connector.

Safety warnings.
Line voltage selector switch. Refer to “Line Voltage” in the User’s Guide.

Power cord receptacle, with fuse.
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Active Channel Block

ACTIVE CHANNEL KEYS

The analyzer has two digital channels for independent measurement and display of data.

Two different sets of data can be measured simultaneously, for example the reflection and
transmission characteristics of a device, or one measurement with twe different frequency
spans. The data can be displayed separately or simultaneously, as described below.

The HP-IB programming command is shown in parenthesis following the key or softkey.

e ACTIVE CHANNEL mmmmmmsmminm,

2

feruikivii]

Figure 3-1. Active Channel Keys

The (cH 1) (CHAN1) and (CH 2} (CHAN2) keys illustrated in Figure 3-1 select which channel is
the active channel. This is the channel currently controlled by the front panel keys, and
its trace and data annotations are displaved on the display. All channel specific functions
selected apply fo the active channel. The current active channel is indicated by an amber
LED adjacent to the corresponding channel kev.

The analyzer has dual trace capability, so that both the active and inactive channel traces can
be displayed, either overlaid or on separate graticules (split display). The dual channel and
split display features are available in the display menus. Refer to Chapter 6 for illustrations
and descriptions of the different display capabilities.

Stimulus values can be coupled or uncoupled between the two channels, independent of the
dual channel and split display functions. Refer to “(MENU} KEY” in Chapter 5 for a listing of
the source values that are coupled in stimulus coupled mode.

Another coupling capability is coupled markers. Measurement markers can have the same
stimulus values for the two channels, or they can be uncoupled for independent control in each
channel. Refer to Chapter 8 for more information about markers.
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Entry Block

ENTRY BLOCK KEYS

The ENTRY block, illustrated in Figure 4-1, provides the numeric and units keypad, the
knob, and the stcp keys. These are used in combination with other front panel keys and
softkeys to modify the active entry, to enter or change numeric data, and to change the value
of the active marker. In general the keypad, knob, and step keys can be used interchangeably.

Before a function can be modified, it must be made the active function by pressing a front
panel key or softkey. It can then be modified directly with the knob, the step keys, or the
digits keys and a terminator, as described below.

GEOOA0G

Figure 4-1. Entry Block

The numeric keypad selects digits, decimal point, and minus sign for numerical entries. A
units terminator is required, as described below. The HP-IB programming command is shown
in parenthesis following the key or softkey.

The units terminator keys are the four keys in the right-hand column of the keypad. These
specify units of numerical entries from the keypad and at the same time terminate the entrles.
A numerical entry is incomplete until a terminator is supplied, and this is indicated by the
data entry arrow “«7 pointing at the last entered digit in the active entry area. When the
units terminator key is pressed, the arrow is replaced by the units selected. The units are
abbreviated on the terminator keys as follows:
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(G, N, KEY 43} Giga/nano (10Y [ 10°9)
(MA, U, KEY 42) Mega/micro {(10¢ / 107%)

(K, M, KEY 41} kilo/milli (10 / 10°%)
(KEY 40) hasic units: dB, dBm, degrees, seconds, Hz, or dB/CGHz (may be

used to terminate unitiess entries such as averaging factor). No
HP-IB commands must be required.

Note The suflix unit MHZ is a special case which should not be confused with
MAHY or mHZ.

FThe knob adjusts continuously te current values for various functions such as scale, reference
level, and others. Il a marker is turned on, and no other function is active, the knob can
adjust the marker position. Values changed by the knob are effective immediately, and require
no units terminator.

The step keys ([} (KEY 24) and (}) (KEY 25} step the current value of the active function up
or down. The steps are predetermined and cannot be altered. No units terminator is required
with these two keys.

(KEY 26) clears and turns off the active entry area, as well as any displayed
prompts, ervor messages, or warnings. Use this function to clear the display before plotting.
This key also prevents changing of active values by accidentally moving the knob. The next
selected function turns the active entry area back on.

key{KEY 27) deletes the last entry, or the last digit entered from the numeric
keypad.
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Stimulus Function Block

INTRODUCTION

STIMULUS

ferin il ]

Figure 5-1. Stimulus Function Block

The stimulus fanction block keys and associated menus define and control the source RF
oatput signal to the device under test. The source signal can be swept over any portion of the
instrument’s frequency and power range. The menus set all other source characteristics such
as sweep time and resolution, source RF power level, the number of data points taken during

the sweep, and S-parameter test set attenuation.

Refer to the Specifications in the GENERAL INFORMATION for some power

sweep range restrictions.

Note
f

The HP-IB programming command is shown in parenthesis following the key or softkey.
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MECHANICAL SWITCH HOLD

Cutput Power Swiich

A mechanical switch in the analyzer sets the output power level. When the dual channel is
ON and the power levels of each channel is different, measurement configuration requires
continuous switching. But to avoid premature wearing out of the output power switclh,
continuous switching is not atlowed, and the notation “msH” is displayed at the left of the
screen. (If averaging is ON, the hold mode will not engage until the specified number of
sweeps are completed.)

Test Port Transfer Switch

An S-parameter test set can only send power to one test port at a time. A mechanical transfer
switch in the test set sends power to either port 1 or port 2. To avoid premature weating out
of the transfer switch, measurement configurations requiring continuous switching are not
allowed. The following examples explain how the analyzer prevents continuous switching:

A full two-port calibration requires all four S-parameters be measured for each sweep.
This would require the transfer switch to engage twice each sweep. To prevent continuous
switching, only the first measurement uses the transfer switeh to measure all four
S-parameters. Subsequent sweeps do not use the switch and ouly two S-parameters are
measured. The MEASURE RESTART and NUMBER of GROUPS softkevs can override this
protection feature and allow measurement of all four §- parameters.

® When port 1 and port 2 are driven by different channels and dual channel display is turned
on, the transfer switch would switch repeatedly between channels. To prevent continuous
switching, the analyzer automatically engages the test set hold mode. {The status
annotation “msH” appears on the left side of the display.} I averaging is ON, the hold mode
will not enga@e untﬂ tho %pemﬁed number of sweeps are aompleted The MEASURE RES-' y :'-RT

O(,CUI

These softkeys allow measurements which demand repetitive switching of the mechanical
transfer switch. Use these softkeys with caution, repetitive switching will cause premature
wearing out of the switches.

causes one measurement to occur.
® NUMBER of GROUPS causes a specified number of measurements to occur.

These softkeys are explained in detail later in this chapter.
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(starT ), (stor), (cEnTER ), AND KEYS

The HP-1B programming command is shown in parenthesis following the key or softkey.

(STAR)

(5707)

(cEnT)

(SPAN)
These keys define the frequency range or power range of the stimulus. The range can be
expressed as either start/stop or center/span. When one of these keys is pressed, its function
becomes the active function. The value is displayed in the active entry area and can be
changed with the knob, step kevs, or numeric keypad. Current stimulas values for the active

channel are also displayed along the bottom of the graticule. Frequency values can be a blank
for security purposes, using the display menus.

The preset stimulus mode is frequency, and the start and stop stimulus values are set to 5 Hz
(or 100 kHz when an S-parameter test set is connected) and 500 MHz respectively. In power
sweep, the stimulus value is in dBm.

Because the display channels are independent, the stimulus signals for the two channels can
be uncoupled and their values set independently. The values are then displayed separately
on the display if the analyzer is in dual channel display mode. In the uncoupled mode with
dual channel display the analyzer takes alternate sweeps to measure the two sets of data.
Channel stimulus coupling is explained in this chapter, and dual channel display capabilities
are explained in Chapter 6 .
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STIMULUS
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Figure 5-2. Softkey Menus Accessed from the Key
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The HP-IB programming command is shown in parenthesis following the key or softkey.

The (MERU) (KEY 19) key provides access to the series of menus illostrated in Figure 53 .
which define and control all stimulus functions other than start, stop, center, and span. When
the key is pressed, the stiinulus menu is displayed. This in twin provides access to the
other softkey menus. The functions available in these menus are described in the followings.

Stimulus Menu

The stimulus menu specifies the number ol measurement points per sweep, and CW frequency.
It includes the capability to couple or uncouple the stimulus functions of the two display
channels, and the measurement restart function. In addition, it leads to other softkey menus
that define power level, sweep time, trigger type, and sweep type. The individual softkey
functions of the stizmmulus menu are described below.

RN ——
rowes| KT
SWEEP TIME K:[:]
[aUTO)
TRIGGER
wenu| KL
NUMBER of
pomrs| K[ )
RESTART
COUFLED CH
o ore| K[ ]
owrmzal K [
SWEEP TYPE K::D
MENU
e

2005002

Figure 5-3. Stimulus Menu

ER (POWE) makes power level the active function and presents the power menu, which sets
the output power level, The allowable power range is —50 dBm to +15 dBm.

SWEEP TIME [ ]'ff_f_: presents the sweep time menu, which toggles between automatic and manual
sweep tiine,

I presents the trigger menu, which selects the type of the sweep trigger.

HUMBER of "POIN ‘IS {(POIN) selects the number of data points per sweep. Using fewer points
allows a faster sweep time but the displayed trace shows less horizontal detail. Using more
points gives greater data density and improved trace resolution, but slows the sweep.

The possible values that can be entered for number of points are 2 through 801 with a step
value of 1. The number of points can be different for the two channels if the stimulus values
are uncoupled.
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In list frequency sweep. the number of points displayed is the total number of frequency points
for the defined list {see *Sweep Type Menu” in this chapter).

MEASURERESTART (REST) aborts the sweep in progress, then restarts the measurement.
This can update a measurement following an adjnstment of the device under test. When a
full two-port calibration is in use, the MEASURE RESTART key will initiate another npdate

of both forward and reverse S-parameter data. This softkey will also override the test sei
hold mode, which inhibits continuous switching of the mechanical switch. The measurement
configurations which cause this are described in “MECHANICAL SWITCH HOLD” at

the beginning of this chapter. This softkey will override the test set hold mode for one
measurement.

If the analyzer is taking a number of groups (see “Irigger Menn™ in this chapter), the sweep
counter 1s reset at 1. If averaging is ON, MEASURE RESTART resets the sweep-to-sweep
averaging and is effectively the same as A:V__ER:;}{(;ING RESTART . If the sweep trigger is in the

COUCOFF) toggles the channel conpling of stimulus values. With COUPLED CH ON. (the preset
condition}, both channels have the same stimulus values {the inactive channel takes on the
stimulus values of the active channel).

In the stimulus coupled mode, the following parameters are coupled:

e Frequency

g Number of points
B Scurce power level
g Number of groups
g [} bandwidth

® Sweep time

g Trigger type

B Sweep type

& List sweep table

If both channels have the same input parameter such as 51y or A/R, the following parameters
are also coupled:

g Correction mode
g Calibration coefficient

The following parameters are always common to both channels, even if the stimulus mode is
not coupled.

a Lxternal trigeer mode

& Power trip (Refer to “Power Menu”}
e [nput R, A, and B attenuator

& Calibration kit type and data

The following parameters are always set separately for each channel, even if the stimulus mode
is coupled.

# Measurement parameter
® Display Format

m Title (on/off)

a Memory trace {on/off)
@ Scale reference value

@ Dlectrical delay

5-6 Stimulus Function Block



® Phase offset

® Conjugate matching {on/off, parameter)

# Averaging {on/off, factor)

B Smoothing (on/off, factor)

Coupling of stimulus values for the two channels is independent of DUAL CHAN on OFF in

the display mena and MARKEPS UNCSUFLED in the marker mode menu. COUPLED CH OFF
becomes an alternate sweep function when dual channel display is on: in this mode the
analyzer alternates between the two sets of stimulus valves for measurement of data and boeth
are displayed.

CW FREQ {CWFREQ) sets the frequency for power sweep.
SWEEP TYPE MENU presents the sweep type menu, where one of the available types of stimulus

sweep can be selected.

FPower Menu

The power menu sets the output power level of the source.

—
rowea| KI ]
CLEAR

power rp| KL |
ATTENUATOR K:[:]
PORT 1
ATTENUATOR
rorro| K| [ ]
e K[ [
T

Figure 5-4. Power Menu

3 (POWE) makes power level the active function and sets the REF output power level of the
analy zer’s internal source. The allowable range is —50 dBm to +15 dBm. The analyzer will
detect an input power overload at any of the three receiver inputs, and automatically reduces
the output power of the source down several dBm. This is indicated with a message. In
addition, the power trip is set, and the annotation “P|” appears at the left side of the display.
When this occurs, reset the power to a lower level, and press CLEAR i?_!.’__] . TRIP (see below)
to turn the power trip Of. S

. PDER TRIP (CLEP’Z‘RIP) turns off the power trip function. Power trip is a reduced
powor state tllggeled by a power overload. It forces the source output power down several
dBm regardless of the user-specified power level. The trip is set antomatically whenever
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a power overload is detected on an input channel. When trip is ON, the annotation “P|”
appears it the status notation area of the display.

ATTENUATOR PORT 1 (ATTP1) and ATTENUATOR PORT 2 (ATTPZ)

Note These functions are for some S-parameter test sets with a programmable
attennator (e.g. HP 85046A/B) only. No warning is given if no test set
is present, or if the test set has no programmable attenuator {(as in the

HI 87511A/B S-parameter Test Set).

These control the attenuation at port ! and port 2 of an S-parameter Test Set with attenuator
connected to the analyzer. The attenuator range is 0 to 70 dB, controllable in 10 dB steps.

MNote The analyzer does not allow port 1 and 2 to be set to different attenuator
values. This is because the same attenuator is used for both ports, and is
mechanically switched between them. To prevent premature wearing out,
continuous switching of attenuator values between ports is not allowed.

- goes back to the stimulus menu.

Sweep Time Menu

—_—
SWEEP TIME K:[j
AUTO

o | KL

wenn| K[ T

Wn—

2006004

Figure 5-5. Sweep Time Menu

| TINE - (SWET) toggles between automatic and manual sweep time. The following
expla,ms th(, difference between automatic and manual sweep time:

g Manual Sweep Time. As long as the selected sweep speed is within the capability of the
instrument, it will remain fixed, regardless of changes to other measurement parameters.
If the operator changes measurement parameters such that the instrument can no longer
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maintain the selected sweep time, the analyzer will change to the best sweep time possible.
Manual mode is turned on by entering a sweep time.

# Auto Sweep Time. Auto sweep time continuously maintains the fastest sweep speed possible
with the selected measurement parameters to satisfy the specifications. Auto sweep time is
turned ¢n by pressing SWEEP TIME AUTO (SWETAUTO) when inanunal sweep is on.

Sweep time refers only to the time that the instrument is sweeping and taking data, and does

not inciude the time required for internal processing of the data. A sweep speed indicator “1”

is displayed on the trace for sweep times slower than 1.0 second.

Minimum sweep time, The minimum sweep time depends on several factors. These factors are

referred to as “measurement parameters” in the following paragraphs.

& [he number of points selected
& [F bandwidth

The following table is a partial guide for determining the minimum sweep time. The typical
vaiues listed represent the minimum time required for a measurement with averaging off.
Values are given in seconds.

Table 5-1. Minimum Sweep Time In Seconds {Typical Value)

Number I¥ Bandwidth
?{fi:’rfts 4 kHz 1 kHz 204 Hz 20 Hz 2 Ha
11 4.4 m 11 m §7.1 m 283 m 7.485
51 204 m 5l m 3111 m 2.703 34.71
161 404 m 10% m §16.1 m 5.3 68
201 204 m 201 m 1.146 10.65 136
401 160.4 m 401 m 2.446 2125 272
801 3204 m 801 m 4.886 42 .45 545

“:” for the manual sweep time entry.

inputs

N goes back to the stimulus menu.
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Trigger Menu

This menu selects the type of the sweep trigger.

Tpr— Y

vl T
SINGLE K—" _]
NUMBER ‘of KE
GROUTS

CONTENUOGS KE

TRIGGER:
TRIG OFF
H

EXT. TRIG
ON SWEEP

EXT, TRIG
ON POINT
|

MANUAL TRG
ON POINT

7?6/“\7"\

)

{

CRO0500%

Figure 5-6. Trigger Menu

HDL (HOLD) freezes the data trace on the display, and the analyzer stops swe,epjng and taking
data. 1he notation ° Hid” is dlsp‘zayed at the left of the gratmu]e I the “+” indicator is on at

(NUMG) triggers a user-specified number of sweeps, and resurns to the
hold mode. Thls ﬁ]nction can be used to override the test set hold meode, which protects
the electro-mechanical switch against continuous switching. This is explained fully in
“MECHANICAL SWITCH HOLD” in the beginning of this chapter.

Caution Over use of this function may cause premature wearing out of the mechanical
switch.

If averaging is ON, the number of groups should be at least equal to the averaging factor
selected to allow measurement of a fully averaged trace. Entering a number of groups resets
the averaging counter to 1.

CONTIN’UGUS (CONT) is the standard sweep mode of the analyzer, in which the sweep is
triggered automatically and continuously and the trace is upddtcd with each sweep.

TRIGGER TRIQ QFE.;_ (EXTTOFF) turns off external trigger mode.

EXT. TRIG DN SWEE? (EXTTON) is used when the sweep is triggered on an externally
generated s1g,n(ﬁ connecied to the rear panel EXT TRIGGER input. The sweep is started
with a low-to-high transition of a T'TL signal. If this key is pressed when no external trigger
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signal is connected, the notation “Ext” is displayed at the left side of the display to indicate
that the analyzer is waiting for a trigger. When a trigger signal is connected, the “Ext”
notation is replaced by the sweep speed indicator “]” either in the status notations area or on
the trace. External trigger mode is allowed in every sweep mode.

EX‘I‘ TRIG o8 P{JII\TT (EXTTPOIN) is similar fo the trigger on sweep, but triggers each data
pomt in a sweep.

| (MANTRIG) waits for a manual trigger for each pomt Subsequent
pressmg of this bo{thcy triggers each measurement. The annotation “man” will appear at the
left side of the display when the instrument is waiting for the trigger to occur.

Sweep Type Menu
Four sweep types are available:

@ Linear frequency sweeps in Hz

# Logarithmic frequency sweeps in Hz

® Power sweeps in dBm

e List frequency sweep in Ifz. Two independent lists are available.

Interpolated Error Correction. The interpolated error corrvection feature functions with all
sweep types.

Interpolated error correction automatically turns on when the stimulus parameters are
changed after measuring calibration data. Refer to Chapter 7 for more information on
interpolated error correction.

e ——
LIN FREQ

LOG FREQ
H

LIST FREQ

i ST‘ 1

POWER
SWEEP

PANANY AN AS

1000 0000

LIST DISE:
FREG BASE

|
ORDER BASE

EDIT
LIST

RETURN
e ——

VANV ANED AP AN

C2005006

Figure 5-7. Sweep Type Menu

. (LINFREQ) activates a linear frequency sweep mode. The data is displayed on a
Stan ard gra,tlcuie with ten equal horizontal divisions. This is the default preset sweep type.
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Figure 5-9. Edit List Menu

{(EDITLIS1) selects LIST 1 to edit.

Segment in the list, or use the step keys to scroil the pointer “>” at the left to the required
sepment number. The indicated segment can then be edited or deleted.

provides the edit segment menu, where the segment indicated by the pointer *>” af the
1<.ft can be modified.

(SDEL) deletes the segment indicated by the pointer “>”.

ADD (SADD)} adds a new segment to be defined with the edit segment menu. If the list is
(,mpty a default segment is added, and the edit segment menu is d;spi&yed 80 it can be
modified. If the list is not empty, the segment indicated by the pointer “>” is copied and the
edit segment menu is displayed.

T CLEL) provides the clear list menu,

s,

ONE {EDITDONE) sorts the frequency points and returns to the sweep type menu.

Edit Segment Menu

This menu selects measurement frequencies arbitrarily. Using this menu it is possible to
define the exact frequencies to be measured on a point-by-point basis. For example the sweep
conld include 100 points in a narrow passband, 100 points across a broad stop band, and 50
points across the third harmonic response. The total sweep is defined with a list of segments
{subsweeps). Up to 31 segments can be defined, with a total of up to 801 data points.
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Figure 5-10. Edit Segment Menu

The frequency segments, or segments, can be defined in any of the following terms:

@ Start / stop / number of points
® Start / stop / step

a Center / span / number of points
a Center / span / step

The segments can overlap, and do not have to be entered in any particular order. The
analyzer sorts the segments automatically and lists them on the display in order of increasing
start frequency, regardless of the order in which they are entered. If duplicate frequencies
exist, the analyzer makes multiple measurements on identical points to maintain the specified
number of points for each segment. The data is displayed as a single trace that is a composite
of all data taken when the list display function is frequency base.

The list frequency sweep mode is selected with the LIFREQ softkey in the sweep type
MeRt.

The frequency list parameters can be saved with the built-in floppy disk. (Refer to
Chapter 11.)

Naote Not oaly the softkeys described below, use also the {START), (sTOP], ([CENTER],
and keys to define the stimulus range.

© (MARKSTAR) sets the stimulus start value to the stimulus value of the active

rHP (MARKSTOP) sets the stimulus stop value to the stimulus value of the active
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NUMBER of ‘POINTS (POINT) sets the number of points for the segment. The total number of
points for all the segments cannot excesd 81,

STEP SIZE{STPSIZ) specifies the segment in frequency steps instead of number of points,
Changing the start frequency, stop frequency, span, or number of points may change the
step size. Changing the step size may change the number of points and stop frequency in
start/stop/step mode; or the frequency span in center/span/step mode. In each case, the
frequency span becomes a multiple of the step size.

SEGMENT :PDWER (POWE) sets power level for segment by segment. The allowable range is —50
dBm to +15 dBm and maximum span is 35 dB.

IF BW (IFBW) sets IF bandwidth for segment by segment. The allowable bandwidth are 2, 20,
200, } k, and 4 kHaz,

f-i_:bRE goes to the edit segment more menu, which allows key in the stimulus range, START,
STOP, CENTER, and SPAN.

Edit Segment More Menu

soseer| (T
o KT
CENTER KZD
SPAN K:D

I
1)
.
werm| 1)

CIO05GIR

Figure 5-11. Edit Segment More Menu

STAR) sets the start frequency of a segment.

STOP (STOP) sets the stop frequency of a segment,
CENTER (CENT) sets the center frequency of a segment.
SPAN (SPAN) sets the frequency span of a segment about a specified center frequency.

HETURN goes back to the edit segment menu.
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Clear List Menu

et )
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Figure 5-12. Clear List Menu

5 {CLEL) clears the entire list.

NB cancels and goes back to the edit list menu.
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Response Function Block

INTRODUCTION

wai RESPONSE o

[{D! SFLA\’T; [JRV‘GL]

CR2O06CT

Figure 6-1. Response Function Block

The keys in the RESPONSE block control the measurement and display functions of the
active channel. They provide access to many different softkey menus that offer selections
for the measuring parameters, the display mode and data format, the control of the display
markers, a variety of calibration functions, and selections for the internal attenuator.

The HP-IB programming command is shown in parenthesis following the key or softkey.

The current values for the major response functions of the active channel are displayed in
specific locations along the top of the display. In addition, certain functions accessed through
the keys in this block are annotated in the status notations area at the left side of the display.
The locations of these information labels are described in Chapter 2.

The RESPONSE block keys and their associated menus are described briefly below, and in
more detail in this and the following chapters. General and specilic measurement sequences
are described in the User’s Guide.

The (MEAS) key provides access to a series of softkey menus for selecting the parameters or
inputs to be measured.

The key leads to & menu which sclects the display format for the data. Various
rectangular and polar formats are available for display of magnitude, phase, impedance, group
delay, real data, imaginary data, and SWR.

The (scaLe REF) key displays a menu which modifies the vertical axis scale and the reference
line value as well as electrical length and phase offset.

The key leads to a series of menus for instrument and active channel display
functions. This menus include dual chanunel display {overlaid or split), definition of the
displayed active channel trace in terms of the mathematical relationship between data and
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trace memory, conpigate matching function, display inteusity, color selection, active channel
display title, and frequency blanking.

The (avc] key accesses three different noise reduction techniques: sweep-to-sweep averaging,
trace smocthing, group deiay aperture, and variable I bandwidth.

The (ATTEN} key provides the attenuation menu from which the attenuators at the input A, B,
and R are set.

The (CAL) key, (MKR]) and (MKR FCTN ) keys are explained later. For information on (CAL), refer
to Chapter 7. For information on (MKR], and (Mxr FCTN], refer to Chapter 8.

)
INPUY BORT CONVERSION i S-PARAMETER
N MENU MENU i MENU
N P R
H i Rofl: FWD
MEAS - AR O';F R
o em
N;E Z:Trens Tﬁ;’ EQJEI:I,
| i
A Raft HEV:
| Y:R!! $22 [A/R]
B} Y:Ttn|ns gr"
R HE] Bde/R
CONVERSEON GONVERSION
[oFF} WFF)
s INPUT
PARMIETERS RETURH [fﬂ— PORTS
,,,,,,,,,,,,,,,,,,,,,, .

CLO0R028

Figure 6-2. Softkey Menus Accessed from the Key

The HP-IB programming command is shown in parenthesis following the key or softkey.

The key leads to a series of softkey menus which determine the parameters or inputs o
be measured. If an S-parameter test set is connected, all four S-parameters can be measured
with a single connection. Or S-parameters can be measured using a transmission/reflection
test set by reversing the device under test between measurements. S-parameters are explained
briefly below.

Alternatively, the power ratio of any two inputs or the absolute power at a single input can be
measured and displayed, using either test set.

S-parameters can be converted to impedance (Z), admittance (Y), or inverse S-parameters
through internal math capabilities of the analyzer.
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S-Paramefers

S-parameters {scattering parameters} are a convention which characterizes the way a device
modifies signal flow. A brief explanation is provided here of the S-parameters of a two-port
device. For additional details refer to Hewlett-Packard Application Notes 4/N 95-1 and A/N
154,

S-parameters are always a ratio of two complex (magnitude and phase) quantities.
S-parameter notation identifies these quantities using the numbering convention:

8 out in

where the first number (out) refers to the port where the signal is emerging and the second
number (in) is the port where the signal is incident. For example, the S-parameter Soq
identifies the measurement as the complex ratio of the signal emerging at port 2 to the signal
incident at port 1.

Figare 6-3 is a representation of the S-parameters of a two-port device, together with an
equivalent flowgraph. In the illustration, “a” represents the signal entering the device and “b”
represents the signal emerging., Note that a and b are not related to the A and B input ports
on the analyzer.

INCIDENT S 21
(FORWARD) TRANSMITTED
aqy

by
S11
rerecren| | L]PYTH] REFLECTED
22
b1 PORT { PORT 2
< 2 az
TRANSMITTED INCIDENT
S12 (REVERSE)

21 S21 b,
— @ b ® B
Sy 4522

< & . & & —
b1 S12 a2

L200EG20

Figure 5-3. S-Parameiers of a Two-Port Device

S-parameters are exactly equivalent to the more common description terms below, requiring
only-that the measurements are taken with all DUT ports properly terminated.
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S-Parameter Definition Test Set Deseription Direction

Sit 'E“} loo=o  Input reflection Coeflicient  FWD
Say %}’L fonm0 Forward gain FWD
512 ’E:,i layw0 Reverse gain REV
Son E—;% lag=o  Output reflection coefficient REV

DC Voltage Measurement

The analyzer is capable of DC voltage measurement, which is useful for testing DUTs
whose output is a DC voltage in response to an RF signal input, for example detectors,
peak-detector circuits, F-V (frequency to voltage) converters.

In addition, mixer transmission characteristics can be measured. In general, network analyzers
cannot measure those characteristics, because a mixer is a device whose input and output
signal frequencies differ. Using this DC voltage measurement capability, with a detector or
demodulator which converts the mixer output signal to a DC voltage, makes measurement of
these characteristics possible.

S-Parameter Menu

The S-parameter menu is presented automatically when the key is pressed, if a test
set is connected to the analyzer or if two-port error correction is ON. This menu defines the
input ports and test set direction for S-parameter measurements. The analyzer controls the
S-parameter test set, and automatically switches the direction of the measurement according
to the selections made in this menu. All four S-parameters can be measured with a single
connection. The S-parameter being measured is labeled at the top left correr of the display.

S-parameter measurements can also be made using HP 87512A /B transmission/reflection test
kits, by reversing the device under test after making the forward reflection and transmission
measurerments. In this case, the softkey labels are changed to indicate the actual input

rat;os heing measured (A/R for reflection or B/R for transmission measurements). Thus

'_ REV S22 (B/R) becomes Refl RE _ /_R).'f'i.f, and 3;Tf'ran_s: ;

becomes Trans: REV 512 (B/R) However, the a,mzotat;on in the top left corner IB(hLdJLE‘S

the S-parameter being measured,
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Refl: FWD
S KLT )
Trans:FWD K:D —
s21 [B/R]
|
Trans:REV
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GCONVERSION]
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INPUT
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Figure 6-4. S-Parameter Meny
Refl: FWD S11 (A/R) (S11) configures the S-parameter test set for measurement of 81, the
complex reflection coeflicient (magnitude and phase) of the test device input.
Trans: FWD $21 (B/R) (S21) configures the S-parameter test set for measurement of Syp,
the complex forward transmission coefficient {magnitude and phase) of the device under test.
Trans: REV 512 (A/R) (512) configures the S-parameter test set for measurement of Sy,
the complex reverse transmission coefficient {magnitude and phase} of the device under test.

R,ezf 1: (522) defines the measurement as Sy9, the complex reflection
coefficient (magnitude and phase) of the output of the device under test.

Noie If an HP 87512A /B transmission/reflection test kits are being used to make
S-parameter measurements, the device under test must be reversed before 515
and Sop are measured.

Bde (BDC) displays a BC voltage at input B, on the vertical axis.

Bde/R (BDCR) calculates and displays the ratio of a DC voltage at input B to the reference

si gixal at in put H.

CONVERSION (CONV) brings up the conversion menu which converts the measured data to
i]'xlp(!(.i.ancie_.\ (Z) or admittance (Y). When a conversion parameter has been delined, it is shown
in brackets under the softkey label. If no conversion has been defined, the softkey label reads
CONVERSION [OFF] .

measurement rather than an S-parameter measurement.
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Input Ports Menu

The input ports menu is presented when the (MEAS] key is pressed if there is no S-parameter
test set connected and two-port error correction is not on. This menu defines the input ports
for power ratio measurements, or a single input for magnitude only measurements of absolute
DOWer.

)
)

w
3
PANED AN AN AW,

T KT )
= K]
et K1)
PARAM&TER? %I:]

CR0GT0

Figure §-5. Input Ports Menu
A/® (AR) calculates and displays the complex ratio of the signal at input A to the reference
signal at input R.
BfR (BR) calculates and displays the complex ratio of input B to input R.
A/B (AB) calculates and displays the complex ratio of input A to input B.
4 (MEASA) measures the absolute power amplitude at input A.
B (MEASB) measures the absolute power amplitude at input I3.
R (MEASR) measures the absolute power amplitude at input R.

CONVERSIBN presents the conversion menu, which converts the measured data to impedance
(2} or admittance (Y). When a conversion parameter has been defined, it js shown in
brackets under the softkey label. If no conversion has been defined, the softkey label reads
CONVERSIGN OFF. S PARAMETERS presents the S-parameter menu, which defines the input
ports and test set direction for S-parameter measurements,
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Conversion Menu

This menu converts the measured reflection or transmission data to the equivalent complex
impedance (7} or admittance (V) values. This is not the same as a two-port Y o1 Z parameter
conversion, as only the measured parameter is used in the equations. Two simple one-port
conversions are available, depending on the measurement configuration.

An Siy or So; trace measured as reflection can be converted to an eguivalent parallel
impedance or admittance using the model and equations shown in Iigure 6-6.

1+ 8,
Z: Refl Lp =20 7"

Z: Refi

¥: Refl Yp = 7

C200e02t

Figure 6-6. Reflection Impedance and Admittance Conversions

In a transmission measurement, the data can be converted to its equivalent series impedance
or admittance using the model and equations shown in IFigure 6-7.

Z: Trans Iy = 20, s
21

ek TraNS e

Y: Trans | Y1 5 p

CROGEUEZ

Figure 6-7. Transmission Impedance and Admittance Conversions

Avoid using Smith chart, SWR, and delay formats for displaying 7 and Y conversions, as
these formats are not easily interpreted.

In all conversions except for “1/$”, marker values are impedance values in Q units for 7
conversions, or admittance values in S units for Y conversions in any format.

Response Function Bleck 6.7



OFF

¢

zeen] K
el 1)

K

K

(

¥:Refl

Y:Trans

LE]

RETURN K:D

Py

Figure §-8. Conversion Menu

GFF (CONVOFF) turns off all parameter conversion operations.

Z: Refl (CONVZREF) converts reflection data to its equivalent impedance values,

Zi Traus (CONVZTRA) converts transmission data to its equivalent impedance values.
Y: Refl (CONVYREF) converts reflection data to its equivalent admittance values.

(CONVYTRA) converts transmission data to its equivalent admittance values.

1/5 {CONV1DS) expresses the data in inverse S-parameter values, for use in amplifier and
oscillator design.

| returns to the last menu, either the 5-parameter or the input ports menu.
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KEY

The HP-IB programming command is shown in parenthesis following the key or softkey.

Format Menu

The keyv presents a menu used to select the appropriate display format for

the measured data. Various rectangular and polar formats are available for display of
magnitude, phase, real data, imaginary data, impedance, group delay, and SWR. The units of
measurement are changed automatically to correspond with the displayed format. Special
marker menus are available for the polar and Smith formats, each providing several different
marker types for readout of values (Refer to Chapter 8).

The illustrations below show a reflection measurement of a band pass filter displayed in each
of the available formats. Measurement procedure is described in the User’s Guide.

FORMAT FORMAT MORE
. . HENU MENU
EOR @WWM ---------------------- = .06 MAG REAL
S PHASE THAGINARY
DELAY EXPANDED

! PHASE

! }
SMITH INY SHITH
CHART CHART

i

i

!
LOG MAG &

POLAR PHASE

H

L£0G MAG &

LIN HAG DELAY

SWR
MORE RETURN

C2006022

Figure 6-5. Format and Format More Menus
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LOG MAG (LOGM) displays the log magnitude forinat. This is the standard Cartesian format
used to display magnitude-only measurements of insertion loss, return loss, or absolute powe
in dB versus frequency. Figure 6-10 illustrates the b

andpass filter reflection data in a log
magnitude format.

SENTER 70 HE ELITIE T

Figure §-10. L.og Magnitude Format

. (PHAS) displays a Cartesian format of the phase portion of the data, measured in

degrees This format displays the phase shift versus frequency. Figure 6-11 illustrates the
phase response of the same filter in a phase-only format

Gns s1 snaae

Be B3P Bizin se:

Cor barme

=Rl -

P

LEWTER 70 HH2 BRAN 8O wwa

Figure 6-11. Phase Format
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DELAY (DELA) selects the group delay format. Activated markers give values in seconds.
Figure 6-12 shows the bandpass filter response formatted as group delay. When power swoep
is selected, this selects the delay format usivg delta power instead of frequency. Group delay
principles are described in the next few pages.

v omi ETyr B S S 13k S L

! -~
il s

CEMTER 73 mar SPAM 50wy

Figure 6-12. Group Delay Format

SHITH GHART (SMIC) displays a Smith chart format (Figure 6-13). This is used in reflection
measurements to provide a readout of the data in terms of impedance. The intersecting lines
on the Smith chart represent constant resistance and constant reactance values, normalized to
the characteristic impedance, Zg, of the system. Reactance values in the upper half of the
Smith chazt circle are positive (inductive) reactance, and in the lower half of the circle are
negative {capacitive) reactance. The default marker readout is in units of resistance and
reactance (R+jX ). Additional marker types are available in the Smith marker menu (refer to
Chapter 8).

The Smith chart is most easily understood with a full scale value of 1.0. If the scale per
division is less than 0.2, the format switches automatically to polar.

If the characteristic impedance of the system is not 50 €, modify the impedance value
recognized by the analyzer using the SET Z0 softkey in the calibrate more menu. (Refer to
Chapter 7.)

Procedures for measuring impedance are provided in the User’s Guide.

Cytl B1i PRS- 1 (3?_»_53:_“ -27 . a84 & B2 .TES
(//‘A %ﬁ\ﬂ Qg 2
T T
cor // \\ o ™. \
{
—a
/
-
VoL

CEMTER 7o amig SPar 130 R

Figure 6«13. Smith Chart Format
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POLAR (PDLA) displays a polar format (Figure 6-14). Each point on the polar format
corresponds to a particutar value of both magnitude and phase. (yuantities are read
vectorally: the magnitude at any point is determined by its displacement from the cente
{which has zero value}, and the phase by the angle connterclockwise from the positive x-axis.
Magnitude is scaled in a linear fashion. with the value of the outer circle vsually set to a ratio
value of 1. Since there is no frequency axis, frequency information 1s read from the markers

A log

The default marker readout for the polar format is in linear magnitude and phase
magnitude marker and a real/imaginary marker are available in the polar marker menu (refer

to Chapter 8).

BN L VT
7e.co0 6 ot

L

Figure 6-14. Polar Format

LIN MAG: (LINM) displays the linear magnitude format (Figure 6-15). This is a Cartesian
fcn mat used for unitless measurements such as refiection coeflicient magnitude p or
transmission coefficient magnitude 7, and for linear measurement units. It is used for display

of conversion parameters.

£ 34384 a0

ot s13 110 mag s00 wls REF  S0C MU
B2 SBT £1Z (6 ez

o

con

ey \

V4

ZERTRR 20 nae SRaly 5% iWd

Figure §-15. Linear Magnitude Format
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SWR- (SWR) reformats a reflection measurement into its equivalent SWR (standing wave ratio)
value (Figure 6-16). SWR is equivalent to (1+]|p]}/(1~{p]). where p is the reflection coefficient.

[T G Lo PEF R Poow pues

L
T

CEMTER  7C Mz BRan BO wHz

Figure 6-16. Typical SWR Display

MORE provides the format more menu described in the next section.

Faormat More Menu

This menu provides two additional formatting selections.

RE L (REAL) displays only the real (resistive) portion of the measured data on a Cartesian
format (Figure 6-17). This is similar to the linear magnitude format, but can show both
positive and negative values. It is primarily used to display a Bde input voltage signal.

okl B so 20 mus AEE D 2 capas my
rolagr ds sz

EET \\
T T

W

CEMTER VG MMz SRAM BO uba

Figure §-17. Real Format

! - (IMAG) displays only the imaginary {reactive) portion of the measured data on
a Cartesian format. This format is similar to the real format except that reactance data is
displayed on the trace instead of impedance data.

_—
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EXP&:ﬂ_DEU PHASE (EXPP) displays the phase plot over 360°(Figure 6-18), When this is turned
on, the analyzer avoids the phase plot wrap around every 360°.

€11 57 _i_sl"l*qu« o Yo &S -
- P
cor
et
s :
S :
S AN S ek
i
e
;
contan 70 e R

Figure 6-18. Expanded phase Format

CHART (INVSCHAR) displays a inverse Smith chart (admittance Smith chart)
format (Figure 6-19). This used in reflection measurement to provide a readout of the data in
terms of admittance,

SraRT ED. 4 W aha8 P60

Figure 6-19. lnverse Smith Chart Formats
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L0G MAG & PHASE (LOGMP) displays log magnitude trace and phase trace for the active
channel simultanecusty. When this softkey is turned on, some other softkeys will denote the
log magnitude trace and the phase as “DATA” and “MEMORY”™, respectively.

" 2
o i
ar ”'\.
b 3 5
. “‘ig [\\‘ . ;- -
Vol
ST

A

CONTER 7D ez SPan  BO sbor

Figure 6-29. Log Magnitude and Phase Format

7 ELAY {LOGMD) displays log magnitude trace and delay trace for the active
channel

log magnitude trace and the delay as “DATA” and “MEMORY?”, respectively.

Thes 8E1 Ing MAG 2 JR/ ALRS -10 gB 5 5 2325 4B
N A -
ot fojo

A
Vi

vera o i [

CERTEA 7O Me FRan 8O ki

Figure 6-21. L.og magnitude and Delay Format

RE}TN goes back to the format menu,
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GROUP DELAY PRINCIPLES

For many networks, the amount of insertion phase is not as important as the linearity of the
ey T
phase shift over a range of frequencies.

The analyzer can measure this linearity and express it in two different ways: directly, as
deviation from linear phase, or as group delav, a derived value. Refer to [SCALE REF | key
description in this chapter for information on deviation from linear phase.

Group delay is the measurement of signal transmission time through a test device. It is
defined as the derivative of the phase characteristic with respect to frequency. Since the
derivative is basically the instantaneous slope (or rate of change of phase with frequency), a
perfectly linear phase shift results in a constant slope, and therefore a constant group delay
(Figure 6-22).

Frequency
Phase "’ B

do

dis

C2006023

Figure 6-22. Constant Group Delay

Note, however, that the phase characteristic typically consists of both linear and higher order
(deviations from linear) components. The linear component can be attributed to the electrical
length of the test device, and represents the average signal transit time. The higher order
components are interpreted as variations in transit time for different frequencies, and represent
a source of signal distortion (Figure 6-23).

A Fraguency
Phase - . .
o -d g ¢ in Radians
- Group Delay =Tg =- ,
" d @ &> in Radiang
. < HEgher Order inD
. - in Degrees
Pal Phasa Shitt -1 . 42 ? (g ]
N ° i w271
Linear T Gomponent 360 df I Hz 2
Phase Shift N
Component N

CIOIE024

Figure 6-23. Higher Order Phase Shift
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The analyzer computes group delay from the phase slope. Phase data is used o find the
phase deviation, A, at the center point of a specified frequency aperture, Af, 1o obtain an
approximation for the rate of change of phase with frequency (Figure 6-24). This value, 7,
represents the group delay in seconds assuming linear phase change over Af,

Y 0 s F
“ 2 requancy
Phase B

C2006025

Figure G6-24, Rate of Phase Change Versus Frequency

When deviations from linear phase are present, changing the frequency step can result in
different values for group delay. Note that in this case the computed slope varies as the
aperture Af is increased (Figure 6-25). A wider aperture results in loss of the fine grain
variations in group delay. This loss of detail is the reason that in any comparison of group
delay data it is important to know the aperture used to make the measurement.

A Frequency
Phase o

T
]
1
]
]
3
3
3
£

A Frequency

Reduce Moisse
(Larger S/N)

Mlss Fine
Variations In
_ Phase Linearity

CIe028

Figure 6-25. Variations in Frequency Aperiure

In determining the group delay aperture, there is a tradeoff between resolution of fine detail
and the effects of noise. Noise can be reduced by increasing the aperture, but this will tend
to smooth oui the fine detail. More detail will become visible as the aperture is decreased,
but the noise will also increase, possibly to the point of obscuring the detail. A good practice

Response Function Biock 6-17




18 to use a smaller aperture to assure that small variations are not missed. then increase the
aperture to smooth the trace.

The group delay apertare value will be a percent of the stimulus span swept which is based on
the number of points. For example, the default value of 1% means that a group delay at a
certain point is calculated using adjacent measurement points on both sides, if the number of
points s 201,

Group delay measnrements can be made on linear frequency, log frequency, or list frequency
sweep types (avold the use of the power sweep, it will be meaningless). Group delay aperture
varies depending on the frequency spacing and point density, therefore the aperture is not
constant in log and list frequency sweep modes. In list frequency mode, extra frequency points
can be defined to ensure the desired aperture.

To obtain a readout of aperture values at different points on the trace, move the marker to

a desired point. Then press GROUP. DELY ‘APERTURE . Group delay aperture becomes
the active function, and as the aperture is varied its value in Hz is displayed below the active
entry area.

A group delay measurement procedure is provided in the User’s Guide.
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(scate rer ) KEY

The HP-1B programming commarnd is shown in parenthesis lollowing the key or softhey.

SCALE REFERENCE ELECTRICAL
o § .1 DELAY MENU
AUTO SCALE T | ARKER -~ -
SCALE RE F"i “"RKESLA\,
—— SCALE/DIV ELECTRICAL
DELAY
REFERENGCE
POSITION
REFERENCE
VALUE
MARKER -—»
PHASE
REFERENGE OFFSET
SCALE FOR
[rATA]
D& SCALE
{CQUPLE]
ELEC DELAY
MENU RETUIRN

2006054

Figure 6-26. Softkey Menus Accessed from the Key

Scale Reference Menu

The {(scALE REF) key makes scale per division the active function. A menu is displayed that
modifies the vertical axis scale and the reference line value and position. In addition this
menu provides phase offset capabilities for adding or subtracting a phase offset, that is
constant with frequency, and electrical delay capability for adding or subtracting linear phase
to maintain phase linearity.

mmmmmmmmmmm —
AUTO SCALE] K ;
SCALE/DIV K:[:]
REFERENCE K:D
POSITION
REFERENCE K:D

VALUE
e (T
REFERENCE]
SCALE FOR K:D
[DATAJ
D&M SCALE K:D
[CCGUPLE]
ELEC DELAY]
veny K[
Bs———

C2096006

Figure 6-27. Scaie Reference Menu
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AUTD SCALE (AUTG) brings the trace data, defined by the SCALE FOR key, in view on the
display with one keystroke. Stimulus values are not affected, only scale and reference values.
The analyzer determines the smallest possible scale factor that will put all displayed data onto
the vertical graticule. The reference value is chosen to put the trace in center sereen, then
rounded to an integer multiple with 1-2-5 step of the scale factor.

SCAQ‘E/DEV (SCAL) changes the response value scale per division of the displayed trace. In
polar and Smith chars formats, this refers to the full scale value at the outer circumference,
and is identical to the reference value.

REFERENCE POSITION (REFP) sets the position of the reference line on the graticule of a
Cartesian display, with 0 at the bottom line of the graticule and 10 at the top line. It has no
effect on a polar or Smith display. The reference position is indicated with a small triangle
just outside the gra.ticul@ on the left,

trace (.orreapondmgly. in polar and Smith chart formats, the reference value is the same as
the scale, and is the value of the outer circle.

MARKER -~ REFERENCE (MARKREF) makes the reference value equal to the active marker’s
ahsolute value (regardless of the delta marker value}. The marker is effectively moved to the
reference line position. This softkey also appears in the marker funciion menu accessed from
the key. In polar and Smith chart formats this function makes the full scale value
at the outer circle equal o the active marker response value.

SCALE FOR {SCAFDATA for data, SCAFMEMO for memory) selects one of “DATA™ and
“MEMORY?™ traces to be scaled by prior functions in this menu, when the format is selected
anyone except “LOG MAG & PHASE” and “LOG MAG & DE LAY” When “LOG MAG
& PHASE” or “LOG MAG & DELAY” format is selected, SCALE FOR selects one of *LOG
MAG” and “PHASE”(for LOGMAG and PHASE) or “DELAY’ (for LOGMAG and DELAY)
to be scaled,

'The “DATA” AND “MEMORY” traces will be available using the “Trace Math Menu”

accessed from the {pispLav] key. The “LOG MAG & PHASE” and “LOG MAG & DELAY”
format will be available using the “FORMAT MORE MENU” accessed from the key.

D&M SCALE (SCAC for coupling, SCAU for uncoupling) couples or uncouples the “DATA” and
“MEMO RY” traces 1o be scaled by plim functions in this menu. Thiq is valid oaiy for lhese

slopo ;elcxéwe to fzequmcy ora constani phase
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Electrical Delay Menu

B

| KT ]
DELAY

ELEGTRICAL Kj:j
DELAY

oreser| KL ]
KT
KL
wevor| KT )

b

Figure 6-28. Electrical Delay Menu

DELAY (MARKDELA) enters the group delay at the active marker point of a fixed
freq’aency aperture, 20 % of the span, to the electrical delay to balance the phase of the DUT.
This effectively flattens the phase trace around the active marker, and can measure electrical
length or deviation [rom linear phase. Additional electrical delay adjustment are required on
DUT without constant group delay over the measured frequency span. Since this feature adds
phase to a variation in phase versus frequency, it is applicable only for ratioed input.

[ (ELED} adjusts the electrical delay to balance the phase shift of the DUT.
It simulates a variable fength lossless transmission line, which can be added to or removed
from a receiver input to compensate for interconnecting cables, etc. This function is similar to
the mechanical or analog “line stretchers” of other network analyzers. Delay is annotated in
units of time with secondary labeling in distance for the current velocity factor.

With this feature, and with MARKER =~ DELAY., an equivalent length of air is added or
subtracted according to the fol]owmgj formula:

]

@
Frequency (MHz) x 1.20083

Length (meters) =

Once the linear portion of the DUT’s phase has been removed, the equivalent length of air can
be read out in the active entry area. If the average relative permittivity {¢,) of the DUT is
known over the frequency span, the length calculation can be adjusted to indicated the actual
fength of the DUT more closely. This can be done by entering the relative velocity factor for
the DUT using the calibrate more menu. The relative velocity factor for a given dielectric can
be calculated by:

1
Velocity factor =~
Ver

assuming a relative permeability of 1.
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A procedure for measuring electrical fength or deviation from linear phase using the
MARKER - DELAY or ELECTRICAL DELAY features is provided in the User’s Guide.

PHASE OFFSET (PHAO) adds or subtracts a phase offset that is constant with frequency
(f;aﬁle’z‘ than finear). The_ _;11%(;\&?;&.1)10 range is —360° to +360° This is independent of
MARKER — DELAY and ELECTRICAL DELAY .

RETURN goes back to the scale reference menu.
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pispLAY  KEY
The HP-1B programming command s shown in parenthesis following the key or softkey,

The (DisPLAY) key provides access to the trace math functions, and other display functicns
including dual channel display, active channel display title, frequency blanking, display
intensity, background intensity, color selection, and conjugate matching function.

e,
DISPLAY |
TISPLAY
ALLOCATION DiSPLAY TRACE CONJUGATE SELECT CIRCUIT
MENY MENU MATH MENU MATCHING MEN MENU
ALL PUAL CHAN DISPLAY: CONG MATCH Invk TYPE:
IHETRUMENT o OFF DATA an OFF u-ip
; {
HALF IMSTR SELIT BISP SELECY KT
HALF BASIC an OFF MEMORY fLa-ip) bertp
AL DISPLAY DATA whd CALCULATE
BASIC ALLOGATION MEMORY PARAMETERS C’“?p
]
FARAMETER i
BASIC DEFINE i
STATUS TRACE DATA/ME M Ls c"‘?
........... - [E3 L TYPE:
ATLE DATA-MEM Lp_l‘_‘
COHJUGATE —_— & Lp-Cs
HATCHING [ — * ¢
: i
BATAY— | :
CHAP DISP . « "
an OFF ueM| | " e 'E‘
RETUAN HIORE b — RETURN
; ADJUST MODIFY
THELE DISPLAY MORE | MSPLAY COLORS COLOR ADJUST
MENU MENY .. MENU MENU MENY
SELECT ] BEEP DONE GHt DATA TIRT
SETTER [ DOHE et INTENSFTY /
SPACE BELP WARN BACKGROUND CH1 MEH BRIGHTNESS
on OFF IRTENSITY LIMIT LK
BAGK
MODIEY
GHZ DATA GOLOR
SPACE] COLOA/S
ERASE DEFAULT CHZ HEM
THLE COLORS LEWBT LN
ADJUST - RESEY
GRATIGULE
DOKE; BISPLAY COLOR
SAVE WARNING
COLORS )
i
FREQUENCY RECALL TEXT
BLANK COLORS
CANGEL RETURK RETURN RETURN RETURN

C2E03

Figure §-29. Softkey Menus Accessed from the Key
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Display Menu

This menu provides the capability of displaying both channels simultanecusly, either overlaid
or split,

B —
DUAL CHAN -
on OFF K ! [
SPLET DiSP
e ore| KLT ]
DISPLAY
ALLOCATION Kj:j
e | KL L)
THACE

el KT
CONJUGATE K:D
MATCHING
CNJ.P DISPLAY K:[:j
aon OFF
wore| T )
e———

C2006007

Figure 8-38¢. Display Menu

DUAL
or the actiw channel only. This is used in conjunction with :S_P":I'E‘
both channels.

TF _ (DUACON, DUACOFF) toggles between display of bo%il measurement channels

ffif to display

Problems with Dual Channel Mode

If you are using dual channel, there are two measurement configurations which may not
appear to function “properly”.

The three configurations, shown below, woulé cause repeated switching the output power
switch and the test port transfer switch. To avoid premature wearing out of these mechanical
devices, the test set will not allow these measurements to occur without direct intervention by
the operator:

Channel 1 is driving one test port and channel 2 is driving the other. For example, you are
making an Sy measurement on channel 1 and an Sy measurement on channel 2. This
configuration, if allowed unchecked, would cause the test port transfer switch to continually
cycie,

Channel 1 requires one output power level, and channel 2 requires a different value.

It the HP 85046A/B S-parameter test set is used, in a test set with internal attenuator,
channel 1 requires one attenuation value, and channel 2 requires a different value. Since
one attenuator is used for both test ports, this would cause the attenuator to continuously
switch settings.
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[f one of the above conditions exist, the test set hold mode will engage, and the status
notation “msH” will appear on the left side of the screen. The hold mode may be overridden
by either the MEASURE RESTART or NUMBER of GROUPS softkeys under the (MENU] key, as
described in Chapter 5. For more information, refer to “MECHANICAL SWITCH HOLD” i
Chapter 5.

SPLIT DISP on OFF (SPLDON, SPLDOFF) toggles between a full-screen single graticule display
of one or both channels. and a split display with two half-screen graticules one above

the other. Both displays are illustrated in Figure 6-31. The split display can be used in
conjunction with DUAL CHAM ON to show the measured data of each channel simultaneously
on separate graticules. In ac Idition, the stimulus functions of the two channels can be
controlled uulepemiezl%ly using ‘COUPLED CH OFF in t}m stnnuius menz, Tile markers can also

menu.

2r1 G139 100 Mg S sbs KEF - LB o8
ema 571 Swg MeE  13.43 AR/ REF -UG o

*d.ca3

N A
¥

CERYER o mu: aRak 1eG Wz

Figure §-31. Full-screen and Split Display

DISPLAY ALLOCATION appears only when the analyzer is equipped with Instrument BASIC
(Optmn 002}. This brmgs up the allocation menu which selects a full-screen display of
measured data or the Instrument BASIC display, and a split display with $wo half-screens, one
graticule display above the Instrument BASIC display.

SEFINETR CE leads to the trace math menu, which defines a trace from measurement data
and memory data.

TITLE (TITL) presents the title menu in the softkey labels area and the character set in the
active entry area. These label the active channel display.

CONJUGATE MATCHING presents the conjugate matehing menu, which select & proper matching

circuit and calculate the device parameters, to match the system characteristic impedance.
Simulation is also provided using the matching circuis.

CNJ.P"DISP on‘0FF (CONPDISPON, CONPDISPOFF) toggles the indicator of the conjugate
matching circuit parameters ON or OFF on the display. This will be useful when making a
hard copy of the conjugate matched DUT’s trace.

MGRE feads to the display more menu.
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Display More Menu

e T
et QT
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Figure §-32. Display More Menu

BEEPDBNE{H\E off (BEEPDONEON, BEEPDONEOFF) toggles an annunciator which sounds to
indicate compietion of certain operations such as calibration or instrement state save.

annunciator is (};\é 1t sounds a wmrnmg when a (,dju.ilona.ry message is di&pldy(,d.

AE)}'{JST DISPLAY provides a menu for adjusting display intensity, colors, and accessing save
and recall functions for modified display color sets.

BLANK (FREQ) blanks the displayed frequency notation for security purposes.
llt*qﬂency labels cannot be restored except by instrument preset or turning the power off and
then on.
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Display Allocation Menu

Note This menu will be available for the analyzer equipped with lustrument BASIC
g (Opt. 002}, Otherwise, this will not be provided.

I ALL

s 1)
vl T
gl (T
-
-
T
e ()

o

CTO0E00E

Figure §-33. Display Allecation Menu

(DISAHIHB) selects two hall-screens, one graticule display above the

HALF INSTR HALF BASTC
Instrument BASIC display.

ALL BASIC {DISAALLB) selects a full screen single Instrument BASIC display.

BASIC STATUS selects a {ull screen graticule and three status lines for Instrument BASIC
under the graticule.

R URN goes back to the display menu.

Trace Math Menu

The analyzer has two available memory traces, one per channel. Memory traces are totally
channel dependent: channel 1 cannot access the channel 2 memory trace or vice versa.
Memory traces can be saved with the built-in FDD: one memory trace can be saved per
channel per saved file on a disk. The memory data is stored as double precision, complex
data. Refer to Chapter 11.

Two trace math operations are available, data/memory and data—memory. {Note that
normalization is data/memory not data-memory.) Trace math is done immediately after
error correction. This means that any data processing done after error correction, including
parameter conversior, scaling, etc., can be performed on the memory trace. {Refer to “DATA
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PROCESSING” in Chapter 1.) Trace math can also be used as a simple means of error
correction, although that is not its main purpose.

The memory trace is cleared on instrument preset, power on, or instrument state recall.

If sweep mode, sweep range or number of points is different between the data and mermory
traces, trace math is allowed, and no warning message is displayed.

If trace math or display memory is requested and no memory trace exists, the message
“CAUTION: NO VALID MEMORY TRACE” is displayed.

] T
DATA
vevore| (1)

DATA and
s KL
i

DATA ...... ol <
MEM

RETURN }<
Pe——,

2006009

Figure 6-34. Trace Math Menu

channel.

MEMORY (DI SPMEMO) displays the trace memory for the active channel. If no data has been
stored in memory for this channel, a warning message is displayed.

DATA ang MEM{IRY (DISPDATM) displays both the current data and the memory traces.
D‘ATA/MEZM_ {DISPDDM) divides the data by the memory, normalizing the data to the memory,

and displays the result. This is useful for ratio comparison of two traces, for instance in
measurements of gain or attenuation.

DATA-MEM (DISPDMM) subtracts the memory from the data. The vector subtraction is
performed on the complex data. This is appropriate for storing a measured vector error, for
example directivity, and later subtracting it from the device measurement.

DATA — MEM (DATI) stores the current active measurement data in the memory of the active
channel. It then becomes the memory trace, for use in subsequent math manipulations or
display.

RETURN goes back to the display menu.
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Title Menu

Use this menu to specify a title for the active channel, The title identifies the display
regardless of stimulus or response changes, and is printed or plotted with the data.

el )
sence| KT
s T
el (1)

oone| KT
T

T

emeet| KT

ferdeu ]

Figure §-35. Title Menu

scrolled using the step keys, () and (IJ. To define a title, press step keys for the desired letter
set, rotate the knob until the arrow “7” points at the first letter, then press SELECT LETTER.
As each letter is selected, it is appended to the title at the top of the graticule. Repeat this
until the complete title is defined, & maximum of 53 letters. It is also possible to input the
tetters from the kevboard provided with Instrument BASIC {Option 002).

SPACE inserts a space in the title.
BACK SPACE deletes the last character entered.
ERQSE TI'ELE deletes the entire $itle.

DONE terminates the title entry, and returns to the display more menu.
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Conjugate Matching Menu

This menu selects a proper matching circuit and calculites the device parameters in the
selected matching circuit.

CONJ MATCH K:D
an OFF
SELECT CKT]

[Ls-Lp] |<
CALCULATE
paravererd K| 1]
PARAMETER

4 10
e K]
o K1)
of LT ]

i .

e ssee?
ETEoL)

Figure 6-38. Conjugate Malching Menu

The conjugate matching function is uselul for obtaining optimum power transfer, in other
words, maximum return loss, at a specific frequency point.

According to the DUT’s reflection characteristics at the active marker frequency on the Smith
chart, a matching {conjugate) circuit is selected from among the eight provided circuit types
shown in Figure 6-37, and the device parameters of this circuit is calculated. This two-element
matching circuit matches the DUT’s input impedance to the system impedance Zg (e.g. 5082).
The reflection characteristics for the matched DUT is simulated and displayed.

Other possible circuits can also be selected and the parameters calculated.

In addition, the calculated parameters can be modified for commercially available values for
example and the respective characteristics are calculated and displayed automatically.
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Figure 6-37. Matching Circuits

CONJ MATCH on OFF (CONMON, CONMOFF) toggles the conjugate matching ON or OFF. -

SELECT CK’I’ [Ls-—Lp] (SELEC} brings up the select circuit menu to select a current matching
circuit for conjugate matching.

CALCULATE, PAAMBTERS
Make sure the display format is the Smith chart when pressing this softkey.

PARA :Ls (CONPLS) displays or changes the parameter value “Ls” for the selected
matching circuit.

Lp (CONPLP) displays or changes the parameter value “Lp” for the selected matching circuit.
Cs (CONPCS) displays or changes the parameter value “Cs” for the selected matching circuit.,
Cp {CONPCP) displays or changes the parameter value “Cp” for the selected matching circuit.

RE’E‘URN goes back to the display more menu.
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Select Circuit Menu

a M

This selects the matching civenit from among the eight cirenit types. A “x” is displayed
on the left side of the softkeys of cireuits which ean match the impedance at the frequency
position of the active marker.

J

Invl TYFE:
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Figure €-38. Select Circuit Menu

Invl TYPE: Ls=Lp (SELCLSLP) selects the “Ls-Lp” circuit for the conjugate matching.
Ls-Cp (SELECLSCP) selects the “Ls-Cp” circuit for the conjugate matching.
Cs-Lp (SELECCSLP) selects the “Cs-Lp” circuit for the conjugate matching,

Cs~Cp (SELECCSCP) selects the “Cs-Cp” circuit for the conjugate matching.

L TY?F Lp- s (SELECLPLS) selects the “Lp-Ls” circuit for the conjugate matching.

I.p-Cs (SELECLPCS) selects the “Lp-Cs” circuit for the conjugate matching.

Cp—Ls (SELECCPLS) selects the “Cp-Ls” circuit for the conjugate matching.

£p-Ca (SELECCPCS selects the “Cp-Cs” circult for the conjugate matching.
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Adjust Display Menu

INTENSITY

BACKGROUND
INTENSITY

JMODIFY
COLORS

DEFALILY
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Figure §-38. Adjust Dispiay Menu

INTENSITY (INTE) sets the display intensity as a percent of the brightest setting.

BACKGROUND INTENSI’?Y (BACI) sets the background intensity of the display as a percent of

t.?te white level.

MDDIFY CDLDRS present the modify colors menu for color modification of display elements.
Refer to Adjusting Color later in this chapter for information on modifying display elements.

. {DEFC) returns all the color settings back to the factory-set default values.

VE COLDRS (8VCo) saves the modified version of the color sel to the non-volatile memory.

ron-volatite memory. This key appears only when a color set has been saved.

RETURN goes back to the display more menu.
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Modify Colors Menu
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Figure 6-40. Modify Colors Menu

cH1 DA’TA (COLOCH1D) selects channel 1 data trace for color modification.

CHi MEM LIMIT LN (COLOCHIM) selects channel 1 memory trace and limit line for color
modification.

CH2 DATA (COLOCH2D) selects chanuel 2 data trace for color modification.

CH? MEMLIMIT LN (COLOCH2M) selects channel 2 memory and the reference line and limit line
for color meoedification.

GRATECULE (COLOGRAT) selects the graticule and a portion of softkey text {where there 1z a
choice of a feature being ON or OFF} for color modification.

WARNING (COLOWARN) selects the warning annotation for color medification.

TEXT (COLOTEXT) selects all the non-data text for color modification. For example: softkey

labels,

RETURN goes back to the adjust display menu.
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Color Adjust Menu
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Figure 6-41. Color Adjust Menu

TII\'ET (TINT) adjusts the hue of the chosen attribute. See Adjusting Color for an explanation
of using this softkey for color modification of display attributes.

BRIGHTNESS (CBRI) adjusts the brightness of the color being modified. See Adjusting Color
for an explanation of using this softkey for coler modification of display attributes,

C{JL{JH adjusts the degree of whiteness of the color being modified. See Adjusting Color for an
explanation of using this softkey for color modification of display attributes.

RESET Cﬂ;};_(}f}_’;_i (RSCO) resets the color being modified to the default color.

RETURN goes back to the modify colors menu.

Adjusting Color

This procedure explains how to adjust the colors on the analyzer display. The default color
in this instrument have been scientifically chosen to maximize your ability to discern the
difference between the colors, and to comfortably and effectively view the colors. These colors
are recommended for normal use because they will provide a suitable contrast that is easy o
view for long period of time.

You may want to change colors to suit environmental needs, individual preferences, or to
accommodate color deficient vision. You can use any of the available colors for any of the
seven display elements listed by the softkey names below:

B CH1 DATA
® CH1 MEM LIMIT LN
® CH2 DATA
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® CH2 MEM LIMIT LN

® GRATICULE

B WARNING

B TEXT

To change the color of a display element, press the softkey for that element (such as

CH1 DATA ). Then press TINT and turn the knob until the desired color appears. The step
keys or numeric keypad can also be used.

Color is comprised of three parameters:

Tint The continuum of hues on the color wheel, ranging from red through green
and blue, and back to red.

Brightness A measure of the brightness of the color.

Color The degree of whiteness of the color. A scale from white to pure color.

The most frequently occurring color deficiency is the inability to distinguish red, yellow,

and green from one another. Confusion between these colors can usually be ehmmdted by
jncreasing the brightness between the colors. To do this, press the BRIGHTNESS softkey and
turn the knob. If adjustment is needed, vary the degree of whiteness of the coler. To do this,
press the CDLOR softkey and turn the knob.

Note Color changes and adjustments remain effect until changed again in these
i menus or the analyzer is turned off. Preset and instrument state recall do not
affect the selected colors.

Setzing Detfault Colors

Saving Modified Colors

To save the modified color set to the non-volatile memory, press:

(DisPLAY) MORE ADJUS'E DISPLAY SJ—WE CDLURS

Modified colors are not part of a saved instrument state and are lost unless saved using these
softkeys.

Recalling Modified Colors
To recall the previously saved colar set from the non-volatile memory, press:

(DisPLAY) HORE ADJUST DISPLAY RECALL COLORS
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KEY

The HP-IB programming command is shown in parenthesis following the key or softkey.

The (7vG) key accesses four different noise reduction fechniques: sweep-to-sweep averaging,
display smoothing, variable IF baadwidth, and group delay aperture for group delay

measuremnent. Any or all of these can be used simultaneously. Averaging. smoothing and

group delay aperture can be set independently for each channel, ard the (I bandwidth can be
set independently if the stimulus is uncoupled.

AVERAGE iF BANDWIDTH
R ——— MENU MENU

AVG i AVERAGING o BW
RESTART oo

AVERAGING
FACTOR

AVERAGING
on OFF

SMOOTHING
APERTURE

SMOOTHING
an OFF

GROUP DELY
APERTURE
iF BW

[Bistzl RETURN

£I00605%

Averaging

Figure 6-42. Softkey Menus Accessed from the Key

Averaging computes each data point based on an exponential average of consecutive sweeps
weighted by a user-specified averaging factor. Each new sweep is averaged into the trace until
the total number of sweeps is equal to the averaging factor, for a fully averaged trace. Each
point on the trace is the vectar sum of the current trace data and the data from the previous
sweep. A high averaging factor gives the best signal-to-noise ratio, but slows the trace update

time. Doubling the averaging factor reduces the noise by 3 dB. Figare 6-43 illustrates the

effect of averaging on & log magnitude [ormat trace.
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Figure 6-43. Effect of Averaging on a Trage
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Smoothing

Stoothing (simHar to video filtering) averages the formatted active channe! data over a
portion of the displayved trace. Smoothing computes each displayed data point based on oune
sweep only, using a moving average of several adjacent data points for the current sweep. The
smoothing aperture is a percent of the stimulus span swept, up to a maxinmum of 100%.

Rather than lowering the noise floor, smeothing finds the mid-value of the data. Use it

to reduce relatively small peak-to-peak noise values on broadband measured data. Use a
sufficiently high number of display points to aveid misleading results. Do not ase smoothing
for measurements of high @ resonant devices or other devices with wide variations in the
trace, as it will introduce errors into the measnrement.,

In polar display format, large phase shifts over the smoothing aperture will cause shifts in
amplitude, since a vector average is being computed. Figure 6-44 illustrates the effect of
smoothing on a log magnitude formal trace.

If data and memory traces are displayed, smoothing is performed on both of them.
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Figure §-44, Effect of Smoothing on a Trace

IF Bandwidih Reduction

IF Bandwidth Reduction lowers the noise floor by reducing the receiver input bandwidth. It
has an advantage over averaging in reliably filtering out unwanted responses such as spurs,
odd harmonics, higher frequency spectral noise, and line-related noise. Sweep-to-sweep
averaging, however, is better at filtering out very low frequency noise. A tenfold reduction
in IF bandwidth (from 200 Hz to 20 Hz, {or example) lowers the measurement noise floor by
about 10 dB.

Another difference between sweep-to-sweep averaging and variable IF bandwidth is the sweep
time. Averaging displays the first complete trace faster but takes several sweeps to reach a
fully averaged trace. 1F bandwidth reduction lowers the noise floor in one sweep, but the
sweep time may be slower. Figure 6-45 iliustrates the difference in noise floor between a trace
measured with a 1 kHz [F bandwidth and with a 2 Hz IF bandwidth.
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Figure 6-45. IF Bandwidth Reduction

Group Delay Aperture

Changing group delay aperture will lower the noise on the group delay trace. Refer to Group
Delay Principles earlier in this chapter.

Another capability that can be used for effective noise reduction is the marker statistics
function, which computes the average value of part or all of the formatted trace. Refer to
Chapter 8.

Average Menu

—
AVERAGING, /"
RESTART, K:[:]
AVERAGING]
FACTOR Ki:[:j
AVERAGING
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SMOOTHING
APERTURH KE
SMOOTHING :D
onh OFF K
GROUP DELY -["—]
APERTURE]
IF BW
[8kiiz] K:{j
i e———
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Figure §-46. Average Menu
AVES " (AVERREST) resets the sweep-to-sweep averaging and restarts the sweep

count at 1 at the ltmnmmng> of the next sweep. The sweep count for averaging is displayed at
the left of the display.
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AVERAGING .FAC_T:D_R (AVERFACT) makes averaging factor the active function. Any value up to
999 can be used. The algorithm used for averaging is:
Ay = E‘éﬁ +(1- -},ﬁ:) X Aoy
where
A(n) = current average
S(n) = current measurement
F = average factor

AVERAGING on OFF (AVERON, AVERDFF) turns the averaging function ON or OFF for the
active channel. “Avg” is displaved in the status notations area at the left of the display,
together with the sweep count for the averaging factor, when averaging is ON. The sweep
count for averaging is reset to 1 whenever an instrument state change affecting the measured
data is made.

At the start of averaging or following _A_ERAGING RES _RT, averaging starts at 1 and averages
cach new sweep into the trace until it reaches the speuhed averaging factor. The sweep

count is displayed in the status notations area below “Avg” and updated every sweep as it
increments. When the specified averaging factor is reached, the trace data continues to be
updated, weighted by that averaging factor.

SMODTHING APERTURE (SMOOAPER) lets you change the value of the smoothing aperture as a
percent of the span. When smoothing aperture is the active fanction, its value in stimulus
units is displayed below its percent value in the active entry area. Allowed range is 0.05
thmugh 100 % of Spaﬂ and resolution is 0.001%.

actne chdnnel. Wheu smoothing is ON, the annotation “Smo” is displayed in the status
notations area. The algorithm used for smoothing is:
-D(nﬁm) + ot D{n) +ok -D(w.+rra)

241

Sm(n) -

where
Sm(n) = smoothed data
D{n) = unsmocthed data

n @ decided from smoothing aperture

p@.{ c.mlt of t§1e spa‘n (Iefer to Group Delay Principles earlier in this chapter). A frequency

aperture Af at the active marker is displayed under the percent value when the format is

DELAY.

IF BW (IFBW) selects the bandwidth value for IF bandwidth reduction. Allowed values (in
Hz) are 4 k, 1 k, 200, 20, and 2. Any other value will default to the closest allowed value.

A narrow bandwidth slows the sweep speed but provides better signal-to-noise ratio. The
selected bandwidth value is shown in brackets in the softkey label.
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Figure 6-47. IF Bandwidth Menu

puim'while the measuring frequency is swept. This is convenient to get fast and good

performance when the log frequency sweep type is selected.

The best bandwidth depends on the measuring frequency. The relations between measuring

frequency and [F bandwidth are as follows:

Table 6-1. IF Bandwidth in AUTO mode

Frequency IF Bandwidth
5 Iz to 195.999 Hz 2 Hz
200 Hz to 1.999 999 kHez 20 Hz
2 kHz to  99.999 999 kHz 200 Hz
100 kIz  to 999.999 999 kHz 1 kHz
1 MHz to 500 MHz 4 kHz

W goes back to the average menu.

Response Function Block
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This key provides the attenvator menu which selects the analyzer’s three internal attenuator
values, § or 20 dB, for inputs A, B, and R.

Attaﬂuatc}r Menu
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Figure 6-48. Aftenuator Menu

INPUT—A OdB (ATTIAODB) sets the attenuator in input A to 0 dB.
20dB (ATTTAZ0DB) sets the attenuator in input A to 20 dB.
INPUT-B: O"dBIfZ{ATE‘EBODQ) sets the attenuator in input B to 0 dB.

EOdB {ATTIB2CDB) sets the attenuator in input B to 20 dB.

INPUT*R ' _‘_-B:-EE(ATTIROQB) sets the attenuator in input R to 0 dB.

20dB {(ATTIR20DB) sets the attenuator in input R to 20 dB.

-
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Measurement Calibration

INTRODUCTION

Measurement calibration is an accuracy enhancement procedure that effectively reduces the
system errors that cause ancerfainty in measuring a device under test. It measures known
standard devices, and uses the resubts of these measurainents to characterize the systewn.

This chapter explains the theoretical fundamentals of accuracy enhancement and the sources
of measurement errors. It describes the different measurement calibrasion procedures available
in the analyzer, which errors they correct, and the measurements for which each should be
used. An appendix at the end of this chapter provides further information on characterizing
systematic errors and using error models to analyze overall measurement performance.

ACCURACY ENHANCEMENT

If it were possible for a perfect measurement system to exist, it would have infinite dynamic
range, isolation, and directivity characteristics, no impedance mismatches in any part of
the test setup, and flat frequency response. Vector accuracy enhancerment, also known

as measurement calibration or error correction, provides the rieans to simulate a perfect
measurement system.

In any high frequency measurement, there are measurement errors associated with the
system that contribute uncertainty to the results. Parts of the measurement setup such
as interconnecting cables and signal separation devices (as well as the analyzer itself) all
introduce variations in magnitude and phase that can mask the actual performance of the
device under test.

For example, crosstalk due to the channel isolation characterisiics of the analyzer can
contribute an error equal to the transmission signal of a high-loss test device. For rellection
measurements, the primary limitation of dynamic range is the directivity of the test setup.
The measurement system cannot distinguish the true value of the signal reflected by the
device under test from the signal arriving at the receiver input due to leakage in the system.
For both transmission and reflection measurements, impedance mismatches within the fest
setup cause measurement uncertainties that appear as ripples superimposed on the measured
data.

Measurement calibration simulates a perfect analyzer system. It measures the magnitude and
phase responses of known standard devices, and compares the measurement with actual device
data. It uses the results to characterize the system and effectively remove the system errors
from the measurement data of a test device, using vector math capabilities interral to the
analyzer,
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When measurement calibration is used, the dynamic range and asccuracy of the measurement
aye limited only by system noise and stability. connector repeatabiiity, and the accuracy to
which the characteristics of the calibration standards are krown.

SOURCES OF MEASUREMENT ERRORS

Network analysis measurement errors can be separated into systematic, random, and drift
errTors.

Correctable systematic errors are the repeatable errors that the system can measure. These
are errors due to mismatch and leakage in the test setup, isolation between the reference and
test signal paths, and system {requency response.

The system cannot measure and correct for the non-repeatahle random and drift errors. These
errors affect both reflection and transuission measurements. Random errors are measurement
variations due to neise and connector repeatability, Drift errors include frequency drift,
temperature drift, and other physical changes in the test setup between calibration and
measurement.

The resulting measurement is the vector sum of the device under test response plus all
error terms. The precise effect of each error term depends upon s magnitude and phase
relationship to the actual test device response.

In most high frequency measurements the systematic errors are the most significant source of
measurement uncertainty. Since each of these errors can be characterized, their effects can be
effectively removed to obtain a corrected value for the test device response. For the purpose of
vector accuracy enhancement these uncertainties are quantified as directivity, source match,
load match, isolation {crosstalk), and frequency response (tracking). Fach of these systemaltic
errors is described below,

Random and drift errors cannot be precisely quantified, so they must be treated as producing
a cumulative uncertainty in the measured data.

Directivily

Normally a device that can separate the reverse from the forward traveling waves (a
directional bridge or coupler) detects the signal reflected from the device under test. Ideally
the coupler would completely separate the incident and reflected signals, and only the reflected
signal would appear at the coupled output, as illustrated in Figure 7-1-a.
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Figure 7-1. Directivity

However, an actual coupler is not perfect, as illustrated in Figare 7-1-b. A small amount of
the incident signal appears at the coupled output due to leakage as well as to reflection from
the termination in the coupled arm. Also, reflections from the main coupler cutput connecsor
appear at the coupled output, adding uncertainty to the signal reflected from the device. The
figure of merit for how well a coupler separates forward and reverse waves is directivity. The
greater the directivity of the device, the better the signal separation. Directivity is the vector
sum of all leakage signals appearing at the analyzer receiver input due to the inability of the
signal separation device to absolutely separate incident and reflected waves, and to residual
reflection effects of test cables and adapters between the signal separation device and the
measurement plane, The error contributed by directivity is independent of the characteristics
of the test device and it usually produces the major ambiguity in measurements of low
reflection devices.

Source Match

Source match is defined as the vector sum of signals appearing at the analyzer receiver input
due to the impedance mismatch at the test device looking back into the source. Source match
is degraded by adapters and extra cables. A non-perfect source match leads to mismatch
uncertainties that affect both transmission and reflection measurements. Souree match is most
often given in terms of return loss in dB: thus the larger the number, the smaller the error.

m In a reflection measurement, the source match error signal is caused by some of the reflected
signal from the DUT being reflected from the source back toward the DUT and re-reflected
from the DUT (Figure 7-2).

® In a transmission measurement, the source match error signal is caused by reflection from
the test device that is re-reflected from the source.
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The error contributed by source match is a mismatch error caused by the relationship belween
the actual input impedance of the test device and the equivalent match of the source. It is a
factor in both transmission and reflection measuremenis. Mismatch uncertainty is particularly
a problem in measurements where there is a large impedance mismatch at the measurement
plane,

L.oag Matceh

Load match error results from an imperfect match at the output of the test device. It is
caused by impedance mismatches between the test device output port and port 2 of the
measurement system. As illustrated in Figure 7-3, some of the transmitted signai is reflected
from port 2 back to the test device. A portion of this wave may be re-reilected to port 2, or
part may be transmitted through the device in the reverse direction to appear at port 1. If
the DUT has low insertion loss (for example a transmission line), the signal reflected from
port 2 and re-reflected from the source causes a significant error because the DUT does not
attenuate the signal significantly on each reflection. Load match is usually given in terms of
return loss in dB: thus the larger the number, the smaller the error.
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Figure 7-3. Load Match

The error contributed by load match depends on the relationship between the actual output
impedance of the test device and the effective mateh of the return port (port 2). It is a factor
in all transmission measurements and in reflection measurements of two-port devices. Load
match and source match are usually ignored when the test device insertion loss is greater than
about 6 dB, because the error signal is greatly attenuated each time it passes through the
DUT. However, load match effects produce major transmission measurement errors for a fest
device with a highly reflective output port.

isolation {Crosstalk}

Leakage of energy between analyzer signal paths contributes to error in a transmission
measurement much like directivity does in a reflection measurement. Isolation is the vector
sum of signals appearing at the analyzer reccivers due to crosstalk between the reference and
test signal paths, including signal leakage within the test set and in both the RF and IT
sections of the receiver,

The error contributed by isolation depends ou the characteristics of the device under test,
Isolation is a factor in high-loss transmission measurements. However, analyzer system
isolation is more than sufficient for most measurements, and correction for it may be
unnecessary. For measuring devices with high dynamic range, accuracy enhancement can
provide improvements in isolation that are limited only by the noise lloor.
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Frequency Response (Tracking)

This is the vector sum of all test setup variations in which magnitude and phase change as «
function of frequency. This includes variations contributed by signal separation devices, test
cables, and adapters, and variations between the reference and test signal paths. This error is

a factor in both transmission and reflection measurements.
For further explanation of systematic error terms and the way they are combined and

represented graphically in error models, refer to the appendix at the end of this chapter, titled
Accuracy Enhancement Fundamentals - Characterizing Systematic Errors.

CORRECTING FOR MEASUREMENT ERRORS

There are twelve different error terms for a two-port measurement that can be corrected

by accuracy enhancement in the analyzer. These are directivity, source match, load mateh,
isolation, reflection tracking, and transmission tracking, each in both the forward and reverse
direction. The analyzer has several different measurement calibration routines to characterize
one or more of the systematic error terms and remove their effects from the measured

data. The procedures range from a simple frequency response calibration to a full two-port
calibration that effectively removes all twelve error terms.

The Response Calibration effectively reduces the frequency response errors of the test setup
for reflection or transmission measurements. This calibration procedure may be adequate
for measurement of well matched low-loss devices. This is the simplest error correction 1o
perform, and should be used when extreme measurement accuracy is not required.

‘The Response and Isolation Calibration effectively removes frequency response and crosstalk
errors in fransmission measurements, or frequency response and directivity errors in reflection
measurements. This procedure may be adequate for measurement of well matched high-loss
devices,

The 811 and 832 One-Port Calibration procedures provide directivity, source match, and

frequency response vector error correction for reflection measurements. These procedures
provide high accuracy reflection measarements of one-port devices or properly terminated
two-port devices.

The Full Two-Port Calibration provides directivity, source match, load mateli, isolation,
and frequency response vector error correction, in both forward and reverse directions, for
transmission and reflection measurements of two-port devices. This calibration provides
the best magnitude and phase measurement accuracy for both transmission and reflection
measurements of two-port devices, and requires an S-parameter test set.

The One-Path Two-Port Calibration provides directivity, source malch, load match, isolation,
and frequency response vector error correction in one direction. It is used for high aceuracy
transmission and reflection measurements using a transmission/reflection test kit, such as

the HP 87512A/B. (The device under test must be manually reversed hetween sweeps to
accomplish measurements in both the forward and reverse directions.)

All the calibration procedures described above are accessed from the key and are
described in the following pages.

The uncorrected performance of the analyzer is sufficient for many measurements. However,
the vector accuracy enhancement techniques described in this chapter will provide a much
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higher level of accuracy, Figure 7-4, and Figure 7-5 illustrate the improvements that can he
made in measurement aceuracy by using 4 more complete calibration routine. Figure 7-4
shows a measurement in log magnitude format with a response calibration only, and the
improvement in the same measirement using an Sy; one-port calibration.
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Figure 7-4. Response vs. S44 1-Port Calibration on Log Magnitude Format

Figure 7-5 shows the response of a Jow-loss device in a log magnitude format, using a response
calibration and a full two-port calibration.
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Figure 7-5. Response vs. Full Two-Port Calibration

After the correctable systematic errors are effectively removed using accuracy enhancement,
residual uncertainties remain. In addition to random and drift errors, these include residual
systematic errors resulting from imperfections in the calibration standards, the connector
interface, the interconnecting cables, and the instrumentation.
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MENUS AND SOFTKEYS
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Figure 7-6. Sofikey Menus Accessed from the Key

The HP-IB programming command is shown in parenthesis following the key or softkey. The
(KEY 15) key leads to a series of menus that implement the accuracy enhancement
procedures described in the preceding pages (see Figure 7-6). Accuracy enhancement (error
correction) is performed as a calibration step before measurement of a test device. The
analyzer uses one of several different procedures to measure the systematic {repeatable) errors
of the system and remove their effects from the measured data. The calibration menus and
procedures are described and illustrated in the following pages. Each procedure compensates
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for one or more of the systematic error terms. These range from a simple response calibration
that removes the frequency response errors of the test setup to a full two-port vector
calibration that removes all twelve error terms. Measurements of standard devices solve for
the error terms.

Standard Devices

The standard devices required for system calibration are available in compatible calibration
kits with different connector types. The model numbers and contents of tiese calibration kits
are listed in the General Information and Specifications section. Fach kit contains at least
one SHORT, one OPEN, and two impedance-matched LOADs, In kits that require adapters
for interface to the test set ports, the adapters are phase-matched for calibration prior to
measurement of non-insertable and non-reversible devices. Other standard devices can be used
by specifying their characteristics in a user-defined kit, as described later in this chapter under
“MODIFYING CALIBRATION KITS”.

The accuracy improvement of the correction is limited by the quality of the standard devices,
and by the connection techniques used. For information about connector care and connection
techniques, refer to Application Note 326 Principles of Microwave Connector Care. When
possible, use a torque wrench for final connections. The techniques for torquing connections
and the part numbers for torque wrenches recommended for different connector types are
provided in the connector care documents mentioned above.

interpotated Error Correction

The interpolated error correction feature allows the operator to change sweep range, or sweep
type, without recalibration. Interpolation is activated automatically when one or more of
these stimulus parameters is changed as listed in the following table,

& Sweep range is changed to fall inside of the calibrated range.
® Sweep type is changed.
& Number of points is changed.

When interpolation is ON, the system errors for the newly selected frequencies are caleulated
from the system errors of the original calibration.

MNote There is no softkey to turn off mterpolation.
¥
Interpolated error correction functions in all sweep modes: linear [requency, log frequency,
power sweep, and list sweep.

Channel Coupling

Up to four sets of measurement calibration data can be defined for each instrument state, one
for each channel and each input port. (If two port full calibration is used, up to two sets of
measurement calibration data can be defined, one for each channel.) If the two channels are
stimulus coupled and the input ports are the same for both channels, they share the same
calibration data. If the two channel inputs are different, they can have different calibration
data. If the two channels are stimulus uncoupled, the measurernent calibration applies to only
one channel. For information on stimulus coupling, refer to Chapter 5.
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Measurement Parameters

Calibration procedures are parameter-specific. rather than channel-specific. When a parameter
is selected, the instrument checks the available calibration data. and uses the data found

for that parameter. For example, if & transmission respouse calibration is performed for

B/R. and an 8}y 1-port calibration for A/R, the analyzer retains both calibration sets and
corrects whichever parameter is displayed. Once a calibration has been performed for a
specific parameter or input, measurements of that parameter remain calibrated in either
channel {as long as stimulus values are coupled). Tn the response and response and isolation
calibrations, the parameter must be selected before calibration: other correction procedures
select parameters automatically. Changing channels during a calibration procedure invalidates
the part of the procedure already performed.

Device Measuremenis

In procedures that require measurement of several different devices, for example 2 SHORT,
an OPEN, and a LOAD, the order in which the deviees are measured is not critical. Any

standard can be re-measured, until the DONE key is pressed. The change in trace during
meagurement of a standazd is normal.

Response and respounse and isolation calibrations require measurement of only one standard
device. If more than one device is measured, only the data for the last device is retained.

Omitting Isolation Calibration

Isolation calibration can be omitted for most measurements, except where wide dynamic range
is a consideration. Use the following guidelines. When the measurement requires a dynamic
range of:

g under 80 dB: Omit isolation calibration fer most measurements.

u 80 to 100 dB: Isolation calibration is recommended with approximately 0 dBm into the R
input,

8 over 100 dB: Averaging should be ON with an averaging factor > 16, both for isolation
calibration and for measurement after calibration.

Stopping During the Calibration Procedure

You can stop at any point during a calibration procedure, witheut losing the steps you have
already performed. No special steps are necessary to leave; just do whatever task you want.

To continue the calibration where you left off, press RESUME CAL - SEQBENC

Saving Calibration Data

It is recommended that calibration data be saved on a built-in disk. Refer to Chapter 11. If
a calibration is not saved, it will be lost if another calibration procedure is selected for the
same channel. Instrument preset, power on, and instrament state recall will also clear the
calibration data.

Specifying Calibration Kits

In addition to the menus for the different calibration procedures, the key provides access
to a series of menus used to specify the characteristics of the calibration standards used.
Hewlett-Packard calibration kits are predefined, or the definitions can be modified to any set
of standards used.
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Correction Menu

The correction menn is the first menu presented by the [CaL} key, and it provides access to
numerous menus of additional calibration features.

commeenon] |17
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S
reswe ol 11—
T
s T
A1)
wore| T

J

C2007001

Figure 7-7. Correction Menu

.. 1IN '-F;Ff {CORRDN, CORROFF) turns error correction ON or OFF. The analyzer uses
%he most recont calibration data for the displayed parameter.

If one of the next stimulus parameters has been changed, correction is automatically turned

OFF.
& Input measurement port is changed.
s Calibration type is changed.

If one of the next stimulus parameters has been changed, interpolated correction is
automatically turned on and the statas notation is changed to “C?” or “C277 (refer to “CRT
DISPLAY” in Chapter 2).

m Sweep range is changed to fall inside of the calibrated range.
E Sweep type is changed.
w Number of Point is changed.

I one of the next stimulus parameters has been changed, the status notation is changed to
“CH7 or “C247 (refer to “CRT DISPLAY” in Chapter 2). In this status, error corrections at
a stimnulus point will be done using calibration coefficient at the nearest calibrated frequency
point, or the CW frequency.

g8 Sweep range is changed so both start and stop, or one of the start and stop stimulus value
are/is out the calibrated range.

# Sweep type is changed to or from power sweep. (If span is zero and measurement frequency
is equal to CW frequency of power sweep, the status is not changed.)
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A calibration must be performed before correction can be turned ON. I no valid calibration
exists, the messapge “CALTBRATTON REQUIRED” is displayed on the display.

it is recommended that calibration data be saved on the built-in disk, using the capabilities
described in Chapter 11

CALTIBRATE MENU leads to the calibration menu. which provides several accuracy enhancement
procedures ranging from a simple frequency response calibration to a full two-port calibration.
At the completion of a calibration procedure, correction is automatically turned ON, and the
notation “Cor™ or “C27 is displaved at the left of the screen.

RESUME CAL SEQUENCE (RESC) climinates the need to restart a calibration sequence that
was interrupted to aecess some other menu. This softkey goes back to the point where the
calibration sequence was interrupted.

CAL KIT leads to the select cal kit menu, which selects one of the default calibration kits
available for different connector types. This in turn leads to additional menus used to
define calibration standards other than those in the default kits (refer to *“MODIFYING

CALIBRATION KITS”, later in this chapter). When a calibration kit has been specified, its
connector fype is displayed in brackets in the softkey label.

MORE provides access to the calibrate more menu, which extends the test port reference plane,

to specify the characteristic impedance ol the systen, the relative propagation velocity factor,
arnd DC linearity correction.

Select Cal Kit Menu

This selects the calibration kit for a measurement calibration. Selecting a cal kit chooses
the model that mathematically describes the standard devices actually used. Refer to the
beginning of this chapter, and the appendix at the end of this chapter, [or more background
on measurement calibrations and error correction.

The analyzer has the capability to calibrate with three predefined cal kits in four different
connector types. The models for these cal kits correspond to the standard calibration kits
available as accessories:

7 mm HP 85031B 7 mm calibration kit
50 (¢ Type-N  HP 85032B 50 Q type-N calibration kit
75 Q Type-N  HP 85036B 75 Q type-N calibration kit

Cal kits other than those listed can be used. For example: The errors introduced by using the
internal 7 mm model with a Hewlett-Packard 7 mm cal kit other than the HP 850318 are very
small. For the highest accuracy, the more closely the model matches the device, the better.

In addition to the three predefined cal kits, a fourth choice is a “user kit” that is defined or
modified by the user. This is described under “MODIFYING CALIBRATION KITS” later in
this chapter,
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Figure 7-8. Select Cat Kit Menu

CAL KIT:

N SOQ (CALKN50) selects the 50 € type-N model.

N 754t {CALKNT5) selects the 75  type-N model.

calibration procedures to select the connector sex. This is the connector sex of -
the input port, not the actual calibration standard.

USER KET (CALKUSED) selects a cal kit model defined or modified by the user. For
information, refer to “MODIFYING CALIBRATION KITS”, later in this chapter.

SAVE USER KIT [SAVEUSEK) stores the user-modified or user-defined kit into memory, after it
has been modified.

MODIFY (MODI1) leads to the modify cal kit menu, where a default cal kit can be
user-modified.

RETURN returns to the correction menu.
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Calibrate More Menu

This menu extends the test port reference plane, specifies the characteristic impedance of the
system, and specifies the relative propagation velocity factor.

VELOCITY
FACTOR

SEY 20

st KT
EXTENSIONS K
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T
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C2007040

Figure 7-9. Calibrate More Menu

The differences between the PUR?EXTENSIDNS and ELECTRICAL DELAY functions are
described in the following table.

Table 7-1. Differences beiween PORT. EXTENSIONS and ELECTRI

AL DELAY

PORT EXTENSIONS

ELECTRICAT DELAY

Main Effect

The end of & cable becomes the test
port plane for all S-parameter
Measurerments.

Compensates for the electrical length
of & cable for the current type of
mezsuremnent only.

Reflection = 2 thmes cable’s electrical
fength.

lengih.

Measurements

Affected

All S-parameters.

Only the currently selected measurement
parameter.

Elecirical
Compensation

Inteihigently compensates for 1 times or
2 times the cable’s electrical delay,
depending on which S-parameter is
computed.

Only compensates as necessary for the
currently selected measurement
parameter.
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_VELDCIT?ﬁ'ﬁ'FACTOR' (VELOFACT) Linters the velocity factor used by the analyzer to calculate
equivalent electrical length. Values entered should be less than 1. For example, the velocity
factor of Teflon is:

i
Vp= ——

= (.666

SET ZO (SETZ) sets the characteristic impedance used by the analvzer in calculating measured
impedance with Smith chart markers and conversion parameters. If the test set used is an

HP 875118 S-parameter test set or an HP 875128 Transmission/Reflection Test Kit, set 7,

to 75 §1. Characteristic impedance must be set correctly before calibration procedures are
performed.

1 DE?ECT LINCDRR provides the DC correction menu, which calibrates an external DC
voltage detector in the Bde or Bde/R measurements.

Heference Plane Menu

This adds electrical delay in seconds to the measurement ports to extend the apparent
location of the measurement reference plane to the ends of the cables. This is equivalent to
adding a length of perfect air line, and makes it possible to measure the delay response of the
BUT only, instead of the DU'L' plus the adapter, cable, or other incidental device. Read the
previous description of Port Extension for more information.

EXTENSIONS K:D
on OFF

EXTENSION K:D

INPUTR

EXTENSION

weora| KT ]

EXTENSION

weore| K[ )

EXTENSION K:D
PORT 1
EXTENSION
ronr2| K| [ ]
o] K[ )
g

L2000

Figure 7-10. Reference Plane Menu

EXTENSIONS on OFF (PORECY, PCREOFF} toggles the reference plane extension mode. When

this fanction is ON, all extensions defined below are enabled; when OFF, none of the
extensions is enabled.
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EXTENSI[}N INPUT R {PORTR) adds electrical delay in seconds to extend the reference plane
at input R to the end of the cable. This is used for any R input measurements including
S-parameters.

EXTENSION INPUT & (PORTA) adds electrical delay to the input A reference plan for any A
input measurements includivg S-parameters.

EXTEI\?SIUI\_X INPUT B (PORTB) adds clectrical delay to the input B reference plane for any B
input measurements including S-parameters.

EXTENSION PORT .1 (PORT1) extends the reference plane for measurements of 5y, So1, and
S'(‘_)",

EXTENSIUN PGRT 2 (PORT2) extends the reference plane for measurements of Sy, 512, and
Sa1.

RETURN goes back to the calibrate more menu.

DO Correction Menu

This calibrates an external DC detector’s output voltage linearity for the Bdc or Bde/R
measurements. When the calibration starts, the analyzer sweeps its output power from 50
dBm to +15 dBm to obtain the detector’s response. After the sweep ends, the calibration
data for the detector’s non-linearity is calculated and stored to non volatile memory.

DC CORR <
on OFF

BC CAL

ot L)
AT )
T

o K )

TG00

Figure 7-11. DC Cerrection Menu

BC CORR on OFF (DCCORON, DCCOROFF) turns error correction ON or OFF, The analyzer uses
the most recent calibration data.

TE DG CAL (EXEDCALI) starts calibration. The calibration is performed by sweeping
the out_pu% power from —50 dBm to +15 dBm. The swept signal’s frequency is set by the
CW FREQ. described in “Stimulus Menu” in Chapter 5.
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MNote Any frequency response of the detector can be calibrated.
¥
Caution Make sure the detector is capable of +15 dBm input at the calibrating
frequency.

After the calibration is done, the calibration data is calculated and stored. The sweep
parameter will be the power sweep, regardless of the prior sweep parameler.

ABORT DC CAL (ABODCALI) aborts the calibration.

RETUR?@ returns to the Calibrate More Menu.

Calibration Menu

This selects the type of measurement calibration you wish to perform. Six different calibration
routines are available, each of which effectively removes from one to twelve systematic

errors from the measurement data. Each calibration procedure features display prompts

‘to guide you through the calibration sequence. The available calibrations are described

below, and a comparative summary is provided in Table 7-2. Procedures for performing each
of the calibrations are provided in the following pages, together with illustrations of the
corresponding menus.

Note that all instrument parameters should be established before a calibration procedure is
started, including stimulus values, calibration kit, and system characteristic impedance Zg
{To modify the characteristic impedance, refer to “Calibrate More Menu”)., You may choose
a subset of the full frequency range, or a different sweep type, using the interpolated error
correction, after the system has been calibrated. (Refer to “Interpolated Error Correction”
and “Correction Menu” in this Chapter.) The performance of interpolated error correction is
not specified.

Note By convention, when the connector sex is provided in parentheses for a
calibration standard, it refers to the sex of the test port connector, aot the
sex of the standard. For example, “SHORT [m]” indicates that the test port
connector is male, not the SHORT connector.

Note The compatible type-N calibration kits for the analyzer provide OPENs with
center conductor extenders. For maximum accuracy in calibration with these
devices, follow these steps:

1. Connect the outer conductor by hand and tighten with a torque wrench.

2. Insert the center conductor extender into the outer conductor. The fit
should be snug but {ree.

3. Push gently until the center conductors mate,

For measurement of test devices following calibration, refer to fhe User’s Guide.
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Figure 7-12. Calibration Menu

CALIERATE: HOWE (CALN) is underlined il no calibration has been performed or if the
calibration data has been cleared. Unless a calibration is saved on the internal disk, the
calibration data is lost on instrument preset, power ON, or instruinent state recall.

RESPONSE (CALIRESP) leads to the frequency response calibration. This is the simplest and
fastest accuracy enhancement procedure, but should be used when extreme accuracy is not
required. It effectively removes the frequency response errors of the test setup for reflection or
(Tansmission measurements.

For transmission-only measurements or reflection-only measurements, only a single calibration
standard is required with this procedure. The standard for traunsmission measurements is

a THRU, and for reflection measurements can be either ap OPEN or a SHORT. If more

than one device is measured, only the data for the last device is retained. The procedures

for response calibration for a reflection measurement and a transmission measurement are
deseribed in the following pages.

RESPONSE & ISOL’N (CALIRAI) leads to the menus used to perform a response and isolation
measirenent calibration, for measurement of devices with wide dynanic range. This
procedure effectively reduces the same errors as the response calibration. In addition,

it effectively reduces the isolation (crosstalk) ervor in transmission measurements or the
directivity error in reflection measurements. As well as the devices required for a simple
response calibration, au isolation standard is required. The standard normally used te correct
for Isolation is an impedance-matched LOAD {usunally 50 or 75 ). Response and directivity
calibration procedures for reflection and transmission measurements are provided in the
following pages.

S1t 1%PORT (CALIS111) provides a measurement calibration for reflection-only measurements
of one-port devices or properly terminated two-port devices, at port 1 of an 5-parameter test
set or the test port of a transmission/reflection test kit. This procedure effectively reduces

the directivity, source match, and frequency response errors of the test setup, and provides a
higher level of measurement accuracy than the response and isolation calibration. It is the
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most accurate calibration procedure lor reflection-only messurements. Three standard devices
are reguired: a SHORT, an OPEN, and an impedance-matched LOAL. The procedure for

performing an Sy one-post calibration is deseribad in the following pages.

S22 1-PORT {CALISZ221}is similar to S11 1=-PORT. It is used for reflection-only
measurements of one-port devices or properly terminated two-port devices 1n the reverse
direction: that is, for devices connected to port 2 of the 5-parameter tost set.

FULL 2-PORT (CALIFUL2) leads to the series of menus used to perform a complete calibration
for measurement of all four S-parameters of a two-port device. This is ihe most accurate
calibration for measurements of two-port devices, It effectively reduces all correctable
systemaftic errors {directivity, source match, load match, isolation, reflection tracking, and
transmission tracking) in both the forward and the reverse direction. Isolation correction can
be omitted for measurements of devices with limited dynamic range.

The standards for this procedure are a SHORT, an OPEN, a THRU, and an impedance-
matched LOAD (two LOADs if isolation correction is required). An S-parameter test set is
required. The procedure is described in the following pages.

two-port calibration without an S-parameter test set. This calibration procedure effectively
reduces directivity, source match, load match, isolation, reflection tracking, and transmission
tracking errors in one direction only. Isolation correction can be omitted for measurements

of devices with limited dynamic range. (The device under test must be manually reversed
bhetween sweeps to accomplish measurement of both input and output responses.) The
required standards are a SHORT, an OPEN, a THRU, and an impedance-matched LOAD.
The procedure for performing a one-path 2-port calibration 1s described in the following pages.

Table 7-2. Purpose and Use of Different Calibration Procedures

Calibration Corresponding Errvors Reduced Standard
Procedure Mensuroment Devices
Response Transmission or reflection measurement Freq. response THRU for trans.,

when the highest accuracy is not required.

OFPEN or SHORT for
reflection

Hesponse &
isolation

Transmiszsion of high insertion loss devices
or reflection of high return loss devices. Not
4 accurate as J-port or 2-port calibration.

Freq. response plus isolation in
transnussion or direclivity m
reflection

Same ag response plus
isolation std {LOAD)}

S11 E-port

Heflection of any one-port device or well
terminated two-port deviee,

Directivity, source match, freq.

IexpoOnse.

SHORBT and OPEN
and LOAD

Sz l-port

Heflection of any one-port device or well
terminated two-port device,

Directivity, source match, freq.
response.

SHORT and OPEN
and LOAD

Full 2-port

Transmission or reflection of highest
accuracy [or two-port devices.

HP 87511A/B S-parameter Test Set is
reguired.

Directivity, source inatch, load
match, isolation, freq. response,

forward and reverse.

SHORT and OPEN
and LOAD and THRU
(2 LOADs for isolation)

One-path
2-port

Transmission or rellection of highest
accuracy for two-port devices. [Heverse test
device between forward and reverse
measurements. )

Directivity, source match, load
match, isolation, freq. response,
forward direction only

SHORT and OPEN
and LOAD and THRL
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Response Calibration for Reflection Measurements

This performs a frequency response only calibration with an S-parameter test set for a
measurenent of Sy, (Refer to Figure 7130 It can also be used for 5.y by substituting the
corresponding softkey in the S-parameters menu.

A similar procedure can be performed with & transiission/reflection test kit, using the tnputl
ports ment instead of the S-parameters menu (deseribed in Chapter 6}

e,

SHOFT K:E

0F’§EN K:D
THRU K:[j

onse| K| [ )
RESPONSE

B —

CROOTGAT
Figure 7-13. Response Cal Menu

Procedure

1. Press Refl: ng) Sii &/R.

2. Press (CaL)

3. Select the proper calibration kit. If the connector type or cal kit name shown in the
CAL KIT softkey label is not the same as the calibration kit to be used, refer to “Select Cal
Kit Menu™.

4. Press CALIBRATE MENU RESPONSE.

5. At port 1, connect either a SHORT or a shielded OPEN.

6. When the trace settles, press SHBRT or OPEN:, depending on the standard used. If more

than one device is meagsured, only the data for the last device is retained.

. The message “WAIT - MEASURING CAL STANDARD” is displayed while the data is measured.

The softkey label SHORT or GPE?»E is then underlined.

~

8. Press DQ%\EE _ RESPUNSE to complete the calibration. The error coefficients are computed

and stored. The correction menu is displayed with CORRECTION Q. A corrected trace is
displayed.

Now the test device can be connected and measured. It is recommended that calibration data
be saved using the built-in disk drive. Refer to Chapter 11.
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Besponse Calibration for Transmission Measurements

This performs a frequency response only milhmtum with an S-parameter test set for a
measurement of 5o (Refer to Figure 7-13.) To calibrate for a combined transmission and
reflection measurement, perform the transmission calibration on one channel and the reflection
calibration described above on the other chaunel

A similar procedure can be performed with & transmission/reflection test kit, using the input
poris menu instead of the S parameters menu (see Chapter 6).

Procedure
1. Press (MEAS) Trans FWDSE,‘LB/R
2. Press (cal)
3. Select the proper calibration kit. If the connector type or cal kit name shown in the
CAL KIT %oftke label is not the same as the calibration kit to be used, refer to “Select Cal
Kit Menu”
4. Press CALIBRATE MENU

5. Connect & THRU (conncct toget ho} the points at which the test device will be connected].
6. When the trace settles, press THRU

7. The message “WAIT - MEASURING CAL STANDARD” is displayed while the Sy datais
meaqured The softkey label T'RU_ is then underlined.

'RESPE}E\ESE to complete the calibration. The error cocﬂicients are compited

and stored. The correction menu is displayed with CQRB_E_CTION DN Jorrected Sqp data is
displayed.

Now the test device can be connected and measured. It is recommended that calibration data
be saved using the built-in disk drive. Refer to Chapter 11,
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Response and lsolation Calibration for Reflection Measurements

This effectively reduces the frequency response and directivity errors for reflection
measurements. The menus illustrated in Figure 7-14 perform a calibration with an
S-parameter test set for a measurement ol Sq;. I can also be used for S50 by substituting the
carresponding softkey in the S-parameters menu.

A similar procedure can be performed with s transmission/reflection test kit, using the input
ports mena instead of the S-parameters mena (deseribed in Chapter 6).

RESFONSE
& ISOLN
Dy
L
RESPONSE
ISOLATION RESPONSE
MENY MENU
RESPONSE SHORT
ISOL'N 5TD QPiiN
THRU
DONE RESP DONE:
ISOUN GAL RESPONSE
N .
Figure 7-14. Response and isoiation Cal Menu and Response Cal Menu
Procedure

1. Pz(,ssm Refl: FWD Sit A/R.

2. Press _.

3. Select Ihv proper calibration kit. If the connector type or cal kit name shown in the
CAL ___IT softkey label is not the same as the calibration kit to be used, refer to “Select
Cal Kit Menu™,

4. Press CAE,IBRATE MENU RESPONSE & ISDL’N RESPUNSE

At port 1, connect either a SHORT or a shielded OPEN.

6. When the trace settles, press SHORT or OPEN. depending on the standard used. If more
than one standard is measured, only the data for the last device is retained.

7. The message “WAIT - MEASURING CAL STANDARD” is displayed while the response data is
measured. The softkey label SHORT or OPEN is then underlined.

YN

8. Press D{JNE RESPONSE . The error coefficients are computed and stored. The response
and isolation menu is displayed.

9. Connect the isolation standard to port 1. This is an impedance-matched LOAD (usually
50 or 75 Q).

10. Press ISOL?N-STD.. The Sy4 isolation data is measured. The softkey label is underlined.
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11. Press DONE BESP ISCL'N CAL to complete the calibration. The directivity error
coefiicients are computed and stored. The correction menu is displaved with
CORRECTION ON . A corrected trace is displayed.

Now the test device can be connected and messured. It is recommended that calibration data
be saved on a built-in disk. Refer to Chapter 11.
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Response and Isolation Calibration for Transmission Measuremenis

This effectively reduces the frequency response and isolation errors for transimission
measurements of devices with wide dynamic range, using the menus illustrated in Figure 714
To calibrate for a combined transmission and reflection measurement. perform the
transmission calibration on one channel and the reflection calibration described above on the
other channel.

This procedure uses an S-pazameter test set. A similar proceduare can be performed with a
transmission/reflection test kit, using the input ports menu instead of the S-parameters menu
{sec Chapter 6).

Procedure

L. Press (MEAS) Trams® EWD S21 B/R.

2. Press (CaL)

3. Select the proper calibration kit. If the connector type or cal kit name shown in the
CAL KIT softkey label is not the same as the calibration kit to be used, refer to “Select Cal
Kit Menu™,

5. Connect a THRU between port 1 and port 2 at the points where the test device will be
connected. .

6. When the trace has settled, press THRU. 8y response data is measured. The softkey label
THRU is underlined.

7. Press EGNE RES_P_DN.SZE.

8. Connect impedance-matched LOADs to port 1 and port 2. Press TSOL?N TD The Soq
isolation data is measured. The softkey label is underlined.

9. Press QDNE RE$_P XSOZL*_Q'I CAL to complete the calibration. The Si4 error coeflicients are

591 data is displayed and the notation “Cor” at the left of the screen indicates that
correction is ON for this chaanel.

softkey in the S-parameters menu.

I+ is recommended that calibration data be saved on a built-in disk. Refer to Chapter 11.
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S4¢ 1-Port Calibration for Heflection Measurements

This performs a complete vector error correction for reflection measurements of one-port
devices or properiy terminated two-port devices. (Refer to Figure 7-15.) This s a
high-accuracy calibration that eflecilvely reduces the directivity, source match, and [requency
response errors from Lthe measured data. The calibration described here uses an 5-parameter
test set: w similar procedure can be performed with a transmission/reflection test kit, using

the input ports menu instead of the S-parameters menu described in Chapter 6.

B11
t 2 1
OHE F‘Oﬂ“z" 511 OPENL z 541 SHORT S$i1 LoAD
11 MENY MENU .. WENY MENU
1-PORT {sz3] : QPEN[HI SHORT[H] toadt
— OPEN ; ;
b J [RE— : !
- SHORT OPER{F] SHORTIFE logd2
LOAD - )
o)
DONE: BONE : DONE : DONE !
1-PGRT CAL GPENS SHORTS LOADS
w2 s w2 12 '
ONE PORT $22 OPEN $22 SHORY S22 LOAD
s22 MENU MENU MENU MENY
tszz} QPER| ] SHORY (M) toadi
GPEN ; ;
SHORT OPEN{F } SHORTLF } Jara?
LOAD L .
DONE DONE : PO ¢ DONE :
1-PORYT CAL SHORTS LOADS
1 Some softkey Rkbels ard steugtute wil pe aflecio
by 10w Cal KIT meddwalion
21 Thyso dispiayed
wier: fype-h ol it 1§ sedecled

[sisariecy

Figure 7-15. §4¢ and So4 1-Port Cal Menus
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Procedure

9.

16.

il

12.

. Press {cal]

. Select the proper calibration kit. If the connector type or cal kit name shown in the

CAL KIT softkey label is not the same as the calibration kit to be used. refer to *Seolect
Cal Kit Menu”,
Press CALIBR!TITE MFNU’ Sil i F’URT

. Connect a shielded OPEN to port 1.
- When the trace settles, press (8132 :0PEW (for the 7 mm cal kit) or (Sig7 :OPENS {for the

tvpe-N eal kit).

When the 7 mm cal kit is selected in step 2, the message “WAIT - MEASURING CAL
STANDARD” is displayed while the OPEN data is measured. The softkey label UfJI:,N is then
underlined,

When the type-N cal kit is selected in step 2, the GPEN rf'ﬂ and OPEN [F} softkeys are
displayed. Press OPEN [M] (for male port connector) or press OPEN [F] (for female port
connector). The message “WAIT - MEASURING CAL STANDARD” is displayed while the OPEN

data is measured. The softkey label is then underlined.
Disconnect the OPEN, and connect a SHORT to port 1.

- When the trace settles, press SHORT (for the 7 mm cal kit) or SHBRTS (for the type-N cal

kit).
When the 7 mm cal kit is selected in step 2, the SHORT data is measured and the softhey
label is underlined,

When the type N (d] 3\1t is Q(,locted in step 2, the SHDR My a,nd ‘SP’GRT LF] softlwys are

port connem‘oz} The SHOR’l data is measured <1nd the s:o[tkey La,bel is Lhcn 1111(1e.{.hnui.
Disconnect the SHORT, and connect an impedance-matched LOAD (usually 50 or 75 Q)
at port 1.

When the trace settles, press LOAD. The LOAD data is measured and the softkey label is
underlined.

Press "D[]_ BT CAL to complete the calibration. (If you press DONE without
measuring all the required standards, the message “CAUTION: ADDITIONAL STANDARDS
NEEDED” will be displayed.) The error coeflicients are computed, and the correction menu
is returned to the screen with CBRRECTIO N. A corrected Sy trace is displayed, and
the notation “Cor” appears at the left side of the screen.

The test device can now be connected and measured. It is recommended that calibration data
be saved on a built-in disk. Refer to Chapter 11.

8,0 1-Port Calibration

This performs a complete vector error correction for a reverse reflection measurement of a
one-port device or a properly terminated two-port device. It is similar to the Sy; 1-port
calibration except that Spp is selected automatically.

This calibration is used only with an S-parameter test set. For S-parameter measurements in
the reverse direction with a transmission /reflection test kit use the Sy, I-port or one-path
2-port calibration and reverse the device under test between measurement sweeps.
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Full 2-Port Calibration for Reflection and Transmission Measurements

This performs complete vector error correction for measurement of all four S-parameters.
{Refer to Figure 7-16.) This is the most accurate calibration for measurements of two.port
devices, and effectivelv reduces all correctable systematic errors in both the forward and

reverse directions.

An S-parameter test set i required for shis calibration. The procedure antomatically switches
the test set o select the appropriate S-parameter at each step. A similar two-port procedure
can be performed with a transmission/reflection test kit using the one-path 2-port calibration.

To extend the tife of the mechanical transfer switch in the HP 87511A /B S-parameter

Test Sets, switching occurs only once in o measurement sequence using full two- port error
correction. On the first sweep all four 5 parapieters are measured. On subscquent sweeps,
the assumption is made that the reverse parameters have not changed, and only the forward
parameters are measured. It is possible to override this protection feature for applications
where exireme accuracy is required or in cases where the data changes significantly. To

all four S-parameters set an appropriate number of groups using the NUMBER ¢f GROUPS
softkey. These menus are described in Chapter 5.

Isolation calibration can be omitted for most measurements. except where wide dynamic range
is a consideration. Refer to the explanation under “{Cac} Key™.
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Figure 7-18. Full 2-Port Cal Menu
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Procedure for Full 2-Port Calibration

oo 1._

10.

1.

12.

13.

14.

i7.

18.
19.

20.
21,

. Press (¢aLl

Select the proper ealibration kit. If the connector type or cal kit name shown in the

CAL '_KIT" softkey label is not the same as the calibration kit to be used, refer to “Select
Cal Kit Menu™,

Press CALIBRATE MEND FULL 2-PORT REFLECT’N .

(lonnect a shielded OPEN o port L.

When the trace settlos, press (Sgoy: OPEN (for the 7 mm eal kit) or (Syy): OPENE (for
the type-N cal kit

When the 7 mm cal kit is selected in step 2, the OPEN data is measured, and the softkey
label OPEN is underlined.

When the tvpe N cal kit is selected in step 2, the GPEI‘_i [M] and OPEN {F] softkeys are

displayed. Press OPEN [M] (for male port connector) or press UPEN [F1 {for female port
connector). The OPEN data is measured. The softkey label is then underlined.

. Disconnect the OT'EN, and connect a SHORT to port 1. B
. When the trace settles. press (S14): SHORT (for the 7 mm cal kit} or (Sgy): SHORT (lor

the type-N eal kit).
When 7 mm cal kit i¢ selected in step 2, the SHORT data is measured and the softkey
label SBORT is underlined.

When the type-N cal kit is selected in step 2, the SHORT [M} and SHORT [F1° softkeys are
displayed. Press SORT [M] (for male port connector) or press SHORT [F] (for female
port connector}. The SHORT data is measured and the soft]{ey. label is then underlined.
Disconnect the SHORT, and connect an impedance-matched LOAD {usually 50 or 75 2)
at port 1.

When the trace settles, press ":'(féS'n)3_:';§_.:.'§LBZ§D_Z'. The LOAD data is measured, and the softkey
label LGAD is underlined.

Repeat the OPEN-SHORT-LOAD measurements described above, connecting the devices
in turn to port 2 and using the {Sz2) soltkeys.

Press -REFLECT’N DDNE {if you press DONE without measuring all the required standards,
the message “CAUTION: ADDITIONAL STANDARDS NEEDED” will be displayed.)

The reflection calibration coefficients are computed and stored. The two-port cal menu is
displayed, with the REFLECT*N softkey underlined.

. Press TRANSMISSION .
16.

Connect a PHRU connection between port 1 and port 2 at the points where the test
device will be connected.

When the trace settles. press EWD.  TRANS. THRU. b5y frequency response is measured,
and the softhey is underlined.

Press FWO. MATCH THRU . Sy load match is measured, and the softkey is underlined.
Press REV. TRANS. THRU. Sy frequency response is measured. and the softkey is
underlined. o

Press REV. MATCH THRU . Sy load match is measured, and the softkey is underlined.
Press TEANS. DONE . The transmission coefficients are computed and stored. The

two-port cal menu is displayed, with the TRA%SMISSEUM softkey anderlined.
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220 correction for isolation is not required. press ISCLATION OMIT TSOLATION
ISOLATIDN DONE

23. It carrection for isolation is required, connect impedance matched LOADs to port 1 oand
port 2.

24. Press FWD ISOL’N ISOL'N STD. Suy isolation js measured. and the soltkey label ig
underined.

25. Press REV ISOL'N ISOL'N STD. Yy» isolation is measured, and the softkey fabel iy
underlinad.

26. Press ISOLATION DONE . The isolation error coefficients are stored, The two-port cal
menu is displayved, with the IS0LATION softkey underlined.

27. Press DONE Zui’QET CAL to complete the calibration. The error coefiicients are computed
and stored. The correction menu is displayed with CORRECE‘EDN Ol . A corrected trace is
displayed, and the notation “C2” at the left of the screen indicates that two-port error
correction is ON.

Now the test device can be connected and measured. It is recommended that calibration data

be saved using the built-in disk drive. Refer to Chapter 11,
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One-Path 2-Port Calibration for Reflection and Transmission Measurements

This performs a two-port calibration without an S-parameter test set, using the series of

two-port devices, and effectively reduces all correctable systematic errors in one divection only.

[solation calibration can be omitted for most measurements, excepl where wide dynamic ranze
is a consideration. Refer to the explanation under “(car) Key”.

For measurements of all foar 5-parawmeters. the device under test must be reversed between
sweeps, The analyzer compatible calibration kits contain sets of phase-matched adapters that
can be interchanged for measurements of non-insertable, non-reversible devices,
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Figure 7-17. One-Path 2-Port Cal Menu
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One-Path 2-Port Calibrstion for Heflection and Transmission Measurements

I

Press (CaL)

2. Select the proper calibration kit. If the connector type or cal kit name shown in the

- o-

IS

6.

10.

1L

12.

13.

14.

15.
16.

I7.

18,

15.

20,

CM_, KIT softkey label is not the same as the calibration kit to he uscd, refer 1o *Select
Cal Kit Menu”.

Press CALIBRATE MENU ONE-PATH 2-PODRT REFLECT'N.

Connect a shielded QPEN to the test port.

When the trace settles, press (8540 OPEN {for the 7 m cal kit) or (S;;): CPENS (for the
type-N cal kit). The OPEN data is measured, and the softkey label OPEN s underlined.

When the type-N cal kit is selected in step 2, the OPEN [M] and OPEN [Fl softkeys are
digplayed. Press OPEN [K} (for male port connector) or press 0PEN [F3 (for female port
connector), The OPEN data is measured. The softkey label is then underlined.
Disconnect the OPEN, and connect a SHORT to the test port.

When the trace setcles, press SHORT (for the 7 mum cal kit) or SHORTS (for the type-N cal
kit).

When the 7 mm cal kit is selected in step 2, the SHORT data is measurcd and the softkey
label SHORT is underlined.

When the type-N cal kit is selecied in step 2, the SHE}RT [Pi] and SHORT (F] softkeys are
displayed. Press :30RT [M] (for male port connector}) or press SHORT [F] (for female
port connector). The SHORT data is measured and the softkey Iabel is then underlined.
Disconnect the SHORT, and connect an impedance-matched LOAD {50 or 75 1) to the
test port.

When the trace setiles, press LOAL . The LOAD data is measured, and the softkey iabel
LDAD is underlined.

Press REFLECT’?\: DONE . (1f you press DGNE without measuring ali the required standards,
the message “CAUTION: ADDITIONAL STANDARDS NEEDED” will be displayed.)

The reflection calibration coefficients are computed and stored. The two-port cal menu is
displayed, with the REFLECT’N soltkey underlined.

Connect » THRU between the test port and the return cable to the analyzer (connect the
points at which the test device will be connected). Press TRANSMISSION.

When the trace settles, press FWD. TRANS. THRU. Suy frequency response is measured,
and the softkey is underlined.

Press FWD. MATCH THRU . Sy, load match is measured, and the softkey is underlined.

Press TRANS. DONE. The transmission cocfficients are computed and stored. The
two-port cal menu is displayed, with the T-RILN_SM_ISS:.I;QNZ softkey underlined.

ISOLATION DONE .

If correction for isolation is required. connect impedance-matched LOADs to the test port
and the return port.

Press FWD ISCL’N ISUL’N STD}I;. S.q isolation is measured, and the softkey label i3
underlined.

Press ISOLATION DONE. The isolation error coefficients are stored. The two-port cal

menu is displayed, with the I S[}LﬁTIGN softkey underlined.
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21, Press DONE 2-PORT CAL to complete the calibration. The error coefficients are corputed
and stored. The correction menu ts displayed with COBRECTION ON . A corrected trace
is displayved, and the notation “"C27 at the left of the screen indicates that 2-port error
correction is ON.
Now the test device can be connected and measured in the forward direction. When forward
measurement is complete, disconnect the test device and manuvally reverse it, then press the
PRESS to CONTINUE key.

It is recommended that calibration data be saved on a disk. Refer to Chapter 11.

MODIFYING CALIBRATION KITS

Note Hewleti-Packard strongly recommends that yvou read application note 8510-54A
belore attempting to view or modily calibration standard definitions. The part
g phibg I

number of this application note is 5056-4352. Although the application note
is written for the HP 8510 family of network analyzers, it also applies to the
HP 8751A. This portion of the calibration chapter provides a summary of
the information in the application note, as well as HP 8751 A menu-specific
information.

For most applications, use the default cal kit models provided in the select cal kit menu
described earlier in this chapter. Modifying calibration kiis is necessary only if unusual
standards are used or the very highest accuracy is required. Unless a cal kit model is provided
with the calibration devices used, a solid understanding of error correction and the system
error model are absolutely essential to making modifications. Read the introductory part of
this chapter for more information, and refer to the Appendix to Chapter 7.

Nole Numerical data for most Hewlett-Packard calibration kits is provided in the
§ calibration kit manuals.

During measurement calibration, the analyzer measures actual, well-defined standards and
mathematically compares the results with ideal “models” of those standards. The differences
are separated into error terms which are later reduced daring error correction. Most of the
differences are due to systematic errors - repeatable errors introduced by the analyrer, test
set. and cables - which are correctable. However, the difference between the standard’s
mathematical model and its actual performance has an adverse aflect; it reduces the systemn’s
ability to remove systematic errors, and thus degrades error-corrected accuracy. Therefore,
in addition to the default cal kit models, a “user kit” is provided that can be modified to an
alternate calibration standards model,

Several situations exist that may reguire a user-defined cal kit:

® You use a connector interface different from the three built-in cal kits. (Examples: SMA, or

BNC.)
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® You are using standards (or combinations of standards) that are different from the
predefined cal kits. (Example: Using three offset SHORT: instead of OPEN, SHORT, and

LOAD to perform a I-port calibration)

8 You want to improve the built-in standard medals for predefined kits. Hemember that the
mote closely the madel describes the actual performance of the standard, the better the
calibration. {Example: The 7 mm LOAD is determined to be 50,4 § instead of 50.0 )

g Unused standards for a given cal type can be eliminated from the defanlt set, to eliminate
possibie confusion during calibration. {Example: A certain application requires calibrating a
male test port. The standards used to calibrate a fernale test port can be eliminated from
the set, and will not be displayed during calibration.)

Definitions
The following are definitions of terms:

B A standard is a specific, well-defined, physical device used to determine systematic errors.

m A standard type is one of five basic types that define the form or structure of the model to
be used with that standard {e.g. SHORT or LOAD).

s Standard coefficients are numerical characteristics of the standards used in the model
selected.

® A standard class is a grouping of one or more standards that determines which standards
are used in a particular calibration procedure.

Procedure
The following steps are used to modify or define a user kit:

1. Select the predefined kit to be modified. This is not necessary for defining a new cal kit.

2. Define the standards. For each standard, define which fype of standard it is and its
electrical characteristics.

3. Specify the class where the standard is to be assigned.

4. Store the modified cal kit.

‘The standard definitions of predefined calibration kits are shown in Appendix A.

Modify Cal Kit Menu

This menu is accessed {rom CAL KIT MODIEY: (refer to Figure 7-6), and leads to
additional menus associated with modifying cal kits. The analyzer directly supports 7 num,
508 type-N, and 75Q type-N connector types.

For other connector types, you must modify the existing standards definitions. This menu
provides access to the default calibration standards definitions. A “User Kit” is provided for
convenience. It can be redefined without affecting the definitions.
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Figure 7-18. Modify Cal Kit Menu

E'E'F'IN'EN'_ ""_'_NDARD (DEFS) makes the standard number the active [unction, and brings up
the define standard number menus. The standard number (1 to 8)is an arbitrary reference
number used to reference standards while specifying a class. Each number is similar to

a register, in that it holds certain information. Each contains the selected type of device
(OPEN, SHORT, or THRU) and the electrical model for that device. The standard numbers
for the predefined calibration kits are as {ollows:

I SHORT b LOAD
2 OPEN 6 LOAD
3 LOAD 7 SHORT

4 DEL/THRU 8 OPEN

SPECIFY CL"SS_ teads to the specify class menu. After the standards are modified, use this
key 1o speufy a class to consist of certain standards.

LABEL CLASS leads to the label class menu, to give the class a meaningful label for future
reference.

LABEL KIT (LABK) leads to a menu for constructing a label for the user- mochﬁcd cal kit. If a
Jabel is su pplied, it will appear as one of the five softkey choices in the select cal kit menu.
‘Fhe approach is similar to defining a display title, except that the kit label is limited to ten
characters. Refer to DISPLAY. Key, Title Menu in Chapter 6 for details,

DONE (KITD) terminates the cal kit modification process, after all standards are defined
"_ZE'I’-' soltkey, if it is

and all classes are specified. Be sure to save the kit with the SAVE USER ¥
to be used later.
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Define Standard Number Menu
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Figure 7-19. Define Standard Number Menu

standard No.l as the
standard No.2 as the
standard No.3 as the
standard Ne.d as the
standard No.5 as the
standard No.6 as the
standard No.7 as the

standard No.8 as the

Befine Standard Menus

standard definition.
standard definition.
standard definition.
standard definition,
standard definition.
standard definition.
standard definition.

standard definition.

Standard definition is the process of mathematically modeling the electrical characteristics
{delay, attenuation, and impedance) of each calibration standard. These electrical
characteristics (coefficients) can be mathematically derived from the physical dimensions and
material of each calibration standard, or from its actual measured response. The parameters
of the standards can be listed in Standards Definitions, Table 7-3. The menus illusirated in
Figure 7-20 specify the type and characteristics for each user-defined standard.
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Tabie 7.3, Standard Definitions

OFFSET | OFFSET OFFSET | STANDARD

STANDARD, ©f Cl C2 DELAY | LOSS Zo LABEL
NO. TYPE Xx107HF | x A0TFTE [ Hy | x 1876 F JHe? ps M /s Y
1
9
3
4
5
6
&

Each standard must be identified as one of five “types”: OPEN, SHORT, LOAD,
DELAY/THRU, or arbitrary impedance.

After a standard number is entered, selection of the standard type will present one of five
menus for entering the electrical characteristics (model coefficients) corresponding to that
standard type. These menus are tailored to the current type, so that only characteristics
applicable to the standard type can be modified.

Any standard type can be further defined with offsets in delay, loss, and standard impedance
(Zo). Press the SPECTFY OEFSET key, and refer to the specify offset menu.

A distinct label can be defined and assigned to each standard, so that the analyzer can
prompt the user with Oxph(’lt %tandald ]afz)dc. dmznff fahb]ailozl (0 g‘. “SHORT” ) Press the

Staﬂdd}d dtﬁﬂ;tlon

The standard definitions can be listed on screen and printed using COPY function. (Refer to
Chapter 10.}
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Figure 7-20. Define Standard Menus
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OPEN (STDTOPEN) defines the standard type as an OPEN. used for calibrating reflection
mensurements. OPENs are assigned a terminal impedance of infinite ohms, but delay and loss
offsets may still be added. Pressing this key alzo brings up a menu for defining the GPEN.
including its capacitance.

As a reflection standard. an OPEN offers the advantage of broadband frequency coverage.
However, an OPEN rarely has perfect reflection characteristics because fringing (capacitance)
effects canse phase shift that varies with frequency. This can be observed in measuring an
OPEN termination after calibration, when an arc in the lower vight cirenmference of the
Smith chart indicates capacitive reactance. These effects are impossible to eliminate, but

the calibration kit models include the OPEN termination capacitance at all frequencies for
compatible calibration kits. The capacitance model is a second order polynomial {squared
term), as a function of frequency, where the polynomial coeflicients are user-defirable. The
capacitance model equation 1s:

C=Cy+Cy x F4+Cy % F*
where F is the measurement frequency.
‘The terms in the equation are defined with the specify open menu as follows:
CO (CO} enters the Cg term, which is the constant term of the square polynomial and is
scaled by 107! Farads.
C1 (C1) enters the €y term, expressed in F/Hz (Farads/Hz) and scaled by 107%7.

£2 (€2) enters the Cy term, expressed in F/Hz? and scaled by 1073,

SHG’RT {STDTSHOR) defines the standard type as a SHORT, for calibrating reflection
measurements. SHORTs are assigned a terminal impedance of 0 €, but delay and loss offsets
may still be added.

LOAD (STDTLOAD) defines the standard type as a LOAD (termination). LOADs are assigned
a terminal impedance equal to the system characteristic impedance Zq, but delay and loss
offsets may still be added. 1If the LOAD impedance is not Zg, use the arbitrary impedance
standard definition.

DELAY/THRU (STDTDELA) defines the standard type as a transmission line of specified length,
for calibrating transmission measurements.

ARBITRI& IMPEDANE {STDTARBI) defines the standard type to be a LOAD, but with an
arbitrary impedance (different from system Zg).

TERI'%INAL IMPEDA?\?CE {TERI) specifies the (arbitrary) impedance of the standard, in ohms.
STD: DGNE(DHFINED) terminates the standard definition. Press this after each standard
defined, including offsets.
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Specify Offset Menu

The specity offset menu allows additional specifications for & nser-defined standard. Features
specified in this menu are common to all five types of standards.

Gifsets may be gpecified with any standard tvpe. This means defining & onilorm lengih of
transmission line to exist between the standard being defined and the actual meagurement
plane. For reflection standards, the oflset is assumed to be between the messurement plane
and the standard {one-way only). For transmission standards, the offset is assumed to exist
between the two reference planes (in effect, the offset is the THRU). Three characteristics of
the offset can be defined: its delay (Jength). loss, and impedance.

“oecar] KT ]
ross| KT
e KL
KL )

K )

KL J

K1)
T .

[SFLSEhR]]

Figure 7-21. Specify Offset Menu

plane to the standard, in seconds (s). (In a transmission standard, offset delay is the delay
froni plane to plane.) Delay can be calculated from the precise physical length of the offset,
the permittivity constant of the medium, and the speed of light.

DFFSET LOSS (CFSL) specifies energy loss, due to skin effect, along a one-way length of
coaxial cable offset. The value of loss is entered as ohms/nanosecond (or Giga ohms/second)
at 1 (iHz,

OFFSETZO (OFSZ) specifies the characteristic impedance of the coaxial cable oflset.

MNote This is not the impedance of the standard itself.
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Label Standard Menu

This menn labels (reference) individual standards during the menu-driven measnrement
calibration sequence, The lubels are user-definable using a character set displayed on the
display that includes letters, numbers, and some symbols, and they may be up to ten
characters long. The analyzer will prompt vou o conuect standards using these labels, so they
should be meaningfal to vou, and distinet for each standard.

By convention. when sexed counector standards are labeled male {m) or female (f}. the
designation refers to the test port counector sex, nol the connector sex of the standard.

el )
a2 T
ol T
vone| K[ T )

T

K]
emert| KT )

CRGOT037

Figure 7-22. Label Standard Menu

Standard labels are created in the same way as titles, Refer to “(pispLay} KEY™ in Chapter 6,
“Title Menu” in Chapter 6.

Specify Class Menus

Once a standard is specified, it must be assigned to a standard class. This is a group of from
one to seven standards that is required to calibrate for a single error term. The standards
within a single class are assigned to locations A through G as listed on the Standard Class
Assignments Table {Table 7-4). A class often consists of a single standard, but may be
composed of more than one standard.

The standard class assignments of predefined standard kits are shown in Appendix A,
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Table 7-4. Standard Class Assignmenis Table

CLASE A B < D E ¥ L STANDARD
CLASS LABEL

Forward Transmission

Reverse [ransmission

Forward Match

Reverse Match

Response

Response & Isolation

The number of standard classes required depends on the type of calibration being performed,
and is identical to the number of error terms corrected. (Examples: A response cal reguires
only one class, and the standards for that class may include an OPEN, or SHORT, or TIHRU.
A 1-port cal requires three classes. A full 2-port cal requires 10 classes, not inclading two for
isolation.)

The number of standards that can be assigned to a given class may vary from none (class not
used) to one (simplest class) to seven. When a certain class of standards is required during
calibration, the analyzer will display the labels for all the standards in that class (except when
the class consists of a single standard). This does not, however, mean that all standards in a
class must be measured during calibration. Only a single standard per class is required. Note
that it is often simpler to keep the number of standards per class to the bare minimum needed
(often one) to avoid confusion during calibration.

Standards are assigned to a class simply by entering the standard’s reference number
(established while defining & standard) under a particular class.

Each class can be given a user-definable label as described under “Label Class Menus”.

The class assignments table can be displayed on screen and printed using COPY function.
{Refer to Chapter 16.)
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Figure 7-23. Specify Class Menus

.S?ECEFY: G114 (SPECS114) enters the standard numbers for the first class required for an
511 L-port calibration. (For predefined cal kits, this is OPEN (for the 7 mm) or OPENS (for
type-NJ.)

S11B (SPECS11B) enters the standard aumbers for the second class required for an Sqy l-port
calibration. (For predefined cal kits, this is SHORT (for the 7 mm) or SHORTS {for the
type-NY )

$11¢ (SPECS11C) enters the standard numbers for the third class required for an Sy, 1-port
calibration. (For predefined kits, this is the LOAD.)

I-port calibration. (For predefined cal kits, this is OPEN (for the 7 mm) or OPENS (for the
type-N})

S20B (SPECS22B) enters the standard numbers for the second class required for an 5S¢y 1-port
calibration. {For predefined cal kits, this is SHORT (for the 7 mm) or SHORTS (for the
type-N).}

822C. (SPECS22C) enters the standard numbers for the third class required for an Soy 1.~po}.‘.2;
calibration. (For predefined kits, this is the LOAD.)

ZM'U_'RE' leads to the following softkeys,

FWDTRANS (SPECFWDT) enters the standard numbers for the forward transmission (THRU)
calibration. (For predefined kits, this is the THRU.)

REVTRANS . {SPECREVT) enters the standard numbers for the reverse transmission (THRU)
calibration. (For predefined kits, this is the THRU.)

FWMA’?CH (SPECFWDM) enters the standard numbers for the forward match (THRU)
calibration. {For predefined kits, this is the THRU.)
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REV MATCH {SPECREVHM) enters the standard numbers for the reverse match (THRU)
calibration. (For predefined kits, this is the THRU.)

calibration corrects for frequency response in either reflection or transmission measurements.
depending on the parameter being measured when a calibration is performed. (For predefined
kits, the standard is either the OPEN or SHORT for reflection measurements, or the THRE
for transmission measurements. )

RESPONSE & TISOL7X (SPECRESI) enters the standard numbers for a response & isolation
calibration. This calibration corrects for frequency response and directivity in reflection
measurements, or frequency response and isolation in transmission measurements.

Label Class Menus

These define meaningful labels for the calibration classes. These then become softkey labels
during a measurement calibration. Labels can be up to ten characters long.

LABEL LABEL
CLASS XIT
i |
—
8 [ o |
e o
LABEL LABEL LABEL
cLass | SLASS KiT
MENU | MORE MENY MENU g
LABEL: LABEL: SELECT
$i14 nu.rmuls. LETTER
B11B REY . TRAMS . SFACE
|
|
! BAZE
§13C [ R T SPACE
LABEL: REV HATCH ERASE
522A TITLE
j
,
i
s RESPONSE Do
i
{
i RESPONSE
§22¢ 4 ISOL'H
HORE
LABEL LABEL
BoNE DOKE CANCEL

[er{siri]

Figure 7-24. Labe! Class Menus

Labels are created in the same way as display titles. Refer to (DisPLaY) Key, “Title Menu” in
Chapter 6.

L.abel Kit Menu

After a new calibration kit has been defined, be sure to specify a label for it. Choose a label
that describes the connector type of the calibration devices. This label will then appear in
the CALKIT softkey label in the correction menu and the MODIFY label in the select cal kit
menu. It will be saved with calibration data. o

This menu is accessed with the KIT softkey in the modify cal kit menu, and is
identical to the label class menu and the label standard menu described above. It allows
definition of a label up to eight characters long.
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Verify Performance

Once » measurement calibration has been generated with a uwser-defined calibration kit its
performance should be checked before making device measurements. To check the accuracy
that can be obtained using the new calibration kit, a device with a well-defined frequency
response should be measured. The verification device must not be one of the calibration
standards: measurement of one of shese standards s merely a wmeasure of repeatability.

To achieve more complete verification of a particslar measurement calibration, accurafely
known verification standards with a diverse magnitude and phase response should be wsed.
NIST traceable or HP standards are recommended te achieve verifiable measurement acouracy.

KNote The published specifications for the HP 87514 network analvzer system

g inciude accuracy ethancement with compatible calibration kits. Measurement
calibrations made with uscr-defined or modified calibration kits are not
subject to the HP 8751A specifications, although a procedure similar to the
system verification procedure may be used.

Example Procedure for Specifying a User-Defined Calibration Kit

The following procedure enters the HP 85033C 3.5 mm calibration kit values as a “user kit.”
This is provided as an example to illustrate the steps required in defining a calibration kit
model.

Note Numerical data for most Hewlett-Packard calibration kits is provided in the
calibration kit manuals.

Example Procedure for Specifying a User-Defineed Calibration Kit
1. The first keystroke sequence enters the values for standard #1, the SHORT.
a, @ CAL KIT MODIFY
b. DEFINE STANDARD STD KO.1.[SHORT] SHORT
C. SPECTFY OFFSET OFFSET DELAY .016695 (g/n)
d. gFFSET LOSS 1300 (M7g)
€. QOFFSET Zp 50 (o)
f. sTp OFFSET DONE STD DONE (DEFINED)
2. The next sequence specifies standard #2, the OPEN.
a. DEFINE STANDARD STD NU.2 [UPEN] OPEN

b. co 53

¢ ¢1 150 (1)

d. c2 0 [3

€. SPECIFY OFFSEY OF

QFFSET L0SS 3@0 @j

g. OFFSET Zy 50 (X1

. STD :OFFSET DONE STD DONE (DEFINED)

lmg
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3. The next sequence specifies standard #3. the LOAD.

a.
b.

d.

e,

DEFINE STANDARD STD NO.3 [LOAD] LDAD
SPECIFY ‘OFFSET OFFSET DELAY 0 (&7a)
DFFSET LOSS 1300 (R/7)

OFFSET Z¢ 50

STD OFFSET DONE STD DONE (DEFINED)

4. The wext sequence specifies standard #4. the DELAY /THRU.

.
b.
e.

d.

e.

SPECTFY OFFSET OFFSET DELAY 0 (¢/n)
OFFSET LOSS 1300 (w7

OFFSET Zp 50 (X1

STD OFFSET DONE STD DONE (DEFINED)

5. The final sequence labels the kit and saves it in memory.

a.

e.

£

LABEL KIT

b. Use the knob, the (L)) keys and softkeys to modify the label to read “3.5mmC”
c.
d

DONE KIT DONE (MODIFIER)
CAL KIT [3.5maC]

SAVE USER KIT

USER KIT

The USER KIT softkey is now underlined.

APPENDIX TO CHAPTER 7

Accuracy Enhancement Fundamentals-Characterizing Systematic Errors

One-Port Error Model

In a measurement of the reflection coefficient (magnitude and phase) of an unknown device,
the measured data differs from the actual, no matter how carefully the measurement is made.
Directivity, source mateh, and reflection signal path frequency response (tracking) are the
major sources of error (Figure 7-25).

EASUREMENT
ERRORS

SHM @ Directivity S
/ ¢ Frequency 1A
Tracking

@ Source Maitch
m

Measured Unknown

Data

C2007045

Figure 7-25. Sources of Error in @ Reflection Measurement
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Measuring reflection coefficient. The reflection coeflicient is measured by first separating
the incident signal (1) from the reflected signal (R), then taking the ratio of the two values
(Figure 7-26). Ideally, (R) cousists only of the signal reflected by the test deviee {Sy4 ).

incident j
R Powerll}
Sqpp = —— 1S 1A

‘ Reflected <::
Power(R)

Unknown

C200704%

Figure 7-26. Beflection Coelficient
Directivity error. However, all of the incident signal does not always reach the unknown (see
Figure 7-27). Some of (I) may appear at the measurement system input due to leakage
through the test set or other signal separation device. Also, some of (1) may be reflected
by imperfect adapters between signal separation and the measurement plane. The vector
sum of the leakage and miscellaneous reflections is directivity, Epp. Understandably, the
measurement is distorfed when the directivity signal combines vectorally with the actual
reflected signal from the unknown, Syq4.

@
- //, Effective

' e Directivity

E
¥ LDF ¥ Sya
R < J
&
Unknown

CRotrosl

Figure 7-27. Effective Directivity Epp
Source match error. Since the measurement system test port is never exactly the characteristic
impedance (50 © or 75 ), some of the reflected signal is re-reflected off the test port, or other
impedance transitions {further down the line, and back to the unknown, adding to the original
incident signal (I}). This effect causes the magnitude and phase of the incident signal to vary
as a function of S114 and frequency. Leveling the source to produce constant (1) reduces this
error, but since the source cannot be exactly leveled at the test device input, leveling cannot
eliminate all power variations. This re-reflection effect and the resultant incident power
variation are caused by the source match error, Egp {Figure 7-28).
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Figure 7-28. Source Maich Egp
Frequency respornse error. requency response {tracking) error is caused by variations in
magnitude and phase flatness versus {requency between the test and reference signal paths.
These are due mainly to tmperfectly matched receiver circuits and differences in length
and loss between incident and test signal paths. The vector sum of these variations is the
reflection signal path tracking error, Egp (Figure 7-29).

1
@
Sy1m Epe Ese Syia
@

ERF Frequency Tracking

C2O0IGas
Figure 7-29. Reflection Tracking Epp

How calibration standards are used 1o guaniify these error terms. It can be shown that these
three errors are mathematically related to the actual data, Sy, and measured data, Sypm, by
the following equation:

. S1ia{ Err)

Sum = bpp +

1= EspSi1a

If the value of these three “F7 errors and the measured test device response were known {or
each frequency, the above equation could be solved for 5114 to obtain the actual test device
response. Because each of these errors changes with frequency, their values must be known
at each test frequency. These values are found by measuring the system at the measurement
plane using three independent standards whose Sqyy4 is known at all frequencies.

The first standard applied is a “perfect load”, which makes S134 = 0 and essentially
measures directivity (Figure 7-30). “Perfect load” implies a reflectionless termination at the
measurement plane. All incident energy is absorbed. With Si;4 = 0 the equation can be
solved for Epyp, the directivity term. In practice, of course, the “perfect ioad” is difficult to
achieve, although very good broadband LOADs are available in the HP 8751 A compatible
calibration kits.
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Figure 7-30. “Perfect Load” Termination

Since the measured value for directivity is the vector sum of the actual directivity plus

the actual reflection coeflicient of the “perfect load”™, any reflection from the termination
represents an error. System eflective directivity becomes the actual reflection coefficient of the
“perfect load” (Figure 7-31). In general, any termination having a return loss value greater
than the uncorrected system directivity reduces reflection measurement uncertainty.

At
Aoiual

Aclual
= itective [M of Load
Drectivity /’
Y Y
:
\
i
H
i
J
!
¥
LY
A
"
Maasur e
Ciect
Directivity

C2007051

Figure 7-31. Measured Effeclive Directivity

Next, a SHORT termination whose response is known to a very high degree establishes
another condition (Figure 7-32).

7-50 Measurement Callbration




& ]
1
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Figure 7-32. Short Circult Termination

The OPEN gives the third independent condition. in order to accurately model the phase
variation with frequency due to radiation frooi the OPEN connector, a specially designed
shielded OPEN is used for this step. (The OPEN capacitance is different with each connector
type). Now the values for Epp, directivity, Egp, source match, and Egp, reflection frequency
response, are computed and stored (Figure 7-33).

& & & &
1 :
] o
Epg Esk T Syipa =140
§
3
& & @& &
ERF
() (E pp)
P — + S s —
Sum TEDF T TR )

CROOTRE]

Figure 7-33. Open Circuit Termination

Now the unknown is measured to obtain a value for the measured response, Sy, at each
frequency (Figure 7-34).

& ] By
1
Epr EgF Syal Sya = 7
& ) s
Erp
. - S1A(ERp!
1im = EDF TEea..
"EsFSy1a

CZOOTOES

Figure 7-34. Measured Sq4

This is the one-port error model equation solved for 5,4, Since the three errors and Syypy are
now known for each test frequency, 51,4 can be computed as follows: ‘
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St~ Epr

Esp(Sim = Eprlt Lrr

For reflection measurements on two-port devices. the same technique can be applied, but the
test device output port must be terminaied in the system characteristic impedance. This
termination should be at least as good (have as low a reflection coeflicient) as the LOAD used
to determine divectivity, The additional reflection error caused by an improper termination at
the test device output poert 18 not incorporated into one-port error madel.

Two-Port Error Model

The error model for measurement of the transmission coefficients (magnitude and phase) of
a two-port device is derived in a similar manner. The major sources of error are frequency
response (tracking), source match, load match, and isolation (Figure 7-35). These errors are
effectively removed using the full two-port error model.

MEASUREMENT ERRORS
siracking

Sp1m

s Source eLoad
Match S21a Match

Meaured
Value

= lsolation
e Directivity

Unknown

C2007055
Figure 7-35. Major Sources of Error
Measuring Transmission Coefficient. The transmission coeflicient is measured by faking the
ratio of the incident signal (I) and the transmitted signal (T} (Figure 7-36). Ideally, (I}
consists only of power delivered by the source, and (1) consists only of power emerging at the
test device output.

{ :> m :> Forward
Sz2tm
= S2104 S21a= £
S21A EvE
< (r) < (I} Reverse
S
ST2M®—-®-——«1——® Si2a= 2M
ETR
Si2a Evn

C2007046

Figure 7-3%. Transmission Coefficient

7-52 Measurement Calibration



Load Match Error. As in the reflection model source match can cause the incident signal to
vary as a function of test deviee 51,4, Also, since the test sefup transmission return port

is never exactly the characteristic inpedance, some of she transmitied signal is reflected

from the test set port 2, and from other mismatches between the test device output and the
receiver lnput, to return o the test device. A portion of this signal may be re-refiected at port
2, thus affeciing Soqng. or part may be transmitted throvgh the device in the reverse direction
to appear at port 1, thus affecting 57y This evror Serm, which causes the magnitude and
phase of the transmitted signal to vary as a (unction of Sgu4. 1s calied load match, Erp
(Figare 7-37).

PORT PORT
jjj:} i 2 j
H
: Sz t
(1) & e B ( T) S 404
Evr
¥ Y
, EsF S & S22 Er
SOURCE 4 "
MATCH — e LOAD
- » MATCH
Erp Sz

CEGGTa5T

Figure 7-37. Load Maich E -
The measured value, So1pm, consists of signal components that vary as a function of the
refationship between Egp and Sy14 as well as ELEF and 5994, so the input and output
reflection coeflicients of the test device must be measured and stored for use in the So4 ervor
correction computation. Thus, the test seiup is calibrated as described above for the reflection
to establish the directivity, Epr, source match, Egr, and reflection frequency response, Erp,
terms for the reflection measurements.

Now, that a calibrated port is available for reflection measurements, the THRU is connected
and load match, Fyp, is determined by measuring the reflection coefficient of the THRU
connection.

Transmission signal path frequency response is then measured with the THRU connected.
The data is corrected for source and load match effects, then stored as transmission frequency
response, ETp.

isolation Errors. [solatlion, Exg, represents the part of the incident signal that appears at the
receiver without actually passing through the test device {Figure 7-38). Isolation is measured

with the test set in the transmission configuration and with terminations installed at the
points where the test device will be connected.
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Figure 7-38. Isolation Eyr

Error Terms the Analyzer Can Reduce. Thus there are two sets of error terms, forward and
reverse, with each set consisting of six error terms, as follows:

m Forward
o1 Directivity, Fpp
o Isolation, Exp
o3 Source Match, Egp
3 Load Maten, Ej g
o Transmission Tracking, Erp
o Reflection Tracking, Erp
= Heverse
Directivity, Epr
Isolation, Exg
Source Match, Egp
Load Match, ELr
Transmission Tracking, ETr
Reflection Tracking, Epg

0on

0o

The HP 87511A/B S-parameter Test sets can measure both the forward and reverse
characteristics of the fest device without the need to manually remove and physically
reverse 13, With these test sets, the full two-port error model iliustrated in Figure 7-39
effectively removes both the forward and reverse error terms for transmission and reflection
measurements.

The HP 87512A /B Transmission/Reflection Test kits cannot switch between forward and
reverse directions, so the reverse error terms cannot be antomatically measured. Therefore,
with the one-path two-port calibration, the forward error terms are duplicated and used for
both forward and reverse measurements by manually reversing the test device.
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Figure 7-38. Full Two-Port Error Model

The following equations shows the full two-port error model equations for all four
S-parameters of & two-port device. Note that the mathematics for this comprehensive model
use all forward and reverse error terms and measuzred values. Thus, to perform full error
correction for any one parameter, all four S-parameters must be measurad.

Applications of these error models are provided in the calibration procedures described in
Chapter 7.
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In addition to the errors removed by accuracy enbancement, other systematic errors
exist due to limitations of dynaraic accuracy, test set switch repeatabiiity, and tesi cable
stability. These, combined with random errors, slse coniribute to total system measurement
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]
uncertainty. Therefore, alier accuracy enhancement procedures are performed, residual
measurement uncertaiiuties remain.
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Using Markers

The HP-IB programming command is shown in parenthesis lollowing the key or sofikey.

The (Mrr} key displays a movable active miarker {\7) on the screen and provides access to a
series of menus to control ene to eight display marckers for each channel (& total of sizteen).
Markers obtain numerical readings of measured values. They also provide capabilities for
reducing measurement time by changing stimulus parameters, searching the trace for specific
values, or statistically analyzing part or all of the trace. Figure 8-1 illustrates the displayed
trace with all markers ON and marker 1 the active marker.

chi 813 log MAG  %.ABG dB. BES -20 ok Leg. 4R ob

Ba.gsag ras Fu e

SENTER 78 iy gean L6 sez

Figure 8-1. Markers on Trace

Markers have a stimulus value (the x-axis value in a Cartesian format) and a response value
{the y-axis value in a Cartesian format). In a polar or Smith chart format, the second part of
a complex data pair is also provided as an auxiliary response value. When a marker is turned
on and no other function is active, its stimulus value is displayed in the active entry area and
can be controlled with the knob, the step keys, or the numeric keypad. The active marker
can be moved to any point on the trace, and its response and stimuius values are displayed

at the top right corner of the graticule for each displayed channel, in units appropriate to

the display format. The displayed marker response values are valid even when the measured
data is above or below the range displayed on the graticule. When marker list is turned on,
stimulus values and response values of all markers are listed on the graticule. When marker
time mode is turned on, the x-axis is change to the time scale, which is the start point of

the x-axis describes 0 second and the stop point indicates sweep time and markers have a
time instead of & stimulus value, Marker values are normally continueus: that is, they are
interpolated between measured points. Alternatively, they can be set to read only discrete
measured points. The markers for the two channels normally have the same stimulus values,
or they can be uncoupled so that each channel has independent markers, regardless of whether
stimulus values are coupled or dual channel digplay is ON,
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If both data and memory are displaved, vou can select which marker values apply 1o the data
trace or the memory trace. If one of data or memory is displaved, the marker values apply to
the trace displayed. In a memory math display {data/memaory or data-memory ), the marker
vatues apply to the trace resulting from the memory math function.

With the use of a reference marker) a delta marker mode s available that displavs both

the stimulus and response values of the active marker relative to the relerence. Any of the
eight markers or a fixed point can be designated as the delta reference macker. W the delia
reference is one of the eight markers, its stimulus value can be controlled by the user and

its response valie is the value of the trace at that stimulus value. H the delta reference is o
fixed marker, both its stimulus value and its response value can be set arbitrarily by the user
anywhere in the display area (not necessarily on the trace). Markers can search for the trace
maximum/minimuin, mean point, any osher point, peak maximum/minimum or peak to peak
value of all or part of the trace. The eight markers can be used together to search for specified
bandwidth cuteft points and calculate the bandwidth. Statistical analysis uses markers to
provide a readout of the mean, standard deviation, and peak-to-peak values of all or part of
the trace.

Basic marker operations are available in the menuns accessed from the (MKr) key. The marker
search and statistical functions, together with the capability for quickly changing stimulus
parameters with markers, are provided in the menus accessed from the (MKR FCTN]) key.
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Figure 8-2. Menus Accessed from the Key
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The menns accessed from the (Mkr} key (Figure 8-2 ) provide several basic marker operations.
These include different marker modes for different display formats, and the delia marker mode
that displays marker values relative 1o a specified value,

MARKER MENU

The marker menu (Figure 8-3 } goes to the activase marker menu or clear marker menu to
turn the display markers ON or OF1, to make markers apply to data trace or memory trace,
to list marker values, or to gain access to the marker delta mode and other marker modes and
formadts.

-
ACTIVATE
!
ALt MER
o L)
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MARKER -
MARKERS ON KE
[BATA}
MKR LIST
an OFF KE
A JODE :
MENU K
MARKER K
MODE MENU
Bimmmmanm
R

Figure 8-3. Marker Menu

ACTIVATE MARKER goes to the activate marker menu, which turns on a marker and make it
the active marker.

ALL MKR OFF (MARKOFF) turns off all the markers and the delta reference marker, as well as
the tracking and bandwidth functions that are accessed with the (MKr FCTN] key.

CLEER MQHKER goes to the clear marker menu, which turns off a marker.
MARKERS OF [DATAT (MARKODATA, MARKDMEMB) gelects & trace from data or memory to be

applied for the marker values. For the LOG MAG & PHASE or LOG MAG & DELAY
formats, the data and memory trace denote LOG MAG and PHASE or DELAY. respectively.

MKR LIST on off (MARKLON, MARKLOFF) lists stimulus values and response values of all
markers. In A mode, this lists all defta markers, and fixed markers.

a,i‘. MGSE MENU foes to the delta marker menii, whick reads the dzﬂ”omme in values between the’
active marker and a reference marker. : ’
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MKR ZERG (MARKZERD) puts a fixed reference marker at the present active marker position,
and makes the fixed marker stimulius and response values at that position equal to zero. All
subsequent stimnulus and response values of the active marker are then read out relative to
the fixed marker, The Bxed marker is chown on the display as a small triangle *A7 {delta),
sginaller than the inactive marker triangles. The softkey label changes from MKR ZERD to
MKR ZERD A REF = A and the notation “AREF=A" is displayed at the top right corner of the
graticule, Marker zeto is canceled by turning delta mode off in the delta marker menu or
turiing all the markers off with the &LL HKR OFF softkey.

MARKER M{}DE‘. ME’;E\;U provides access to the marker mode menu, where several marker modes
can be selected inciuding special warkers for polar and Smith chart formats.

Activate marker meny

FThis menu (Figure 8-4 ) turns the display markers on and to designate the active marker.

MARKER

)
1)

Figure 8-4. Activate Marker Menu
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MARKER 1 (MARK1) turns on marker 1 and makes it the active marker. The active marker
appears on the display as “7”. The active marker stimulus value is displayed in the active
entry area, together with the marker number. If there is a marker turned on, and no other
function is active, the stimulus value of the aciive marker can be controiled with the knob, the
step keys, or the numeric keypad. The marker response and stimulus values are displayed in
the upper right-hand corner of the screen.

MARKER 2 (MARK2) turns on marker 2 and makes it the active marker. I another marker is
present, that marker becomes inactive and is represented on the display as “A7.

MARKER 3 (MARK3) turns on marker 3 and makes it the active marker.

MARKER 4 (MARK4) turns on marker 4 and makes it the active marker.
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MARKER 5 {(MARKS) turns on marker 5 and makes it the active marker.
HAR-KER‘Z 6. (MARKS) turns on marker 6 and makes it the active marker.
MARKER 7 (MARK7) turns on marker 7 and makes it the active marker,

MARKER & {MARK8) turns on marker & and makes it the active marker.

Clear Marker Meny

This menu (Figure 85 ) turns the display markers Off. If an activated marker is cleared, the
marker of smallest number, i any, will be activated.

MARK?R KE
; K1)
i KT ]
K]
| KT )
| KT )
" KT
‘110

Figure 8-5. Clear Marlker Menu
MARKER 1 - (CLEM1) turns off marker 1.
MARKER 2 (CLEM2) turns off marker 2.
MARKER -3 (CLEM3) turns off marker 3.
MARKER'4 (CLEM4) turns off marker 4.
-M}iRKER 5 {CLEMS) turns off marker 5.

)
MARKEER -6 (CLEMB} turas off marker 6.
MARKER 7 (CLEMT7) turns off marker 7.
)

MARKER 8 (CLEMB) turns off marker 8.
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Deita Marker Mode Meny

The delta warker mode reads the difference in stimulas and regponse values between the
active arker and & designated delts reference marker. Any of the cight miarkers or o fixed
point can be desiginated as the reference marker. H the reference is one of the eight markers,
its stlmulus value can be controlled by the user and 165 response value is the value of the
trace at that stimulos value. I the reference is a fixed marker. both it stimulus value and
its response value can be set arbitrarily by the wser anywhere in the display aren. The delta
reference is shown on the display as a small triangle 2 (deita), smaller than the inactive
marker triangles {2y, If one of the markers is the l(fif:.‘llfii((', the triangle appears next to the
marker number on the trace.

The marker values displayed in this mode are the stimulus and response values of the active
marker minus the reference marker, If the active marker is also designated as the reference
marker, the marker values are zero.

S
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i
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Figure 8-6. Delta Marker Mode Menu

ARE R (DELRFIXM) sets a user-specified fixed reference marker. The stimulus and
res;&onse values of the reference can be set arbitrarily, and can be anywhere in the display
area. Unlike markers 1 to &, the fixed marker need not be on the trace. The fixed marker

is indicated by a small triangle £\, and the active marker stimulus and response values are
shown relative to this point. The notation “AREF=A" is displayed at the top right corner of the
graticule.

Pressing this softkey turns on the fixed marker. Its stimualus and response values can then

be changed using the fixed marker menu, which is accessed with the FIXED MKR POSITION

softkey described below. Alternatively, the ixed marker can be set to the eurrent active
marker position, using the EVEKR ZERG softkey in the marker menu.
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4 HODE QFF {(DELG} turns off the delta marker mode, so that the values displayed for the
active marker are absolute values.

FIKED HKR P{JSZTIBN leads to the fixed marker mena, where the stimulus and response
values for a fixed reference marker can he set arbitrarily.

BETURN goes back to the marker menu.

Dretta Marker Menu

This menu (Figure 87 ) establishes a marker as o delta reference. The active marker stimulus
and response values are shown relative to this delta reference, H marker 1 has been selected as
the delta reference, SREE=1 is underlined in this menu, and the marker menu is returned to
the screen. In the activate marker menu under ACTIVATE MARKER, the first key is now labeled
MARKER 5 REF =1 . The notation “AREF=1” appears at the top right corner of the graticule.

srert KT
smera) K []
s O
s KL

& REF=6&
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K]
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———

Figure 8-7. Delta Marker Menu

A REF = 1 {DELR1} makes marker 1 the delta reference.
K REF = 2 (DELR2) makes marker 2 the delta reference.
& REF =3 (DELR3) makes marker 3 the delta reference.
it HEF = 4 (DELR4) makes marker 4 the delta reference.
A REF =5 (DELRS) makes marker & the delta reference.

A REF =6 (DELR8) makes marker 6 the delta reference.

)
)

A REF = 7 (DELR7) makes marker 7 the delta reference.
)

A REF = & (DELR8) makes marker 8 the delta reference.
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Fixed Marker Menu

This menu sets the position of & fixed reference marker, indicated on the display by a smail
triangle 2. Both the stimulus valie and the response value of the fixed marker can be

set arbitrarly anywhere in the display area. and need not be on the trace. The units are
determined hy the display format, the sweep tyvpe, and the marker type.

There ate two ways to furn on the fived marker. One way s with the & REF = A FIXED MER
softkey in the delta marker mode menu. The other is with the MER ZERC function in the
marker menu, which puts a tived reference marker at the present active marker position and
makes the marker stimulus and response values at that position equal to zero.

The softkeys in this menu make the values of the fixed marker the active function. The

marker readings in the top right corner of the graticule are the stimulus and response values of
the active marker minus the fixed reference marker. Also displayed in the top right corner is
the notation “AREF=A".

The stimulus value, response value, and auxiliary response value {the second part of a complex
data pair) can be individually examined and changed. This allows active marker readings that
are relative in amplitude yet absolute in frequency, or any combination of relative/absolute

readouts. Following a MKR ZERG operation, this menu can reset any of the fixed marker values

to absolute zero for absolute readings of the subsequent active marker values.

If the format is changed while a fixed marker is ON, the fixed marker values become invalid.
For example, if the vaiue offset is set to 10 dB with a log magnitude format, and the format
is then changed to phase, the value offset hecomes 10 degrees. However, in polar, Smith. and
inverse Smith chart formats, the specified values remain consistent between different marker
types for those formats. Thus an R+jX marker set on a Smith chart format will retain the
equivalent values if it is changed to any of the other Smith chart markers.

FIXED MKR
STIMULUS KI:]
FIXED MKR K:{_j
VALUE
FIXED MKR K
AUX VALUE
wenn| KT
et/

Figure §-8. Fixed Marker Menu
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FIXED MKR STIMULUS (MARKFSTI) changes the stimulus value of the fixed marker. Fixed
marker stimulus values can be different for the two chanvels if the channel markers are
unicoupled using the marker mode menu.

Absolote active marker stimulus values can be read, if the stimulus value is set to zere.

FIXED MKR VALUE (MARKFVAL) changes the response value of the fixed marker. In a Cartesiag
format this 1s the y-axis value. In a polar, Smith, or inverse Sauth chart format with a
magnitude/phase marker, a real/imaginary marker, an R4jX marker, or a G4jB marker, this

always uncoupled in the two channels,
Absolute active marker response values can be read, if the response value is set to zero.

FIXED MKR AUX VALUE (MARKFAUV) is used only with a polar, Smith, or inverse Smith format.
[t changes the avxilinry response value of the fixed marker. This is the second part (imaginary
part}) of a complex data pair, and applies to a magnitude/phase marker, a real/lmaginary
marker, an E-4jX marker, or a GH+jB marker. Fixed marker auxiliary response values are
always uncoupled in the two channels.

Absolute active marker auxiliary response values can be read, if the auxiliary value is set to
zero.

URN goes back to the delta marker mode menu.

Marker Mode Menu

This menu provides different marker modes and makes available two additional menus of
special markers for use with a Smith chari or in polar formats,

MARKERS: KT
D|SCRETE
CONTINUOUS K:D
MARKERS:
coveeo ] K [
|
UNCOUPLED KI::]
an  GFF
POLAR MKR K:[::}
MENU
REND
e ———
rrey

Figure 8-8. Marker Mode Menu

MARKERS : DISCRETE (MARKDISC) places markers only on measured trace points determined by
the stimulus settings.
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CONTINUOUS (MARKCONT) interpolates belween measurad poinis to allow the markers 1o be
placed st any point on the trace. Displayed marker values are also interpolated. This is the
default marker mode.

MARKERS: COUPLED (MARKCOUP) couples the marker stimulus values for the two display
channels. Even if the stimalus is uncoupled and two sets of stimulvs values are shown, the
markers track the swmne stiimalus values on each channel as long as they are within the
displaved stimuolus range,

UNCOUPLED (MARKUNCO) allows the marker stimulus values to be controlled independently on
cach channel.

MKR TIME on OFF (MARKTIMEON, MARKTIMEOFF) sets the x-axis units to time, where the start
point is zero apd the stop point is the value of the sweep time. A marker indicates the passed
time after the sweep has started. This funetion is useful to test the DUT’s time transition
charzcierisiics for certain fixed frequency by letting span zero.

PULAR MKR ME}.\EU feads to the polar marker menu.
SMITH MKR: MENU leads to the Smith marker menu.

RETURN goes back to the marker menu.

Polar Marker Menu

This menu is used only with a polar display format, selectable using the key. In a
polar format, the magnitude at the center of the circle is zero and the outer circle is the full
scale value set in the scale reference menu. Phase is measured as the angle counterclockwise
from 07 at the positive x-axis. The analyzer automatically calculates different mathematical
forms of the marker magnitude and phase values, selected using the softkeys in this menu.
Mazrker frequency is displayed in addition to other values regardless of the selection of marker
type.

o] T
rormn | K[
KT
KL
KL
KL

revn| KT )

Figure 8-10. Polar Marker Menu
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LIN MKR (POLMLIN) displays a readout of the linear magnitude and the phase of the active
marker. This is the preset marker type for a polar display. Magnitude values are read in units
and phase in degrees,

LDG MKE: (POLMLOG) displays the logarithmic magoitude and the phase of the active marker.
Magnitude values are expressed in dB and phase in degrees. This 1s vseful as a fast method of
obtaining a reading of the log magnitude value without changing to log magnitude format.
Re/Im MKR (POLMRI) displays the values of the active marker as a real and imaginary pair.
The complex data is separated into its real part and imaginary part. The first marker value
given is the real part (= M cos ¢), and the second value is the imaginary part (= M sin 6),
where M = magnitude.

RETURN gocs back to the marker mode menu.

Smith Marker Menu

This menu is used only with a Smith or inverse Smith chart format, selected from the format
menu. The analyzer automatically calculates different mathematical forms of the marker
magnitude and phase values, selected using the softkeys in this menu. Marker frequency is
displayed in addition to other values for all marker types.

For additional information about the Smith chart display format, refer to FORMAT Key.

LIN MKR ! i
LoG MK%F% KD
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Figure 8-11. Smith Marker Menu

LIN MKR (SMIMLIN) displays a readout of the linear magnitude and the phase of the active
marker. Marker magnitude values are expressed in units and phase in degrees.

LOG MKR (SMIMLOG) displays the logarithmic magnitude value and the phase of the active
marker. Magnitude values are expressed in dB and phase in degrees. This is useful as a fast
method of obtaining a reading of the log magnitude value without changing to log magnitude
format.
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Re/Im MKR (SMIMRI) displays the values of the active marker on a Smith chart as a real and
imaginary pair. The complex data is separated into its real part and Imaginary pars. The first
marker value given is the real part {= M cos #), and the second valwe is the maginary part
{= M sin #), where M = magnitude.

B+3X MKR (SMIMRY) converts the active marker values into rectangutar form. The complex
nonpedance values of the active marker are displayed in terms of reststance, reactance, and
equivalent capacitance or inductance. This is the default Smith chart marker.

The normalized impedance Zg for characteristic impedances other than 50  can be sclected
in “Calibrate More Menu” in Chapter 7 .

G+3B MEKR' (SMIMGB) displays the complex admittance values of the active marker in
rectangular form. The active marker values are displayed in terms of conductance

{in bSiemens}, susceptance, and equivalent capacitance or inductance. Siemens are the
international units of admittance, and are equivalent to mhos (the inverse of ohms).

RETURN. goes back te the marker mode menu.
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(mkr FeTn ) KEY

The HP-IB programmung command is shown in parentk

ig following the key ar softkey.

The (Mrr FCTn} (KEY 17) key activates a marker i one is not already active, and provides

access to additional marker functions. These can quickly change the measurerent puarameters,

to search the trace for specified information, and to analvze the trace statistically.

MARKER FUNGTION
MENU
HARKER -

SEARCH RANGE
MENU

SEARCH RNG

START
HARKER -
STOP

HMARKER -
GENTER

HARKER =
SPAR

HARKER -5
HEFERENCE

SEARCH

STORE

PARYT SRCH
on OFF

RETURN

RANGE

MR SEARCH

MARKER
SEARCH

MENU

foFF}

STATISTICS
an OFF

WIDTH
BAENU

WibTH

MORE

YALUE

SEARCH
N

SEARCH
ouT

WIDTHS
on OFF

RETURN

WIDTHS
[aFF}

TRACKING
on OFF

RETURN

TARGET
MENL
TARGET
SEARGH
LEET

SEARCH
RIGHT

RETURN

MARKER SEARGH

MORE MENU

SEARCH:
MEAN

LOCAL MAX

LOCAL MIN

PEAK-PEAK

MARKER-=
PEAK DEF

PEAK DEF:
2X

&Y

RETURN

C200801

Figure 8-12. Menus Accessed from the Key
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Marker Function Menu

This menu provides soltkeys that use werkers to quickly modify certain measurement
parameters without going !’%n‘ough the usual key sequence. In addition, it provides access
to five additional menus used for searching the trece, for storing the search range. and for
statistical analvsig,

The MARE{ER -+ functions change certain stimulus and response parameters to make them
equaj to the current active marker valve. Use the knob or the numeric keypad fo move the
marker to the desired position on the trace, and press the appropriate softkey to set the
specified parameter to that trace value. When the values have been changed, the marker can
again be moved within the range of the new parameters.

~
MARKER
S KL
MARKER - -
o | KT
MARKER =
CENTER
MARKER —» ,
SPAN
REFERENCE
SEARGH K:
RANGE
MKR SEARCH k:
[6FF]
STATISTICS ?(::I::::]
on OFF
P e A

Figure 8-13. Marker Function Menu

MARKER — START (MARKSTAR) changes the stimulus start value to the stimulus value of the
aciive marker.

MARKER -~ STOPF (MARKSTOP) changes the stimulus stop value to the stimulus value of the
active marker.

MARKER — CENTER (MARKCENT) changes the stimulus center value to the stimulus value of the
active marker, and centers the new span about that value.

MARKEE{ o ZSPAN (MARKSPAN) changes the start and stop values of the stimnulus span to the

values of the active marker and the delta reference marker. If there is no reference marker, the
message “NO MARKER DELTA - SPAN NOT SET” is displayed.

MARKER — RE?ERENCE (MARKREF} equals the reference value to the active marker’s response
value, without changing the reference position. In a polar or Smith chart format, the full scale
value at the outer circle is changed to the active marker response value. This so[ti{cy also
appears in the scale reference menu.
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SEARCH RANGE leads to the search range menu, which defines the range for partial search and
to turn the partial search ON or OFF.

MKRE SEARCH leads to the marker search menu, which searches the trace for a particular value
or bandwidth.

STATISTICS (MEASTATON, MEASTATOFE) calculates and displays the mean. standard deviation,
and peak-to-peak values of the section of the displayed trace in the search range defized o
Search Range Mepu. If Partial Search is OTF, the statistics are calculated for the entire trace.
A convenient use of this feature 18 to find the peak-to-peak value of passband ripple without
searching separately for the maximun: and minimum values.

TFhe statistics are absolute values: For polar and Smith chart formats the statistics are
caleulated using the first value of the complex pair (magnitade, real part, resistance, or
conductance).

Search Range Menu

This menu specifies and activates the range which marker search functions are effective. This
function is useful if a part of the entire stimulus range is analyzed.

~
SEARCH RNG K )
STORE
PART BRCH
an OFF K

il

KT
RETURN _WEWMN}

Figure 8-14. Search Range Menu

SEARCH RB&G STORE {SEARSTOR) stores a search range, which is defined between the active
marker and the delta reference marker. If there s no reference marker, the message “NO
MARKER DELTA - RANGE NOT SET” is displayed.

PART SRCH on OFF (PARSON, PARSOFF) turns partial scarch ON or OFF. The search range is
displayed by two small triangles, “A7, at the bottom of the graticule. If no scarch range is
defined, the search range is the enfire trace.

RN goes back to the marker function menu.
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Marker Search Menu

This menu searches the trace for a specific amplitude-related point, and places the marker

on that point, and (6 lead more menw for searching in a partial range of the trace. The
capability of scarching for & specified bandwidth is also provided. Tracking is available for a
continuous sweep-to-sweep search. If there is no ccourrence of & specified value or bandwidth,
the message “TARGET VALUE NOT FOUND” is displayed.
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Figure 8-15. Marker Search Menu

(SEADFF) turns off the marker search function.

MAEX { SEAMAX) moves the active marker to the maximum point on the trace. In Smith chart,
inverse Smith chart, and polar format, LIN and LOG markers searches on |I' and other types
of marker searches on real part of meussurement parameter.

MIN {SEAMIN} moves the active marker to the minimuem point on the trace. i Smith chart,
inverse Smith chart, and polar format, LIN and LOG markers searches on |I'} and other types
of marker searches on real part of measurement parameter.

TARGET (SEATARG) places the active marker at a specified target point on the trace. The
target menu is presented, providing search right and search left options to resolve multiple
solutions.

For relative measurements, a search reference must be defined with a delta marker or a fixed
marker before the search is activated.

MORE goes to the marker search more menu.

WIDTHS leads {0 width menu, which is used to define the start and stop points for a
bandwidth search, and to turn bandwidth search ON and OFI.
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TRACKING on OFF (TRACKON, TRACKOFF) is used in conjunction with other search features to
track the search with each new sweep. Turning tracking ON makes the analvzer search every
new trace for the specified target value and put the active marker on that peint.

When tracking is OFF. the target is found on the current sweep and remains at the same
stimulus value regardless of changes in trace response value with subsequent sweeps.

A maximum and a minimom point can be tracked simultanecusly using two channels and

ancoupled markers.

RETURN goes back to the marker function menu.

Target Menu

The target menu places the marker at a specified target response value on the trace, and
provides search right and search left options. I there is no occurrence of the specified value,
the message “TARGET VALUE NOT FGUND” is displayed.
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Figure 8-16. Target Menu
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TARGET (SEATARG) places the marker at the specified target response value. If tracking is
ON (see previous menu) the target is automatically tracked with each new trace. If tracking
is OFF, the target is found each time this key is pressed. The target value is in units
appropriate to the current format. The default target value is -3 dB.

In delta marker mode, the target value is the value relative to the reference marker. If no
delta reference marker is ON, the target value is an absclute value.

SERRCELE?T (SEAL) searches the trace for the next occurrence of the target value to the left.

right.

RE”I“URE&E goes back to the marker search menu,
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fMarker Search More Menu
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Figure 8-17. Marker Search More Menu

SEARCH MEAN {SEAMEAN) moves the active marker to the mean point on the trace (in the
search range if it has been specified).

LBC.&L MAX {SEALMAX) moves the active marker to the maximum peak point on the trace in
the search range stored in the search range meau. The applicable peak profile s defined by
the MARKER - PEAK DEF or PEAK DEF: &% and AV kevs deseribed below.

LOCAL MIN (SEALMIE) moves the active marker to the minimum peak point on the trace in
the search range stored in the search range menu. The applicable peak profile is defined by
the MARKER —" PEAK DEF or PEAK DE‘F AX and AY keys described below.

PEA’%?EAK (SEAPPEAK) moves the active marker and the delta reference marker to the
maximum peak point and the minimum peak point on the frace in the search range. The
applicable peak profile is defined by the MARKER —~ PEAKIDEF or PEAK DEF: AX and &Y keys
described below. This turns on the delta mode regazdless of the current marker mode,
MARKER — PEM;{E UEF (MARKPEAD) changes the differential stimulus value (AX) and response
value (AY} of the peak for searching for the local max, min, and peak-to-peak to the
respective differential values between active and reference markers.

PEAK DEE: AX (PEADX) defines the differential stimulus value {AX) of the peak for searching
for the local max, min, and peak-to-peak.

AY’ (PEADY) defines the differential response value {AY) of the peak for searching for the local
max, min, and peak-to-peak, .
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Note For Peak Define

The PEAKDE? : &X and AY softkeys define the peak profile to be applicable for the

LOCAL MAX, LOCAL MIN, and PERK-PEAX functions. These functions search & peak where,
the positive-going shoulder gradient is greater than AY/AX, and the negative-going shoulder
gradient is less than —AY/AX. Therefore, the peak define function can limit the applicable
peak to cerfain sharpness regardless its absolute value. The greater AY/AX, the sharper the
peak.

Example: To analyze a spurious peak on a trace, shown in Figure 8 18, using the LOCAL HAX
softkey, specify AY/AX, Jarger than that of the fundamental peak AY/AX;, (expecied not
to be detected) and smaller than that of the spurious peak AY,/AX, (expected to detect).
This filters out the fundamental peak from the scarch.

AX, AY are defined as follows

AYi _ AY . AY:
AX1 AX ® AX:

Then, Local MAX is here.

_Aav

AXs

COGEAZ0

Figure 8-18. Peak Definition Example

The applicable peak is only specified by the ratio, Ax/Ay. The absolute values of Ax and Ay
do not matter.

RETURN goes back to the marker search menu.
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Width Menu
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Figure 8-19. Width Menu

WIDTH VALUE (WIDV) sets the amplitude parameter (for example —3 dB) that defines the start
and stop poirts for a bandwidth search. The bandwidth search feature analyzes a bandpass or
band reject trace and calculates the center point, bandwidth, and @ (quality factor) for the
specified bandwidth. Bandwidth units are in the units of the current format. When A mode
is ON, the bandwidth value specified is deference from the delta reference.

ESEERCI% IN (WIDSIN) searches for the cutoff point on the trace within the current cutoff
points.

SEARCE OUT (WIDSON) searches for the cutelf point on the trace outside of the current cutoff
points.

WEIDTHS on OFF {WIDTON, WIDTOFF) turns on the bandwidth search feature and calculates
the center stimulus value, bandwidth, @, insertion loss, and cutofl point deviation {from the
center of a bandpass or band reject shape on the trace. The amplitude value that defines the
passband or rejectband is set using the WIDTH VALUE: softkey.

When WIDTHS is turned on, if the active marker is 1, 2, 3, or 4, markers 1, 2, 3, and 4 are
turned on, and each is assigned to a dedicated use. Marker 1 is the starting point from which
the search is begun. Marker 2 is the bandwidth center point. Marker 3 is the bandwidth
cutoff point on the left, and marker 4 is the cutoff point on the right. If the active marker s
the 5, 6, 7, or 8, markers 5, 6, 7, and 8 move in the same manner as above for markers 1, 2, 3,
and 4, :

The width parameters obtained are also listed on the display as follows:

BW displays the bandwidth value set by the WIDTH VALUE softkey.

cent displays the center stimulus value between cutoff points, which is marked by
the marker 2 (| or 6).
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N displays the @ value (= cent/BW} of the trace.

[nsertion Loss  displays the absolute value of the marker 1, or 5).

AF (left) displays the stimulus value difference between markers 3 (or 5) and ceater

CEMTER §} key.

AF {right) displays the stimulus value difference between markers 4 {or 8) and center
frequency specified by

frequency specified by

Figure 8-20 shows an example of the bandwidth search [eature.

--0dB

1 insertion Loss

1
]

AF (rights
Center Frequency of Stimulis

(Specified by Key)

AF {ieft}

[eeelvys]

Figure 8-20. Bandwidth Search Example

if o delta marker or fixed marker is ON, it is used as the reference point from which the

bandwidth amplitude is measured. For example, if marker 1 is the delta marker and is set at
the passband maximum, and the width value is set to —3 dB, the bandwidth search finds the
bandwidth cutoff points 3 dB below the maximum and calculates the 3 dB bandwidth and Q.

I marker 2 {the dedicated bandwidth center point marker) is the delta reference marker, the
search finds the points 3 dB down from the center.

If no delta reference marker is set, the bandwidth values are absolute values.

In the expanded phase mode, this function searches the two cutoff points whose values are
“+WIDTH VALUE”, and “-WIDTH VALUE”. For example, when the width value is 45°,
the cutoff points’ values are £45°,

RETURN goes back to the marker search menu,
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Instrument State Function Block

INTRODUCTION

INSTRUMENT STATE

Iy
f
i
N

P I

(
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CEOTI00

Figure 9-1. Instrument State Function Block

‘The instrument state function block keys and associated menus provide control of
channel-independent system functions. These include controiler modes, instrument addresses,
real time clock, limit lines and limit testing, Instrument BASIC {(Option 002), plotting or
printing, saving instrument states and trace data on a built-in disk.
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INSTRUMENT STATE FUNCTIONS AND WHERE THEY ARE
DESCRIBED

Funections accessible in the instrument state function block are described in several different
chapters of this Reference. and in other manuals,

Table §-1 lists each function and where it is discussed, Unless otherwise noted, all references

are in this Reference and arve marked with the acronym “REF”.

Table 8-1, Instrument State Function Descriptions

Instrument
State Hey

Function

Chapter or Manual

(SYSTEM )

instrument BASIC

Clock
Limit Lines and Limit Testing

Service Menu

HP Insirument BASIC Manual
Sel

Using HP Instrument BASIC with
the HP 8751 A

This Chapter
Thiz Chapter

Mainienance Manual

All Features - including printing and plotting

Chapter 10, REF

(SAvVE?

All Features - including saving instrument states
and saving to external disk.

Chapter 11, REF

All Features - including recall of instrument sate
and data from built-in disk drive.

Chapter 11, REF

All {features - inciuding HP-IB and address menus.

This Chapter

Preset State

Appendix A, REF
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((GcAL) Key

fLocal} key leads to she following menus:

HF-IB ADDRESS
N ™ MEMU .. MENU
SYSTEM ADORESS: |
i o ket
I LOCAL " coNTROLLER s51|
M ADDRESS- ADDRESS:
ABLE ONLY PLOTTER
ADDRESS:
PRINTER
SET ADDRESS:
ADDRESSES CONTROLLER
RETURN

CTonaay

Figure 9-2. Softkey Menus Accessed from the Key

This key performs the following functions:

® Returns front panel control to the user. The instrument ignores all front panel keys (except
the local key) when under the control of an external computer. The instrument is in “local
mode” when the user has front panel control. The instrument is in the “remote mode”™ when
an external compuier controls the instrument,

B (Gives access to the HP-IB menu, which sets the controller mode, and to the address
menu, where the HP-IB addresses of peripheral devices are entered. The controller mode
determines which device controls the HP-IB bus, the instrument or computer. Only one of
them can control the bus at a time.

L.ocal Lockout

Local lockout is a remote (computer generated) command that disables the (LocaL) key,
making it impossible to interfere with the instrument (except for the Power Switch) while it is
under computer control.

HP-IB Menu

The analyzer is factory-equipped with a remote programming interface using the
Hewlett-Packard Interface Bus (IfP-IB). This enables communication between the analyzer
and a controlling computer as well as other peripheral devices. This menu indicates the
present HP-IB controller mode of the analyzer. Two HP-IB modes are possible: system
controller and addressable only.

Preset does not affect the selected controller mode, but cycling the power returns the analyzer
to the addressable only mode.
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Information on usable peripherals is provided in the General Information section of this
marngal.

System Controller Mode

In the system controller mode, the analyzer itself can use HP-1B to control usable peripherals,
withowt the use of an external computer. For example, the analyzer can output measurement
results directly to a usable printer or plotter.

Addressable Mode

This is the mode of operation most often used. In this mode, a computer can take control
to commurnicate with the analyzer and other peripherals on the bus. The computer can
send commands or instructions to and receive data from the analyzer. All of the capabilities
available from the analyzer front panel can be used in this operation mode. Exceptions are
some special functions such as internal tests,

Information on HP-IB operation is provided in Chapter 12 and in the HP-IB Programing
Manual,

oL T
poorese-| (T
KT
(T
oot KT
T
(T
T

CRERRT

Figure 2-3. HP-IB Menu

SYSTEMCGNTREJLLER is the mode used when peripheral devices are to be used and there is no
external controller. Hefer to the description above.

The system controller mode can be used without knowledge of HP-1B programming. However,
the HP-1B address must be entered for each peripheral device.

This mode can only be selected manually from the analyzer’s front panel, and can be used
only if no active system controller is connected to the system through HP-IB. If you try to set
systemn controller mode when another system controlier is present, the message “CAUTION:
CAN'T CHANGE ~ ANOTHER CONTROLLER ON BUS” is displayed.
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ADDRESSABLE ONLY is the mode used when an external controiler controls peripheral devices
or the anaiyzer. This mode is also used when the external computer passes conirol of the bus
to the analyzer.

SET._ADSRESSE_S goes to the address menu, which sets the HP-IB address of the analyzer, and
to display and modify the addresses of peripheral devices in the system.

Address Menu

In communications through the Hewlett-Packard Interface Bus (HP-1B), each instrument on
the bus is identified by an HP-IB address. This decimal-buased address code must be different
for each instrument on the bus.

This menu sets the HP-1B address of the ana.lyier. It also sets the HP-IB addresses the
analyzer will use when talking to each peripheral.

Most of the HP-IB addresses are set at the factory and need not be modified for normal

system operation. The standard factory-set addresses for instruments that may be part of the
system are as follows:

Table 9-2. Defaulk HP-1B Addresses

Instrument HP-IB Addvess {decimal)
Analyzer ¥
Plotter 35
Printer Gi

Controller 23

The address displayed in this menu for each peripheral device must match the address set

on the device itself. If the addresses do not match, they can be matched in one of two ways.
Either the address set in the analyzer can be changed using the entry controls; or the address
of the device can be changed using instructions provided in its manual. The analyzer’s HP-1B
address is changed threugh the kevboard controls, there is no physical HP-IB switch.
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ADDRESS:
s KL J
ADGRESS: K:E
PLOTTER
ADDRESS:
PRINTER K:I:j
ADDRESS:
CONTROLLER KI:}
| (T
e I

ERGw

Figure -4, Address Menu

ADBRESS-: : 8?51 sets the HP-IB address of the analyzer, using the entry controls. There is no
physical address switch to set in the analyzer.

with the plotter.

ADERESSFRINE‘ER (ADDRPRIN) sets the HP-IB address the analyzer will use to communicate
with the printer.

bt HESSCUE\%E’RQ R (ADDRCONT) sets the HP-IB address the analyzer will use to
communicate with the external controlier.

RETURN goes back to the HP-IB menu.
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(svstem ) KEY

The HP-IB programming command is shown in parenthesis following the key or softkey.

This key presents the system ment.

System Menu

IBASIC KD
KL

SET CLOCK KB
K1)

wew| KL )

§

KT ]
Tuewo| KT

—_————

iz

Figure 9-5. System Menu

IBASIC leads to-a series of menus used to operate Instrument BASIC, Refler to
“INSTRUMENT BASIC (OPTION 002)” in this chapter. This softkey will not appear if the
analyzer is not equipped with Option 002.

SET CLGCK feads to a series of menus as shown in Figure 9-6, which sets an internal clock.
Refer to “Clock Menu” in this chapter.

LINIT MENU leads to a series of menus as shown in Figure 9-10, which defines limits or
specifications with which to compare a test device. Refer to “LIMIT LINE AND LIMIT
TESTING™.

SER

leads to a series of service menus described in detail in the Maintenance
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SYSTEM GLOCK SE¥ TIME i SET DATE
S MERU MEN MENL | MENU
/ TIME i MONTH
| . 17" IBASIC RGUR !
HH: AR SS
 SYSTEM) :
LATE MIN DAY
oO/MMAYY bl ] MmN -
BET CLOCK SEC YEAR
LislT
sny ENTER ENTER
DATE MODE:
MonliayYear
OayMontasr
SERVICE
WENLU RETURN CANCEL CANCEL,
C2008020

Clock Menu

This menu is used to print the current time and date. When the analyzer prints or plots the
data, the carrent time and date is printed or plotted before the information on the screen, if
COP ME under the key is turned ON.

wes| KL
HH:MM: 88
DATE K
DD/MMIYY

DATE MODE: KE
MonDayVYear
|
bayMonYesr KIj
.
[enmmisisiiin B

ErrTry

Figure 9-7. Clock Menu

TIME.HH:MM:S$ (SETCTIME) displays the current time when pressed. To adjust the time, refer
to “Set Time Menu”.
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D{;TE .?“EM;’:DE}’YY (SETCDATE) displays the current date when pressed. To adjust the date. refer
to “Set Date Menu™.

DATE MODE: MonﬁayYear (MONDYEAR) changes the displayed date to the “month:day:vear”
Tormal.

-Ea}?ﬁbn?eéf {DAYMYEAR} changes the displaved date to the “day:month:year” format.

_RET{};’.&}:‘J returns to the system menu.

Set Time Menu

This menu is used to set the internal clock.

wour] KT
KL ]
ENTER _L_}
KT
L]
GANGEL .‘_L__J

AT

Figure 8-8. Set Time Menu

HOUR' enables changing the hour setting using the knob or the numeric entry keys. After you

change the hour setting, press ENTER to restart the clock.

MIN enables changing the minute setting using the knob or the numeric entry keys. After you
change the minute setting, press ENTER to restart the clock.

SEC enables changing the second setting using the knob or the numeric entry keys. After you
change the second setting, press EE\ETER to restart the clock.
ENTER restarts the internal clock.

CANCFL returns to the clock menu. Pressing this key will not affect the internal clock setting.
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Set Date Menu

MONTH
DAY
YEAR
ENTER Km
KL
L)
CANCEL K:D
ss——

C2009008

Figure 9-8. Set Date Menu

you change the month setting, press ENTER to restart the cock.

DAY enables changing the day setiing using the knob or the numeric entry keys. After you
change the day setting, press ENTE‘R’_ to restart the clock.

YEAR enables changing the year setting using the knob or the numeric entry keys. After you
change the year setting, press ENTER: to restart the clock.

ENTER restarts the internal clock.

CANCE:L returns to the clock menu. Pressing this key will not affect the internal clock setting.
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LIMIT LINE AND LIMIT TESTING

These are lines drawn on the display to represent upper and lower limits or device
specifications with which to compare the device under test. Limits are defined by specifving
several segments, where each segiment is a portion of the stimulus span. Fach limit segment
has an upper and & lower starting limit valae.

Limits can be defined independently for the two channels, up to 18 segments for each channel
(a total of 36 for both chunnels). These can be in any combination of the two limit types.

Limit testing coirpares the measured data with the defined limits, and provides pass or fail
information for each measured data point. An out-of-limit test condition is indicated in the
following ways:

& Displaying a FAIL message on the screen

g Imitting a beep

Displaying an asterisk in tabular listings of data

g Writing bit in {{P-IB event status register B

Writing LOW-status of PASS/FAIL signal line of the I/0 port an the analyzer rear panel.
Refer to Appendix C.

&

Limits are entered in tabular form. Limit lines and limit testing can be either ON or OFF
while limits are defined. As new limits are entered, the tabular columns on the display are
updated, ard the limit lines (if on) are modified to the new definitions. The complete limit set
can be offset in either stimulus or amplitude value.

An example of a measurement using limit lines and limit testing is provided in the User’s
Guide.

key. These menus are

The series of menus for defining limits are accessed using the
illustrated in Figure 9-10.
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SYSTEM TS EDIT LT EDIT SEGMENT
..... e, MEWU MENU MENU
EYSTEM l R 1BASIC LIMIT LINE e MENT L STHMULYS
MJ on OFF WALUE
......... - UMIT TEST MAPKER -
on OFF STIMLLUS
SET CLOTK BEEP FAIL EbiT uprER
an OFF LMIT
DELETE LEWER
LT
LIMIT )
DT e DELTA
MENU ADD :
LIMIT LINE LMITS
SLEAR MIDDLE
List VALUE
. LMIT LINE MARKER =
OFFSETS MIDDLE
SERVICE
MENU RETURN DONE DONE
OFFSET LIMITS CLEAR LIST
MENU MENU
STIMULUS
I GLEAR UST
OFFSET vES
AMPLITUDE
OFESET
MARKER
AMP. OFS.
NO
RETURN

CZOOHTY

Figure 8-10. Softkey Menus Access from the LINIT MERU softkey.
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How Limit Lines are Entered

Before limit lines can be explained, the concept of “segments”™ must be understood. A
segment is the node of two limit lines. Refer to Figure 9-11.

ﬂﬂa)’\/

Qv

_ : : =15 di
T I e o

ﬂ@?\ﬂ

C2009my

Figure 8-11. The Concept of Segments as a Point between Two Sets of Limit Lines

As you can see in Figure 9-11, segments are distinct points that define where limit lines begin
or end. Limit lines span the distance between segments and represent the upper and lower
test limits. Figure 9-11 shows another important aspect of limit lines: The most left hand side
of set of limit lines will continue from the minimum stimulus value, and the most right hand
side of set of limit lines will continue until the maximum stimulus value.

A segment is placed at a specific stimulus value (a single frequency for example). The first
segment defines the limit line value hauls from the minimum stimulus value. Once its stimulus
value is entered, the upper and lower test limit, +5 dB and —5 dB for example, needs to be
supplied.

Defining a second segment defines where the first set of limit lines ends. This process is
repeated to create different sets of Hmit lines, each having new upper and lower limits. Up to
18 segments can be entered.

Limits can be defined independently for the two channels.

The example in Figure 9-11 shows a combination of limit lines which change instantly and
gradually.

Segment 1 is at 1 MHz has an upper and lower limit of +5 and —5 dB, respectively. Notice
the limit upper and lower lines starts at the minimum frequency and ends at segment 1.

Segment 2 is also at 1 MHz with different upper and lower limits of 410 dB and - 10 dB,
changing the limit values instantly.

Segment 3 is at 2 MHz with the same limit value as segment 2 to obtain a flat limit lines.
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Segment 4 is at 3 MHe with upper aod lower linit values of +15 dB and 15 dB. changing
the limitb values gradually, Notice the Hmit upper and lower lines starts at the segment
coittinues untd the maximum frequency.

MNoie Limit lines cannot be cub, so when limit lines are needed partially along the
8 stimulus axis, the non-limit-testing portion must be entered also. Set the

ron-tit-testing portion by forcing the upper and lower limit values oat of
range. +500 dB and —-500 éB for example.
Both an upper limit and a lower limit (or delta limits) must be defined: il only

one limit is required for a particular measurement, force the other Limmit out of
range, +500 dB or —500 dB for example.

Turning Limit Lines Limit Testing On and Off

Limit lines and limit testing features are OFI unless explicitly turned ON by the user. After
entering the limit line information, you may turn ON the limit line feature and optionally
the limit testing features. Turaning these features OFF has no effect on the entered limit line
information.

Segments Entering Order Needs Notice

Generally, the segments do not have to be entered in any particular order: the analyzer
automatically sorts them and lists them on the display in increasing order of stimulus value.
One exception is when two segments have the same stimulus value as described in Figure 9-11.
If the same stimulus values exist, the analyzer draws the Hmii lines according to entered
segment order. For example in Figure 9-11, segment 1 should be entered in advance of
segment 2.

Saving the Limit Line Table

Limit line information is lost if (PReSeT ) is pressed or if the line switch is turned OFF.
However, the and keys can save limit line information along with all other
current analyzer settings. Limit line table information can be saved on a disk.

Offsetting the Stimulus or Amplitude of the Limit Lines

All limit line entries can be offset in either stimulus or amplitude values. The offset affects all
segments simultaneously.

Supported Display Formats

Limit lines are displayed only in Cartesian format. In polar and Smith chart formats, limit
testing of one value is available: the value tested depends on the marker mode and is the
magnitude or the first value in a complex pair., The message “NG LIMIT LINES DISPLAYED" is
shown on the display in polar and Smith formats,
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Use a Sufficient Number of Points or Errors May Occur

Limits are checked only at the actual measured data points. If you do not select a sufficient
number of poinis. it is possible for a device to be out of specification without a lhnit tesy
failure indication.

To aveid this. be sure to specify a high encugh number of pointse. Tn addition. if specific
stimulus points must be checked, use the list sweep features described in Chapter 5 so that the
actual measured data points are checked, exactly.

Displaying, Printing, or Plotling Limit Test Data

The “list values” feature in the copy menu prints or displays a table of each measured
stimulus value. The table includes limit line and/or limit test information (il these functions
are turned on). If limit testing is on, an asterisk “x” is listed next to any measured value that
is out of limits.

If the limit lines are on, and other listed data allows safficient space, the following will also be
displayed:

# Upper limit and lower limit
w The margin by which the device passes or fails the nearest limit

For more information about the list values feature, refer to “Copy More Menu” in Chapter 10.
Results of Plotting or Printing the Display with Limit Lines ON

If limit lines are on, they are shown when you print or plot the display. If limit testing is on,
the PASS or FAIL message is included as well.
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Limits Menu

This menu independently toggles the limit lines, limit testing. and limit fail beeper. It also
leads to the menus that define and modify the limits.

LIMIT LINE K““ul j
on  GFF AN S
LislY TEST K:[_j
on  OFF —
BEEP FAIL l<‘ —
on OFF l ]
LIMIT LINE

g

K]
Coresers| K[

L)

RETURN

C2C09010

Figure $-12. Limits Meny

LIMIT f,?iﬁ}?@.ﬁ:i-jdii OFF. {LIMILINEON, LIMILINEOFF) turns limit lines ON or OFF. To define
limits, use the EDIT LIMIT LINE: softkey described below. If limits have been defined and
limit fines are turned on, the limit lines are displayed on the display for visual comparison of
the measured data in all Cartesian formais,

I{ linit lines are on, they can be saved in disk with an instrument state. In a listing of values
from the copy more menu with limit lines ON and limit test ON, the upper limit and lower
limit are listed together with the pass or fail margin, as long as other listed data allows
sufficient space.

LIMIT TEST on OFF (LIMITESTON, LIMITESTOFF) turns limit testing ON or OFF. When limit
testing is on, the data is compared with the defined limits at each measured point. Limit tests
occur at the end of each sweep, whenever the data is updated and when limit testing is first
turned ON.

Limit testing is available for both magnitude and phase values in Cartesian formats. In polar
and Smith chart formats, the value tested depends on the marker mode and is the magnitude
or the first value in a complex pair. The message “NO LIMIT LINES DISPLAYED” is displayed in
polar and Smith chart formats if limit {ines are turned ON.

Five different ways of indications of pass or fail status are provided when limit testing is ON.

e A PASS or FAIL message is displayed at the right of the display.

g The limit fail beeper sounds if it is turned ON. _

8 [n a listing of values using the copy menu, an asterisk * is shown next to any measured
point that is out of limits.

@ A bit is set in the HP-IB status byte.
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# The PASS/FAIL line in the 1/0 port on the analyzer rear panel goes to TTL LOW level.

BEEP FAIL on OFF (BEEPFATLON, BEEPFAILOFF) turns the limit fail beeper ON or QFF.
When limit testing is ON and the fail beeper iz on, & beep is emitted each time a Umit test ig
performed and a failure detected. The limit fail beeper is independent of the warning becper
and the operation complete beeper, both of which are described in “Display More Ment” in
Chapter 6.

EDIT ']_LI:M'IT LE?&ZE (EDITLIML) displays & table of limit segments on the lower half of the
display, The edit [imits menu is presented so that limits can be defined or changed.

LINIT L}:I\EE BFFSETS leads to the offset limits menu, which offsets the complete limit set in
either stisnuhbis or ampiitude value.

RETUN goes back to the system menu.

Edit Limits Menu

This menn is used to add new segments or select existing segments to be edited. The ADD and
EDIT softkeys in this menu provides the edit segment menu (described later), which lets you
select stimulus and limit values.

Note Before editing the limit lines, it is convenient to turn the limit lines on using
g the LIMIT I on 0EEF: softkey. This displays the limit lines while you
editing.

A table of limit values appears on the display when this menu is provided. A thorough
description of how segments work is described at the beginning of this section. Read that
information before continuing.

For each segment, the table shows the segment number, stimulus value, upper limit, and lower
limit. Limit values can be entered as upper and lower limits or as delta limits with & middle
value.
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Figure $-13. Edif Limits Menu

SEGMENT specifies which limit segment in the table is to be edited. A maximum of eight sets
of segment values are displayed at one time, and the list can be scrolled up or down to show
other segment entries. Use the entry block controls to move the pointer * > 7 next to the
requived segment number, The indicated segment can then be edited or deleted. If the table
of limits is designated “EMPTY”, new segments can be added using the ADD: or EDIT softkey.

EDIT (LIMSEDI) displays the edit segment menu, which defines or modifies the stimulus value
and {imit values of a specified segment. If the table was empty, a default segment is displayed.

DELETE (LIMSDEL) deletes the segment indicated by the pointer “ > 7,
ADD {LIMSADD) displays the edit segment menu and adds a new segment to the end of the

list., Ti‘;e new segment is initia,liy & duplicata of the s(,gmozlf indicated by the pointer “» " and
selected

-leads to the clear list menu, which clears all of the segments in the limit test.

E. {LIMEDONE) sorts the limit segments and displays them on the display in increasing
ordor of stimulus values. The limits menu is returned to the screen.

Edit Segment Menu

This menu is used to set the value of the individual limit segments. The segment to be
modified, or a default segment, is selected in the edit limits menu.

The stimulus value can be set with the controls in the entry block or with a marker (the
marker is turned ON automatically when this menu is presented). The limit values can be
defined as upper and lower limits, or delta limits and middle value.

As new values are entered, the tabular listing of limit values is updated.
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As described in the i)eg'inning of this section, generally seginents do not have to he listed
in any particular order: the analyzer sorts them automatically in increasing order of start
stimulus value when the DU{\E? key 1n the edit limits menn is pressed. However, the easiest
way to enter a set of limits is 1o starl with the lowest stimulus value and define the segments
from left to right of the display, with limit lines turned ON as a visual check.

STIMULUS -
VALUE < ______ § ....... i

MARKER —+ M“{““*

STHAULUS K__w }
UPPER
LIMIT ‘< E E
M )
LiMIT i
DELTA
LIMITS |<
Vaoe| KL ]
VALUE

MARKER - <
MIDDLE [ E
DONE }< ; §

e

2063012

Figure 9-14. Edit Segmeni Menu

cont rola

Z:Tff}iRKER et STIMULUS (MARKSTIM) sets the stimulus value of a segment using the active
marker. Move the marker to the desired starting stimulus value before pressing this key, and
the marker stimulus value is entered as the segment stimulus value.

UPFER: LIMIT (LIMU) sets the upper limit value for the segment. If a lower limit is
specified, an upper limit must also be defined. H no upper Himit is required {for a particular
measurement, force the upper limit value out of range (for example +500 dB)

When UPPER LI} or LOWER LIMIT is pressed, all the segments in the table are displayed in
terms of apper and lower liIIlit% event if they were defined as delta limits and middle value.

If you attempt to set an upper Hmit that is lower than the lower limit, or vice versa, both
limits will be automatically set to the same value.
LOWER LIMIT (LIML) sets the lower limit value for the segment. If an upper limit is specified,

a lower limit must also be defined. I no lower limit is required for a particular measurement,
force the lower limit value out of range {(for example —500 dB).

DELTA LIM TS, (LIMD) sets the limits an equal amount above and below a specified middle
value mstea(i of settmg upper and lower IlHlltS sepamtely Thm is ased in {,OH_]UIIC,tiOH with
MIDDLE ‘VALUE . MIDD

particular value plus or minus an equa,i tole; ance.
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For example, a device may be specified at -5 dB 43 dB. Enter the middle value as 5 dB
and the delta limits as 3 dB.

When DELTA LIMITS or H_:IE)?)LE' VALUE is pressed, all the segments in the table are displayed
i these terms, even if they were defined as upper and lower limits.

HIDDLE VALUE (LIMH) sets the midpoint for DELTA LIMITS . It uses the entry controls to set
a specified amplitude value vertically centered between the limits.

FAHKER et MIDDEK {MARKMIDED) sets the midpoint for DELTA LIMITS using the active marker
to set the middle amplitude value of a Himit segment. Move the marker to the desired value
ar device specification, and press this key to make that value the midpoint of the delta limits.
I'he limits are autormatically set an egual amount above and below the marker.

DONE (LIMSDON) terminates a limit segment definition, and returns to the edit limits menu.

Clear List Menu

CLEAR UST

wo| KT )
KL
KT
KT )

2003013

Figure 9-15. Clear List Menu

CLEAR T35 T YES' (LIMCLEL) clears all of the segments in the limit lne and returns to the edit
limit menu.

NG cancels clearing the segment and returns to the edit limit menu.
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Ofiset Limit Menu

This allows all segments to be offset in either sthmulus value or amplitude value. This is
useful for changing the limits to correspond with a change in the test setup, or for device
specifications that differ in stimulus or amplitude.

T T
e 1)
M ore| KL T
T

T

1)

d1T0
I

$200904

Figure 9-16. Offset Limit Menu

STIMULUS OFFSET (LIMISTIO) adds to or subtracts an offset from the stimulus value. This
allows limits already defined to be used for testing in a different stimulus range. Use the entry
block controls to specify the offset required.

AMPLITUDE. ET (LIMIAMPO) adds or subtracts an offset in amplitude value. This allows
previously defined limits to be used at a different power level. For example, if attenuation is
added to or removed from a test setup, the limits can be offset an equal amount.

MARKER o f-‘s. (LIMIMAGF) uses the active marker to set the ammplitude offset. Move
the marker to the d(,bil(‘d middle value of the limits and press this softkey. The limits are
then moved so that they are centered an equal amount above and below the marker at that
stimulus value.

RETURN goes back to the limit line menu.

INSTRUMENT BASIC (OPTION 002)

HP Instrument BASIC gives the analyzer programmability without any external controller.
HP Instrument BASIC is subset of HP BASIC and allows all of the analyzer’s measurement
capabilities and any other HP-IB compatible instrument to be programmed. For more
information of Instrument BASIC, refer to Using HP Instrument BASIC with the HP 87514,
and the HP Instrument BASIC Manual Set furnished to Option GOZ.
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Making Hard Copies

INTRODUCTION

About Making Hard Copies, Where Compatible Printers and Plotters are
Mentioned

The analyzer can use HP-IB to output measurement results directly to a compatible printer or
plotter, without the use of an external controller. The information shown on the display can
be copied to a compatible Hewleit-Packard plotter or graphics printer. A plotter provides
better resolution than a printer for data dispiays, while a printer provides higher speed for
tabular listings. Refer to the General Information and Specifications section for information
about compatible plotters and printers.

Where to Find Tutorial Information

Tutorial information on how to plot or print is supplied in the User’s Guide.

Printing/Plotting with or without a Controllier on the Bus

To generate a plot or printout from the front panel when there is no other controller on the

bus, the analyzer must be in the system controller HP-IB mode. I a controller is connected to
the analyzer, the analyzer must take control from the controlier to initiate & hard copy. To do
this, the analyzer must be in the addressable mode by receiving a pass control command from

the controller. The controller essentially gives the analyzer permission to control the bus.

Refer to “BUS MODE” in Chapter 12 for HP-IB controller modes and “(LocaL) Key” in
Chapter 9 for setting addresses.

PRINT/PLOT BUFFER

The analyzer can continue operation while a hard copy is in progress. To abort a hard copy

before it is finished, press COPY ABORT . If a hard copy is in progress and a second hard copy
is attempted, the message “PRINT/PLOT IN PROGRESS, ABORT WITH COPY ABORT” is displayed
and the second attempt is ignored. An aborted hard copy cannot be continued: the process

must be initiated again if a copy is still required.
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KEY

The HP-IB programming command is shown in parenthesis following the key or softkey.

The (copy) key provides access to the menus used for controlling external plotters and printers
and defining the plot parameters.
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Figure 10-1. Softkey Menus Accessed from the Key
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Copy Menu

This copies the display to a printer or to & plotter using the default plot parameters, without
the need to access other menus, For user-defined plot parameters, a series of additional menus
is available.

E—

PRINT| | A—r S

[STANDARD] ]< ]

PLOT i< ] !

COPY ABORT K:D

o] KL )
on OFF

PRINYT/PLOT K":[:]
SETUP -
QUADRANT
el (1)
PLOT
wore| (1)

S

RO

Figure 10-2. Copy Menu

When the print or plot function is engaged, the analyzer takes a “snapshot” of the display and
sends it to the printer or plotter through a buffer. Guee the data is transferred to the buffer,
the analyzer is free to continue measurements while the data is being printed or plotted.
PRINT [STAND&RD] (PRINALL) identifies the printer selected in the print/plot setups menu:
either STé}é_DARD for & black and white printer or CQLOR for a color printer. The defauls
setting at power on is AN
display to be printed.

D . When pressed, this softkey causes an exact copy of the

Note Before pressing this softkey, you must:
|

w sef the analyzer to the system controller mode.
m make sure the analyzer’s printer HP-1B address and the printer set HP-IB

address mateh,

PLOT (PLOT) plots the display to a compatible HP graphics plotier, using the currently
defined plol parameters {or default parameters). Any or all displayed information can be
plotted, except the softkey Iabels and dispiay listings such as the frequency list table, or limit
table. (List values, operating parameters, or cal kit definition can be plotted using the screen
menu explained later in this chapter. However, this is considerably slower than printing.)
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Mote Before pressing this softkey, vou must:

g set the analyzer to the system controller mode.
g make sure the analvzer’s plotter HP-IE address and the plotter set HP 1B

address matel.

CEJPY}QBURE" (COPAY aborts a plot or print in progress.

COPY TIME on GFF (COPTON, COPTOFF) turns the “fime stamp” on or off for a print or plot.
When you select print, the time and date are printed out first, followed by the informastion
shown on the display., When you select plot, the time and date are plotted on the message
area. Refer to “(svstem)} KEY™ in Chapter 9 for setting the internal clock,

PFINT/PLOT SETUP presents the print/plot setup menu. This menu allows you to copy
the dispiay to a printer capable of graphics plotting or tabuiar listing. For information on
compatible printers and plotter with the analyzer, refer to the Gereral Information section.

SELECT QUADR * leads to the select gquadrant menu, which provides the capability of
drawing quarter-page plots. This is not used for printing.

DEFINE PLOT leads to the define plot menu, which specifies which elements of the display are
to be plotted. This is not used for printing.

MORE: leads to the copy more menu, which prints or plots the measurement value list,
operation parameter list, calibration kit definition list, list sweep table, or limit test table.

Print/Piot Setup Menu

snoaro| KL
coon| K[ T
" oo KL
KL
“eerwr| KL
KT
KLE )
RETURN K:D

S —

CITON0E

Figure 10-3, Print/Plot Setups Menu

PRNT STA%?DARD (PRIS} sets the print command to the default selection, a standard printer
that prints in black only or a color printer (PaintJet) to yield a black-only print.
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COLOR (PRIC) sets the print command to defanlt to color. The PRINT [COLORT command
does NOT work with a black and white printer.

PRINT COLOR [FIXED] (PRICFIXE, PRICVARI) toggles the printing color between [FIXED]
and [VARIABLETD . If "FINEDT is selocted, the analyzer prints a hard copy with defanlt
codors, I *VARIABLE" is selected, the apalyzer prizts a hard copy with colors as stimilar as
possible to the display colars. which can be adjusted by the user. Refer to {(oispray) KEY? in
Chapter € for display colors adjustment.

Note Because of the limited number of the printer ink colors, the printed color will
: not be the same as the displayed.

I (DFLT) resets the plotting parameters to their default values. These defaults
are as follows:
Table 10-1. Default Plotting Parameters

# Select quadrant: Full page

& Define plot: All plot elements on

& Plot scale: Fuli

s Plot speed: Fast

® Line type: 7 (solid line) for both trace and memory

Default setups do not apply to printing.

RETURN returns to the copy menu.
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Select Guadrant Menu

This selects o full-page plot, or a quarter-page plot o any quadrant of the page.

X - LEFT KWT"WWJ
- - UPPER S S—
- LE;‘T A A
x - wowes| K[ ]
2 ()
- = UPFER
“x rowen| KL
- X LOWTR
SR -
i X PAGE
eemsiesesma

C2O1004
Figure 10-4. Select Quadrant Menu
LEFT UP?ER {LEFU} draws a quarter-page plot in the upper left quadrant of the page.
LEFT IDWER (LEFL) draws a quarter-page plot in the lower left quadrant of the page.

RIGHTU?PER {RIGU) draws a quarter-page plot in the upper right quadrant of the page.

FULLPAGE {(FULP) draws a full-size plot according to the scale defined with SCALE PLOT iu
the define plot menu {described next).

N returns to the copy menu.

Making Hard Copies 10-7



Define Plot Menu

This menu allows selective plotting of portions of the measurement display. Different plot
elements can be turned on or off as required. In addition, different selectious are available for
plot speed and plot scale, to allow plotting on transparencies and preprinted forins.

PLOT: <
ALL

DATALKGRTOL

| K
DATA GNLY < ;I:j
K

LINE TYPE
DATA

LIME TYPE
MEMORY

SCALE PLOT
[FULL]

PLOT SPEED
[FAST]

AN A A

RETURN
—_——

C2010005

Figure 19-5. Define Plot Menu
Pen Numbers

Pen numbers for each display elementls are fixed as follows:

Table 10-2. Pen Numbers

Display Element | Channel 1| Channel 2
Data 1 2
Memory o 6
Graticule 3 3
Text Lja/512/4/6
Marker 1/5 2/6

PLOT: ALL (PLGALL) selects to plot all the information displayed on the display except for the
softkey.

DATA & GRATCL (PLODGRAT) selects to plot the measured data and memory data, and also the
graticules,

DATA UNLY (PLODONLY) selects to plot only the measured data and memory data.

L,Ci\iEl TYPE DATA (LINTDATA) selects the line tvpe of the trace data for plot. The default line
is a solid unbroken line.

LIKE/TYPE MEMORY (LINTMEMO) selects the line type of the memory trace for plot. The

default line type is a solid unbroken line.
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SCALEPLBT feads to the scale plot menu, which selects a plot seale.

?LDT SPEED (PLGSFAST. PLOSSLOW) provides two plot speeds, FAST and SLOW. Fast is
the proper plot speed for normal plotting. Slow plot speed is used for plotting directly on
transparencies: the slower speed provides a more consistent line widsh,

RETURN returns te the copy ment.

Scale Plot Menu

This menu selects a plot scale, FULL , UPFER GRA_TECU_LE , and LDHER GFATI

e
SCALE: <
FULL
I
UPPER
GRATICULE; K
!

LOWER
GRATICULE]

ilafilijlifalils

RETURN K

L2010007

Figure 10-6. Scale Plot Menu

: _- %‘ULL (SCAPFULL) selects the normal full size scale for plotting on blank paper, and
includes space for all display annotations such as marker values, stimulus values, etc. The
entire display fits within the user-defined boundaries of P1 and P2 on the plotter, while
maintaining the exact same aspect ratio as the display.

UPPER GRATICULE , LOWER GRATICULE (SCAPGU, SCAPGL) expands or reduces the horizontal
and vertical scale so that the graticule lower lefi and upper right corners exactly correspond
to th(, user- ddmf.d Pl (mé PZ scalmg pomtq on Lho plotte; In the dua] d;splay mode t%lo

T hlS is convenient fcn ploimng_) on )mpzlmed leahmguim or poid.l foz ms (_{m emm;plc ol a
Smith chart}.

To plot on a rectangular preprinted graticule, set P1 of the plotter at the lower left corner of
the preprinted graticule, and set P2 at the upper right corner.

To plot on a polar and Smith chart formats as an accurate circle, set P1 and P2 so that
a rectangular defined by PL and P2 become a square because the outer circumference is
identical to an inseribed circle in the rectangle.
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When the display is split (for example, SPLIT DISP ON, MKR LIST OW ). UPPER set the upper
graticule to the plot area defined PL and P2 and LEHER set the lower graticule to the plot
arca. When the display is not split, UPPER and IGWEH are the same. {Reler to Figuve 10-7)

N
fext] Pz L L - s g
Pl L ‘
ferd . ‘
&1
UPPER GRATICULE FuLL
Jp—
z CHIE Pz
CH2 P2
e
P
LOWER GRATICULE UPPE R OWE R GRATICULE
(A} SPLIT DISPLAY B NORMAL DiSPLAY

C2O004

Figure 10-7. Full, Upper and L.ower Graticule
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Copy More Menu

This menu provides tables of operating parameters, measured data values, and cal kit
definitions, which can be copied from the sereen to a printer or plotter.

LIST KW" w..m._]

VALUES __[__
OPERATING L J
PARAMETERS S —
LIST SWEEP K“ 7
TABLE _MLJ

CAL KIT
DEFINITION

LIMIT TEST
TABLE

RETUAN |<

[T

CRO0L06

Figure 10-8. Copy More Menu

LISE‘ VALUES (LISV) provides a tabular listing of all the measured data points and their
current values, together with limit information if the limit test is ON. At the same time, the
screen menu is presented, to enable hard copy listings and access new pages of the table.
Twenty one lines of data are listed on each page, and the number of pages is determined by
the number of measurement points specified in the stimulus menu.

Table 10-3 shows data listed on the screen when DUSE CHAN is OFF. The margin listed is
smaller difference value between measurement value and erther upper limit or lower limit,
When plus margin means the test is pass, and minus means fail.
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Table 10-3. List Value Format

Dasplay Coluirm Number
Format 1 2 3 i 5
LOG MAG
PHASE
St 4y | Stimulus Measurement | Margin? Upper Limit | Lower Limit
DELAY Datad 8 Valuo? Value?
LIN MAC ata alue aiue

SWR

REAL

IMAGINARY
EXPANDED PHASE
SMITH CHART
POLAR | Stimulus Measurement | Measurement | Upper Limit | Lower Limit

atal , 12 2
INV SMITE CHART Data Data Value Value

LOG MAG & PHASE
LOG MAG & DELAY

1 = is displayed at the left hand of measurement value when the it fails in the limit testing.

2 This is listed when the limit test is on.

When DUAL CHAN: is ‘0N . stimulus value is listed in the Ist column, measurement data of
active channel are listed in the 2nd and 3rd columns, and non-aciive channel are listed in the
4th and 5th columns. The value listed for each channel are the same as data listed in the 2nd
and 3rd columns in Table 10-3.

If DUAL CHAN is ON and CGUPL

OPERATING PARAMETERS (OPEP) provides a tabular listing on the display of the key parameters
for both channeis. The screen menu is presented to allow hard copy listings and access

new pages of the table. Four pages of information are supplied. These pages list operating
parameters, marker parameters, lists, and system parameters that relate to control of
peripheral devices rather than selection of measurement parameters. The listed parameters
are as follows:

Number of points

Sweep time

Source power

Port-1 and 2 attenuator
Input R, A, and B attenunator
IF bandwidth

Averaging factor

Averaging switch

Smoothing aperture
Smoothing switch

(Group delay aperture
Calibration kit

Lo

Calibration type

Stimulas conditions when the calibration was performed
Phase offset

10-12 Making Hard Copies



® Port L and 2 exiension

® Input B, A, and B extension

m Velocity factor

w Conjugate matching cirenit and its parameters

CALKITDEFIKITIDH provides the copyv cal kit menu which prints/plots the calibration kit
definitions,

LIST -SWEE'P."'TAIBTL“TE: provides a tabular listing on the display of the list sweep table.

;@IMIT_- TEST TABLR provides a tabular listing on the dispiay of the imit value for limit
testing,.

RETURN returns to the copy menu.

Copy Cal Kit Menu

This provides a tabular listing of the calibration kit definitions. The lists can be hard copied
using the copy Tunction. The elements are all the standard and class assignments.

smonrol (T
T
T
T
T
KT

seron| K[ 1)

2GH000%

Figure 10-9. Copy Cal Kit Menu

STEKNDARD EEFI%ITIDN provides the copy standard number menu which selects which
standard setting be hard copied.

CLASS ASSIGNMENT (CALCASSI) shows the tabular listing of the calibration kit class
assignment, and provides the screen menu to prepare for hard copy.

returns to the copy more menu.
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Copy Standard Number Menu

This selects which standard is to be hard copied.

STD NG |<“ { "

STD NOL2 ]< g
soves K [ ]
STD NG A K:Ej

STD NO.B KI":':]
crovos) KT
ceonos| T

—

G203

Figure 14-10. Copy Standard Number Menu

] 1. (CALS) provides the tabular listing of the standard definitions of the standard
number n, and provides the screen menu to prepare for hard copy.

Copy List Sweep Menu

This selects one applicable list sweep table, and defines in what format the list sweep table is
to be displayed and hard copied.

R —— “‘“*_'\
DISPLAY:
st | KT ]
! ]
LSTZ |< |
DISP MODE: -
eS| (T
CTR & SPAN K:D
HNUMBER of Kj:j
POINTS
STEP SIZE K:D
wetoms | ()
— J

CE0woN

Figure 10-11. Copy List Sweep Menu

1 (DISL1) selects list sweep Table 1 to be displayed and hard copied.
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LISTQ'- (DISL2) selects list sweep Table 2 to be displayed and hard copied.

DISP MUDE ST& ‘8P (DISHMSTSP) displays the list sweep stimulus range in terms of start and
gtop.

CTR ‘& SPAN (DISMCTSP) displays the list sweep stimulus range in terms of center and spau,

NUMBER of POINTS (DISMNUM) displays the list sweep stimulus resolution in terms of number
of points.

STEP SIZE (DISMSTEP) displays the list sweep stimnulus resolution in terms of step size.

Copy Limit Test Menu

This defines in what format the limit testing table is to be displayed and hard copied.

e ] )
ose woor: | ([T
wosoer | KT
T

(T

T
T

reronn| K[ T )

L2000

Figure 10-12. Copy Limit Test Menu

DISPLAY LIST (DISLLIST} displays the limit testing table on the display, and provides the
screen menu to prepare for hard copy.

DISP MSDE UPR & LWR (DISMUL) selects the upper and lower format, which displays the
limit values by uppm limit and lower limit.

] (DISMMD) selects the middle and delta format, which displays the limit values by
middle value and maximum deviation {limit value) from the middle value.
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Soreen Menu

This menu is used in conjunction with the LIST VALUES , OPERATING PARAMETERS .
CAL KIT DEFINITION, LIST SWEEP TABLE . and LIMIT TEST TABLE features, to make hard

copy lstings of the tables displayed on the screen. To make copies from she front panel, wake
sure that the analyzer is the system controller (see Chapter § ).

PRINT KT""“‘]

ISTAMDARD] A —

PLOT KMI‘ _J

COPY ABORT }< } l

COPY TIME K‘ [ ]
on OFF e

PRINT/PLOT KE
SETUP
| KO
PAGE
wet| 0
PAGE

HEPLAY

P

CRUG0CT

Figure 10-13. Screen Menu

g,:«sphl(;w prlnte;. }.dthel STANDARD, for a Di&ch and white printer, or CRLER:, for a color
printer, is shown in bmck@s{ Lr ) ‘This identifies which printer was solected as the default
in the print/plot setups menu. The default setting at power on is standard. Default text for a
color printer is black.

PLOT (PLO’E‘) plotq one page of the tabular listing on the display with current setup (defined in
SELECT QUADRAI\ET and DEFINE PL{JT) The plot size and speed can be change in DEFINE

PLOT MENU if you wans.

MNote Before pressing PRINT and PLDT, you must:
@ m set the analyzer to the system controller mode.
m make sure the analyzer’s printer HP-IB address and the printer set HP-IB

address match.

COPY ABDRT {COPA) aborts a plot or print in progress.

COPY. T.LME on DFF (COPTON, COPTOFF) turns on or off to print or plot out the time and date.
When you select print, the time and date are printed first, then the information displayed on

display. When you select plot, time and date are plotted just below the title area. Refer 1o
“(sysTEM) KEY” in Chapter 9 for setting the internal clock.
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PRINT/PLGTSETUPS presents the print/plot setups menu. This menu provides menu to set a
graphics printer and plotter.

: _'ﬁﬁi (NEXP) displays the next page of information in a tabular listing onto the display.

(PREP) displays the previous page of information in a tabular listing onto the

(RESD} turns off the tabular listing and returns the measurement display to

the screen.
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Saving and Recalling Instrument States and Data

INTRODUCTION

This chapter describes how fo save and recall instrument states and data for later retrieval
asing the buili-in disk drive.

Brief tutorial information on saving and recalling instrument states is provided in the User’s
Guide.

This chapter explains following:
# What information is saved

w [SAVE), key menu description

Nopte The (save]) and {RECALL) keys do not access Instrument BASIC programs.
i Instrument BASIC has its own menus {under key) for accessing the
% built-in disk drive. Refer to “INSTRUMENT BASIC (OPTION 002)” in

Chapter 9 for detail.

THREE DATA GROUPS

The analyzer saves one of the following three data groups to the disk.
@ Instrument state
@ Internal data arrays

@ Instrument states and internal data arrays

Instrument State

The instrument state group consists of all front panel settings and the calibration coeflicient
arrays. This data group can retrieve identical measurement conditions for later use.

Internal Data Arrays

The internal data arrays which is essentially stored in the analyzer’s memory consists of the
following seven data arrays. Refer to “DATA PROCESSING” in Chapter 1 for complele
information on each data array and their relationship.

g Raw data arrays hold raw, uncalibrated measurement data.

g Calibration Coefficients arrays hold the expanded calibration coefficients obtained by
calibration.
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Note The calibration coeflicient arrays described in “Instrument State” and in this
section differ. The later is processed data, for example interpolated, while the
earlier is raw data.

Data arrays hold the calibrated dafa using the calibration coefficients.

Memory arrays hold the memorized data arrays using the DATA - MEM operation.

Unformat arrays hold the last processed complex number pairs.

& Trace arrays hold the formatted data. This is identical with the “format arrays” described
in “DATA PROCESSING” in Chapter 1.

8 Memory trace arrays hold the formatted data of the “memory arrays”.

These arrays can be saved selectively to suit the application. For example, when measuring a
number of devices with the same measurement settings, you may need to save only the trace
arrays for each device.

Saving only the necessary arrays reduces disk space required and the disk access time.

In addition, savirg internal data also allows the analysis of the measurement results using
an external controller. Refer to “File Structure of Internal Data Arrays File” for more
information.

instrument States and Internal Data Arrays

These consist of the instrument states which includes raw calibration coefficients, the data
arrays, and memory arrays. However, saving and retrieving the complete states and data,
occupies a lot of disk space.

ADDITIONAL INFORMATION

File Names

All data saved on the built in disk has an identifying name. A file name consists of the lower
and upper case alphabet, numbers, and a symbol character. Up to 8 characters can be used
for a file name.

Depending on the data group of a file, one of the foliowing extensions is automatically added

to the file name.

® “_A" is added to the specified file name if the file contains instrument states, data array,
nmemory array, using the SAVEALL softkey.

® “_S” is added to the spe
coefficients, using the &

cified file name if the file contains Instrement siates and calibration

® “_D” is added to the specified file name if the file contains the internal data arrays, using
the | 1]

softkey.
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Disk Requirements

The analyzer disk drive accepts a 3.5 inch microfloppy disk. The medium capacity should
be 270 k, 720 k, or 1.44 Mbyte. Refer to “System Accessories Available” section in (eneral
Information for disk part numbers.

Disk Format

The analyzer’s built in disk drive can access LIF (logical interchange format) format disks.
The disk drive can also initialize a new LIF format disk.

Auto Recall Function

When the analyzer is turned on, it seeks a file named, “AUTOREC”. If the file is found, the
analyzer antomatically recalls the file to retrieve data {usually states).

File Size

The maximum number of files that can be saved on a disk depends on the disk capacity and
the total size of the files to be saved. The file size depends on the analyzer settings, such as
number of points, calibration type, etc.

Table 11-1 shows the approximate file sizes {in bytes} versus the number of points when the
defanit setting is stored.

Table 11-1. File Size Versus Number of Poinis

Number | State Data only
of only Raw Cal Data | Memory | Unformal Trace | Memory All
Poinis Data Trace
201 2k 26 k 775 k 6.5 k 6.5k 6.5 k 6.5 K 6.5k 6k
401 2k 515k 154 k 13k i3k 13k 13k 13k 9 k
801 2k 1025k 308 k 26 k 26 k 26 k 26 k 26 k 16k
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File Structure of Internal Data Arrays File

An internal data arrays file consists of a file header at the top of the file and the data groups

following the file header.

Refer to the HP-IB Programming Manual for an example BASIC program to access the data.

File Header

Every internal data arrays file begins with a file header. Figure 11-1 shows the header

structure.
FILE TOP
Internal Use Only 6 bytes) Data Switches [7 bytes) Internal Use Only (4 byles}
3 T T o — o ——— T . T
'/—_ﬁ\d/\m_f/ \ /’ S U \\ p SN N
i
FAV L CAL T pana (wemionyunForul Trace | TRACE
DAtA | CORFF MEMORY
CION04

Figure 11-1. File Header Structwre

Seven data swilches define which data groups follow the file head. Each one-byte switch is
either 1 or 0 (decimal value) if the applicable data group exists or not, respectively. The data
grouep to be followed is in the same order of these switches. For example, when the dats
switches, RAW and TRACE are 1 (on), while the others are off, only the RAW and TRACE

(in this order) groups will follow the header.

Bata Group

Every data group consists of the same structured data segments. The number of data

segments depends on the data group type as follows:

® HAW DATA consists of eight data segments as shown in Figure 11-2. They will follow the

file header in this order.
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Stifor Clo 1 ] 52140 CH.1 | 512 for CHOY | 322 for CHO A | S for CHL 2 | 521 for CH. 2 522 for Cri 2

C2HE

Figure 11-2. RAW Data Group Structure

@ CAL cansists of 24 data segments as shown in Figure 11-3. The first half of the segments

are for channel 1, and the second half of the segments are for channel 2. The contents of
each segment depends on the type of calibration performed. (Refer to Chapter 7.)

-
i

AESPONSE CALIBRATION

[ Er Er

i oo * * * -* * * * * * x * or o+ E3 £ * * * * * 3 £3 A

i

i Et Et

e T e ™ e e e

For Channel 1 For Channel 2
RESPONSE & ISOLATION CALIBRATION

Ex | £t =2 | :
or |or fow ] o | % b ow pow | wLox e | %% | ortoer | % | % x| % | o P B
Ed | &r Ed | Er %

Far Channel

far Channel 2

-PORT CALIBRATION

Ed | BEs i Er * * * * * Ed * ¥ * BdiEe i Br * * * * % ¥ * * ¥*
- e e e -
For Channsl 1 For Channel 2
2-PORT CALIBRATION
i
Fat | Faf | Brig Exil B FU  Far | Bar | Bre  Fae | Bir Bty | Edf {Eof JEA JExE| BY DB Bdr [ Ler i S iR | K i |
S — e B sy "

For Channei 1 For Channet 2

+ Segment Not Used

it

Figure 11-3. CAL Data Group Structure

m DATA consists of two data segments.
g MEMORY consists of two data segments,

8 UNFORM consists of two data segments.
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g TRACE consists of two data segments.

w TRACE MEMORY consists of two data segments.

Data Segment

The data segment structure is as shown in Figure 11-4.

Number Of Poirls  rreenat Use Only Data For _a;(t*r(])g\r\:jii::(r]emm Point interna Use Only
[[NTEGER] 4 byles LARERLE 4 pytes
2 hytes ¥ {16 % MNumber Cf Points) bytes v

T N T T AT
I I i

i |

C20i?

Figure 11-4. Data Segment

g Number Of Points (NOP) is a two-byle INTEGER value. This number is equal to the
number of complex data which follows.

2 DATA is a set of the values for each measurement point. A values are two IEEE 754 double
precision floating number {1st value as real part, 2nd value as imaginary part). The data
size in bytes can be determined by 16 xNOP.

(rRecail ) KEYS

The HP-IB programming command is shown in parenthesis following the key or softkey.

The key provides access to all the menus used for saving instrument states and data on
the disk. This includes the menus used to define titles for disk files, to define the content of
disk files, to initialize disks for storage, and to purge files from a disk.

The (RecalL]) key leads to the menus that recall the contents of disk files back into the
analyzer.

Caution NEVER remove a disk {rom the disk drive, when the drive is accessing the
disk. During accessing the disk, the yellow LED on the drive lights.
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SAVE SAVE FILE FITLE DEFINE SAVE
MENU MENU MENU DATA MENU
SAVE SAVE SELECT RAW ARY
J FiLE ALL tETTER o OFF
AE-SAVE SavE GAL ARY
FILE STATE ohLY BPAGE an OFF
RESAVE FILE
MENU SAVE . BAGK DATA ARY
MENU DATA ONLY SRACE on OFF
1
flle _nags BEFINE ERASE MEMORY ARY
SAVE DATA TTLE on OFF
File_houe
UHFORM ARY
fila_nane DONE
» an OFF
TRACE ARY
tile_name ot OFF
THEM ARY
[ on OFF
— FiLk CANCEL RETURN
i UBLITIES CANGEL
PREV F1LES é """"" - T TTTTmm— T
WEXT F1LES
DISK PURGE FiLE PURGE
MENU MENU MENU
Lo PURGE FER T T Ty IN——_ PURGEL | e,
FILE vES
INITHALIZE 1 NmALZE tiin_nnne
MENU [ olse
INITIALIZE ! tils_nans |.
YES |
.q.....___; 1ile nane
SREY FILES
KEXT FILES
RETURN
RETURN W
[
|
RECALL RECALL FILE
___________ MENU MENU
- — MENU LY.
RECALL - | mEcAL 11e_nene
il FEE
fito_ _name
file_nana
§1a_nane
PREY FILES
MEXT FILES
FRE .
UTILTIES [ RETURN

C2aH0MZ

Figure 11-5. Softkey Menus Accessed from the (SAVE) and (RECALL ) Keys
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Save Menu

SAVE
| KT
AE-SAVE
FILE k:

FiLE
UTHITIES

REK?‘“\

]

|

Figure 11-6. Save Menu

SAVE ‘FILE provides the save file menu, which defines the data group to be saved.

. (RESAVD) leads to the re-save file menu, which updates a file already saved.

5 provides the disk menu, which initializes a new disk, and purges a file from
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Save File Menu

Either or both of internal data arrays and the instrument state can be saved on disk.

\

SAVE

ALL K

2| (1)
STATE ONLY

5 (T
BATA ONLY

i

BEFINE ! ]
SAVE DATA

K]
CANGEL __L_]

A/
Figure 11-7. Save File Menu
SA"\IEAL (SAVDAL) specifies to save the instrument states, the “data arrays”, and the

“memory arrays”,

{SAVDSTA) specifies to save only the instrument states and the calibration

coeflicients.

(

SAVDDAT) specifies to save the internal data arrays which is defined by the

- key.

;_:_:f'_ provides the define save data menu which selects the applicable data
arrays to be saved.
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Title Menu
This menu defines a file name to be saved.

The file title is up to eight characters of alphabet (upper and lower case}, figures, ete. If move
than eight characters are selected, the last character is written over repeatedly .

el (T
| KT
s (T
emeel KT
oone| KT

KT ]

L]
ens| KT )

(L)

Figure 11-8. Tite Menu

SELECT . The active entry area displays the letters of the alphabet, figures, etc.
To define a title, rotate the knob until the arrow T points at the desired letter, then press
. Repeat this until the complete file name is defined, for a maximum ol eight

ELECT

characters.

‘ E Because the LIF format doesn’t allow any spaces in the file name. Don’t use this key.
deletes the last character entered.

% E deletes the entire file name.

DONE.

saves the data specified in the define save menu and return to the save menu.

CANGEL quits this menu without saving the file, and return to the save menu.
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Define Save Data Menu

soltkey. Refer to “Internal Data Arrays” lor description of each data arrays.

-
RAW ARY
mer| KT )
CAL ARY
onh OFF K:[:J
on OFF
MEMORY ARY
wmore| KT ]
UNFORM ARY K:[j
on OFF
TRAGE ARY KI:_]
oh OFF
T.MEM ARY KE
on OFF
Bl 4

—
)

Figure 11-3. Define Save Data Menu

(SAVRAON, SAVRAOFF) toggles the raw data arrays to be saved or not.

F (SAVCAON, SAVCADFF) toggles the calibration coeflicients arrays to be saved

(SAVTACN, SAVTAOFF) toggles the trace arrays to be saved or not.

T.MEM ARY on<0FF (SAVTMAON, SAVTMAOFF) toggles the memory trace arrays to be saved or
not.

RETURN returns to the save file menu.
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Re-save File Menu

This menu lists the sorted file names, which were previously saved, on the softkey label area
and aliows updating the file with the current instrument state or data.

file_name k:::}ijii}
files_nane KD

tite name KI:]
K

flle_name

PREY FILES KE
NEXT FILES K:D

RETURM

Bccsrmmmm—

Figure 11-10. Re-save File Menu

":e'i updates the file previously saved with the current instrument states or data. The
data, group to be saved is determined by the file name’s extension. Refer to “File Names” for
more detail about extension.

RE’E‘URN returns the save menu.
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Disk Menu

This menu provides purge file menu and initialize menu which purges a file, and initializes a
disk, respectively.

Yl KT )
movszel ()
K )
K]
K1)
K]
K1)
rerume| K[ [
- e s
Figure 11-11. Disk Menu
P ' (PURG) leads to the purge file menu, which removes a file saved on the disk.

¢ (INID) leads to the initialize menu. Before storing the data on a new disk,
the disk must be initialized. The disk format is the Logical Interchange Format (LIF).

RETUHN returns to the save menu.
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Purge File Menu

This menu lists the sorted file names, which were previously saved, on the softkey label area
and allows selecting a file to be removed from the disk.

e,

file _name K:Ij
file_name KID
file_nams K:Ej
file_nams KE

KEL )

PREY FILES ij

NEXT FILES KE

RETURN Kj:]
et

C20TTE

Figure 11-12. Purge File Menu

.natie selects the file name to be removed and provides the purge menu to remove the
selected file.

displays set of previous file names in the softkey label area.
S displays next file names in the softkey labels area.

- returns to the disk menn.
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Purge Menu

This menu confirms the purge operalion and removes the selected file.

PURGE:
ves) KLT_J

ﬂ@ﬂﬂ

NO
Bhunamm s S

e

CERT

Figure 11-13. Purge Menu

- remove the file and return to the purge file menu.

KO returns to the purge file menu without purging the file. |
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Initialize Menu

This initializes a disk. A new disk must be initialized with the LIF format before it is used for
storage. The LIF format is compatible with HP 9000 series 200/300 computers,

e
INFTIALIZE
YES K

o T

—_—
Figure 11-14. initialize Menu
Caution If a disk is initialized, all data on the disk is cleared. Be sure no needed data

is saved on the disk before initialize a disk.

initializes the disk, then returns to the disk menu.

Nﬂ returns to the disk menu without initializing the disk.
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Recall Menu

This provides the menus for data recalling or file utilities.

weone] (T
K 1)
T
AT
(T
(T
T

s T

CHGN

Figure 11-15. Recall Menu

E (RECD) leads to the recall file menu, which loads the instrument states or data
from the disk.

S leads to the disk menu, which initializes a disk, and purges a file.
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Recali File Menu

This mennu lists sorted file names, which were previously saved, on the softkey label for
selection, and recalls the selected file. The data group to be recalled depends on the file name
extension. Refer to “File Names” for more detail.

tile_name

tile_name

file_hame K::iz::::}
file_nanme k::jz::::}

KBJ

PREV FILES K:D

NEXT FILES

K
RETURN KI]

eI

TR

Figure 11-16. Recall File Menu

¢ selects a file to be loaded and loads the instrument state or dala.

Eéf displays previous set of file pames on the softkey label to load data.

displays next set of file names on the softkey label o load data.

[ returns to the recall menu.
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HP-IB Hemote Programming

INTRCDUCTION

The analyzer is factory-equipped with a remote programming digital interface using the
Hewlett-Packard Interface Bus (HP-IB). (HP-1B is Hewlett-Packard’s hardware, software,
documentation, and support for IEEE 488.1, IEC-625, IEEE 488.2, and JI5-C1901 worldwide
standards for interfacing instruments.} This allows the analyzer to be controlled by an
external computer that sends commands or instructions to and receives data from the analyzer
using the HP-1B. In this way, a remote operator has the same control of the instrument
available to a local operator from the front panel, except for the line power switch.

In addition, the analyzer itself can use HP-IB to directly control compatible peripherals,
without the use of an external controller. It can output measurement resulis directly to a
compatible printer or plotter.

This chapter provides an overview of HP-1B operation. Chapter 9 provides information ou
different controller modes, and on setting up the analyzer as a controlier of peripherals. It
also explains how to use the analyzer as a controller to print and plot. HP-IB equivalent
mnemonics for front panel functions are provided in parentheses throughout this manual,

More complete information on programming the analyzer remotely over HP-IB is provided in
HP.IB Programming Manual, The HP-IB Programming Manual includes examples of remote

measurements using an HP 9000 series 200 or 300 computer with BASIC programming. The
HP-I3 Programming Manual agsumes famniliarity with front panel operation of the instrument.

A complete general description of the HP-IB is available in Tutorial Description of the
Hewlelt-Packard Interfoce Bus, HP publication 5852-0156. For more information en the IREL
488.1 standard, vefer to IFEE Standard Dhigital Interface for Programmable Instrumentation,
published by the Institute of Electrical and Flectronics Engineers, Inc., 345 East 47th Street,
New York 10017, USA.
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HOW HP-IB WORKS

The HP-IB uses a party-line bus structure in which up to 15 devices can be connected on one
contiguous bus. The interface consists of 16 signal lines and 6 grounded lines in a shielded
cable. With this cabling system, many different types of devices including instruments,
computers, plotters and printers can be convected in parallel.

Every HP-IB device must be capable of performing one or more of the following interface
functions:

Talker

A talker is a device capable of sending device-dependent data when addressed to talk.
There can be only one active talker at any given time. Examples of this type of device are
voltmeters, counters, and tape readers. The analyzer is a talker when it sends trace data or
marker information over the bus.

Listener

A listener is a device capable of receiving device-dependant data when addressed to listen.
‘There can be any number of active listeners at any given time. Examples of this type of
device are printers, power supplies, and signal generators. The analyzer is a listener when it is
controlled over the bus by a computer.

Controlier

A controller is a device capable of managing the operation of the bus and addressing talkers
and listeners. There can be only one active controller at any time. Examples of controllers
inciude desktop computers and minicomputers. In a multiple-consroller system, active control
can be passed between controllers, but there can only be one system controlier, which acts as
the master, and can regain active control at any time. The analyzer is an active controller
when it plots or prints in the addressable mode. The analyzer is a system controller when it is
in the system controller mode. These modes are discussed in more detail in “HP-IB Menu” in
Chapter 9.

HP-IB REQUIREMENTS

Number of Interconnected Devices: 15 maximum.

Interconnection Path/ Maximumn 20 meters maximum or 2 meters per device, whichever
Cable Length: is less.

Message Transfer Scheme: Byte serial/bit parallel asynchronous data transfer

using a 3-line handshake system.

Data Rate: Maximum of | megabyte per second over Hmited
distances with tri-state drivers. Actual data rate
depends on the transfer rate of the slowest device
involved,

Address Capability: Primary addresses: 31 talk, 31 listen. A maximum of
1 active talker and 14 active listener at one time,
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Multiple Controller Capability: [n systems with more than one controller (like the

analyzer system), ouly one can be active at a time.
The active controller can pass control to another

controller, but only one system controller is allowed.

ANALYZER

HP-IB CAPABILITIES

As defined by the IEEE 488.1 standard, the analyzer has the following capabilities:

SH1
AHI
T6

L4

SR1

RL1

PPo

DCl

DT1

Ci, C2, C3
C10

E2

Full source handshake.
Full accepter handshake.

Basic talker, answers serial poll, unadresses if MLA is issued. No talk-only
node.

Basic listener, unadresses if MTA is issued. No listen-only mode.
Complete service request (SRQ) capabilities.

Complete remote/local capability including local lockout.

Does not respond to parallel poll.

Complete device clear.

Responds to a group execute trigger.

System controller capabilities in system controller mode.

Pass control capabilities in addressable mode.

Tri-state drivers.

BUS MODE

The analyzer uses a single-bus architecture. The single bus allows both the analyzer and the
host controller to have complete access to the peripherals in the system. '

HP-IB Remote Programming
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GRAPHICS PLOTTER PRINTER DISK DRIVE

HP 87514
NETWORK ANALYZER

HOST CONTROLLER

CROZ007

Figure 12-1. Analyzer Single Bug Concept

Two different modes are possible, system confroller, and addressable.

System This mode allows the analyzer to control peripherals directly in a stand-alone

Controiler environment (without an external controller). This mode can only be selected
manually from the analyzer front panel. Use this mode for operation when no
computer is connected to the analvzer. Printing and plotiing use this mode.

Addressable This is the traditional programming mode, in which the computer is involved
in all peripheral access operations. When the external controller is connect
the analyzer through HP-IB (as shown in Figure 12-1), this mode allows you
to control the analyzer over HP-IB in the talker mode in order to send data,
and in the listener mode to receive commands, and also allows the analyzer to
take or pass control in order to plot and print.

Chapter 9 explains the two different bus modes in detail, and provides information on setting
the correct bus mode. Programming information for the addressable moede is provided in the
HP-IB Programming Manual.

SETTING ADDRESSES

In communications though HP-IB, each instrument on the bus is identified by an HP-IB
address. This address code must be different for each instrument on the bus. Refer to
“Address Menu” in Chapter 9 for information on defanlt addresses, and on setting and
changing addresses. These addresses are not affected when vou press or cycle the
power.
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Default

PRESET STATE

When the (PRESET ) key is pressed, or the analyzer is turned on, the analyzer reverts to a
known state. There are subtle differences between the preset state and the power-up state,
and these states are defined in Table A-1 to Table A-5.

Some power-up states are recalled from non-volatile memory {battery backup memory).
If power to the non-volatile memory is lost, the analyzer will have certain parameters seg
to factory settings. Table A-6 lists the factory settings. The operating time of the battery
backup memory is approximately 72 hours. The battery is automatically recharged while
the instrument is on. The recharge time (time required to fully recharge the battery) is

approximately 10 minutes.

When line power is cycled the analyzer performs a sell~test routine. Upon successful
completion of the self-iest routine, the instrument state is set to the following preset
conditions. The same conditions are true following a “PRES” or “+RST” command over the

EP-IB bus.

Tahie A-1. Preset Conditions

Operating Parameter

Imtralize Method

Power On

{PRESET ) key

Stimulus Conditions
Sweep Type
Display Mode
Trigger Type
External Trigger
Sweep Time
Start Frequency

Frequency Span

Linear frequency
Start/Stop
Continuous

Off

80.4 ms

5 Hz {or 100 kHz!)
499.999995 MHz
(or 499.9 MHz)

Linear Frequency
Start/Stop
Continuous

Off

80.4 ms

5 Hg (or 100 kHz!)
499999985 MHz
(or 499.9 MHz!)

Edit Mode

CW frequency 100 MHz 160 MHz
Source Power 3 dBm 0 dBm
Start Power —50 dBm =50 dBm
Stop Power —15 dBm —~50 dBm
Power trip Clear Clear
Coupled Channels On On
Freguency List

Frequency List Empty Empty

Start/Siop, Number of Points

Start/Stop, Number of Points

1 when S-parameter test set is connected
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Table A-2. Preset conditions

Operating Parameter

Initialize Method

Power On

(PRESET } key

Response Conditions
Parameter
Channel 1
Channel 2
Conversion
Format
Display
Dual Channel
Active Channel
Frequency Blank
Sphit Dhsplay
Intensity
Background Intensity
Color Selections
Channel 1 Data
Channel 1 Memeory
Channel 2 Data
Channel 2 Memory
Graticule
Warning
Text
Beeper:Done
Beeper:Warning
Title
Number of Points
I Bandw:idth
IF Averaging Factor
Smoothing Aperture
Group Delay Aperture
Phase Offset
Electrical Delay
Conjugate Matching

A/R (or S;11)
B/R (or So; 1)
Off

Log magnitude {all inputs)
Data

Off

Channel 1
Disabled

On

83 %

0%

Yetlow
Green
Blue
Pink
Gray
Red
White
On

Off
Empty
201

4 kHz
16; Off
1% Span: Off
1% Span
OD

0s

Off

A/R (or Siit)

B/R (or So1%)

Off

Log magnitude (all inputs)

Data

Off

Chasnnel 1

Disabled

On

No effect {same as before preset)
No effect {same as before preset)

No effect {same as before preset
No effect

)
same as before preset)
No effect )

same as before preset

No effect,
No effect

(
(
{

No effect {same as before preset)
(same as before preset)
{same as before preset}

No effect {

On

Off

Empty

201

4 kHz

16; Off

1% Span; Of

1% Span

0°

0s

Off

same as before preses}

1 when S-parameter test set is connecied
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Table A-3. Preset conditions

Operating Parameter

Initialize Method

Power On

(PRESET) key

Calibration
Correction
Calibration Type
Calibration Kit

Off
None

7 millimeter

Oof
None

7 millimeter

System Impedance 50 Q 50 2
Velocity Factor i 1
Extensions Off Off
Port 1 0s 0s
Port 2 0s 0s
Input IR, 0s 0s
Input A O3 Gs
Input B Js Gs
Scale
Log Magnitude 10 dB 10 dB
Phase 90° I
Group Delay 10 nsec 10 nsec
Smith Chart 1 1
Polar Chart 1 1
Linear Magnitude 0.1 0.1
SWR 1 1
Real 0.2 0.2
Imaginary 0.2 0.2
Heference Line Position
Log Magnitude 5dB 5 dB
Phase a° 5¢
Group Delay 5 nsec 5 nsec
Smith Chart - -
Polar Chart - -
Linear Magnitude 0 0
SWR 1 !
Real 5 9
Imaginary b b
Reference Value
Log Magnitude 4B ¢dB
Phase 0° a°
Group Delay 0 nsec { nsec
Smith Chart 1 1
Polar Chart 1 ]
Linear Magnitude 0 {
SWR 1 1
Real 0 it
Imaginary 0 0

Default
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Table A-4. Presel conditions

Operating Paraineter

Initiatize Method

Power On

(FRESET) key

Markers
Markers 1,2,3,4,5,6,7,8

Markers On

Active Marker
Reference Marker
Marker Mode
Delta Marker Mode
Coupling

Marker List

Marker Time

Marker Search

Marker Target Value
Marker Width Value
Marker TFracking

Marker Stimulus Offset
Marker Value Offset
Marker Aux Offset {PPhase)
Marker Statistics

Polar Marker

5 Hz {or 100 kHz!)
all markers off
Data

1

None

Continuous

Off

On

Off

Off

Off

-3 4B

-3 dB; Off
Off

o e

0 dB

GO

Off

IIN MKR

5 Hz (or 100 kHz!)
all markers off
Data

i

Norie

Continuous

Off

On

Off

Off

Off

-3 dB

-3 dB; OfT
Off

0 Hz

0 dB

0°

Off

LIN MER

Smith Marker R+jX R+jX

Limit Lines

Limit Lines Off Oft

Limit Testing Off Off

Limit Line Table Clear No effect (Same as before preset)
Edit Mode Upper/Lower Limits Upper/Lower Limits

Stimulus Offset G Hz 0 iz

Amplitude Offset ¢ dB 0dB

Beep Fail Off Off

1 when S-parameter test set is connecied
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Tahle A-5. Preset conditions

Initialize Method
Operating Paramacter Power On (FRESET) ke
System Parameters
HP-IB Addresses Battery backup memory Ne effect (same as before preset)
HP-1B Mode Addressable mode No effect (same as belore preset)
Input Attenuation
Input A 20 dB 20 dB
Input B 20 dB 20 dB
Input R 20 dB 20 dB
Test Set The analyzer checks for presence | The analyzer checks for presence
of HP 87511A/B or of IP 87511A/B or
HP 85046A/B HP 85046A/B

Test Set Attenuation
Port 1 0dB 0dB
Port 2 0dB i dB
Plot
Copy Time Off Off
Define Plot All All
Plot Quadrant Full page Full page
Scale Plot Ful Full
Plot Speed Fast Fast
Line Type for Data 7 {sohid) 7 (solid)
Line Type for Memory 7 {solid) 7 {solid)
Print Standard Standard
Pen Number
Channel 1

Data 1 1

Memory 5 5

Graticule 3 3

Text 1/4/5 1/4/5

Marker 1/8 1/5
Channel 2

Data 2 2

Memory 6 6

Graticule 3 3

Text 4 4

Marker 2/4/6 2/4/8

Default A-5



Hesults of Power Loss to Batlery Backup Memory (Factory Setfing)

Table A-8.

Parameter

Factory Setting

HP-IB Address, HP 87514
HP-IB Address, Plotter
HP-IB Address, Printer
HP-IB Address, Controller

Calibration Kit Definitions

DT Detect or Calibration Coefficients

17
3
H
21

Reset

Factory set default (Refer to Table A-7 to Table A-12.)

PREDEFINED CALIBRATION KIT

Predefined Standards

Table A-7. 7 mm Standard Cal Kit

OFFSET |OFFSET |OFFSET| STANDARD

STANDARD Co C1 C2 DELAY | LOSS Zo LABEL
NO. TYPE x1071%F | x10-*7F /Hz | x 1673F /Hz? ps M /s Y]
1 SHORT 0 700 50 SHORT
2 OPEN 92.85 0 7.2 0 700 50 OPEN
3 LOAD ( 700 50 | BROADBAND
1 !DELAY/THRU 0 700 50 THRU
5 LOAD 0 700 50 SLIDING
6 LOAD 0 700 50 LOWBAND
7 SHORT 0 700 50
8 OPEN 79.4 0 44 0 700 50 OPEN

A-E Default




Table A-8. 50 O Type-N Standard Cal Kit

OFFSET | OFFSET |OFFSET | STANDARD
STANDARD Co Cl1 Cz DELAY | LOSS Zo LABEL
NO. TYPE x10°15F | x10°27F/Hz | x10-3¢F /H4® ps MQ/s 1t
1 SHORT 0 700 50 SHORI[M]
2 OPEN 108 55 130 0 700 50 OPEN[M)]
3 LOAD 0 700 50 [BROADBAND
4 |DELAY/THRU 0 700 50 THRU
5 LOAD 0 700 50 SLIDING
) LOAD 0 700 50 LOWBAND
SHORT 17.544 700 50 SHORTIF]
8 OPEN 62 17 28 17.544 700 50 OPEN[I]
Table A-9. 75 O Type-N Standard Cal Kit
OFFSET | OFFSET |OFFSET| STANDARD
STANDARD Co Ct C2 DELAY | LOSS Zg LABEL
NO. TYPE X10715F : x16°27F /Hz | x 1073%F [Hz? ps MG /s Q
1 SHORT 0 Li3xi0*| 75 SHORT[M]
2 OPEN 63.5 84 56 0 1.13%x10%] 75 OPEN[M)
3 LOAD 0 1.15x 103 75 |BROADBAND
4 {DELAY/THRU 0 1.13x103 75 THRU
5 LOAD 0 LI13x10%0 75 SLIDING
6 LOAD 0 L13x10%F 75 LOWBAND
7 SHORT 17.544 | 1.18x1¢% 75 SHORTIF]
8 OPEN 41 40 5 17.544 [ 1.13x10°%) 75 OPEN[F]

Defauit
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Predefined Standard Class Assignments

Table A-10. Standard Class Assignments Table (¥ mm)

CLASS A B C | D E F G | STANDARD
CLASS LABEL

St1a 2 OPEN
S1im 1 SHORT
S11¢ 3 LOAD
Seaa 2 OPEN
Sasn 1 SHORT
S22c 3 LOAD
Forward Transmission| 4 THRU
Reverse Transmission | 4 THRU
Forward Match 4 THRU
Reverse Match 4 THRU
Response 1 2 4 RESPONSE
Response & Isolation 1 2 4 RESPONSE

Table A-11, Standard Class Assignments Table (50  Type-N)

CLASS A | B C | D|E ¥ G | STANDARD
CLASS LABEL

Si1a 2 8 QPENS
SiiB 1 7 SHORTS
S11c 3 LOAD
Saua 2 8 OPENS
Saap i 7 SHORTS
Seac 3 LOAD
Forward Transmission| 4 THRU
Reverse Transmission | 4 THRU
Forward Match 4 THRY
Reverse Match 4 THRU
Response 1 T 2 8 4 RESPONSE
Response & Isolation i 7 2 8 4 RESPONSE

A-8 Defgult




Table A-12. Standard Class Assignments Table (75 Q Type-N)

CLASS A B C D EF G | STANDARD
CLASS LABEL

S11a 2 8 OFPENS
S11B i 7 SHORTS
Siic 3 LOAD
Saza 2 8 OPENS
Saom i 7 SHORTS
Saac 3 LOAD
Forward Transmission| 4 THRU
Reverse Transmission | 4 THRU
Forward Match 4 THRU
Reverse Match 4 THRU
Response 1 7 2 8 4 RESPONSE
Response & Isolation i 7 2 8 4 RESPONSE

Default
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Menu Map

INTRODUCTION

The following figures show the structure of the analyzer’s softkey menus.

{ MENU R TIMULUS W] SWEEP TYPE | | EDH g T SEGMENT | EDIT SF G
; ML ML MENU MENU ME NU MORE ME

CLEAR LIST

TRIGGER
MENU
MEAS ”ﬁ}‘Q#%RAMETER CONVE RSION
L MENy MENL

[ commar F"g EGEMAT i_________,j;uoa,um MORE
=~¥ - i

ME MU [ MENU

SCALE AERCAg | »i ELECTAICAL DELAY,
it ol o § -
HEF MENL i MENL é

CZO0BOO

Figure B-1. Operating Softkey Menu Map {1 of 5}
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(oo}

DISPLAY
MENU

DISPLAY MORE

MENU

[ J—

ADJUST DISPLAY
MENU

[ MENU

MODIFY COLORS|

COLORS ADJUST

CONJUGATE

SELECT CIRCUIT

CLEAR MARKER|

MENU

MATCHING s
MENU MENU
OGELAY %
ALLOUATION
ME N
L o] TRACE MATH
MENU
o TITE
MENU
e sl AVERAGE | [IF BANDWIDTH
MENU MENU
é' ATTEN ATTENUATGH
L MENU
VKR MARKER | ACTIVE MARKER
MENU MENU

!
H
{u MARKER MODE]

MENU

LIPOLAR MARKER

MENU

MEHNU

MODE MENU

DELTA MARKER i»wb_

FIXED MARKER
MENU

DELTA MARKER,
MENU

*0Opt.002 ONLY

MKR
L FCTN

}W

MARKER
FUNCTION
MENU

MARKER SEARCH__, |
MENY

MORE MENU

MARKER SERACH

ISEARCH RANGE

TARGET

MENU

o

MENU

WIDTH
MENU

CZO0BOGE

8.2 Menu Map

Figure B-2. Operating Softkey Menu Map (2 of §)




[ A CORRECTION ©
MENU

CALIERATE
BAORE MENU

. 1
REFERENCE |
PLANE MENU |

N

‘N,j:c CORRECTIO

i

Lo

 MENL

CALIBRATION
ME AL

RESPONSE
CAL MERL:

r |
]
i

AESPONSE &
SOLATION MENL

STA-RORT

MENU

522 1-PCR
i MENL

522 OPEN
AL AL

S22 SHORY
WMENU

FULL 2-POAT |

=
i
=

™ CAL MENU

OFEN
oAt hE

' ISOLATION }

MENU |

SELECT CAL
“iT MENU

]

MDY CAL
T b

RN

SPEN
MENL

AR e

e

SPECHEY
CLASS MENL

-

SPECIEY CLASS

MORE MEM

BE MERL

-

J

200BT03

Figure B-3. Operating Softkey Menu Map (3 of 5)
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. DEFAULT
PRESET o
( RSE } SETTINGS

LOGAL HP-B | | ADDRESS INSTRUMENT
MENU MENU BASIC MENU *

T SYSTEM CLOCK SET TIME
[SYSE’:MH MENU MENU MENU

SET DATE
e MENY ]
UMITS || EDITLIMIT mm__{ED!T SEGMENT
MENU MENL WMENL
.
SERVICE [OFFSET LMITS| [, CLEAR LIST
MENU #% MENU MENU

* o Opt002 ONLY. THE INSTRUMENT BASIC MENU SERIES 1S
DESCRIBED N THE USING P INSTRUMENT RASIC WITH THE HP 8754,

*%  THE SERVICE MENU SERIES IS DESCRIBED N THE
MAINTENANCE MANUAL

: e
? copy CoPY | PRINTPLOT
! MENU SETURS MENU
E
N =
QUADBANT MENU
.| DEFINE PLOT Lp] SCALE PLOT
MENU L MENU
] SOPY MORE N SCREEN __,i PRINT/PLOT
MENU MENU [ SETUPS MENU |

B

%
i

COPY CAL KIT [glCOPY STANDARD
MENU NUBABER MENU

1 CORY usT

COPY LT
TEST MENU

CRO0BO04

Figure 8-4. Operating Softkey Menu Map (4 of 5)
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CRO0BOUS

S AVE SFILE
SAVE $ ‘“““““""E RESAVE FIL
MENL : MENU
SAVE FILE THLE
MENU MENL
| DEFINE SAVE |
| DATA MENG |
o e i i i
DIk . PURGERLE L puURGE
MERNU MENU | OMENU ]
——
i INITIALIZE
{ L MENY J
\3 ‘ RECALL SECALL ERE '
RECALL ! HELAL _ r-\i;(.,Al:.,“r?.,..r
| WAE L WENL i

Figure B-5. Operating Softkey Menu Map (5 of 5)
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/O Port

I/C PORT

The I/0 port on the analyzer rear panel communicates with the external devices such as a
handler on a production line, for example.
Pin Assignment

The I/0 port consists of 15 TTL compatible signals, which are 8-bit output, 4-bit input,
sweep end, pass/fail, and ground. The pin assignments are shown in Figure C-1.

O

=

i

!

M~ M Ct

NI i e iL
A e et ot

oE LD = L

-0
Q—H-0uT
O SWE

o &
Qw“‘y
£
o T
-y
Q
o
o
o

o [SS 1
= = = = =
= e S S|

[ RGN ]

CR000601

Figure C-1. /O Port Pin Assignments

The signals carried through each pin are described below.

SWEFEP_END outputs a negative pulse when the analyzer completes a sweep. The pulse
width is > 160 ns.

OUT 0 thra 7 output signals to external devices and are controtled by two HP-IB
commands, CUTBIG, as described below. Once QUTBIO0 is executed, the
-signal is latched, and until OUT8I0 is executed again.

IN 0 thrm 4 input signals from external devices and are read by the HP-IB command
INP8T0, as described below.

I/0 Port  C-1



PASS/FAIL is affected only when the Limit Testing, described in “LIMIT LINE AND
LIMIT TESTING” in Chapter 9, is active. This signal presents HIGH and
LOW if the test result is PASS and FAIL, respectively.

Related HP-IB Commands

There are three IIP-IB commands which directly control the 1/O port.

OUT8ID outputs 8-bit data to the OUT 0 thru 7 lines. The OUT 0 signal is the LSD
(least significant bit}, while the OUT 7 signal is the MSB (most significant
bit).

INPBID inputs 4-bit data from the IN 0 thru 3 signals to the analyzer’s memory. The

IN 0 signal is the LSB (least significant bit), while the IN 3 signal is the MSB
(most significant bit).

OUTPINPBIOT  is a query command which outputs 8 bit data to the controller. The data is
obtained as 4 bits by the INPS8I0 command and attaches the four bit as the
upper bits to extend the 4 bit data to 8 bit data. The four upper significant
bits (four bits from MSB) of 8 bit are set to zero.

Using The i/O Port Without an External Controller nor Instrument BASIC

The 1/0 port can be used without an external controller nor Instrument BASIC (Opt. 002).
Figure C-2 shows an example of a test system using no external controller nor the Instrument
BASIC capability.

EXT TRIGGER

SWEEP_END

@1 PasGiFall,

HP 8751A HANDLER

CRGOC00Z

Figure C-2. An Example of a Tes! System Without Coniroller

The testing procedure using this system will be as follows.

1. The handler contacts the DUT.

2. The hagdler outputs a positive going pulse to trigger the analyzer. { See General
Information section for more details on the external trigger signal. )

. The analyzer measures the DUT, and outputs a SWEEP_FEN D signal. If the limit test is
set 1o be on, the analyzer also outputs the PASS/FAIL signal to the [/O port.

4. The handler distinguishes if the DUT passes or fails the test, and puts the DUT into the
proper bin. .

. Return lo the step 1.

]

ot

c-2 1/0 Port



Manual Changes

INTRODUCTION

This appendix contains the information required to adapt this manual to earlier versions
or configurations of the HP 8751 A than the current printing date of this manual. The
information in this manual applies directly to HP 8751A Network Analyzer whose serial
number prefix is listed on the title page of this manual.

MANUAL CHANGES

To adapt this manual to your HP 8751A, refer to Table D-1 and Table B-2, and make all
of the manual changes listed opposite your instrument’s serial number and ROM-based
firmwaze’s version.

Instruments manufactured after the printing of this manual may be different than those
documented in this manual. Later instrument versions will be documented in a manual
changes supplement that will accompany the manual shipped with that instrument. If your
instrument serial number is not listed on the title page of this manual or in Table D-1, i1 may
be documented in a yellow MANUAL CHANGES supplement.

Turn on the line switch or execute the “*IDN?” command via IIP-IB for confirmation of the
ROM-based firrnware’s version. Refer to HP-IB Programing Manual for the information of the
“xIDN7”. For additional information on serial number coverage, refer to Chapter 1 in General
Information.

Table D-1. Manual Changes by Serial Number

Serial Prefix Make Manual Changes
or Number

There are no earlier configurations than the printing date
of this manual.

Table -2, Manual Changes by Firmware’s Version

Version Make Manual Changes

There are no earlier versions than the printing date of this
manual.

Manual Changes D-1
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Error Messages

This section lists the error messages that may be displayed on the analyzer display or
transmitted by the instrument over HP-IB. Each error message is accompanied by an
explanation, and suggestions are provided to help in solving the problem. Where applicable,
references are given to related sections of the Operation and Maintenance manuals.

When displayed, errar messages are usually preceded with the word “CAUTION:”. That part
of the error message has been omitted here for the sake or brevity. Some messages are for
information only, and do not indicate an error condition. Two listings are provided: the first
is in alphabetical order, and the second in numerical order.

In addition to error messages, instrument status is indicate by status notations in the
left margin of the display, Examples are “+7, “msH”, and “P|”. Sometimes these appear
in conjunction with error messages. A complete listing of status and notations and their

meanings is provided in “CRT DISPLAY” in Chapter 2.

ERROR MESSAGES IN ALPHABETICAL ORDER

159 412V QUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
160 +15V(A) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
1567 418V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
161  +22V QUT OF SPEC

Severe errm.u Contact vour nearest Hewlett-Packard office,
162 <65V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

156 —12.8V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
¥
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155 15V QUT OF SPEC

severe error. Contact your nearest Hewlett-Packard office.
192 1ist IF OFFSET OSC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
190  1st LOCAL AMP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
186  1st LOCAL MIXER LOCAL PORT ALC TEST FAILED
Severe error. Contact your nearest Hewleti-Packard office.
149 A1 CPU EXT BUS TEST FAILED

Severe error. Contaci your nearest Hewlett- Packard office.
141 A1 ROM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office,

A40 HEAT SINK TQO HOT

The temperature sensors on the Ad post-regulator assembly have detecled an over-
temperature condition. Power off and cool down the instrument for approximately 10 minutes.
If this message is displayed again, contact your nearest Hewlett-Packard office,

165 Ach +5V(A)/2 OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

173 Ach A/D LINEARITY POOR
Severe error. Contact your nearest Hewlett-Packard office.
166  Ach A/D REF VOLTAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

170 Ach RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewlett-Packard office.
176 Ach/Rch IF GAIN OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

6 ADDITIONAL STANDARD NEEDED

Error correction for the selected calibration class cannot be computed until all the necessary
standards have been measured.
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14 BACKUP DATA LOST

Bata check-sum error on the battery backup memory has cccurred. The battery is recharged

for approximately 10 minutes after power on.

143  BACKUP RAM TEST FAILED

Severe error. Contact vour nearest Hewlett-Packard office.

167 Bech —5.2V(A)/2 OUT OF SPEC

Severe error. Contact vour nearest Hewlett-Packard office.

174  Beh A/D LINEARITY POOR

Severe error, Contact your nearest Hewlett- Packard office.

168 Bch A/D REF VOLTAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

171 Beh RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewleit-Packard office.

177 Beh/Rch IF GAIN OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

—160 Block data error

Block data is improper.

—168 Block data noi allowed

Block data is not allowed.

9 CALIBRATION ABORTED

The calibration in progress was terminated due to change of the active channel or stimulus

parameters,

7  CALIBRATION REQUIRED

No valid calibration coefficients were found, when user attempted to turn calibration on. Refer

to Chapter 7.

60 CAN'T CHANGE-ANCTHER CONTROLLER ON BUS

The analvzer cannot assume the mode of system controtler until the active controller is

removed from the bus or relinquishes the bus.
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—148  Character data not allowed

Character data not aliowed for this operation.

—144  Character data teo long

Character data is too long (maximum length is 12 characters).

136 CONTINUQGUS SWITCHING NOT ALLOWED

The current measurement requires the S-parameter test set to switch automatically between
forward and reverse measurements (driving test port | and, then test port 2). Refer to
Chapter 5.

—-253 CORRUPT MEDIA

A legal program command could not be executed because of corrupt media; for example, bad
disk or wrong format.

13 CURRENT PARAMETER NOT IN CAL S5ET

HP-IB only. Correction is not valid for the selected measurement parameter. Refer to
Chapter 7.

—222  Data out of range

Numerical parameter of HP-IB command is out of the range defined.

~104  Ddata type error

Improper data type used (for example, string data was expected, but numeric data was
received ).

10 DC CALIBRATION ABORTED

Pressing the ABDRT

calibration in progress.

97 DC OVERLGAD ON INPUT A
96 DC OVERLGAD ON INPUTB

98 DC OVERLOAD ON INPUT R

The DC voltage at one of the three receiver inpuis approaches a DC damage level. Refer to
“Instrument Specifications” in the General Information section for the DC damage level.

-255 DIRECTORY FULL

A legal program command could not be executed because the media directory was full.
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142  DRAM TEST FAILED

Severe error. Contact your nearest Hewleti-Packard office.

144 EEPROM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

182  EEPROM WRITE FAILED

Severe error. Contact your nearest Hewlett-Packard office.

12 EXCEEDED 7 STANDARDS PER CLASS

A maximum of seven standards can be defined for any class. Refer to Chapter 7.

5 EXTERNAL REFERENCE UNLGCKED

The frequency of the external reference signal input to the connector on the rear panel
deviates from 10/N MHz, where N is an integer between 1 to 10, and phase loek can no longer
be maintained. Refer to Chapter 2 for details about the signal.

158  FAN POWER OUT OF SPEC
Severe error. Contact your nearest Hewiett-Packard office.
153  FDC CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

-257 FILE NAME ERROR

A legal program command could not be executed because the file name on the device media
was in error; for example, an attempt was made to copy to a duplicate file name.

-256 FILE NAME NOT FOUND

A legal program command could not be executed because the file name on the device media
was not found; for example, an attempt was made fo read or copy a nonexistent file.

181  FN FREQ TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
181 FN PRETUNE-DAC/MONITOR FAILURE

Severe error. Contact your nearest Hewlett-Packard office.

61 FORMAT NOT VALIR FOR MEASUREMENT

The conversion function except the 1/5 mode is not valid for the Smith, Inverse Smith, and
SWR formats.
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32 FORMAT TYPE IS NOT SMITH

The conjugate matching function is only valid in the Smith chart format.
147  FPC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

-105  GET not allowed

GET is not allowed inside a program message.

150 GSP I/F TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

154 HPIB CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

146 INTR TIMER TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

—16r  Invalid block data

Invalid block data was received (for example, END received belore length satisfied).
~141  Iavalid character data

Bad character data or unrecognized character data was received.

—~121  Invalid character in number

Invalid character in numeric data.

=101 Invalid character

Invalid character was received.

104 INVALID FILE NAME

HP-IB only. The file name for the RECALL, PURGE, or RE-SAVE functien must have a
extension, “_A7, “_D", or “_8”. Refer to Chapter 11 for more information.

—103  Invalid separator

[

The message unit separator (for example, ;7 “,”) is improper.

~1561  Invalid string data

Invalid string data was received {for example, END received before close quote).

Messages-8



—~131  Invalid suffix

Units are unrecognized, or the units are not appropriate.
152 KEY CHIP TEST FAILED

Severe error. Contaci your nearest Hewlett-Packard office.

66 LIST TABLE EMPTY OR INSUFFICIENT TABLE

The frequency list is empty. To implement list frequency mode, add segments to the list table.
Refer to Chapter 5.

80 LOCAL MAX NOT FOUND

The maximum peak whose sharpness is defined by the peak define function cannot be found.

81 LOCAL MIN NOT FOUND

The minimum peak whose sharpness is defined by the peak define function cannot be found,

—-250 MASS STORAGE ERROR

A mass storage error occurred. This error message should be used when the device cannot
detect the more specific errors described for errors —251 trough —259.

~254 MEDIA FULL

A legal program command could not be executed because the media was full; for example,
there is no room on the disk.

-258 MEDIA PROTECTED

A legal program command could not be executed because the media was protected; for
example, the write-protect tab on a disk was present.

—251  MISSING MASS STORAGE

A legal program command could not be executed because of missing mass storage; for
example, attempt to access an external disk drive by using Instrument BASIC.

—-252  MISSING MEDIA

A legal program command could not be executed because of a missing media; for example, no
disk.

—109  Missing parameter

A command with improper number of parameters received.

178 MIXER LINEARITY POOR

Severe error. Comntact your nearest Hewlett-Packard office.
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8§ NGO CALIBHATION CURRENTLY IN PROGRESS

The RESUME CAL SWQUE_"""'E_ softkey is not valid unless a calibration was already in progress.
Start a new calibration. Refer to Chapter 7.

111 NO DATA TRACE BISPLAYED

76 NO DATA TRACE

The NARKER 01 (DK

- is selected while the data trace is not displayed.

105 NG LEGAL FILES ON DISK

There are no files on the disk with extensions, “_A", “_D", or “_8". Refer to Chapter 11 for
more information.

82 NO MARKER DELTA - PEAK DEF NOT SET

The MARKQR Lol E’EAK DEE softkey requires that delta marker mode be turned on, with at
least two markers dlsplaye(i Refer to Chapter 8.

79 NO MARKER DELTA - RANGE NOT SET

The SEARCH AN .:'Eﬁ.:ZSTDRE softkey requires that delta marker mode be turned on, with at least
two markers displayed. Refer to Chapter 8,

78 NO MARKER DELTA - SPAN NOT SET

The I\‘EAR‘KER SPAN softkey requires that delta marker mode be turned on, with at least
two markers d;spl.a,yedq Refer to Chapter 8.

112 NO MEMORY TRACE DISPLAYED

EMDRY] is selected while the memory trace is not displayed.

The 56

77 NO MEMORY TRACE

The MARKER {JN [MEMORY] is selected while the memory trace is not displayed.

117 NO VALID Ach ABS MAG CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

118 NO VALID Bceh ABS MAG CORRECTION CONSTANTS

Severe error. Contact yvour nearest Hewlett-Packard office,
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122 NGO VALID DC FULL SCALE CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

125 NO VALID FN PRETUNE CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

123 NO VALID HF PWR LIN CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

124  NO VALID LF PWR LIN CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

30 NO VALID MEMORY TRACE

If a memory trace is to be displayed or otherwise used, a data trace must first be stored to
memory. Refer to “(pispay) KEY™ in Chapter 6.

121  NO VALID RATIO A/B CORRECTION CONSTANTS
Severe error. Contact your nearest Hewlett-Packard office.

119  NO VALID RATIO A/R CORRECTICGN CONSTANTS
Severe error. Contact your nearest Hewlett-Packard office.

120 NG VALID RATIO B/R CORRECTION CONSTANTS
Severe error. Contact your nearest Hewlett-Packard office.

116 NO VALID Rch ABS MAG CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

126 NO VALID STEP GSC CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

3t NOT AVAILABLE FOR THIS FORMAT

The £ [¢0 D] softkey is not valid when the format is either IOG M f\(x &
PHASE or LOG MAG & DELAY. : :

41 NOT ENOUGH DATA

HP-IB only. The amount of data sent to the analyzer is less than that expected.

11 NOT VALID FOR PRESENT TEST SET

The calibration requested is inconsistent with the test set present. This message occurs in the
following situations:

- Messages-8



® A full 2-port calibration is requested with a test set other than an S-parameter test set.
g A one-path 2-port calibration is requested with an S-parameter test set (this procedure is
typically used with a transmission/reflection test set).

—128 Numeric data not allowed

Numerical data not allowed for this operation.

—123  Numeric overfiow

Numerical data value was too large (exponent magnitude >32k}).

94 OVERLOAD ON INPUT A, POWER REDUCED
93 OVERLOAD ON INPUT B, POWER REDUCED

95  OVERLOAD ON INPUT R, POWER REDUCED

When the power level at one of the three receiver inputs exceeds a certain level greater than
the maximum input ievel, the RF output power level is automatically reduced to minimum
and the annotation “Pi” appears in the left margin of the display. Refer to “Power Menu” in
Chapter 5.

~108  Parameter not allowed

Too many parameters for the command received.

21 PLOT ABORTED

Pressing the CD DRT softkey causes the analyzer to abort the plot in progress.

25 PLOTTER NOT READY-PINCH WHEELS UP

If user attempts to plot when plotter’s pinch wheels are up, this message is displayed.

23 PLOTTER:not on, not connected, wrong address

The plotter does not respond to control. Verify power to the plotter, and check the HP-IB
connection between the analyzer and the plotter. Ensure that the plotter address recognized
by the analyzer matches the HP-IB address set on the plotter itself. Refer to “(LocaL]) Key” in
Chapter 9 for instruction on setting peripheral addresses.

180 POOR PRETUNE TRACKING

Severe error. Contact your nearest Hewlett-Packard office.

185 POWER LINEARITY TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
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POWER SHUT DOWN (ANALOG SYSTEM;

Severe error. Contact your nearest Hewlett-Packard office.

4 POWER SHUT DOWN (FDD, FRONT PANEL}

Severe error. Contact vour nearest Hewlett-Packard office.

20 PRINT ABORTED

Pressing the softkey causes the analyzer to abort the plot in progress.

24 PRINT/PLOT IN PROGRESS, ABORT WITH COPY ABORT

If a print or plot is in progress and a second print or plot is attempted, this message is
displayed and the second attempt is ignored. To abort a print or plot in progress, press
COPY. ABORT .

22  PRINTER:mot on, not connected, wrong address

The printer does not respond to control. Verify power to the plotter, and check the HP-1B
connection between the analyzer and the printer. Ensure that the prinfer address recognized
by the analyzer matches the HIP-1B address set on the printer itself. Refer to “(LocaL) Key” in
Chapter 9 for instruction on setting peripheral addresses.

—112 Program mnemonic too long

Program muemonic is too long (maximum length is 12 characters).

—430  Query DEADLOCKED

Input buffer and output buffer are full; cannot continue.

—400  Query error

Query is improper.

—-410  Query INTERRUPTED

Query is followed by DAB or GET before the response was completed.

~440  Query UNTERMINATED after indefinite response

The query which requests arbitrary data response (*IDN? and *0PT? queries) is sent
before usual queries in a program message. (for example, FREQ? ; *IDN? was expected, but
*IDN? ; FREQ? is received.)

—420  Query UNTERMINATED

Addressed to talk, incomplete program message received.
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145 RATE TIMER TEST FAILED

Severe error. Contact your nearest Hewlett-Packard oflice.
163  HReh +5V(D)/2 OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
172 Reh A/D LINEARITY POCR

Severe error. Contact your nearest I‘Ie\vlettfP@c_kard office.
164 Rch A/D REF VOLTAGE OUT OFSPEC L
Severe error.. Confact your geazest Hewlett-Packard office.
160 Rech RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewlett- E’a,(:kalci office.

148 REAL’,{‘IME CLOCK TEST FAILED

chcr(‘ efror. Contact your nea est chlett Packard oﬁmg

REAR PANEL FAN STGPPED

The analyzer detected that the rear panel fan stopped and awtomatically shut the power
down. '

103 RECALL ERROR: INSTR STATE PRESET

A serious error, for example corrupted ertc}, is detectod on Ieca,ihng ﬂle and this forced the
analyzer to be preset :

184 RF AMP FLATNESS TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
187 RF MIXER LOCAL PORT ALC TEST FAILED
Severe error. Contact your hearest Hewlett:Packard office:
193 RF O5C TEST FAILED

Severe error: Comact yom neateqt Hewlett Packard office.
189 RF POWER LEVEL ALC(HF T}LST FAILED |
Severe error. Contact your nearest Hewlett-Packard office.
188 RF POWER LEVEL ALC(LF) TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
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102  SAVE ERROR

A serious error, for example physically damaged disk surface, is detected on saving file.

175 SOURCE ATTENUATOR OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

183 STEP OS5C TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
—150  String data error

String data is improper.

—158  Siring data not allowed

String data is not allowed.

~138  Suffix not allowed

A suffix is not allowed for this operation.

—102  Syntax error

Unrecognized command or data type was received.

—124  Too many digits

Numerical dafa length was too long (more than 255 digits received).
—350 Too many errors

Too many errors occurred in HP-1B commands.

67 TOO MANY SEGMENTS OR POINTS

Frequency list mode is limited to 31 segments or 801 points. Refer to “Edit List Menu” in
Chapter 5 for more information.

50 TOO MANY SEGMENTS

The maximum number of segments for the limit line table is 18. Refer to Chapter 9.

—223  Too much data

Either there is too much binary data to send to the analyzer when data transfer format is
FORM 2, FORM 3 or FORM 5, or number of data is greater than the number of points.

490  TOO MUCH DATA

The number of data to be sent to the analyzer is greater than that expected.
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~113  Undefined header

Undefined header or an unrecognized command was received {operation not allowed}.
116 VOO MISADJUSTED RETRY THIS TEST
Severe error. Contact your nearest Hewlett-Packard office.

151 VRAM TEST FAILED

bevere error. Contact your nearest Hewlett-Packard office.

ERROR MESSAGES IN NUMERICAL ORDER

POWER SHUT DOWN (ANALOG SYSTEM)

Severe error. Contact your nearest Hewlett-Packard office.

A40 HEAT SINK TOO HOT
The temperature sensors on the A4 post-regulator assembly have detected an over-
temperature condition. Power off and cool down the instrument for approximately 10 minutes,

I this message 1s displayed again, contact your nearest Hewlett-Packard office.

BEEAR PANEL FAN STGPPED

The analyzer detected that the rear panel fan stopped and antomatically shut the power
down.

4 POWER SHUT DOWN (FDD, FRONT PANEL)

Severe error. Contact vour nearest Hewlett-Packard office.

5 EXTERNAL REFERENCE UNLOCKED

The frequency of the external reference signal input to the connector on the rear panel
deviates from 10/N MHz, where N is an integer between 1 to 10, and phase lock can no longer
be maintaimed. Refer to Chapter 2 for details about the signal.

6 ADDITIONAL STANDARDS NEEDED

Error correction for the selected calibration class cannot be computed until ali the necessary
standards have been measured.

7 CALIBRATION REQUIRED

No valid calibration coefficients were found, when user atiempted o turn calibration on. Refer
to Chapter 7.
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8 NO CALIBRATION CURRENTLY IN PROGRESS

The PESUME CAL SEQUENCE softkey is not valid unless a calibration was already in progress.
Start a new calibration. Refer to Chapter 7.

¢ CALIBRATION ABORTED

The calibration in progress was terminated due to change of the active channel or stizulus
parameters.

10 DC CALIBRATION ABORTED

Pressing the AB{JRT L softkey causes the analyzer to abort the DC detector linearity
calibration in progress.
11 NOT VALIB FOR PRESENT TEST SET

The calibration requested is inconsistent with the test set present. This message oceurs in the
following situations:

& A full 2-port calibration is requested with a test set other than an S-parameter test set.
& A one-path 2-port calibration is requested with an S-parameter test set {this procedure is
typically used with a transmission/reflection test set).

12 EXCEEDED 7 STANDARDS PER CLASS
A maximum of seven standards can be defined for any class. Refer to Chapter 7.

13 CURRENT PARAMETER NOT IN CAL SET

HP-1B only. Correction is not valid for the selected measurement parameter. Refer to
Chapter 7.

14 BACKUP DATA LOST

-~

Data check-sum error on the battery backup memory has occurred. The battery is recharged
for approximately 10 minutes after power on.

20 PRINT ABORTED

Pressing the BDRT softkey causes the analyzer to abort the plot in progress.
21 PLOT ABORTED

Pressing the COPY ABORT softkey causes the analyzer to abort the plot in progress.
22  PRINTER:not on, not connect, wrong address

The printer does not respond to control. Verify power to the plotter, and check the HP-IB
connection between the analyzer and the printer. Ensure that the printer address recognized
by the analyzer matches the HP-IB address set on the printer itself. Refer 1o “{LocaL) Key” in
Chapter 9 for instruction on setting peripheral addresses.
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23  PLOTTER:mot on, not connect, wrong address

The plotter does not respond to control. Verify power to the plotter, and check the HP-IB
connection between the analyzer and the plotter. Ensure that the plotter address recognized
by the analyzer matches the HP-IB address set on the plotter itself. Refer to “{(LocaL] Key” in
Chapter 9 for instruction on setting peripheral addresses.

24 PRINT/PLOT IN PROGRESS, ABORT WITH COPY ABORT

If a print or plot is in progress and a second print or plot is attempted, this message is
displaved and the second attempt is ignored. To abort a print or plot in progress, press

25 PLOTTER NOT READY-PINCH WHEELS {JP

If user attempts to plot when plotter’s pinch wheels are up, this message is displayed.

3¢ NO VALID MEMORY TRACE

If a memory trace is to be displayed or otherwise used, a data trace must first be stored to
memory. Refer to “(Dispay] KEY” in Chapter 6.

31 NOT AVAILABLE FOR THIS FORMAT

The D&MSCA OUPLED:E softkey is not valid when the format is either LOG MAG &
PHASE, or 1.OG MAG & DELAY.

32 FORMAT TYPE IS NOT SMITH

The conjungate matching function is only valid in the Smith chart format.

46 TOO MUCH DATA

The number of data to be sent to the analyzer is greater than that expected.

41 NOT ENGUGH DATA

HP-IB only. The amount of data sent to the analyzer is less than that expected.
56 TOO MANY SEGMENTS

The maximum number of segments for the limit line table is 18. Refer to Chapter 9.

660 CAN'T CHANGE- ANOTHER CONTROLLER ON BUS

The analyzer cannot assume the mode of system controller until the active controller is
removed {rom the bus or relinquishes the bus,

61 FORMAT NOT VALID FOR MEASUREMENT

The conversion function except the 1/S mode is not valid for the Smith, Iuverse Smith, and
SWR formats,
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66 LIST TABLE EMPTY OR INSUFFICIENT TABLE

The frequency iist is empty. To implement list frequency mode, add segments to the list table.
Refer to Chapter 5.

67 TOO MANY SEGMENTS OR POINTS

Frequency list mode is limited to 31 segments or 801 points. Refer to “Edit List Menu” in
Chapter 5 for more infoermation.

76 NO DATA TRACE

The MARK R

77 NO MEMORY TRACE

78 NG MARKER DELTA - SPAN NOT SET

softkey requires that delta marker mode be turned on, with at least
two markers displayed. Refer to Chapter 8.

79 NO MARKER DELTA - RANGE NOT SET

The SEARCHRNGSTGRE softkey requires that delta marker mode be turned on, with at least
two markers displayed. Refer to Chapter 8.

80 LOCAL MAX NOT FOUND

The maximum peak whose sharpness is defined by the peak define function cannot be found.

81 LOCAL MIN NOT FGUND
The minimum peak whose sharpness is definred by the peak define function cannot be found.
82 NO MARKER DELTA - PEAK DEF NOT SET

The MARKER ~. PEAKDEF softkey requires that delta marker mode be turned on, with at
least two markers displayed. Refer to Chapter 8.

93 OVERLOAD ON INPUT B, POWER REDUCED
94 OVERLOAD ON INPUT A, POWER REDUCED

95 OVERLOAD ON INPUT R, POWER REDUCED

When the power level at one of the three receiver inputs exceeds a certain level greater than
the maximum input level, the RIF output power level is antomatically reduced to minimum
and the annotation “P|” appears in the left margin of the display. Refer to “Power Menu” in
Chapter 5.
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%6 DC OVERLOAD ONINPUTB
97 DC OVERLOAD ON INPUT A

88  DC OVERLOAD ON INPUT R

The DC voltage at one of the three receiver inputs approaches a DC damage level. Refer to
“Instrument Specifications” in the General Informaiion section for the DC damage level.

102 SAVE ERROR

A serious error, for example physically damaged disk surface, is detected on saving file,

103 RECALL ERROR: INSTR STATE PRESET

A serious error, for example corrupted data, is detected on recalling file, and this forced the
analyzer to be preset.

104 INVALID FILE NAME

HP-IB only. The file name for the RECALL, PURGE, or RE-SAVE function must have a
extension, “_4", “_D”, or *_8”. Refer to Chapter 11 for more information.

105 NO LEGAL FILES ON DISK

There are no files on the disk with extensions, “_8”, “_D”, or “_8”. Refer to Chapter 11 for
more information.

111 NO DATA TRACE BISPLAYED

The SCALE

ATA] is selected while the data trace is not displayed.

112 NO MEMORY TRACE DISPLAYED

The SCFGR{MEMOR‘H is selected while the memory trace is not displayed.

116 NO VALID Rch ABS MAG CORRECTION CONSTANTS
Severe error. Contact your nearest Hewlett-Packard office.
117 NO VALID Ach ABS MAG CORRECTION CONSTANTS
Severe error. Contact your nearest Hewlett-Packard office.
118 NO VALID Bceh ABS MAG CORRECTION CONSTANTS
Severe error. Contact your nearest Hewlett-Packard office.

119 NO VALID RATIO A/R CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.
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120 NG VALID RATIO B/R CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

121  NO VALID RATIO A/B CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

122 NO VALID DC FULL SCALE CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett- Packard office.

123  NQO VALID HF PWR LIN CORRECTION CONSTANTS
Severe error. Contact your nearest Hewlett-Packard office.

124 NOVALID LF PWR LIN CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

125 NO VALID FN PRETUNE CORRECTION CONSTANTS
Severe error. Contact your nearest Hewlett-Packard office.

126 NG VALID STEP OSC CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

136 CONTINUOUS SWITCHING NOT ALLOWED

The current measurement requires the S-parameter test set to switch automatically between
forward and reverse measurements (driving test port 1 and, then test port 2). Refer to
Chapter 5.

141 Al ROM TEST FAILED
Severe error. Contact your nearest Hewleti-Packard office.
142  DRAM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

143  BACKUP RAM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

144 EEPROM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

145 RATE TIMER TEST FAILED

Severe error. Contact your nearest Hewlets- Packard office.
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146 INTR TIMER TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
147 FPC TEST FAILED

Severe error. Contact your nearest Hewleti-Packard office.
148 REALTIME CLOCK TEST FAILED

Severe error. Contact vour nearest Hewlett-Packard office,

149 A1 CPU EXT BUS TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

160 GSP I/F TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

151 VRAM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
152 KEY CHIP TEST FAILED
Severe error. Contact your nearest Hewlett-Packard office.
153 FDC CHIP TEST FAILED

Severe error. Contact vour nearest Hewlets-Packard office,

154 HPIB CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
155 15V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
156 —12.8V QUT OQF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
157 418V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard oflice,

158 FAN POWER OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
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159 412V GUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

160 +15V(A) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office,

161 +22V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

162 +658Y QUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

163 Reh +5V(D)/2 OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

164 Rch A/D REF VOLTAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

165 Ach +5V(A)/2 OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

166  Ach A/D REF VOLTAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

167 Beh —5.2V(A)/2 OUT OF SPEC

Severe error. Contact your nearest Hewleti-Packard office,

168 Bch A/D REF VOLTAGE OUT OF 5PEC

Severe error. Contact your nearest Hewlett-Packard office.

169 Rch RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewlett-Packard office.

170 Ach RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewlett-Packard office.

171  Bch BECEIVER FUNCTIONALLY POOR

Severe error. Contact yvour nearest Hewlett-Packard office.
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172  Reh A/D LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.

173 Ach A/D LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.
174 Bech A/D LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.
175 SOURCE ATTENUATCR OUT OF SPEC

Severe error. Contact your nearest Hewleti-Packard office.
176  Ach/Reh IF GAIN OUT OF SPEC

Severe error. Contact your nearesi Hewleft-Packard office.
177 Beh/Rek IF GAIN GUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard offlice.
178 MIXER LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.
179 VOO MISADJUSTED,RETRY THIS TEST

Severe error. Contact your nearest Hewlett-Packard office.
18¢ POOR PRETUNE TRACKING

Severe error. Contact your nearest Hewlett-Packard office.
181 FN PRETUNE-DAC/MONITOR FAILURE
Severe error. Contact your nearest Hewlett-Packard office.
182 EEPROM WRITE FAILED

Severe error. Contact your nearest Hewlett-Packard office.

183 STEP 0OSC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

184 RF AMP FLATNESS TEST FAILED

Severe error. Contact your nearest Hewlett-Packard. office.
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185 POWER LINEARITY TEST FAILED

Severe error. Contact vour nearest Hewlett-Packard office.
hi

186 1st LOCAL MIXER LOCAL PORT ALC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

187 RF MIXER LOCAL PORT ALC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
188 RF POWER LEVEL ALC(L¥) TEST FAILED
Severe error. Contact yvour nearest Hewleit-Packard office.
189 RF POWER LEVEL ALC(HF) TEST FAILED
Severe error. Contact your nearest Hewlett-Packard office.
190  ist LOCAL AMP TEST FAILED

Severe error. Contact vour nearest Hewlett-Packard office.
191  FN FREQ TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

192  1st IF OFFSET OSC TEST FAILED

Severe error. Contact your nearest Hewleti-Packard office.
193 RF 0S5C TEST FAILED
Severe error. Contact your nearest Hewlett-Packard office.

~440  Query UNTERMINATED after indefinite response

The query whick requests arbitrary data response {(*IDN? and *0PT? queries) is sent
before usual queries in a program message. (for example, FREQ? ; *IDN7? was expected, but
*IDN?; FREQ? is received.}

—43¢  Query DEADLOCKED

Input buffer and output buffer are full; cannot continue.

—420 Query UNTERMINATED

Addressed to talk, incomplete program message received.

—410 Query INTERRUPTED

Query is followed by DAB or GET before the response was completed.
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400  Query error
Query is improper.
—3580 Too many errors

Too many errors occurred in HP-IB commands.

—258 MEDIA PROTECTED

A legal program command could not be executed because the media was protected; for
example, the write-protect tab on a disk was present.

—-257 ¥ILE NAME ERRCR

A legal program command could not be executed hecause the file name on the device media
was in error; for example, an attempt was made to copy to a duplicate file name.

-256 FILE NAME NOT FOUND

A legal program command could not be executed because the file name on the device media
was not found; for example, an attempt was made to read or copy a nonexistent file,

-255 DIRECTORY FULL

A legal program command could not be executed because the media directory was full.

-254 MEDIA FULL

A legal program command could not be executed because the media was full; for example,
there is no room on the disk.

—253 CORRUPT MEDBIA

A legal program command could not be executed because of corrupt media; for example, bad
disk or wrong format.

—252 MISSING MEDIA

A legal program command could not he executed because of a missing media; for example, no
disk.

=251  MISSING MASS STOGRAGE

A legal program command could not be executed because of missing mass storage; for
example, attempt Lo access an external disk drive by using Instrument BASIC.

—250 MASS STORAGE ERROR

A mass storage error occurred. This error message should be used when the device cannot
detect the more specific errors described for errors —-251 trough —2359.
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~223  Too much data

Fither there is too much binary data to send to the analyzer when data transfer format is
FORM 2, FORM 3 or FORM 5, or number of data is grater than the number of points.

—222  Data out of range

Numerical parameter of HP-IB command is out of the range defined.

—168 Block data not allowed

Bleck data is not allowed.

—161  Invalid block data

Invalid block data was received (for example, END received before length satisfied).
—160  Block data error

Block data is improper.

~158  String data not allowed

String data is not allowed.

—1561  Invalid string data

Invalid string data was received (for example, END received before close quote}.
—150  String data error

String data is improper.

—148  Character data not aliowed

Character data not allowed for this operation.

~144  Character data too long

Character data is too long {(maximum length is 12 characters).

—141  Invalid character data

Bad character data or unrecognized character data was received.

—138  Suffix not allowed

A suffix is not allowed for this operation.

—131 Invalid suffix

Urits are unrecognized, or the units are not appropriate.
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—128 Numeric data not allowed

Numerical data not aliowed for this operation.

—~124  Too many digits

Numerical data length was too long {more than 255 digits received).
~123  Numeric overflow

Numerical data value was too large (exponent magnitude >32k).
—121  Invalid character in number

Invalid character in numeric data.

—1i3  Undefined header

Undefined header or an unrecognized command was received {operation not allowed).

—112  Program mnemonic too long

Program mnemonic is too long (maximum length is 12 characters).

~109  Missing parameter

A command with improper number of parameters received.

—108 Parameter not allowed

Too many parameters for the command received.

-105 GET not allowed

GET is not allowed inside a program message.

—104  Data type error

Improper data type used (for example, string data was expected, but numeric data was
received).

--103  Invalid separator

The message unit separator (for example, “;7, “,”) is improper.

—102  Syntax error

Unrecognized command or data type was received.

-101  Iavalid character

Invaiid character was received.
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Active channel key, 2-4, 3-1
Active Entry Area, 2-8
Active marker, 8-4, 8-5
ADD | B-14, 0-18
ADDRCONT 0-6
ADDRESS:. 8751, 9-6
Addressable, 9-4. 19-4
ADDRESSABLE OWLY | 9-4

ADDREZSS CUNTROLLE‘.R 9-6

-AQPRESS_: FLDTTER_, 9-6
ADDRESS: PRINTER , 9-6
ADDRPLAOT, 9.4
ADDRPRIN ()..5

Ad‘]u%.dls.play menu, §-33
ADR, 2-8

ALC {automatic leveling control) , 1-2
ALL BASIC 6-27

ELE INS?RUM I\%T L 6-27

ALL KB OFF , 84
AMPLITUDE fms'
Am;Lun 6-17
AR, 6-6

B/R 66

, 6-2, 6-42
Attenuator menu, 6-42
ATTENUATOR PORT 1, 5-8

ATTENUATOR PDR
ATTIAOLE, 6-42
ATTIA20DB, 6-42
ATTIBODE, 6-42
ATTIB20DB, 6-42
ATTIRODE, 6-42
ATTIR20DB, 6-42
ATTP1, 5-8
ATTPZ, 5-8
AUTO, 6-20
AUTOREC, 11-3
Auto re cail 11- 3

Aut,o sweep lee 5-9
Averaging, 1-6, 6-37
Averaging factor, 6-37, 6-40

AVERAGING FACTUR £-39

AVERAGTHG on OFF, §-40

KVERAGTNG RESTART, 6-39, 6-40
AVERFACT, 6-39

AVEROFF, 6-40

AVEROH, 6-40

AVERREST, 6-39

Avg, 2-8, 6-40

(BVG), 6-2, 6-18, 6-37

B

B, 66
BA{‘I G-33

BACKGB DU?JD IHTENSITY 6-34

'BACK SFACE, 6-29, 11-10

EASIC STATUS 6-27
Hattery del\U[), A-1

index-1



BDC, 6-5

Bdec, 6-5

BDCR, 6-5

Bdc/R , 6-5
BEEPDOREDFF, 6-26
BEEPDOI@EDN f)—Zf)

BEEP DDNE QN off , 6-26
BEEFFATLOFF. i
BEEFFAILOH, 9

BEEP FAIL 011 DFF L 217
BLEPHERNGFF 6-26
BEEPWARKOH, b~2{)

BEEP HART@' on UFF , 6-26
BLUE connector, 2. 20
ER, 6-6

B/R, B-6

Huxlt in Flemble DiSk Drive, 2-5

¢

c1, 28

cr, 2-8

cz, 2-8

cat, 2-8

c27, U8

@), 74

CAL ARY owm OFE, L1-11

CALCASST, 10-1
CALCULATE PARAMETERS:

CALIBRATE gm‘ 7-12
CALTBRATE: ‘NONE, 7-18
Calibration, 7-1, 7- 1{

Calibration coefﬁcmm.s arrays, 11-1

Calibration kit, 7-34
Calibration standard, 1-2
CALIFUL2, 7-19
CALIGREZ, 7-18
CALIRAT, 7-18
CALIRESP, 7-18
CALISi1%, 7-18
CALIS22%, 7-19
CALK7MM, 7-13

Cal kit, 7-34

CAL KIT: 7 mm, 7-13
CAL KIT, 7-12, 7-35

CALKNSO, 7-13
CALKE7S, 7-13
CALKUSED, 7-13
CALN, 7-18
CALE, 6-31

index-2

§-31, 6-32

CALS, 10-14
CBRI, 6-35
CENT, 5-3, 5-18
CENTER, 5-16
(@) -1

CHI DATE , 6-34
CHi MEM LIMI
Gz} 3-1

CHZ DATA , 6-34

CH2 MEM LINIT Li, 6-34
CHaN1, 3-1 '

CHARZ, 3-1

Channel coupling, 7-9
Class assigninent, A-8
CLASS ASSIGN _T-f, 10-13

CLEJ‘;R LIST, 5-14
(“l( ar ist menu, - 17 9.20

6-34

CLEAR LIST YE’.S -17, 9-20

CLEAR MARKER 8-4
Clear marker menu, 8-6
CLEAR UWER TRIP . 57
CLEL, 5-14, 5-17

CLEM{L, 8-8

CLEM2, 8-6

CLEK3, 8-6

CLEM4, 8-§

CLEKS, 8-6

CLEKS, §-6

CLEM7, 8-8

CLEMS8, 8-6

CLEPTRIP, 5-7

Clock menu, 9-8

Cnj, 2-8

CHI. P ISP on: OF? 0-25
COLOCH1D, 6-34
COLOCHLYM, 6-34
COLOCH2D, 6-34
COLOCH2M, 6-34
COLOGRAT, 6-34

COLOR, 6-35

COLOR , 6-35, 6-36, 10-3
Color adjust menu, 6-35
COLOTEXT, 6-34
CDLDWARN 6 34

Con i}g. te matchmg_, 1-7, 6-30
COBJIUGATE 2.'_55.’_1"_(;51.}@.; 6-25

Conjugate matching circuit parameters, 2-8

CONMOFF, 6-31
CONMON, 6-31
CONPCP, 6-31



CONPCS, 6-31
CONPDISPOEF, 6-25
CONPDISFON, 6-25
CONPLE, £-31

CU?‘JPLS 6-31

CO¥T, 5-10
:_comzm.u_u_s, 5-10, 8-10
Controller, 12-2
CONV, 6-5

CONVIDS, 6- 8
CONVERSIUK 6-5, 6-6
Conversion menu, 6-7
COHVOFF, 6-8
CONVYREF, 6-8
CONVYTRA, 6-8
COHVZREF, 6-8
CONVZTRA, 6-8

cork, 10-5, 10-16
COPTOFE, 10-5, 10-16
COPTDH, 10-5, 10-16

57D, 9-8, 10-2
CDPY ABORT' 16-5, 10-16

Copy cal kit menun, 10-13

Copy limit test memy, 10-15

Copy list sweep menu, 10-14

Copy menu, 10-4

Copy more menu, 16-11

Copy ‘«tdndard number menu, 10-14

C{JF’Y TI

15{1_?‘1.' TIH.E.. o1

Cor, 2-§

Cc)r;ectxo menu

CGRRECT; ¢

C{JRRUFF, 7-11

CORRON, 7-11

CQUCOYF, 5-6

COUCON, 5-6

:CGHQI?QLF.;'
, 8-31

Cp s, 6-32

Gp Ls , 6-32

Crosst: z]k 7-2, 7-5, 7-18

CRT display, 2-4, 2-6

Cs, 6-31

Cs~Cp, 6-32

Ca-Lp , 6-32

CTR & SPAN 10-15

CWFREQ, o 7

€W FREQ, 57

(B

DATA and ME%DR_ 6-28
Drata arrays, 1.2
DATA ARY on OFF |, 11-11

DATA & GRATCL, 10-8
DATA-MEM , 6-28
DATA/HEN | 6-28
DATS ONLY, 10-8
Prara point . 1-4

DATA - MEE , 6-28
DATE MM/DD/YY, 9-8

DATE mim ?&oﬂsay‘(e e
DAT]. G- ’8

DAY, 9-10

Daghontear, §-9
DAYHYEAR, 9-9

DCCOROFF, 7-16

DCCOROK, 7-16

DC correction menu, 7-16
DCCORR “oR-0FF:, 7-16

D¢ DETECT. LI¥ CORR, 7-15
D voltage measurement, 6-4
Defanlt, A-1

DEFAULT COLORS, 6-33, 6-36
DEFAUL'}” S’:JTUP 10-6

DEFC 6 33

DFFINE ?LGT 10-5
Define plot menu, 10-8

DEF‘IHE SAVE DATA 13-9
Dvﬁne save « data menu, 11-11

DEFTNE STANDARD', 7-36
Define standard menu, 7-37
i)efm( st *Hddl‘d number menu, 7-37
DEFINE‘. TRACE |, 6-25

DEFS, 7-36

Del, 2-8

DELA, 6-10

DELAY, 6-10

DELETE, 5-14, 9-18

DELO, 8-7

DELRI, -8

DELR2, §-8

DELR3, 3-8

DELR4, 8-8

DELRS, 8-8

DELRS, 8-8

DELR7, 8-8§

DELRS, §-8

DELRFIXH, 87
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DELTA LIM_ITS , 9-19 Edit segment menu, 5-14, 9-18

Delta marker menu, 8-8 ELEC DELAY MENU , 6-20
Delta marker mode, 8-2, 8-7 Flectrical delay, 1-7, 6-20, 7-16
DFLT, 10-6 ELECTRICAL DELAY , 6-21, 7-14
Directivity, 7-2, 7-18, 7-19, 7-47 ELED, 6-21

DISAALLE, 6-27 Entry, 2-5, 4-1

DISKALLI, 6-27 (ENTRY OFF}, -2

DISAHIEB, 6-27 ERASE TITLE . 6-20, 11-10
Disk capacity, 11-3 -

Disk format, 13-3 EXECUTE DC CAL, 7-16

sk menu, 11-13 EXEDCALL, -6

DISL1, 10-14 EXPANDED PHASE, 6-13
bIisLz, 10-14 Expanded Phase format, 6-14
DISLLIST, 10-15 EXPP, 6-13

DISHCTSP, 10-15 Ext, 2-8

DISHHD, 10-15 EXTENSION |, 7-15

DISMNUM, 10-15
DISMSTEP, 10-15
DISMSTSP, 10-15
DISHMUL, 10-15
DISPDATA, 6-28
BISPDAT - ;
- K, 6 2,8 EXTTPOIN, 5-11
DISPDDH, 6-28 AL O L
DISPDMM. 6-28 EXT T i{I(_YQ.ER, cpnﬂector, 2-10
(DISPLAYY, 6-1. 6-23 EXT. TRIG OF POTHT, 5-11
DISPLAY ALLOCATION EXT. TRIG ON SWEEP: 5-10

EXTENSIONS on GFF, 7-15

EXT PROG BRUN/CONT connector, 2-10
EXT REF INPUT connector, 2-10
EXTTOFF, 5-10

EXTTOCN, 5-10

Display allocation menu, 6-27

DISPLAY: DATA, 6-28 F

: ' ‘ Factory setting, A-1
DISPLAY LIST, 10-15 Fan, 2.10

DISPLAY: LISTL, 10-14 File name, 11-2

Dsplay menu, §-24 File size, 11-3

DISPMEMO. 6-28 FILE UTILITIES, 11-8, 11-17
pISP MGSE ST & 5P, 10-15 Fixed marker menu, 8-9
DISP MODE: UPR & LR, 10-15 FIXED MKR AUX VALUE  8-10
DKM SCALE, 6-20 FIXED MKR STIMULUS, 8-0
DUACOFF, 6-24 FIXED MKR VALUE , 8-10
DUACDN’6'24 e Format, 2-6, 6-9

(FORMAD), 6-1. 6-9

Format more menu, 6-13
Forward transmission coefficient, 6-5

E FRED, 6-26

EDIT: ., 5-14 FREQUENCY BLANK:, 6-26

EDIT , 5-14, 0-18 Frequency hist mode, 5-12

EDITDONE, 5-14 Frequency response, 7-2, 7-6, 7-18, 7-19, 7-47,

EDIT LIMIT LINE, 0-17 7-49, 7-52
- Front panel, 2-4

Edit limits menu, 9-17

EDITLIML, 9-17 FULL 2-P@RT, 7-19
EDITLIST, 5-14 Full ‘l’i’ozt Calibration, 7-27
EDITLIS2, 5-14 FULL' PAGE, 10-7

ERITLIST, 5-12 Full two-port calibration, 7-6
EDIT LIST, 512 FULP, 10-7

Edit list menu, 5-13

Index-4



FUD . MATCH, 7-44
FUD . TRANS . , 7-44

G

G, 4-2

€ 2
GRATICULE, 6-34
GREEN connector, 2-10
GRODAPER, 6-40
(vroup delay, 6-16
CROUP DELAY APER

E, 6-18, 6-40

Hard copy, 10-1
Hewlett-Packard Interface Bus, 9-3, 12-1
Hid, 2-8, 5-10

HCLD, 5-10

HOLD , 5-10

HP 116674, 1-2

HP 11850C/D, -2

HP 87511A/8B, 1-2, 2-9, 7-34

HP 87512A/B, 1-2, 2.9, 6-4, 7-54
HP-UIL connector, 2-b

HP-IB, 2-3, 9-3, 12-1

HP-IB address, 12-4

HP-IB connector, 2-9

[

IBASIC, 9-7

iﬁ"bemé’width 1-6, 6-38, 6-40, 6-41
IFBW, 5-16, 6-40

IF B;&;J , B-16, 6-40

IFBWAUTO, 6-41

IE B‘H AU'E'O 6-41

IF (Intermedza&e frequency), 1-2
THAG, B-1 {

IMAGEN‘ARY 6-13

Imaginary 1ormat 8-13

INID, 11-13

Initialize, A-1

INITZALE?E-_ K:, 11-13
Initialize menu, 11-16
IRITIALIZE YES, 11-16
INPUT-4: , 6-42
INPUT-B: | 6-42

i'nig_u_.%. port menu, 6-6
INPUT PORTS, 6-5
THPUT-R: , 6-42
Instrument BASIC, 9-21

Instrument data arrays, 1i-1
Instrument state, 2-2

Instriument state data, 11-1
Tnstrument state function, 2-5, 8-1
Instrupent states and internal data arrvays, 11-2
INTE, £3- 33

INTENSITY, 6-33

Interpolate (3 error correction, 5-11, 7-9
INT REF OUTPUT comlecior, ZAl{}
Inverse smith chaet format, 6-14

Tovl TYPE: Cs-Cp, 6-32

Iavl TYFE: Cas-Lp, 6-32

Invl TYPE: Le-Cp, 6-32

TavLl TYPE: Ls-Lp, 6-32
INVSCHAR, 6-14

INV QMETH CHART G-14

I/O port cormector 2-9

Isolation, 7-2, 7-b, 7-18, 7-19, 7-52
Isolation calibratéon, 7-10
Isolation error, 7-53

K

X, 4-2

KEY 15, 7-8
KEY 17, & 14
KEY 19, 5-5
KEY 24, 4-2
KEY 25, 4-2
KEY 26, 4-2
KEY 27, 4-2
KEY 41, 4-2
KEY 42, 4-2
KEY 43,42
KITD, 7-36

KIT DUI\FE 7-36

kme, 4.2
[

LABEL CLASS 7-36

Ldbe} dass menu, 7-45
LAEE.L -.-K.IT:, 7-36, 7-45
Label kit menu, 7-45
Label standard menu, 7-42
LABK, 7-35

LEFL, 10-7

LEFT LOWER, 10-7

LEFT UPPER, 10-7

LEFU, 10-7

LIF (logical inter change format), 11-3
LINCLEL, 9-20

LIMD, 9-19

LIKIAMPO, 9-21

index-5



LIMILIREOFF, 9-16 LOCAL MIE, 8-19, 820

LIMILINEQN, 9-16 Local mode, 9-3

LIMINAQF, 9-21 Logarithmic frequency sweep mode, 5-11
LIMISTIO, 9-21 LOGFREQ, 5-11

LIMITESTOFF, 9-16 LOG FREQ , 5-11

LIKITESTON, 0-16 LOGH. 6-G

Limmat line, 9-01
LIMIT LIKE OFFSETS, 9-17
LINIT LINE on OFF, 9-16

LOG HAG . 6-9
LUG MAC & DELAY, 6-15
Log magnitude and delay format, §-15

LIMIT MENU, 9-7 Log magnitude and Phase Format, 6-15
Eimits menu, 9-18 LOG ¥AC & PHASE: 5-14
Limit test, 911 LOGHD, 6-15
LIMIT TEST on UFF, 9-16 LoGHp, ¢-14
LIIT TEST TABLE, 10-13 LOWER GRATICULE, 10-9
LIML. 9-19 LOWER LIMIT, 9-19
LIMM, 0-20 L

) ip., 6-31
LIS, O-19 _P,eg
LIMSADD, 9-18 Lp-Cs , 6-32
LIMSDEL, 9-18 Ls~Cp., 6-32

LIMSDON, 9-20 CTYPE. CoCa. 6.4
LINSEDI, 9-18 [YPE:. Cp-Cs:, §-

LINU, 0-19 L TYPE: Cp-Ls, 6-32
Linear frequency sweep mode, 5-11 L TYPE. ]:;’;':);w(?s 6.39
LINE switch, 2-4 Lo B

Ko § ” . 639
LINE TYPE DATA, 10-8 L TYPE: Lgils, 6-3

LINE TYPE MENORY, 10-8 M

LINFREG, 5-11 M, 4-2

LIN FRE(}, 5-11 ¥4, 4-2

LINM, 6-12 man, 5-11

LIE M&G, 6-12 HANTRIG, 5-11
LINTIIDIAITA, 10-8 Manual Changes, D-1
LINTMEMG, 10-8 Manual sweep time, 5-8
LISDFBASE, 5-12 KANUAL TRG ON POINT, 5-11
LISDOBASE, 5-12 HARK1, 8-5

LISFREQ, 5-12 MARK2, 8-5

LISSLISE, 5-13 MARK3, 8-5

LISSLISZ, 5-13 MARK4, 8-5

LISTZ |, 10-14 MARKS, 8-5

LIST DISP: FREQ BASE, 5-12 MARKG, 8-5

LIST DOKE, 5-14 MARKS, 8-5

Listepar, 12-2 B MARKCENT, 8-15

LIST FREG.[], 5-12 MARKCONT, 8-10

List sweep menu, 5-12 MARKCOUP, 8-11

LIST SWEEP TABLE, 5-12, 10-13 MARKDELA, G-21

LIST UALUES , 10-11 Markor data readout, 2.7
LIsy, 10-11 o - '

Marker function menu, 8-15
Marker list, 81

Marker menu, 8-4

Marker mode menu, 8-10

Load match, 7-2, 7-4, 7-19, 7-52
Load wnatch error, 7-53

(LocaL], 9-3




MARKER - AMP. OFS., 9-21
HARKER - CENTER, 8-15
MARKER -+ DELAY , 6-21
MARKER -+ DELAY , 6-21
MARKER -+ MIDDLE, 9-20

MARKER —+ REFERENGE, 6-20, 8-15

MERKER — SPAN, 815
HARKER — START , 8-15
MARKER — STIMULUS, 9-19
MARKER - STOF | §-15
MARKERS : éov?aizzb , 811

H@.RKERS DISCRETE 8-10
Marker Se: H‘Lh meny, 8-17

mm{ms on [DA,TA] 8-4

Marker statistics, widg i‘ value, 2-7

MﬁRI{ERS UNC[}UPLED 6-25
Marker time mode - I
MARKFAUY, 8-10

MARKFSTI, 8-9

MARKFVAL, 8-10

MARKLOFF, 8-4

MARKLON, 8-4

MARKMIDD, 9-20
MARRODATA, 8-4

MARKOFF, 8-4

MARKOMEKMO, 8-4

MARKPEAD, 8-19

MARKREF, 6-20, 8-15
MARKSPAN, 8-15

MARKSTAR, 5-15, 8-15
MARKSTI¥, 0-19

MARKSTOP, 5-15, 8-15
MARKTIMEQFF, 8-11
MARKTIMEON, 8-11
MARKUNCO, 8-11
MARKZERD, 8-4
MAX, 8-17

(VEAT), 6-1, 6-2
MELSA, 8-6

MEASE, 6-6
MEASTATOFF, 8-15
MEASTATOK, 8-16
N’If‘«i%tﬁ'{d input, 2-6

HI«;MORY, 628
l\_/_Im}__;ngy array

V[emory trace alrays. 11- 2

(MENUJ, 5-5

Message area, 2-8
HMIDDLE VALUE , 9-20
HID & DLT, 10-15

WIN, 817, 9-9

Minirmum sweep time, 5-9
(MKR}, 51

[MER %cm; &-14

MKR LIST on off, 8-4
WKR — START, 5-15
HMKR — STOF, 5-15
MER SEARCH, 8-16

MKR TIHE on OFF, 8-11
HKR ZEHD , 8-4

(7, +-2
MODI1, 7-13

MODIFY, 7-13, 7-35
Modify cal kit menu, 7-35

MDDIF’Y COLGRS 6-33
’Vfodlfy colors menu, 6-34
MOEDYEAR, 9-9

HONTH:, 6-10

msH, 2-8, 5-2

Network analyzer inputs R, A and B, 2-5
NEXP, 10-17

HEXT BAGE, 10-17

Non-volatile memory, A-1

HUMBER of GROUPS', 5-2, 5-10

'NUMBE'R of POTETS | 5-b, 5-15, 10-15
NUMG, 5-10

O

OFF, 6-8

OFFSET DELAY T-41
Oﬂavt lmur menu, 9-21

OFFSET 70, 741

OFSD, 7-41

OFSL, 7-41

OFSZ, 7-41

Olmtimg isol: ltion calibration, 7-10

One-Path 2- Po:t ()cthbmnou 7-31
Oune-path two-port calibration, 7-6
One-port calibration, 7-6

index-7



One-Port Error Model, 7-47

OPEP, 10-17

OPERATING PARAMETERS, 10-12

Option 00), 2-10
Option (02, 9-21
ORDER BASE, 5-12

=4

Output power level, 5-5, b-

[

PARAMETER:Ls , 6-31
PARSOFF, &-16
PARSON, 816 _
PART SRCH on OFF
Prass/Fail, 3-7
Pl 28 BT
PEADX, 3-19
PEADY, 819
PEAK DEF: AX(Y)
PEAK-PEAK, 8-19, 8-20
PHAC, (-22

PHAS, 6-10

PHASE , 6-10

PHASE OFESET

PLOALL, 10-8

PLODGRAT, 10-8
PLODONLY, 10-8
PLOSFAST, 10-9
PLOSSLOW, 10-9

PLOT. 10-4, 10-16

PLOT | 10-4, 10-16
PLOT: ALL, 10-8

PLOT SPEED, 10-9
PCIN, 5-5

Pownt., i-4

POINT, 5-15

POLA, 6-11

POLAR , 6-11

Polar marker menu, 8-11

POLMLIN, #-12
POLMLGG, 8-12
POLMRI, 8-12
POREOFF, 7-15
POREDN, 7-15
PORT1, 7-16
PORTZ, 7-16
PORTA, 7-16
PORTB, 7-16
PORT EXTENSIONS
PORTE, 7-15
POWE, 5-5, 5-7, 5-16

POWER, 5-3, 5-7

Index-8

power splitter, 1-2
POWER SWEEP, 5-12
Power sweep mode, 5-12
Power trip, 5-7T

POWS, 5-12

PREP, 10-17

(FRESET). 2-5, A-L
Preset state, A-1

PREV FILES, 11-12

PREV PAGE, 10-17

PRIC, 10-5

PRICFIXE, 10-6

PRICVARI, 10-6

PRINALL. 10-4, 10-16

PRINT COLOR [FIXEDY, 10-6
PRINT/PLOT SETUP. 10-5
PRINT/PLOT SETUPS, 10-16
PRINT: STANDARD, 10-5

PRIFT [(STANDARDT, 10-4, 10-16
PRIS, 10-5

PROBE POWER connector, 2-5
PURG, 11-13

PURGE FILE, 11-13

Purge file nenu, 11-14
PURGE:YES, 11-15

GE

R

R&W ARY on OFF, 11-1]

Raw data arrays, 11-1

REAL, 6-13

REAL, 6-13

Real format, 6-13

Rear panel, 2-9

 11-6

RECALL COLORS:, 6-33, 6-36

RECALL FILE, 11-17

Recall file menu, 11-18

Recall menu, 11-17

RECC, 6-33

RECD, 11-17

Recharge time, A-1

RED connector, 2-10

Reference level, 2-T

Reference plane menu, 7-15
REFERENCE POSITION, 6-20
REFERENCE VALUE, 6-20

Reflection cor*-ﬂl('.i'ent, 6-5, 6-12, 7-47
Refl: FUD-S11 (A/R)
Refl: REV 522 (B/R), 6-5

REF OVEN (Option 001) connector, 2-10



REFP, 6-20

REFY, 6-20

Remaote mode, 9-3
RESAVD, 118
RE-SAVE FILE, 11-8
Re-save file menu, 11-12
RESC, 7-12

RESD, 10-17

RESET COLOR, 6-35
Response, 2-2
RESPONSE |, 7-18, 7-44

Response and isolation cahibration, 7-6, 7-22,

7-24, 7-45

Hesponse cafibration, 7-6, 7-20, 7-21, 7-44

Hesponse Function, 2-4, 6-1
RESPONSE & ISOLIN, 7-18, 7-45
REST, 5-6

RESTORE DISPLAY 10-17
RESUME CAL SEQUENGE , 7-12

Feverse transmission coeflicient, 6-5

REV.MATCH, 7-44

REV.TRANS. , 7-44

RF OU'T connector, 2-5
p. 612

RIGHT LOWER, 10-7
RIGHT UPPER, 10-7
RIGL, 10-7

RIGY, 10-7

RMT, 2-8

RSCO, 6-35

Sy .I»;)o“r'f, .éiibration, 7-25, 7-44
S11B, 7-44

5110, 7-44
51: one-port calibration, 7-8
$12, 6-5

s21, 6-5

522. 65

822 1-PORT, 7-19

Ko 1-})0r% c'é,ﬁbration, 7-26, T-44
599 one-port calibration, 7-6
SADD, 5-14

SAVCAOFF, 11-11

SAVCAON, 11-11

SAVDAL, 11-6

SAVDAQFF, 11-11

SAVDADY, 11-11

SAVDDAT, 11-9

SAVDSTA, 11-9
GAVD). 11-6

SAVE ALL . 11-9
SAVE COLDES , 6-33, 6-36
SAVE DATA ONLY, 11-9

SAVE FILE, 11-8

Save fle menu, 11-9

SAVE STATE ONLY, 11-9
SHVEUSEK, 7-1.

SAVE USER KIT; 7-13, 7-36
SAVMAQFF, 11-11
SAVMAON, 11-11
SAVRAQFF, 11-11
SAVRAOR, 11-11

SAVTAOFF, 11-11
SAVTAON, 11-11
SAVTMAQFF, 11-1}
SAVTMAON, 11-11
SAVUAQFF, 11-11
SAVUAON, 11-11

SCAC, 6-20

SCAFDATA, 6-20
SCAFMEMG, 6-20

SCAL, 6-20
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General Information

This manual is an introduction to remote operation of the HP 87514 Network Analyzer
using an HP 9000 series 200 or 300 computer. It is a tutorial introduction, using BASIC
programming examples. The following is a brief description of each chapter and appendix.

Chapter 2 describes programming basics and provides example programs.

Chapter 3 1ists HP-1B commands it alphabetic order.

Appen dix A summarizes HP-IB commands according to the softkey labels.

Appendix B describes the status byte register and the other registers of the HP 8751A.
Appendix C provides the codes of the front panel keys for using the KEY HP-IB command.

Appendix D describes the calibration types and the standard classes, and the calibration
coefficients,
Error Messages lists error messages with explanations.

The reader should become familiar with the operation of the HP 8751A before controlling it
over EP-IB, This manual is not intended to teach BASIC programming or to discuss HP-IB
theory; réfer to the following documents which are better suited to these tasks.

@ For more information concerning the operation of the HP 8751 A, refer to the following:

HP 87514 User’s Guide
-HP 8751 A Reference Manugl
& For mare information concerning BASIC, refer to the manual set for the BASIC revision
being used:
BASIC Programming Technigues
BASIC Language.Reference
® For more information concerning HP-IB, refer to the following:
BASIC Interfacing Technigues
Tutorial Description of the Hewlett-Packard Interface Bus
Condensed Description of the Hewleti-Packard Interface Bus
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‘Programming Basics

This chapter describes programming basics and provides example programs.

Preparing for HP-IB Control

To run the examples in this chapter, the following equipment is required:

1.

2.

v

Reguired Eguipment

HP 8751A Network Analyzer

HP 9060 Series 200 or 300 computer with enough memory to hold BASIC, needed binaries
(refer to “Powering Up the System”), and at least 64 kilobytes of program space.

A disk drive is required to load BASIC, if no internal disk drive is available.

. BASIC 3.0 or higher operating system.

HP 10833A/B/C/D HP-IB cables to interconnect the computer, the EP 8751A, and any
peripherals.

Optional Equipment

1.
9. HP 850328 50 2 type-N calibration kit
3.
4

4. Accessory kit

“h ot

~

HP 87511A S-parameter Test Set
HP 11857D Cable Kit
Device under test {DUT)

Cables to connect DUT

Printer
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Powering Up the System
i. Set up the HP 8751A as shown in Figure 2-1.

Connect the HP 8751A to the computer with an HP-IB cable.

COMPUTER
HFE 87514
= jRanln
B000 &G 0060 HP-15
Sooo coo <
Boo 38
T 8@ A @E
5 e NS
— - = =
HE B751A / \
PORT POHT O] @& @& L) \
* N R A B .
—
: e e
“L-,_j > DISK DRIVE
| > PRINTER
bzt i,
i

Figure 2-1. HP-IB Connections in a Typical Setup '

2. Turn on the computer and load the BASIC operating system.

Load the following BASIC binary extensions:
HPIB, GRAPH, I0, KBD, and ERR.
Depending on the disk drive, a binary such as CS80 may be required.

3., Turn the HP §731A ON,

To verify the HP 8751As address, press and select
If the address has been changed from the dcfaul’r valm (17) return

ile performing the examples in this document by pressing (1) (7) () and the
preqettmg the HP 8751A.

Make sure the HP 8751A is in the I
(LocaL) key. This is the only mode in w ich the HP 8751A wil accept HP-IB commands.

mﬂde as indicated under the

4, On the computer, type the following:

QUTPUT 717;"“PRES" (or {EXECUTE)) -

This will preset the HP 8751A. If preset does not occur, there is a problem. First check all
P 1B addresses and connections: most HP-IB problems are caused by an incorrect address

and bad or loose HP-1B cables. 3}?4
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Note Only the HP 9000 Model 226 and 236 computers have an (EXECUTE § key, The
Model 216 has an kev with the same function. All other computer use

% : the kev as both execute and enter. The notation is used in this
document.
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Measurement Programming

This section describes how to organize the commands into a measurement sequence. #
Figure 2-2 shows & typical measurement sequence. %
START )

|

| Setting up the HP 87514

Calbrating

Connecting device
under test

Taxing data

Posi-processing

Transterring data !

/ ESD m\/
e

Figure 2-2. Typical Measurement Sequence

w Setting up the HP 8751A
Define the measurement by setting all of the basic measurement parameters. These include
all the stimulus parameters: sweep type, span, sweep time, number of points, and RF
power level, They also include the parameter to be measured, and both IF averaging and
1F bandwidth. These parameters define the way data is gathered and processed within the
instrument, and io change one requires that a new sweep be triggered.

There are other parameters that can be set within the HP 8751A that do not affect data
gathering directly, such as smoothing, trace scaling or trace math. These functions are
classed as post processing functions: they can be changed with the HP 8751A in the hold
mode, and the data wiil correctly reflect the current state. -

The save/recall registers provide a rapid way of setting up an entire instrument state.

w Calibrating

Measurement calibration is normally performed once the HP 8751A state has been defined.
Measurement calibration is not required to make a measurement, but it does improve

measurement accuracy.
There are several ways to calibrate the HP 8751A as foliows:

o The simplest is to stop the program and have the operator perform the calibration from
the front panel. i
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o Alternatively, the computer can be used to guide the operator through the calibration. as
discussed in “Freguency Response Calibration” and “1-Port Reflectior Calibration™.

o The last option is to transfer calibration data from a previous.calibration back into the
instrument, as discussed in “Reading Calibration Data”.

Connecting device under test

Have the operator connect and adjust the device. The computer can be used to speed the
adjustment process by setting up such functions ag limit testing, bandwidth searches, and
trace statistics. All adjustments take place at this stage so that there is no danger of taking
data from the device while it is being adjusted.

Taking data

With the device connected and adjusted, measure its frequency response, and store the data
in the HP 8751A so that there is a valid trace to analyze.

The single sweep command SING is designed to ensure a valid sweep. All stimulus changes
are completed before the sweep is started, and the HP-IB hold state is not released unti} the
formatted trace is displaved. When the sweep is complete, the HP 87514 is put into the
hold mode, storing the data inside the HP 8751A.

The pumber of groups commands NUMGn is designed to work the same as single sweep,
except that it triggers n sweeps. This is useful, for example, in making a measurement with
an averaging factor of n. Both single sweep and number of groups restart averaging.

Post-processing

With valid data to operate on, the post-processing functions can be used. Referring ahead
to Figure 2-9, any function that affects the data after the error correction stage can be used.
The most useful functions are trace statistics, marker searches, and electrical delay offset.

If a 2-port calibration is active, then any of the four S-parameters can be viewed without
taking a new sweep.

Transferring data

Lastly, read the results out of the HP 8751A. All the data output commands are designed ta
“ensure that the data transmitted reflects the current state of the HP 8751 A

o OUTPDATA, CUTPRAWD, OUTPFORY, etc. will not transmit data until all formatting functions
have been completed.

o GUTP"LEME;., OUTPLIMM, and OUTPLIMF will not transmit data until the limit test hag
occurred, if turned ON.

O OUTPMARK will activate a marker if one is not already selected, and it will make sure that
any current marker searches have completed before transmitting data.

o OUTPMSTA makes sure that statistics have been calculated for the current trace before
trapsmitting data. If statistics is not turned on, it will turn statistics on to update the
current values, and then turn it OFF.

o OUTPHWID makes sure that a bandwidth search has been executed for the current trace
before transmitting data. If bandwidth search is not turned on, it will turn the seazch on .
to update the current values, and then turrn it QFF.

Data transfer is discussed further in “Data Transfer from the HP £751A to a Computer”.
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Basic Programming Examples

Setting Up a Measurement

In general, the procedure for setting up measurements on the HP 8751A via HP-IB follows the
same sequence as if the setnp was performed manually. There is no required order, as long as

the desired frequency range, number of points and power level are set prior to performing the

calibration.

By interrogating the HP 8751A to determine the actual values of the start, the stop, or
the center frequencies, or the frequency span, the computer can keep track of the actual
frequencies.

This example illustrates how a basic measurement can be set up on the HP 8751A. The
program will first select the desired parameter, the measurement format, and then the
frequency range.

This exampie sets ap a measurement of transmission log magnitude on channel 1. When
prompted for the center frequency and the frequency span, enter any value in Hz from 1.0B45
(for the S-parameter Test Set) to 5.0E+8. These will be entered into the HP 8751A, and the
frequencies will be displayed.

i0 !
20 ! Setting Up a Measurement

30 !
40  Hp8TE1=T17

50 ABORT 7

80 CLEAR Hp8751
70 :
80 OUTPUT Hp8751;"PRES"

80 CUTPUT Hp8751;"CHANL; S21: LOGM"

100 INPUT “Enter center frequency (Hz)",F_cent
11C  INPUT "Enter frequency span (Hz)",F_span
120  QUTPUT Hp8751;"CENT ":F_cent

130 OUTPUT Hp8751;"SPAN ";F_span

i40 1

150 QUTPUT Hp8751;"CENT?®

160  ENTER Hp8751;F_centr

170 QUTPUT Hp8751;"SPAN?Y

180 ENTER Hp8751;F_spanr

180 PRINT "Center frequency:",F_centr;"Hz"
1200 PRINT “Frequency span:",F_spanr;"Hz"

210 END
Figure 2-3. Sample Program: Setting Up a Measurement
Line 40 Assigns HP 8751A HP-IB address.
Lines 50 and 60 Prepares for HP-IB control.
Line B0 Presets the HP 8751A.

2-6 Programming Basics




Line 90 Makes channel 1 the active channel, and measures the transmission
parameter, Sop, displaying its magnitude in dB.

Lines 100 and 110 Inputs the center frequency and the fregquency span.

Lines 120 and 130 Sets the center frequency and the frequency span to the HP 87514,
Lines 150 through 180 Queries the center frequency and the frequency span.

Lines 190 and 200 Shows the current center frequency and the frequency span.
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Performing & Measurement Calibration

This section will demonstrate how to coordinate a measurement calibration over HP-IB. The
HP-IB program follows the key strokes required fo calibrate from the front panel: there is a
command for every step.

The general keysirokes sequence is to select the calibration, measure the calibration standards,
and then declare the calibration done. The actual sequence depends on the calibration kit and
changes slightly for 2-port calibrations, which are divided into three calibration sub-sequences.

Calibration Kits

The calibration kit tells the HP 8§761A what standards to expect at each step of the
calibration. The set of standards associated with a given calibration is termed a class. Refer
to Appendix D for the relation between the calibration types and the standard classes.

For example, measuring the SHORT during a 1-port calibration is one calibration step. All
of the SHORTS that can be used for this calibration step make up the class, which is called
class S11B. For the 7 mm calibration kits, class Sy, B has only one standard in it. For type-N
calibration kits, class S1: B has two standards in 1t: male and female SHORTS.

When doing a 1-port calibration in 7 mm over HP-IB, sending CLASS11B will automatically
measure the SHORT. In type-N, sending CLASS11B brings up the menu with the male and
female SHORT options. To select a standard, use STANA or STANB. The STAN command is
appended with the letters A through G, corresponding to the standards list under softkeys 1
through 7, softkey 1 being the topmost softkey.

Each full 2-port calibration is divided into three sub-sequences: transmission, reflection,

and isolation. Fach sub-sequence is treated like a calibration in its own right; each must

be opened, have all the standards measured, and then be declared done. The opening and
closing statements for the transmission sub-sequence are TRAN and TRAD. The opening and
closing statements for the reflection sub-sequence are REFL and REFD. The opening and closing
statements for isolation are ISOL and ISOD.
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Frequency Response Calibration

The following program does a response calibration using a THRU calibration device. Thhis
program simplifies the calibration for the operator by giving explicit directions on the
computer’s display.

10 !

20 t Freguency Response Calibration

30 !

40  HpBTB1sT1T

50 ABORT 7

80 CLEAR Hp8751

70 ¢ '

80 OUTPUT Hp8751;YPRES"

80 OUTPUT Hp8751;"CHANL; S21; LOGH"

100  INPUT “Enter center frequency (Hz)",F_cent
110  INPUT “Enter frequency span (Hz)",F_span
120  QUTPUT Hp8TEL;"CENT ";F_cent '

130  OUTPUT Hp8751;"SPAK *;F_span

140 ! - :

150 QUTPUT Hp87E1;"HOLD"

160 OUTPUT Hp8751;"CALKNSO"

170  OUTPUT Hp8751;"CALIRESP"

180  INPUT *Connect THRU, then press [Return].",Dum$
180 QUTPUT Hp87&1;"CLES"

200 QUTPUT Hp8751;"STARCH

210  REPEAT

220 OUTPUT Hp&7E1;"ESBT"

230 ENTER HpB87&1;5tat

.240  UNTIL BIT(Stat,0)

250 !

260  OUTPUT Hp8751;"RESPDCONE"

270 OUTPUT Hp8751;"*0PCT"

280  ENTER Hp8751;Dum

290 QUTPUT Hp875%; CONT"

300 DISP "Response cal completed."

310 END
Figure 2-4. Sample Program: Frequency Response Calibration

Line 150 Sets the trigger to the hold mode.
Line 160 Selecis the 50 Q type-N calibration kit.
Line 170 Opens the calibration by calling the response calibration.
Line 180 Asks for a THRU, and waits for the operator to connect it.
Line 180 Clears all registers.
Line 204 Selects and measures the THRU. There is more than one standard

in this calibration, so we must identify the specific standard within
this calibration. The THRU is the third softkey selection {rom the
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top in the menu, so use the STANC command to select THRU as the
standard.

Lines 210 through 240 Waits for the standard to be measured. This is indicated by bit 0 of %
event status register B.

Lines 260 through 280 Affirms the completion of the calibration, and waits for calculation
completion,

Line 290 Sets the trigger to the continuous mode.

I,
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1-Port Reflection Calibration

The following program does a 1-port calibration using the 50 { type-N calibration kit.
The program assumes that the port being calibrated is a 50 (2, tvpe-N female test port.
This program simplifies the calibration for the operator by giving explicit directions on the
computer display.

e !

20 P i-port Reflection Calibration
30 !

40 Hp8751=717

50 ABORT 7

60 CLEAR Hp8751

70 t

80 JUTPUT Hp8T751;"PRES"

90 OUTPUT Ep8T7L1;YCHARL; S21; LOGH"

10¢  IFPUT "Enter center fregquency (Hz)",F_cent
110 INPUT "Enter frequency span (Hz)",F_span

1206 OUTPUT Hp8751;"CENT *;F_cent

130 OUTPUT Hp8T751;"SPAN *;F_span

140 !

150  OUTPUT Hp8751;"HOLD"

-160 OUTPUT Hp8TH1;"CALKNSC"

170 OUTPUT Hp8751;"CALIS1iiv

180 !

180 INPUT "Connect OPEN at port 1, then press [Return].",Dum$
200 DUTPUT Hp8751;"CLASS114"

210 QUTPUT Hp8751;"CLESH

220  QUTPUT Hp8751;"STANBY

230  GOSUB Op_end

240  OUTPUT HpST751;"DOKE"

250 !

260 INPUT "Comnect SHORT at port 1, then press [Return].®,Dum$
270 QUTPUT HpB751;"CLASS11BR"
- 280  DUTPUT Hp8&751;"CLES"

280  OUTPUT Hp8751;"STANB"

30C  GOSUB Op_end

310 OUTPUT Hp87&H1;"DONE®

320 t

330 INPUT "Connect LOAD at port i, then press [Return].",Dum$
340  QUTPUT Hp8751;"CLES" .
350  QUTPUT Hp8T51;"CLASSiiCH

360  GOSUB Op_end

370 _

380  QUTPUT Hp8751;"SAviv

380  QUTPUT Hp8751;"*(0pCe?H

400  ENTER Ep8751;Dunm

410 OUTPUT Hp8751;"CONT"

420 'DISP "i-port cal completed."

430  STOP

440 !
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450 Op_end:
480  REPEAT

Line 450 through 500

£70 OUTPUT Hp8751;"ESB?"

480 ENTER Hp8751i;Stat

490  UNTIL BIT(Stat,0)

50C RETURN

516 END

Figure 2-5. 1-port Refiection Calibration
Line 170 Opens the calibration by calling the S1; I-port calibration.
Line 200 Selects the OPEN standard.
Line 210 Clears all the registers.
Line 220 Selects the female OPEN standard, and starts measuring the
standard. _
Line 230 Waits until the measurement ends.
Line 244 Completes the OPEN standard measurement.
Line 270 Setects the SHORT standard.
Line 290 Selects the female SHORT standard, and starts measuring the
standard.

Line 310 Compietes the SHORT standard measurement,
Line 350 Selects the LOAD standard, and starts measuring the standard.
Line 380 Saves the calibration.
Line 410 Sets the trigger to the continuous mode.

Waits until the operation complete bit of the event status register is
set to 0.
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Dats Transfer from the HP 87514 to a Computer

Trace information can be read out of the HP 87514 in several ways. Data can be read off the
trace selectively using the markers. or the entire trace can be read out.

Using Markers to Obtain Trace Data at Specific Points

If only specific information such as a single point off the trace or the result of a marker search
is needed, the marker output command can be used to read the information.

Marker data is read out with the command ODUTPMARK. "This command causes the HP 87514 io
transmit three numbers: marker value 1, marker value 2, and marker stimulus value. Refer to
Table 2-1 for all the different possibilities for values one and two.

i0 !

20 ! Using Markers to Obtain trace data at specific points
30 f

40  HpB751=717

5O ABORT 7

60 CLEAR Hp8751

70 !

80 OUTPUT Hp8751; "PRESH

90 OUTPUT Hp8751;"CHANL; S21; LDGMY

100 INPUT "Enter center frequency (Hz)",F_cent
116 INPUT "Enter frequemcy span (Hz)",F_span
120 QUTPUT Hp8751;"CENT ":F_cent

130 OUTPUT Hp&751;"SPAN *;F._span

140 !

150 OUTPUT Hp8751;"CLES"

160 OUTPUT Hp87E1;"SING"

170 REPEAT

180 QUTPUT Hp8751;"ESB?™
190 ENTER HpB8751;Stat
200  UKTIL BIT{Stat,0)

210 §

220 OUTPUT Ep8751;"AUTG"

230 OUTPUT Hp8T5H1;"MARK1"

240  QUTPUT Hp8751;"SEAMIN"

250 CGUTPUT Hp8T7&1 ;" OUTPMARK?™
260  ENTER Hp8751{;Vall,Val?,Stim
270 PRINT "Min val:",Vali;"dB®
280  PRINT “Stimulus:",Stim:"Hz"
280  END

Figure 2-6. Sampie Program: Using Markers to Obtain Trace Data at Speclic Points

Lines 150 through 200 Collects one sweep of data, and wait for completion.
Tine 220 Brings the trace data in view on the HP 8751A°s display.

Line 230 Activates marker 1.

b=
1

-2

L)
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Line 240
Line 250

Line 260

Has the HP 8751 A search for the trace minimum
Ourputs the marker values at that point.

Reads marker value 1, marker value 2. and the stimulus value.

Table 2-1, Units as & Function of Display Format

Display Marker QUTPHMARK DUTPFORE Marker Readout?
Format Mode value 1, value 2 value 1, value 2 value, anx value
LOG MAG dB, dB* dB,?
2
PHASE degrees,” degrees,? degrees,”
DELAY seconds,? seconds,? seconds,?
SMITE LIN MER lin mag, degrees real, imag lin mag, degrees
CHART LOG MER | dB, degrees real, imag dB, degrees
Re/Im real, imag real, imag real, imag
R+ X real, imag ohms real, imag real, imag ohms
G+ B real, imag Siemens real, imag real, imag Siemens
POLAR LIN MKR iin mag, degrees real, imag lin mag, degrees
LOG MKR  dB, degrees real, imag dB, degrees
Re/Im real, imag real, imag real, imag
LIN MAG lin mag,? lin mag,? lin mag,?
REAL real,” real,? real 2
SWR SWR,? SWR,? SWR,?

1 The marker readout values are the marker values displayed in the upper left hand corner of the display. They also
correspond to the value and anx value associated with the hxed marker.

2 Value not significant in this form, but is included in data transfers.
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Trace Transier

Getting trace data out of the HP 87514 with a 200/300 series computer can be broken down
mio three steps:

J—y

. Setting up the receive array.

Iy

2. Telling the P 87514 to transmit the data.

- 3. Accepting the transferred data.
Data inside the HP 87314 is always stored in pairs, to accommodate real /imginary values, for
each data point. Therefore. the receiving array has to be two elements wide, and as deep as

the number of points. This memory space for this array must be declared before any data is
to be transferred from the HP 8751A to the computer.

Bata Format. The HP 8751A. can transmit data over HP-IB in four different formats. The
type of format affects what kind of data array is declared (real or integer), since the format
determines what type of data is transferred.

# Form 2

1BEE 32-bit floating point format. In this mode, each number takes 4 bytes. This means
that a 201 point transfer takes 1608 bytes. Figure 2-7 shows the data transfer format of

Form 2.
[ |
|
e B
j : | 1 . - b —
- S NG, of bytes ! ‘ ] ! Birary dats by -
s o \wﬁ' g ‘_3 y‘ ool Binary data r— 'V, N \%m‘"*/ LEEC /
N WIS foliowed o I |[Complex data onlyi| L T
& bytes! {8 bytes) (8 pytes)
(=]
Figure 2-7. Form 2 Data Transfer Format
# Form 3

IEEE 64-bit ficating point format. In this mode, each number takes 8 bytes, This means
that a 201-point transfer takes 3216 bytes. Data is stored internally in the 200/300
series computer with the IEEE 64-bit flating point format, eliminating the need for any
reformatting by the computer. Figure 2-8 shows the data transfer format of Form 3.

1

RS
| |
!

N =N iNo.oof bytes!| || ‘ Binary data é | SToI T
@WW =~ Binary data = Fe—nl r—L»/ LFECH

!
soliowed | ‘E(Compiex data only), L. "7

& byies) {4 bytes) {4 byies!

Figure 2-8. Form 3 Data Transfer Format
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g Form 4

ASCII data transfer format. In this mode, each number is sent as a 24 character string,
each character being a digit, sign, or decimal poini. Since there are two numbers ver point,
& 201-point transfer in Form 4 takes 9648 bytes.

g Form &

MS—DOS® personal computer format. This mode is & modification of IEEE 32-bit floating
point format with the byte order reversed. Form 5 also has a four byte header which must
be read in so that data order ic maintained. In this mode, an MS-DOS Y PC can store data
internally without reformatting it.

Data Levels, Different levels of data can be read out of the HP 8751A (Refer to Figure 2-9).
= Haw data

The basic measurement data, reflecting the stimulus parameters, IF averaging, and IF
bandwidth. If a full 2-port measurement calibration is ON, there are four raw arrays kept:
one for each raw S-parameter. The data is read out with the commands OUTPRAW{1-4}7.
Normally, only raw 1 is available, and it holds the current parameter. If a 2-port calibration
is ON the four arrays to Si3, Sg1, S12, and Sap respectively. This data.is in real/imaginary
pairs.

g Frror corrected data

This is the raw data with error correction applied. The array is for the currently
measured parameter, and is in real/imaginary pairs. The error corrected data is read out
with QUTPDATA? or QUTPDATAP?. OUTPMEMO? or CUTPMEMOP? reads the trace memory if
available, which is also error corrected. Neither raw nor error corrected data reflect such
post-processing functions as electrical delay offset, or trace math.

g Unformatted data

This is the array of the complex number pairs which will be converted into a scalar number
in the next stage. The unformatted data is read cut with QUTPUFORM?.

® Formatted data

This is the array of data being displayed. It reflects all post-processing functions such as
electrical delay, and the units of the array read out depends on the current display format.
Refer to Table 2-1 for various units as a function of display format. The formatted data is
read out with CUTPFURM?, OUTPRFGRM?, OUTPFCORMP?, OUTPTMEM?, QUTPRTHMEMT, OUTPFTMEMPT,
CUTPIFORM?, JUTPIRFORMT, QUTPITMEM? or QUTRIRTMEM?.

e Calibration coefficients

The results of a calibration are arrays of calibration coefficients which are used in the error
correction routines. Each array corresponds to a specific error term in the error model, The
calibration coefficients are read out with OUTPCALC{01]12}7.

Formatted data is generally the most useful, being the same information seen on the display.
However, if the post-processing is not necessary, as may be the case with smoothing, error
corrected data is more desirable. Error corrected data also gives you the opportunity to load
the data into the instrument and apply post-processing at a later time.
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Data Transfer Using ASCH Transfer Format (Form 4). When Form 4 is used, each number is
sent as a 24 character string, each character being a digit, or decimal point. Since there are
two numbers per point, a 201-point transfer in Form. 4 takes 9648 bytes.

10 !
20 ! Data Transfer using ASCII Transfer Format
30 ! ' :
40 OPTION BASE 1§
50  Hp8751=717

60 ABORT 7
70 CLEAR Hp8751
80 i

80 QUTPUT Hp&751;"PHES"

100 QUTPUT Hp875:1;"CHANI; 321i; LOGH"

110 INPUT "Enter center frequency (Ez)",F_cent
120 INPUT "Enter frequency span (Hz)",F_span
130 QUTPUT Hp8781;"CENT ";F.cent

14¢  OUTPUT Ep8751;"SPAN ";F_span

180 i

160 OUTPUT Hp875%;"CLESY

170 OUTPUT Hp&751;"SING"

18C  REPEAT

190 JUTPUT HpB8TH1;"ESB?Y
200 ENTER Hp8751;3tatr
210 UNTIL BIT(Stat,0)

220 !

230  QUTPUT Hp&751;“POINT"

240  ENTER Hp8751;Nop

250  ALLOCATE Dat(Nop),Stim(Nop)
260  OUTPUT Hp8751;"FORM4"

270

280  QUTPUT Hp8751;"QUTPRFORMT"
290  ENTER Hp8751;Dat(x)

300 !

310  OQUTPUT Hp875L;"0DUTPSTIM?"
320 ENTER Hp8751;Stim(x)}

330 !
340 FOR I=1 TO Nop
350 PRINT Stim(I);"Hz",Dat(I);"dB"

360  KEXT 1
370  DEALLOCATE Dat(*),Stim{*)
380  EKD

Figure 2-10. Sample Program: Data Transfer using ASCH Transfer Format {Form 4)

Line 40 Specifies the default lower bound of arrays to 1.
Lines 230 and 240 Finds out how many points to expect.
Line 250 reate arrays to hold the trace data and the stimulus data.
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Line 260 Telis the HF 87514 o use the ASCII transfer format.

Line 280 Requests the real part of the formatted trace data.

Line 290 Transfers the data from the HP 87514 fo the computer, and puts it
in the receiving array.

Lines 310 and 320 Requests and transfers the stimulus data.

Line 370 Deallocates memory space.
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Data Transter using IEEE 64-bit Ficating Point Format {Form 3). To use Form 3, the computer
is told to stop formatting the incoming data with the ENTER statement. This is done by
defining an I/0 path with formatting OFF. Form 3 also has an eight-byte header to deal with.
The first two bytes are the ASCII characters “#67 that indicate that a fixed length block
transfer follows, and the next 6 bytes form an integer containing number of bytes in the block
to follow. The header must be read in so that dasa order is maintained.

10 !

20 ! Data Transfer using IEEE 64-bit Fleating Point Format
30 !

40 CPTION BASE 1

50  Hp8751=717

60 ABORT 7

70 CLEAR Hp8751

a¢ !

90 QUTPUT Hp8751;"PRES"

100 OUTPUT Hp8751;"CHAN1; 3$2%i; LOGM"

116 INPUT “Enter cemter frequency (Hz)",F_cent
120 INPUT "Emter frequency span (Hz)",F_span
130 QUTPUT Hp8751;"CENT ";F_cent

140 OUTPUT Hp8751;"SPAN “sF_span

150 !

160 CUTPUT Hp8751;"CLES"

170 OUTPUT Hp8T7E1;"SING"

180 REPEAT

180 CUTPUT Hp8751;"ESB?!
200 ENTER Hp8751;3tat
210 URTIL BIT(Stat,0)

220 f

230 QUTPUT HpB75%;"POINTH

240 ENTER Hp8751;Nop

250 ALLOCATE Dat(Nop),Stim(Nop)

260 COUTPUT Hp8751;"FORM3"

270 ASSIGN @Dt TO Hp8&751;FORMAT OFF
. 280 ¢

<80 OUTPUT Hp8751;“QUTPRFURM?"

300  ENTER @Dt USING "#,8A4":A$

31C  ENTER €Dt ;Dat{x)

320 ENTER @Dt USING “#,1A";:Bg

330 !

340 CGUTPUT Ep8751i;"QUTPSTIM?Y

380  ENTER @Dt USING "#,84";a

380 ENTER @Dt;Stim(#)

370  ENTER @Dt USING "#,14":B$

380 ¢

330 ASSIGN €Dt TO =

400 FOR I=1 TO Nop

410 PRINT. Stim(I);"Hz",Dat(I); "dB"

420 NEXT I

430 DEALLOCATE Dat(*),Stim(*)
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ERD

Figure 2-11. Sample Program: Data Transfer using IEEE 64-bit Floating Point Format {Form 3}

Line 260
Line 270

Line 300
Line 310
Line 320
Line 390

Tells HP 87514 to output data using Form 3.

Defines a data I/O path with ASCIT formatting OFF. The I/0 path
points to the HP 8751A, and can be used io read or write data to
the TP 8751A, as long as that data is in binary rather than ASCIT
format.

Enters the header.
Enters the data.
Enters the terminator.
Closes the I/0 path.
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Application Exampie

The following example is to measure the transmission parameter a bandpass filter and to get
the typical parameters: —3 dB bandwidth, Center frequency, and Insertion loss.

i0 d

20 ! Bandpass Filter Test
30 !

40 Hp87E51=717

50 ABORT 7

80 CLEAR Hp8T751

TG !

80 QUTPUT Hp8751;“PRES"
S0 CUTPUT Hp8751;"CHANL; S21; LOGM"

106 INPUT “Enter center frequency (Hz)",F_cant
110 INPUT "Enter frequency span (Hz)",F_span
120 CUTPUT Hp8751;“"CENT ":F_cent

130 OUTPUT Hp87E51;"SPAN “;F_ span

140 !

150 QUTPUT Hp8751;"HOLD™

160 UUTPUT Hp8751;"CALKNEO

17¢ 0UTPUT Hp87E1;"CALIRESPH

180  INPUT “Connect THRU, then press [Return].?,Dumd
190 CUTPUT Hp8751;"CLES"

200 QUTPUT Hp8751;"STANC!

210 GOSUB Op_end

220 CUTPUT Ep8751;"RESPDONE"

230 INPUT "Cal completed. Connect DUT, then press [Return].",Dum
240 !

250 OUTPUT Hp8751;"CLES®

260 OUTPUT Hp8T751;9SINGY

27¢  GOSUB Op_end

280 !

28C  OQUTPUT Hp8751;"MARK1"

3G0 GUTPUT Hp8751;"SEAMAX"

310 OUTPUT Hp8T51;“0UTPMARK?"

320 ENTER Hp8751;Loss,ValZ,Stim

330 !

340 QUTPUT HpB751;"DELR1Y

350 CUTPUT Hp8&751;"'WIDV -3"

380 OUTPUT Hp8751;#WIDTON™

370 QUTPUT Hp8T751;"GUTPMWID?!

380  ENTER Hp8751;Bw,Cent,(

390 !

400 PRINT "-3 48 bandwidth:", Bw;"Hz"

410 PRINT "“Center Ifrequency:?,Cent; "Hz"

420 PRINT “Insertion loss:",Loss: "dBY

430 STOP
440 !
250 Op_end: |
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460  REPEAT

470 OUTPUT Hp8751i;"ESB?"
480 ENTER HEp8751;Stat
490  UNTIL BIT(Stat,0)

500  RETURHE
&§10  END

Figure 2-12. Sample Program: Application Example (Bandpass Filier Tesf)

Lines 80 through 130

- Lines 150 through 230
Lines 250 through 270
Lines 290 through 320
Lines 340 through 380

Seis up measurement.
Does response calibration.

Takes one sweep of data.

Takes the insertion loss value using the marker search function.

Takes the —3 dB bandwidth value and the center frequency value

using the bandwidih search function.
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Advanced Programming Examples

Using List Frequency Mode

The list frequency mode lets you select the specific points or frequency spacing between points
at which measurements are to be made. Sampling specific points reduces the measurement
time since additional time is not spent measuring device characteristics at unnecessary
frequencies.

This example shows how to create a list frequency table and transmit it to the HP 8751A.
The command sequence for entering a list frequency table imitates the key sequence foliowed
when entering a table from the front panel: there is a command for every key press. Editing a
segment is also the same as the key sequence, but the HP 87514 automatically reorders each
edited segment in order of increasing start frequency.

This example takes advantage of the computer’s capabilities to simplify creating and editing
the table. The table is entered and completely edited before being transmitted to the HP
8751A. To simplify the programming task, options such as entering step size are not included.

iC f

20 ! Using List Frequency Mode
30 !

40 OPTION BASE !

50 Hp87851=717

8o ABORT 7

70 CLEAR Hp&751

80 !

g0 INPUT "Enter number of segments',Numb
100 ALLOCATE Table{Numb,3)

110

120 PRINTER IS 1

130 OUTPUT 2;CHR$(255)&"KY;

140 PRINT USING "104,104,104,204";"Segment”,"Start{Hz)","Stop(Hz)",
"Wumber of Points"

180 !

160 FOR I=1 TQ Numb

170 GISUE Loadpoin

180  NEXT I

180 !

200 LGOP

210 INPUT "Do you want to edit? (Y/N)",An$
22¢  EXIT IF An$="N" OR Ang="n"

230 INPUT "Enter segment number",I
240 GOSUE Loadpeoin

250 END LOOP

260C t

270 OUTPUT Hp87E1;"PRES"

280 OUTPUT Hp8751;"CHANL; $21; LOGM"
280 !

300 OUTPUT Hp875%;"EDITLIST"

310 QUTPUT Hp875BL;"CLEL"
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320 FOR I=1 TO Kumb

330 QUTPUT Hp&7E1;"3ADDY
340 OUTPUT Hp8T7T51;"STAR Table{I,1)
350 OUTPUT Hp8751;“STOP *;Table(l,2)
380 OUTPUT Hp8T75:;"POIN “.Table(l,3)
370 OQUTPUT Hp8THL;"SDHON"

3806  HKEXT I

390  DUTPUT Hp8751;"EDITDONE"
400  OUTPUT Hp875:i;"LISFREQY
41¢  OUTPUT Hp8751;"LISDOBASE"

420 f

430 OUTPUT Hp&7BL;"CLES"
440 OUTPUT HpB87L1;"SING!

45C  REPEAT

460 OQUTPUT Hp&751;"ESB?"
470 ENTER Hp8751;5tat
480  UNTIL BIT(Stat,0)

49C  QUTPUT Hp8T7EL;"AUTC"

OO STOP
sio !
520 Loadpoin:

530 INPUT "“Enter

1

start frequency (Hz)",Table{I,1)

540 INPUT "Enter stop frequency (Hz)",Table(I,2)

550  INPUT "Enter

number of points",Tablel(l,3)

§60  IF Table(I,3)=1 THEN Table{I,2)=Table(l,i)
E7C  PRINT TABXY{0,I+1);I;TAB{10);Table(X,1);TAB(20);Table(l,2);TAB(3E);

Table(I,3)
580  RETURN
880 END

Figure 2-13. Sample Program: Using List Frequency Mode

Line 90
Line 100

Lines 120 through 140
Lines 160 through 180
Lines 200 through 250
Line 300

Line 310
Lines 320 through 380
Line 399
Line 400
Line 410

Finds out how many segments to expect.

Creates a table to hold the segments. Keeps stari frequency, stop
frequency, and number of points,

Clears the screen and print the table header.
Reads in each segment.
Edits the table until editing is no longer needed.

Activates the frequency list edit mode, and opens the list frequency
table for ediling.

Deletes any existing segments.
Enters the segment values.
Closes the table.

Turns on list frequency mode.

Displays the trace for only the listed frequency ranges.
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Lines 520 through 380 Enfers in a segment.
Lines 530 through 550 Enters the segment values.

Line 560 Makes the stop frequency equal to the start frequency to avoid
ambiguity, if only one point is in the segment.

Line 570 Prints the segment out.
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Jsing Limit Lines to Perform Limit Testing

This example shows how to creaze a limit table and fransmii it to the HP §751A. The
command sequence for entering a limit table imitates the key sequence followed when entering
a table from the front panel: there is a command for every key press. Editing & limit is also
the same as the key sequence, but remember that the HP 8751 A automatically reorders the
table in order of increasing start frequency.

This example takes advantage of the computer’s capabilities to simplify creating and editing
the table. The table is entered and completely edited before being transmitied io the HF
8V5LA. To simplify the programming task, options such as entering offsets are not included.

10 !

20 ! Setting up Limit Lines
30 !

40 OPTION BASE 1

50 HpB8751=T717

60  ABORT 7
70 CLEAR Hp875%
80 !

8¢ OUTPUT Hp875%;"PRES"

100 OUTPUT Hp8T7LH1i;"CHANL; S21; LOGM™

116 INPUT "Enter start frequency (Hz)",F_start
120 INPUT "Enter stop freguency (Hz)",F_stop
130 OUTPUT Hp8751;"STAR ";F_start

140  DUTPUT Hp&751;"STOP “;F_stop

150 !

isg INPUT "Enter number of limite",Numb

-170 ALLOCATE Table(Numh,3)

180 !

190 PRINTER IS 1

200  OUTPUT 2;CHRE(2BB)&"K"™;

210 PRINT USING "104,15A,184,154";"Segment","Stimulus (Hz)","Upper(dB)",

"Lower (dB}"

220 ! :

230 FOR I=1 TO Numb

240 GOSUE Loadlimit

260 NEXT I

260 !

270  LOOP

280 INPUT "Do you want to edit? {Y/N)",An$
280 EXIT IF An$="N" DR Ang§="pn"

300 INPUT "Enter segment number®”,]
310 GOSUB Leadlimit

320 END Logp

230 !

340  QUTPUT Hp8751;"EDITLIML®

350  OUTPUT Hp8751;"LIMCLEL"

360  FOR I=1 TO Numb

370 OJUTPUT HpB751;"LIMSADD"

380 OUTPUT HpB87&1;"LIMS ';Table(l,1)
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320 OUTPUT Hp875%;"LIMU ";Table(I,2)

400 OUTPUT Hp8751;"LIML ";Table(I,3)
4190 GUTPUT Hp87E&1;"LIMSDON"

420 NEXT I

430 !

440 QUTPUT Hp8751;"LIMEDCNE"

450 JUTPUT Hp8751;"LIMILINEON"

460 - OUTPUT Hp&T751;"LIMITESTON"

470 DEALLOCATE Table(x)

480 STOP

480 t

500 Loadlimit: !

510  INPUT "Enter stimulus value (Hz)",Table(I,i)
520  INPUT “Enter upper limit value (dB)",Table(I,2)
530 INPUT “Enter lower limit value (4B)",Table(I,3)
540 PRINT TABXY(0,I+1):I;TAB(11);:Table(I,1) :TAB{(27) :Table(l,2) ;TAB(42);

Tablae(I,3)
580 RETURYN
560 EXD
Figure 2-14. Sample Program: Setling up Limit Lines
Line 160 Finds cut how many limits to expect.
Line 170 Creates a table to hoid the limits. It will contain the stimulus value

{frequency}, the upper limit value, and the lower limit value.

Lines 190 through 210 Clears the screen and prints the table header.

Lines 230 through 250 Reads in each segment.

Lines 270 through 320 Edits the table until editing is no longer needed.
Line 340 Begins editing the limit line tabie.

Line 350 Deletes any existing hmits,

Lines 360 through 420 Enters the segment values.

Line 440 Closes the table.
Line 450 Displays the limits.
Line 460 Activates the hmit tesfing.

Lines 500 through 550 Enters a segment.
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Storing and Recaliing Instrument Status

This example demonstrates ways of storing and recalling entire instrument states over HP-IB.

Coordinating disk storage

This example shows how to save and recall the instrument status in the disk installed in the
built-in disk drive. ‘

10 d

20 ! Storing Imstrument States

30 !

40 DIM Err$[50]

5 Hp8751=717

60 ABORT 7

70 CLEAR Hp8751

80 !

80 QUTPUT Hp8T7EL;"PRES"

100 QUTPUT Hp87&1i;“CHANL; S21; LOGM®

110 INPUT "Enter center frequency (Hz)",F_cent
120  INPUT "Enter frequency span (Hz)",F_span
130 QUTPUT Hp8751;"CENT ";F_cent

140 QUTPUT Hp8751;"SPAK ";F _span

150 §
160  INPUT "File name? (up to 8 char.)", Name$
170 OUTPUT Hp8751;"SAVDSTA """, Name$;""";"

180  QUTPUT Hp875H1;"*0PCT"

180  ENTER Ep8751;Dum

200 CUTPUT Hp&751;"ODUTPERRO?"
210 ENTER HpB8751;Err,Err$

220 IF Err THEN

230 PRINT "Error occurred.”

240 PRINT Erre

250 STOP

260 ELSE

270 INPUT "Save dome. Press [Return} to recall.',Dum$
280  END IF

280 ;

300 OUTPUT Hp8751;"PRESY

310 DUTPUT Hp8751;"RECD "#";Name§;"_S"","
320  QUTPUT Hp8751;"+(pC7"

330  ENTER Hp8751;Dum

340  DISP "Done."

350 END
Figure 2-13. Sampie Program: Storing instrument States
Line 160 (Gets the name of the file fo create.
Line 170 Saves the instrument states and the calibration coefficients with the

file name. The file name must be preceded and foliowed by double
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guoctation marks, and the only way to do that with an QUTPUT
statement is to use two sets of quotabion marks: ",

Lines 180 and 190 Waits for completion of the saving.
Lines 200 and 210 Examines whether an error occurred or not.

Lines 220 through 280 If an error is detected, prints the error number and the error message.
' If an error is not detected, prompts the user to continue the program.

Line 310 Adds the extension io the file name and recalls the file.
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Reading Caiibraticn Date

This example demonstrates how to read measurement calibration data out of the HP 87514,
and how to put it back into the HP 8751A.

The data used to performn measurement error correction is stored inside the HP 8751 A in up
te twelve calibration coefficient arrays. Each array is a specific error coefficient, and is stored
and transmitted as an error corrected data array: each point is & real/imaginary pair, and the
number of points in the array is the same as the nwmber of points in the sweep. The four data
format also apply to the transier of calibration coefficient arrays. Appendix ) specifies where
the calibration coefficients are stored for different calibration types.

A computer can read out the error coefficients using the QUTPCALC{01~12} commands.
Fach calibration type uses only as many arrays as needed, starting with array 1. Therefore,
it is necessary to know the type of calibration about to De read out: attempting $o read

an array not being used in the current calibration causes the “REQU ESTED DATA NOT
CURRENTLY AVAILABLE” warning.

A computer can also store calibragion coefficients 1n the HP 8751A. To do this, declare

the type of calibration data about to stored in the HP 8751A just as if you were about to
perform that calibration. Then, instead of calling up different classes, transfer the calibration
coefficients using the INPUCALC{01-12} commands. When all the coeflicients are in the HP
8751A, aciivate the calibration by issuing the mnemonic SAVC, and have the HP 8751 A take a
sween,

This example reads the response calibration coefficients into a very large array, from which
they can be examined, modified, stored, or put back into the HP 8751A.

10 !

20 ! Beading calibraticn data

30 !

40 OPTION BASE 1

50 DIM Head$[6]

60 Hp8751=T717

70 ABORT 7

80 CLEAR Hp8751

80 :

100 INPUT "“Connect THRU and press [Return] to do cal.",Dum$
110 GOSUB Setup

120 GOSUB Cal

130 OUTPUT Hp87&1;"34VCY

140 QUTPUT Hp8751;"POINTY

150  ENTER Hp8751;Nop

160  ALLOCATE Dat{¥Nop,2)

170 i

180 INPUT "Press [Return] to transmit cal data.!,Dum$
190 ASSIGHN @Dt TQ Hp8751i;FURMAT OFF

206 UUTPUT Hp8751;"FORM3"

210 OQUTPUT HpBTEL;"QUTPCALCQL?Y

220  ENTER @Dt USING "#,8A";:A$

230  ENTER @Dt ;Dat(*)

240  ENTER @Dt USING "“#,1a":B%

250  INPUT "Transmit done. Disconnect THRU and press [Return].”,Dum$
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260 !

270 GOSUE Setup

280 GOSUB Cal

280 QUTPUT Hp8751;"SAVCH

300 /

3210 INPUT "Press [Return] tc¢ retransmit cal data.',Dum$
320 V$=VAL$(Nop*2%8)

330 Numv=LEN(V$)

340 Head$="000000"

350 FOR I=1 TC Hunv

380 Head$[7-I,7=11=V$ [Numv-T+1,Numv-I+1]
376 NEXT I
380 b

380 QUTPUT Hp8751;"INPUCLALCOL ¥

400 QUTPUT Hp8VEL;"#6"ZHead$

410 QUTPUT @Dt;Dat(*) ,END

420  QUTPUT Hp87E1;"SAVCH

430 . !

440  ASSIGK @bt TO =

450  DEALLOCATE Dat(=)

480  DISP "Retransmit completed. Connect DUT."
470 OUTPUT Hp8751i;"CONTY

48¢  8TOP
490 !
EQ0 Setup: !

510 F_cent=7.0E+7T

B20  F_span=2.0E+5

530 OUTPUT Hp8751;"PRESH

540 QUTPUT Hp8751;"CHAN1; S2¢: LGGM"
550 QUTPUT Hp8TEL;"CENT ";F_cent
5680 OUTPUT Hp&751;"SPAN ";F_span
570 QUTPUT Hp8751;YSING"

580 RETUEN
580 i
600 Cal: ¥

610  CUTPUT Hp&751;“CALIRESP"
620  QUTPUT Hp8751;“CLESH

630  OUTPUT Hp8751;"STANC"
640  REPEAT

650 OUTPUT Hp&751;"ESR7"
860 ENTER Hp8751;Stat

670  UNTIL BIT(Stat,0)

680  WAIT .001

690  DUTPUT Hp8751;"RESPDONE"
700  RETURN

710 - END
Figure 2-18. Reading calibration data
Line 50 Declares the dimension part of the file header.
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Line 110 Presets and sete up the HP 8751A, then holds the trigger.

Line 120 Periorms the response calibration.

Line 130 Re-draws the trace with the calibration data.

Line 210 Requests outputting the calibration data.

Line 220 Enters the file header,

Line 230 Enters the calibration data.

Line 240 Enters the file terminator.

Line 280 Performs the calibration to set the correction ON.

Line 320 Calculates the number of bytes transferred, and represents it in the

string format,

Lire 330 Counts the number of characters in the string which contains the
number of bytes {ransferred.

Line 340 Enters 0 to all the arrays of the header as the initial value.

Lire 350 through 37G  Places the number of bytes transferred to the header array digit by
digit irom the sixth array to the first array of the header.

Line 390 through 410  Transmits the file header and calibration data.
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Miscellaneous Programming Examples

Controlling Peripherals

The purpose of this section is to demonstrate how to coordinate printers or plotters with the
HP 8751 A.

The HP 8751A has two operating modes with respect to HP-IB, as set under the
menu: System controller mode and Addressable only mode. The system controller mode is
used when no controller is present. The addressabie only mode is how the camputer can
control the HP 8751A and how the computer can pass active control to the HP 8751A so that
the HP 8751A can plot or print.

Note that the HP 8751A assumes that the ad iress of he computer is correctly stored in its
HP-IB addresses menu under the ADDRESS . 'CONTROLLER: entry. If this address is incorrect,
control will not return to the computer.

If the HP 8751A is in Addressable only mode and receives a command felling it to plot or
print, it sets bit 1 in the event status register to-indicate that it needs control of the bus. If
the computer then uses the HP-IB control command to pass control to the HP 8751A, the HP
8751A will take control of the bus, and access the peripheral. When the HP 8751A no longer
needs control, it will pass it back to the computer.

Control should not be passed to the HP 87514 before it has set event status register hit 1,
Request Active Control. If the HP 8751A receives control before the bit is set, control is
passed immediately back.

While the HP 8751A has conirel, it is free to address devices to talk and listen as needed.

The only functions denied it are the ability to assert the interface clear line (IFC), and remote
line {(REN}. These are reserved for the system controller. As active controller, the HP 87514
can send messages to and read replies back from printers and plotters.

This example prints the display.

10 E
20 ! Contrelling Peripherals
30 f
40 DIM Err$(s0]
50 Hp8751=717
80 !
70 OUTPUT Hp8781;"#CLSY
80 OUTPUT Hp8751;"*ESE 2"
£

90 .
100 QUTPUT Hp&751;"PRINALLY
110 REPEAT

120 Stat=SPOLL (Hp8751)
130 UNTIL BIT(Stat,5)

140 ¢

1560  PASS CONTROL Hp8751
160  DISP *Printing."
17¢— REPEAT

180 STATUS 7,6;Hpib
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190 UNTIL BIT(Hpib,6)

200  DISP "Done."

210 !

220 QUTPUT Hp87851;"OUTPERRO?"
23C  ENTER Hp8751;Err,Err$

240 IF Err THEN DISP Errg

280 END
Figure 2-17. Sample Program: Controlling Peripherais
Line 70 Clears the status reporting system,
Line 80 Enables the Request Active Control bit in the event status register,
Line 100 Reguests printing.

Lines 110 through 130  Waits until the HP 87514 requests control.
Line 150 Passes active control to the HP 87514
Line 170 through 190  Waits until the print is finished and the control is returned.

Line 220 through 240  If an error occurred, prints the error number and the eITOT message.
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Transterring disk data files

The built-in disk drive is often used to store data files in addition to instrument states. The
file name is then appended with two characters to indicate what is in the file. “_D” indicates
the file contains the internal data array using thefSﬁ - “or the SAVDDAT command.
Refer to “Saving and Recalling Instrument States and Data” in the Reference Manual for the
file structure.

THhis example demonstrates how to recall a data file stored by the built-in disk drive into a
computer using the disk drive connected to the computer.

Before running the program, store the data to the disk installed in the built-in disk drive,
remove the disk, and put the disk in the disk drive connected to the computer.

10 !

20 { Transferring Disk Data Filss

30 4

40 OPTION BASE 1

50 INTEGER Nop

60 DIM Sw$(7) (8], .Numseg(7) :
70 DAT4 YRaw",8,"Cal",24,"Data",2,"Men",2,"Unform®,2,"Trace",2,
"Tracemem'",2

30 !

a0 INPUT "File name {(with extension)?",File$

100  ASSIGE 9QPath TG File$

110  ENTER @Path USING “8X,#"

120 HNumdat=0

130 FRINT "Data contained:"

140 FOR I=1 TO 7

150 AEAD Dat3,¥um

160 GUSUB Datasw

i70 NEXT I

180  PRINT

180 ENTER QPath USING "4F%,#°
200 !

210  INPUT "Press [Return] to read data.®,Dum$
220 FOR J=1 TO Numdat

230 FOR I=1 TO Numseg(J)
240 PRINT Sw$(J) ;I
250 GOSUB Dataseg

260 PRINT

270 NEXT I

280 PRINT

290 IF J<>Numdat THEN INPUT "Press [Return] to read next data.”,Dum$
300 NEXT J

310 ASSIGN @Path TO =

320 STOoP

330 i

340 Datasw: !

350 ENTER @Path USING "B,#";Sw
360 I¥ 3w THEN
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370 Numgatslumdat+1

380 Sw$ (Numdat )=Dat$
380 Numseg (Numdat) =Num
400 PRINT Sw${Numdat)
410 END IF

420 RETURKN

430 ;

440 Dataseg: !

450 ENTER @Path;Nop

480  ENTER @Path USING "4%, #°
470  FOR K=1 TO Nop

480 ENTER €Path;X,Y

490 PRINT Neop,X,Y

500 . NEXT K

510 EKNTEZR @Path USING "&X, #"
520 RETURK

530 END

Figure 2-18. Sample Program: Transiersing Disk Data Files

Lines 50 and 60 Sets up the data of possible data groups.

Line 80 Gets the file name to load. The file name must be included the
extension: “_D7.

Line 100 Defines an I/O path which points to the chosen file.
Line 110 Enters bytes of internal use only.

Line 120 through 170  Reads the data switches and examine the data contained.

Line 180 Enters bytes of internal use eanly.

Line 220 through 300  Enters a data group.

Line 230 through 270  Enters a data segment.

Line 310 Closes the I/ O path.

Lines 340 through 420 Reads a data switch,

Lines 440 through 520 Enters a data segment.

Line 450 Fnters the number of data bytes which follow.
Line 460 Enters bytes of internal use only.

Lives 470 through 500 Reads the data.

Line 510 Enters the bvtes of internal use only.
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Status Reporting

The HP 8751A has a status reporting mechanisin that gives information about specific
functions and events inside the HP 8751A. The status byte is an 8 bit register with each bit
summarizing the state of one aspect of the HP 8751A. For example. the error queue summary
bit will always be set if there are any errors in the queue. The value of the siatus byte can be
read with the SPOLL statement. This command does not automatically put the HP 87514
into the remote mode, thus giving the operator access to the HP 8751A front panel functions.
Reading the status byte does not affect its value. The sequencing bit can be set by the
operator during execution of a test sequence.

The status byte also summarizes two event status registers and one operational status register
that monitor specific conditions inside the HP 8751A. The status byte also has a bit that is
set when the HP 8751A is issuing a service request over HP-IB, and a bit that is set when the
HP 8751A has data to send ont over HP-IB. Refer to Appendix B for a definition of the status
registers.

The error queue holds up to 20 mstrument errors and warnings in the order that they
occurred, Each time the HP 8731A detects an error condifion and displays a message on

the CRT, it also puts the error in the error queue. If there are any errors in the queue, bit

3 of the status byte will be saet. The errors can be read from the queue with the CUTPERRQ?
command, which causes the HP 8751A to transmit the error number and the error message of
the oidest error in the queue.

It is also possible fo generate interrupts using the stafus reporting mechanism. The status
byte bits can be enabled to generate a service request (SRQ) when sef. The computers can in
turn be set up to generate an interrupt on the SRQ.

To be able to generate an SR, a bit in the status byte has to be enabled using *SRE n. A
one in a bit position enables that bit in the status byte. Therefore, *SRE 8 enables an SR{} on
bit 3, check error queue, since 8 equais 00001000 iz binary representation. That means that
whenever an error is put into the error queue and bit 3 gets set, and the SRQ line is asserted.
The only way to clear the SRQ is o disable bit 3, re-enable bit 3, or read out all the errors
from the queue.

A bit in the event status register can De enabled so that it is summarized by bit & of the
status byte. If any bit is enabled in the event status register, bit 5 of the status byte will also
be set. For example, +ESE 66 enables bits 1 and 6 of the avent status register, since 66 equals
(1000010 in binary representation. Therefore, whenever active control 18 requested or a front
panel key is pressed, bit 5 of the status byte will be set. Similarly, ESNB n enables bits in
event status register I so that they will be summarized by bit 2 in the status byle,

To generate an SR{} from an event status register, enable the desired event status register bit.
Then enable the status byte to generate an SRQ. For instance, *ESE 32 and #SRE 32 enable
the syntax error bit, so that when the syntax error bit is set, the summary bit in the status
byte will be set, and it enables an SRQ on bit 5 of the status bvte.

10 !

20 ! Generating Interrupts
30 !

40 Hp8751=717

50 !

80 CUTPUT Hp8751;"%CLS"
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T OUTPUT Hp8751;"#ESE 32"

80 QUTPUT Hp8751;"=3RE 32"

20 !

100  ON INTR 7 GOSUB Err. report
110 ~ ENABLE IRTR 7;2

120 ¢

130 LOOP

14C  END LOOP
150  STOP

160 ¢

170 Err_report:!

180  Stat=SPOLL(Hp8751)

180  OUTPUT Hp8751;"*ESRT"

200  ENTER Hp87L1;Estart

210  PRINT "Syntax error detected.”
220 !

230  QUTPUT Hp8751;"OUTPERROT
240  ENTER Hpa?Si;Err,Err$

250  PRINT Err,Err$

260 !

270  ENABLE INTR 7

280 RETURN

290 ERD
Figure 2-19. Sampie Program: Generating Interrupts
[ E Line 60 Clears the status reporting system.

Line 70 Frnables bit 5 of the eveni status register.

Line 80 Fnables bit 5 of the status byte so that an SRQ will generated on &
syntax error.

Line 100 Tells the computer where to branch it gets the interrupl.

Line 110 Tells the computer to enable an interrupt from interface 7 (HP-IB)
when value 2 (bit 1: SRQ bit) of the mterrupt register is set. A
branch to Err_report will disable the interrupt, so the return from
Err_raport re-enables it. If there is more thap one instrament on
the bus capable of generating an SRQ, it 1s necessary to use serial
poll to determine which device has issued the SRQ. In this case, we
ascume the HP 8751A did it. A branch to Err_report will disable
the interrupt, so the return from Err_report re-enable it.

Line 130 and 140 Does nothing loop.

Line 180 Ciears the SR bit of the status byte.

Lines 190 and 200 Reads the register to clear the bit.

Lines 230 through 250 Instructs the HP 8751A to output the error number and the error
message, and print them.
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HP-IE Programming Reference

This chapter provides a reference for the HP-IB operation of the HP 8751A. Use this
information as a reference to the syntax requirements and general function of the individual
commands.

This chapter lists the commands in alphabetical order. Refer to Appendix A for a functional
list of the commands.

Refer to the Reference Manual for the details of each function, or to the Service Manual for
detail of the service related functions.

Notation

8.8
ATTIR(DdBI204dB]}

Seis 1he attenugdor v
[ ATTHN 1 Quer

nder | MENU] ; Guery)

P O 1o 70 dB), in 10-{dB) step,

Upper case bold characters represent the program codes which must appear exactly as
shown with no embedded spaces. Upper and lower case characters are equivalent.

©

@ Characters enclosed in the { } brackets are qualifiers attached to the root mnemonic.
There can be no spaces or symbols between the root mnemonic and its appendage.
For example: _
{ON|OFF} shows that either ON or OFF can be attached to the root mnemonic.
CONM{ON|OF¥F} means CONMON or CONMOFF.
{1-4} shows that the numeral 1, 2, 3, or 4 can be attached to the root mnemonic.
DELR{1-4} means DELRI, DELR2, DELRS3, or DELRA.
@ A constant or a pre-assigned simple or complex numeric or string variable transferred
to the IP 8751A. There must be a space between it and the code.
@ Square brackets indicate that the enciosed information is optional.
o Softkey or hardkey which has the same function.
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® “Luery” indicates thatl the command can be queried. Refer to “Query Commands”™.

MNoie A semicolon (;) is required as a separator for each program command except

5 for the last command.
o

for example, either of the followings is acceptable.

QUTPUT Hp875:,"CHANL; S11; LOGM;*"
OUTPUT Hp87L1i;"CHANL; S11; LOGM®

Query Commands
All instrument function can be interrogated to find the current On/Off state or value.

For instrument state commands, append the question mark (?) character instead of
{ON|{OFF'} to interrogate the state of the functions. The HP 8751A responds to the next
controlier ENTER operation with a “1” or & “0” to indicate On or Off, respectively.

For settable functions such as SCAL value, using SCAL? causes the HP 8751A to respond to
the next controller ENTER operation by outputting the current function value then clearing
the instrument entry area.

'a command that does not have a defined response is interrogated, the instrument outputs a
zera. '
g Example 1

AB

OUTPUT Hp8&7651;"AB7T;M

ENTER Hp8751;Reply

PRINT "Input port is AB?",
IF Reply then PRINT “Yes®
IF NOT Reply the PRINT "No”

m Example 2
ATTIA{0DB|20DB}

QUTPUT Hp8751;"ATTIA?;"
ENTER Hp8751;Reply$
PRINT "Port A attenuator value is ";Reply$

& Example 3
ADDRCONT value

CUTPUT Hp8751;"ADDRCONT? ;"
ENTER Hp8751;Reply _
PRINT “Controller HP-IB address is ";Reply
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Suffix

35 ! g The foliowing suffixes can be used as the units the of stimulus values:
: Frequency: Hz (default), MHz
Power: dBm (default}
, Attenuator: dB {default}
; Log mag: dB (defauit)
Delay time: s (default)
Phasge: deg (default)

Capacitance:  F (default)
Inductance: H {default)
Impedance: ohm (default)

If no suffix is used, the HP 8751 A assumes the default values for the instruction. Upper and
lower case characters are equivalent.

Code Naming Conventions

The HP-IB Commands of HP 87514 are derived from their front panel key titles (where
possible), according to the naming conventions below.

Some codes require appendages (on, off, 1, 2, ete.). Codes that have no front panel equivalent
are HP-1B only commands, and use a similar convention based on the cominon name of the
function. Where possible, HP 8751A codes are compatible with HP 8753 and HP 8510 codes.

Table 3-1. HP-IB Code Naming Convention

Example
. Convention For HP-IB Code Use .
Key Title HP-IB Code
One word First four letters PCWE
STAR
Two words First three letters of first word and ELED
first Jetter of second word SEAR
| Two words in & group | First four letters of both HMARKCENT
Three Words First three letters of first word, CALKTHE
first letter of second word, and SEARSTOR
first four letters of third word
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Reference

AB

- Clalculates and displays the complex ratio of input A to input B. (A/B under (MEAS }; Query)

ABODCALI

Aborts the de detector’s output voltage linearity calibration. ( SCRT

ACTLHFRE

Sets the active L high frequency. {Under under (SYSTEM ), Query)

ACTLLFRE

Sets the active L low frequency. (Under S

. under (SvsTEM]; Query)

ACTLNGORM

Sets the active L normal. {Under

under (SYSTEM), Query)

ADDRCONT value

Sets the HP-IB add
coniroller, (

hich the HP 8751A will use to communicate with an external

“under (LOCAL]J; Query)

palue 0 to 30.

ADDRPLOT value

Sets the HP-1B address which the HP 8751A will use to communicate with the plotter.
(‘AD] under (LOCAL }; Query)

vajue {t to 30.

ADDRPHEIN value
Sets the HP-IB address whichk the HP 8751A will use to communicate with the printer.

under (tCcAL ) Query)
value 0 to 30.
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AVERFACT wvalur

AR

/R under (MEAS ) (uery)

Calculates and displays the complex ratio of input & to input R. (¢

ATTIA{ODB|20DE}

Seis the attenuator value at input A to 0 dB or 20 dB. (ZNPUT-AB
(AT7ENY; Query)

B under

ATTIB{0DB|20DB}

Sets the attenuator value at input B to 0 dB or 20 dB.
(ATTEN); Query)
ATTIR{0dB|20dB)

Sets the attenuator value at input R to 0 dB or 20 dB.

(&TTEND: Query)

ATTP1 value [dB]

Sets th alue at port 1 of an S-parameter test set used with the HP 8751A.

i 1" under (MENU}; Query)
value 0 to 70 (dB), in 10 (dB) step.

ATTPZ value [dB]

_y_alte at port 2 of an S-parameter test set used with the HP 8751A.

- under (MENU}; Query)
value 0-to 70 (dB), in 10 {dB) step.

AUTC

Selects the scale/div value aufomatically to fit the trace data to the display.

under [SCALE REF])

BAVERFACT value

under (avG); Query}

Sets the averaging factor,

value 1 to 949,

HP-IE Programming Reference 3.5



AVER{ON|OFF} _
under (AvG);

Sets the averaging function on or off for the active channel.
Query )

AVERREST

-~ under (AVGl)

Resets and restarts averaging. (ﬁ.

BACT value

sity of the display as a percent of the white level.

under (DISPLAY); Query)
0 to 100 (%).

BDC

under (MEAS); Query)

Displays a dc voltage at input B.

BDCR

Calculates and displays the ratio of a dc voltage at input B to the reference signal at input R.

{: under (MENU}; Query)

BEEPDONE {ON|OFF} :
under (DISPLAY); Query)

Sets the operation completion beeper on or off.

BEEPFAIL{ON|OFF}
under ; Query)

Sets the limnit fail beeper on or off.

BEEPWARN{ONI|OFF}

nder (DISPLAY); Query )

Sets the warning beeper on or off.

BR

under (MENU); Query)

Calculates and displays the complex ratio of input B to input R. {B/R
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O value

Enters the constant term of the open circuit capacitor model value, Cg.

~under [caL))

value ¢ to 1000 (x 107** F).

C1 value

Enters the constant term of the open circuit capacitor model value, C;.
value 0 to 1000 (x 10°%7 F/Hz).

C2 value

-under [CAL))

- Enters the constant term of the open circuit capacitor model value, Cs.

value 0 to 1000 (x 10°3¢ F/Hz?).

CALCASS!

JLAS

shows the tabular listing of the calibration kit class assignment. (:

(cory))

ENT under

CALI parameter
Selects the measurement calibration type. (Query)

parameter NONE, RESP, RAIL S111, 8221, FUL2, or ONE2

CALIFULZ

RT under (CAL) Query)

Selects the full 2-port measurement calibration.

CALIONEZ

Selects the one-path 2-port measurement calibration. {

under (caAL), Query)

CALIRAI

Selects the response and isclation measurement calibration. (RESP NSE

AL} Query)
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CALIRESP

under {CAL}); Query)

Selects the response measurement calibration.

CALISTI

‘under {CALY Query)'

© Selects the 1-port measurement calibration at port 1.

CALIS221

. under (CAL); Query)

Selects the 1-port measurement calibration at port 2.

CALK parameler
Selects the calibration kit. {(Query)
parameter APCT7, N30, N75, or USED.

CALK7MM

under (CAL), Query)

Selects the 7 mm calibration kit.

CALKN50

Selects the 50 € type-N calibration kit.

under {CAL};, Query)

CALKNTS

Selects the 75 ¢ type-N calibration kit.

under (CAL); Query)

CALKUSED

under {CAL);

Selects a calibration kit mode] defined or modified by the user.
Query)

CALN

under (Cac); Query;

Selects using no calibration.

CALP

under

Calculates the parameters of the conjugate matching eircuit.

GETN)
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CLASS22{AB|T)

CALS value

Provides the tabular listing of the standard setting.

under (copy])
velue 1 to 8

CBRI value :
S under (DEPLAY}, Query)

Sets the color brightness in percent. (

value 0 to 106 (%).

CENT value [suffiz]

Sets the center stimujus value. {(CENTER), or v under (MENUJ; Query)
value 5 (Hz) to 500 (MHz), or
~50 (dBm} to +15 {dBm) (Power sweep only).
suffiz Refer to “Suffix”. '
CHAIRANG

Changes the JF range set channel (R to A to B} (Under

CHANT
Selects channel 1 as the active measurement channel. ((eH 1} Query)

CHANZ
Selects channe! 2 as the active measurement channel. (e 2} Query)

CLAD

under (CAL))

Completes specifying the class.

CLASST1{ABIC!

port calibration standard class: S11A (apen), $11B (short}, or §11C
- under (CAL})

CLASS22{A[B|C)

Selects port 2 (

(load). ([

522) cne-port calibration standard class: $22A {(open), 522B (short), or $22C

ader (G20)
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CLEL

under (FERD)

Clears the current frequency list.

CLEM{1-8}
3 under (MKR))

{Clears the marker.

CLES

Clears the status byte, the event status register, the event status register B, and the
operational status register.

CLEPTRIP

under (FED)

Clears the power trip.

COLO!CH1ID|CH1M|CH2D|CH2ZM|GRAT| TEXT|WARN]

Specifies the display element to change color: channel 1 data, channel 1 memory and limit
lines, channel 2 data, channel 2 memory and limit li ing message.

under (SEFLAY)

CoLoIBT

Specifies the display element to change color: the HP Instrument BASIC fext. (

(pispLaY)) (Option 002 only)

COLOE value

Specifies the saturation percent of the specified display element. nder (DISPLAY )
Query)

value 0 to 100 {%).

CONM{ON|OFF}
“under (DISPLAY]); Query)

Sets conjugate matching on or off. {

CONPCP value [F]

Displays.or changes parameter value Cp for the selected conjugate matching circuit. {

under (DISPLAY); Query)
value 1.0E-18 (I} to L.OE+9 {F).

3-18 HP-IB Progranuning Reference

B




CONVOFF

CONPCS value [F]

Displays or changes parameter value Cs for the selected conjugate matching circuit.

under (DIsPLAY ) Query)
value 1.OE-18 (F} to 1.0E+9 (F).

CONPLP value [H3

Displays or changes parameter value Lp for the selected conjugate matching clreuis,

under (DISPLAY ) Query)
velue 1.OE-18 {H) to 1.0E+9 (H).

J CONPLS value [H]
| Dispi

anges parameter value Ls for the selected conjugate matching circuit.

. under (DIsPLaY}); Query)
vaiue 1.0E-18 {H) to 1.0E+9 (H}.

CONPDISP {ON|OFF)

| Displays or does not displays the conjugate matching parameters on the CRT.

under (BEFLLY))

CONT

NUGUS under (MENUY; Query)

Continuous trigger.

CONV parameter
Selects the conversion setting of the measured data, impedance or admittance. (Query)

parameter OFF, ZREF, ZTRA, YREF, YTRA, or ONEDS

CONVIDS

> under MEAS I Query)

Expresses the data in inverse S-parameter values. (

CONVOFF

._ under (MEAs); Query)

Turns off all parameter conversion operations, (QF
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CONVYREF

of1 under (MEAS); Query)

Converts reflection data to its equivalent admittance values.

CONVYTRA

under (MEASY;

Converts transmission data to its equivalent admittance values. (
Query)

CONVZIREF
under (MEASY; Query)

Converts reflection data to its equivalent impedance values. (

CONVZTRA

' mder (UEAS);

Converts transmission data to its equivalent impedance values. (Z: Tral

Query)

COPA

under {COPY))

Aborts printing or plotting in progress.

COPT{ON|OFF}

under (copyl}; Query)

Sets the time stamp function on or off. {

CORR {ON|OFF)

under {CAL); Query)

Sets the error correction function on or off. (¢

COUC{ON|OFF)

under (MENU );

Sets the channel coupling of stimulus values on or off.

Query )

CWFREQ value [suffiz]
Sets the frequency for power sweep.

value 5 (Hz) to 500 (MHz).
suffiz Hz or MHz.

| under (MENUY; Query)
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DELR{1-8)
DATI
under (BEFLAY))

Stores the active channel data to trace mMemaory,

DAYMYEAR

Sets the displayed date mode to day/month/year order.

- under (sysTEM}; Query)

DCBUS value
' Selects the DC bus. (Under

under (SYSTEN}; Query)

value 8 to 20.

DCCOR{ON|OFF!

Sets the de detector linearity correction on or off,

under (AL} Query)

DEFC

under {Dispiay })

Returns all traces, lines, and text to the default colors. (

DEFS value

Defines the number of the calibration standard to be modified.
(caL))

value ito 8.

| DELA

- under (SRR} Quers)

Selects the Delay format for the current measurement. (D

DELO

Sets the delta marker mode off. (

© under (MKR), Query)

DELR{1-8)

“under (MxR); Query)

Selects the delta reference marker.
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DELRFIXM

under (MR}, Query)

Sets the user-specified fixed reference marker.

DESTOFF
ander (SYSTER); Query)

Sets destructive testing off. (Under

DESTON

NU. under ; Query}

Sets destructive testing on. (Under

DFLT

Returns the plotting parameters to the default values. (

DISA parameter
Selects the display allocation mode. {Query) (Option 002 only)
parameter ALLI, HIHB, or ALLB

DISAALLB

Displays only the HP Instrument BASIC display on the HP 8751A’s CRT. {
SspLaY b Query) (Option 002 only}

DISAALLI

under

Displays only the measurement graticule on the HP 8751A% CRT.

(DISPLAY }); Query) {Option 002 only)

DISABASS

Displays only the HP Instrument BASIC status on the HP 8751A%s CRT. (
under (DISPLAY ); Query) (Option 002 only)

DISAHIHB

Displays the measurement graticule (top half} and the HP Instrument display {bottom half}
on the HP 8751A% CRT. ( > under (DisPLAYY); Query) (Option 002
only}
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DISE parameter

DISL{1/2)

Selects the list sweep table 1 or 2 to be displayed and hard copied. (DI

@)

under

DISLLIST :
under (CopY]J)

Displays the limit table on the display. {{DISPLJ

DISMCTSP

Displays the list sweep stimulus range in the center and span format. (¢ L

€%} Query)

DISMMD

. under {copv};

Selects the middle and delta format for the limit testing table.
Query) '

DISMNUM

Displays the list sweep stimulus resolution in the pumber of points format.

> under {COPY}; Query)

DISMSTEP

under (CopPV}:

isplays the list sweep stimulus resolution in the step size format. (ST
Query)

DISMSTSP

Displays the list sweep stimulus range in the start and stop format. (DIs

under (COPY}; Query)

DISMUL

Selects the upper and lower format for the limit testing table. {:

under (CoPy); Query)

DISP parameter

Selects the display trace type. (Query)
parameter  DATA, MEMO, DATM, DDM, or DMM
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DISPDATA

nder (DISPLAY }; Query)

Displays a trace of the measured data. [

DISPDATM

Displays traces of both the measured data and the memory data.

{DiseLav), Query)

DISPDDM

trace of the results of the measured data divided by the memory data.

under (DISPLAY }; Query)

DISPDMM
D

e trace of the results of the measured data subtracted by the memory data.

under (DiSPLAY}; Query)

DISPMEMO

-under (DISPLAY ), Query)

Displays a trace of the memory data.

DONE
C

{ the selected standard class calibration. (

nder (D)

DUAC{ON|OFF}

Selects the dual (ON} or single (OFF) channels display. under (DISPLAY);

Query)

EDITDONE
under (MENU])

Completes editing the frequency list for the list sweep.

EDITLIML
nder (STETERD)

Begins editing the limit line table. (
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EXpPp

ZDITLISY
under (MENU}; Query)

Selects list 1 for editing.

EDITLIS2

Selects list 2 for editing. (3 under (MENU); Query)

EDITLIST
under (MENUT)

Begins editing the frequency list.

ELED value [8]

under (SCALE REF); Query)

Sets the electrical delay.

value -~10 (s) to 10 (s).

E5B?

Outputs the event status register B value.

ESNB value
Specifies the bits of event status register B.

value 0 to 32767 (=2"°-1).

EXEDCALL

under (cal})

Executes the dc detector lineality calibration.

EXET

£ under (S7STER)

Executes the service test. (Under

EXPP

Selects the expanded phase format for the current measurement. (ELP}

FORMAT J; Query)
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EXTRLOCKY

Outputs the state of the external reference (locked or unlocked). (Under

under (SYETEM)

EXTT parameter
Selects the external trigger mode. {Query)

parameter OFF, ONSWEEL, ONPOIN, or MAN.

EXTTOFF

Sets the internal measurement trigger mode (external trigger off ).

under (MENU}; Query)

EXTTON

Sets the external measurement trigger mode on. When triggered, one measurement sweep is

under (MENU ), Query)

executed. (E

EXTTPOIN

ement trigger mode on. When triggered, one point is measured.

under (MENU); Query)

FBUS vaiue

NG under (SYSTEW)

Selects the frequency bus. (Under 31

value 0 to 5.

FIRLANOR
Sets first tocal ALC to normal. (Under SEI

FIRLAOPE

Sets first local ALC to open. {Under

FIRLPNOR

Sets first local PLL to normal. (Under ;

nder (SYsTeM}); Query)
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| FIRLPOPE
j ﬁ Sets first local PLL to open. (Unde U under (SYSTEM}; Query)
| FIRR?

*under (SYSTEM))

i Outputs the irmware revision. {Under

FMT parameter

Selects the display format. {Query)

|
f parameter LOGM, PHAS, DELA, SMIC, POLA, LINM, SWR, REAL, IMAG, EXPP,
; INVSCHAR, LOGMP, or LOGMD

| ENDAUTO
! .
; Sets FN DAC to auto. {Unde

under (SYETER); Query)

FNDMANU
Sets FN DAC to manual. {Under

under (SYSTEM); Query)

FNDVALU value
Sets the FN DAC value. (Under

under (SYSTEMY}, Query)

value 0 to 255,

| FNVNORM
' Sets FN VCO to normal. (Under

-~ under (SYSTEM}; Query}

FNVOPEN
Sets N VCO to open. (Unde

- under {SYSTEM}; Query)

FREG

Erases the frequency annotation on the display. Preset {o turn on.

e Query)
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FORMZ
Sets the IEEE 32-bit floating point format to transfer the trace data via HP-IB.

FORM3
Sets the [EEE 64-bit floating point format to transfer the trace data via HP-IB.

FORM4
Sets the ASCII transfer format to transfer the trace data via HP-IB.

FORMS _
Sets the PC-DOS format to transfer the trace data via HP-IB.

FULP

Selects the full page plot. under (COPYY); Query)

FWDI
under (CAL )}

Selects forward isolation class for the calibration.

FWDM

under (CAL))

Selects forward match for the calibration. {

FWDT

under {CaL))

Selects forward transmission for the calibration. {

GRODAPER value [pet]
under (avc); Query)

Sets the group delay aperture. {
value 1 to 200 (%).

HOLD

Holds the present measurement. (

under (MENU }; Query)
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IMAC

IFBW value [suffiz]

BFE! under ; Que;‘:\;)
value 2 (Iiz), 20 (Hz), 200 (Hz), 1000 (Hz), or 4000 (Hz).

Sets the bandwidth value for IF bandwidth reduction.

- suffix Hz or MHz.
IFBWAUTO

Automatically selects the proper IF bandwidth for each measurement point.

under (AvG); Query)

IFRAUTC

Sets the auto range mode for the IF range of the selected channel. (Under 5

under (sYsTEM}; Query)

IFRCH?

under (VETEM))

CGutputs the IF range set channel. {Under

IFRX1

~under (SYSTEM}; Query)

Sets the X1 range for the IF range. (Under

IFRX1XE
Sets X1, X8 range for the IF range. (Under S}E‘. :

nder {SYSTEM}J; Query)

IFRX64
Sets X64 range for the IF range. {Under :

under (sYsTeEM}; Query)

IFRX8X1
Sets X8, X1 range for the IF range. (Under _

J under (5YsTEM}, Query)

IMAG
Di

iy the imaginary (reactive) portion of the measured data in Cartesian format.

- under (FORMAT }; Query)
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INID

Initializes the disk in the built-in flexible disk drive,

(EAE)/(RECALD)

INPBIO
Inputs data from the 4-bit parallel input port to the HP 8751A.

INPUCALC{01-12} value

Stores the measurement calibration error coefficient set real/imaginary pairs input via HP-IB
into instrument memory. Refer to Appendix D for calibration array assignments.

vaine Complex number. (Data format: real, imaginary)

INPUCALK value
Retransmits the calibration kit data transmitted by the GUTPCALK? comimand,

value Block data. {Data format: HP 8751A internal format (714 bytes of binary
data})

INPUDATA value

Inputs the error corrected data.

value Complex number. (Data format: real, imaginary)

INPUFORM value

Inputsformatted data.

value Complex number. (Data format: real, imaginary)

INPURAW { 1-4} value

Inputs raw data.

value Complex number. (Data format: real, imaginary}

INPUUFORM value

Inputs unformatted data. This command is invalid, when
selected as a trace. '

value Complex number. {Data format: real, imaginary)
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LABERES{IP] sirng

INTE value

Sets the display intensity as a percent of the brightest setting. (EN’I‘ENSITV under (DIEPLAY |
Query)
value 0 to 100 {%).

INVSCHAR

Displays an inverse Smith chart {admittance Smith chart) format. (I

(EoRmATY: Query)

L under

ISOD
) - under (cal))

Completes the isolation part of the 2-port calibration. (I

ISOL

¢ under (CaLj)

Begins the isolation part of the 2-port calibration.

KEY value

Sends the key code for a hardkey or a softkey on the front panel. This is equivalent to
actually pressing a key. Refer to Appendix C for key codes.

palue 0 to 49.

KITD
2 under (CAL))

Erds the calibration kit modification process.

LABEFWD{MIT) string

Defines the label
calibration kit.

{ransmission class during modifying the

under {CALJ}

mat

string Up to ten characters long.

LABERES{IP} string

Defines the label for response and isolation, or response class when modifying the calibration
kit under (CALJ)

siring ' Up to ten characters long.
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LABEREV{M|T] string
Defines the label for reverse match or reverse transmission class during modifying the
calibration kit. (R " + under (CALJ)

string Up to ten characters long.

LABES11{ABIC] siring

TDefines the iabel for SI1A
calibration kit.

(opens) SEEB (shorES}, or §11C (loads) class when modifying the

string - Up to ten characters long.

LABES22{A[B|C} string

Defines the label for S22A {opens). 522B (s
catibration kit.

), or 822C (loads) class when modifying the
under (CALJ)

string Up to ten characters long.

- LABK string

Defines the calibration kit label when modifying the calibration kit. (.

under {cAL)

siring Up to ten characters long.

LABS string

Defines the calibration standard label when modifying the calibration kit. { under

@)

string Up to ten characters long.

LEFL

under (CoPY); Query)

Sets the plot gquadrant to left lower.

LEFU

- under (COPY}; Query)

Sets the plot quadrant to left upper.

LIMCLEL

nder (SYETER)

Clears all of segments in the lmit test.
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Ei i

- Completes editing the limit table.

LIMIMADF
LIMED value [suffiz}

Sets the hmits delta value from the specified middle value.
Query) ‘
value {0 to 5.0E45 {dB) (Log mag format},

0 to 5.0E+5 (deg) (Phase and Expanded phase formats),
0 to 5.0E+5 (s) (Delay format),
0 to 5.0E+5 (ohm) {Smith chart and Inv. Smith chart formats),
0 to 5.0E45 (Units) (Polar, Lin mag, Real, and Imaginary formats}, or
0 to 5.0E+5 (SWR format).
suffiz Refer to “Suffix”.

LIMEDONE

- under (EYETERD)

LIMIAMPO value {suffiz]

Sets an amplitude offset value for Hmit testing. (AME

- under (SYSTEM) Query)

value —5.0E+3 (dB) to 5.0E+5 {dB) (Log mag format),
—5.0E+5 (deg) to 5.0E+5 (deg) (Phase and Expanded phase format),
—5.0E+5 (s) to 5.08+5 (s) {Delay format),

~58.0E+5 {ohm} to 5.0E+5 {ohm} (Smith chart and Tnv. Smith chart
formats},

=5.0E4-5 (Units} to 5.0E+5 (Units) (Polar, Lin mag, Real, and Imaginary
formats}, or

—5.0E45 to 5.0E+5 (SWR format}.
suffix Refer to “Suffix”.

LIMILINE { ON|OFF)

Sets limit lines on or off.

nder (SYSTEM); Query)

LIMIMAOF

Sets the active marker value to the amplitude offset for limit testing. (%

under (SY3TER)
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LIMISTIO value [suffiz]

under (SYSTEM}; Query)

Sets a stimulus offset value for limit testing. (3

value —500 (MHz) to 500 (MHz) (Frequency sweep), or

—50 (dBm} to 50 {dBm) {Power sweep).
suffir Refer to “Suflix”.

LIMITEST{ON|OFF}

under (5YSTEM); Query)

Sets the limit testing on or off.

LIML value [suffiz]

Sets the lower limit value for a limit testing segment. {

under [SYSTEM); Query)
value —5.0E+5 (dB) to 5.0E45 (dB) (Log mag format),
—5.0E+5 (deg) to 5.0E+5 {deg) (Phase and Expanded phase formats),
—5.0E+5 {5} to 5.0E+5 {s) (Delay format),

~5.0E45 (ohm) to 5.0E+5 (ohm) (Smith chart and Inv. Smith chart
formats},

—5.0E45 (Units) to 5.0E+5 (Units) (Polar, Lin mag, Real, and Imaginary
formats), or '

—5.0E+5 to 3.0E+5 (SWR format).
suffiz Refer to “Suflix”.
LIMM value [suffiz]

Sets the middle value of delta limits. (

under (SYSTEM); Query)

value ~5.0E45 (dB) to 5.0E+5 (dB) (Log mag format),
—5.0E+5 (deg) to 5.0E+5 (deg) (Phase and Expanded phase formats),
—5.0E4+5 (s) to 5.0E+5 (s) {Delay format),

~5.0E+5 (chm) to 5.0E+5 (ohm} (Smith Chart and Inv. Smith chart
formats), :

~5.0E-+5 {Units) to 5.0E+5 (Units) (Polar, Lin mag, Real, and Imaginary
formats), or

-~5.0E45 to 5.0E+5 (SWR format).
suffir Refer to “Suffix”.
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LIMU value [suffiz]

LIMS value [suffiz]

Sets the starting stimulus value of a limit testing segment. (& nder (SYSTEM),
Query)
value 5{Hz) to 500 (MHz} (Frequency sweep), or
| —50 (dBm)to 15 (dBm) (Power sweep).
suffiz - Refer to “Suffix™.
LIMSADD

* Adds a new segment to the end of the limit list, (

under (SYSTEM])

LIMSDEL

- under (GTETEM)

Deletes a limit testing segment. (.

LIMSDON

- under (ETER)

Completes editing the limit segments.

LIMSED! value

Opens the segment to define or modify the stimulus and limit values. (F under (SYSTEM};
e o
“ = value 1 to 18,

LIMU value [suffiz]

Sets the upper limit value for a limit testing segment. (UP? under (SYSTEM}; Query)
vaiue ~5.0E+5 (dB} to 5.0E+5 {dB} (Log mag format),
—5.0E+5 (deg) to 5.0E+5 (deg) {Phase and Expanded phase formats),
—5.0E+5 (5) to 5.0E+5 (s) (Delay format},

—~5.0B+5 (ohm) to 5.0E+5 (ohm) (Smith chart and Inv. Smith chart
formats),

—5.0E+5 (Units) to 5.0E+5 (Units) {Polar, Lin mag, Real, and Imaginary
formats), or

~5.08+5 to 5.08+5 {SWR format).
suffiz Refer to “Suffix”.

HP-IB Programming Reference 3.27



L!NFREQ
under (MENU}; Query)

Activates a linear frequency sweep.

nINM

under (FORMAT); Query)

Displays the linear magnitude format.

LINT{DATA|MEMO} value

Selects the line type of a trace for plotting. (L - under
@)

value 0to 7.

LISDFBASE

Displays the measured data for the range between the minimum and maximum frequency set

in the “Edit List Meau.” { . under (MENU}; Query)

LISDOBASE
Di e measured data for only the frequency ranges set in the “Edit List Menu.”

E. under (WEND); Query)

LISFREG

under (MENU }; Query)

Activates the frequency list sweep mode. (

LISSLIST

“under {MENU}; Query)

Activates LIST 1 for the list sweep.

LISSLISZ

Activates LIST 2 for the list sweep.

under {MENU); Query)

Lisv

Displavs a tabular listing of all the stimulus values and their current measured values.

( under (CoEY)
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MARKCENT

% LOGFREQ
£ n % Activates log frequency sweep mode. { nder {MENU }; Query}
()
At
| LOGM

* under (FORAT): Quers)

Displays in log magnitude format. (LG

LOGMD

Displays the log magnitude trace and deiéy trace simultanecusiy, (

(EomwaT) Query)

LOGMP

Displays the log magnitude trace and phase trace simultaneously. (L0G under

(oD Query)

MANTRIG

Triggers measurement at one point. (

under (MENU }; Query)

MARK{1-8} value [suffiz]

Selects the active marker, and moves it to the specified stimulus value. (;

- under (MKR ) Query)

value 5 (Hz) to 500 (MHz) {Frequency sweep), or
_ ~50 (dBm) to +15 (dBm) (Power sweep).
suffiz Refer to “Suffix”.

§ MARKBUCK value
‘ Moves the active marker to specified data point number.

value 1 to “number of points”.

MARKCENT

Changes the stimulus center value to the active marker value.

R re)
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MARKCONT

Interpolates between measured points to allow the markers to be placed at any point on the

- under (MKR}; Query)

MARKCOUP

“under

Couples the marker stimulus values for the two display channels. {

(MKR}; Query)

MARKDELA

Enters the group delay at the active marker point of a fixed frequency aperture to the

electrical delay to balance the phase of the DUT. ('} under {SCALE REF))

MARKDISC

Places markers only on measured trace points determined by the stimulus settings.

under (MKR}; Query)

MARKFAUV value [suffiz]

nder (MKR}; Query)

value ~5.0E+46 (ohm) to 5.0E+6 {ohm) (Smith chart and Inv. Smith chart
formats}, or

—5.0E+6 (deg) to 5.0E-+6 (deg) {Polar format).
suffiz Refer to “Suffix”.

MARKESTI value [suffiz]

Sets the fixed marker stimulus value offset.

under (MKR); Query;

value —5000 (MHz) to 5000 {MHz) (Frequency sweep}, or K
—~99999 (dBm) to 99999 (dBm) (Power sweep). '
suffiz Refer to “Suffix”.

MARKFVAL value [suffiz]

3 " under (MKR); Query) -
value —~5.0BE+5 (dB) to 5.0E-+3 (dB} (Log mag format),
-5.0E+5 (deg) to 5.0E+5 (deg) (Phase and Expanded phase formats),
—5.0E+5 (s} to 5.0E+5 (s) (Delay format),

-5.0E+5 (ohm) to 5.0E+5 (ohm) (Smith chart and Inv. Smith chart
formats)

Sets the fixed marker position value offset.

H
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MARKSPAN
~5.0E+5 (Units) to 5.0E+5 (Units) {Polar, Lin mag, Real, and Imaginary
formats}, or
-5.0B45 to 5.0E+5 (SWR format).

suffiz Refer to “Suffix”.

MARKL{ON|OFF]
Displays (ON} or does not display (OFF) the list of stimulus values and response values of all

markers. (MKR LIS ff under (MKR}; Query)

MARKMIDD

Sets the middle value for the delta limif using to the active marker value.

under (FETER))

~MARKODATA

Enables the marker to move on the measurement data trace. (

@R Query)

MARKOFF
" under (mKr); Query)

Turns off all the markers and the delta reference marker. {:

MARKOMEMO

Enables the marker to move on the memory data trace. { ~ under (MKR};
Query)

MARKPEAD

Changes the differential stimulus value and the response value of the peak for searching the

local max, min, and peak-to-peak. ( under (MKR FCTN ]}

MARKREF

> marker’s response value, without changing the
REFERENCE under (SCALE REF) or (MKR FCTN])

MARKSPAN

{ the stimulus span 1o the active marker and the delta

* under (MKE FCTN))

T

Changes the start
reference marker.
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MARK {STAR|STOP}

Changes the stimulus start or stop value to the active marker value.

under {MKR_FCTN])

MARKSTIM

=kl
i

Sets the stimulus value of a segment to the active marker value. (

SR

MARKTIME {ON|OFF)}

ker readout to the sweep time (ON), or cancels the setting {OFF).
-under (MKRY; Query)

Sets the x-axis

MARKUNCO

Allows the marker stimulus values to be controlled independently on each channel.

under (MKR}); Query)

MARKZERG

Puts a fixed reference marker at the present active marker position, and makes the fixed
marker stimulus and response values at that position equal to zero. ( under (MKR))

MEAS parameter
Selects the parameters or inputs to be measured. {Query)

parameter AR, BR, AB, A, B, R, §11, 812, 8§21, 522, BDC, or BDCR.

MEASA

under (MEAS}); Query)

Meagures the absolute power amplitude at input A.

MEASS

under {MEAS); Query)

Measures the absolute power amplitude at input B.

MEASR

v under (MEAS); Query)

Measures the absolute power amplitude at input R.
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OFSD value [5]

MEASTAT{ON|OFF}

Calculates and displays the mean, standard deviation, and peak-to-peak values among the

search range (ON}, or does not display them (OFF). ( under (MKR FCTN ) Query}

MIXLPNOR

under (SYSTEM};, Query)

Sets the mixer local port to normal. {Under

MIXLPTES

Sets the mixer local port to test., {Under

under (SYSTEM}; Query)

MODI1

the modifv calibration kit menu, where a calibration kit can be user-modified.

under (CAL))

MONDYEAR

Changes the displayed date to the “month:day:year” format.

under (SYSTEM}; Query)

NEXP

Displays the next page of information in a tabular listing onte the display.

(cor))

NUMG value

Triggers a user-specified number of sweeps, and returns to the hold mode.

under (TERD)

value Greater than 0.

OFSD value [8]

Specifies the one-way electrical delay from the measurement (reference) plane to the standard.

nder [CAL))
value ~10 {s) to 10 {s).
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OFSL volue

v loss, due to skin effect, along a one-way length of coaxial cable offset.
- under (CAL}}
value 0 to LOE+19 (Q/s).

OFSZ value [ohm}

Specifies the characteristic impedance of the coaxial cable offset. nder (CAL))
value 0.1 (ohm) to 5.0E+6 (ohm).
oMl

under (CAL))

Omits the correction for isolation of a 2-port calibration.

CPEP

Lists the key parameters for both channel 1 and 2 on the display. (QPERA
undes (57)

OSE wvalue

Fnables the operational status register.
value 0 to 32767.

OSR?

Outputs the operational status register vaiue.

QUTBIO value
Outputs the data to the 8-bit parallel output port.
value 0 to 327867.

OUTPCALC{01-12)7

Outputs the active calibration set array of the active channel (Data format: real, imaginary).
Refer to Appendix D for the calibration set array.

OUTPCALK?
Outputs the active calibration kit. (Data format: block data (714 bytes of binary data})
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OUTPIRFORM?

OQUTPDATAY

Outputs the error corrected data {Data format: real, imaginary ).

QUTPDATAP? value

Outputs the error corrected data at the specified point (Data format: real, imaginary ).

value 1 to “pumber of points.”

OUTPERRO?

Outputs the error message in the error queue (Data format: ASCII No., “siring” ).

OUTPFAIR?

Outputs the detailed information of the limit test at the failed point (Data format: stimulus,
result, upper limit, lower limit).

OUTPFBUS?

Qutputs the FBUS data. {Under under (SYSTEM})

OUTPFORM?

Outputs the formatted trace data (Data format: real, imaginary)

OUTPFORMP? value
Outputs the formatted trace data at the specified point (Data format: real, imaginary)

value 1 to “number of pointe.”

QUTPIFORM?

" OQutputs the formatted data from the inactive channel {Data format: real, imaginary)

QUTPINPBIO?

Outputs the data entered from the 4-bit parallel input port.

QUTPIRFORM?

Outputs the real part of the formatted data from the inactive channel.

L]
H

(2]

&h
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OUTPIRTMEM?

Outputs the real part of the trace memory data from the inactive channel.

QUTPITMEM?

Outputs the trace memory data from the inactive channel. (Data format: real, imaginary)

CUTPLIMF?

Outputs the limit test results only for the failed points. (Data format: stimulus, result (0 for
fail, —1 for no test), upper limit, lower limit; Form 4)

OUTPLIML?

Outputs the limit test resuits for each point. (Data format: stimulus, result {1 for pass, 0 for
fail, —1 for no test), upper limit, lower limit; Form 4)

QUTPLIMM?

Outputs the limit test result for the maker position. {Data format: stimulus, resuit (1 for
pass, 0 for fail, ~1 for no test), upper limit, lower Hmit)

CUTPMARK?

Outputs the active marker valuves. {Data format: marker value, marker aux. value, stimulus)

CUTPMEMO?

Outputs the memory data from the active channel. {Data format: real, imaginary)

QUTPMEMOP? value

Outputs the memory data from the active channel at a specified point. {Data format: real,
imaginary)

value 1 to “number of points.”

OUTPMSTA?

Cutputs the marker statistics. (Data format: mean, standard deviation, peak to peak)

CUTPMWID?
Outputs the results of the bandwidth search. (Data format: bandwidth, center, Q)
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PARS{ON|OFF;

OUTPRAW {1-4}7

Output the uncorrected data arrays for the active channel. {Data format: real, imaginary)

OUTPRFORM?

Gutputs the real part of the formatted data from the active channel.

QUTPRTMEM?

Outputs the real part of the trace memory data {rom the active channel.

QUTPSTIM?

Outputs the stimulus array data from the active channel,

QUTPTESS? value

Outputs the specified test number’s result. {Under under {SYSTEM })

value 0 to 85,

OUTPTITL?

Outputs the display title for the active channel {less than 54 characiers).

QUTPTMEM?

Outputs the memory data from the active channel. {Data format: real, imaginary)

QUTETMEMPT value

Outputs the memory data from the active channel at a specified point. {Data format: real,
imaginary )

value 1 to “number of points.”

OUTPUFORM?

Outputs the unformatted data from the active channel. (Data format: real, imaginary)

PARS{ON|OFF)

Sets the partial search of the marker search function on or off.

(MKR FCTRY; Query)
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PEADX value [suffiz]

Defines the differential value of the peak for searching for the local max, min, and

peak-to-peak. (PE under (MRR £CTN }; Query)

vaiue —5000 (MHz) to 5000 (MHz) (Frequency sweep}, or
~500 (dBm) to 500 (dBm) (Power sweep).
suffiz Refer to “Suffix”.

PEADY value [suffiz]

Defines the differential response value of the peak for searching for the local max, min, and

under {(MRR FCTN); Query)

value ~5.0E+5 {dB) to 5.0E+5 (dB) (Log mag format},
—5.0E+5 (deg) to 5.0E+5 (deg) (Phase and Expanded phase formats),
~5.0E+5 (s) to 5.0E+5 (s) (Delay format),

~5.0E+5 (ohm} to 5.05+5 {ohm) (Smith chart and Inv. Smith chart
formats),

peak-to-peak.

~5.0E+5 {Units) to 5.0E+5 {Units) (Polar, Lin mag, Real, and Imaginary
formats), or

~5.0E+5 to 5.0E+5 (SWR format).
suffiz Refer to “Sufiix”.

PHAD value [deg]

under (SCALE REF); Query)

Adds or subtracts a phase offset, (]

value —360 (deg) to +360 {deg}.

PHAS

Displays a Cartesian format of the phase portion of the data, measured in degrees. (

under (FORMAT }; Query)

PLOALL

ing all the information displayed on the display except for the softkey.

- under (copY); Query)
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POLMLIN

PLOC parameter
Selects the plot elements. {Query)
parameter DONLY, DGRAT, or ALL.

PLODGRAT

Sel

ts th

easured data and memory data with the graticules for plotting.

‘ BLODONLY
K g

- measured data and the memory data without the graticules for plotting.

under (copy); Query)

PLOS{FAST|SLOW)

- under (copY))

Sets the plotting speed to fast or slow.

PLOT

Plots the display to a graphics plotter. (- under {COPY))

POIN value

Sets the number of the data points per sweep. (

under (MENU); Query)

i value 2 to 801,

POLA

- under (ForRMAT } Query)

Displays in polar format.

POLM parameter
Selects the polar marker. (Query)
paramneter LOG, LIN, or RL

POLMLIN

Displays the linear magnitude and the phase of the active polar marker. ( under

() Query)
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POLMLOG

Displays the logarithmic magnitude and the phase of the active polar marker.

under (MKR}; Query)

POLMRI

! under (WRE)

Displays a real and imaginary pair of the active polar marker.
Query}

PCRE {ON|OFF}
“under (CAL}; Query)

Sets the reference plane extension mode on or off. (

PORT1 value {s]

under

Extends the reference plane for measurement of Syy, Sg1, and S515. (E
@) Query)
value —10 (s} to 18 (s).

PORT2 value s}

Extends the reference plane for measurement of Soq, 512, and Soy. under

(CALY; Query)
value —10 (s) to 10 {s).

PORTA value [s]

Adds electrical delay to the input A reference plan for any A inpuf measurements including

- under (caL); Query)

S-parameters.

vaiue —10 (s) to 10 (s)-

PORTB value [s]

Adds electrical
S-parameters. {

reference plane for any B input measurements including

nder (CaL); Query)
value —10 (s) to 10 (s).

PORTR value {8]

Adds electrical delay to extend the reference plane at input R to the end of cable.

under {CAL); Query)
value —10 (s) to 10 {s).
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PRINALL

POWDAUTO
. @ Sets the power DAC to auto. (Under SERV E MENU under {SYSTEM))
| POWDMAN

 under (SYETER)

3 Sets the power DAC to manual. '{Ui;def A

POWDBVALY value

Sets the power DAC value. {Under . under (SYSTEM])

value 0 to 4085,

POWE value [dBm]

. under (MENUY; Query)
value =50 (dBm) to +15 (dBm}.

Sets the source output level. (f

POWLANOR

under (S5TER)

Sets the power level ALC to normal. (Under |

POWLAOPE

under (SYETEM)

Sets the power level ALC to open. {Under

POWS

under (MENU}; Query)

Activates a power sweep maode,

PREP
under {COPY])

Displays the previous page of information in a tabular listing. {

PRES
Presets the state. ((PRESET))

PRINALL

under

Coples the measurement display to the printer according to plotiing options. {

@)
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PRIC

under {copy}); Query)

Selects color printing. {

PRICFIXE

nder (C3T)

Selects the default colors for printing a hard copy. (

Query)

PRICVARI
Se

as possible to the display for printing a hard copy.
- under {coPv}; Query)

PRiS

Sets the print command to the default selection. (.

PSOFT{ON|OFF}
Selects the plot softkey label option on or off,

PURG siring

Removes a file saved on the disk in the buili-in flexible disk drive. (P under
) )

string File name. Up to 10 characters including the extension.

QUAD parameter

Selects the quadrant plot setting.

parameier LEFU, LEFL, RIGU, RIGL, or FULP:

RAID

Completes the response and isolation calibration. under (CAL))

RAHSOL

under

Selects the isolation class for the response and isolation calibration. (

D)
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HEFP value

RAIRESP

under (CAL)

% Selects the response class for the response and isolation calibration. ( :

| REAL

Displays only the real {resistive} portion of the measured data in Cartesian format. {

under (FORMAT J; Query)

RECC

under (BEPLAY))

Recalls the previously saved color set.

RECCOFF

under (SYSTEM}; Query)

Sets the receiver correction off. (Under ¢

RECCON

under {SYsTEM ), Query)

Sets the receiver correction on. {Under

RECD string

Loads the instrument states or data from the disk in the built-in flexible disk drive.

nder (SAVE)/(RECALD))

string File name. Up to 10 characters including the extension.

REFD

Completes with the reflection part of the full 2-pert calibration.

(caL))

i ‘REFL
(' under (CAL))

Begins the reflection part of the full 2-port calibration.

' “ REFP value

i Sets the position of the reference line on the graticule of a Cartesian format.
- under (SCALE REF}; Query)
value G to 10 (Div}.
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REFY value [suffir]
Changes the value of the reference line, moving the measurement trace correspondingly.
( - under (SCALE REF }; Query)
value 500 (dB) to 500 (dB) (Log mag format),
—~5.0E+6 (deg) to 5.0E+6 (deg) (Phase or Expanded phase formats},
—0.5 (s) to 0.5 (s) (Delay format),

1.0E-11 {Units} to 500 {Units) (Smith chart, Inv. Smith chart, or Polar
formats},

—5.0E+6 (Units) to 5.0E+6 (Units) (Lin man, Real, or Imaginary formats),
or

—5.0E+6 to 5.0E+6 (SWR format).
suffiz Refer to “Suffix”.

RESAVD siring

Updates an already saved file on the disk in the built-in flexible disk drive. (

under {SAVE})

string File name. Up to 10 characters including the extension.

RESC
under {CAL})

Resumes the last measurement calibration sequence. (I

RESD

‘Turns off the tabular listing and returns the measurement display to the screern.

under {copv))

RESPDONE

Completes the response calibration. (

“under (CAL))

REST

Aborts the sweep in progress, then restarts the measurement. {M SUR

ED)
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REVI

REVM
. under (TA))

Selects the reverse match class for the calibration.

REVT
© under {CAL})

Selects the reverse transmission class for the calibration. (

RFOPNORM
Sets the RF OSC PLL to normal. (Under £

under [sYSTEM}; Query)

RFOPOPEN
bets the R OSC PLL to open. {Under

f‘ under (SYSTEM): Query)

RIGL

Draws a quarter-page plot in the lower right quadrant of the page. (

(cory); Query)

RIGU

Draws a quarter-page plot in the upper right quadrant of the page. HU?PER under

copY}: Query)

RSCO

N )

Resets the modified colors to the default colors. {

S11

Sejects the S-parameter test set for measurement of Sq1.

(MEAS); Query)

S12

Selects the 5-parameter test set for measurement of S1g. (}

(MEas}; Query)
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s21

Selects the S-parameter test set for measurement of Sqq. ( under

@Es) Query)

822

Selects the S-parameter test set for measurement of Soq. (

(MEas); Query)

SADD

- under (MENU])

Adds a new segment to a list sweep. (;

SAVY
under (caL))

Saves the 1-port calibration results.

SAVZ

under (CaL))

Saves the 2-port calibration resuits.

SAVC

Re-draws a trace using current error coefficient arrays.

SAVCA{ONIOEF)

under {SAVE J;

Sets the calibration coefficients arrays to be saved or not.

Query )

SAVDALL. string

Saves the instrument states, the data array, and the memory array to the disk in the built-in

flexible disk drive. { under {SAVE]} -
string File name. Up to 8 characters.
SAVDA{ON|OFF}

Sets the data arrays to be saved (ON) or not (OFF). ( nder (SAVE};, Query) -
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SAVUA{ ON|OFF ]

SAVDDAT string

Saves the internal data arrays which is defined by the SAVRA{ON|OFF}, SAVCA{ON | OFF},
SAVDA{ON|OFF}, SAVMA{ON|OFF}, SAVUA{ON|DFF}, SAVTA{ON|OFF}, and SAVIMA{ON | QFF}.

( under (SE))

string File name. Up to § characters.

SAVDSTA siring

Saves only the instrument states and the calibration coefficients to the disk in the built-in
flexible disk drive. (SA Y under (SAvE))

slring File name. Up to & characiers.

SAVEUSEK

Stores the user-modified or user-defined calibration kit into memory. (
@D
SAVMA{ON|OFF}

Sets the memory arrays to be saved {ON) or not (OFF).
Query)

under {Savel;

SAVRA{ON|OFF)

Sets the raw data arrays to be saved (ON) or not (OFF). (
Query)

“under {SavEl

SAVTA{ON|OFF)
under (SAVE )

Sets the trace arrays to be saved {ON) or not (OFF). (!
Query)

 SAVTMA {ON|OFF}

under

Sets the memory trace arrays to be saved (ON) or not (OFF).
GATE) Query)
SAVUA{ON|OFF}

Sets the unformatted data arrays to be saved (ON) or not (OFF), (U
under {SAVE }; Query)
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SCAC

under (SCALE REF};

Couples the data and memory trace to be scaled. {

Query)

SCAFDATA

under (SCALEFEF): Query)

Selects the data trace to be scaled. {

SCAFMEMO

- under {3CALE REF}; Query)

Selects the memory trace to be scaled. {

SCAL value [suffir]

Changes the response value scale per division of the graticule.

Query)

value 0.001 (dB/div) to 500 {(dB/div) (Log mag format),
0.01 {deg/div) to 500 {deg/div) {Phase format},
1.0E-11 (deg) to 10000 (deg) (Expanded phase format),
1.0E-14 {s/div) to 10 (s/div) (Delay format), .

1.0E-11 {Units FS) to 10000 (Units FS) (Smith chart, Inv. Smith chart, and
Pojar format),

1.0E-11 (Units/div) to 10000 (Units/div) (Lin mag, Real, and Imaginary
formats), or

1.0E-11 to 10000 {/div} (SWR format).
suffiz Refer to “Suffix”.

SCAPFULL

under (CoPY))

Selects the normal full size scale for plotting. (5

SCAPGL

Fits the lower graticule to the user-defined P1 and P2. {. under (COPY})

SCAPGU

Fits the upper graticule to the user-defined P1 and P2. { under {CoPY))
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SEAMAY

SCAU

Uncouples the data and memory trace to be scaled. (D

EERE) Query)

SDEL

 under (FED)

Deletes a segmeﬁt from the list sweep. {

SDON
NE under (MENUJ)

Completes editing a segment of the list sweep. (&

SEAL

Searches the trace for the next occurrence of the target value to the left of the marker.

" under [MKR FCTN])

SEALMAX

Moves the active marker to the maximum peak point on the trace in the search range.

under (WEEFETR): Query)

SEALMIN

Moves the active marker to the minimum peak point on the trace in the search range.

under (MKR FCTN J; Query)

SEAM pararneter
Selects the marker search function. (Query)

parameter OFF, MAX, MIN, TARG, MEAN, LMAX, LMIN, or PPEAK.

SEAMEAN

under (W FETI)

Moves the active marker to the mean point on the trace. (
Query)

SEAMAX

Moves the active marker to the maximum point on the trace. (

- under {MKR FCTN }; Query}
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SEAMIN

under (MKR FCTN); Query)

Moves the active marker to the minimum point on the trace.

SEAQFF

¥ under (EREECT); Query)

Turns off the marker search function. {

SEAPPEAK

Moves the active marker and the delta reference marke
minimum peak point on the trace in the search range.

imum peak point and the

under (RREFETI); Query)

SEAR
Searches the trace for the next occurrence of the target value to the right of the marker.

under (MKR FCTN])

SEARSTOR

hich is defined between the active marker and the delta reference

- under {MKR FCTN])

SEATARG value [suffiz}

Places the active marker at a specified target point on a trace. under (MKR FCTN};
Query) .
value —5.0E+5 (dB) to 5.0E+5 (dB) (Log mag format},
—5.0E+5 (deg) to 5.0E+5 (deg) (Phase and Expanded phase formats),
~5.0E+5 (s) to 5.0E4+5 {s) (Delay format),

—5.0E+5 (éhm) to 5.0E+5 (ohm) (Smith chart and Inv. Smith chart -
formats),

 —5.0E+5 (Units) to 5.0E+5 (Units) (Polar, Lin mag, Real, and Imaginary
format), or

- —=5.0E+5 to 5.0E+5 (SWR format).
suffiz Refer to “Suffix”,

SED! value
- under (MENU); Query)

Determines a segment of the list sweep to be modified.

value 1te 31..
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SELC parameter
% Selects the conjugate matching circuit type. {Query)
parameter LSLP, LSCP, C5LFP, CSCP, LPLS, LPCS, CPLS, or CPCS

SELCCPCS
under (DisPLAY ) Query)

Selects the “Cp-Cs” circuit for conjugate matching.

SELCCPLS

Ls' under {(DiSPLAY ) Query)

Selects.the “Cp-Lg” circuit for conjugate matching.

SELCCSCP

under {DISPLAY); Query)

Selects the “Cs-Cp” circuit for conjugate matching.

SELCCSLP

under (DISPLAY); Query )

Selects the “Cs-Lp” circuit for conjugate matching,.

SELCLPCS

under (DisPLAY): Query)

Selects the “Lp-Cs” circuit for conjugate matching.

SELCLPLS

- under (DEPLAY); Query)

Selects the “Lp-Ls” dreudt for conjugate matching.

SELCLSCP

Selects the “Ls-Cp” circuit for conjugate matching.

- under (DispLav ) Query)

SELCLSLP

under (DISPLAY}; Query )

Selects the “Ls-Lp” circuit for conjugate matching. (

SELD

Execute the self diagnostics. {Unde

nder (SYSTER)
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SETCDATE year,month,day

nder (SYSTEM}; Query)

Changes date of the internal clock.

year 1801 to 2058,
month 150 12,
day 1te 31

SETCTIME hour,min,sec

Changes time of the internal clock. and SEC under (SysTem); Query)
hour 0 to 23.
min 3 to 55,
see ‘ 9 to 59.

SETZ value [ohm]

Sets the characteristic impedance used by the HP 8751A in calculating measured impedance
with the Smith chart markers and conversion parameters. under {CAL), Query)

value 0.1 (ohm) to 5.0E+6 (ohm).

SING

: under (VERD)

Makes a single measurement sweep, then sets the hoid mode.

SMIC
under (FORMAT }; Query)

Displays a Smith chart format.

SMIM parameter
Selects the form for the Smith marker. {Query)
parameter LIN, LOG, RI, RX, or GB.

SMIMGE

Displays the comple
rectangular form. (1

ince values of the active marker position on a Smith chart in

nder (MKR}); Query)
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SPAN veiue {suffiz]

SMIMLIN

Displays the linear magnitude value and the phase of the active marker position on a Smith

under (MKR}: Query)

SMIMLOG

Displays the logarithmic magnitude value and the phase of the active marker on a Smith

chart. {L0G under (MKR}: Query)
SMIMRI _
D e values of the active marker on a Smith chart as a real and imaginary pair.

. under (MKR}; Query)

SMIMRX

Displays the complex impedance values of the active marker on a Smith chart in rectangular

-under (MKRr}; Query)

SMOOAPER wvalue [pct]

Changes the value of the smoothing aperture as a percent of the span.
under (ave); Query)

value 0.05 (%) to 100 (%).

SMOO{ONIOFF}

Sets the smoothing function to on or off. (SMDOTHI

- under (AVG}; Query)

SOUCOFF

i onder (SETERY Query)

Sets the source correction to off. (Under

SOUCON

nder (SYSTEM}; Query)

Sets the source correction to on. {Under S

SPAN value [suffiz]

Sets the frequency span of a segment about a specified center frequency. ((sPan} or
under (MENUY; Query)
value 0 to 499.99%955 MHz.

suffiz Hz or MHz.
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Enters the standard numbers for the forward match (THRU) calibration.

@D

A, B,C, D, 1lto8.
E,F, G
SPECFWDT ALBLCLDLELFL G

Enters the standard numbers for the forward transmission (THRY) calibration. (
under {CAL))

A B, C. D, lio&
B, F,

SPECRESI ALBLC[DLELFL G

~ Enters the standard numbers for the response and isolation calibration. {

under (CAL})
A B, C,D, 1lto&
EVF, G

SPECRESP A[BL,CLDOLELFL G

under (CAL))

Enters the standard numbers for the response calibration.

A, B, C.D, 1lto8.
E,F, G

SPECREVM ALBLCLDLELFL G

Enters the standard numbers for the reverse match (THRU) calibration. under
ca)

A, B,C, D, 1lto8

E,F,. G

SPECREVT ALBLCLOLELFL G
Enters the standard numbers for the reverse transmission (THRU) calibration.

under (CAL)}

A, B, C, D, 1tos.
EF, G
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SPECS22C ALBL,CL DL ELFI, GHIITI

SPECS11A A[B[,CLDLELFL,CIII

Enters the st

dard numbers for the first class required for an Sy I-port calibration.

AaBrC/’; .D_, 1 1o 8
EF.G '

Ly

SPECS11B A[BLCLDLELFL G
“Enters the standard numbers for the second class required for an Sy; 1-port calibration.
S11B under (CAL))

A, B, C, D, 1o &
E F,G

SPECS11C ALB[CLDLELFLCHI
Enters the standard numbers for the third class required for an Sy I-port calibration. {
under (TAL))

AB,C,D, 1to8.
EF, G

SPECS22A& AL BLCLDLELFLCININ

rd numbers for the first class required for an 52y 1-port calibration.

under (CAL))
,C, D 1to8.
LG

the standard numbers for the second class required for an S,y I-port calibration.

under (CaL))
I, 1to8.

SPECS22C ALBLCLDLELFLGTIN
Enters the standard numbers for the third class required for an Sy 1-port calibration.
under {CAL])

A B, C.D, 1tog.
E,F G

HP-IB Programming Reference 3.55



SPLD{ONIOFF)}

Sets the dual channel display mode: a full-screen single graticule display (OFF), or a split
display with two half-screen graticules {ON). ( under (DISPLAY }; Query)

STAN{A-G)

Measures the calibration standard in the current standard class. {

etc. under (CALJ)

STAR value {suffiz]
Defines the start frequency of the stimulus. {(START);

1

Query)
~under (MENU); Query)

Sets the start frequency of a segment. (.

value 5 (Hz) to 500 (MHz) (Frequency sweep}, or
~50 {dBm} to 15 {dBm)} (Power sweep).

suffiz Refer to “Suffix”.

STRD

under {cAL})

Completes the current standard definition. (

STDT parameter
Selects the standard type. (Query)
pararmeter OPEN, SHOR, LOAD, DELA, or ARBIL

STDTARBI

Defines the standard type to LOAD with an arbitrary impedance,
under (CAL); Query)

STOTDELA

HRG: under (20,

Defines the standard type as transmission line of specified length.
Query)

STDTLOAD

Defines the standard type as LOAD {termination). { under (CAL); Query}
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AT

STDTOPEN

Defines the standard type as an OPEN. (DP:.

 STDTSHOR

Defines the standard type as a SHORT. (

STEODAUT
Sets the step OSC DAC to auto. (Under

STEODMAN

STPSIZE vaive [suffic

under {TALY, Query)

under (CAL}); Query)
under (SYSTEMY); Query)

U: under {SYsTEM}; Query)

Sets the step OSC DAC to manual. {Under

STEODVAL valuc
Sets the step OSC DAC value, (Under

volue { to 255,

STEONORM
Sets the step OSC DAC to normal. (Under

STEOQOPEN
Sets the step OSC.DAC to open. (Under

STOP value [suffiz]

- under (SYSTEM); Query)

under (SYSTEM}; Query)

under (SYSTEM); Query)

Defines the stop value of the stimulus. ((sToF} Query)

Sets the stop frequency of a segment.

value 5 {Hz) to 500 (MHz).

=50 (dBm) to +15 (dBm).
suffiz Refer to “Suffix”,

STPSIZE vaiue [suffiz]

Specifies the frequency step for the list sweep. (€

value 0 to 489.999995 (MHz).
suffiz Hz or MHz,

nder {(MENUY; Query)

under {MENU); Query)
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4

SVCO

under (GEFLAYY)

Saves the modified color set.

SWET value {s]

under (MENU}; Query)

Sets the gweep time manualily.

vajue 6.0E-4 (s) to 86400 (s).

SWETAUTO

under (MENUY; Query)

Sets the sweep time automatically.

SWPT parameter
Selects the sweep type. {Query)
parameter LINF, LOGYF, LIST, or POWE

-

SWR

Selects the SWR display for the active channel. (

under (FORMAT ); Query)

TERI value [ohmi]

Specifies the (arbitrary) impedance of the standard. nder {CAL})
value 0 to 10000 (ohm).
“TESC

Continues the test. (Unde

5 under (SVETER)

TESS?

(utputs the test set identifier: 1 for an S-parameter test set, or 0 for none.

TEST value :
nder (SYsTEmM ), Query)

Selects the test number. (Under

palue 0 to 85.
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WInSOuUT

TINT value

under {DISPLAY }; Query)

Adjusts the hue of the chosen attribute.

value £ to 100.

CTITL string

nder (DISPLAY }; Query)

Sends the string to the title area on the display.

string up to 53 characters,

TRACK{ON|OFF)

Tracks the search at the specified target value with each new sweep. (

ander (R FCTIT): Query)

TRAD

nder (CALJ)

Completes the transmission part of the full 2-port calibration. [T

.,

TRAN

under (CALJ)

‘Begins the transmission part of the full 2-port calibration. (

VELOFAQLT value

Enters the velocity factor used by the HP 87514 to calculate the equivalent electrical length.

under (CAL) Query)
value ¢ to 10.

-WIDSIN

Searches the cutofl point on the trace within the current cutoff points. {

MKR FCTN J)

WIDSOUT

Searches the cutoff point on the trace outside of the current cutoff points. (

under [MKR FCTN })
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WIDT{ON|OFF)

Sets the bandwidth search feature {(ON) or not (OFF). (3
Query)

undger {MKR FCTN E

WIDV value [suffiz]

Sets the amplitude parameter that defines the start and stop points for a bandwidth search.

(: under (MKR FCIN}; Query)
value —5.0E45 (dB) to 5.0E45 (dB) {Log mag format),
—5.0E+5 (deg) to 5.0E+5 (deg) (Phase and Expanded phase formats),

5.0E+5 (s) to 5.0E+5 (s) {Delay format),

—5.0E4+5 (ohm) to 5.0E+5 {ohm) {Smith chart and Inv. Smith chart
formats),

—5.0E+5 (Units) to 5.0E+5 (Units) (Polar, Lin mag, Real, and Imaginary
{ormats), or

~5.0E45 1o 5.0E+5 (SWR format).
suffiz Refer to “Suilix”.

«CLS

Clears the status byte register, the event register of the standard operation status register
structure, and the standard event status register.

+ESE value
Sets the enable bits of the standard status register. {Query)

value 0 to 255 (decimal expression of enable bits of the operation status register).

+ESR?

Returns the contents of the standard event status register.

=N

Returns the HP 8751A ID. (Data format: manufacturer, model, serial no., firmware rev.)

*QPC

Tells the HP 8751A to set bit 0 (OPeration Complete bit) in the standard event status
register when it completes all pending operations. {Query)
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WAL

*P OB value

Specifies the address of a controller that is temporarily passing control of the HP-IB to the
HP 8751A. (Option 002 only)

value 0.fo 30.

*R8T
Resets the HP 87514 to its initial settings.

+SRE value

Sets the enable bits of the status byte register. (Query)

value 0 to 255 (decimal expression of enable bits of the status byte register).

+STB?

Reads the status byte by reading the master summary status bit.

+TRG

Triggers the HP 8751 A when the trigger mode is set to the external trigger.

2N

Executes an internal seli-test and returns the test result.

« WAL

Makes the HP 8751 A wait until all previously sent commands are completed.
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HP-IB Commands Summary

This appendix summarizes the HP-IB commands of the HP 87514 according to the softkey
labels.

Active Channel Block

§ .
. CHANt TE 1)
CHANZ (i 2)

Response Function Block

Key

Input Part Menu
AR

BR

4B

MEASA

MEASBE

MEASE

S-Parameter Menu
511

521

512

522

BDC

"BDCR

MEAS parameter
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Conversion Menu
CONVOFF
CONVZREF
CONVZTRA
CONVYREF
CONVYTRA
CONVIDS

CONV parameter

Key

Format Menu
LOGHM
PHAS
DELA
SMIC
POLA
LINM

Format More Menu

REAL
TMAG

EXPP
INVSCHAR
LOGMP

LOGMD

FMT parameter

(SCALE REF | Key

Scale Reference Menu

AUTD
"SCAL walue

REFP value

REFY value
MARKREF
SCAFDATA
SCAFMEMD
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3CAC
SCAU

‘Electrical Delay Menu

i MARKDELA u
ELED walue
"PHAC value
CONPDISP{ON|OFF}

(Biserav) Key

Display Menu
DUAC{ON]|OFF}
SPLD{ON|OFF}
TITL siring

Display More Menu
BEEPDONE{ON|OFF}
: BEEPWARN{ON|OFF}
| FREO

Display Allocation Menu
DISAALLI A1
DISAHIHE
DISAALLB

DISA parameter

i Trace Math Menu
a DISPDATA
DISPHEMO
DISPDATH
DISPDDY
DISPDMM

DATT

DISP parameier

Conjugate Matching Menu
CONNAON | OFF} cu
CALP '
COKPLS value
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CONPLP value
CONPCS value
CONPCP value

Select Circuit Menu

SELCLSLP
SELCLSCP

SELCCSLP
SELCCECP
SELCLPLS
SELCLFCS
SELCCPLS
SELCCPCS
SELC parameter

Adjust Display Menu
INTE value '
BACT value
DEFC

SVCo

RECC

Muodify Colors Menu
COLOCH1D
COLOCH1NM
COLOCH2D
COLOCH2HM

COLOGRAT
COLOWARN

COLOTEXT

COLOIBT

Color Adjust Menu
TIKNT value

CBRI vaiue

COLGR value

RSCO
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AVG | iKey

@ Average Menu

AVERREST
KVERFACT value
AVER{ON|GFF}

| SMODAPER vaiue

; ~ SMOO{ON|CFF}

" GRODAPER value
IFBW value

iF Bandwidth Menu
IFBWAUTC

Key

Correction Menu

CORR{DN|OFF}
RESC

Select Cal Kit Menu

CALETMM
CALKNBO

CALKNTSE
CALKUSED
MODI1
SAVEUSEK

CALK pardmeter

Calibrate More Menu

VELOFACT value
SETZ value

Reference Plane Menu
PORE{ON | OFF} :
PORTR vaiue
PORTA value
PORTB value
PORT1 value
PORT2 vaiue
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DC Correction Menu

DCCOR{ON|COFF}
EXEDCALI

ABODCALT

Calibration Menu
CALN

CALIRESP
CALIRAZ
CALISii:
CALIS221
CALIFUL2
CALIONEZ2

CALI parameter

Response C’al Menu
RESPDCNE

RAIRESP
RAIISOL
RAID

B11 and 822 1-Port Cal Menus
CLASS114
CLASS11RE
CLASS11C
CLASS224
CLASS22B
CLAS322C
SAV1
STAR{A~G}
DONE

and so on.

Full 2-Port Cal Menus

REFL
TRAN

IsoL
CLASS114
CLA3S11RB
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CLASS11C
f CLASB224
@ CLASS22B

CLASSE22C

REFD

FWDT

FWDM

REVT

REVM

STAN{4-GZ

., and so

- TRAD
OMII

FWDI
REVI
Is0D
DONE

REFL
TRAN

I56L
CLASS114
CLASS11EB
CLASS11C
REFD

FWDT

FWDHK

OMII

FWDI
STAN{4-G}

and

I50D
SavV2
DOXE

Medify Cal Kit Menu

DEFS wvalue
LABK string
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STDTOPEN
STDTSHOR

STDTLOAD
STDTDELA
STDTARBI

CO value

C1 value

C2 value

TERI value
LABS siring
STDD

STDT parameter

Specily Offset Menu

OFSD parameter
0FSL parameter

O0FSZ parameter

Specify Class Menus

SPECS114
value,value, ...
SPECS11B
value,value, ...
SPECS11C
value,value, ...
SPEC3224
value,value, ...
SPECS22B
value,value, . ..
SPECE22C
value,value, ...
SPECFWDT
value,value, ...
SPECREVT
value,value, ...
SPECFWDM
value value, ..,
SPECREVHM
value, vaiue, ...
SPECRESP
valve,value, ...
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i
A
i
i

- LABES22B

-LABEREVT

SPECREST .
Ualue"g}aluE, - s M
CLAD

l.abel Class Menus

LABES114
LABES11iB

LABES11C
LABES224

LABES22C
LABEFWDT

LABEFWDHM
LABEREVM
LABERESP
LABERE3ZI

() Key

Marker Menu

MARKOFF
MARKGDATA

MARKOMEMO
MARKL{ON|OFF}
MARKZERO

Active Marker Menu
MARK{1~8} value

Ciear Marker Menu
CLEM{i-8}

Delta Marker Mode Menu

DELRFIXM
DELG

BRelta Marker Menu
DELR{i-87F
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Fixed Marker Meny

MARKFSTI value
MARKFVAL value

MARKFAUV value

Marker Mode Menu

MARKDISC
MARKCONT

MARKCDUP
MARKUNCO
MARKTIME{CN|OFF}

Polar Marker Menu
POLMLIN

POLMLOG

PULMRI

POLM parameter

Smith Marker Menu

SMIMLIN
SMIMLGG

SMIMRI
SMIMRX
SMINMGE
SMIM parameter

Key

Marker Function Menu
MARKSTAR ¥
KARKSTOP
MARKCENT
MARKSPAN
MARKREF
MEASTAT{ON|OFF}

Search Range Menu

SEARSTOR
PARS{ON | OFF}
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v,

-WIDSIN

Marker Search Menu
SEAQFF 5
SEAMAX

SEAMIN
SEATARG value
TRACK{DN | OFF}

Target Menu
SEATARG
SEAL

SEAR

Marker Search More Menu
SEAMEANR
SEALMAX
SEALMIN
SEAPPEAK
MARKPEAD
PEADX walue
PEADY walue
SEAM parameler

Width Menu
WIDV value

WIDSOUT
WIDT{ON|OFF}

Key
ATTIAODB
ATTIAZODB
ATTIBODR
ATTIB20DR
ATTIRODB
ATTIRZODE
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Stimulus Function Block

STAR value START )

STOP value

CENT value [CENTER } 2
SPAN wvalue (sPaN) O
Key . !
Stimuius Menu

POWE value

POIN value

REST

COUC{ON{CFF}
CWFREQ value

Power Menu

POWE value
CLEPTRIP

ATTP1 value
ATTP2 wvalue

Sweep Time Menu

SWET value .
SWETAUTO

Trigger Menu
HOLD

SING

NUMG

CONT

EXTTOFF
EATTON
EXTTPOIN
MANTRIG

EXTT parameler

i
i
1.

Sweep Type Menu
LINFRER
LOGFREQ
LISFREQ
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POWS
, LISDFBASE
% Jﬁ LISDOBASE
EDITLIST
SHPT paraméier

List Sweep Menu

LISSLIst
LISSLISZ2

Edit List Menu
EDITLISI
EDITLISZ

5 SEDI wvalue

% SDEL

SADD

CLEL
EDITDONE

Edit Segment Menu

IR,

MARKSTAR

g MARESTOF
POINT
STPSIZE velue
POWE value
IFBW volue
SDON

Edit Seament More Menu
STAR wvalue
STOP vdlue
CENT vaiue

SPAN value

" Clear List Menu
CLEL
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instrument State Function Block

Key

Real Time Clock Menu

SETCTIME

hour ,min,sec
SETCDATE
year,monih,day
MONDYEAR

DAYMYEAR

Limits Menu

LIMILINE{ON|OFF} L
LIMITEST{ON{0FF}

BEEPFAIL{ON|CFF}
EDITLIML

Edit Limits Menu

LIMSEDTI value
LIMSDEL

LIMBADD
LIMEDONE

Edit Segment Menu
LINMS value
MARKSTIM

LIMU value

LIML value

LIMD value

LIMM value
MARKMIDD
LIMEDGNE

Clear List Menu
LIMCLEL

Dffset Limit Menu

LIMISTIC walue
LIMIAMPOD value
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H
H
i
i
H

-COPA

LIMIMACF

Key
ADDRPLOT value
KDDRPRIRK value
ADDRCONT walue

PRESET } Key
PRES (PRESET)

(@) Key

Copy Menu

PRINALL
PLOT

COPT{ON | OFF}

Print/Pict Setup Menu
PRIS I
PRIC
PRICFIXE
PRICVARI
DFLT

Select Quadrant Menu

LEFU
LEFL

RIGU
RIGL
FULP
QUAD parameter

Define Piot Menu

PLOALL
PLCDGRATY

PLODONL
LINTDATA
LINTHMEMC
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PLOSFAST
PLOSSLOW
PLOC parameler

Scale Plot Menu

SCAPFULL
SCAPGU

SCAPGL

Copy More Menu

LISV
OPEP

Copy Cal Kit Menu
CALCASSI

Copy Standard Number Menu
CALS wvalue

. Copy List Sweep Menu
DISL1 I
DISL2

DISMSTSP
DISHMNUM -
DISHSTEP

Copy Limit Test Menu
DISLLIST ]
DISMUL
DISMMD

Screen Menu
PRINALL

PLOT

COP4&
COPT{ON|CFF}
NEXP

PREP

RESD
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and (Recali ) Keys
Save Menu
RESAVD string

Define Save Menu

SAVDALL sirmng
SAVDSTA string

SAVDDAT siring

‘Define Save Date Menu
SAVRA{ON | OFF} I
SAVCA{ON|OFF}
SAVDA{ON|OFF}
SAVMA{ON | OFF}
SAVUA{ON | OFF}
SAVTA{ON | OFF}
SAVTMA{OK|0FF}

Disk Menu

PURG siring
INID

Recall Manu

RECD string

i Service Function

TEST value
EXET
TESC
DESTON
DESTOFF
SELD
FIRR?
RECCON
RECCOFF
SQUCON
SCGUCOFF
DCBUS value
FBUS value
FNVNORM

g,
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FNVOPEN ;_
FNDAUTD
FNDMANU i
FNDVALU value
STEONORM
TEQGOPEN
STEODAUT
STEODMAR
STEBDVAL value
REQOPNORM
RECPUPEN
FIRLPNDOR
FIRLPOPE
MIXLPXOR
MIXLPTES
POWDAUTO
POWDMANU
POWDVALU value
POWLANOR
POWLAOPE
ACTLNURM

© ACTLHFRE
ACTLLFRE
FIRLANCR -
FIRLAQOPE
CHATRANG
IFRCH?
IFRAUTH
IFRXL
IFRI8X1
IFRX1X8
IFRX 64
OUTPFRUS?
CUTPTESS? value
EXTRLOCK?
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Commands Which Don’t Have Equivalent Softkey Labels

% INPSIC
oA OUT8I0 value
OUTPINPSIO
MARKBUCK value
PSOFT{ON[OFF}
KEY vaiue
INPUDATA value
INPUFORK value
INPUUFORM value
INPURAWI value
INPURAWZ value
INPURAN3 value
INPURAWS value
INPUCALC{01 12} value
INPUCALK wvalue
FORM2
FORM3
FORM4
FORMS
QUTPCALC{01~-123}7
DUTPCALK?
QUTPSTINM?
GUTPDATA?
QUTPDATAP? value
OUTPERROY
OUTPFORM?
DUTPFORMP? value
CUTPLIMF?
OUTPFAIP?
OUTPLINML?
OUTPLIMMT
CUTPMARK?
OUTPMEMOT?
OUTPMEMOP? value
OQUTPTMEMT
QUTPTMEMPT value
OUTPIFORMT?
QUTPITMENMT?
OUTPRFORM?
OUTPRTMEM?
QUTPIRFORM?
. OUTPIRTMEM?
i GUTPUFORM?
DUTPMSTA?
OUTPMWID?
QUTPRAWLT
DUTPHRAWZ2T?
ODUTPRAW3?
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OUTPRAW4? 5
QUTPTITL?
ESBT

ESNB value
OSR7 |
0SE value o
TE3S7?
CLES
SAVC I

|EEE 488.2 Common Commands

*IDN? o
#RST |
*TST?
*JPC : |
*0PCT . I
*{JAT

*CLS

*ESE value
*ESE?
*E3R?
*SRE value
*SRET
*3TBT
*TRG

*PCB value
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‘Status Reporting

Figure B-1 shows the status reporting structure of the HP 8751A. Table B-1, Table B-2,

Table B-3, and Table B-4 describe the status bits of each register.
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Tahie B-1. Status Bit Definitions of the Status Byte (STB)

Bit Name Desceription
2 Check event stabus | One of the enabled bits in event status register B has been set.
register B
4 Message in output | A command has prepared infofmation to be cutput, but it has not
queue heen read yet.
5 Check event status | One of the enabled bits in the event status register has been set,
register
6 Request service One of the enabled status byte bits is causing an SRQ.
7 Operational status | One of the enabled bits 1n the operational status register has been set.
summary bit
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Table B-2. Status Bit Definitions of the Event Status Register (ESR)

Bit Name Descripélon
0 Operation A command for which OPC has been enabled and completed an
complete operation.
1 Request control The HP 8751A has been commanded to perform an operation that
requires control of a peripheral, and needs controi of HP-IB,
2 Query error i. The HP 87514 has been addressed to talk, but there is nothing in
the output gueue to transmif.
2. Data in the Output Queuve has been lost,
3 Device dependent | An error other than & command error, a query error, and an execuilon
error error has oceurred.
4 Execution error 1. A program data element following a header exceeded its input
range, or is inconsistent with the HP 8751A%s capabilities.
2. A valid program message could not be properly executed due fo
some instrument condition.
3 Command error 1. An TEEE 488.2 syntax error has been occurred. Possible violations
inciude, a data element violated the BP 8751A listening formais or
a data element type 1s unacceptable to the HP 8731 AL
2. A semantic error which indicates that an unrecognized neader was
received has occurred. Unrecognized headers include incorrect
device-specific headers and incorrect or unimplemented IEEE 488.2
common commands.
3. A Group Execute Trigger (GET) was entered into the Input Buffer
of a program message.
6 User request The operator has pressed a front panel key or an optional keyboard
key or turned the rotary knob.
7 Power on A power on sequence has occurred since the last read of the remster.
8 Waiting for reverse | A one-path 2-port calibration is active, and the instrument has
GET stopped, waiting for the operator to connect the device for a reverse
measurement. )
9 Waiting for A one-path 2-port calibration is active, and the instrument has

forward GET

stopped, waiting for the operator to connect the device for a forward
measurement.
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Table B-3. Status Bii Definitions of the Event Status Register B (ESB)

Bit Name Description
0 Sweep or group A single sweep or group has been compléted since the last read of the
complete register. Operates in conjunction with SING or NUMG.
1 | Service routine 1. An internal service routine has completed an operation, or is
waiting or done, or waiting for an operaior response.
f;?;;aj trigger 2. The HP 8751A has set the manual trigger on point mode and is
e waiting for a manual trigger.
2 Data entry A terminator key has been pressed.
complete
3 Limit failed, Ch 2 | Limit test failed on channel 2.
4 Limit failed, Ch 1 | Limit test failed on channel 1.
5 Search failed, Ch 2 | A marker search was executed on channel 2, but the target value was
not found.
8 Search failed, Ch 1 | A marker search was executed on channel 1, but the target value was
not found.
7 Point measurement | One point measurement of a sweep has completed.
completel

1 This bit is set only when the related bits of both the SRE and ESNB are enabled.
in the case of the manual trigger on point mode, HP S751A accepis the next trigger while current measurement is
in progress {up to the number of points). Use bit 1 and bit 7 correctly to synchronize measurement and external
triggering. For example, 1) wait until bit 1 s set, 2} trigger, and 3) wait until bit 7 is set.

Table B-4. Status Bit Definitions of the Operational Status Register (OSR)

Big

Name

Description

14

Prograin running

An HP Instrument BASIC program is running.
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Key Codes

Figure C-1 shows the codes of the front panel keys for using the KEY HP-IB command.
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Calibration Types and Standard Classes, and
Calibration Arrays

Pable D-1 lists which standard classs are required for each calibration type. Table D-2
specifies where the calibration coefficients are stored for different calibration types.

Table D-1. Calibration Types and Standard Classes

Class Response Response and S41 S5 One-path - Fall
Isolation I-port | Il-port 2-port 2-port
Response: a ©
Response and
isolation:
Response ®
'Isoiaﬁioﬁ 'S
Reﬂectibn:i ® ®
S11A {(opens) & ' = e
S11B (shorts) » _ # e
S11C (loads) . . .
S224 {opens) : ) 0
S22B {shorts) : e _ .
522C {loads} e s
Transmission: s ®
Forward match # ®
Forward thru - ® )
Reverse match ' "
Reverse thru e
Isolation:* “ e
Forward . ® v
Reverse - ®

1 Thaese subheadings must be called when deing 2-port calibrations.
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Table D.2. Calibration Array

1 Array | Response’ | Response and | 1-port? 2-port!?
Isolation®

1 | EgorEp | Ex (Ep)® Ep Eprp
2 Et (Eg) Iis Esr
3 Er Erp
4 Exr
5 Err
6 Lty
7 Epr
8 Esr
9 Egr
10 Exy
il Eir
12 Err

1 Meaning of first subscript: D=directivity; S=source masch;:
X==crosstalk; L=load match; T=iransmission tracking.

Meaning of second subscript: F=forward; Re=reverse.

2 One path, 2-port cal duplicates arrays 1 to 6§ in arrays 7 o
12,

3 Response and lsolation correcis for crosstalk and
transmission tracking in transmission measurements,
and for directivity and reflection tracking in refiection
IeASUTements,
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Error Messages

This section Hsts the error messages that may be displayed on the analyzer display or
transmitted by the instrument over HP-IB. Each error message is accompanied by an
explanation, and suggestions are provided to help in solving the problem. Where applicable,
references are given to related sections of the Operation and Maintenarce manuals.

When displayed, error messages are usually preceded with the word CAUTION:. That part

of the error message has been omitted here for the sake or brevity. Some messages are for
information only, and do not indicate an error condition. Two listings are provided: the first
is in alphabetical order, and the second in numerical order. '

In addition to error messages. instrument status is indicate by status notations in the

- left margin of the display. Examples are “+”, “msH”, and “P|”. Sometimes these appear
in conjunction with error messages. A complete listing of status and notations and their
meanings is provided in “Front and Rear Panel” in the Reference Maenual.

ERROR MESSAGES IN ALPHABETICAL ORDER

159 412V OUT OF SPEC

Severe error. Contact vour nearest Hewleti-Packard office.

160 +15V(A) OUT OF SPEC

Severe error. Contact your nearest Hewleti-Packard office.

157 <418V GUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

161 +22V OUT OF SPEC

Severe error. {ontact vour nearest Hewlett-Packard office.
¥y

162 +65V QUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

156 =-12.6V OUT OF SPEC

Severe error. Contact vour nearest Hewlett-Packard office.
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155 =15V OUT OF SPEC

Severe error. Contact your nearest Hewlett- Packard office. g

162  1st IF OFFSET 0SC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

190 1st LOCAL AMP TEST FAILED

Severe error. (ontact your nearest Hewlett-Packard office.

186 1st LOCAL MIXER LOCAL PORT ALC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

149 A1 CPU EXT BUS TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

141 Al ROM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

A40 HEAT SINK TOO HOT

The temperature sensors on the A4 post-regulator assembly have detected an over-
temperature condition. Power ofl and cool down the instrument for approximately 10 minutes.
If this message is displayed again, contact your nearest Hewlett-Packard. office.

165 Ach +5V(A)/2 OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

173 Ach A/D LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.

166 Ach A/D REF VOLTAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

170 Ach RECEIVER FUNCTIONALLY POOR

Severe error. Contact vour nearest Hewlett-Packard office.

176  Ach/Reh IF GAIN OUT OF SPEC

Severe error. Contact your nearest Hewiett-Packard office.

§ ADDITIONAL STANDARD NEEDED

Frror correction for the selected calibration class cannot be computed until all the necessary
standards have been measured.

A

LR
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14. BACKUP DATA LOST

Data check-sum error on the battery backup memory has occurred. The battery is recharged
for approximately 10 minutes after power on.

143 - BACKUP RAM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

167 Beh ~5.2V(A)/2 OUT OF SPEC

Severe error. Contact your nearest Hewiett-Packard office.

174 Bceh A/D LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.

168 - Beh A/D REF VOLTAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
171 Beh RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewlett-Packard office.

177 Beh/Reh IF GAIN OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office,

—160 Bloek data error

Block data is improper.
168  Bleck datz not allowed
Biock data is not allowed.

9  CALIBRATION ABORTED

The calibration in progress was terminated due to change of the active channel or stimulus
parameters.

7  CALIBRATION REQUIRED

No valid calibration coefficients were found, when user attempted to turn calibration on. Refer
to “Measurement Calibration” in the Reference Manual:

60 CAN'T CEANGE-ANOTHER CONTROLLER OK BUS

The analyzer cannot assume the mode of system controller until the active controller is
removed from the bus or relinguishes the bus.
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—148  Characeter data nof allowed

Character data not allowed for this operation.

—144  Character data too long

Character data is too long (maximum length is 12 characters).

136 CONTINUOUS SWITCHING NOT ALLOWED

The current measurement requires the S-parameter test set to switch automatically between
forward and reverse measurements (driving test port 1 and, then test port 2). Refer to
“Stimulus Function Block” in the Reference Manual.

—253 CORRUPT MEDIA

A legal program command could not be executed because of corrupt media; for example, bad
disk or wrong format.

13 CURRENT PARAMETER NOT IN CAL SET

HP-1B only, Correction is not valid for the selected measurement parameter. Refer to
“Measurement Calibration” in the Reference Manual.

—222 Data out of range

Numerical parameter of HP-IB command is out of the range defined.

—104  Data type error

Improper data type used {for example, string data was expected, but numeric data was
received).

10 DC CALIBRATION ABORTED

softkey causes the analyzer to abort the DC detector linearity

Pressing the
calibration in progress.

97 DC OVERLOAD ON INPUT A {
96 DC CVERLOAD ON INPUT B

98 DC OVERLOAD ONINPUTR

The DC voltage at one of the three receiver inputs approaches a DC damage level. Refer to
“Instrument Specifications” in the General Information section for the DC damage level.

-255 DIRECTORY FULL

A legal program command could not be executed because the media directory was full.
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142 DRAM TEST FAILED

Severe error. Contact vour nearest Hewlett-Packard office.

144 EEPROM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

182  EEPROM WRITE FAILED

Severe error. Contact your nearest Hewlett-Packard office.

12 EXCEEDED 7 STANDARDS PER CLASS

A maximum of seven standards can be defined for any class. Refer to “Measurement
Calibration” in the Reference Manual.

5 EXTERNAL REFERENCE UNLOCKED

The frequency of the external reference signal input to the connector on the rear panel

. deviates from 10/N MHz, where N is an integer between 1 to 10, and phase lock can ne longer

be maintained. Refer to “Front and Rear Panel” in the Reference Manual for details about
the signal.

158 FAN POWER OUT OF SPEC

Severe error. Contact vour nearest Hewlett-Packard office.

153 FDC CHIP TEST FAILED

Severe error. Contact your nearest Hewleti-Packard office.

—257 FILE NAME ERROR

A legal program command could not be executed because the file name on the device media
was in error; for example, an attempt was made to copy fo a duplicate file name.

—256 FILE NAME NOT FOUND

A legal program command could not be executed because the file name on the device media
was not found; for example, an attempt was made to read or copy a nonexistent file.

191 FN FREQ TEST FAILED
Severe error. Contact your nearest Hewleti-Packard office.

181  FN PRETUNE-DAC/MONITOR FAILURE

Severe error. Contact your nearest Hewlett-Packard office.

61 FORMAT NOT VALID FOR MEASUREMENT

The conversion function except the 1/S mode is not valid for the Smitk, Inverse Smith, and
SWR formats.
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32 FORMAT TYPE IS5 NOT SMITH

The conjugate matching function is only valid in the Smith chart format.

147  FPC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

—105  GET not allowed

GET is not allowed inside a program message.

150 GSP I/F TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

184 HPIB CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office,

146 INTR TIMER TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

—-161  Invalid block data

Invalid block data was received {for example, END received before length satisfied).

—141  Iuvalid character data

Bad character data or unrecognized character data was received.

—121  Invalid character in number

Invalid character in numeric data.

—101  Invalid character

Invalid character was received.

104 INVALID FILE NAME

HP-IB only. The file name for the RECALL, PURGE, or RE-SAVE function must have a
extension, “ 4", “_D”, or “_8”. Refer to “Saving and Recalling Instrument States and Data”
i the Reference Manual for more information.

—103 1Invalid separator

The message unit separator (for example, “;”, *,”) is improper.
P b

—151  Invalid siring data

Invalid string data was received (for example, END received before close quote).
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—131  Invalid suffix
Units are unrecogaized, or the units are not appropriate.

152 KEY CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

66 LIST TABLE EMPTY OR INSUFFICIENT TABLE

The frequency list is empty. To implement list frequency mode, add segments to the list table.
Refer to “Stimulus Function Block” in the Reference Manual.

80 LOCAL MAX NOT FOUND

The maxiroum peak whose sharpness is defined .by the peak define function cannot be found.

81 LOCAL MIN NOT FOUND

The minimum peak whose sharpness is defined by the peak define function cannot. be found.

-250 MASS STORAGE ERRCR

A mass storage error occurred. This error message should be used when the device cannot
detect the more specific errors described for errors ~251 trough —259.

-254 MEDIA FULL

A legal program command could not be executed because the media was full; for example,
there is no room on the disk.

—258 MEDIA PROTECTED

A legal program command could not be executed because the media was protected; for
example, the write-protect tab on a disk was present.

-251  MISSING MASS STORAGE

A legal program command could not be executed because of missing mass storage; for
example, attempt to access an external disk drive by using Instrument BASIC.

—252  MISSING MEDIA

A legal program command could not be executed because of a missing media; for example, no
disk.

~109  Missing parameter

A command with improper number of parameters received.

178 MIXER LINEARITY POOR

Severe error. Contact your nearest Hewieti-Packard office. -
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8 NO CALIBRATION CURRENTLY IN PROGRESS

oftkey is not valid uniess a calibration was already in progress.
Start a new cailbramon Refer 1o “Measurement Calibration” in the Reference Manual.

111 NG DATA TRACE DISPLAYED

is selected while the data trace is not displayed.

The S

76 NO-DATA TRACE

The

105 NO LEGAL FILES ON DISK

There are no files on the disk with extensions, “_A", “_D”, or “_3”. Refer to “Saving and
Recalling Instrument States and Data” in the Reference Manual for more information.

§2 NO MARKER DELTA - PEAK DEF NOT SET

The oftkey requires that delta marker mode be turned on, with at
least two markers dlspla,yed Refer to “Using Markers” in the Reference Manual.

79 NGO MARKER DELTA - RANGE NOT SET

The - softkey requires that delta marker mode be turned on, with at least
two markers dlspiayed Refer to “Using Markers” in the Reference Manual.

78 NO MARKER DELTA - SPAN NOT SET

The softkey requires that delta marker mode be turned on, with at least
two markers dispiayed. Refer to “Using Markers” in the Reference Manual.

112 NO MEMORY TRACE DISPLAYED

The

- is selected while the mermory trace is not displayed.

77 NG MEMORY TRACE

The

s selected while the memeory trace is not displayed.

117° NGO VALID Ach ABS MAG CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

118 NGO VALID Bch ABS MAG CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.
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122 NG VALID DC FULL SCALE CORRECTION CONSTANTS

Severe error. Contact vour nearest Hewlett-Packard office.

125  NO VALID FN PRETUNE CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

123 NO VALID HF PWR LIN CORRECTION CONSTANTS

Severe error. Contact your nearest Hewleti-Packard office.

124  NO VALID LF PWR LIN CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

30 NO VALID MEMORY TRACE

If & memory trace is to be displayed or otherwise used, a data trace must first be stored fo
memory. Refer to “Response Function Block” in the Reference Manual.

121 - NG VALID RATIC A/B CORRECTION CONSTANTS

Severe arror. Contact your nearest Hewlett-Packard office.

119 NO VALID RATIC A/R CORRECTION CONSTANTS

Severe error. Comniact yvour nearest Hewleti-Packard office.

120 NGO VALID RATIO B/R CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

116 NO VALID Rech ABS MAG CORRECTION CONSTANTS

Severe error. Contact vour nearest Hewleti-Packard office.

126 NO VALID STEP GSC CORRECTION CONSTANTS
Severe error. Contact your nearest Hewleti-Packard office.
31 NOT AVAILABLE FOR THIS FORMAT

Th . softkey is not valid when the format is either LOG MAG &
PHASE, or LOG MAG & DELAY.

41  NOT ENOUGH DATA

HP-IB only. The amount of dats sent to the analyzer is less than that expected.

11 NOT VALID FOR PRESENT TEST SET

The calibration requested is inconsistent with the test set present. This message occurs in the
E % following situations:
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® A full 2-port calibration is requested with a test set other than an S-parameter fest set.
B A one-path 2-port calibration is requested with an S-parameter test set (this procedure is
typically used with a transmission/reflection test set}.

—128  Numeric data not allowed

Numerical data not allowed for this operation.

~123  Numeric overflow

Numerical data value was too large (exponent magnitude >32k).

494 OVERLOAD ON INPUT 4, POWER REDUCED
3 OVERLOAD ON INPUT B, POWER REDUCED

95 OVERLOAD ONINPUT R, POWER REDUCED

When the power level at one of the three receiver inputs exceeds a certain level greater than
the maximum input level, the RI' output power level is automatically reduced to minimum
and the annotation “P.” appears in the left margin of the display. Refer 1o “Stimulus
Function Block™ in the Heference Manual.

—108  Parameter not allowed

Too many parameters for the command received.

21 PLOT ABORTED

Pressing the softkey causes the analyzer to abort the plot in progress.

25 PLOTTER NOT READY-PINCH WHEELS UP ,

If user attempts to plot when plotter’s pinch wheels are up, this message is displayed.

23 PLOTTEXR:not on, not connecled, wrong address |

The plotter does not respond to control. Verify power to the ploiter, and check the HP-IB
connection between the analyzer and the plotter. Ensure that the plotter address recognized
by the analyzer matches the HP-IB address set on the plotter itself. Refer to *Instrument
State Function Block” in the Reference Manual for insiruction on setting peripheral addresses.

180 POOR PRETUNE TRACKING

Severa error.- Contact your nearest Hewlett-Packard office.

185 POWER LINEARITY TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
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POWEL SHUT DOWN (ANALOG SYSTEM)

Severe error. Contact your nearest Hewlett-Packard office.

4 POWER SHUT DOWN (FDD, FRONT PANEL)

Severe error. Contact your nearest Hewlett-Packard office.

20 PRINT ABORTED

Pressing the softkey causes the analyzer to abort the plot in progress.

24 PRINT/PLOT IN PROGRESS, ABORT WITH COPY ABORT

If & print or plot is in progress and a second print or plot is attempted, this message is
displayed and the second atiempt is ignored. To abort a print or plot in progress, press

22 PRINTER:not on, not connected, wrong address

The printer does not respond to control. Verify power to the plotter, and check the HP-IB
connection between the analyzer and the printer. Ensure that the printer address recognized
by the analyzer matches the HP-IB address set on the printer itsell. Refer to “Instrument
State Function Block” in the Reference Manual for insiruction on setiing peripheral addresses.

—112 ° Program mnemonic too long

Program mnemonic is too long (maximum length is 12 characters).

—430 Query DEADLOCKED

Input buffer and output buffer are full; cannot continue.
—400 | Query error

Query is improper.

—410  Query INTERRUPTED

Query is followed by DAB or GET before the response was completed.

—440  Query UNTERMINATED after indefinite response

The query which requests arbitrary data response {*IDN7 and *0PT7 queries) is sent
before usual queries in 2 program message. (for example, FREQ? ; *IDN7? was expected. but
*IDN7;FREQY is received.)

—-420  Query UNTERMINATED

Addressed to talk, incomplete program message received.
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145  RATE TIMER TEST FAILED

severe error. Contact your nearest Hewlett-Packard office.

163 Rech +5V(D)/2 OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

172" Reh A/D LINEARITY POOR

Severe error. Contact youi nearest Hewlett-Packard office.

164 Reh A/D REF VOLTAGE QUT GF SPEC

Severe error. Contact vour nearest Hewleit-Packard office.

166 Rch RECEIVER FUNCTIONALLY POGR

Severe error. Contact your nearest Hewlett-Packard office.

148 REALTIME CLOCK TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

REAR PANEL FAN STOPPED

The analyzer detected that the fear panel fan stopped and auntomatically shut the power
down,

103 RECALL ERROR: INSTR STATE PRESET

A serious error, for example corrupted data, is detected on recalling file, and this forced the
analyzer to be preset.

184 RF AMP FLATNESS TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

187  RF MIXER LOCAL PORT ALC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

183 RF OSC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office. : i

188 RF POWER LEVEL ALC(HF) TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

188 RF POWER LEVEL ALC(LF) TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
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102 SAVE ERROGRE

A serious error, for example physically damaged disk surface, is detected on saving file.

175  SOURCE ATTENUATOR OQUT OF SPEC

Severe error. Contact your nearest Hewleti-Packard office.

183 STEP OSC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
—150  String data error

String data is improper.

—158  String data not allowed

String data is not aliowed.

~138  Suffix not allowed

A suffix is not aliowed for this operation.

- =102  Syntax error

Unrecognized command or data type was received.

-—124 Too many digits

Numerical data length was too long (more than 255 digits received).

—350 Too many errors

Too many errors occurred in HP-1B commands.

67 TOO MANY SEGMENTS OR POINTS

Frequency list mode is limited to 31 segments or 801 points. Refer to “Stimulus Function
Block” in the Reference Manual for more information. '

50 TOG MANY SEGMENTS

The maximum number of segments for the limit line table is 18. Refer to “Instrument State
Fanction Block” in the Reference Manual.

—223  Too much data

Fither there is too much binary data to send to the analyzer when data transfer format is
FORM 2, FORM 3 or FORM 5, or number of data is greater than the number of points.
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40 TOCO MUCH DATA

The number of data to be sent to the analyzer is greater than that expected.

—113  Undefined header

Undefined header or an unrecognized command was received (operation not allowed).

178 VOO MISADJUSTED, RETRY THIS TEST

Severe error. Contact your nearest Hewlett-Packard office,

151  VRAM TEST FAILED

Severe error. Contact your nearest Hewlett- Packard office.

ERROR MESSAGES IN NUMERICAL ORDER

POWER SHUT DOWN (ANALOG SYSTEM)

Severe error. Contact your nearest Hewlett-Packard office.

A48 HEAT SINK TOO HOT

The temperature sensors on the A4 post-regulator assembly have detected an over-
temperature condition. Power off and cool down the instrument for approximately 10 minutes.
If this message is displayed again, contact your nearest Hewlett-Packard office.

REAR PANEL FAN STOPPED

‘The analyzer detected that the rear panel fan stopped and automatically shut the power
down.

4 POWER SHUT DOWN (FDD, FRONT PANEL)

Severe error. Contact your nearest Hewlett-Packard office.

5 EXTERNAL REFERENCE UNLOCKED

The frequency of the external reference signal input to the connector on the rear panel
deviates from 10/N MHz, where N is an integer between 1 to 10, and phase lock can no longer
be maintained. Refer to “Front and Rear Panel” in.the Reference Manual for details about
the signal.

6 ADDITIONAL STANDARDS NEEDED

Error correction for the selected calibration ciass cannot be computed until all the necessary
standards have been measured.
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7 CALIBRATION REQUIRED

No valid calibration coefficients were found, when user attempted to turn calibration on. Refer
to “Measurement Calibration”™ it the Heference Manual.

8 NO CALIBRATION CURRENTLY IN PROGRESS

¢ CALIBRATION ABORTED

The calibration in progress was terminated due to change of the active channel or stimulus
parameters.

10  DC CALIBRATION ABORTED

Pressing the : AL softkey causes the analyzer to abort the DC detector linearity

calibration in progress.

11  NOT VALID FOR PRESENT TEST SET

The calibration Tequested is inconsistent with the test set present. This message occurs in the
following situations:

® A full 2-port calibration is requested with a test set other than an S-parameter test set,
¥ A one-path 2-port calibration is requested with an S-parameter test sei {this procedure is
typically used with a tramsmission/reflection test set}).

12 EXCEEDED 7 STANDARDS PER CLASS

A maximum of seven standards can be defined for any class. Refer to “Measurement
Calibration” in the Keference Manual.

13 CURRENT PARAMETER NOT IN CAL SET

HP-IB only. Correction is not valid for the selected measurement parameter. Hefer to
“Weasurement Calibration” in the Reference Menual.

14 BACKUP DATA LOST

Data check-sum error on the battery backup memory has occurred. The batfery is recharged
for approximately 10 minutes after power on.

20 PRINT ABORTED

softkey causes the analyzer to abort the plot in progress.

Pressing the

21  PLOT ABORTED

Pressing the I softkey causes the amalyzer to abort the plot in progress.
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22 PRINTER:ot on, not connect, wrong address

The printer does not respond to control. Verify power to the plotter, and check the HP-IB
connection between the analyzer and the printer. Ensure that the printer address recognized
by the analyzer matches the HP-IB address set on the printer itself. Refer to “Instrument
State Function Block” in the Reference Manual for instruction on setting peripheral addresses.

23  PLOTTER:ot on, not connect, wrong address

The plotter does not respond to control, Verify power to the plotter, and check the HP-IB
connection between the analyzer and the plotter. Ensure that the plotter address recognized
by the analyzer matches the HP-IB address set on the plotter itself. Refer to “Instrument
State Function Block” in the Reference Manual for instruction on setting peripheral addresses.

24 PRINT/PLOT IN PROGRESS, ABORT WITH COPY ABORT

If a print or plot is in progress and a second print or plot is attempted, this message is
displayed and the second attempt is ignored. To abort a print or plot in progress, press

25 PLOTTER NOT READY-PINCH WHEELS UP

If user attempts to plot when plotter’s pinch wheels are up, this message is displayed.

30 NO VALID MEMORY TRACE

If a memory trace is to be displayed or otherwise used, a data trace must first be stored to
memory. Reler to “Response Function Block” in the Reference Manual,

31 NOT AVAILABLE FOR THIS FORMAT

SCALE [COUPLED] softkey is not valid when the format is either LOG MAG &
, or LOG MAG & DELAY.

32 FORMAT TYPE IS NOT SMITH

The conjugate matching function is only valid in the Smith chart format.

46 T00 MUCH DATA

The number of data to be sent to the analyzer is greater than that expected.

41 - NOT ENOUGH DATA

HP-1B only. The amount.of data sent to the analyzer is less than that expected.

50 TOO MANY SEGMENTS

The maximum number of segments for the limit line table is I8 Refer to “Instrument State
Function Block” in the Reference Manual.
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60 CAN'T CHANGE- ANOTHER CONTROLLER ON BUS

The analyzer cannot assume the mode of system controller until the active controller is
removed from the bus or relinguishes the bus.

81  FORMAT NOT VALID FOR MEASUREMENT

The conversion function except the 1/S mode is not valid for the Smith; Inverse Smith, and
SWR formats.

66 LIST TABLE EMPTY OR INSUFFICIENT TABLE

The frequency list is empty. To implement list frequency mode, add segments to the list table.
Refer to “Stimulus Function Block” in the Reference Manual.

67 TOO MANY SEGMENTS OR POINTS

Frequency list mode is limited to 31 segments or 801 points. Refer to “Stimuius Fanction
Biock™ in the Reference Manual for more information.

76  NO DATA TRACE

is selected while the data trace is not displayed.

77  NO MEMORY TRACE

The ] is selected while the memory trace is not displayed.

78 NO MARKER DELTA - SPAN NOT SET

The

two

- — SPAN softkey reguires that delta marker mode be turned on, with at least
s displayed. Refer to “Using Markers” in the Reference Manual.

79 NO MARKER DELTA - RANGE NOT SET

The SE softkey requires that delta marker mode be turned on, with at least
two markers displayed. Refer to “Using Markers” in the Reference Manual.

80 LOCAL MAX NOT FOUND

The maximum peak whose sharpness is defined by the peak define function cannot be found.

81 LOCAL MIN NOT FOUND

The minimum peak whose sharpness is defined by the peak define function cannot be found.

82 NO MARKER DELTA - PEAX DEF NOT SET

The softkey requires that delta marker mode be turned omn, with at
Jeast two markers displayed. Refer to “Using Markers” in the Reference Manual.
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83 OVERLOAD ON INPUT B, POWER REDUCED
94 OVERLOAD ON INPUT A, POWER REDUCED

95  OVERLOAD ON INPUT R, POWER REDUCED

When the power level at one of the three receiver inputs exceeds a certain level greater than
the maximum input level, the RF output power level is automatically reduced to minimum
and the annotation “P|” appears in the left margin of the display. Refer to “Stimulus
Function Block” in the Reference Manual.

9% DC OVERLOAD ON INPUT B
7 DC GVERLOAD ON INPUT A

98¢ DC OVERLOAD ON INPUT R

The DC voltage at one of the three receiver inputs approaches a DC damage level. Refer to
“Instrument Specifications” in the General Information section for the DC damage level.

102 SAVE ERROR

A serious error, for example physically damaged disk surface, is detected on saving file.

103  RECALL ERROR: INSTR STATE PRESET

A serious error, for example corrupted data, is detected on recalling file, and this forced the
analyzer to be preset.

104 INVALID FILE NAME

HP-1B only. The file name for the RECALL, PURGE, or RE-SAVE function must have a .
extension, “.A7, “_D", or “_8". Refer to “Saving and Recalling Instrument States and Data”
ir the Reference Manual for more information.

105 NO LEGAL FILES ON DISK

There are no files on the disk with extensions, “_A", “_D”, or “_5". Refer 1o “Saving and
Recalling Instrument States and Data” in the Reference Manual for more information.

111 NO DATA TRACE DISPLAYED

The |- is selected while the data trace is not displayed.

112  NO MEMORY TRACE DISPLAYED

The

is selected while the memory trace is not displayed.

116 NO VALID Rch ABS MAG CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.
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117 NO VALID Ach ABS MAG CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

118 NO VALID Bch ABS MAG CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

119 NG VALID RATIO A/R CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlet{-Packard office.

120 NO VALID RATIO B/R CORRECTION CONSTANTS

Severe error. Contact your nearest Hewleti-Packard office.

121 NO VALID RATIO A/B CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.
122 NO VALID DC FULL SCALE CORRECTION CONSTANTS

Severe error: Contact your nearest Hewlett-Packard office.

123 NO VALID HF PWR LIN CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

124  NO VALID LF PWR LIN CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

125 NO VALID FN PRETUNE CORRECTION CONSTANTS

Severe error. Contact vour nearest Hewlett-Packard office.

126 NO VALID STEP 0SC CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

136 CONTINUQUS SWITCHING NOT ALLOWED

The current measurement requires the S-parameter test set to switch automatically between
forward and reverse measurements (driving test port 1 and, then test port 2). Refer to
“Stimulus Function Block” in the Heference Manual.

141 Al ROM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

142 DRAM TEST FAILED

Severe error. Contact vour nearest Hewleti-Packard offiice.
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143 BACKUP RAM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

144 EEPROM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

145 RATE TIMER TEST FAILED

Severe error. Contact vour nearest Hewlett-Packard office.

146 INTR TIMER TEST FAILED

Severe error. Contact yvour nearest Hewlett-Packard office.

147  FPC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

148  REALTIME CLOCK TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

149 A1 CPU EXT BUS TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

150 GSP I/F TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

151 VRAM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

152 . KEY CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

153 FDC CHIP TEST FAILED

Severe errcr. Contact vour nearest Hewlett-Packard office.

154 HPIB CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

155 —15V OUT OF SPEC

Severe error. Contact yvour nearest Hewlett-Packard office.
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156  -12.6V OUT OF SPEC

Severe error. Contact your nearest Hewleti-Packard office.

157 18V QUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

158 FAN POWER OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

156 +12V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

160  +15V({A) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

161  +22V QUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

162 +65V OUT OF SPEC

Severe error. Contact vour nearest Hewlett-Packard office. .

163 Reh +5V(D)/2 OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

164 Rch A/D REF VOLTAGE 0UT OF 5PEC

Severe error. Contact vour nearest Hewlett-Packard office.

165 Ach +5V(4)/2 OUT OF SPEC

Severe error. Contact vour nearest Hewlett-Packard office.

166 Ach A/D REF VOLTAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

167 Beh ~5.2V(A)/2 OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

168 Beh A/D REF VOLTAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
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166 Rch RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewleit-Packard office.

170 Ach RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewlett-Packard office.

17t Beh RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewlett-Packard office.

172 Rch A/D LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.

173 Ach A/D LINEARITY POOR

Severe error. Contact your nearest Hewleti-Packard office.

174 Beh A/D LINEARITY POOR

Severe error. Contact your nearest Hewiett-Packard office.

175 SOURCE ATTENUATOR OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

176  Ach/Rech IF GAIN OUT OF SPEC

Severe error. Contact your nearest Hewleti-Packard office.

177 Beh/Reh IF GAIN OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

178 MIXER LINEARITY POGOR

Severe error. Contact your nearest Hewlett-Packard office.

i79 VOGO MISADJUSTED, RETRY THIS TEST

Severe error. Contact your nearest Hewlett-Packard office.

180 POOR PRETUNE TRACKING

Severe error. Contact your nearest Hewlett-Packard office.

181 FN PRETUNE-DAC/MONITOR FAILURE

Severe error. Contact your nearest Hewlett-Packard office.
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187 EEPROM WRITE FAILED

Severe error. Contact your nearest Hewleti-Packard office.

183 STEP OSC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

184 RF AMP FLATNESS TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

185 POWER LINEARITY TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

186 1st LOCAL MIXER LOCAL PORT ALC TEST FAILED

Severe error. Comtact your nearest Hewlett-Packard office.

187 RF MIY¥ER LOCAL PORT ALC TEST FAILED

Gevere error. Contact your nearest Hewlett-Packard office.

188 RF POWER LEVEL ALC(LF) TEST FAILED

Severe error. Contact vour nearest Hewlett-Packard office.

186 RF POWER LEVEL ALC{HF) TEST FAILED

Severe error. Jontact your nearest Hewlett-Packard office.

190 ist LOCAL AMP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

191 PN FREQ TEST FAILED

Severe errar. Contact your nearest Hewlett-Packard office.

169 1st IF OFFSET OSC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

163 RF §SC TEST FAILED
Severe error. Contact your nearest Hewlett-Packard office.
—440 Query UNTERMINATED after indefinite response

The query which requests arbitrary data response (*IDN7 and *0PT? queries) is sent
before usual queries in a program message. {for example, FREQ? ; *IDNT was expected, but
+IDN? ;FREQ? is recejved.)
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—430  Query DEADLOCKED

Input buffer and cutput buffer are full; cannot continue,

~420 {uery UNTERMINATED

Addressed to talk, incomplete program message received.

—410  Query INTERRUPTED

Query is foliowed by DAB or GET before the response was completed.
—400  Query error

(Query is improper.

—350  Teo many errors

Too many errors occurred in HP-IB commands.

-258 MEDIA PROTECTED

A legal program command could not be executed because the media was protected; for
example, the write-protect.tab on a disk was present.

—257 FILE NAME ERROR

A legal program command could not be executed because the file name on the device media
was in error; for example, an attempt was made fo copy to a duplicate file name.

—256 FILE NAME NOT FOUND

A legal program command could not be executed because the file name on the device media
was not found; for example, an attempt was made to read or copy a nonexistent file.

~285  DIRECTORY FULL

A legal program command could not be executed because the media directory was full.

-254  MEDIA FULL

A legal program command could not be executed because the media was full; for example,
there is no room on the disk.

-283 CORRUPT MEDIA

A legal program command could not be executed because of corrupt media; for example, bad
disk or wrong format.

~252  MISSING MEDIA

A legal program command could not be executed because of a missing media; for example, no
disk.
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—251 MISSING MASS STORAGE

A legal program command could not be executed because of missing mass storage; for
example, attempt fo access an external disk drive by using Instrument BASIC.

250 MASS STORAGE ERROR

A mass storage error oceurred. This error message should be used when the device cannot
detect the more specific errors described for errors —251 trough —259.

—223  Too much data

Pither there is too much binary data to send to the analyzer when data transfer format is
FORM 2, FORM 3 or FORM 5, or number of data is grater than the number of points.

—222  Data out of range

Nurnerical parameter of HP-IB command is.out of the range defined.

168 Block data not allowed

Block data’is not allowed.

~161  Invalid block data

Tnvalid block data was received (for example, END received before length satisfied).
160  Block data error

Biock data is improper.

—158  String data not allowed

String data is not allowed.

—151  Invalid string data

Invalid string data was received {for example, END received before close quote).
—150  Siring data error

String data is Improper.

~148  Character data not allowed

Character data not allowed for this operation.

—144  Character data too long

Character data is too long {maximum length is 12 characters ).
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141 Invalid character data

Bad character data or unrecognized character data was received.

138  Suffix not allowed

A suflix is not allowed for this operation.

—131  Invalid suffix

Units are unrecognized, or the units are not appropriate.

—128  Numeric data not allowed

Numerical data not allowed for this operation.

—124  Too many digits

Numerical data length was too long {more than 255 digits received).

=123  Numeric overflow .

Numerical data value was too large {exponent magnitude >32k),

~121  Invalid character in number

Invaiid character in numeric data.

~113  Undefined header

Undefined header or an unrecognized command was received (operation not allowed).

—112  Program mnemenic too long

Program mnemonic is too long (maximum length is 12 characters).

—10%  Missing parameter

A command with improper number of parameters received,

—108 Parameter not allowed

Too many parameters for the command received.

—1058  GET not allowed

GET is not allowed inside-a program message.

—104  Data type error

Improper data type used (for example, string data was expected, bul numeric data was
received ).
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—103  Invahd separator

"The message unit separator (for example, “;”, ¥,”} is improper.

~102  Syntax error

Unrecognized command or data type was received.

103  Invalid characier

Invalid character was received.
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MNote

'he Option 002 HP Instrument BASIC can be retrofitted using the HP 16298A HP
Instrument BASIC Retrofit Kit,

Grdering Information

Product Mumber Deseription
HY 162084 HP I{nstrument BASIC Hetrofit Kit
EOM Set
RAM Set

Key Board {with cable}

HP Instrument BASIC Manual Set
{This manual st describes the HP Instrument BASIC programming
language. This msnual set assumes that you have read Using HFP
Instrument BASIC with the HP 8751A. See below.)

Option 316 Add Using HP Instrument BASIC with the HP 87514
(This manual describes operation of HP Instrument BASIC with the
HP 8751A. This mannal is NOT included in the HP Instrument BASIC
Manual Set.)

Option (08 Add Using HP Instrument BASIC with the HP 8751A (Japanese)

Option 069 Delete Key Board

For more information, contact your nearest Hewlett-Packard office.






