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Sound Emission

Manufacturer’s Declaration

This statement is provided to comply with the requirements of the German Scund DIN 453635
T. 19 (Typprufung).

This product has a sound pressure amission (at the operator position) < 70 dB(A).
u Scund Pressure Lp < 70 dB(A).

m At Operator Position.

m Normal Operation.

w According to 15O 7779 (Type Test).

Herstellerbescheinigung

Diese Information steht im Zusammenhang mit den Anforderungen der
schinenlarminformationsverordnung vom 13 Jjanuar 1691.

» Schalldruckpegel Lp < 70dB (A).
» AM Arbeitsplatz.
» Normaler Betrieb.

s Nach DIN 45635 T. 19 {Tvpprufung).
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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of ship-
ment from the fuctory. Hewlett-Pockard further certifies that its calibration measurements are ¢raceable
to the United States National Institute of Standards and Technology, to the extent allowed by the Insti-
tute’s calibration facility, and 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 date of shipment. During the warranty pericd, 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
the Buyer. However, Buyer shall pay all shipping charges, duties, and taxes for produects 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 instructions when properly installed on that instrument. HP does not warrant that the
operation of the instrument, or scftware, or firmware wiil be uninterrupted or error free.

LIMITATION OF WARRANTY

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

NO OTHER WARRANTY IS EXPRESSED CR IMPLIED. HP SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP
SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL
THEORY.

ASSISTANCE

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

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.




ATTENTION
Static Sensitive
Devices

This instrument was constructed in an ESD (electro-static discharge)
protected environment. This is because most of the semi-conductor
devices used in this instrument are susceptible to damage by static
discharge.

Depending on the magnitude of the charge, device substrates can be
punctured or destroyed by contact or mere prozimity of a static charge.
The results can cause degradation of device performance, early failure,
or immediate destruction.

These charges are generated in nUMerous ways such as simple contact,
separation of materials, and normal motions of persons working with
static sensitive devices.

When handling or servicing equipment containing static sensitive
devices, adequate precautions must be taken to prevent device damage
or destruction.

Only those who are thoroughly familiar with industry accepted tech-
niques for handling static sensitive devices should attempt to seruice
cireuitry with these devices.

In all instances, measures must be taken to prevent static charge
build-up on work surfaces and persons handling the devices.
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SAFETY CONSIDERATIONS

GENERAL

This product and related documentation must be
reviewed for familiarization with safety markings and
instructions before operation.

This product is a Safety Class I instrument (provided
with a protective earth terminal).

BEFORE APPLYING POWER
Verify that the product is set to match the available
line voltage and the correct fuse is installed.

SAFETY EARTH GROUND

An uninterruptibie safety earth ground must be pro-
vided from the main power source to the product input
wiring terminals, power cord, or supplied power cord
set.

SAFETY SYMBOLS

Instruction manual symbol: the product will be
marked with this symbol when it is necessary for the
user to refer to the instrucHon manual {refer tc Table
of Contents.)

; Indicates hazardous voltages.

= Indicates earth (ground) terminal.

WARNING The WARNING sign denotes a hazard.

It calls attention to a procedure, practice, or the like,
which, if not correctly performed or adhered to, could
result in personal injury. Do not proceed beyond a
WARNING sign until the indicated conditions are fully
understood and met.

CAUTION | The CAUTION sign denotes a hazard. It

calls attention tc an operating procedure, practice, 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. Do not proceed beyond a CAUTION
sign until the indicated conditions are fully understood
and met.

WARNING

Any interruption of the protective (grounding)
conductor (inside or outside the instrument) or
disconnecting the protective egrth terminal will
cause a potential shock hazard that could result-
ing personal injury. (Grounding one conductor of
a two conductor outlet is not sufficient protection).

Whenever it is likely that the protection has been
impaired, the instrumeni must be made inop-
erative and be secured against amy unintended
operation.

If this instrument is to be energized via an
autotransformer (for voltage reduction) make sure
the common terminal is connected to the earth
terminal of the power source.

Servicing instructions are for use by service
trained personnel only. To avoid dangerous elec-
tric shock, do not perform amy servicing unless
qualified to do so.

Adjustments described in the manual are per-
formed with power supplied to the instrument
while protective covers are removed. Energy avail-
able at may points may, if contacted, result in
personal injury.

Capacitors inside the instrument may still be
charged even if the instrument has been discon-
nected from its source os supply.

For continued protection against fire hazard, re-
place the line fuse(s) only with 250V fuse(s) of
the same current rating and type (for exampie,
normal blow, time delay, etc.) Do not use repaired
fuses or short circuited fuseholders.
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Model 8301A
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OPTION 908

RACK FLANGE KIT

OPTION 907
FRONT HANDLE KIT

OPTION 909
RACK FLANGE AND FRONT
HANDLE COMBINATION KIT

NOTE: Refer to ACCESSORIES SUPPLIED. page 1-7. for more details.

Fioure 1-1. AP 8901 A (Oprion 0101 Accessories Suppiied, cnd Options 907 908, and 909
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Model 8901 A General Information

Section 1
GENERAL INFORMATION

1-1. INTRODUCTION

This Operation and Calibration Manual contains information required to install, operate,
test, and adjust the HP 8901 A Modulation Analyzer. The Modulation Analyzer (with the
AM and FM Calibrators, Option 010) is shown in figure 1-1 with all supplied accessories.
This manual documents Modulation Analyzers supplied with Options 001, 002, 003, 004
and 010. :

Section 1, General Information describes the instruments documented by this manual
and covers instrument description, options, accessories, specifications and other basie
information. This section also contains instrument theory of operation on a simplified block
diagram level, and a discussion of basic modulation theory.

Section 2, Installation provides information about initial inspection, preparation for use
(including address selection for remote operation), and storage and shipment.

Section 3, Operation provides information about panel features and includes operating
checks, operating instructions for both local and remote operation, and maintenance
information.

Section 4, Performance Tests provides the information required to check performance of
the instrument against the critical specifications in table 1-1.

Section 5, Adjustments provides the information required to properly adjust the instru-
ment.

Additional copies of this manual can be ordered separately through your nearest Hewlett-
Packard office. The part number is listed on the title page.

Also on the title page of this manual, below the manual part number, is a microfiche
part number. This number may be used to order 100 x 150 mm {4 x 6-inch) microfilm
transparencies. Each microfiche contains up to 96 photo-duplicates of the manual pages.
The microfiche package also includes the latest manual updates.

1-2. SPECIFICATIONS

Instrument specifications are listed in table 1-1. These are the performance standards,
or limits, against which the instrument may be tested. Characteristics listed under
Supplemental Information are not warranted specifications but are typical characteristics
included as additional information for the user.
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1-3. SAFETY CONSIDERATIONS

This product is a Safety Class I instrument (that is, provided with a protective earth
terminal). The Modulation Analyzer and all related documentation must be reviewed for
familiarization with safety markings and instructions before operation. Refer to the Safety
Considerations page found at the beginning of this manual for a summary of the safety
information.

Safety information pertinent to the task at hand (installation, operation, performance
testing, adjustment) is found throughout this manuals.

1-4. INSTRUMENTS COVERED BY THIS MANUAL

Options _
Electrical options 001, 002, 003, 004, and 010 and various mechanical options are docu-
mented in this manual. The differences are noted under the appropriate paragraph such as
Options in section 1, the Replaceable Parts List, and the schematic diagrams.

Serial Numbers

Attached to the instrument is a serial number plate. The serial number is in the form
1934A00123. The first four digits and the letter are the serial prefix. The last five digits
form the sequential suffix that is unique 0 each instrument. The contents of this manual

applies directly to instruments having the same serial number prefix{es) as listed under
SERIAL NUMBERS on the manual title page.

For information concerning a serial number prefix not listed on the title page or in the
Manual Updates Packet, contact your nearest Hewlett-Packard office.

1-5. MANUAL UPDATING

This manual may be revised as needed to make corrections and to document hardware
and firmware changes. The lastest revision of the manual can be purchased from the
Hewlett-Packard locations shown below:

inside the U.S.A.

Call HP Parts Direct Ordering at 800-227-8164. They can also help determine if a new revision
is available.

Qutside the U.S.A.

Contact the local Hewlett-Packard Sales and Service office for ordering information.

1-2 rev. 12MAY93
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1-6. DESCRIPTION OF THE MODULATION ANALYZER

The HP 8901A Modulation Analyzer is a complete measurement system for accurately
characterizing signals in the 150 kHz to 1300 MHz frequency range. It can make more than
just one kind of measurement. It combines the capabilities of three separate instruments: it
can measure carrier frequency, it can measure RF peak power (often eliminating the need
for a separate power meter), and it can accurately measure modulation and recover the
modulating signal. This allows you to make those measurements most commonly needed to
totally characterize a signal. The Modulation Analyzer can measure a signal’s frequency,
frequency drift, peak power level, amplitude modulation (AM), frequency modulation (FM),
phase modulation (#M), and AM and FM noise components. It recovers the modulating
signal with very low added distortion and noise for audio analysis.

Besides combining several measurements in one instrument, the Modulation Analyzer
makes a second contribution to signal analysis — extremely precise modulation measure-
ments. Its ability to make precise depth and deviation measurements, coupled with ifs very
low internal noise, enables the Modulation Anaiyzer to characterize very accurate signal
sources. Modulation depth or deviation accuracy is generally less than 1% of reading. Resid-
ual noise in a 50 Hz to 3 kHz bandwidth is 0.01% for AM and <8 Hz for FM at 1300 MHz
carrier frequencies, decreasing to <1 Hz below 100 MHz.

The Modulation Analyzer is fully automatic and all major measurements can be made by
pushing a single key. The Modulation Analyzer’s large digital display shows measurement
results with excellent resolution and is easy to read. All Modulation Analyzer operations
can be controlled and all measurement results can be transferred through the Hewlett-
Packard Interface Bus (HP-IB). (HP-IB is Hewlett-Packard’s implementation of [EEE
Standard 488 and ANSI Standard MC1.1.)

rev. 12MA Y93 1-3
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Frequency Measurements

In automatic operation, the Modulation Analyzer has the performance of a high-quality,
150 kHz to 1300 MHz frequency counter. Resolution is 10 Hz below 1000 MHz and 100 Hz
above 1000 MHz. Sensitivity is —25 dBm (12 mV rms) below 650 MHz and -20 dBm
(22 mV rms) above 650 MHz.

Like most frequency counters, the counter in the Modulation Analyzer will measure signals
over a wide dynamic range, >50 dB (92 mV rms to 7 mV rms), and 1s protected from damage
for signals up to 35 V rms. However, unlike many frequency counters, 1t automatically
adjusts itself as the input level changes. There is no need to manually set or adjust the
input attenuator, Because the Modulation Analyzer is usually used to measure modulated
signals, its frequency counter also accurately measures signals with significant levels of
AM.

The Modulation Analyzer uses an indirect technique for measuring RF frequencies. The
input signal is down-converted to an intermediate frequency (IF) using a mixer and alocal
oscillator (LO). By counting the frequency of both the IF and LO and calculating their
difference, the Modulation Analyzer can determine the frequency of the input signal. In
automatic operation, the Modulation Analyzer automatically tunes to the largest input
signal and measures its frequency.

SENSITIVITY {dBm)

|

\

] T 4“

l i

500 200 500 800 1000 1200
FREQUENCY (MH2)

_

Figure 1-2. Typical Sensitivity of Frequency Measurements in Manual Operation

In manual operation, you can determine the frequency to which the Modulation Anatyzer ..

tunes. Entering the approximate frequency on the keyboard causes the IF filter to eliminate __

all but very close interfering signals. This allows the Modulation Analyzer to selectively
count signals other than the largest. Also, because of its large IF gain, the Modulation
Analyzer can measure very low level signals. In manual operation, the Modulation
Analyzer has a typical sensitivity of 0.22 mV rms (=80 dBm), and dvnamic range of >90 dB
(0.22 mV rms o 7 V rms).

RF Power Measurements

The Modulation Analyzer uses a diode detection circuit to measure RF mnput power. This
technigue measures peak voltage and is calibrated from 1 mW to 1 W for sine wave inputs.
For amplitude-modulated signals, the Modulauion Analvzer measures the peak envelope
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power. Because a peak detector is used, distortion of the RF signal can affect accuracy, but
for most levels of distortion this error is small.

The Modulation Analyzer is equipped with input power protection to prevent damage
from the accidental application of excessive power. (This is a common cause of damage in
equipment used to measure transmitters.) The Modulation Analyzer is tested for inputs
up to 25 Watts. Protection is provided by limited diodes and an RF relay. When excessive
power is applied, the relay opens and protects sensitive components, and the Modulation
Analyzer displays an error message. The circuit automatically resets whenever a key
is depressed. This technique is superior to fuses which, in many cases, are too slow for
adequate protection and require replacement each time an overload occurs.

In addition to normal RF level measurements made directly on the input signal, the
Modulation Analyzer can measure the signal level in the constant-gain IF filter passband.
This is the TUNED RF LEVEL function. In this mode the Modulation Analyzer accuracy
is degraded from normal RF measurements, but relative power measurements at a single
frequency can be made with increased resclution. Because the IF filter allows some
selectivity, one signal can be measured even when others are present.
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Figure 1-3. Typical Power Measurement Accuracy

Modulation Measurements

In AM, high accuracy and low noise are coupled with resolution of 0.01% below 40% depth
and 0.1% resolution to over 100% depth. AM signals at rates up to 100 kHz can be measured
and the modulation accurately recovered. AM signals with significant levels of FM can be
measured because of excellent FM rejection.

Most AM depth measurements can be made with accuracies better than 1% of reading.
This is made possible by very linear amplifiers and detectors. Because these amplifiers and
detectors are also low in noise, residual AM 1n a 50 Hz to 3 kHz bandwidth is <0.01% rms.

FM deviation can be measured with an accuracy of 1% of reading and dispiaved with
resojution ranging from 1 Hz for deviations below 4 kHz to 100 Hz for deviations greater
than 40 kHz. Modulation is recovered with less than 0.1% distortion, and most AM is
rejectec.
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The ability to measure low levels of residual FM is one of the key contributions of
the Modulation Analyzer. A low-noise local oscillator in combination with a low-noise
discriminator allows residual FM measurements of <8 Hz at 1300 MHz and <1 Hz below
100 MHz. This is low enough to allow the direct measurement of residual FM of such
low-noise sources as crystal oscillators.

For all AM depth and FM deviation measurements you can select from one of three detec-
tors. Both positive and negative peak (trough for AM) can be measured. The Modulation
Analyzer also has an average-responding detector which is rms sine wave calibrated. This
type of detector is useful for determining the residual noise on a signal where the rms value,
not the peak, is generally the desired parameter.
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Figure 1-4. Typical AM Flatness

The Modulation Analyzer also has a PEAK HOLD function: that is used with either
the positive or negative peak detectors. This function captures, holds, and displays the
maximum peak modulation of a signal and is ideal for making measurements such as
modulation limiting on mobile radies. Measurements can be made for any length of time
and either the largest positive or negative peak that occurs will be measured. Pushing the

PEAK HOLD kev resets the display and initiales a new measurement cycle.
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Figure 1-5. Typical Internal Noise Contribution to FM Measurements at 100 MHz Carrier Frequency
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Figure 1-6. FM Mobile Radio Modulation Limiting Measurement Showing Demodulated
Waveform and Measured Value of Transient and Steady-State Deviation

Post-Detection Audio Filters

The Modulation Analyzer has two high pass and three low pass post-detection audio
filters for filtering the recovered modulation. These filters can be selected individually
or in combination. Their cutoff frequencies have been chosen to match those needed for
applications such as transmitter or signal generator testing. The »20 kHz filter is a Bessel
fiiter. It minimizes overshoot for square wave modulation so that this type of modulating
waveform can also be accurately measured.

The Modulation Analyzer contains four de-emphasis networks that can be used in addition
to the audio flters. These are the ones commonly used 1in F'M communications: 25, 3G, 753,
and 750 ;5. When selected, the de-emphasis networks always affect the demodulated output.

1-7
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You can select whether or not the de-emphasis network affects the deviation measured and
indicated by the display. The ability to select either the actual or “de-emphasized deviation”
increases the usefulness of the Modulation Analyzer in many applications.

Moduiation Calibraters

One of the most difficult problems involved in making very accurate measurements of AM
depth or FM deviation is generating a precisely modulated signal to use as a calibration
standard. In instruments with Option 010, a precise AM and FM modulation standard is
included.

The AM standard is generated by summing two identical 10 MHz signals. When one
of the signals is switched on and off at a 10 kHz rate, the result is 33.33% AM depth.
By internally measuring any slight difference in the levels of the 10 MHz signals, the
Modulation Analyzer is able to compute internally the actual depth to =0.1% accuracy.
To further improve the modulation envelope, the rise and fall transitions are smoothed to
eliminate ringing that might otherwise occur when this signal is measured.

Figure 1-7. AM Calibrator Waveform

The FM standard is generated by square wave modulating a VCO with a nominal 34 kHz
peak deviation. By using the internal counter to measure the upper and lower frequency of
this signal, the actual peak deviation is computed internally to =0. 1% accuracy. To prevent
ringing, the square wave 1s modified to a round-edge trapezoid.
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Figure 1-8. FM Calibrator Modulation Waveform

When the output of the calibrator is connected to the Modulation Analyzer’s input, the
amount of modulation is measured and a calibration factor displayed. The calibration
factor is the ratio of the measured modulation to the internalily-computed modulation of
the calibrator, expressed in %.

Because the modulation standards are internal to the Modulation Analyzer, there is little
need for metrology laboratories to purchase separate calibration standards. Also, because
of the technique used, it is easy to verify if the calibrators are operating properly.

Operation

Often instruments with state-of-the-art accuracy require highly skilled operators in order
to be used. This is not the case with the Modulation Analyzer. It provides excellent accuracy
while remaining easy to use. Its front panel is simple, uncluttered, and easy to understand.
You need only select the measurement to be made. There is no need to tune, adjust
levels, or select the appropriate range; the internal microprocessor does it all and quickly.
Because the microprocessor determines the optimum instrument settings for you, most
measurements require only a single keystroke.

For those applications requiring tuning to a specific frequency, automatic tuning may be
overridden. This feature allows a single signal to be selected in the presence of others but
retains the speed and convenience of the other automatic functions,

You can alse make measurements relative to either a measured value or one entered
from the keyboard by using the ratio keys. Relative measurements can be expressed in "~ ™~
either dB or %. This means that when testing FM mebile transmitiers, you can enter

3 (kHz), depress the dB key, and make measurements in dB relative to 3 kHz deviation.
Similarly, in broadeast FM applications, deviation could be displaved in % relative to

75 kHz deviation where 75 kIHz is defined as 100%. You can also enter a measurement
limit on the kevboard which will couse the Modulation Analvzer to indicate whenever the
measured value exceeds the value entered as a limit.
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Special Functions

The Modulation Analyzer can do more than is apparent from the front panel. This capability
is accessed by using the numeric keys and a Special Function key. They give access
to auxiliary functions, manual control of instrument functions, instrument operation
verification, and service aids.

An example of the type of Special Functions found in the category of auxiliary functions
is the automatic track-tune mode. This mode is accessed by entering 4.1, then pressing
the SPCL key. Once the Modulation Analyzer has been placed in track mode, it will
continuously track the signal as it changes frequency. This eliminates the delays caused by
the instrument searching for the signal each time the frequency changes. Using this Special
Function, you can continucusly monitor modulation accuracy on a signal generator while
tuning across the signal generator’s frequency band. Special Functions can also be used
to set any measurement range or instrument function. They can be used to select either
of two internal IFs, the one normally used for frequencies above 10 MHz, or a narrow IF
where rates and deviations are more restricted but selectivity is increased. All Instrument
functions not set using these Special Functions remain in the automatic mode. This allows
you to select any combination of manual or automatic operations. By depressing the special
key alone, the display shows eight digits that indicate which functions are in automatic and
the state of those manually set.

There are also numerous Special Functions that can be used in verifying that the in-
strument and its various sections are operating properly. These, along with service func-
tions make diagnosing and repairing the Modulation Analyzer faster and easier. An addi-
tional service aid configures many of the digital circuits for troubleshooting with a signa-
ture analyzer. This allows a technician with little knowledge of digital circuits to rapidly
sroubleshoot a failure in the digital portion of the instrument.

Those Special Functions that are most commonly used in operating the Modulation
Analyzer are described on the Operating Information pull-out card under the front panel.

Programmability

The Modulation Analyzer is completely programmable through the Hewlett-Packard
[nterface Bus (HP-IB). This, coupled with the diversity of measurements the Modulation
Analyzer can make, the speed with which these measurements can be made, and the
flexibility of the Special Functions, make the instrument 1deal for systems applications. In
many instances it can reduce the number of instruments in a system, speed measurements,
reduce complexity. and improve accuracy.

When the Modulation Analyvzer is in remote, the front-panel annunciators make it verv
ensy to determine what state the instrument is in.
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Figure 1-9. Demodulated FM Stereo Test Signal af 15 kHz Rate

1-7. OPTIONS
Electrical Options

Option 001. This option provides rear-panel (instead of front-panel) connections for INPUT,
MODULATION OUTPUT, and if present, CALIBRATION OUTPUT.

Option 002. This option provides a high-stability (1 x 10-?/day) internal reference oscillator
in place of the standard reference oscillator. In addition, a 10 MHz time base output is
provided on the rear panel.

Option 003. This option provides an output for the internal local oscillator signal and an
input for external local oscillator signal. Both connections are located on the rear panel and
use Type-N connectors.

Option 004. This option allows operation at line frequencies ranging from 48 to 440 Hz.
Operation at frequencies greater than 66 Hz is restricted to <126.5 V ac line input.

Option 010. This option provides internal AM and FM calibrators. The AM calibrator
provides a nominal output of 33.33% AM. The FM calibrator provides a nominal output
of 3¢ kHz peak deviation. Using the calibrators, the Modulation Analyzer computes
calibration factors accurate to =0.1%.

Mechanical Options

The following options may have been ordered and received with the Modulation Analyzer. If
thev were not ordered with the original shipment and are now desired, they can be ordered
from the nearest Hewlett-Packard office using the part number included in each of the
following paragraphs.

I-11
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Front Handle Kit (Option 907). Ease of handling is increased with the front-panel handles.
Order HP part number 5061-9690.

Rack Flange Kit (Option 908). The Modulation Analyzer can be solidly mounted to the
instrument rack using the flange kit. Order HP part number 5061-9678.

Rack Flange and Front Handle Combination Kit (Option 909). This is not a front handle kit
and a rack flange kit packaged together; it 1s composed of a unique part which combines
both functions. Order HP part number 5061-9684.

1-8. HEWLETT-PACKARD INTERFACE BUS 2R

Compatibility

The Modulation Analyzer is compatible with HP-IB to the extent indicated by the following
code: SH1, AH1, T5, TEQ, L3, LEO, SR1, RLi, PPQ, DC1, DT1, CO. The Modulation
Analyzer interfaces with the bus through open-collector TTL circuitry. An explanation
of the compatibility code may be found in IEEE Standard 488, IEEE Standard Digital
Interface for Programmable Instrumeniation or the identical ANSI Standard MC1.1.

For more detailed information relating to programmable centrol of the Modulation An-
alyzer, refer to Remote Operation, Hewilett-Packard Interface Bus in section 3 of this
manual.

Selecting the HP-1B Address

The HP-IB address switches are located within +he Modulation Analyzer. The switches
represent a five-bit binary number. This number represents the talk and listen address
characters which an HP-IB controller is capable of generating. In addition, two more
switches allow the Modulation Analyzer to be set to talk only or to listen only. A table
in section 2 shows all HP-IB talk and listen addresses. Refer to HP-IB Address Selection in
section 2 of this manual.

1-9. ACCESSORIES SUPPLIED

The accessories supplied with the Modulation Analyzer are shown in figure 1-1.

a. The line power cable may be supplied in several plug configurations, depending on the
destination of the original shipment. Refer to Power Cables in section 2 of this manual.

b. Fuses with a 2A rating for 100/120 V ac (HP 2110-0002) and a 1A rating for
290/240 V ac (HP 2110-0001) are supplied. One fuse is factory installed according to
the voltage available in the country of original destination. Refer to Line Voltage and
Fuse Selection in section 2 of this manual.

1-10. ELECTRICAL EQUIPMENT AVAILABLE

HP-IB Controilers

The Modulation Analyzer has an HP-1B nterface and can be used with any HP-IB
compatible computing controlier or computer for automatic svstems applications.
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Test Source

The HP 11715A AM/FM Test Source produces both extremely linear AM and FM at high
rates and a low-noise CW signal. This source is required for performance testing and
adjusting the Modulation Analyzer; however, it is an excellent stand-alone instrument for
generating very low-distortion FM in the broadcast band.

Service Accessory Kit

A Service Accessory Kit (HP 08801-60287) is available which contzins many accessories
{such as extender boards and cables) useful in servicing the Modulation Analyzer.

Front-to-Rear-Panel Connectors Retrofit Kits

These kits contain all the necessary components and full instructions for converting
instruments with front-panel connections for INPUT, MODULATION OUTPUT, and, if
installed, CALIBRATION OUTPUT to rear-panel connections. If the instrument to be
converted is not equipped with AM and FM calibrators (Option 010), order HP part number
08901-80234. If the instrument has the calibrators, order HP part number 08901-60235.
After installation and calibration, performance will be identical to the HP 8901A Option
001.

Rear-to-Front-Panel Connectors Retrofit Kits

These kits contain all the necessary components and full instructions for converting Op-
tion 001 instruments with rear-panel connections for INPUT, MODULATION OUTPUT,
and, if instailed, CALIBRATION QUTPUT to front-panel connections. If the instrument to
be converted is not equipped with AM and FM calibrators (Option 010), order HP part num-
ber 08901-60100. If the instrument has the calibrators, order HP part number 08901-60105.
After installation and calibration, performance will be identical to the standard HP 8301A.

High Stability Internal Reference Retrofit Kit (HP 08901-60102)

This kit contains all the necessary components and full instructions for installation of the
high-stability internal reference oscillator. After installation and calibration, performance
will be identical to the HP 8901 A Option 002.

Rear Panel Local Oscillator Connections Retrofit Kit (HP 08901-60103)

This kit contains all the necessary components and full instructions for installation of rear-
panel local oscillator connections. After installation and calibration, performance will be
identical to the HP 8901A Option 003.

Conversion to 400 Hz Line Operation

Modulation Analyzers not equipped to operate at line power frequencies greater than 66 Hz
may be converted to operate at line frequencies from 48 to 440 Hz. However, operation at
line frequencies greater than 66 Hz will be restricted to line voltages less than or equal
to 196.5 V ac. To convert to 400 Hz operation, order HP part number (8801-60226. After
installation, performance will be identical to the HP 8301 A Option 0604,
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AM and FM Calibrators Retrofit Kits

These kits contain all the necessary components and full instructions for installation of
the AM and FM calibrators. If the instrument to be equipped with the calibrators has
front-panel conmectors, order HP part number 08201-60236. If the instrument has rear-
panel connectors (Option 001), order HP part number 08901-60237. After installation and
calibration, performance will be identical to the HP 8901A Option 010.

1-11. MECHANICAL EQUIPMENT AVAILABLE

Chassis Slide-Mount Kit

This kit is extremely useful when the Modulation Analyzer is rack mounted. Access
to internal circuits and components or the rear panel is possible without removing the
instrument from the rack. Order HP part number 1494-0018 for 431.8 mm (17 in.) fixed
slides and part number 1490-0023 for the correct adapters for non-HP rack enclosures.

Chassis Tiit Side Mount Kit

This kit is the same as the Chassis Slide Mount Kit above except it also allows the
tilting of the instrument up or down 90°. Order HP part number 1494-0025 for 431.8 mm
(17 in.) tilting slides and part number 1490-0023 for the correct adapters for non-HP rack
enclosures. '

1-12. RECOMMENDED TEST EQUIPMENT

Table 1-2 lists the test equipment and accessories recommended for use in testing,
adjusting, and servicing the Modulation Analyzer. If any of the recommended equipment
is unavailable, instruments with equivalent minimum specifications may be substituted.
Note that the Modulation Analyzer listed in table 1-2 is required only if the instrument
being tested does not already contain the AM and FM Calibrators, Option 010. Table 1-
3 lists a number of accessories required in addition to those contained in the Service
Accessory Kit, HP 08901-60287.

1-13. PRINCIPLES OF OPERATION FOR SIMPLIFIED BLOCK DIAGRAM

The Modulation Analyzer is most easily visualized as a calibrated, superheterodyne
receiver; that is, it is a receiver which converts the incoming signal to a fixed intermediate
frequency (IFF) which 1s then demodulated. Like a receiver, the Modulation Analyzer
contains an RF input, local oscillator (LO), mixer, [F amplifier and filter, demodulator
(detector), and audio filters (tone controls). Unlike a receiver, it has no tuned input, RF
amplification, or audio power amplifier. Many other features are added to the instrument to
make it more versatile. Some of these are automatic tuning, selectable measurement modes
(signal frequency, level, or modulation — AM, FM, or ®M), peak or average responding
detectors, AM and FM calibrators (Option 010), and HP-IB programmability.

Referring to figure 1-10, the signal at the INPUT is first sensed by an RF Detector. If the
signal level exceeds 1W, the QOverpower Relay 1s opened to protect the input circuits. The
RF Detector also outputs a voltage proportional to the RF input level which is converted
into a front-panel power indication and is used to set the Input Attenuator for an optimum
level to the Input Mixer.
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The Input Mixer converts the input signal to the intermediate frequency. Normally, the IF
is 1.5 MHz and the LO is tuned 1.5 MHz above the input frequency. A 455 kHz IF can also
be selected (it is selected automatically for input signals between 2.5 and 10 MHz). Below
2.5 MHz, the input passes directly through the Input Mixer without down conversion.

The LO has three main modes of operation:

1. It can automatically tune to the frequency required to down-convert the input to the
IF.

2 Tt can tune to a frequency 1.5 MHz (or 455 kHz) above that entered from the keyboard
{the manual tune mode).

3. Tt can automatically track a slowly moving input signal.

The first two are used where the LO noise must be minimized. The LO is also an input w0
the Counter.

The IF Amplifier and Filter determine the characteristics of the IF stage. The IF is either
a 150 kHz to 2.5 MHz bandpass filter (with a nominal center frequency of 1.5 MHz)or a
455 kHz bandpass (with a bandwidth of 200 kHz). Modulation on the IF is demodulated
either by the AM or M demoduiator. Phase modulation is recovered by integrating the
demodulated FM in the Audio Filter circuitry. The IF is also an input to the Counter. To
measure the input frequency, the Counter measures the frequency of the LO and the IF,
and the Controller subtracts the two. (Below 2.5 MHz, the IF is counted directly as the input
frequency.)

The demodulated signal is amplified and fliered (which for FM may include de-emphasis)
and drives the front-panel MODULATION OUTPUT and the voitmeter circuits. The
voltmeter converts the ac input into a de voltage by means of either a Peak Detector or
an Average Detector (used primarily for measuring noise). The Voltage-to-Time Converter
converts its dc input into a time interval which is measured by the Counter and displayed.
The Voltage-to-Time Converter can also measure the RF Detector output or any one of
several other useful voltages such as IF level, AM calibrator level, and service-related
voltages.

The AM and FM Calibrators (Option 010) provide a nominal 10.1 MHz signal with a
precisely known amount of AM or FM. When the signal is applied to the RF INPUT, the AM
or FM calibration factor of the demodulators is displayed. All related front-panei functions
are automatically set for proper demodulation of the calibrator’s signal.

The entire operation of the instrument 1s under control of a microprocessor-based Controller
(not shown in figure 1-10). The Controller sets up the instrument at turn-on, interprets
keyboard entries, executes changes in mode of operation, continually monitors instrument
operation, and displays measurement results and errors. In addition, its computing capa-
bility is used to simplify circuit operation; that is, it forms the last stage of the Counter,
calculates the AM or FM generated by +he Calibrators, converts measurement results into
ratios (in % or dB), compares measurement results to preset limits when requested by the
operator. It also contains routines useful for servicing the rest of the instrument as well as
itself.

1-14. MODULATION BASICS

The Modulation Analyvzer can demodulate and measure three tvpes of modulation: amph-
tude modulation LAM, frequency modulation (FM), and phase modulation ipMi In gen-
eral, modulation is that characieristic of a signal which conveys the informavion. A signal
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without modulation is said to be a continuous-wave (CW) signal. CW signals contain two
information-carrying parameters: amplitude and frequency. These two parameters, how-
ever, are static (time invariant). Consequently, the information conveyed by them is scant,
you know only that a signal is present at a certain frequency. When one or both of these
parameters is altered as a function of time, the signal is said to be modulated.

The RF signal which is modulated is called the carrier. The modulating signal is referred
to as the baseband signal and can be of any arbitrary form (for example, voice, tone, noise).
Demodulation is the process of recovering the baseband signal from the modulated carrier.
The Modulation Analyzer can measure the modulation on carriers in the range of 150 kHz
to 1300 MHz. Measurement accuracy is specified for modulation rates generally between
20 Hz and 100 kHz. The demodulated signal is present at the MODULATION OUTPUT
jack.

Ampiitude Modulation

Ag the name implies, a carrier is amplitude modulated when its amplitude is varied as a
function of time. Figure 1-11 shows a carrier with ampiitude modulation and, for reference,
aiso shows the baseband signal. As you can see, the tips of the carrier trace out a waveform
that resembles the baseband signal. This trace is called the envelope. The envelope rises to
a maximum called the peak and drops to a minimum called the trough.

SN |
7 N

{a} BASEBAND SIGNAL

1.5 i
ST i, A

T .

P

(b) AMPLITUDE MODULATED CARRIER

Figure 1-11. A Baseband Signal and the Corresponding Amplitude Modulated Carrier

A quantity which describes the amount of AM or the AM depth is the modulation index. If
the peak amplitude is called P and the trough amplitude is called T, the modulation index
m (usually expressed in %) is defined as

o _ T

m o= — % 100%
m = 2 - T .
In the example of figure 1-11, P = | 3 and T = 2.5; therefore,

| 5 =00 . R
o e < DY = G0

P =15

Figure 1-12 shows AM signals with modulation indexes varving from 0 to 100%,
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b) 30% AM

{c} 70% AM

{d) 100% AM

Figure 1-12. AM for Various Depths

When the baseband signal is symmetrical, the modulation index can also be expressed in
terms of the average carrier level, 4, and the envelope peak, r relative to the carrier. Then - --
p=A4+r T=.4-r, and the expression for modulation index becomes

dsr—A+r 27

= o < 100% = = ¢ 100 = : < 100%.
This is the expression which the Modulation Analyzer evaluates when making an AM

measurement. Referring back to figure 1-11, it 18 apparent that .4 = 1 and » = 4.5 30, as
before
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The Modulation Analyzer makes an AM measurement by forcing the average carrier level,
A, to a known, fixed level by means of an automatic level control (ALC) circuit. The signal is
then demodulated, and the amplitude of the recovered baseband signal is measured with a
peak detector. The output of the detector is », which is (in effect) multiplied by the constant
100/A and displayed as the % AM.

Figure 1-13 illusirates an AM signal with an asymmetrical baseband source. The first
definition of modulation index still applies here. For it, m = 46%. The second definition,
however, does not apply since P — A # 4 — 7. The Modulation Analyzer detects a different
value for r if the positive peak of the recovered signal is detected than if the negative peak
is detected. Thus a different modulation index is measured in PEAK+ than PEAK -,

{a} BASEBAND SIGNAL

{b) AMPLITUDE MODULATED CARRIER

Figure 1-13. AM with an Asymmetrical Baseband Signal

The range of modulation indexes for AM measurements by the Modulation Analyzer is
essentially 0 to 100%. There are, however, types of modulation that produce modulation
indexes greater than 100%. An exampie of such is suppressed-carrier AM. The Modulation
Analyzer is not intended for measuring such signais. Nevertheless, there are cases, when
the Modulation Analyzer will display a modulation index that exceeds 100%. This can
occur, for example, on an asymmetrical waveform where a narrow peak is greater than
the average carrier level. This is illustrated in figure 1-14.

Pt

Figure 1-140 AM cortdy Modulation Exceeding 16007 as Measured by tho PEAK « Derecior
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Exponential Modulation
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Exponential (or angular) modulation is the generic name given to modulation in which the
frequency or phase of the carrier is varied. Frequency and phase modulation are very closely
related. In fact, it is impossible to tell whether the signal was produced by a frequency

modulator or phase modulator by analyzing the received

about the baseband signal is given.

It is certainly true to say that a signal is freque
generated by a {requency modulator. A v
FM when the varac

oscillator will produce

aractor

signal unless specific information

ncy modulated when the modulation is
diode across the tank circuit of an LC
«or bias is varied. It is also true that a signal

is phase modulated when the modulation is generated by a phase modulator. A varactor
diode across an RF fiter wiil produce @M when the varactor bias is varied. (It is assumed

that the carrier is on the slope of the filter and that the filter i

carrier source. This modulator simultaneously produces AM.)
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The signal from both modulators will show readings on the Modulation Analyzer when in
both the FM and ®M measurement modes. When in FM, the quantity being measured is
the peak frequency deviation, which is the maximum frequency excursion from the average
carrier frequency. When measuring ®M, the peak phase deviation is measured, which is the
maximurmn phase excursion from the average carrier phase. Phase and frequency have the
relationship that phase is the integral of the frequency or frequency is the derivative of the
phase. In fact, the Modulation Analyzer demodulates ®M by integrating the demodulated

FM.

This relationship is most easily visualized by some examples. Look at figure 1-15. The first
baseband signal shown is a square wave. The three waveforms under it are the result of
applying this signal to an FM, &M, and AM modulator respectively. (The AM waveform is
included only for reference.) It is assumed that the phase modulator doesn’t produce AM,
only ®M, The FM waveform is as expected. The frequency goes upon the positive peak of the
baseband signal and down on the negative peak. The phase modulated signal, however, is
peculiar. The frequency is generally constant throughout except for a discontinuity where

the baseband signal switches amplitude.

BASEBAND SIGNAL

Ll

SIGNAL FROM FREQUENCY MODULATOR

b

i
i
i

il

AN

| il
gy wy ¥
SIGNAL FROM PHASE MOUULATDR

l{l_ i
vmwm\ﬁw
.

e —

———

“\i

!

w‘}

BASEBAND SIGNAL

H'H \
\

SIGNAL FRDM FREQUENCY MODULATOR

m
i

. ”I

SIGNAL FROM AMPLITUDE MODULATOR
{b) TRIANGLE WAVE BASEBAND SIGNAL

Amplitude Modulators for Various Basevand Signals



General Information Model 8301A

.....

The waveform of the figure was contrived so that a 180° phase shift occurred exactly at
a zero crossing of the carrier. In general, a discontinuity will occur when the baseband
signal switches amplitude, but the phase shift is not necessarily 180° and does not need to
occur at a zero crossing of the carrier. Mathematically, the derivative of a square wave is
the constant zero except for a positive spike (impulse) where the baseband signal switches

positive and a negative spike where the square wave switches negative.

Now look at the triangle wave. The frequency modulator produces a continually increasing
frequency as the baseband signal siopes upward and a continually decreasing frequency as
the signal slopes downward. The phase modulator produces a signal that resembles the
signal from the frequency modulator for the square wave baseband signal. This is because
the derivative of a constant slope is a constant. When the slope is positive, the phase shift is
continually increasing, thus producing & uniform frequency shift upward. When the slope
is negative, the phase shift is continually decreasing and produces a downward frequency
shift. For the triangle wave baseband signal, the shift in frequency when the slope changes
is proportional to the change i siope.

Now note the sine wave of figure 1-15(c). The signals from the frequency and phase
modulators look the same except for the 90° phase shift between the two. For the frequency
modulated signal, the frequency is highest when the baseband signal is most positive
and lowest when most negative. For the phase modulated signal, the frequency is highest
when the slope of the baseband signal is steepest in a positive direction. This occurs at
the positive-going zero crossing. Similarly, the frequency is lowest when the slope is most
negative.

If in the last example, the rate, but not the amplitude, of the baseband signal is increased,
the highest and lowest frequencies of the signal from the frequency modulator stay the
same, they just occur more often. However, for the signal from the phase moduiator, not
only do the frequency peaks occur more oiten, but the excursions are large because the
slopes of the baseband signal are steeper at the zero crossings. See figure 1-15(d).

The maximum frequency deviation which can be measured is 400 kHz. The maxmum
phase deviation is 400 radians or 400 kHz divided by the modulation rate, whichever is
smaller. As with AM, an asymmetrical haseband waveform will result in different readings
in PEAK + than PEAK -

Other Considerations

In practice, it is difficult to produce an FM or &M signal which does not also have a
small amount of AM, called incidental AM or AM-on-FM. Likewise, an AM signal usually
contains a small amount of incidental FM and M. In order to accurately measure this
incidental modulation, the Modulation Analyzer itself must not contribute to it. This
contribution is specified as AM rejection and F'M rejection.

A typical CW signal also contains a small amount of residual AM, FM, and ®M. The
residual modulation is generated by such things as line hum, noise, and microphonics.

The residual AM and FM specifications quantify the residual modulation internal to the
Modulation Analyzer.

Residual modulation affects the modulation readings in a manner which depends on the
detector used, the nature of the residuals, and the signal-to-noise ratio. If the residual is
predominateiy noiwse, when the peak detector 1s used, the residuals add m a way that 15
atatisticallv refated o the signal-to-noise ratio. This 13 discussed under Residual Notse
Effects i the Detadled Uperating Insiructions in section 30 When the average detector s
used., the residuals add approximately inoan rms nanner. that is, the squuue root of the
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sum of the squares of the noise and the signal. The effect of this noise becomes insignificant,
however, when the signal-to-noise ratio rises above a few dB. Noise can be further reduced
by filtering the demodulated signal.

In FM broadcasting and communications, the signal-to-noiseratio is improved by giving the
baseband signal a high-frequency boost before applying it to the modulator. This is called
pre-emphasis. The boost is a simple 6 dB per octave with the 3 dB corner specified by a time
constant; for example, 75 x5 (which corresponds o a 3 dB corner of 2.12 kHz) for commercial
vroadcast FM. If desired, the demodulated FM can be de-emphasized to equalize the signal
at the modulation output and at the display.
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Table 1-1. Specifications (3 of 4

Electricai Characteristic

Performance Limits

Conditions

FREQUENCY COUNTER
Range
Sensitivity

Accuracy

Internal Reference

150 kHz to 1300 MHz

12 mVrms (-25 dBm)

29 mVrms {(—20 dBm)
Reference accuracy +3 counts
of least significant digit

150 kHz to 650 MHz
650 to 1300 MHz

Frequency 10 MHz
Aging Rate <] x 10-6/month Except Option 002
<1 x 10-9/day Option 002 only and after 30 day warm-up
AF LEVEL' Peak voltage responding, rms sine wave
caiibrated.
Range 1mWto 1w
Serial Prefix 1933A to 2212A:
Instrumentation Accuracy +2 a8 150 kMz to 650 MHz
+3dB 550 to 1300 MHz
SWR < 1.5 50¢ system
Serial Prefix 2227A and above!
instrumentation Accuracy =15dB 150 kHz to 1300 MHz
SWR < 13 500 system; 150 kHz 1o 650 MHz
<15 500 system; 630 MHz to 1300 MHz

AUDIO FILTERS

50 Hz High-Pass (2-pole)
3 dB Cutoff Frequency
Flatness

300 Hz High-Pass (Z-pole;j
3 dB Cutoff Frequency
Flatness

3 kHz Low-Pass (5-pole!
3 dB Cutoff Frequency
Flatness

15 kHz Low-Paas (5-pole)
3 dB Cutoff Frequency
Flatness

=20 kHz Low-Pass (3-pole
Bessel)
3 dB Cutoff Frequency
Flatness

De-emphasis Filters :1-poie
low-pass)
25 ps, 50 ps, 75 us,
750 18 nominal

30 BEz nominal
<1%

300 Hz nominal
<1%

3 kHz nominal
<1%

15 kHz nomial
<1%

>20 kHz

<1%

Rates =200 Hz

Rates =1 kHz

Rates <1 kHz

Rates <10 kHz

Rates <10 kHz

CALIBRATORS [Option 010}
AM
Depth
Calibration Factor
Accuracy

33.33% nominal

=0.1%

YuIm

1The Tuned R¥ Level funcuon is not calibrated for absolute power measurements.
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Table 1-1. Specifications (4 of 4)

Electrical Characteristic

Performance Limits

Conditions

CALIBRATORS {Option 010)
{cont'd]
FM
Deviation
Calibration Factor
Accuracy

34 kHz peak nominal

+0.1%

GENERAL
Power Requirements
Line Voltage:
100, 120, 220, or
240 Vac

100, 120 Vac
Power Dissipation

Remote Operation (HP-IB)

Conducted and Radiated
Electromagnetic
Interference

Net Weight

Dimensions:
Height
Width
Depth

Temperature:
Operating
Storage

+5%, -10%
—5%, -10%
200 V+A maximum

IEEE STD 488-1978
Compatibility code: SHI,
AHi, T5, TEQ, L3, LED, SR1,
RL1, PPO, DC1, DT, CO

VDE 0871
iLevel B), and CISPR
publication 11

20 kg (44 1b} nominal

190 mm(7.2 in.} nominati
425 mm (16.8 in.) nominal
468 mm (18.4 in.} nominal

0 to 35°C
~55 1o 75°C

48 to 66 Hz (including Option 004)

48 to 440 Hz {Option 004 only)

The Hewlett-Packard Interface Bus (HP-IB)
is Hewlett-Packard Company’s implementa-
tion of IEEE Std 488-1978, “Digital

Interface for Programmable Instrumenta-
tion”. All functions except the line switch are
remotely programmable.

Conducted and radiated interference is within
the requirements of VDE 0871 (L.evel B}, and
CISPR pubiication 11.
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Table 1-3. Recommended Test Equipment (1 of 4)

Model 8901A

Instrument
Type

Critical Specifications

Suggested
Model

Use™

AM/FM Test
Source

Carrier Frequency: within range 10 to 1300 MHz
Output Level: > —20 dBm
FM Deviation: 400 kHz peak maximum
FM Distortion:
< —72 dB at 12.5 MHz carrier with 12.5 kHz deviation and
< 10 kHz rate
< —72 dB at 400 MHz carrier and 400 kiHz deviation at
< 100 kHz rate
FM Flatness:
+0.1% from 20 Hz to 100 kHz rates
+0.25% to 200 kHz rates
CW Resicduai FM: < 3 Hz rms in a 50 Mz o 3 kHz bandwidth at
560 MHz

incidental AM: < 0.08% AM at 100 MHz with < 50 kHz peak deviation

and 1 kHz rate in a 50 Hz to 3 kHz bandwidth
AM Depth: 5% to 89%
AM Distortion;
< —BB OB at <« 50% AM at 20 Hz to 100 kHz rates
< —B0 dB at < 95% AM at 20 Hz tc 100 kHz rates
AM Flatness:
=0.1% trom 50 Hz to 50 kHz
20.25% from 20 Hz to 100 kHz
Incidental ®M: <« 0.008 rad peak at 12.5 MHz with 50% AM at
a 1 kHz rate in a 50 Hz to 3 kHz bandwidth
Residual AM: < 0.01% rms in a 50 Hz to 3 kHz bandwidth
At Linearity:
+0.1% at < 95% AM
=0.2% at < 98% AM

HP 11715A

PAT

Audio
Analyzer

Fundamental Frequency Range: 20 Hz to 100 kHz
Distortion Range: —70 dB minimum

Distortion Accuracy: =2 dB

Low-Pass Filters: 30 and 80 kHz

Oscillator Level: 3V maximum into 5008
Oscillator Distortion: < =70 dB

Oscillator Frequency Accuracy: =2%

HP 8S03B

P.AT

Aucio
Synthesizer

Frequency Range: 20 Hz 10 400 kiHz
Qutput Level: +16 dBm (50() maximum
Frequency Accuracy: +=0.1%
Aftenuator Accuracy: =0.1 dB from 0 to 20 dB
lLevel Flatness:

+0.015 dB from 90 Hz to 10 kHz

+-0.2 dB from 50 Hz to 100 kHz

—=0.07 dB frem 20 Hz to 200 kHz
Distortion: < —30 dB from 20 Hz to 200 kHz

HP 3336C
Option 005

PAT

* ¢ =0Operalor's Checks: P = Pertormance Tests; A = Adjusiments; T = Troubleshooting

1-30
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Table 1-3. Recommended Test Equipment (2 of 4)

General Information

Instrument
Type

Critical Specifications

Suggested
Model

Use*

Bandpass
Filters

Passband Frequency: 512 to 674 MHz
Passband SWR: < 1.4
Passband insertion loss: < 0.4 dB
Midband inserticn loss: < 0.5 dB
Stopband Rejection:
Below Passband:
Frequency: < 337 MHz
Attenuation: > 21d8
Above Passhand:
Frequency: 768 to 3000 MHz
Aftenuation: > 21 dB

Passband Frequency: 800 to0 1100 MHz
Passband SWR: <14
Passband insertion less: € 0.4 dB
Midband insertion loss: < 0.5 dB
Stopband Rejection:
Below Passband:
Frequency: < 550 MHz
Attenuation: > 21 dB
Above Passband:
Frequency: 1333 to 30C0 MHz
Attenuation: > 21 dB

Telonic TBA
583-218-5FE

Telonic TBA
950-375-5FE 1

Computing
Controller

HP-IB compatibility as defined by IEEE Std 488 and the icentical
ANSI Std MC1.1; SH1, AH1, T2, TEQ, L2, LEQ, SRG, PPO, DCO, OTC,
and C1, 2, 3, 4, 5.

HP 8000
Model 216, 226,
or 236

CPT

Digita
Multimeter

OC Range: 0 to 50V

DC Accuracy: =0.01% at 1V

AC Range: 0 to 100V

AC Accuracy: =0.01% at 2V and 2 kHz
Ohms Range: 0 to 1 MQ

Ohms Accuracy: =1%

HP 347BA

PAT

Divider
Probe
(2 required)

Divider Ratio: 10:1
Input Impedance: 1 M
Input Capacitance; < 10 pF

HP 10040A

AT

Frequency
Standard

Accuracy: =0.1 ppm recommended

Heouse Standard

*C =0perator's Checks; P = Performance Tests; A = Adjustments; T = Troubleshooting
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WARNING

This is a Safety Class I product (that is, provided with a protective earth
terminal). An uninterruptible safety earth ground must be provided from
the main 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 be secured against
any unintended cperation.

If this instrument is to be energized by an external qutotransformer, make
sure the qutotransformer’s common terminal is connected o the earthed
pole of the power source

Line Voltage and Fuse Selection

BEFORE PLUGGING THIS INSTRUMENT into the Mains (linej voltage,
be sure the correct voltage and fuse have been selected.

Verify that the line voltage selection card and the fuse are matched to the power source.
Refer to dgure 2-1, Line Voltage and Fuse Selection.

Two fuses are supplied with each instrument. One fuse has the proper rating for
110/120 Vac line operation; the other fuse is rated for 220/240 Vac operation.

One fuse is installed in the instrument at the time of shipment. The rating of the installed
fuse is selected according to the line voltage specified by the customer. If the voltage is
not specified, the rating of the installed fuse will be selected according to the country of
destination.

Fuses may be ordered under HP part numbers 2110-0002, 24 (250 V normal blew) for
100/120 Vac operation and 2110-0001, 1A (250 V normal blow) for 220/240 Vac operation.
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he——my

{ ﬁg\ || Operating voltage is shown
F‘Q PUSEC |1, .

5 "3 | in module window.

Figure 2-1. Line Voltage and Fuse Seleciion
1. Open cover door, pull the FUSE PULL lever and rotate to left. Remove the fuse.

po

Remove the Line Voltage Selection Card. Position the card so the line voltage
appears at top-left cover. Push the card firmly into the slot.

3. Rotate the Fuse Pull lever to its normal position. Insert a fuse of the correct
value in the holder. Close the cover door.

WARNING

To avoid the possibility of hazardous electrical shock, do not operate this
instrument at line voltages greater than 126.5 Vec with line frequencies
greater than 86 Hz (leakage currents at these line setiings may exceed

3.8 mAL

Power Cables

WARNING

BEFORE CONNECTING THIS INSTRUMENT, the protective earth
terminals of this instrument must be connected o the protective conductor
of the Mains) power cord. The Mains plug shall onlv be inserted in a
sochet outlet provided with a protective carth contact, The protective action
must not be negaied by the use of an extension cord (power cable) without
a protective conductor (grounding).

Thig instrument is equipped with a three wire power cable. When connected to an appro-
priate ac power receptacle, this cable vounds the instrument cabinet. The tvpe of power
cable plug shipped with each instrument depends on the country of destination. Reter o
fgure 2-2 for the part numbers of the power cables avarlable.

[
|



Instaliation

Model B801A

e | me o] e | e | ome | e
Type Number D Description (inches) Coior in Country
250V 8120-1351 0! 90°/STR BS1363A° a0 Mint Gray United Kingdom,
¢ 0 B120-1703 | 4 | 90°/90C° 90 Mint Gray Cyprus, Nigena,

Rhodesia.
) o) Singapore
250V 8120-1368 0 STR/STR 79 Gray Austrailia,
8120-0696 | 4 | NZSS138/ASC11Z" 80 Gray New Zealand
. STR/90°
250V 8120-1689 | 7 | STR/STR" 79 Mint Gray East ang Wes!
k= 8120-1692 | 2 | STR/90° 79 Mint Gray Eurcpe, Saua
Arabia, Egypt.
{unpolarized in
2 many nations)
125V 8120-1378 1| STR/STR NEMAS-157" 80 Jace Gray United States,
8120-1521 | 6 | STR/90° 80 Jade Gray Canada. Mexico,
Phillipines, Taiwan
8120-1751 1] STR/STR 90 Jace Gray U.S8./Canada
100V 8120-4753 | 2 | STR/STR 20 Dark Gray Japan cnly

{Same plug as above! 8120-4754¢ 1 3 | STR/9C° 30 Dark Gray Japan cnly

250V 8120.2304 | 3 | STR/STR SEVION 79 Gray Switzerland
1958-24507
Type 12
B120-2296 1 4 | STR/90° 73 Gray
8120-3997 | 4 | STR/90° 177 Gray
§120-0698 | 6 | STH/STR NEMAB-15P 30 8lack United States,
Canada
8120-2956 | 3 | 90°/8STR 79 Gray Denmark
B120-2957 | 4 | 90°/80°
8120-3997 | 4 | STR/STR
250V 8120-4211 7 | STR/STRTIEC83-B1 79 Black South Atrica, Ingia
. 8120-4600 | 8 | STR/9C® 79 Gray
250V 8120-1860 | 6 | STR/STR"CEE22-V1 59 Jage Gray
(Systems Cabinet Use)
8120-1575 | 0 | STR/STR 31 Jage Gray
8120-2191 8 | STR/90° 59 Jage Gray
8120-4379 | 8 | 90°/90° 80 Jade Gray

* Part number shown for plug ts inAustry identitier for plug
cable nciudging plug. € = Earth Ground; L = Line: N = Neutral; STR = Straight

onty. Numbar shown for cable is HP Part Number tor complete

Figure 2-2 Poer Cubie aned Marns Plhuy Paes Noanihers
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HP-IB Address Selection

WARNING

This task should be performed only by service trained persons who are
aware of the potential shock hazard of working on an instrument with
protective covers removed.

To quoid hazardous electrical shock, the line (Mains} power cable should
be disconnected before attempting to change the HP-IB address.

In the Modulation Anaiyzer, the EP-IB talk and listen addresses are selectable by an
internal switch. The following procedure explains how the switches are to be set. Refer
to table 2—1 for a listing of the talk and listen addresses. The address in factory set for a
Talk address of “N” and a listen address of “.” (period). (In binary, this is 01110; in decimal
it is 14. To change the HP-IB address, the top cover of the Modulation Analyzer must be
removed.
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Dy

SIGNAL GROUND | || 23 SHIELD=—— CONNECT 10

PIO TWISTED PAIR WITH 11| [} (] [d | | ATN R
ploTWiSTED PAIRWITH 10| || 20 33 || |sra
SHOULD 3E GROUNDED | PO TWISTED PAIRWITH O ||| D [0 1| {1FC
NEAR TERMINATION 1 pioTWISTED PAIR WITH 8| || [5] NDAC
TWISTED PAIR PIO TWISTED PAIR WITH 7 E'E T || [NRFD
PIO TWISTED PAIR WITH 6 || ivAv
REN =3 || iE01
Dfo 8 Ty |04
olo7 ||| O DIC3
pro&|l| G 3| |p102
pi10s|| 3 Di0 1

150 METRIC
THREAD M3.5x 0.6

24-PIN MICRO-R!IBBON
[SERIES 37) CONNECTCR

i

Logic Lavels
The Hewlett-Packard Interface Bus Logic Levels are TTL compatible,
i.e., the true (1) state is 0.0 Vde to +0.4 Vdc and the false (0) state is
+2.5 Vde to <5.0 Vdc.

Programming and Qutput Oata Format
Refer to Section [II, Operation.

Mating Connector
HP 1251-0293; Amphenol 57-30240.

Mating Cables Available
HP 108334, 1 metre(3.3 ft), HP10833RB, 2 metres(6.6 ft)
HP 10833C, 4 metres(13.2 ft), HP10833D, 0.5 metres(1.6 ft)

Gabling Restrictions
1. A Hewlett-Packard Interface Bus system may contain no more than
2 metres (6 ft) of connecting cable per instrument.

2. The maximum accumulative length of connecting cable for any
Hewlett-Packard Interface Bus system is 20.0 metres (65.6 fi).

W

Fiopre 2-1. HewlersPackord Dntorfeee Bus Connection
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Coaxial Connectors. Coaxial mating connectors used with the Modulation Analyzer should

be the 500 BNC male connectors or 505 Type-IN male connectors that are compatible with.

those specified in US MIL-C-32012.

Operating Environment

The operating environment should be within the following limitations:

TOIIPET AT « 1t et e eenntetnn et setaeaetaae e et e e biisesa s eraas 0°C to +55°C
| 54000 BT i1 AN P < 95% relative
N 8 b - TP < 4570 meters (15 000 feet)

Bench Mounting

The instrument cabinet has plastic feet and fold-away tilt stands for convenience in bench
operation. (The plastic feet are shaped to ensure self-aligning of the instruments when
stacked.) The tilt stands raise the front of the instrument for easier viewing of the front
panel.

Rack Mounting

WARNING

The Modulation Anclyzer is heauy for its size (20 kg, 44 Ib). Care must be
exercised when lifting to avoid personal injury. Use equipment slides when
rack rmounting.

Rack mounting information is provided with the rack mounting kits. If the kits were
not ordered with the instrument as options, they may be orderad through the nearest
Hewlett-Packard office. (Refer to Mechanical Options in section 1. Before rack mounting
the Modulation Analyzer, the Operating Information pull-out tray (attached to the bottom
of the instrument) must first be removed. To remove the pull-out card assembly, refer to
the procedure that follows.

Removal and Installation of Operating Information Pull-Out Cards

Steps for Removal. Follow the procedure below to remove the Operating Information pull-
out
card assembly:

1. Remove the twe front feet of the instrument.

2. Remove the Operating Information tray assembly by sliding the tray toward the rear
of the instrument and then down.

3. Remove the information cards by bowing them slightly in the middle and pulling them
stratght upraway from the trayl
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Steps for Installation. Follow the procedure below to reinstall the Operating Information
pull-out tray and card:

1.

4.

Install the information card by bowing it slightly in the middle and carefully guiding
the edges into the plastic guide slots near the front of the tray.

. Push the information card all the way into the tray.

. Place the information tray assembly between the rear feet of the instrument and slide

it forward until the tabs are locked under the rear feet.

Replace the front feet of the instrument.

2-4. STORAGE AND SHIPMENT

Environment

The instrument should be stored in a clean, dry environment. The following environmental
limitations apply to both storage and shipment:

Sy Rty R R T RAEEEEETEEEEE -55°C to +75°C

LG b e 1T s A R A <95% relative

N R ot - USRI < 15 300 meters (50 000 feet)
Packaging

Original Packaging. Containers and materials identical to those used in factory packaging
are available through Hewlett-Packard offices. If the instrument is being returned to
Hewlett-Packard for servicing, attach a tag indicating the type of service required, return
address, model number and full serial number. Also mark the container FRAGILE to assure
careful handling. In any correspondence refer to the nstrument by model number and full
serial number.

Other Packaging. The following general instructions should be used for re-packaging with
commercially available materials:

1.

Wrap the instrument in heavy paper or plastic. (If shipping to a Hewlett-Packard office
or service center, attach a tag indicating the service required, return address, mode!
number and full serial number.)

. Use a strong shipping container. A double-wall carton made of 1.9 MPa (275 psi) test

material is adequate,

Use enough shock-absorbing material (75 to 100 mm laver; 3 to 4 in.) around all sides
of instrument to provide firm cushion and prevent movement in the container. Protect
the front panel with cardboard. '

Seal the shipping container securely.

. Mark the shipping container FRAGILE to assure careful handiing.
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Section 3
OPERATION

3-1. INTRODUCTION

General

Operation

This section provides complete operating information for the Modulation Analyzer. In-
cluded in this section are descriptions of all front and rear-panel controls, connectors, and
indicators, remote and local operator’s checks, operating instructions, and operater’s main-
tenance. Also included is a basic exercise designed to acquaint the novice operator with the
Modulation Analyzers operating characteristics.

Operating Characteristics

Table 3-1 briefly summarizes the major operating characteristics of the Modulation
Analyzer. The table is not intended to be an in-depth listing of all operations and ranges but
gives a rough idea of the instrument’s capabilities. For more information on Modulation
Analyzer capabilities, refer to section 1 “Description”, Specifications, and Supplemental
Information. For information on HP-IB capabilities, refer to the summary contained in
“Table 3-3. Message Reference Table”.

Turn-On Procedure

WARNING

Before the Modulation Analyzer is switched on, all protective earth termi-
nals, extension cords, auto-transformers, and devices connected to it should
be connected to @ protective earth socket. Any interruption of the protective
earth grounding will cause a potential shock hazard that could result in
personal injury.

For continued protection against fire hazard, replace the line fuse with a
250 V normal blow fuse of the same rating. Do not use repaired juses or
short-circuited fuseholders.

Bejore the Modulation Analyzer is switched on, it must be set to the voltage
of the power source, or damage to the instrument maey resull,

Do not applv greater than 40 V iac + d¢/ to the INPUT jack or damage to
the insirument may result.

The Modulation Analyzer has a standby state and an on state. Whenever the power cable is
plugged in. an internal power supply is activated. In instruments supplied with the high-
stabibity reference (Opuien 002) the supply energizes the internal reference oven. if the

1 1
i L
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Modulation Analyzer is already plugged in, set the LINE switch to ON. If the power cabie
is not plugged in, follow these instructions:

1. Check that the line voltage setting matches the power source. (See figure 2-1, Line
Voltage and Fuse Selection.)

2 Check that the fuse rating is appropriate for the line voltage used. (See figure 2-1, Line
Voltage and Fuse Selection.) Fuse ratings are provided in the paragraph Operator’s
Maintenance in this section.

3. Plug in the power cable.
4. Set the LINE switch to ON.
NOTE

When the LINE switch is set to ON, all front-penel indicators will light
for approximately 10 seconds after which the instrument is ready to be
operated.

Local Operation

Information regarding front-panel operation of the Modulation Analyzer is provided in the
sections described in the following paragraphs. To most rapidly learn the basic operation
of the instrument, begin with Simplified Operation and the Getting Acquainted exercise.
Once familiar with the general operation of the instrument, use the Detailed Operating
Instructions for the most in-depth and complete information on operating the Modulation
Analyzer.

Simplified Operation. Located in this section, Simplified Operation provides a quick
introduction to front-panel operation of the Modulation Analyzer. It is designed to rapidly
orient the novice user with basic operating procedures and, therefore, is not an exhaustive
listing of all Modulation Analyzer functions. However, an index to the Detailed Operating
Instructions appears in table 3-10 to guide the operator to the more complete discussion of
the topic of interest.

Getting Acquainted. Located in this section is an informal exercise entitled Getting
Acquainted. This exercise is intended to familiarize the first-time operator with basic
Modulation Analyzer operating procedures. It provides & simple walk-through of many
Modulation Analyzer functions and discusses a number of the instrument’s capabilities.
Only a signal generator, oscilloscope, and interconnecting cables and adapters are required.

Panel Features. Front-panel controls, indicators, and connectors are Nustrated and de-
scribed in figures 3-3 to 3-3. These figures describe the functions of the varicus key groups
and summarize briefly how to use them. Rear-panel features are shown in figure 3-6. The
fgure provides a good quick reference for rear-panel signal levels and frequencies and also
includes the impedances at the rear-panel connectons.
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Detailed Operating Instructions. The Detailed Operating Instructions provide the complete
operating reference for the Modulation Anaiyzer user. The instructions are organized
alphabetically by subject. Not only do the instructions contain information on the various
measurements that can be made (listed under titles such as AM, FM, &M, Frequency, and
Level), but there are also individual discussions of nearly all controis, inputs, and outputs
{for example, Filtering, FM De-emphasis, Ratio, IF Output). Also included are instructions
for using the many User Special Functions (for example, Attenuation, Input; Modulation
Range; Error Disable; Special Functions).

Each section contains a general description which covers signal levels, ranges, measure-
ment limits, and other general information. Following the description are related proce-
dures, an operating example, the relevant HP-IB codes, front-panel indications, and, where
pertinent, a description of the technique the Modulation Analyzer uses to make the mea-
surement. At the end of each discussion are comments intended to guide the user away from
measurement pitfalls and to help him get the most out of the Modulation Analyzer. Also
included are references to other sections which contain related information. The Detailed
Operating Instructions are designed so that both casual and sophisticated users can rapidly
find at one location all the information needed to apply the instrument to the task at hand.

Operating Information Pull-Out Card. The Operating Information pull-out card is a flexable
plastic reference sheet attached to the Modulation Analyzer by a tray located below the
front panel. It contains a brief summary of front-panel operation and displays. Also included
on the card is a complete listing of HP-IB codes and data and error output formats, Error
codes, and User Special Functions. The card is intended to be reference for the user who
already has a basic understanding of front-panel operation; however, sufficient information
is included to allow the first-time user to successfully make accurate measurements.

Supplemental Information. In addition to the information described above, several other
discussions pertinent to operating the Modulation Analyzer to its fullest capabilities
are contained in section 1 of this manual. “Principles of Operation for a Simplified
Block Diagram” is a fundamental description of what the Modulation Analyzer is and
how it works. This information supplements the block diagrams given in the Detailed
Operating Instructions and provides a basis for applving the Modulation Analyzer to
various measurement situations. “Modulation Basics” covers the theory behind amplitude,
frequency, and phase modulation. [t contains numerous illustrations of the various types of
modulation the Modulation Analyzer can measure and is intended to provide an intuitive
grasp of carrier modulation rather than an in-depth mathematical analysis.

Remote Operation

The Modulation Analvzer is capable of remote operation through the Hewlett-Packard
Interface Bus (HP-1B1. Paragragh 3-5, Remote Operation, Hewieti-Packard Iinterface Bus covers
all considerations and instructions specific to remote operation including capabilities,
addressing, input and output formats, the status byte, and service requests. At the end of
the discussion is a complete summary of all codes and formats.

In addition to the section described above, information concerning remote operation
appears in several other locations. Address setting 1s discussed section 2. A summary
of HP-IB codes and output formats appears on the Operuring Informanon pull-out card,
and numerous examples of program strings appear throughout the Deiatled Operating
Insrructions desceribed under Local Operation above.
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Operator’s Checks

Operator’s Checks are simple procedures designed to verify the proper operation of the
Modulation Analyzer’s main functions. Two procedures are provided as described below.

Basic Functional Checks. This procedure requires only a signal generator, an oscillescope,
and interconnecting cables and adapters. It assures that most front-panel controlled
functions are being properly executed by the Modulation Analyzer.

HP-IB Functional Checks. This series of procedures requires only an HP-IB compatible
computing controller and an HP-IB interface and connecting cable. The HP-IB Functional
Checks assume that front-panel operation has been verified (for example, by performing
the Basic Functional Checks). The procedures check all of the applicable bus messages
summarized in table 3-2. '

Operator’s Maintenance

WARNING

For continued protection against fire hazard, replace the line fuse only with
a 250 V normal blow fuse of the sume rating. Do not use repaired fuses or
short-circuited fuseholders.

The only maintenance the operator should normally perform :s the replacement of the
primary power fuse located within the Line Power Module (A30). For instructions on how
to change the fuse, refer to figure 2-1, steps 1 and 3.

Fuses can be ordered using HP part number 2110-0002, 2 A (250 V, normal blow) for
100/120 Vac operation or 2110-0001, 1 A (250 V, normal blow) for 220/240 Vac operation.
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Table 3-1. Operating Characteristics Summary

Operating Parameter

Capabilities

Input Limits Frequency: 150 kHz to 1300 MHz.
Level: —25 to +30 dBm from 150 kHz to 650 MHz
—20 to +30 dBm from 650 o 1300 MHz.
Moduiation AM: Depths to 99%; rates from 20 Hz to 10 kHz for inputs of 150 kHz to 10 MHz, 20 Hz
Measurements to 100 kHz for inputs of 10 to 130C MHz.

Ranges: 0 to 40%; 0 to 100%.

FM: Deviation fo 40 kHz peak with rates from 20 Hz to 10 kHz for inputs of 150 kHz
16 10 MHz: deviation to 100 kHz peak with rates from 20 Hz to 20C kHz for inputs
of 10 to 1300 MHz.

Ranges: 0 to 4 kHz; 0 to 40 kHz: 0 to 400 kHz.

BM: Deviations to 400 radians with rates from 200 Hz to 2C kHz for inputs from 10
1o 1300 MHz.

Ranges: 0 1o 4 rad; 0 to 40 rad; C to 400 rad nominal.

Leve| Measurements

BF Level: Peak broadband power at input,
Tuned RF Level: Peak envelope power in Modulation Analyzer's tuned bandwidth.
IF Level: Percent of optimum (100%) power in Modulation Analyzer's [F ampiifier.

Frequency Freq: Frequency of input signal from 150 kHz t© 1300 MHz

Measurements Freq Error: Freguency ditference between input signai and the Modulation Analyzer’'s tuning.
iF Frequency (Special Function 10): Frequency of signal in iF.

Detectors Peak: Positive; Negative (trough for AM); Peak Hald.

Average: Calibrated to read rms with a sine wave.

Demcdulated Signal
Fittering

High-Pass: 50 Hz; 300 Hz.

Low-Pass: 3 kHz; 15 kHz; >20 kHz.

FM De-emphasis: 25 us; 50 ps; 75 p8; 750 us. De-emphasis can be performed before the
displayed measurement is made {Pre-display on) or after (Pre-dispiay off).

Cemodulated Signal
Qutput

Tuning

Data Manipulaticn

0 to 4 V ac per modulation range.
80082 output impedance.

Autematic, Track, or Manuai.

Ratic: Data can be displayed as a computed ratic of measurement results 1o a reference
value. Display can be in % or gB.

Limit: Data may be enterec as upper and lower limits. Limit annunciator lights when limits
are exceeded.

Manual Operation

Remote Operation

input attenuation, ranges, tuning, IF frequency, frequency resolution and many other
operations may be manually controlled.

All Modulation Analyzer operations except the line switch may be controlled through the
Hewlett-Packard Interface Bus.
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Figure 3-1. Front Panel Features
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Simplified Operation

Tuning
Automatic:
AUTOMATIC
Press: OPEH'ON [.
Manual:
Input Frequency:
Enter frequency in MHz (using the numeric kevsa}, then press:
MZ@INPUT
FREQ -
Frequency Step:
Enter step gize in kHz {using the numeric keys), then preaa:
xHz
N )
S e O
kiHz
Measurement
Maoduiation: AM - -
Tune, then press: [, |, [, | ,or [, |;selecta DETECTOR;
select the desired HP or LP FILTERS; select the desired FM DE-
EMPHASIS (FM only).
Levek: AE LEVEL - '
) . . ] . L Poe ‘ m . !
Press: (") ;ortune, then press: E k—J(F ,or | *] TuUNED
H LEVEL § AFLEVEL
Frequency:
FREQ -
Tune, then press: { |} or B LFH—ECJI or
2 ERRCOR
enter the reference frequency in MHz (using the numeric keys),
MZ .
= pUT
then press: = [MH* FRea E %J
EQ
5 ERROR
Detector
In general:
AM FM oM PEAK + PEAK - AVG
Press:{.},{.),or[.],then e ) (a0 (e
RMS CAL
Peak Hold: PEAK HOLD
Select a peak detector (as shown above., then press: (7. ]
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Filters

High-Pass or Low-Pass:
Press one high-pass (HP) and one low-pass (LLP) FILTER key to yield the desired demodulated

signal bandwidth.

FM De-amphasis (FM only): M By R
To apply de-emphasis after the deviation measurement, press [ , |, then either o] [3 ,

By T
(Jior (o
To apply de-emphasis before the deviation measurement, press:

FM ‘ PRE-DISPLAY | 25 us 50 us 75 s 750 us

m{ [3 :,theneither 3 , @ , 3 ,or E] .

Ratio

To set the results of the next measurement cycle to 100% or 0.00 dB:
% 5 d8 _
Press: | » | for 1I00%or [ « | for 0.00dB

To set a keyboard-entered value to 100% or 0.00 dB:
Enter the vaiue using the numeric keyboard, then press:

% 4B
Cler [

Calibration {Option 010 only)

Connect a 300 cable from CALIBRATION QUTPUT to INPUT.

AM: am CALIBRATION
Press: |, |
FM: M CALIBRATION

Press: [, | B
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3-2. GETTING ACQUAINTED WITH THE 8901A MODULATION ANALYZER

The HP 8901A Modulation Analyzer was designed to be simple and easy to operate both
from the front panel and remotely through HP-IB controllers. We would like to acquaint

you with the Modulation Analyzer and its remarkable features in a way that is quick and
painless.

The Modulation Anaiyzer makes its measurements automatically, as the discussion that
follows will show. Notice, for example, that the front panel has no knobs—only pushbuttons.
You simply select the measurement you desire, and the Modulation Analyzer does the work.
The measurement is executed and controlled by an internal microprocessor.

You will be measuring and viewing a modulated signal so you will need to gather together
an oscilloscope and a signal generator. The signal generator should be capable of putting
out a signal in the range of 150 kHz to 1300 MHz at a level between 1mWand 1 W. It
should also have variable rate AM and FM modulation capability.

Now, connect the equipment as shown in Figure 3-2. Follow the steps of the procedure in
order (it will only take a few minutes) and avoid the temptation to experiment until you
have completed all the steps.

3 CAUTION |

Before the Modulation Analyzer is switched on, it must be set to the voltage
of the power source, or damage to the instrument may result.

17404
8301A OSCILLOSCOPE
86408 MODULATION ANALYZER

SIGNAL GENERATOR

Sagan

' 58000
@qL o 8 ¢ Dpaooo

bF CUTPUT INPUT'

Figure 3-2. Getting Acquainted Setup

J10ocse

oo (0)
3

Q wn

() amxn

1
: asan =N
“@o oo o

52 Toom

VERTICAL INPUT

gi)

Measurements

Turn On and Frequency Measurement. First, let’s measure the generator’s frequency.
Switch the Modulation Analyzer’s LINE switch off (STBY) and then back on again. After
a power-up period of 10 to 15 seconds, the display should show the generator’s frequency
in MHz. If an error code appears in the display, consult the Operating Information pull-out
card and take the appropriate action.
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At power-up, the Modulation Analyzer goes through a series of operational self-checks.
One of the checks is to turn on all front-panel LEDs for a few seconds. After completing
the self-checks,“— —” may appear in the display, indicating that the Modulation Analyzer
is searching for a signal; then “— — — =7 will appear, indicating that the signal has been
found but measurement results are not yet ready.

Of course, you don’t have to switch the instrument off and back on each time to read
frequency—we had you do this to reset the instrument to its power-up state. The Modulation
Analyzer powers up measuring frequency. Notice that it automatically found the signal—
you did no tuning or level adjusting,

RF Level Measurement. Press RF LEVEL. The display now shows the generator’s output
power in watts using scientific notation. The “—03” at the right end of the display 1s the
power-of-ten multiplier, that is, “milli” watts. '

Now add some AM. Notice that the RF level shown on the display goes up. The RF level
reading is the peak envelope power and not the average carrier power.

AM Measurement. Let's see how much AM is on the signal. Press AM. The AM depth (or
modulation index) is displayed in %. Also look at the oscilloscope display. It's showing the
demodulated AM. The MODULATION OUTPUT jack allows you to further analyze the
demodulated audio signal (that is, you could analyze its distortion or listen to it using a
power ampiifier and speaker). Both the display and modulation output are autoranging.

FM Measurement. Now, turn the AM off and the TM on. On the Modulation Analyzer, press
TM. The display now shows the peak frequency deviation in kHz. The oscilloscope gives you
a view of the demodulated signal.

Audio Filters and FM De-emphasis

HP HILTER .o AP FILTER

nnnnn

Mk DL FMPHASIS /oy

nlolojolo

NOTE
Before continuing, check that the equipment settings match those below.

Signal Generator

OUEPUE LEVEL ..o\t ie i ImWilW
FrOQUETICY « o e iaiavt i onne s i 150 kHz to 1300 MH:z
MOTUIEEL T oottt et FM only

Modulation Analyzer

MEASTU REMEN T e e M
DETECTOR e s s es e PEAK+
HP & LR FILTERS™ i e ALL OFF
FM DE-EMPHASIS i off
AT off

3-10
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* If the carrier frequency at INPUT is helow 10 MHz, the 15 kHz low-pass
filter will remain on.

Audio Filters. The power-up mode for the Modulation Analyzer is with all filters and de-
emphasis off unless the carrier frequency is less than 10 MHz, in which case the 15 kHz
low pass filter is in. Adding filters limits the bandwidth of the demodulated signal, and
hence, may reduce the displayed modulation level. To see this, press 3 kHz. Now change
the generator’s modulation rate above and below 3 kHz without changing its deviation. As
the rate goes above 3 kHz, the displayed FM drops. This is also true of the signal on the
oscilloscope.

High and low pass filters are used t0 reduce hum and noise and to simulate the character-
istics of a receiver’s audio stages. Remove the filter by vressing 3 kHz again. (You could
also have selected another low pass filter to remove it.)

FM De-emphasis. De-emphasis is used only with FM. In communications and broadcasting,
FM signals are often pre-emphasized {given a high-frequency boost) to improve the noise
performance. De-emphasis compensates (equalizes) the pre-emphasized FM on the received
signal. To illustrate this press 75 ps and PRE-DISPLAY. Vary the modulation rate below
and above 2 kHz. The displayed FM deviation should drop about 30% when the rate reaches
2 kHz. (The 75 us time constant corresponds to a 3 dB frequency of 2.12 kHz.)

The display shows the de-emphasized FM deviation. Press PRE-DISPLAY again to perform
de-emphasis after the deviation is measured. The display now shows the un-de-emphasized
TM deviation (which is the actual FM put out by the signal generator). The signal at the
MODULATION OUTPUT jack, however, is still de-emphasized. Press the 75 us key again
o turn all the de-emphasis off.

Detectors

DE THUITOR

Before continuing, check that the equipment settings match those below.

Signal Generator

QUEPUL L@VEL v eteeeiiin e ImWtolW
e oLy o Ty A R SEEETELTECEEREA 150 kHz to 1300 M1z
IMEOGULALIOTL -« en s v s v e e aa e e e ea et b a et FM only
Modulation Analyzer

ME AS U REMEIN T . . ot ettt ettt et et et e e et e st a e ™
DE T C T O R sttt ettt et e et e e e et n e PEAK+
P & L FIL T R ™ it iitnasar e e e teea e e a s ALL OFF
FM D - M PH A S S .ttt it e et tame e et r et off
RATIO o e e e off

*If the carrier frequency at INPUT is below 10 MHz, the 15 kHz low pass filter will remain
on. _

3-11
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Peak Detectors. The Modulation Analyzer is currently demodulating the positive peak
of the FM signal. Now press PEAK—. The negative peak is being displayed. Do you get
a different reading? If not, it’s because your modulation is symmetrical—it has the same
positive and negative frequency excursions. For AM, PEAK+ gives a display of the envelope
peak relative to the envelope average and PEAK- the envelope trough relative to the
average.

Peak Hold. Does the display vary slightly in its least-significant digit? Press PEAK HOLD.
The display shows the peak of the peaks. Try increasing the modulation level, then lowering
it. The display shows the maximum.

Average (RMS Calibrated). Press PEAK+ or PEAK- to turn PEAK HOLD off. Note the
display, then press AVG. The reading should drop by about 30%. You are seeing the rms
frequency deviation as measured by an average responding detector. This mode is normally
reserved for measurement of carrier noise because peak detectors appear to exaggerate
noise. Switch the FM off and compare readings of carrier noise in PEAK+ and AVG.

Ratio

a0

Before continuing, check that the equipment settings match those below.

Signal Generator

Output Level oottt e ImWtolW
Y0P Lo A PP S PP 150 kHz to 1300 MHz
Y (s 101 P U AT o N I FM only
Modulation Analyzer

ME A S U R E M E N T . ittt ittt aa et e i ae e s ae i atseaaaaansanaseasanraiaesanasanaans M
103 034 DT 028 K 1 PRt PEAK+
L N o T B D = D N ALL OFF
B A 0 O Y 02 = 1N RPN off
)27 1 (0 1 PR off
*If the carrier frequency at INPUT is below 10 MHz, the 15 kHz low pass filter will remain
on.

The ratio feature will demonstrate the ability of the Modulation Analyzer to make internal
computations. Switch the signal generator’s FM back on. Turn off any filters (except the
15 kHz low pass filter if the carrier is below 10 MHz) or FM de-emphasis that may be on
(simply press the keys that are lighted). Set the detector to PEAK+.

Let’s say you want to read modulation relative to the modulation being displayed. Just
press %. The display now shows approximately 100%. Decrease the modulation until the
display shows 50%. You now have half the modulation you had before. Press dB. The display
is now re-referenced to the current modulation level and shows approximately ¢ dB. Now
increase the modulation level until the display shows 6 dB. You have doubled the previous
modulation level and you are now back to the original level you started with. Check this
by pressing dB again.

3-12
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Let’s say you want to set up 20 kHz FM. Key in 20 on the keypad. (If you mistakenly press
a wrong number key, press CLEAR and try again.) Now press %. Adjust the modulation
level for a display of 100%. You now have the desired modulation. If you don’t believe this,
press % again (to turn it off) and note the display.

Tuning

MANUAL OPLRATIOMN

DEE0-

S @ @

_Nnle
OO0~

NOTE
Before continuing, check that the equiprment settings match those below.

Signal Generator

OULDUE LEVL .ottt e e e e ImWiolW

FreQUency ...oovvevreiiineianeseaesinsaaeneaaan 150 kHz to 1300 MHz

MoOGULGE O L. . e et e e e et FM only

Modulation Analyzer

MEAS U REMEN T e et ainaa e ae st s FM
DETECTOR - oo e et iana e aneas PEAK~+

HP & LP F LT E RS ™ o ittt ieeaer ittt an e ALL OFF
FM DE-EMPHASIS et aa et off
RATIO .. et et aa e et e e off

*If the carrier frequency at INPUT is below 10 MHz, the 15 kHz low pass
filter will remain on.

Automatic Tuning. You have been in an automatic tuning mode. It's as though AUTO-
MATIC OPERATION had been pressed. Press FREQ. Now tune your signal generator to
some other frequency—do it slowly and watch the display. The Modulation Analyzer will ..
continue to monitor the frequency until the signal drops out ofits IF. It then automatically __
retunes.

Manual Tuning. There is also a manual tuning mode. Round the displayed frequency to
the nearest MHz, Key in the rounded-off number on the keypad; that is, if the rounded-off
frequency is 128 MHz, key in 128. Now press MHz.

If the display reads EO1, it is trying to tell you that your signal is not quite centered in the
IF. Slowly tune the signal towards the frequency you keyed in until EO1 disappears and
the generator’s frequency is displayed. (Normally, the signal must be within 50 kHz of the
frequency keyed in when above 10 MHz or within 2.5 kHz below 10 MHz.)

3-13
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3-14

Notice that the display reads the signal frequency even though the Modulation Analyzer
is probably still not tuned exactly to the signal. Now press S (Shift), then FREQ ERROR.
The display shows how far away the signal is from the keyed-in frequency in kHz.

Frequency Stepping. Tune the generator for zero error. Now key in 100 and press # kHz.
You have incremented the frequency to which the Modulation Analyzer is tuned by 100kHz
so the error is now — 100 kHz. Tune the generator again for zero error. (In the FREQ ERROR
measurement mode, EQL is disabled.)

The frequency error function is useful for checking the frequency error of a multi-channel
transmitter. You key in the frequency of the first channel, note the error, key in the channel
increment using the 1 I kHz keys and note the error as you increment the Modulation
Analyzer and transmitter together.

Other Features

Aoy, i MANUAL OPERATIOMN iadrowmenc:

DEEE=
OO
DBE0-

NOTE
Before continuing, check that the equipment settings match those below.

Signal Generator

Output Level ... oo i ImWiwlW
FreQuency ... covuvrueeeaiinieiaaaie i 150 kHz to 1300 MHz

Y e It Ter TS FM only

Modulation Analyzer

MEASU R EMIEIN T . ettt a e e et e e FM
FaYousioloyye) DD PEAE+

HP & LP FIL T E R ™ ittt iae e a e eaeeans ALL OFF
FM DE-EMPHA SIS e ae ettt i s off
RATTO e e e et e e off

*If the carrier frequency at INPUT is below 10 MHz, the 15 kHz low pass
Alter will rematin on.

There are many other features and modes of operation which will not be discussed here.
Before leaving this discussion, however, it would be useful to point out the SPCL (Special)
key which opens up a large reservoir of other features called Special Functions.
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For

Setting Modulation Range. Press FM. Now key in 2.3 and press SPCL. You have just frozen
the FM range to 400 kHz. (The AM range is also fixed to 100%.)

Disabling Errors. Tune the signal slowly until error EOl appears in the display. Now
key in 8.1 and press SPCL. E01 will disappear and the AM or FM measurement will be
displayed again. Special Function 8.1 disables error message EOL. It should be pointed out,
however, that error message EO1 is one of the error messages used to ensure the integrity .
of modulation measurements. When this error is disabled, it is assumed that the user
understands that measurement may be inaccurate, but that perhaps it is of no consequence
in this particular case.

Pressing AUTOMATIC OPERATION will both clear most Special Functions and automat-
ically re-tune the instrument.

Now you are ready to make measurements on your own. Don’t be timid. The Modulation
Analyzer is designed to prevent you from making invalid measurements, but in the event
of a problem, try pressing AUTOMATIC OPERATION or a MEASUREMENT key to get
out of trouble.

More Information
Overall instrument operation is summarized in Simplified Operation.
Panel features are described in figures 3-3 to 3-6.

Remote operation is described under Remote Operation, Hewlett-Packard Interface Bus,
page 3-32.

Your most complete operating reference is the Detailed Operating Instructions. They are
also indexed in table 3-10, page 3-68 to 3-70.

Special Function and Error codes are also given on the Operating Information pull-out card
located below the instrument’s front panei.

If you wish to know more abeut how the Modulation Analyzer works, read Principles
of Operation for Simplified Block Diagram section 1. If you wish to know more about
modulation, read Modulation Basics also in section 1.
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Numeric keys are used to manually tune the Mcdulation Ana-
lyzer, enter RATIO references and limit values, and to select
Special Functions. Numeric entries are completed by a RATIO
key ar the MHZ, t kHz, | kHz, or SPCL keys. Numeric entriesin
prograss are cieared by using the CLEAR key.

MHz key completes the keyboard entry of input frequency {in
MHz) and tunes the Moduiation Analyzer to that frequency. If
the instrument is already tuned and no frequency was
gnterad. this key centers the input signal in the IF passband. !f
the instrument is not already tuned and no frequency entry
was made, this key returns the instrument to the last pre-
vious tuning. The instrument aiways enters manual tune
mode when MHz is pressed.

MOCDULATION OUTPUT provides cutput for demodulated AM,

/ EM. or oM. If RF LEVEL is selested, this output is turned off. If

FREQ. IF LEVEL, TUNED RF LEVEL, FREQ ERRCR. or IF fre-

Armass s MANGALJORERATON - . quency is sefected, the last modulation type previously mea-

R sured will continue to be output. The cutputlevel is from 0to4
: volts peak into an open circuit for each modulation range
{6000 output impedance).

1 kfiz and : kHz complete the keyboard entry of frequency step
' / size (in kHz) and increment {t) or decrement (1) the Modula-
tion Analyzer's tuning by that step size. If no step size entry

T S00 was made, the tening will step up or down by the last step
size entered. The instrument always enters manual tune

mode when a kHz key is pressed.

INPUT couples modulated signaf (150 kHz to 1300 MHz) into
the instrument. Specified input levels are ~25 to +30 dBm
trom 150 kHz to 650 MHz and -20tc +30 dBm from 650 10 1300
MHz. The input impedance is 50Q nominal.

/[\ i CAUTION

Do notapply greaterthan 40V fac+dcjtothe
INPUT jack or damage to the instrument
may result.

SPCL key completes the keyboard entry of 2 Special Function
code. Special Functions are instrument operations in acddi-
tion to those accessibie trom dedicated front-panel keys. !f
oressed alone once. the SPCL key causes the requested
modes of Special Functions 1 through & to be displayed. If
pressed again while the requested modes are being dis-
played, the SPCL key causes the resulting instrument set-
tings to be displayed.

’

CLEAR key remgves any keyboard entry in progress. if no
entry isinprogress, CLEAR turns off many Speciai Functions
with prefixes greater than 8. In remote hold only (HP-18 code
T1). the CLEAR key remains active and acts as a manual
trigger with settling (HP-1B code T3}

3-18

Figure 3-5. MANUAL OPERATION, MODULA TION OUTPUT, and INPUT Features
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REAR-PANEL FEATURES

MODULATION QUTPUT is a rear-panel autput for the IF QOUTPUT produces a 150 kHz te 2.5 MHz moduiated
demodulated signak. This cutput is supplied en Option 00! IF signal. The autput leve! ranges fram —27 to -3 dBm
instruments instead of the standard front-ganel connecticn. {5082 sutput impedance).

See MODULATION OUTPUT in Figure 3-1.,

LO INPUT (Opticn 0032 only} pravides an input for an
LO QUTPUT (Qptian 003 cniy} provides an autput for the \ external Lacal Oscillator. External input signal required
Local Oscillator. Output signal is 1.27 to 1301.5 MHz ar is 1.27 to 1301.5 MHz at aporoximately 0 dBm (8082
agproximately 0 d8m (50£2) nominal output impedance. naminal input impedance).

CAUTION CAUTION E

Do not apply reverse power into the LO Do not apply >40 Vde or +5 dBm of RF

OQUTPUT or damage to the instrument power into the LO INPUT or damage to
the instrument may resulit.

may resuit.

TIME BASE 10 MHz OUTPUT (0ption 0G3 only) provides TIME BASE 10 MHz INPUT providas an input for an
an output for the internal high-stabifity 10 MHz reference. Qut- external 10 MHz time base raference. External input signai
put signal is TTL compatible (530S nominal output impedance). must be > 0.5V peak-to-peak (> 500€2 input impedance}.

AM QUTPUT produces an
ac signat, whose amplitude is
preportional to the AM
depth, with a dc component
related to the 1F level. The
output is de coupled with a
16 kHz pandwidth and a

10 k{2 output impedance,

Fuse. 2 Amp (250 V, Normal Blowl
for 1004120 Vac. 1 Amp {250V,
Normal Blow) for 220/240 Vac.

FM OUTPUT produces an ac signal, whose
amplitude is proportionat to the FM deviation,
with a dc component related to the |F frequen-
cy. The output is dc coupled with a 18 kHz
bandwidth and 2 10 k{2 output impedance. Serial Number Plate. First four numbers
and letter comprise the prefix that denotes
the instrument configuration. The last five
digits form the suffix that is unique to each

RECORDER QUTPUT produces a de voltage proportional
to the peak vottage at MODULATION OUTPUT. The qutput

level is from 0 to 4 Vdc into an cpen circuit for each display instrument.
range (1 k&2 output impedance), -

I P Line Power Module permits operation from 100,
CALIBRATION QUTPUT is a rear-panei output for AM and FM 120 220, or 2_40 V.ac. The number "_"S‘h_le in window
calibrators (Option 010). This output is supplied on Option 007 in- indicates nominal line voltage to which instrument
struments instead of the standard front-panel connection. See CALI- must be connected (see Figure 2-1). Center con-

ductor is safety earth ground.

BRATION QUTPUT in Figure 3-1.

INPUT is a rear-panel input for the modulated signal. This
input is supplied on Optien 001 instrumants instead of the
standard front-panel connection. See INPUT in Figure 3-1.

HP-1B CONNECTOR connects the Modulation Anaiyzer to the
Hewiett-Packard interface Bus for remote gperations. When in
remote mode, the front-panel REMOTE annunciatar lights.

Figure 3-6. Rear-Panel Features
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Signal Generator Frequency Difference
Frequency (MHz) Limits {zHz)
2 40
4 50
8 70
18 100
25 130
50 230
100 430
200 830
400 1600
800 3200
8. Set the signal generator frequency to 50 MHz. When the Modulation Analyzer has
found the signal, press MHz, then S (Shift) FREQ ERROR. The display should read
between —2 and 2 kHz.
9. Key in 100 and press the #+ kHz key. The display should read between —102 and - 928
kHz.
AM Check
10. Press the Modulation Analyzer's MHz key and set the signal generator for 50% AM
(as measured on its AM meter) at a 1 kHz rate.
11. Press AM. The display should read between 46 and 54%.
12. Set the signal generator’s AM to 25% (as measured on its AM meter). The display

should read between 22 and 28% with 0.01% resolution.

FM and Phase Modulation ($M} Checks

13.

14.

15.

Set the signal generator’s AM off and set FM to 50 kiz deviation (as measured on its
FM meter) at a 1 kHz rate. Press FM. The display should read between 45 and 55 kHz.

Adjust the signal generator’s FM deviation for 50 kHz as displayed by the Modulation
Analyzer.

Press ®M. The display should read between 45 and 55 radians.

FM De-emphasis Check

 Press FM. Set RATIO to %. The display should read between 99.8 and 100.2% REL.

. The oscilloscope should show a sinusoidal waveform with a peak-to-peak amplitude

between 0.9 and 1.1 V and a period of 1 ms.

Set FM DE-EMPHASIS to PRE-DISPLAY. Set ©M DE-EMPHASILS time constant as
shown below. The display should read within the limits shown. Also, the oscilloscope
waveform should change proportionately to the display. (Allow for a x 10 autorange at
the MODULATION QUTPUT when FM DE-EMPHASIS is set to 750 ys.)
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Limits (% REL)
FM De-emphasis Time Constant (us)
Minimum Maximum
25 897.0 99.0
50 94.5 96.2
75 88.8 92.1
750 18.9 23.0

Filter Check

12.

Set FM DE-EMPHASIS off. Set FM rate as listed below. For each setting, set filters
(HP or LP FILTER) to ALL OFF, and set RATIO off if it is on. Then set RATIO to dB to
establish a reference of O dB, set the appropriate HP or LP FILTER on, and fine adjust
the FM rate for a reading of -3 dB REL. Note the FM rate (preferrably as read on the
signal generator’s counter) which should be within the limits shown.

) Frequency Limits (Hz)
App;o;tumate FM HP or LP Filter
ate {Hz) Minimum Maximum
50 50 Hz HP 47.5 52.5
300 300 Hz HP 285 315
3000 3 kHz LP 2 850 3150
15 000 15 kHz LP 14 250 15 750
30 000 >20 kHz LP 80 000 140 000

Detector Check

20.

21.
22.

Set RATIO off, set filters to ALL OFF. Set the signal generator’s FM rate to 1 kHz.
Set RATIO to % and set DETECTORS to PEAK-. The display should read between
95 and 105% REL depending upon the signal generator’s distortion.

Set DETECTOR to AVG. The display should read between 69.3 and 72.1% REL.

Set DETECTOR to PEAK+, then press PEAK HOLD. Switch the signal generator’s
FM off. The display should hold the value displayed just prior to pressing PEAK
HOLD.

IF and Tuned RF Level Check

23.
24.

[N)
wn

Press S(Shift) IF LEVEL. The display should read between 99.9 and 100.1%.

Press AUTOMATIC OPERATION then key in 10.0 and press the SPCL key. The
display should read between 1.45 and 1.55 MHz.

~Key in 3.1 and press the SPCL key. The display should read between 0.4425 and

0.4575 MHaz.

. Tune the signal generator to 5.25 MHz. Press S(Shift) TUNED RF LEVEL. The display

should read between 6.5 and 16 mW.

n-23
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927. Set RATIO to dB, then key in 3.3 and press the SPCL key. The display should read
between -2 and -8 dB REL.

Error Check

28. Tune the signal generator to 50 MHz at 0 dBm. On the Modulation Analyzer,
press AUTOMATIC OPERATION, then FM. Set DETECTOR to PEAK+. After the
Modulation Analyzer is tuned, key in 9.0 and press the SPCL key. Key in 100, then
press {+ kHz. The display should read EOL.

29. Press | kHz. Set the generator’s FM on and adjust the peak deviation for 5 kHz (as
read on its FM meter). The Modulation Analyzer’s display should read E04.

30. Key in 8.4 and press the SPCL key. The display should read EO7.

31. Set the signal generator’s FM off. Set the output level to +20 dBm. The Modulation
Analyzer’s display should read E02.

32. Set the signal generator’s output level to —20 dBm. The Modulation Analyzer’s display
should read EC3.

Calibrator Check (Option 010 only)

33. Disconnect the signal generator from the Modulation Analyzer’s INPUT and connect
CALIBRATION QUTPUT to INPUT. Press AM, then CALIBRATION. After about
90 seconds, the AM Calibration Factor will be displayed. The display should read
between 99.0 and 101.0%.

34. Press FM, then CALIBRATION. After about 20 seconds, the FM Calibration Factor
will be displayed. The display should read between 99.0 to 101.0%.
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3-4. HP-1B FUNCTIONAL CHECKS

Description

The following ten procedures check the Modulation Analyzer’s ability to process or send
all of the applicable HP-IB messages. In addition, the Modulation Analyzer’s ability to
recognize its HP-IB address is checked and all of the bus data, handshake, and control lines
except DIOS (the most significant data line which is not used by the Modulation Analyzer)
are set to both their true and false states. These procedures do not check whether or not
all Modulation Analyzer program codes are being properly interpreted and executed by
the instrument; however, if the front panel operation is good, the program codes, in all
likelihood, will be correctly implemented.

The validity of these checks is based on the following assumptions:

» The Modulation Anatyzer performs properly when operated through the front-panel
keys (that is, in local mode). This can be verified with the preceding Basic Functional
Checks.

« The bus controller properly executes HP-IB operations.

1f the Modulation Analyzer appears to fail any of these HP-IB checks, the validity of the
above assumptions should be confirmed before attempting to service the instrument.

The select code of the controller’s HP-IB interface is assumed to be 7. The address of the
Modulation Analyzer is assumed to be 14 (its address as set at the factory). This select code-
address combination (that is, 714) is not necessary for these checks to be valid. However,
the program lines presented here would have to be modified for any other combination,

These checks are intended to be as independent of each other as possible. Nevertheless, the
frst four checks should be performed in order before other checks are selected. Any special
initialization or requirements for a check are described at its beginning.

Initial Setup

The test setup is the same for all of the checks. Connect the Modulation Analyzer to the
bus controller through the HP-IB interface. Do not connect any equipment to any of the
Modulation Anatyzer’s inputs.

Equipment
HP-IB Comtroller ettt e e et aaae e HP 9000 Model 216, 226, or 236
Programming LarmgUage .. ...cuurvioreee ot e e HP BASIC 4.0

Address Recognition Check. This check determines whether or not the Modulation Ana-
lvzer racognizes when it is being addressed and when it is not. This check assumes only °
that the Modulation Analyzer can properly handshake on the bus. Before beginning this - -
check, set the Modulation Analyzer’s LINE switch to STBY, then to ON.

=25
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Description BASIC
Set the Remote Enable (REN) bus contrei line false. LOCAL 7
Send the Modulaticn Analyzer's listen address. QUTPUT 714

Check that the Modulation Analyzer's REMOTE annunciator is off
and that its ADDRESSED annunciator is on.

Unaddress the Modulation Analyzer by sending a different address QUTPUT 715

Check that the Modulation Anatyzer's REMOTE and ADDRESSED
annunciators are off. J

Remote/Local Messages and the |[LOCAL| Key Check. This check determines whether the
Modulation Analyzer properly switches from local to remote control, from remote to local

control, and whether the [LOCAL] key returns the instrument to local control. This check
assumes that the Modulation Analyzer is able to both handshake and recognize its own

address. Before beginning this check, set the Modulation Analyzer’s LINE switch to STBY,

then to ON.

Description BASIC

Send the Remote Message (by setting Remote Enable, REN, true REMOTE 714
and addressing the Modulation Analyzer 1o Listen).

Check that the Modulation Analyzer's REMOTE and ADDRESSED
annunciators are cn.

Send the Local Message to the Modulation Analyzer LOCAL 714

Check that the Moduiation Analyzer's REMOTE annunciator is off
but its ADDRESSED annunciator is on.

Send the REMOTE message to the Modulation Analyzer. REMOTE 714

Check that the Moduiation Analyzer's REMOTE and ADDRESSED
annunciators are on. Press the LOCAL key on the Modulation
Analyzer. Check that the Modulation Analyzer's REMOTE
annunciator is now oft, but that its ADDRESSED annunciator
remainsg on.

Sending the Data Message Check (Data Output). This check determines whether or not the - -
Modulation Analyzer properly issues Data messages when addressed to talk. This check
assumes that the Modulation Analyzer is able to handshake and recognize its own address.
Before beginning this check, set the Modulation Analvzer’s LINE switch to STBY, then to

ON.

5=l
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Description BASIC
Addrass the Modulation Anaiyzer o talk and store its output data ENTER 714;V
in variable V. (The output is Error 96 since there is nc signal at its
INPUT.)
Display the value of V. PRINT V

Check that the Mcdulation Analyzer's REMOTE annunciator is off
but that its ADDRESSED annunciator is on. The controlier’'s
disptay should read S0000CS600.

Receiving the Data Message Check (Data Input). This check determines whether or not the
Modulation Analyzer properly receives Data messages. The Data messages sent also cause
the 7 least-significant HP-IB data lines to be placed in both their true and false states.
This check assumes the Modulation Analyzer is able to handshake, recognize its own
address, and properly make the remote/local transitions. Before beginning this check, set
the Modulation Analyzer’s LINE switch to STBY, then to ON.

Description BASIC

Send the first pant of the Remote message (enabling the REMCTE 7
Medulation Analyzer 1o remote).

Address the Modulation Analyzer to listen (completing the Remote OUTPUT 714:"1MZ”
message), then send a Data message (manually tuning the
Mecduiation Analyzer to 1 MHz).

Check that the Modulation Analyzer's REMQTE and ADDRESSED
annunciators are on. Check also that its 15 kHz LP FILTER and
SPCL key lights are both on.

Local Lockout and Clear Lockout/Set Local Messages Check. This check determines whether
or not the Modulation Analyzer properly receives the Local Lockout message, disabling
all front-panel keys. The check also determines whether or not the Clear Lockout/Set
Local message is properly received and executed by the Modulation Analyzer. This check
assumes that the Modulation Analyzer is able to handshake, recognize its own address, and
properly make the remote/local transitions. Before beginning thischeck, set the Modulation
Analyzer’s LINE switch to STBY, then to ON.
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Cescription BASIC
Send the first part of the Remcle message {enabling the REMOTE 7
Moduiation Analyzer to remote).
Send the Local Lockout message LOCAL LOCKOUT 7
Address the Modulation Analyzer to listen (completing the Remote QUTPUT 714

message).

Check that both the Moduiation Analyzer's REMCTE and
ADDRESSED annunciators are on. Press the Modulation
Analyzer's LOCAL key. Both its REMOTE and ADDCRESSED
annunciators remain on.

Send the Clear Lockout/Set Local message. LOCAL Y

Check that the Modulation Analyzer's REMOTE annunciator is off
nut its ADDRESSED annunciator remains on.

|

Clear Message Check. This check determines whether or not the Modulation Analyzer
property responds to the Clear message. This check assumes that the Modulation Analyzer
is able to handshake, recognize its own address, make the remote/local changes, and receive
Data messages. Before beginning this check, set the Modulation Analyzer’s LINE switch
to STBY, then to ON.

’_ Description BASIC

Send the first part of the Remcte message {enabling the REMQTE 7
Modulation Analyzer to remote):

Address the Modulation Analyzer to listen (completing the Remote QUTPUT 714;"MZ”
message). Then send a Data message that sets the Modulation
Analyzer's tuning to manual (lighting the SPCL light).

Check that the Modulation Analyzer's REMOTE and ADDRESSED
annunciators are on and that the SPCL key light is alsoc on.

Send the Clear message (setting the Modulation Analyzer's tune RESET 714
mode back 10 automatic).

Check that both the Modulation Analyzer’s REMCTE and
ADDRESSED annunciators are on and that the SPCL key light is
off.

|

Abort Message Check. This check determines whether or not the Modulation Analyzer
pecomes unaddressed when it receives the Abort message. This check assumes that
the Modulation Analyzer is able to handshake, recegnize its own address, make the
remoteflocal changes, and enter serial-poll mode. Before beginning this check, set the
Modulation Analvzer’s LINE switch to STBY. then to ON.
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Description BASIC
Send the Remote message to the Moduiation Analyzer. REMOTE 714
Check that both the Modulation Analyzer's REMOTE and
ADDRESSED annunciators are on.
Send the Abort message, unaddressing the Moculation Analyzer. ABCRTIO 7

Check that the Moduiation Analyzer's ADDRESSED annunciator is
off.

Address the Modulation Analyzer to talk and then store its output
data in variable V.

Check that the Moculation Analyzer's REMCTE annunciator is off
nut that its ADDRESSED annunciator is on.

Send the Abort message unaddressing the Modulation Analyzer to
talk.

Check that both the Modulation Analyzer's REMOTE and
ADCRESSED annunciators are off.

Send the serial-poli-enable bus command (SPE) through the
interface to place the Modulation Analyzer in serial-poll mode.

On the Modulation Analyzer, key in 61.3 SPCL. The display should
show 1.0. This indicates the Modulation Analyzer is in serial-poll
mode (indicated by the "17).

Send the Abort message, removing the Modulation Analyzer from
serial-poll mode.

Check that the Modulation Analyzer's display shows 0.0. This
indicates the Modulation Analyzer properiy left serial-poil mode
upon receiving the Abort message.

ENTER 714V

ABORTIO 7

SENDBUS 714;1,24

ABORTIO 7

Status Byte Message Check. This check determines whether or not the Modulation
Analyzer sends the Status Byte message in both the local and remote modes. This check
assumes that the Modulation Analyzer is able to handshake, recognize its own address, and
make the remote/local changes. Before beginning this check, set the Modulation Analyzer’s
LINE switch to STBY, then to ON.
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Description BASIC

Place the Modulation Analyzer in serial-poll mede and address it 1o STATUS 714V
talk (causing it 10 send the Status Byte message).

Display the valug of V. PRINT V

Check that the Modulation Analyzer's REMOTE annunciator is off.
The controller’'s display shouid read 0.

Send the Remots message REMOTE 714

Place the Modulation Analyzer in serial-poll mode and address it 10 STATUS 714,V
talk {causing it to send the Status Byte message).

Display the valus of V. PRINT V

Check that the Moduiation Analyzer's REMOTE annunciator is on.
Tha controller’s display should read 0.

Require Service Message Check. This check determines whether or not the Modulation
Analyzer can issue the Require Service message (set the SRQ bus control line true). This
check assumes that the Modulation Analyzer is able to handshake, recognize its own
address, make the remote/local changes, and receive Data messages. Before beginning this
check, set the Modulation Analyzer’s LINE switch to STRY, then to ON.

Description BASIC

Send the first part of the Bemote message (enabling the REMQTE 7
Modulation Analyzer to remote).

Address the Modulation Anaiyzer to listen {completing the Remote QUTPUT 714;"22.45P"
message) then send a Data message (enabling a Require Service
message o be sent upon Instrument Error).

Make the controller wait 2 seconds te allow time for the WAIT 2000
Modulation Analyzer message. (This step is not necessary it
sufficient time is allowed.)

Read the binary status of the controlier's HP-IB interface and store STATUS 73V

the data in variable V (in this step, 7 is the interiace’s select

code).

Dispiay the value of the SRQ bit {in this step, 7 is the SRQ bit, PRINT "SRQ="BIT (V.7)

numbered from C).

Check that the SRQ value is 1. indicating the Modulation Analyzer
issued the Require Service message.
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Trigger Message and Clear Key Triggering Check. This check determines whether or not the
Modulation Analyzer responds to the Trigger message and whether the CLEAR key serves
as a manual trigger in remote. This check assumes that the Modulation Analyzer is able to
handshake, recognize its own address, make the remote/local changes, and send and receive
Data messages. Before beginning this check, set the Modulation Analyzer’s LINE switch
to STBY, then to ON.

Description BASIC

Send the first part of the Remote message (enabling the REMOTE 7
Modulation Analyzer 10 remote).

Address the Modulation Analyzer to listen {completing the Remote QUTPUT 714;"T17
message)}, then send a Data message (piacing the Modulation
Analyzer in Hold mode).

Send the Trigger message. TRIGGER 714
Address the Modulation Analyzer to talk and store the data in ENTER 714,V
variabie V.

Display the value of V. PRINT V

Check that both the Modulation Analyzer's REMOTE and
ADDRESSED annunciators are ¢n. The controller’s display shouid
read 200000S600.

Address the Moduiation Anaiyzer to talk and store the data in ENTER 714;V
variable V.

Check that the controller’s “run” indicator is still on indicating that
it has not received data from the Modulation Analyzer. Press the
Moduiation Analyzer's CLEAR key. The controller’s “run” indicator
should turn off.
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3-5. REMOTE OPERATION, HEWLETT-PACKARD INTERFACE BUS Dy

The Modulation Analyzer can be operated through the Hewlett-Packard Interface Bus
(HP-IB). Bus compatibility, programming, and data formats are described in the following
paragraphs.

Except for the LINE switch and the Controller Reset Service Special Function, all Mod-
ulation Analyzer operations (including service related functions) are fully programmable
through HP-IB.

A quick test of the HP-IB I/O is described under Remote Operator’s Checks. These checks
verify that the Modulation Analyzer can respond to or send each of the applicable bus
messages described in table 3-Z.

For more information about HP-IB, refer to IEEE Standard 488, ANSI Standard MC1.1, the-
Hewlett-Packard Electronic Systems and Instruments catalog, and the booklet, “Tutorial
Description of the Hewlett-Packard Interface Bus” (HP vart number 5952-0156).

HP-IB Compatibility

The Modulation Analyzer’s complete bus compatibility (as defined by IEEE Standard 488,
and the identical ANSI Standard MCL.1) is described at the end of table 3-2. Table 3-2
also summarizes the Modulation Analyzer’s HP-IB capabilities in terms of the twelve bus
messages in the left-hand column.

Remote Mode

Remote Capability. In remote, most of the Modulation Analyzer’s front-panel controls are
disabled (exceptions are the LCL and CLEAR keys). However, front-panel displays and the
signal at MODULATION OUTPUT remain active and valid. In remote, the Modulation
Analyzer may be addressed to taik or listen. When addressed to listen, the Modulation
Analyzer will respond to the Data, Trigger, Clear (SDC), and Local messages. When
addressed o talk, the Modulation Analyzer can issue the Data and Status Byte messages.
Whether addressed or not, the Modulation Analyzer will respond to the Clear (DCL), Local
Lockout, Clear Lockout/Set Local, and Abort messages, and in addition, the Modulation
Analyzer may issue the Require Service message.

Local-to-Remote Mode Changes. The Modulation Analyzer switches to remote operation
upon receipt of the Remote message. The Remote message has two parts. They are:

« Remote enable bus control line (REN) set true.
. Device listen address received once (while REN is true).

When the Modulation Analvzer switches to remote, both the REMOTE. and ADDRESSED
annunciators on its front panel will turn on.
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Table 3-2. Message Reference Table (1 of 2)

Cperation

HP-1B Message

Applicable

Response

Related
Commands
and
Controls

Interface
Functions ~

Data

Trigger

Clear

Bemote

Local ;

Local Lockout

Clear Lockout/
Set Local

Pass Control/
Take Control

Require
Service

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

All Modulation Analyzer operations except the LINE switch
are bus-programmable. All measurement results, special
displays, and error outputs except the "— — —" display
are available to the bus. .

if In remote and addressed to listen, the Modulation Ana-
lyzer makes a settled measurement according to previously
programmed set-up. It responds equally to bus command
GET and program code T3, Trigger with Settling (a Data
message). . S

Sets tune mode to automatic; low-ncise LO, MEASURE-
MENT to FREQ, places demodulated FM at MODULA-
TION QUTPUT, and sets the trigger mode to free run.
Resets many additional parameters as shown in tabie 3—

4. Clears Status Byte, RQS bit, Require Service message

(if issued), and sets the Service Request Condition to the
22 2 state. Responds equally to Device Clear (DCL) an
Selected Device Clear (SDC) bus commands. . -

Remote mode is enabled when the REN bus control line
is true. However, remote mode is not entered until the
first time the Modulation Analyzer is addressed to listen.
The front-panel REMOTE annunciator lights when the
instrument is actually in the remote mode. When entering
remote mode, no instrument settings or functions are
changed, but all front-panet keys except LCL and CLEAR
are disabled.

The Modulation Analyzer returns 1o local mode (front-pane!
control). Responds equally to the GTL bus command and
the front-panel LCL key. When entering local mode, no
instrument settings or functions are changed. In local,
triggering is free run only.

Disables all front-panel keys including LCL and CLEAR.
Only the controller can retum the Modutation Analyzer 10
local (frant-panel control).

The Modulation Analyzer returns to local (front-panei con-
trol) and local lockout is cleared when the REN bus control
line goes false. When entering local mode, no instrument
settings or functions are changed. In local, triggering is free
run only.

The Medulation Anaiyzer has no control capability.

The Modulation Analyzer sets the SRQ bus control ling
true if an invalid program code is received. The following
conditions will atso set SRQ true when they oceur if they are
anabled by the operater to do so; Data Ready, instrument
Error, Upper Limit Reached, or Lower Limit Reached.

GET

DCL -

soC ;.

REN :.. ..

GTL

|

oy
m
P4

SRQ

AH1

SH1
15, TEO
13, LED" -

DTt

/L1

aLy

RLA1

Co

SR

" Commands, Controt Lings, and Imtertace Functions are defined in 1EEE Std 488. Knowledge of these might not be necessary if
your contrgller's manual describes programming in terms of the twelve HP-IB Messages shown in the left column.
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Related .
Commands | Interface
HP-IB Message | Applicable Response and Functions "
Contrels
Status Byte Yes The Modulation Analyzer respends to a Serial Poll Enable | SPE T5, TED
(SPE) bus command by sending an 8-bit byte when ad- | SPD
dressed to talk. If the instrument is hoiding the SRQ control
line true (issuing the Require Service message) bit 7 (RQS
bit) in the Status Byte and the bit representing the condi-
tion causing the Require Service message to be issued will
both be trus. The bits in the Status Byte are latched but
can be cleared by: ’
1. Removing the causing condition, and
2. reading the Status Byte.
Status Bit No The Moduiation Analyzer does not respond to a parallel poil. PPo
Abort ves . | The Modulation Analyzer stops talking and listening'. IFC T5, TEQ
. L3, LEC
* Commands, .Céntrol Lines, and Interface Functions are defined in IEEE Std 488. Knowiedge of these might not be necessary if
your con_trpller’s manual describes programming in terms of the twelve HP-IB Messages shown in the left column. LT

Compiete HP-IB capability as defined in |EEE Std 488 and ANSI Std MC1.1 is: SH1, AH1, T5, TEQ, L3, LEQ, SA1, RLY,
PPO, DC1, DT, CO.

Local Mode

Local Capability. In local, the Modulation Analyzer’s front-panel controls are fully opera-
tional and the instrument will respond to the Remote message. Whether addressed or not,
it will also respond to the Clear, Local Lockout, Clear Lockout/Set Local, and the Abort

messages. When addressed to talk, the instrument can issue Data messages and the Status
Byte message, and whether addressed or not, it can issue the Require Service message.

Remote-to-Local Mode Changes. The Modulation Analyzer always switches to local from
remote whenever it receives the Local message (GTL) or the Clear Lockout/Set Local
message. (The Clear Lockout/Set Local Message sets the Remote Enable control line [REN]
false.) If it is not in Local Lockout mode, the Modulation Analyzer switches to local from
remote whenever its front panel LCL key is pressed.

Addressing

The Modulation Analyzer interprets the byte on the bus’ sight data lines as an addressor a
bus command if the bus is in the command mode, that is, attention control line (ATN) true
and interface clear control line (IFC) false. Whenever the Modulation Analyzer is being
addressed (whether in local or remote), the ADDRESSED annunciator on the front panel
will turn on.

The Modulation analyzer's talk and listen addresses are switch selectable as described in
section 2. Refer to table 2-1 for a comprehensive listing of all valid HP-IB address codes.
To determine the present address setting, refer to the discussion titled HP-IB Address in
the Derailed Operating Instructions near the end of this section.
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Local Lockout. When a data transmission is interrupted, which can happen by returning
the Modulation Analyzer to local mode by pressing the LCL key, the data could be lost.
This would leave the Modulation Analyzer in an unknown state. To prevent this, a local
lockout is recommended. Local lockout disables the LCL key (and the CLEAR key) and
allows return-to-local only under program control.

NOTE

Return-fo-local can alse be accomplished by turning the Modulation Ana-
Iyzer’s LINE switch to STBY, then back to ON. Howeuver, this technique
has several disadvaniages.

o It defeats the purpose and advantages of local lockout (that is, the
system controller will lose control of a systern element).

e There are several HP-IB conditions that reset to defaull states at
furn-orn.

Data Messages

The Modulation Analyzer communicates on the interface bus primarily with data mes-
sages. Data messages consist of one or more bytes sent over the bus’ 8 data lines, when
+he bus is in the data mode {(attention control line [ATN] false). Unless it is set to Talk
Only, the Modulation Analyzer receives data messages when addressed 10 listen. Unless
it is set to Listen Only, the Modulation Analyzer sends data messages or the Status Byte
message (if enabled) when addressed to talk. Virtually all instrument operations available
in local mode may be performed in remote mode by data messages. The only exceptions are
changing the LINE swiich setting and using the Controller Reset Service Special Func-
tion. In addition, the Modulation Analyzer may be triggered by data messages to make
measurements at a particular time.

Receiving the Data Message

Depending on how the internal address switches are set, the Modulation Analyzer can
either talk only, talk status only, listen only, or talk and listen both (normal operation). The
instrument responds to Data messages when it is enabled to remote (REN control line true),
and it is addressed to listen or set to Listen Only. If not set to Listen Only, the instrument
remains addressed to listen until it receives an Abort message or until it’s talk address or
a universal unlisten command is sent by the controller. '

Listen Only. Ifthe internal LON (Listen Only) switch is set to “1”, the Modulation Analyzer
is placed in the Listen Only mode when the remote enable bus control line (REN) is set
true. The instrument then responds to all Data messages, and the Trigger, Clear, and Local
Lockout messages. However, it is inhibited from responding to the Local or Abort messages
and from responding to a serial poll with the Status Byte message.

Listen Only mode is provided to allow the Modulation Analyzer to accept programming
from devices other than controllers (for example, card readers).

Data Input Format. The Data message string, or program string, consists of a series of ASCII
codes. Each code is typically equivalent to a front-panel keystroke in local mode. Thus, for
a given operation, the program string syntax in remote mode is the same as the kevstroke
sequence in local mode. Example 1 shows the general case programming order for selecting
Modulation Analyzer functions. Specific program order considerations are discussed later

LI
)
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EXAMPLE 1: General Program Syntax and Protocol

EXAMPLE 2: Typical Pragram String

in this section. All functions can be programmed together as a continuous string as typified
in Example 2. The string in Example 2 triggers a settled measurement cycle in which the
Modulation Analyzer determines the positive peak de-emphasized {75 us) FM deviation of
an input signal at 104.5 MHz.

Controlier Taik
Moduiation Anatyzer Listen

1

{Automatic Operation] [Tuning] [Measurement] [Detector] {Filters} [FM De-emphasis] [Special Functions) [Ratio] [Calibration] {Trigger]

Caontroller Talk
Modulation Anaiyzer Listen |,

AU104.5MZM2D1P1P4T3
Automatic Operatr’on—j— Trigger with Settling

Manual Tuning 78 us FM De-emphasis

Fi FM De-emphasis Pre-Cisplay
Peak + Detector

Program Codes. All of the valid HP-IB codes for controlling Modulation Analyzer functions
are summarized in table 3-3. All front-panel keys except the LCL key have corresponding
program codes. Some of the tuning functions have additional codes which terminate the
numeric data entry in Hz rather than MHz or kHz as indicated on the front panel. Where
more than one code is given for a function, either code will serve equally. However, the
first code given is recommended since its mnemonic more closely represents the function
selected, and it will therefore make deciphering program code strings casier. The first codes
given are the codes used in all programming examples in this manual.
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Table 3-3 shows the Modulation Analyzer’s response to various ASCII characters not used
in its code set. The characters in the left-hand column will be ignored unless they appear
between two characters of a program code. The characters in the right-hand columns, if
received by the Modulation Analyzer, will always cause Error E24 (invalid HP-IB code)
and a Require Service message to be generated. As a convenience, all lower case alpha
characters are treated as upper case.

Table 3-3. Modulation Analyzer Response to Unused ASCII Codes

Ignored © Generate Error 24
! @ (
“ B \
" G }
# I -~
%% J -
& N {
( Q I
) v }
. W -
, Y DEL
/
" Except when inserted between two
characters of a program code.

Turning Off Functions. When operating in local mode, the High-Pass and Low-Pass Filters,

FM De-emphasis, Calibration, and Ratio functions toggle on and off with successive

keystrokes. In remote mode, these functions do not toggle on and off. Instead, each of
the above groups has a specific code which turns off all the keys in the group. Note that
for FM De-emphasis the code that twns off the filters also turns off the PRE-DISPLAY
function. Thus, when programming FM de-emphasis, it is advantageous to begin with the

PRE-DISPLAY setting, then select the desired de-emphasis. The HP-IB codes for turning
off these functions are given in the table below.

Functions HP-IB Code
HP FILTERS ALL OFF HO
LP FILTERS ALL OFF Lo
FM DE-EMPHASIS adn PRE-DISPLAY off F0
RATIC off RC
CALIBRATION off Co

Programming Numeric Data. When programming input frequency, entering ratio or limit
references, or issuing anv numeric data (other than specific HP-1B codes) to the Modulation
Analyzer, certain precautions should be observed. Numeric data may consist of a mantissa
of up to eight digits, one decimal point, and one- or two-digit signed exponent. {The mantissa
alone is used when entering ratio or limit references). The decimal point may fall between
any two digits of the mantissa but may not appear ahead of the first digit. I it does, a
leading zero will be automatically inserted by the Modulation Analvzer. Any dimt bevond
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the eight allowed for the mantissa will be received as zero. The general format for numeric
data entry is given below, followed by several examples illustrating various entries and
the resulting data as received by the Modulation Analyzer.

General Numeric Data nput Format:
DDDDRDDDEzNN

l\ﬂantissa——J ‘ l—Exponent Magnitude

indicates Expanent Foliows — Exponent Sign

Example: .12345678E~01 issued
0.1234567E+01 received by Modulation Analyzer

Example: 123456789E~01 issued
123456780E+01 received by Modulation Analyzer

In general, do not issue numeric data with more significant digits than can be displayed on
the Modulation Analyzer’s eight-digit display.

Triggering Measurements with the Data Message. A feature that is only available through
remote programming is the selection of free run, standby, or triggered operation of the
Modulation Analyzer. During local operation, the Modulation Analyzer is allowed to free
run, outputting data to the display each measurement cycle. In remote, three additional
operating modes are allowed: Hold, Trigger Immediate, and Trigger With Settling. In
addition, the CLEAR key can act as a manual trigger while the instrument is in remote.
The trigger modes and use of the Clear key are described below.

Free Run (T0). This mode is identical to local operation and is the mode of operation
in effect when no other trigger mode has been selected. The measurement result
data available to the bus are constantly being updated as rapidly as the Modulation
Analyzer can make measurements. A Device Clear message or entry into remote from
1ocal sets the Modulation Analyzer to the Free Run mode.

Hold (T1). This mode is used to set up triggered measurements (initiated by program
codes T2 or T3, the Trigger message, or the CLEAR key). In Hold mode, internal
settings can be altered by the instrument itself or by the user through the bus. Thus,
the signal at MODULATION OUTPUT CAN CHANGE. However, the instrument is
inhibited from outputting any data to the front-panel key lights and display or to the
HP-IB except as follows. The instrument will issue the Require Service message if
2 LIMIT is reached (and if enabled to do so) or if an HP.IB code error aoccurs. The
instrument will issue the Status Byte message if serial polled. (A serial poll, however,
will trigger a new measurement, update displays and return the instrument to Hold.)
If a momentary error condition occurs while the insirument is in Hold, the signal at
MODULATION OUTPUT may be temporarily invalid with no indication from the
Instrument.

Upon leaving Hold, the front-panel indications are updated as the new measurement
cycle begins. The Status Byte will be affected (and the Require Service message issued)
by the events that occur during the new measurement cycle.

The Modulation Analyzer leaves Hold when:

o it recoives cither the Free Run, Trigger Immediate, or Tigger With Setthng
codes,
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» when it receives the Trigger Message
« when the CLEAR key is pressed (if not in Local Lockout), or
« when it returns to local operation.

Trigger Immediate (T2). When the Modulation Analyzer receives the Trigger Immediate
code, it makes one measurement in the shortest possible time. The instrument
then waits for the measurement results to be read. While waiting, the instrument
can process most bus commands without losing the measurment results. However,
if the instrument receives GTL (Go To Local), GET (Group Execute Trigger), its
listen address, or if it is triggered by the CLEAR key, a new measurement cycle
will be executed. Once the data (measurement results) are read onto the bus, the
Modulation Analyzer reverts to the Hold mode. Measurement results obtained by
Trigger Immediate are normally valid only when the instrumentisina steady, settled
state. ‘

Trigger With Settling (T3). Trigger With Settling is identical to Trigger Immediate ex-
cept the Modulation Analyzer inserts a settling-time delay before taking the requested
measurement. This settling time is sufficient to produce valid, accurate measurement
results. Trigger With Settling is the trigger type executed when a Trigger message is
received through the bus.

NOTE

The use of Trigger With Settling does not remove the need to observe the
normal warm-up precautions when using either the AM or FM Calibrazor.
Refer to the procedures under “Calibration, AM,” “Celibration, F. M7 in the
Detailed Operating Instructions.

Triggering Measurements With the CLEAR Key. When the Modulation Analyzer is in
remote Hoid mode and not in Local Lockout, the front-panel CLEAR key may be used
to issue a Trigger With Settling instruction. First place the insurument in Hold mode
(code T1). Each time the CLEAR key is pressed, the Modulation Analyzer performs one
Trigger With Settling measurement cycle, then waits for the data to be read. Once
the data is read out to the bus, the insirument returns to Hold mode. If data is not
read between trigger cycles, it will be replaced with data acquired from subsequent
measurement cycles.

Special Considerations for Triggered Operation. When in free-run mode, the Modulation
Analyzer must pay attention to all universal bus commands, for example, serial poll enable
(SPE), or local lockout (LLQ). In addition, if it is addressed to listen, it must pay attention
to all addressed bus commands, for example, go to local (GTL), or group execute trigger
(GET). As a consequence of this, the Modulation Analyzer must interrupt the current
measurement cycle to determine whether any action in response Lo these commands is
necessarv. Since many elements of the measurement cycle are transitory, the cyvcle must
be reinitiated following each interruption. Thus, if a lot of bus activity occurs while the
Modulation Analyvzer is trying to take a measurement, a measurement cycle may never be
compieted.

Trigger Immediate and Trigger With Settling provide a way to avoid this problem.
When the Trigger Immediate (T2} and Trigger With Settling {T3) codes are recewved, the
Modulation Analyzer will not allow its measurement cycle to be interrupted. {Indeed,
handshike of bus commands is inhibited until the measurement cyveleas comptete.t Once the
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cycele is complete, bus commands will be processed, as discussed under Trigger Immediate
above, with no loss of data. Thus, in an HP-IB ernvironment where many buscommands are
present, Trigger Immediate or Trigger With Settling should be used for failsafe operation.

Program Order Considerations. Although program string syntax is virtually identical to
keystroke order, some program order considerations need highlightling.

AUTOMATIC OPERATION (AU). As in local mode, when AUTOMATIC OPERATION is
executed in remote, it sets all Special Functions prefixed 1 through 8 to their zero-
suffix mode and also affects many other Special Functions. Thus when AUTOMATIC
OPERATION is used, it should appear at the beginning of a program string.

FM DE-EMPHASIS PRE-DISPLAY (P0 and P1). When pre-display is turned off using PO,
all FM de-emphasis is turned off. To avoid mistakes when programming de-emphasis,
always arrange the codes in numeric order specifying the PRE-DISPLAY setting (PC
or P1) first.

PEAK HOLD (D3). As in local, once PEAK HOLD is specified, any ensuing detector
code will turn it off. Thus the peak to be held must be specified before PEAK HOLD is
activated. A good rule to folliow is to specify detectors in numeric order.

Trigger immediate and Trigger With Settling (T2 and T3). When either of the trigger codes
T2 or T3 is received by the Modulation Analyzer, a measurement cycle is immediately
initiated. Once the measurement cycle is complete, some bus commands can be
processed without losing the measurement results. However, any HP-IB program code
sent to the Modulation Analyzer before the triggered measurement results have been
output will initiate a new measurement cycle. Thus, trigger codes should always
appear at the end of a program string, angd the triggered measurement results must
be read before any additional program codes are sent.

Sending the Data Message

Depending on how the internal address switches are set, the Modulation Analyzer can
either talk only, talk status only, listen only, or talk and listen both (normal operation). If
set to both talk and listen, the instrument sends Data messages when addressed to talk. The
instrument then remains configured to talk until it is unaddressed to talk by the controller.
To unaddress the Modulation Analyzer, the controller must send either an Abort message,
a new talk address, or a universal untalk command.

Talk Only Mode. If the internal address switches are set to a valid Talk address and the
TON (Talk Only) switch is set to “17, the Modulation Analyzer is placed in the Talk Only
mode. In this mode the instrument is configured to send Data messages whenever the bus |
is in the data mode. Each time the measurement is completed, the measurement result will
be output to the bus unless the listening device is not ready for data. If the listener is not .
readv and the Modulation Analyzer is not in a trigger moce, another measurement cycle
is executed.

Talk Status Oniy Mode. 1fall the internal address switches and the TON (Talk Only)switch
are set to “17, but the LON {Listen Only) switch is set to “()” the Modulation Analyzer is
placed in the Talk Status Only mode. In this mode the instrument is configured o send a
one-byte data message whenever the bus is in the data mode. The byte sent s an exact copy
of the Status Bvte. Each time this byte is successfully sent on the bus, the internal Status
Bvte is cleared. The Data Valid DAV handshake line is pulsed each time the one-byte
Data message i3 sent.

FESIY
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Data Output Format. As shown below, the output data is always formatted as a real
constant: first the sign, then eight digits (leading zeros not suppressed) followed by the
tetter £ and a signed power-of-ten multipltier. The string is terminated by a carriage return
(CR) and a line feed (LF), string positions 14 and 15. Data is always output in fundamental
units (for example, Hz, watts, radians, dB, %) and the decimal point (not sent) is assumed to
be to the right of the eighth digit of the mantissa. Data values never exceed 4 000 000 000.

Data Qutput Format:

-DDDDDDDDE = NNCRLE

Signed Mantissa Line Feed
Indicates Exponent Follows Carriage Return
Exponent Sign Exponent Magnitude

When an error is output to the bus, it follows the same fifteen-byte format described above
except most of the numeric digits have predetermined values as shown below. Error outputs
always exceed 9 000 000 000. The two-digit exrror code is represented by the last two digits
of the eight-digit mantissa. The error code can be derived from the string by subtracting
9 x 109, then dividing the results by 100.

Error Output Format:

Error Output Format:

+900000DDE+02CRLF
i Line Feed
Error Code—! L—Carriage Return

Timed Displays in Remote Operation. When operating in local mode, many Modulation
Analyzer displays are presented only for a limited time. This allows the instrument to
communicate requested information or error messages, then return to displaying the
results of the measurement previously selected. In remote, no measurement result, outputs
or displays are timed. Error outputs, however, time-out as they do in local operation unless
captured during a triggered measurement cycle.

Receiving the Clear Message

The Modulation Analyzer responds to the Clear message by assuming the settings detailed
in table 3—4. The Modulation Analyzer responds equally to the Selected Device Clear (SDC)
bus command when addressed to listen, and the Device Clear (DCL) bus command whether
addressed or not. The Clear message clears any pending Require Service message and resets
the Service Request Condition (Special Function 22} such that the Require Service message
will be issued on HP-IB code errors only (22.2 SPCL).
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Table 3—4. Response to a Clear Message

Parameter Setting
High-Pass (HP) Filters All Off
Low-Pass (LP) Filters Al Off
FM De-emphasis Al Off

Pre-display CH
Calibration Off
Measurement Frequency
Detector ot
Ratio Off
Limit Not Enabled

Lower Limit Reference 150 kHz

Upper Limit Reference 1200 MHz

Limit Measurement Mode Frequency
Automatic Cperation On

Manual Operation
MHz input Frequency
7 and |} kHz Step Size

SPCL

Automatic Tuning?
0 kHz

Special Functions prefixed 1 through 8 in
zero-sutfix maode; all others off except Service
Request Condition set 10 22.2 {HP-IB code error).

Madulation Qutput
Service Request Condition
Status Byte

Trigger Mode

EM (least sensitive range)
HP-IB Code Error Only
Cleared

Free Run (Code T0)

! petector will ba Psak<- if & modulation measurement is selected immadiately after the

. Clear message is received or after power up.

2 it MHz (code MZ) is selected immedciately after the Clear message is received or after
nower-up, the Modulation Analyzer wilt tune to 100 MHz.

Receiving the Trigger Message

When in remote and addressed to listen, the Modulation Analyzer responds to a Trigger
message by executing one settled-measurment cycle. The Modulation Analyzer responds
equally to a Trigger message (the Group Execute Trigger bus command [GET)] and a Data
message, program code T3 (Trigger With Settling). Refer to Triggering Measuremerits With the
Data Message.

Receiving the Remote Message

EE

The Remote message has two parts. First, the remote enable bus control line (REN) is held
true, then the device listen address is sent by the controller. These two actions combine to
place the Modulation Analyzer in remote mode. Thus, the Modulation Analyzer 1s enabled
to go into remote when the controller begins the Remote message, but it does not actually
switch to remote until addressed to listen the first time. No instrument settings are changed
by the transition from local to remote, but the Trigger mode is set to Free Run icode
TO:. When actually in remote, the Modulation Analvzer lights 1ts front-panel REMOTE
annunciator. When the Modulation Analyzer is heing addressed {whether in remote or
localy. its front-panel ADDRESSED annunciator turns on.
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Receiving the Local Message

The Local message is the means by which the controller sends the Go To Local (GTL) bus
comnmand. If addressed to listen, the Modulation Analyzer returns to front-panel control
when it receives the Local message. If the instrument was in local lockout when the Local
message was received, front-panel control is returned, but lockout is not cleared. Unless
it receives the Clear Lockout/Set Local message, the Modulation Analyzer will return to
local lockout the next time it goes to remote. No instrument settings are changed by the
transition from remote to local, but all measurements are made in a free-run mode.

When the Modulation Analyzer goes to local mode, the front-panel REMOTE annunciator
turns off. However, when the Modulation Analyzer is being addressed (whether in remote
or local), its front-panel ADDRESSED annunciator lights.

If the Modulation Analyzer is not in local lockout mode, pressing the front-panel LCL (local)
key might interrupt a Data message being sent to the instrument, leaving the instrument
in a state unknown to the controller. This can be prevented by disabling the Modulation
Analyzer’s front-panel keys entirely using the Local Lockout message.

Receiving the Local Lockout Message

The Local Lockout message is the means by which the controller sends the Local Lockout
(LLO) bus command. If in remote, the Modulation Analyzer responds to the Local Lockout
Message by disabling the front-panel LCL (local) and CLEAR keys. (In remote, CLEAR
initiates a Trigger With Settling cycle.) The local lockout mode prevents loss of data or
system control due to someone accidentally pressing front-panel keys. If, while in local,
the Modulation Analyzer is enabled to remote (that is, REN is set true) and it receives the
Local Lockout message, it will switch to remote mode with local lockout the first time it
is addressed to listen. When in local lockout, the Modulation Analyzer can be returned to
local only by the controller (using the Local or Clear Lockout/Set Local messages) or by
setting the LINE switch to STBY and back to ON or by removing the bus cable.

Receiving the Clear Lockout/Set Local Message

The Clear Lockout/Set Local message is the means by which the controller sets the Remote
Enable (REN) bus control line false. The Modulation Analyzer returns to local mode (full
front-panel control) when it receives the Clear Lockout/Set Local message. No instrument
settings are changed by the transition from remote with local lockout to local. When the
Modulation Analyzer goes to local mode, the front-panel REMOTE annunciator turns off.

Receiving the Pass Control Message

The Modulation Analyzer does not respond to the Pass Control message because 1t cannot
act as a controller.

Sending the Require Service Message

The Modulation Analyzer sends the Require Service message by setting the Service Request
{SRQ) bus control line true. The instrument can send the Require Service message in either
local or remote mode. The Require Service message is cleared when a serial poll is executed
by the controlier or if a Clear message is received by the Modulation Analyzer. {During
serial poll, the Require Service message is cleared immediately before the Modulation
Analyzer places the Status Byvte message on the bus.) An HP-IB code error will alwavs
cause a Require Service message to be issued. In addition, there are four other conditions

Sl
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which can be enabled to cause the Require Service message to be sent when they occur. All
five conditions are described below.

« Data Ready: When the Modulation Analyzer is ready to send any information except
error codes.

« HP.IB Code Error: When the Modulation Analyzer receives an invalid Data message.
(This condition always causes a Require Service message to be sent).

o Instrument Error: When any Error is being displayed by the Modulation Analyzer
including HP-IB Code error, E24.

«» Upper Limit Reached: When the upper limit reference has been reached or exceeded.

» Lower Limit Reached: When the lower 1imit reference has been reached or exceeded.

Selecting the Service Request Condition

Use Special Function 22, Service Request Condition, to enable the Modulation Analyzer to
issue the Require Service message on any of the conditions above (except HP-IB code errors
which always cause the Require Service message to be sent). The Service Request Condition
Special Function is entered from either the front panel or through the HP-IB. The conditions
enabled by Special Function 22 are always disabled by the Clear message. A description of
the Service Request Condition Special Function and the procedure for enabling the various
conditions are given under Service Request Condition in Detailed Operation Instructions.

Normally, device subroutines for the Modulation Analyzer can be implemented simply
by triggering measurements then reading the output data. In certain applications, the
controller must perform other tasks while controlling the Modulation Analyzer. Figure 3-3
lustrates a flow chart for developing device subroutines using the instrument’s ability to
issue the Require Service message when data is ready. This subroutine structure frees the

controller to process other routines until the Modulation Analyzer is ready with data.

Sending the Status Byte Message

The Status Byte message consists of one 8-bit byte in which 5 of the bits are set according
to the enabled conditions described above under Sending the Require Service Message.

If one or more of the five conditions described above are both enabled and present, all the
bits corresponding to the conditions and also bit 7, the RQS bit, will be set true (and the
Require Service message is sent). If one of the above conditions occurs but has not been
enabled by Special Function 22, neither the bit corresponding to the condition nor the RQS
bit will be set {and the Require Service message will not be sent). The bit pattern of the
Status Byte is shown later in this discussion.

Once the Modulation Analyzer receives the serial poll enable bus command (SPE), it is
no longer allowed to alter the Status Byte. When addressed to talk (following SPE), the
Modulation Analvzer sends the Status Byte message.

NOTE

Since the Modulation Anaivzer cannot alter the Status Byte while in serial
poll mode, it is not possible fo continually request the Status Byte wiile
waiting for @ condition to cause a bit to De sel.

After the Status Bvte message has been sent. it will be cleared if the Serial Poll Disable
(SPT bus command is received, i the Abort message 18 received, or 1 the Modulation



\

Model 8901A Operation

Analyzer is unaddressed to talk. Regardless of whether or not the Status Byte message has
been sent, the Status Byte and any Require Service message pending will be cleared if a
Clear message is received. If the instrument is set to Talk Only, the Status Byte 1s cleared
each time the one-byte Data message is issued to the bus.

Sending the Status Bit Message

The Modulation Analyzer does not respond to a Parallel Poli Enable {PPE) bus command
and thus cannot send the Status Bit message. .

Receiving the Abort Message

The Abort message is the means by which the controller sets the Interface Clear (IFC) bus
control line true. When the Abort message is received, the Modulation Analyzer becomes
unaddressed and stops talking or listening.

START 8301A GNTERHUF’T CN SH(D
T

y
SET TRIGGER READ STATUS BYTE
MODE TO HOLD FROM 8801A
{HP-IB CODE TT)
ENABLESRQ ON TO OTHER INSTRUMENT SRQ FROM
DATA READY SERVICE RQUTINES asp1Aa?
{HP-/B CODE 22.35P)

'

CONFIGURE
MEASUREMENT TEST OTHER 8307A
SRQ CONDITIONS

TRIGGER MEASUREMENT
(HP-IB CODE T2 0R T3)

89C1A SRO
DUE TG DATA
READY?

READ DATA
l FROM 29C1A

PROCESS OTHER . —
ROUTINES UNTIL RETURN
SRQ CAUSES INTERRUPT

Figure 3-8 Exumple Flow Chart jor Driving the Modulation Anglvzer Using the Require Service Messuge 1SRG
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HP-IB SYNTAX AND CHARACTERISTICS SUMMARY

Address: Set in binary by internal switches—may be displayed in binary on front panel
using Special Function 21, HP-IB Address. Factory set to 14 decimal; 01110 binary.

General Operating Syntax: [Automatic Operation] [Tuning] [Measurement] [Detector] (Fil-
ter] [FM De-emphasis] [Special Functions] [Ratio] [Calibration] [Trigger]

Numeric Data Input Format:
DDDDDDDDE=zNN

8-Digit Mantissa Exponent Magnitude
lteading decimal Exponent Sign
not aliowed) Indicares Exponent Follows

Output Formats: Data (valid data output value always < 9 x 10° and in fundamental units):
:DDDDDDDD%rNNCR LF
Signed Mantissaj ‘[ _]_——Line Feed
Indicates Exponent Fallows | Carriage Return

Exponent Sign Exponent Magnitude

Errors:

+800000DDE+02CRLF
T

Error Code——= Line Feed
L—Carriage Return

Return to Local: Front panel LCL key if not locked out.

Manual Trigger: Front panel CLEAR key initiates Trigger With Settling measurement
cycle.

Status Byte:

= 7 5 5 4 3 2 P
T 28 ga |7 sz |8 T e 2 1
RQS Bit ‘ Lower ' Upper . instru- HP-1B Data - —
Request " { ¢ 0 Require |. 0 Limit =~ | Limit ~- | ment - Code Ready
: quditio'n Lo 1 (always) | Service {always) | Reached Reached | Error Estor

Notegs Vuivn s ¥

. 1-The conditions.indicated in bits  and 3—5 must be enabled 1o cause a Service Request by Special Function 22,
* ':+: Service Reguest Condition. o ; ‘ S : : ;
2. The RQS bit (bit 7} is set irug whenever an HP- code error occurs of when any of the conditions of Dits 1 and 3—5

" ‘are enabled and occur. Lo

3. Bits sel remain set until the Status Byte is cleared.

Complete HP-IB Capability 1as described in IEEE Std 488, and ANSI Sed MC1.1% SHI, AHI1,
T5, TEO. L3, LEO. SRI. RL1, PPO, DC1, DT1. CO.
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Table 3-5. Modulation Analyzer Parameter to HP-IB Code Summary
Parameter Program Code Parameter - Program Code
HP Fiters Detector .
All Oft HO . Peak+
50 Hz On H1 - " Poak-—
300 Hz On H2 . Peak Hold
: ' - Average (HMS Cahbrated)
LP Filters s -
All Off LO Ratio ,
3 kHz On Lt AlOH
15 kHz On L2 B B
>20 kHz On L3~ : dB’
FM De-emphasas
. FM De-emphasis and T S E
Predisplay Off <. PO Manua Operanon =
Pradispiay On " P1 2 Numerals i
25 us P2 Dec:mal Pomt
. 50 ps P3. .+~ Clear--” I
75 us P4 - |- .MHz Input Frequency S
750 ps P§- i i” Hz Input Frequency SR
Calibration S
" Calibration Off S co-
Calibration On cr
o sP or F4 orZ:
Measurement o SS or'FS orZS ;
- AM M1
FM M2 :
M M3 _Free Psun
RF Level M4 “ Hold. -
Frequency MS Tngger !mmedlate .
IF Level 83 Trigger With Settling
Tuned BF Level -84 o Lo
Frequency Error S5 '

Table 3-6. Modulation Analyzer Special Function to HP-IB Code Summary (1 of 3)

Special Function

Program Code

Special Function

Program Code

Input Attenuation
Automatic Selection
0dB
10 d8
20dB
30 dB
40 aB
50 dB

1.08P
1.15P
1.25P
1.38P
1.45P
1.55P
1.65P

Modulation Range
Automatic Selection

AM Fi dM

(%) (kHz) (rad)
<40 <4 <4
<100 <40 <40
<100 <400 <400

* 1/10 Range with 750 ;s
de-emphasis, pre-gisplay

. 208P ..

2.1SP
2.28P
2.35P
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Table 3-6. Modulation Analyzer Special Function to HP-1B Code Summary (2 of 3)

Speclal Function Program Code Special Functlon Program Code
Tune Mode FM Calibrator
Automatic; Display Computad
Low-noise Peak FM Deviation 12.0SP
Lo 4.08P Disptay Demodulated
Automatic; Peak Residuai FM
Track 4,18P Deviation 12.1SP
Manual 4.25F Display Demodulated
Peak FM Deviation 12.25P-
Audio Peak Detector
Time Constant AM Calibrator
Fast 5.08P Display Cemputed I
Slow - B.1SP Peak AM Depth 13.0SP
Display Demodulated s
AM ALC Response Time Peak Residual AM L
Slow : 6.0SP Depth 13.1SP ..
Fast 6.18P Display Demodulated -
Open ALC 5.28P - Peak AM Depth 13.25P .
Frequency Resolution : Set Limit
Automatic Selection 7.08P Clear Limits;
10 Hz Resoluticn _ Turn Off LIMIT e e
{(f<1 GH2) 7.18P Annunciator 14,08P . &
1000 Hz Resoiution - 7.28P Set Lower Limit to Ratio PR
' Relerence 14.1SP -
Error Disable . o Set Upper Limit to Ratio e
Automatic Selection " 8.08P Reference 14.25P
E01 disabled 8.15P . Restore Lower Limit 14.38P
E02 & EOS3 disabled ' 8.28P Restore Upper Limit 14.45P
EQ1, E02 & EO03 disabled - 8.35P Read Lower Limit 14.55P
EQ4 disabled 8.45P Read Upper Limit 14.68P
£01 & E04 disabled 8.58P Read Lower Limit
EQ2, EO3 & E04 disabled 8.65P Measurement Code 14.78P
E01 through ED4 Read Upper Limit
disabled 8.75P Measuremant Code 14.85P
E01 through E04 All errors
enabied 8.85P Time Base Oven (Opt. 002)
Display E12
Hold Settings $.05P 1t Oven Cold 15.08P
IF Frequency Measurement 10.08P AM Calibration {Opt. 010}
Disable AM
Re-enter Ratio with Calibration Factor 16.Q0SP
Previous Reference Enable AM
Re-enter % Ralio 11.08P Calibration Facter 15.1SP
Re-enter dB Ratio 11.1SP Read AM Calibration Factor
Read Ratic Reference 11.23P (0 if disabled) 16.25P
Make Ratic Reference
Negative 11.3SP
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Table 3-6. Modulation Analyzer Special Function to HP-1B Code Summary (3 of 3)

Speclal Function

Program Code

Special Functlon

Program Code

FM Calibration (Opt. 010)
Disable FM Calibration Factor
Enable FM Calibration Factor
Read FM Calibration Factor

(0 if disabled)

Tone Burst Receiver
NN is delay in ms from .
signal detected at
INPUT to activation of
MODULATION CUTPUT

17.0SP
17.1SP

17.28P

18.NNSP

HP-IB Address -

Displays HP-IB Address

in binary form:

21.0

AAAAATLS ‘

AAAAA==address;

T=1 means talk only;

L=1 means Listen only;

S=1 means SRQ.

Service Request
Enables a condition o
service request. NN is

of any combination of the
weighted conditions below:
1. Data Ready .. .. -~

2. HP-IB Error -,

4. Instrument Error ,

8. Upper lert“:-
~ 186, Lower Limit ;.

Gl ja2NNsP |
causea | TN
the sum Lo .

¥

Table 3-7. Modulation Anglyzer HP-IB Code to Parameter Summary

Program Code ;- | -

Program Code Parameter .-
ALl Automatic Operation -
Al Automatic Operatlon

T CL Clear -
Co Calibranon off
C1 Cal:brauon on .
D1 Peak+ "
D2 “Peak— *
D3 Peak Hold

= D4 _ Average (RMS Cahbrated)
F1 MHz input Frequency
F2 ftkHz -
F3 | kHz
F4 SPCL
F5 SPCL SPCL
HD I} Hz
HU ft Hz
HZ Hz Input Frequency
HO HP Filters off
H1 50 Hz HP Filter on
H2 300 Hz HP Filter on
KD 1} kHz
KU 1 kHz
K1 Ciear
LO LP Filters off
L+ 3 kHz LP Filter on
L2 15 kHz LP Filter on
L3 =20 kHz LP Filter on
MZ MHz tnput Frequency
M1 AN
M2 M

0-9

’ Frequency

RF Leve|

FM De-emphasw, & Pre~d:sp Y oﬁ
Pre-dlsplay on LT

25 ps - o . E
sops
Baps T
750 us
Ratio off
0% . R
g8 T T -
IF Level

Tuned RF Level

Frequency Error

Free Run )

Hold _

Trigger !mmediate

Trigger With Settling

Peak-+-

Peak—

Peak Hold.

Average (RMS Calibrated) -
Hz input Frequency

1t Hz

I Hz

SPCL

SPCL SPCL

0

Lz

-4
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Table 3-8. Modulation Analyzer HP-IB Code to Special Funetion Summary (1 of 2)

014

Program Code

Special Function

Program Code

Special Functien

T 1.08P
"~ 1.18P
1.25P

1.4SP
1.55P
1.65P

208P

2.18P
225P
2.35P

3.08P

3.15P
3.28P
3.35P
3.45P

4.08P
4.18P
4235P

5.05P
5.15P

6059
6.1SP
5.28P

7.05P
7.15P
7.25P

138P - -

15008

input Attenuation.
Automatic Selection
odB - S
10 dB

. 20dB. .
30dB .
40 dB

A

Modulation Range -

" Automatic Selection S

AM l ST ‘ oM

(%) (kHz) =~ | = (rad)
<40 , <4 <4
<100 - <4) - <40
<100 | <400 . . | <400

* 1/10 Range with 750 us de-emphas:s

) pre-d:spiay S

IF Frequency and. Input ngh -Pass -

Filter

IF (MHz) |  Input HP Filter

Automat:c IF Selecuon F:Iter Out i

0.455 - Qut™-
1.5 Out
0.455 n
1.5 In
Tune Mode

Automatic; Low-noise LO
Automatic; Track
Manual

Audio Peak Detector Time Constant
Fast
Slow

AM ALC Response Time
Siow
FFast
Open ALC

Frequency Resolution
Automatic Selecticn
10 Hz Resolution (1< GHz)
1000 Hz Resolution

B.08P
8.13P
8.28P
8.35P
8.45F
8.55P
8.65P
8.75P
8.85P

| 9.0SP

10.0SP

11.08P
11.13P

11.25P
11.35P

12.08P

12.4SP

12.25°P

13.0SP
13.15P

13.25P

14.05P

14.13P
14,28P
14.35P
14.45P
14.55P
14.65P
14.78P

14 85P

Error Disable
Automatic Selection
EC1 disabled
E0Z & EQ3 disablad
EQ1, E02 & E03 disabled
E(Q4 disabled '

E02 & E04 disabled - . .

£02, E03 & E04 disabled

E01 through EO04 disabled .- -

EO1 through E04 enable(_i :

Hold Settings

IF Frequency Measuremem o

Re-enter Rat:o With Prev:ous :
Reference

Re-enter % Ratio
Re-enter dB Ratio -~ _
Read Ratio Referencs =

Make Ratlo Reference Negatwe o

FM Caltbrator .
D:splay Computed Peak FM
. Deviation © -

Dlsplay Dernodulated Peak C

Hes:dual FM Dev1at|on

D:spiay Demoduiated Peak FM
Dewa’uon_

AM Calibrator -

Display Computed Peak AM Depth

Display Demodulated Peak
Residual AM Depth

Display Demodulated Peak AM
Depth .

Set Limit
Clear Limits; Turn Off LIMIT
Annunciator

Set Lower Limit to Ratic Reference
Set Upper Limit to Ratio Referencs

Restore Lower Limit

Restore Upper Limit

Read Lower Limil

Read Upper Limit

Read Lower Limit Measurement
Code

Read Upper Limit Measurement
Code -

|
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Table 3-8. Modulation Analyzer HP-IB Code to Special Function Summary (2 of 2)

Program Code

Sp\eclal Function

Program Code

Speclal Function

15.08P

16.0SP
16.18P
18.2SP

17.0SP
17.1SP
17.25P

18.NNSP

Time Base Oven (Opt. 002)
Display E12 if Oven Cold

AM Calibration (Opt. 010)
Disable AM Calibration Factor
Enable AM Calibration Factor
Read AM Calibration Factor

{0 if disabied)

FM Calibration (Opt. 010)
Disablie FM Calibration Factor
Enable FM Calibration Factor
Read FM Calibration Factor

(0 if disabledy -

Tone Burst Receiver .
NN is deiay in ms from signal
detected at INPUT and activation
of MODULATION OUTPUT.

21.0S8P

22.NNSP

HP-1B Address

Displays HP-IB Address In

binary form: "~ : '
AAAAATLS
AAAAA = address;
T = means talk only;
L. = means listen only;
S = means SRQ.

Service Fiequest' T
Enables a condition to cause a
service request. NN is the sum of

- any combination of the weighted
- conditions below: - - o

1, Data Ready

2. HP-IB Error.

4, Instrument Error
 8.UpperLimit
. 8. Lower Limit
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DESCRIPTION

AM

Operation

The AM key causes the Modulation Analyzer to measure the amplitude modulation depth of
the input signal to which the instrument is tuned. In addition, demodulated AM is present
at MODULATION QUTPUT and the rear panel AM OUTPUT. (The demodulated AM is
present at AM QUTPUT in all measurement modes except RF level. Refer to AM Output.
AM measurements are specified for rates from 20 Hz to 10 kHz for carriers 10 MHz and
below (or whenever the 455 kHz IF is used) and from 20 Hz to 100 kHz for carriers from
10 to 1300 MHz (1.5 MHz IF only). The corresponding 3 dB audio bandwidths are 0.5 Hz to
15 kHz for carriers 10 MHz and below (or with the 455 kHz IF) and 0.5 Hz to 260 kHz for
carriers from 10 to 1300 MHz (1.5 MEz IF only). Depths to 99% can be measured.

OUTPUT RANGES

Modulation Range

MODULATICN RECORDER
Speciai Program Displa.y OUT}D.U'T- QUTPUT
PEAK + (0/0} AVGi (D/U) Function Code Resalution Sensit!\”ty (Rear Panel)
Code m {%}) (Vac/% AM) (Vdc/peak% AM)

Automatic Selection 2.0 SPCL 2.085P Automatic Selection
< 40 < 28 2.1 5PCL 2.15P 0.01 0.1 0.1

2.2 SPCL 2.25P
< 100 <707 or or 0.1 0.01 0.01

2.3 SPCL 2.258P

' values are for sine wave mcdulation signal oniy.

PROCEDURE

To make an AM measurement, first tune the instrument to the input signal (refer 1o Tuning

=]

or press AUTOMATIC OPERATION). Press the AM key, and select an audio detector:
PEAK <. PEAK -, or AVG (refer to Derectors). To limit the demodulated signal bandwidth,
press the appropriate filter keys (refer to Filters). If AM depth is to be displayed relative to

a reference, refer to Ratio.

AN S-RY
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AM ALC Response Time

(Special Function 6)

DESCRIPTION

The Modulation Analyzer normally uses a slow-responding AM automatic level control
(ALC) circuit, allowing AM rates as low as 20 Hz to pass unaffected by the leveling loop.
(Refer to the AM Measurement Block Diagram) in the AM detailed operating instruction.
However, a fast ALC response time may be selected to quicken the response to changing
carrier levels. Accuracy at AM rates <200 Hz is affected when the faster ALC response is
selected. It is possible to disable the ALC entirely.

PROCEDURE

The instrument normally operates with a slow AM ALC response time. To change the
response time from slow to fast or vice versa, or to disable the ALC, enter the corresponding
Special Function code, then press the SPCL key.

Program Codes
AM ALC Special Function Code m
Slow Response £.0 SPCL 5.05P
Fast Response 6.1 SPCL 6.15P
ALC oft 5.2 SPCL 8.25P

EXAMPLE

To enter a fast AM ALC response mode:

——Code—— ~Functian~

LOCAL

{keystrokes) @ D @ E]secs.
L HP-18 2 6.1SP

{program codes) Ccde——,_L Function

HP-IB PROGRAM CODE
For HP-IB codes, refer to “PROCEDURE” above.

INDICATIONS

As the numeric code is entered, it will appear on the {ront-panel display. When the SPCL
kev is pressed, the display returns to show the measurement previously selected. Unless
Special Function code 8.0 was entered, the light within the SPCL key will tirn on if not
already on. If the light 1s already on, it will remain on.

RIS AM ALC Response Time
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COMMENTS

When the instrument is first turned on or when AUTOMATIC OPERATION is selected,
the ALC returns to the slow response mode.

Disabled ALC (Special Function code 6.2) is useful for measuring AM at very low rates
using the rear-panel AM OUTPUT. Refer to AM Output.

The display % AM will be incorrect when the ALC is disabled unless the IF level is 100%.
Refer to Level, IF.

RELATED SECTIONS

AM

AM Output
Level IF

Special Functions

AR ALC Respense Time -3
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BLOCK DIAGRAM

A simplified block diagram of the AM demodulation chain illustrating the relationships
between AM OUTPUT and various other outputs and circuit blocks is given below.

AT
—
WODULATION !
: < DUTPUT |
i
INPLT ~ BEMODUL”TBR—\ AUDIC aygig VOLTMETER
ATTENUATDR 'NPUT IF AMP 1ALL Lo0P FILTERS | DETECTQRS AND DISPLAY
'ﬁ MIXER [ | ] i
. i talainixiatn]
o] >_..4/§/_..<®_1>_1 ST —_I'r.'(.'l.'f'_'_'_'“
i
r-‘ < CREREE 8 2
)\_josc:unma ——— ALC REF
AM Output Block Diagram

COMMENTS

The AM OUTPUT contains a significant IF component which is greatest when operating
at 150 kHz.

When RF LEVEL is selected, 50 dB of input attenuation is inserted. This degrades the
accuracy of measurements made on the AM OUTPUT signal.
RELATED SECTIONS

AM
AM ALC Response Time
FM Qutput

i ANT
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DESCRIPTION

Attenuation, Input
(Special Function 1)

Operation

The normally automatically-selected input attenuation can be manually set by keyboard
entry using the SPCL key.

PROCEDURE

To set the input attenuation to a selected range, or to re-enter the automatic selection mode,

key in the corresponding Specizal Function code, then press the SPCL key.

Program Code
Input Attenuation Range Special Function m
Automatic Selection 1.0 SPCL 1.0SF
¢cdB 1.1 SPCL 1.138P
10 dB 1.2 SPCL 1.25P
20 dB 1.3 3PCL 1.35P
30 dB 1.4 SPCL 1.43P
40 dB 1.5 SPCL ! 1.53P
50 dB 1.6 SPCL | 1.65P

EXAMPLE

To set the input attenuation to the 20 dB range:

——Code— ~Function=-

LOCAL —
"ﬁ f"T A
{keystrokes) \_J 3 e
1.35P
(program codes) Code— [ Function
HP-IB PROGRAM CODE
For HEPUB codes, refer to "PROCEDURIET above.

Attenuntion,

Inpuy
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The converse of the Automatic Operation mode is the Hold Settings Special Function
(prefixed 9). Refer to Hold Settings.

For maximum sensitivity when making frequency or tuned RF level measurements use
manual tuning.

For more information on which Special Functions are turned off by the AUTOMATIC
OPERATION key refer to Special Functions.
RELATED SECTIONS

Hold Settings
Special Functions
Tuning

B-T0 Matomatie Dperation
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Calibration, AM

{(Includes Special Functions 13 and 16)

DESCRIPTION

The internal AM Calibrator (Option 010) provides extremely precise means of determining
the instrument’'s AM measurement accuracy. Taking the measured error into account,
AM measurements can be made with an error typically less than 0.5%. The Modulation
Analyzer's accuracy is stored in the instrument in the form of a Calibration Factor. If
this factor is enabled, the measurement error will automatically be accounted for in the
displayed measurement result. The Cal Factor can be enabled or disabled at any time.
In addition to self-calibration, instruments with the AM Calibrator may calibrate other
HP 8901A Modulation Analyzers not provided with the calibrator option. The procedures
for these operations are given below.

PROCEDURES

Self-calibration

To determine the measurement error of the Modulation Analyzer’'s AM demodulation cir-
cuits, first allow at least a half-hour continuous operation before calibration. Connect CAL-
IBRATION OUTPUT to INPUT with a 500 cable and select AM. Now press the CAL-
IBRRATION key. Pressing the CALIBRATION key automatically configures the tuning,
filters, and detectors for the most accurate calibration. After approximately 17 seconds,
the AM Calibration factor will be displayed in % and stored. The instrument displays
100.00% if no error is measured. As long as the CALIBRATION key light is on and the
cable is connected, calibration continues and the AM Calibration Factor is updated approx-
imately every 17 seconds. To turn off the calibrator, press the CALIBRATION key or any
MEASUREMENT key.

NOTE

For optimurmn accuracy, the instrument should be continuously operating
for at least one-half hour before calibration is performed. In addition,
the first two AM Calibration Factors received after instrument power-up
should be discarded even if the instrument is already warm, since the
circuits in the audio chain may not be fully charged.

Correcting Measurements with the AM Calibration (Self-calibrated)

Once a Calibration Factor has been determined, the instrument holds that factor inter-
nally. This factor may be enabled to automaticaily correct AM measurements. In addition,
it may be disabled or displayed. Select and key in the corresponding Special Function code,
then press the SPCL key. '

Calibration. AM 5=
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Special Program Code
Action Function Code Y HP-IB
Disable AM Calibration Factor 16.0 SPCL 16.05P
Enable AM Calibration Factor 16.1 SPCL 16.15P
Read AM Calibration Factor 16.2 SPCL 16.25P
(Reads 0 if not enabled)
|

Calibrating Another HP 8901A Modulation Analyzer

By duplicating the Modulation Analyzer's internal calibration process step by step with
another Modulation Analyzer that does not have an internal calibrator, an AM Calibration
Factor can be computed for that instrument. First, connect the CALIBRATION OUTPUT

of the instrument with Option 010 (Modulation Analyzer A} to

the INPUT of the other

instrument (Modulation Analyzer B). Then perform the following:

1.

alib atian

Key 13.0 SPCL into Modulation Analyzer A. Note the reading on the display. This is
the computed calibrator peak AM depth excluding noise.

. Key 13.1 SPCL into both instruments. Note the reading on the display on Modulaticn

Analyzer B. (If display jitter makes readings difficult, key in 3.1 SPCL) This is
the weighted peak residual AM depth of the calibrator’s unmodulated output as
demodulated by Modulation Analyzer B.

. Key 13.2 SPCL into both instruments. Note the reading on the display of Modulation

Analyzer B. (If display jitter makes readings difficult, key in 5.1 SPCL.) This is the
demodulated positive peak AM depth of the calibrator’s modulated output.

On Modulation Analyzer B, press PEAK—. Note the reading on the display of Modu-
lation Analyzer B. If the difference between the readings of steps 3 and 4 is < 3 counts
in the least-significant digit, an average between the two need not be computed; use
the reading from step 3. If the difference between the two readings is > 3 countsin the
least-significant digit, compute the average as follows:

(reading of step 3) =2 % (reading of stepd)

(132 reading) =
3

Compute the AM Calibration Factor of the Modulation Analyzer B as follows:

Gy . . (15,2 reading) — (UL reading .
AN Calibration Faclor = . - L0
L3 readiog)

To use this AM Calibration Factor to correct AM measurements made with the
Modulation Analvzer B, enter it as aratio reference and use % RATIO irefer 1o Ratio. ).

AN
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The Special Function codes are summarized in the table below:

Special

Function Function Code

Program Code

\HP-IB ¢

Display computed peak AM 13.0 SPCL 13.CSP
Display demodulated peak residual AM 13.1 SPCL 13.1&P
Cisplay demoduiated peak AM 13.2 SPCL 13.25P

EXAMPLES

Self-Calibration

Operation

To determine the AM Calibration Factor, connect CALIBRATION OUTPUT te INPUT.

Determine the AM Calibration Factor:

~ Measurement -

LOCAL

AM CALIBRATION
{keystrokes)

P 3

L HP-IB 2 M1

C1
(program codes) Measurement — 1—

Calibration

For example, a display of 100.17% means the Modulation Analyzer is reading 0.17% high.

This factor is now stored in the instrument.

Correcting Measurements with the AM Cal Factor (Self-Calibrated)

To enable the AM Calibration Factor to correct AM measurem

ents:

Code

0] e

LOCAL
{keystrokes)

~ Function—

=D

{program codes)

18.15P

Code—J —Functicn

Calibrating Another HP 8901A Modulation Analyzer

One Modulation Analyzer

(A1 is to be used to determine the AM Cabibration Factor

of another HEP s901A Modulavion Analvzer (B Connect CALIBRATION OUTPUT or
Moduiation Analvzer A to INPUT o Modulation Analvzer B Determine the computed peck
AM depth of Modutuiion Analvzer Vs calibrator,

Ulabiba ririomn WM ST
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On Modulation Analyzer A:

Model 8901A

|

——- Code ———, ~Function—

LOCAL

R0 O

L HE-iB 2 13.08P

(prugramcodes) Code — _L—Function J

Read the computed peak AM depth of the calibrator on the display of Modulation Analyzer
A, for example, 33.378%. Now, determine the demodulated peak residual AM.

On both Modulation Analyzers:

——Code——" ~ Function—
. ™ o
| 1 @ R | e |SPCL

13.15P
Code-j_T Function

LOCAL
{keystrokes)

(program codes)

]

Read the peak residual AM on Modulation Analyzer B’s display, for example, 0.132%. (If
display jitter makes readings difficult, key in 5.1 SPCL.) Now determine the demodulated
positive peak AM depth of the calibrator.

On both Modulation Analyzers:.

IV Code

LOCAL
{keystrokes) CD @ D E] Bsgcu_
4=5) 13.25P

(program codes} Code—j—T— Function

~Function—

Read the demodulated positive peak AM depth of the calibrator on the display of Modulation

Analvzer B, for example, 33.544%. Note that the 40% AM range is used but an extra digit o

of accuracy is given. {If display Jitter makes readings difficult, key in 5.1 SPCL.i

Now press PEAK - on Modulation Analyzer B and note the next reading on its display, for
example, 33.598%. Since the difference between the readings with PEAK- and PEAK-
detectors is greater than 3 counts, compute the average (13.2 reading) as follows:

Calvination, AN
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(PEAN + reading) + 2 x {PLAN — reuding}

n
2

(13.2 reading} =

- 9 3
(33.544) + 2 x (33.598) _ o0 sonor

B

2

Compute the AM Calibration Factor on Modulation Analyzer B as follows:

f10 N0 ; f10 0 B g = as
{13.2 reading) ~ (13.1 reading) 33.580 — 0.132
{13.0 reading} 00% 33 378 % 100% 00 %

HP-IB PROGRAM CODES

The HP-IB codes for enabling, disabling, or reading the AM Calibration Factor are
given above under “PROCEDURES”: Correcting Measurements with the AM Calibration
Tactor. The HP-IB codes for the AM Calibrator Special Function used to calibrate another
instrument are given above under “PROCEDURES”: Calibrating Another HP 8901A
Modulation Analyzer. Codes for the CALIBRATION key, the AM key, and the SPCL key
are given below.

Program Cede
< 2D
CALIBRATION on C1
CALIBRATION off co
AM M1
SPCL 3P

INDICATIONS

Seif-Calibration

During self-calibration, the lights within the AM key and the CALIBRATION key are on.
The flter, de-emphasis, ratio and detector keys are all disabled. When the CALIBRATION
kev is pressed, approximately 17 seconds pass during which the instrument configures itself
and tunes to the calibrator’s signal. During this period, four dashes (- - - -) are displayed
and the % annunciator lights. Once the AM Calibration Factor has been computeg, 1t 1s
displaved. Subsequent updates occur approximately every 17 seconds.

o baaon, AN N
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Correcting Measurements with the AM Calibration Factor (Self-Calibrated)

As the numeric Special Function code is entered, it will appear on the front-panel display.
When the SPCL key is pressed, the display willreturn to showing the measurement selected
unless the Read AM Calibration Factor function is selected. If this function is selected and
the AM Calibration Factor is enabled, the display will show the AM Calibration Factor,
and the SPCL key will light. All annunciators and other key lights will turn off. The display
will time out in about 2 seconds, returning to the previous display. When reading the AM
Calibration Factor (16.2 SPCL), if the factor is not enabled, the display shows a zero. If
no calibration has been made since power-up, erroer E21 (invalid key sequence) will be
displayed when Special Function 16 is used.

Calibrating Another Modulation Analyzer

As the numeric Special Function codes are entered, they will appear on the front-panel dis-
play. The instrument with Option 010 (A) displays the computed AM depth (code 13.0}, but
shows two dashes (- —) throughout the other measurements. The other instrument (B dis-
plays the demodulated measurements (codes 13.1 and 13.2). During these measurements,
no measurement keys will be lighted, but the SPCL and selected DETECTOR keys of both
instruments and the CALIBRATION key of the instrument with Option 010 will light.

MEASUREMENT TECHNIQUE

When AM is selected and the CALIBRATION key is pressed, the FM Calibrator sends an
unmodulated 10.1 MHz carrier to the AM Calibrator. The AM Calibrator consists of two
identical modulators in parallel whose outputs are summed. When the calibration cycle
begins, each modulator is turned on individually and the level of its output 1s measured
by an on-board detector to compute AM depth. While one of the modulators is on, the
residual AM of the calibrator (very low) and the AM demodulator (more significant) are
characterized and weighted (refer to Residual Noise Effects). Next, one modulator is left
on and the other is toggled on and off at a 10 kHz rate. Since the RF switches between
full on and half on, the resultant carrier modulation is very near 33.33%. (The exact
depth is derived from the measurements characterizing the individual modulators.) This
modulation is then measured by the AM demodulator. {Both peak detectors are used,
and the proper average is computed.) The Modulation Analyzer compares the actual AM
(static measurements) with the demodulated AM (toggled measurements) and computes its
accuracy error as follows:

dulated AM — nlated Residual AV
L0 Calibration Factor = Semoduate Demodulated Tesidud L 100%
Computed AM

WMDDULATOR A BUFFER A

I 10 dél
M LIMITER ! ATTENUATOR
CALIBRATOR 1 [
"6;)__‘>_ — i -+ [ CALIBRATION |
10 MHg

A I H i | TauTeuT ¢
| i
o | MDOULATORS ~ BUFFERS | ~—— OLTMETER —_—
5CILLATOR ; 1 aF Tue .
LaT L | | T |Derecon cpwrwouicr DISPLAY
! ) i o arnl
‘ ! | : = J_‘.w'f,"ﬁ.’-.','-,’.’-. ol

10 kH? 1
MOOULATIDN (P ———e— i .
2SCILLATOR S | [

! !

Simpiified Block Dicgram of the AM Calibrator

a=Th Cabbration, AM
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COMMENTS

Whenever AM calibration is performed, the AM Calibration Factor stored in the instru-
ment is updated with the new factor.

Pressing the CALIBRATION key cancels all Special Functions.

The modulation waveform of the AM Calibrator is a rounded squarewave. The Modulation
Analyzer, which uses it as a calibration standard, must have demodulation and audio-
processing circuits which preserve the full fidelity of the waveform.

When Special Functions 13.1 and 13.2 are used to calibrate another HP 8901A Modulation
Analyzer, they set the AM modulation range to 0 to 100% (Special Function 2.1). Upon
exiting the FM Calibrator Special Function, the modulation ranging is not returned to
automatic but remains fixed {thus leaving the SPCL light on).

RELATED FUNCTIONS

AM
Calibration, FM
Ratio

Residual Noise Effects
Special Functions

Calibration. AM S
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Calibration, FM

(Special Functions 12 and 17)

DESCRIPTION

The internal FM Calibrator (Option 010) provides an extremely precise means of determin-
ing the instrument’s FM measurement accuracy. Taking the measured error into account,
FM measurements can be made with an error typically less than 0.5%. The Modulation
Analyzer’s accuracy is stored in the instrument in the form of a Calibration Factor. If this
factor is enabled, the measurement error will automatically be accounted for in the dis-
played measurement result. The Calibration Factor can be enabled or disabled at any time.
In addition to self-calibration, instruments with the FM Calibrator may calibrate other
HEP 8501A Modulation Analyzers not provided with the calibrator option. The procedures
for these operations are given below.

PROCEDURES

Self-Calibration

To determine the measurement error of the Modulation Analyzer’s FM demodulation cir-
cuits, first allow at least a half-hour continuous operation before calibration. Connect CAL-
IBRATION OUTPUT t0 INPUT with a 500 cable and select FM. Now press the CALIBRA-
TION key. Pressing the CALIBRATION key automatically configures the tuning, filters,
and detectors for the most accurate calibration. After approximately 17 seconds, the F'M
Calibration Factor will be displaved in % and stored. The instrument displays 100.00%if no
error is measured. As long as the CALIBRATION key lightison and the cable is connected,
calibration continues and the FM Calibration Factor is updated approximately every 17
seconds. To turn off the calibrator, press the CALIBRATION key or any MEASUREMENT

key.

NOTE

For optimum accuracy, the instrument should be continuously operating
for at least one-half hour before calibration is performed. In addition,
the first two FM Calibration Factors received affer power-up shouid be
discarded even if the instrument is already warm, since the cireutts in the
audio chain may not be fully charged.

Correcting Measurements with the FM Calibration Factor (Self-calibrated) -

Once a calibration factor has been determined, the instrument holds that factor internally.
This factor may be enabled to automatically correct M measurements. in addition, it may
he disabled or displaved. Select and key in the corresponding Special Function code, then
press the SPCL key.

R Coahination 173
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Action

Special
Function Code

Program Code

| HP-IB 4

{Reads 0 if not enabled)

Disable FM Calibration Factor 17.0 SPCL 17.08P
Enable FM Calibration Factor 17.1 SPCL 17.15P
Read FM Calibration Factor 17.2 SPCL 17.25P

Calibrating Another HP 8901A Modulation Analyzer

By duplicating the Modulation Analyzer’s internal calibration process step by step with
another Modulation Analyzer that does not have an internal calibrator, an FM Calibration
Factor can be computed for that instrument. First, connect the CALIBRATION OUTPUT
of the instrument with Option 010 (Modulation Analyzer A) to the INPUT of the other
instrument (Medulation Analyzer B). Then perform the following:

1.

122 reading) =

P iheation

(reading of step 3) + {reading of stepd)

Faefor

N
i
A -

Doriadingio—

9

P20 roaddfingh

w0

— —
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Operation

Key 12.0 SPCL into Modulation Analyzer A. Note the reading on the display. This is
the computed calibrator peak FM deviation excluding noise.

Key 12.1 SPCL into both instruments. Note the reading on the display on Modulation
Analyzer B. (If display jitter makes readings difficult, key in 5.1 SPCL.) This is
the weighted peak residual FM deviation of the calibrator's unmodulated oufput as
demodulated by Modulation Analvzer B,

. Key 12.2 SPCL into both instruments. Note the reading on the display of Moedulation
Analyzer B. {If display jitter makes readings difficult, key in 5.1 SPCL.) This is
the demodulated positive peak FM deviation of the calibrator’s modulated output
including noise.

On Modulation Analyzer B, press PEAK—. Note the reading on the display of Modu-
lation Analvzer B. If the difference between the readings of steps 3 and 4 is <3 counts
in the least-significant digit, an average between the two need not be computed; use
the reading from step 3. If the difference between the two readings is >3 counts in the
least-significant digit, compute the average as follows:

. Compute the FM Calibration Factor of the Modulation Analvzer B as follows:

. To use this "M Calibration Factor to correct I'M measursments made with Modulatien
Analyzer B, enter it as a ratio veference and use 9% RATIO (refer to Raiio..
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The Special Function codes are summarized in the table below:

.
) Special Program Code
Function Function Code m
Display computed peak FM 12.0 SPCL 12.0SP
Display demcdulated peak rasidual FM 12.1 SPCL 12.15P
Display demodulated peax FM 12.2 SPCL 12.25P J

EXAMPLES

Self-Calibration
To determine the FM Calibration Factor, connect CALIBRATION OUTPUT to INPUT.

Determine the FM Calibration Factor:

LOCAL ~Measurement—~
{keystrokes) FM CALIBRATION
! Fa -

L HP-1B 4 M2C1
(pfﬂgram COdES) Measurgment: T Calibration

For example, a display of 100.17% means the Modulation Analyzer is reading 0.17% high.

This factor is now stored in the instrument.

Correcting Measurements with the FM Calibration Factor (Self-Calibrated)

To enable the TM Calibration Factor to correct M measurements:

|
LOCAL —— Cpde ~——— ~Function =
i ™
{keystrokes) @ I’_-,—W L 1| USECL
17.1SP .-
{program codes) Code — T Funcrion

Calibrating Another HP 8901A Modulation Analyzer
Cabibration 17actor

One Modulation Analvzer 1A s 1o be dsed 1o determine the I'M
of another TP 290TA Modulation Anulvzer By, Conneet CALIBRATION OUTPUT of
wor B Determine the computed peak

Vicdulation Analvzer A to INPUT of Moduiauon Arnady
1V deviation of Madaintion Analvzer Nw endibrator.
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On Modulation Analyzer A

——Code———— —~Function—

LOCAL

{keystrokes) @ @@ @ @SECL
<= 12.0SP

{program codes) Code —  — Function

Read the computed peak FM deviation of the calibrator on the display of Modulation
Analyzer A, for example, 33.298 kHz. Now, determine the demodulated peak residual FM.

On both Modulation Analyzers:

LOCAL - Code \ o~ Function=
1500 O-
12.15P
(program codes) Code—d  L—~Function

Read the peak residual FM on Modulation Analyzer B's display, for example, 0.092 kHz. (If
display jitter makes readings difficult, key in 5.1 SPCL.) Now determine the demodulated
positive peak FM deviation of the calibrator.

On both Modulation Analyzers:

LOCAL S Code ~Function=—,
(keystrokes) 1 gj @[ 2 | Bsgu

| HP-IB 12.25P
(program codes) Code~—  — Function

Read the demodulated peak FM deviation of the calibrator on the display of Modulation
Analyzer B, for example, 33.453 kHz. (If dispiay jitter makes readings difficuit, kev in 5.1
SPCL. .-

Now press PEAK - on Modulation Analyzer B and note the next reading on its display,
for example, 33.4539. Since the difference between the readings with PEAK -~ and PEAK-
readings is greater than 3 counts, compute the average (12.2 reading) as foliows:

Coadshiraton, M Lomi
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(12.2 reading) = (PEAK +reading) + (PEAK ~ reading) -

2} -}

Compute the FM Calibration Factor of Modulation Analyzer B as follows:

{12.2 rea’di‘ng) - (?j?.l\read-ing)  100% = 33.4‘26 —0.082
(12.0 reading) 33.298

HP-1B PROGRAM CODES

The HP-IB codes for enabling, disabling, or reading the FM Calibration Factor are
given above under «“PROCEDURES”: Correcting Measurements with the FM Calibration
Factor. The HP-IB codes for the FM Calibrator Special Function used to calibrate another
instrument are given above under «pROCEDURES”: Calibrating Another HP 8901A

Modulation Analyzer. Codes for the CALIBRATION kev, the FM key, and the SPCL key
are given below.

Program Code
e =D
CALIBRATION on C1
CALIBRATION off Co
Fi M2
SPCL SP

INDICATIONS

Self-Calibration

During self-calibration, the lights within the FM key and the CALIBRATION key are all
on. The filter, de-emphasis, ratio and detector keys are all disabled. When the CALIBRA-
TION keyv is pressed, approximartely 17 seconds pass during which the mstrument con-
figures itself and sunes to the calibrator's signal. During this period, four dashes (- - ~
_) are displayed and the % annunciator lights. Once the FM Calibration Factor has been
computed, it is displayed. Subsequent updates occur approximately every 17 seconds.

SN ‘:“!-::ll\lil'nu“ﬂ l\‘l
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Correcting Measurements with the FM Calibration Factor (Self-Calibrated)

As the numeric Special Function code is entered, it will appear on the front-panel display.
When the SPCL key is pressed, the display will return to showing the measurement selected
unless the Read FM Calibration Factor function is selected. If this function is selected and
the FM Calibration Factor is enabled, the display will show the FM Calibration Factor, and
the SPCL key will light. All annunciators and other key lights will turn off. The display
will time-out in about 2 seconds, returning to the previous dispiay. When reading the FM
Calibration Factor, if the factor is not enabled, the display shows a zero. If no calibration
has been made since power-up, error E21 (invalid key sequence) will be displayed when
Special Function 17 is used.

Calibrating Another Modulation Analyzer

As the numeric Special Function codes are entered, they will appear on the front-panel
display. The instrument with Option 010 (A) displays the computed FM deviation (code
12.0), but shows two dashes (- -) throughout the other measurements. The other instru-
ment (B) displays the demodulated measurements {(codes 12.1 and 12.2). During these mea-
surements, no measurement keys will be lighted, but the SPCL and selected DETECTOR
keys of both instruments and the CALIBRATION key of the instrument with Option 010
will light.

MEASUREMENT TECHNIQUE

When FM is selected and the CALIBRATION key is pressed, a 10.1 MHz voltage controiled
oscillator (VCO) within the calibrator is driven to one end of its nominal tuning range.
The frequency of the VCO is counted, and then it is driven to the opposite end of its
control range. The frequency of the VCO is again counted. From these measurements,
the peak FM deviation is computed. While the VCO is at one end of its range, the
residual FM of the calibrazor (very low) and the FM demodulator (more significant) are
characterized and weighted (refer to Residual Noise Effects). Next, the VCO is frequency
modulated by a 10 kHz modulation oscillator. This modulation is then measured by the FM
demodulator. {Both peak detectors are used, and the average is computed.) The Modulation
Analyzer compares the deviation computed from the static frequency measurements with
the demodulated FM measured when the VCO is modulated and computes the accuracy of
its internal FM demodulator as follows:

- » ‘ Demodulated FAM — Demodulated Residual F A
FM Calibration Factor = : - - - % 100%
Computed F M

QUTPUT am
SUFFER CALIERATOR

| TS
IR Y T

104 MKz
VOLTAGE ¢ | CALIBRATION
CONTROLLED OUTPUT
OSCILLATOR P
. COUNTER
(’{/\( COUNTER AND DISPLAY
i BUFFEA CONTROLLER =
I

|

10 kR
MODULATION
JSCILLATQR

Sitmplified Block Diagram of the FM Calibrator
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Detector (Peak) Time Constant
(Special Function 5)

DESCRIPTION

The Modulation Analyzer normally makes modulation measurements using a relatively
fast-responding audio peak detector. By means of keyboard entry using the SPCL key, the

bandwidth of this fast-responding detector’s output can be reduced.

PROCEDURE

The slow response time (narrower bandwidth setting) is useful in stabilizing peak mea-
surements on unstable or noisy signals or whenever peak-measurement display jitter 1s

considered excessive.

The Modulation Analyzer normally is set for a fast response. To change from fast to slow
or slow to fast, enter the corresponding Special Function code, then press the SPCL key.

Model 8301A

Peak Detector
Time Constant

Special
Function Cede

Program Codes

D

Fast Response

5.0 SPCL

5.08P

Slow Response

5.1 SPCL

w
._J.
W
Ry

EXAMPLE

To enter a slow audio peak-detector response mode:

LOCAL
(keystrokes)

— Code——, ~Function—,

| HP-IB o

{(program codes)

5.15P

Code———]__r—-Function

HP-1IB PROGRAM CODES

For HP-IB codes, refer to “PROCEDURE™ above.

INDICATIONS

As the numeric code is entered, it will appear on the front-panel display. When the SPCL
kev is pressed. the display retwms to show the measurement previousl
for Special Function code 5.0, the light within the SPCL kev wiil turn onf not already on.

if the light is already on, it will remain on.

SRS Privtecton - Peale: Tome Constans

v selected. Except
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COMMENTS

When the instrument is first turned on or when AUTOMATIC OPERATION is selected,
the audio peak detector time constant returns to the fast-response mode.

RELATED SECTIONS

Detectors
Detector, Peak Hold
Recorder Output

Pcteatonr Ponde Time Con=tant A
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Model 8901A

Error Disable
(Special Function 8)

DESCRIPTION

I

When the Modulation Analyzer is In AUTOMATIC OPERATION, some measurement
safeguards are selectively enabled or disabled in order to allow the broadest range of
calibrated measurements to be displayed. Consequently, the quality of the signal at
MODULATION OUTPUT is not safeguarded unless the selected modulation type (AM,
FM, or M) is being displayed. By entering a Special Function code (8.8), the Modulation
Analyzer can be set up as primarily a calibrated receiver. In this mode, all measurement
safeguards are always enabled so that not only are displayed results still calibrated
hut alse MODULATION OUTPUT 1s entirely safeguarded. Thus, if an error message
is not displayed, the signal at MODULATION QUTPUT (if present) is calibrated, and
measurements (distortion, for example) made on that signal are valid.

The operating modes described above are implemented by disabling or enabling various
combinations of the EO1 through E04 errors listed below. Most combinations of these errors
may be disabled or enabled by the operator allowing the behavior of the instrument to be
modified to meet the requirements of the measurement conditions.

Error Error Message ]

EQ1 Signal out of IF range

EQ2 Input circuits overdriven
E03 tnput circuits underdriven
£04 Audio circuits overdriven

|

Errors Disabled When in
Measurement Selected Automatic Selection Mode
{Special Function 8.0)

l

A None

M None

aM None

RF LEVEL EO1, EQ2, E03, EO4
FREQ £02, EQZ, E04

IF LEVEL E01, £02, EG3, EO04
TUNED RF LEVEL E02, EQ3, EO4
FREQ ERRAOR 01, E02, E03, EO04

IF FREQUENCY (Special Function 10) EC1. £02. EO3, EOdJ

Foror Dhisihle
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PROCEDURE

To selectively enable or disabie the various errors listed under “DESCRIPTION” above,
enter the Special Function code corresponding to the condition desired, then press the SPCL
key. The codes for the various conditions are listed in the following table:

Special Program Code
Error Condition Function Code m
Automatic Selection 8.0 SPCL 8.08P
EQ1 disabled _ 8.1 SPCL 8.15P
EC2 and £03 disabled 8.2 SPCL 8.25P
ECQ1, E02, and EO3 disabied 8.3 SPCL 8.35P
EQ4 disabied 8.4 SPCL 8.48P
£01 and £04 disabled 8.5 SPCL 8.55P
E02, £03, and EO4 disabied 8.6 SPCL 8.65P
EQ1, E02, £03, and £04 disabled 8.7 SPCL 78P
EO1, E02, E03, and E04 enabled 8.8 §PCL 8.853P

EXAMPLE

To operate the Modulation Analyzer as a calibrated receiver so that the signal at MODU-
LATION OQUTPUT is always safeguarded:

LOCAL | :iid::r;fmn—\
{keystrokes ‘gl | [ & lgper
perokes] Bl o
) HP-I5 2 8.85P
{program codes) Code —— . Funetion

HP-iIB PROGRAM CODES
For HP-IB codes refer to “PROCEDURE” above.

INDICATIONS

As the numeric code is entered, it will appear on the front-panel display. When the SPCL

key is pressed. the display then shows the measurement previously selected for an error).
Unless Special Function code 8.0 was entered, the light within the SPCL kev will turnon - ~—~
“if not already on. 1f the light is already on, it will remain on.

oo Disabic RELIN
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Mode] 2301A

COMMENTS

When EO4 is disabled, the audio autorange function ranges upward only. Thus, if a
transitory peak audio signal is detected, the Modulation Analyzer will increase the audio
range to accommodate it but will not down range after it has passed. This prevents audio
autoranging from interfering with other measurements such as input frequency.

Frrors disabled when in the automatic selection mode may be inadvertantly enabled when
2 manual mode is selected. For example, when measuring frequency (E02 through E04
automatically disabled) if EQ1 appears, keying in 8.1 SPCL to disable it re-enables E02
through E04. The best selection would really be 8.7 SPCL (E01 through E04 disabled).

Use the Special Display and the Special Special Display (described in Special F’ unctions) at
any time to determine the present mode of the Exror Disable Special Function, or the error
configuration when the function is in the automatic selection mode. -

RELATED SECTIONS

S
RENSH

Error Message Summary
Special Functions

oo Fhsable
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Error Message Summary

DESCRIPTION

The instrument generafes error messages to indicate operating problems, incorrect key-
board entries, or service-related problems. The error message is generally cleared when
the error condition is removed.

Error messages are grouped by error code as follows:

EQ1 through E19 and ESO through ESS

These are Operating Errors which indicate that not all conditions have been met to assure
a calibrated measurement. Operating Errors can usually be cleared by a readjustment of
front-panel controls (usually, the easiest way is to press AUTOMATIC OPERATION). The
Error Disable Special Function (8.N) can be used to selectively disable certain Operating
Errors.

E20 through E29

These are Entry Errors which indicate an invalid key sequence or keyboard entry has been
made. These errors require that a new keyboard entry or function selection be made.

E30 through E89

These are Service Errors and are generated to give service information or because a service
function has been accessed and has generated a message. Service errors do not necessarily
represent failures within the instrument and must be enabled to appear. Service Errors
are discussed in the Service Manual.

HP-1IB OUTPUT FORMAT

The HP-IB output format for errors is shown below:

+800000DDE+D2CRLF

Fixed Tata .Line reed
Error Code Carriage Return

Fixed Exponent

For example, Error EQL isoutput to the HP-IB as +90000001E+02CRLF. This format differs
from normal data outputs since normal data outputs will never exceed 4x 10*. Once an error
has been input to the computing controller, the error code is simply derived by subtracting
9% 10" from the input number, then dividing the result by 100.

Forror Messapge Summin =45
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Operating Errors
Error M Action Requlred c t
Code essage ion Require omments
EQS FM sgueiched. Reduce signal level variations (AM) at INPUT. 1
E0B INPUT power protect relay. Feduce signal level at INPUT. then press any 2
key.
E07 Display overrange. increase range or press AUTOMATIC 3
QOPERATION.
E08 CALIBRATOR signal not at INPUT Connect CALIBRATION QUTPUT to INPUT or 4
(Opt. 010 oniy). turn off Calibrater.
EQ09 Option not installed. Seiect another instrument function. 5
E10 Input frequency cul of range. Adjust input frequency to within specified limits. 5]
i Calculated value cut of range. Enter new RATIO reference.
g12 Time Base oven cold (Option 0C2). For highest accuracy, wait until oven is warm, B8
ES6 No input signai sensed by instrument. | Increase level of signal at INPUT or decrease ]
(HP-iB only). input attenuation.
Comments

1.

Lo

o

.(T)

[0 2]

9.

F05 often occurs when FM or M measurements are attempted on low-level signals
with high AM depth {> 90%). £05 twrns off MODULATION OUTPUT.

Maximum allowable input level is 7 V rms {1 W peak).

If displayed during modulation measurements, increase modulation range. If dis-
plaved during level measurements, increase input attenuation.

If the connection from CALIBRATION OQUTPUT to INPUT is intact, this error may
indicate calibrator malfunction.

E09 display times out. EG9 is not displayed with Special Function 15 and Option 002
not instalied. If the option is instatled, E09 displayed may reflect option malfunction.

E10 turns of MODULATION OQUTPUT.

“1n dB RATIO, E11 is displaved when measurement resuits equal 0. (Log of O not

allowed.)

£12 must be requested by Special Function 15, Refer to Special Functions.

EO6 comesponds to a display of two dashes '= -1 B96 can occur when no signal 18
applied or when E03 is disabled and Lhe instrument is man vally tuned where no signal
< ound, BU6 — — purns of P MODULATION OUTPUT.

Nlessie U
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Entry Errors
Error M Actian R ired Comment
Code essage c equire mments
£20 Entered value out of range. Re-enter new value. -
E21 Invali¢ key sequence. Check for compatibility of functions selected. 1
g£22 invalid Speciai Function prefix. Check, then re-enter correct Special Function 2
code.
E23 Invalig Special Function suftix. Check, then re-enter correct Special Function 3
code.
E24 Invalid HP-IB code. Check, then re-enter correct HP-IB code. 4
Service Errors
Error M on B ired c
Code essage Action Require omments
£30 Service reiated errors. Refer to service manual. 5
through
89
ey
Comments
1. E21 occurs for example when CALIBRATION is pressed while not in AM or FM. E21
times out.
2. £E22 times out. Refer to Special Functions.
3. £23 times out. Refer to Special Functions.
4. This error always causes a Require Service message to be issued on the HP-IB.

. Service errors are normally disabled.

Ot

v

Fanmor Moa-noe Sunmnary ISR
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Filters

DESCRIPTION

The high pass (HP) and low pass {L.P) FILTER keys cause the respective filters to be inserted
into the path of the demodulated signal ahead of the audio detectors and MODULATION
OUTPUT. The high pass and low pass filters, when in use, always affect the signal at
MODULATION QUTPUT, but never affect the rear-panel AM or FM OUTPUTs.

PROCEDURE

Select the desired demodulated signal fiiter by pressing the appropriate keys. Only one high
pass and one low pass filter may be in at a time. To turn a filter off, press the key again.
To select a different filter, press the key corresponding to the desired filter. HP-IB codes for
the various filter keys (shown belew) only turn the filters on (defeating others in the group
if o). To turn & high pass or low pass filter off using HP-IB, use code H0 or L0 respectively
or select another filter.

EXAMPLE
To select a 50 Hz to 15 kHz demodulated signal bandwicth:
|

~HMP Filtar—, ~LP Filter—

LDCAL B0 R 15 kH
{keystrokes} i "
' ole
H1L2

(program codes) High-Pass Filter—— L Low-Pass Filter

HP-IB PROGRAM CODES

Program Code | Program Code
HP FILTER m LP FILTER m
ALL OFF HO ALL OFF Lo
50 Hz H1 3 kHz L1
300 Hz H2 15 kHz L2
> 20 kHzZ L3 'i

INDICATIONS

When a filter is in (byv cither automatic or manual selection), the LED within that dlter’s
kev will light.

RN [ lters
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COMMENTS

The selected filters are always in the path of the demodulated signal whether or not a
modulation measurement has been selected. Thus, unless turned off, the MODULATION
OUTPUT is filtered. In addition, the selected filters remain in effect when switching
between modulation measurements.

Under certain conditions, filters are inserted automatically. When M is selected, the 50 Hz
high pass filter is inserted. When the 455 kHz IF is used, or whenreceiving carriers below
9.5 MHz, the 15 kHz low pass filter is inserted. The 50 Hz high pass filter selected in oM
may be turned off by pressing the key. When automatically inserted, the 15 kHz low pass
may always be overridden by the 3 kHz filter, and if the carrier is above 2.5 MHz the 15 kHz
filter may also be overridden by the > 20 kHz filter. When leaving #M, the 50 Hz high pass
filter remains in the signal path until another modulation measurement is selected. The
15 kHz low pass selected by operating with 455 kHz IF is automatically turned off when
the 1.5 MHz IF is used. '

With no filters selected, the post-demodulation bancwidth is <20 Hz to > 200 kHz, however,
the IF circuits and demodulators impose more severe bandwidth limits. Refer to AM, FM,
Frequency, IF, and Input High Pass Fiiter, or #M for bandwidth limitations.

The individual filter characteristics are given below. The 3 dB points are typically accurate
to =3%.

50 Hz High Pass: Two pole Butterworth 1% flat > 200 Hz

300 Hz High Pass: Two pole Butterworth 1% flat > 1 kHz

3 kHz Low Pass: Five pole Butterworth 1% flat < 1 kHz

15 kHz Low Pass: Five pole Chebyshev 1% flat < 10 kHz

> 20 kHz Low Pass: Nine pole Bessel 1% flat < 10 kHz (when used with square wave
modulation this filter typically overshoots <1%). This filter’s 3 dB point is
typically 110 kHz.

When the Modulation Analyzer powers up, no filters are inserted.

RELATED SECTIONS

AM

FM

FM De-emphasis

IF Frequency, and Input High Pass Filter Selection
oM
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FM

DESCRIPTION

The FM key causes the Modulation Analyzer to measure the FM deviation of the input
signal to which the instrument is tuned. In addition, demodulated FM is present at
MODULATION QUTPUT and the rear panel ¥M OUTPUT. (The demodulated FM is
present at FM OQUTPUT in all measurement modes except RF level. Refer to FM OUTPUT.)
FM Measurements are specified for rates from 20 Hz to 10 kHz for carriers 10 MHz and
below (or whenever the 435 kHz IF is used) and 20 Hz to 200 kHz for carriers from 10 to
1300 MHz (1.5 MHz IF only). The corresponding 3 dB audio bandwidths are 0.5 Hz to 15 kHz
for carriers 10 MHz and below (or with the 4535 kHz IF) and 0.2 Hz to 260 kHz for carriers
from 10 to 1300 MHz (1.5 MHz IF only). Peak deviations up to 40 kHz maximum can be
measured on carriers below 10 MHz and peak deviations up to 400 kHz maximum can be
measured on carriers above 10 MHz.

OUTPUT RANGES

Mocdutation Range
MODULATION RECORDER
Special Program Display CUTPUT ouTPUT
PEAK = (%) | AVG'Y (%) cfunction Code Resolution Sensitivity (Rear Panel)
(kHz dev.) | (kHz dev.) Code l Frip-B (Hz) (MV ac/Hz) | (V de/kHz peak dev.)
Automatic Selection 2.0 SPCL L 2.0s8P Automatic Selecticn
|
<0.4(%) <0.281% |21 SPCLYY 2.18P 0.1 10l 12
<4 <28 | 2.18PCL 2.18P 1 1 1
2.2 8PCLIY | 2.28P
<40 <28 2.2 SPCL 2.25P 10 0.1 0.1
2.38PCL'? | 2.38PH
<400 <280 |23 8PCLIY | 238PW 100¢%) .01 g.01%%
[:11 Values are for sine wave megulation signal enty.
2% witn 750 microsecond de-empnasis, pre-gisplay oniy.
13} Zxcept 750 MICrOSECONG de-empnasis, pre-dispiay.

PROCEDURE

To make an FM measurement, first tune the instrument to the input signal (referto Tuming
or press AUTOMATIC OPERATION). Press the FM key, and select an audlo detector:
PEAK-. PEAK -, or AVG trefer to Detectors). To limit the demodulated signal bandwidth,
press the appropriate filier kevs refer to Filrerss In addition, if de-emphasis filtering 15
desired. the appropriate time constant and display placement can now be sefected ivefer to
EM De-emphasist I EFM devintion s to be digplaved relative Lo a reference, refer 1o Ratio.
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EXAMPLE

To measure the positive peak FM deviation in a 50 Hz to 15 kHz demodulation signal
bandwidth with a 750 ;s de-emphasis time constant piaced before the display:

LDCAL ~Measurement—, ,—Detector— — Filtersﬂ ——De-emphasis —=
M PEAK + 50 Hz 15 kHz PRE DISPLAY 750 .5
heystrokes " o 08 @O
Y HP-iB J M2D1H1L2P1PS
4 Measurement— L De-emphasis
(program codes) Detector ——Filters

HP-IB PROGRAM CODES
M2 is the HP-IB code for FM.

INDICATIONS

The LEDs within the keys representing the selected functions will 1ight.rThe kHz annun-
ciator to the right of the numerical dispiay will light and the display will show the kHz
deviation on the carrier (or the equivalent de-emphasized deviation).

MEASUREMENT TECHNIQUE

Once the instrument is tuned to the input signal, the FM on the [F is demodulated by a
discriminator which produces a signal whose amplitude is proportional to the frequency
deviation. The demodulated signal is filtered, detected, and displayed as kHz deviation. The
TM de-emphasis Alter may be inserted ahead of (PRE-DISPLAY on) or after (PRE-DISPLAY

off) the audio detectors {and display).

™ W ATITR T |
W TMOUTRUT
FM M
INPYT = DEMODULATOR— AUDIC
ATTENUATOR INPUT : ‘ & sayeLck ALDIO oM s
TRPUT /§’ - Iy == { | » 27003553
[/ I | - o ! SO g

CISCRIMINATOR ) e

< MODULATION
QUIPUT

LOCAL
OSCILLATOR

FA Measurement Block Diagram

COMMENTS

The PEAK - detector alwave detects the upwird crovier frequency excursion wiile the
PIAR - detector alwavs detects the downward corrvier frequency e xcursion,
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When operating with carrier frequencies below 2.5 MHz, the signal at MODULATION
OUTPUT is inverted unless the 455 kHz IF is being used. When operating with carrier
frequencies above 2.5 MHz or when using the 455 kHz IF, the signal at FM OUTPUT is
inverted.

The routine which automatically selects the audio range contains regions of overlap
between 0.35 and 0.4 kHz (750 us de-emphasis, pre-display only), 3.5 and 4 kHz, and 35 and
40 kHz peak deviation as read on the display. When using the average detector, ranging
will occur with lower modulation levels displayed. If the modulation level is reduced from
2 higher range into an overlap region, the range may not change. To dispiay the increased
resolution, press the FM key a second time. To set the instrument to a selected modulation
range, refer to Modulation Range.

When the Modulation Analvzer is first powered up, demodulated FM is at MODULATION
OUTPUT. The sensitivity is 0.01 V ac/MHz (< 400 kHz peak deviation range) and will not
autorange to more sensitive ranges. This is because at power-up, FREQ is selected and
thus E04 (audio circuits overdriven) is automatically disabled. When E04 is disabled, only
autoranging to less sensitive audio ranges is allowed.

AM conditions which cause the carrier signal to disappear will cause inaccuracies in the
measurement of FM deviation or they may cause EC5 (FM squelched) to be displayed.

RELATED SECTIONS

Detectors

Detector, Peak Hold

Filters

FM De-emphasis

FM Output

Modulation Basics (Section 1-16)
Modulation Range

Ratio

Residual Noise Effects
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FM De-emphasis

DESCRIPTION

The de-emphasis filters can be selected to compensate for pre-emphasis on FM signals.
Pre-emphasis is a simple 6 dB per octave, high-frequency boost given to the audio signal
prior to modulating the carrier. The 3 dB corner frequency, f,, is commonly expressed as
a time constant, ~,, where f, = ﬁ#) When selected, the filters are inserted into the audio
chain following the modulation filters. They always affect the signal at MODULATION
QUTPUT. The audio detector and display may be placed before or after the de-emphasis.
De-emphasis has no affect on the rear-panel FM QUTPUT. The 3 dB corners of these filters

are typically accurate to =3% and are given below.

Time 3dB
Constant Frequency
{us) (Hz)

25 6366
50 3183
75 2122
750 212.2

) PROCEDURE

To de-emphasize the demodulated FM, press the key corresponding to the desired time
constant. The deviation will now be measured before de-emphasis is performed. If the
deviation measured is to be de-emphasized, press the PRE-DISPLAY key. To change the
de-emphasis time constant, press the key corresponding the new time constant desired. In
local operation, to turn off one of the de-emphasis functions, press the lighted key a second
time. In remote operation, turn filters off by code PO. However, note that code PO also turns
off the PRE-DISPLAY function.

EXAMPLE

To measure the positive peak FM deviation of a carrier with 750 »s de-emphasis inserted
before the deviation measurement:

LOCAL —Measurement—, ~Detector~ ,~~De-emphasis ~—
FM PEAK + PRE.DISPLAY 750 s

keystrok 50,
(keystrokes) o e 3 o

 HP-IB 4 M2D1P1P5

{program codes) MeasurementJT t—De—emphasas

Detector

AT [ ae cmnbise- RS
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HP-1B PROGRAM CODES

Model 8901A

FM DE-EMPHASIS

Time Constant {u5)

PRE-DISPLAY on

PRE-DISPLAY off

Filters oft
25
50
75
750

POP1
P1P2
P1P3
PiP4
P1P5

PO
POP2
POP3
POP4
POPS

INDICATIONS

When a de-emphasis filter is in and affecting the signal at MODULATION QUTPUT, the

LED within that filter’s key will light. I de-emp

the light within the PRE-DISPLAY key will light.

COMMENTS

hasis affects the displayed measurement,

Until they are turned off, the de-emphasis filters will alwavs be active whenever demodu-
lated FM is present at MODULATION QUTPUT.

When 750 s de-emphasis pre-display is selected, the
restricted to 40 kHz peak deviation or less after de-em

range of deviation measurements is
phasis. However, an additional range

(0 to 0.4 kHz) is added for greater resolution when measuring very small deviations.

RELATED SECTIONS

FM
Modulation Output
Recorder Output

St AT Deeomphisas
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FM Output

Do not apply greater than 10 V peck (oo + do) into the FM QUTPUT jack
or damage to the instrument may resuit.

DESCRIPTION

The rear-panel FM OUTPUT (de-coupled, 10 k@ output impedance) provides an auxiliary
output for the FM demodulated from the signal at the INPUT. This output is useful for
monitoring FM while displaying AM or M or when the modulation rate is very low.
The output signal comprises a dc voltage related to the detected IF frequency and an ac
voltage (bandwidth 16 kHz, one pole) proportional to the ¥M deviation. With the input
signal centered in the IF, the nominal dc offset voltage at FM OUTPUT is approximately
0.8 Vdc for the 1.3 MHzIF and ~5.6 V dc for the 455 kHz IF. The FM sensitivity is typically
6 V/MHz or 6 mV/kHz. The de voltage at FM OUTPUT can be calculated as follows:

¢

(Y {FREQ ERROR)

Vide= oy = 1000
where:
V' de = the dec voltage at FM QUTPUT in volts,
V,i; = the de of fset voltage for the IF used in volts,
K =the FM sensitivity in mV/kHz,
and

FREQ ERROR = ihe kHz epvor displayed when FREQ ERROR s selected.

Measure V,;; when the frequency error is 0 kHz. The sensitivity can be measured using the
following procedure:

PROCEDURE

To characterize the M sensitivity at the FM OUTPUT, measure the dc voltage at the
output with an unmodulated 2 MHz carrier at the INPUT {use the 1.5 MHz IF). Move the
carrier to 1 MHz and again note the dc voltage. The sensitivity is:

Viode G2 W =V de vl M = VM D s R

EXAMPLE
A 2 MHz unmoedulated signal is applied to the INPUT. A de volumeter connected to M

QUTPU T shows =339 Vde. When the carrmerisset to 1 MHz, —2.272 Vdeisread. The FM
SENSILIVILY 1§

AL AT
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BLOCK DIAGRAM

A simplified block diagram of the FM demodulation chain illustrating the relationships
between FM OUTPUT and various other outputs and circuit blocks is given below.

i C AuByTRUT
= DEMODULATOR ~m N o DAY -
ATtENgATan NPT IF AmP i SUELTY aymo swiTeH auoe YOLTMETER
' MIXER A SIMITERS AMP FILTEAS h—jm; JETELT ANG J1SPLAY
o — { — | puE = = Crocmong]
T . Y Q- | : : ; =
! i Hevy N T peaweHasis m ftuil o
; ! ! N . (= = f !
[ QISCRIMINATOR Lt (0
(L‘/ =
LOCAL
>:\j 03CILLATOR
FM Output Block Diagram

COMMENTS

FM OUTPUT is unsquelched and also contains a significant IF component which is greatest
when operating at 150 kHz.

Note that the sense of the ac output component (corresponding to the demodulated FM) is
inverted for carriers with frequencies above 2.5 MHz.

When RF Level is selected, 50 dB of input attenuation is inserted. This degrades the
accuracy of measurements made on the FM QUTPUT signal.
RELATED SECTIONS

AM Output
™
IFrequency Error

RN AL Ohatput
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Frequency Error

DESCRIPTION

The FREQ ERROR key causes the Modulation Analyzer to measure the difference (in
kHz) between the input signal frequency and the frequency to which the instrument is
tuned. This function can be used either to observe frequency drift of input signals or
to compare input frequencies against a keyboard-entered reference. The input frequency
must fall within the passband of the IF being used. For the 1.5 MHz IF, the passband is
approximately 3 MHz wide. For the 455 kHz IF, the passband is approximately 200 kHz
wide. When the instrument is measuring frequency error, the signal at MODULATION
QUTPUT represents the last modulation measurement made.

PROCEDURE

To make a frequency error measurement, apply the test signal to the Modulation Analyzer’s
INPUT jack. If a frequency drift measurement is to be made, allow the instrument to
automatically tune to the signal, then press MHz to prevent retuning. Now, press the FREQ
ERROR key, and the frequency drift will be displayed. If a frequency comparison is to be
made, enter the reference frequency {(in MHz) on the keyboard, then press the MHz key. The
difference frequency will be displaved. The number is negative if the signal frequency is
lower than the reference, and positive if the signal frequency is higher than the reference.

EXAMPLE
. ) To measure the error of an oscillator designed to operate at 30 MHz, connect the oscillator’s
‘ output to the Modulation Analyzer's INPUT jack.
—Measurement—, — Data% ~—Function—
L D CA L ﬁ . | ﬁ aAMZlT
{keystrokes) L.:.J LFR_EB' <N LE.J “L*"I FREC
5 ZRROA
$530MZ
{program codes) Measuremeni—-i DT—!_—Funcnon
ata

HP-1IB PROGRAM CODE
S5 is the HP-IB code for FREQ ERROR.

Frogueney Fivm 2-104
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INDICATIONS

When FREQ ERROR is selected, the LEDs within the S(shift) and FREQ ERROR keys will
light, and the kHz annunciator will also light. The display will show the frequency error
in kHz.

MEASUREMENT TECHNIQUE

When the Modulation Analyzer is tuned, the IF signal is amplified and limited (> 60 dB
of gain). If manually tuned, the input frequency is determined (refer to Frequency [Input/)
and compared to the keyboard-entered frequency or to the frequency the moment MHz was
pressed. The difference is displayed as frequency error.

If the instrument is automatically tuned, two methods of determining frequency error are
used. Above 2.5 MHz (that is, when down-converting) the frequency of the actual IF signal
is subtracted from the selected IF frequency (455 kHz or 1.5 MHEz) yielding the frequency
error.

Below 2.5 MHz, the input signal is passed directly into the IF without down-conversion.
When the signal is first located, the frequency is counted. When the frequency error is
selected, this first-counted frequency becomes the reference. Subsequent frequency counts
are subtracted from this reference, and the results are displayed as frequency error.

—
INPUT IF IF
ATTENUATOR m;UE; AMP/FILTER  LIMITERS
I
! £l COUNTER!
BNPUT | D /?l! \ i\ — CONTROLLER DISPLAY
] M L \ Jocoooooal
i Pl tnlmininia
Lo o ] =Tz ikl
{ LOCAL
Q& 0SCILLATOR
RF Frequency Error Measurement Block Diagram
COMMENTS

The frequency error function can be used with the automatic tuning low-noise LO tune
mode, but it is mest valuable when used with manual tuning. It is not recommended that

frequency error be used when In automatic tuning track mode since an inherent tuning
error exists in this mode.

Frequency Error, in conjunction with the kHz () and kHz (}) keys, 1s most useful for
checking channel accuracy on multichannel transmisters. By setting the step frequency
to the channel spacing, the accuracy of evenly spaced channels may be rapidly determined.

When tuning manually, it is possible to adjust the LO so that the input falls in the image
passband. This can occur, for example, when the kHz ({1 or kHz (i) keys are used. Frequency
error measurements made when this occurs will be inaccurate. Refer to Tuning for an
Hlustration of the image passbands.

Normally, the counter updates the display fve times each second. For selection of other
resolutions, refer to Frequency Resolution. Counter accuracv is the reference accuracy
-3 counts.

A-1in Freguency Fovor
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When the FREQ ERROR key is pressed, MODULATION QUTPUT continues to produce
the last-selected modulation signal, filtered and/or de-emphasized (except PRE-DISPLAY)
as previously selected. The calibration of MODULATION OUTPUT depends upon the input
signal level and should be assumed only when all errors are enabled (Special Function 8.8).

To display frequency error in parts per million, first display the frequency error, then enter
1/10 the reference frequency (in MHz) as a ratio reference, and press the % RATIO key. The
display will now show the frequency error in parts per million.

RELATED SECTIONS

Error Disable
Frequency, IF
Frequency, Input
Frequency Resolution
Tuning

Frovguenes Favin R
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Frequency, IF

(Special Function 10)

DESCRIPTION

Using the numeric keyboard and the SPCL key, the Modulation Analyzer can be set
to display the frequency, in MHz, of the signal present in its IF. When the instrument
is measuring IF frequency, the signal at MODULATION QUTPUT represents the last
modulation measurement made.

PROCEDURE
To measure the I[F signal frequency, enter the code 10.0 using the numeric keys, then press
the SPCL key.
EXAMPLE
To display the frequency of the signal in the IF:
T — Code — Function—
LOCAL
[
IE0E D=
UHP-IB 4 10.CSP
{program codes) Codej - Function

HP-IB PROGRAM CODE
10.0 ic the HP-IB code to measure [F frequency.

INDICATIONS

All measurement key lights will turn off, the LED within the SPCL key will light, and
he MHz annunciator to the right of the display will turn on. The display will show the IF
frequency in MHz.

MEASUREMENT TECHNIQUE

The IF signal, created when the Local Oscillator and the input signal mix, 1s amplified by
the IF Amplifier and FM Limiters. {Below 2.3 MHz no down-conversion is made and the
input signal is passed directly into the IF.) The frequency of this IF signal is counted and

displaved.

[ i

; INPUT ) £ IF ‘{

| ATTENUATOR NPUT  ampiriLTER  LIMITERS COUNTER/ :

! [t MIXER i CONTROLLER DISPLAY i
! , .

| TR St 3 e ! ! el ! Joamocooo 3
H \ : : ; i VOO0 DO O

i ] ‘ i i 4 }

| ;

! ‘ i

| f\\/wc:u |

~ “’) NSCILLATOR i

T " ; [P .
TI0 Freepeeneas Megsuenierd IBioel s

el Ittt
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COMMENTS

Normally, the counter updates the display five times each second. For selection of other
resolutions refer to Frequency Resolution. Note that counter accuracy is the reference
accuracy =3 counts.

When measuring IF frequency, MODULATION OUTPUT continues to produce the last
selected modulation signal, filtered and/or de-emphasized (except PRE-DISPLAY) as pre-
viously selected. The calibration of MODULATION OUTPUT depends upon the IF signal
level and should be assumed only when all errors are enabled {Special Function 8.8).

RELATED SECTIONS

Error Disable
Frequency (Input)
Frequency Resolution
Special Functions

}.WA'I]A‘IH'IHI\ H‘ g 1]7
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Frequency (Input)

DESCRIPTION

The frequency of the signal at the input of the Modulation Analyzer can be measured by
pressing the FREQ key. The signal frequency must fall between 130 kHz and 1300 MHz and
the Modulation Analyzer must be tuned. For input frequencies between 2.5 and 1300 MHz,
the instrument is a heterodyne counter; for frequencies from 150 kHz to 2.5 MHz it
counts the input directly. If manually tuned to the signal, the instrument can typicaily
count signals with power levels less than —60 dBm. When the instrument is measuring
input frequency, the signal at MODULATION QUTPUT represents the last modulation.
measurement made.

PROCEDURE

To make an input frequency measurement, first tune the instrument to the input signal
(refer to Tuning or press AUTOMATIC OPERATION). Press the FREQ key. Manual tuning
will be necessary when measuring low-level signals (inputs < -925 dBm from 150 kHz to
650 MHz or < —20 dBm from 650 to 1300 MHz).

EXAMPLE
To measure the frequency at INPUT:
LOCAL FREQ
{keystroke) )
M5
(program codes) Measurement

HP-1B PROGRAM CODE
M5 is the HP-IB code for FREQ.

INDICATIONS

The LEDs within the FREQ key and the MHz annunciator to the right of the numeric
displav will light. The display will show the input frequency in MHz.

MEASUREMENT TECHNIQUE

Once the instrument is tuned. the IF camer 1s amphiied by the [F Amplifier and Limiters
ro 80 dB of gain (For input frequencies below 2 5 Mz no down-conversion 18 made and
the input signal acts as the TF. Refer wo Trone Tor an exception.: The frequency of the iF
signal = counted. Hthe mput wis down-converted, the IF freguency s then suburacted from
the toenl oscillator fregueney to derve the regquency al ENTUT

i 1 . o [y
[ Fogin e Dinput
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INPUT IF IF
ATTENUATOR INIPUT AMP/FILTER  LIMITERS

MIXER
INPUT | et i\ M COUNTER/
/?‘ ‘ J CONTROLLER DISPLAY
45\0_.- myututlufudutu
LOCAL
éfosmmmn

[nXnlnln e Falnlsl
RF Input Frequency Measurement Block Diagram

Lol e . BT T

COMMENTS
The Modulation Analyzer powers up measuring the input frequency.

When the Error Disable Special Function is in the automatic selection mode (code 8.0), very
low-level signals can be counted without generating errors (E03 for example).

However, other modes of this Special Function will allow errors to be generated at much
higher signal levels. Refer to Error Disable.

1t is important to note that when FREQ is selected the IF need not be exactly centered to
make valid frequency measurements. A frequency is displayed aslong as a signal is present
in the IF. Using the ft kHz or |} kHz functions will not change the dispiayed input frequency
even though tuning has been altered. The FREQ ERROR function will demonstrate the
changed tuning. Typically, the instrument must be tuned within 50 kHz of the input
frequency or EO1 will be displayed. Use Special Function 8.1 to defeat the tuning error
(E01) and to increase the usable IF bandwidth.

Whenever signals below 2.5 MHz are tuned to using the 1.5 MHz IF, the LO is placed at
101.5 MHz and the input signal is allowed to pass directly into the 1.5 MHz IF. (The LO
serves only to turn the mixer on.) Note, however, that this also creates a passband from
98.5 to 104.5 MHz. If this is a problem, manually tune the LO so the passbands fall in some
unoccupied region of the input spectrum. This requires that error EO1 must be disabled.
Also, as a result, input frequency measurements will be incorrect, but the IF frequency
function (Special Function 10) can be used to measure the input frequency instead.

When working with agile frequency sources (such as frequency synthesizers), it is possible
for the carrier to hop to a frequency whose spectrum still has sufficient power within the
tuned passband of the Modulation Analyzer’s input. When this occurs, the Modulation
Analvzer may not retune (if in an automatic tune mode) since it appears that the
carrier simply dropped in power. If the instrument does not retune, frequency and power
measurement results mav not be as expected. Use the manual tune mode if possible when
working with frequency agile sources.

When tuning manuaily, it is possible to adjust the LO so that the input signal falls into
the image passband. This can occur, for example, when using the + kHz or & kHz keys.
Frequency measurements made when this occurs will be inaccurate. Refer to Tuning for
an illustration of the image passbands,

The targe gaim in the [F Amplifier and Limiters makes frequency measuremenis on input
signal levels less than 60 dBm tvpieal. When automatically tuning, the immsurument

3
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will always tune to the most powerful signal at the input. However, if the approximate
frequency is known, manual tuning will cause more powerful signals to be ignored if
they fall outside the bandwidth of the IF amplifier. {Images may also appear within this
bandwidth.)

When the FREQ key is pressed, MODULATION QUTPUT continues to produce the
last selected modulation signal, fltered, and/or de-emphasized (except PRE-DISPLAY) as
previously selected. The calibration of MODULATION OUTPUT depends upon the IF
signal level and should be assumed only when all errors are enabled (Special Function 8.0).

RELATED SECTIONS

Error Disable
Frequency Error
Frequency, IF
Frequency Resolution
Ratio
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Frequency Resolution
(Special Function 7)

DESCRIPTION

When frequency measurements are made, the Modulation Analyzer normally updates the
display five times each second. The resolution is 10 Hz for {requencies below =~ 18 MHz,
100 Hz from =~ 19 to ~ 320 MHz, and 1000 Hz above =~ 320 MHz. Use the numeric keyboard
and the SPCL key to set the frequency resolution to either 10 Hz for frequencies below
1 GHz and 100 Hz for those above 1 GHz or to 1000 Hz for all frequencies. Setting resolution
affects input frequency, frequency error, and IF irequency measurements.

PROCEDURE

To set the frequency resolution t¢ a selected range or to re-enter the automatic selection
mode, key in the correspending Special Function code, then press the SPCL key.

Frequency Resolution Program
Special Function Code

f<1GHz f> 1GHz Code FiiP-i5
Automatic Selection 7.0 SPCL 7.0SP
10 Hz 100 Hz 7.1 SPCL 7.15P
1000 Hz 1000 Hz 7.2 SPCL 7.25P

EXAMPLE
To measure frequencies greater than 1 GHz with 100 Hz resolution:
LOCAL —Code——_ ~Function—
o) I ‘E
{keystrokes) [LD Q Li, @sgm
L HP-18 2 7.15P
{program codes) Code—j—E— Function

HP-1B PROGRAM CODES

The HP-IB codes for the varipus frequency resolution setlings are given under “PROCE-
DURE™ above.

Prequeney Boeselutinn
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INDICATIONS

As the numeric code is entered, it will appear on the front-panel display. When the SPCL
key is pressed, the display returns to show the measurement previously selected. Unless
Special Function code 7.0 was entered, the light within the SPCL key will turn on if not
already on. If the light is already on, it will remain on.

COMMENTS

The Modulation Analyzer need not be making frequency measurements in order to
change resolution modes; however, the resolution mode only affects frequency-related
measurements. Counter accuracy is the reference accuracy =3 counts.

When the Modulation Analyzer is first powered up, or when AUTOMATIC OPERATION
is selected, the instrument is placed in the automatic selection mode {code 7.0).

RELATED SECTIONS

Frequency, (Input)
Frequency Error
Frequency, IF
Special Functions

N . ,
G- s Frecueney Hosotabion
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DESCRIPTION

Hold Settings

{Special Function 9)

Operation

By keyboard entry using the SPCL key, the Modulation Analyzer ranges can be held.
This function is the corollary to the AUTOMATIC OPERATION key and places Special
Functions prefixed 1 through 4 and 8 into non-automatic modes. HP and LP FILTERs,
FM DE-EMPHASIS, MEASUREMENT, DETECTORS, and RATIO are unaffected. Any of
Special Functions prefixed 1 through 8 that are already in manual modes are not affected.
The table below summarizes the effect of Hold Settings.

Special Function Speclal Function Effect of Hold Setting
Pretix Description Special Function
1 Input Attenuation Hoids Setting
2 Modulation Range Holds Setting
3 IF Frequency and Input High Pass Fiiter Holds Setting
4 Tune Mode Manual Mode {code 4.2)
5 Audic Peak Detector Time Constant No Effect
8 AM ALC Response No Effect .
7 Frequency Resolution No Effect
8 Error Disable Holds Setting

PROCEDURE

To hold settings, enter the code 2.0 using the numeric keys, then press the SPCL key.

EXAMPLE

To hold settings:

LOCAL
(keystrokes)

—Cade——, ~Function—,

P9 110 1 e |secL
| |I.;| ‘|__J'

 HP-iB ¢

(program codes)

9.0SP

-
Code — LFunction

Hlobd sctiines
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HP-IB PROGRAM CODE
9 0SP is the HP-IB code for the Hold Settings Special Function.

INDICATIONS

As the numeric code is entered, it will appear on the front-panel display. When the SPCL
key is pressed, the display returns to show the measurement previously selected. The light
within the SPCL key will turn on if not already on. If the light is already on, it will remain
on.

COMMENTS

Once settings have been held by the Hold Settings Special Function, one or more of them
may be returned to their automatic modes by issuing the corresponding Special Function
code. As an exampie, Hold Settings places the instrument In manual tune mode. Use 4.0
SPCL to re-enter automatic tuning.

RELATED SECTIONS

Attenuation, Input

Error Disable

IF Frequency and Input High Pass Filter Selection
Modulation Range

Special Functions

Tuning

Il setnes
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HP-IB Address

(Special Function 21)

DESCRIPTION

By keyboard entry using the SPCL key, the Modulation Analyzer’s present HP-IB address
can be displaved. The display is in binary and also shows whether the instrument is set to
talk only or listen only, and whether it is at present issuing a service request. The HP-IB
address display will not time out, but it can be cleared by pressing any key except the 1LCL,
S(Shift), or number key.

PROCEDURE

To display the HP-IB address, key in the code 21.0 on the numeric keys, then press the
SPCL key. To clear the display, press the CLEAR key. A list of allowable HP-IB addresses
is given below:

Allowable HP-IB Address Codes

. Talk Listen Decimal . Talk Listen Decimal
Address Switches Address| Addressi Equiva- Address Switches Address; Address; Equiva-

Char- Char- lent Char- Char- lent
A5 | A4 A3 A2 AT aoter | acter AS | A4 A3 | A2 AT aorer | acter
010 0 0 0 ® SP ¢ 1 0 0 0 0 P 0 16
0|0 0 0 1 A ! 1 1 0 0 0 1 Q 1 17
0410 0 1 4 8 " 2 1 0 0 1 0 R 2 18
0] 0 0 1 1 C # 3 1 4] 0 1 1 S 3 19
0] o0 1 4] 0 D 3 4 1 0 1 0 0 T 4 20
0 0 1 0 1 £ % 5 1 0 1 0 1 U 5 21
010 1 1 0 F & 4] 1 0 1 1 o vV 8 22
0 0 1 1 1 G 7 1 0 1 1 1 W 7 23
oS e T o O B B0 H ( 8 1 1 ot olo X 8 24
g |10 0 1 1 ) g9 11 o101 Y 9 25
0|1 0 1 0 J ' i3] 1 1 o] 1 0 z : 25
ol 1|0 11 K + 11 Lo o] { ; 27
041 1 0 0 L 12 1 1 1 0 0 N < 28
0|1 1 01 M - 13 1 1 110 (1 ] = 29
o7 | o TN T T A U AR AN N I > 30
ol o / 15

B vddhess T
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INDICATIONS

As the numeric code is entered, it will appear on the front-panel display. When the SPCL
key is pressed, the light within the key will turn on and all measurement key lights and
annunciators will turn off. The display will show a binary number of the form AAAAA TLS
where AAAAA is the HP-IB address in binary and T, L, and S have the meaning indicated
in the following table:

T L s
NOT NOT NOT
0 ! TALK LISTEN REQUESTING
ONLY ONLY SERVICE
TALK LISTEN REQUESTING
1 ONLY ONLY SERVICE

If T and L are both 1, the instrument is set to talk only (talk overrides listen). If all the A
digits are set to 1 and T is 1, the instrument will talk status only (i.e., output the status
byte only). (If all digits AAAAA TL are 1 but S is 0, the HP-IB board is not installed.)

EXAMPLE
Display the HP-IB address:
LUCAL Code /—Function—\
keystrok IR o) [
epoked DIDIBIORDL
L HP-IB 2 21.05P
(program codes) Codej_LFunction

If the following was displayed:

then the HP-IB address is 91110 in binary or 14 in decimal. In ASCII, the talk addressis N,
and the listen address is . idecimal point). The instrument is not set to talk or listen only,

but it is issuing a service request (setting the SRQ controel line truel.

HP-1B PROGRAM CODE

91 1) 8P is the HPIB code to read MP1B address.

R PHOIR Adddross
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COMMENTS

The HP-IB address display is continucusly updated. This makes setting the address easy
since the result of changing a switch setting is immediately visible on the display.

For information on setting the HP-IB address of the Modulation Analyzer, refer to section 2
of this manual.

The factory-set address is as shown in the example, decimal 14.

RELATED SECTIONS

Special Functions
Remote Operation, Bewlett-Packard Interface Bus

-

PITETEY Nddeess oy
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{F Output

Do not apply greater than 40 V dc or greater than +15 dBm intc the

rear-panel IF OUTPUT jack.

DESCRIPTION

The rear-panel IF OUTPUT provides a buffered IF output useful for monitoring the
Modulation Analvzer’s intermediate frequency signal. The ac-coupled signal has arange of
150 kEz to 2.5 Mz and normally varies in level from -27 w0 —3 dBm into 500 depending
upon the input signal level, input attenuation setting, and the measurement selected. The
3 dB bandwidth of the signal at IF OUTPUT is approximately 3 MHz for the 1.5 MHz IF
and approximately 200 kHz for the 455 kHz IF. At any particular input level and front-
panel setting, the fiatness of the IF OUTPUT with input frequency 1s typically £5%. The
IF QUTPUT jack is a female BNC connector.

BLOCK DIAGRAM

A simplified block diagram of the down-conversion circuits that develop the [F OUTPUT

signal is shown below.

NPT —————T0 AM DEMOOULATOR
ATTENUATOR mfﬁ: iF AMP i If BUFFER
[ > ¥ S C R
' V l 1 L FDURUE o
.ﬁ\({LDCAL L 70 £4 DEMODYLATOR
@ OSCILLATOR I
[F QUTPUT Block Diwagram
COMMENTS

RE RS

The Modulation Analyzer can also be used as a down-converter. Use IF QUTPUT as the

down-converter’s output.

IF OUTPUT can be used to check for spurious signals in the IF by connecting a spectrum

analyzer to the jack.

Loads which may output spurious signals into the IF QUTPUT (such as some counters) may

cause spurs in the Modulation Analvzer'sIF circuits resulting in inaccurate measurements.

15 Outpuit

atio:
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Level, IF

DESCRIPTION

The IF LEVEL key causes the Modulation Analyzer to measure the signal level in its IF
and display it as a percent of the optimum level. An IF level display of 100% indicates
sufficient signal strength to guarantee accurate AM, FM, and &M measurements. When IF
LEVEL is selected, MODULATION QUTPUT continues to output the demodulated signal
corresponding to the last modulation measurement selected. If, however, the IF level is not
100%, the calibration of the MODULATION OUTPUT signal is not specified.

PROCEDURE

To display the IF level as a percent of optimumi, press the S(Shift) kev, then the IF LEVEL
key. [ TF LEVEL is to be dispiayed relative to some reference level or in dB, refer to Ratic.

EXAMPLE
To measure IF Level:
LOCAL -~ Measurement—
{keystrokes) Q %J
5 LEVEL
S3
{program codes) Measurement

HP-1B PROGRAM CODE
83 is the HP-IB code for [F LEVEL.

INDICATIONS

When IF LEVEL is selected, the LEDs within the S{(Shift} key and the IF LEVEL key will
light, the % annunciator will light, and the display will show the percent of optimum IF
Level.

MEASUREMENT TECHNIQUE

Omnce the instrument is tuned, the automatic level control (ALC) loop of the AM Demodu-
lator detects the average [F signal level. This Jevel is then measured and displaved as a
percent of the nptimum tevel. IT the ALC loop is closed and suflicient signal power is avall-
able, the 11 level s automatically adiusted o a preset ALC veference fevel and the display
wiil show 10057, 17 the ALC loop s open, the input atienuntor and the mput signad level
mav need to be adjusted to achieve the 1009 Tevel
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MEASUREMENT TECHNIQUE

The broadband RF power at INPUT is detected by an RF peak detector. The output of the
detector is measured and displayed as watts.

INPUT
OVERPOWER ATTENUATOR

RELAY
T0 QTHER

NPUT | DG T j/——““ MEASUREMENT CIRCUITS
"

— YOLTMETER
r AND DISPLAY
e
w —~{F55E5E5
RF DETECTOR

RF Level Measurement Block Diagram

COMMENTS

Selection of RF LEVEL causes the Modulation Analyzer to set its input attenuation o
50 dB regardless of any other setting (including Special Function 1). The input high-pass
filter {Special Function 3) is also removed if previously inserted.

The maximum allowable input level is 1 W into 509 Input levels greater than 1 W cause
the overpower relay to open and the display to show EC6. To reset the relay, remove the
input signal and press any measurement key.

RELATED SECTIONS

Attenuation, Input
Frequency, IF
Level, IF

Level, Tuned RF
Ratio

G- dnn Lowvel (U
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DESCRIPTION

Level, Tuned RF

Operation

The TUNED RF LEVEL key causes the Modulation Analyzer to measure the peak RF

power falling within its tuned IF (refer to
TECHNIQUE?” below). When TUNED RF L

the second figure under “MEASUREMENT
EVEL is selected, MODULATION OUTPUT

continues to output the demodulated signal corresponding to the last modulation type se-
lected. AM QUTPUT and FM OUTPUT (rear panel) remain active during this measure-

ment.

NOTE

The Tuned RF level function is not calibrated for absolule power megsure-
]

mencs.

MEASUREMENT RANGE

10 W to 1 W into 309 (=50 to =30 dBm or 707 xV 0 7.07 V), 1 nW maximum resolution.

PROCEDURE

To make a tuned RF level measurement, first tune the instrument to the input signal (refer

to Tuning or press AUTOMATIC O
measuring low-level signals (inputs
from 630 to 1300 MHz). Press the S(Shift
cuned RF level is to be displayed relative to a reference, refer to Ratio.

EXAMPLE

To measure the tuned RF level of an input signal:

PERATION). Manual tuning will be necessary when
< —25 dBm from 130 kHz to 650 MHz or < —20 dBm
) kev. then the TUNED RF LEVEL key. If the

-~ Measurement —

LOCAL ™ Lot
(keystrokes) i rONED
3 RF LEVEL
L HP-IB 2 s4
=
{program codes) Measurement

HP-1B PROGRAM CODE

Sd is the HPIB code tor TUNED REF LIEVEL.

PoTaned R S

—~——



Operation Model 2901A

INDICATIONS

When TUNED RF LEVEL is selected, the LEDs within the S(Shift) key and the TUNED
RF LEVEL key will light and the watts annunciator will also light. The display will be in
scientific notation form; a 4 or 5 digit number followed by a signed power of 10 multiplier.
For example, if the display shows:

then the tuned RF level is 10.83 x 10° watts (10.83 LW

MEASUREMENT TECHNIQUE

When the Moculation Analyzer is tuned, ail the power falling within the IF is amplified
and peak detected. It is then measured by the voltmeter and displayed in watts.

—
i »
nrr[g’g_irna IR IF AMP “:‘g‘g‘g‘” uifrsé'?;a JOLTMETER
TINPUT )-—-»‘L?:‘.—--cg)—q>_—%.—- ™ ;
i —
'
Ao
B
Tuned RF Level Measurement Block Diwagram
COMMENTS

The bandwidth of the 455 kHz IF (normally used for input frequencies between 2.5 and
10 MHz) is approximately 200 kHz. The bandwidth of the 1.5 MHz IF {normally used for
input frequencies below 2.5 MYz or above 10 MHz) is approximately 3 MHz. However,
each nominal IF passband also has an image passband which may contain signals with
significant power. The IF and image bandwidths and their relationships to the local
oscillator signal (LQO) are illustrated for each IF in the spectrum diagram given below.

To display power in dBm, enter the number .001, then press the dB key.

Absolute power measurements are most accurate in RF level; however, power measure-

ments have greater dynamic range in tuned RF level.

O DN Covel, Tuned RE

-
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Operation

15 MH1{F

459 kM2 IF

200 cH2 200 WHr
——

- - -
« REGION - 120k

W wHICH E01 (SIGNAL
QUT OF IF RANGEL IS

120 £ Hz ~iad

i ‘-alu-o—.—: LRV H
! | i

IMHr

I MHy

Y EHZ et s |

DISPLAYED. |

(L0 —455 kH1) H (LD +455 kHz)
HOMINAL SIGNAL
TUNED FREQUENCY iMAGE

2.7 MH:z

27 MHr

L0 - 1.5 MHD Lo 1LD ~1.5 MM2)
NOMINAL SIGNAL
TUNEQ FREQUENCY MAGE

i - 100HI

Spectrum Diagram of the 455 kHz and 1.5 MHz Tuned Bandwidths

RELATED SECTIONS

Level, IF
Level, RF
Ratio

[,l_"\ L't_ ']‘UHL'(_

!
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Limit

(Special Function 14)

DESCRIPTION

Using the numeric keyboard and the SPCL and RATIO keys, upper and lower measure-
ment limits may be entered into the Modulation Analyzer. Subsequent out-of-limit mea-
surements will then cause the LIMIT annunciator to light. If enabled, reaching an upper
or lower limit will also cause the Modulation Analyzer to issue an HP-IB service request.
(Refer to Service Request Condition.) The LIMIT light will turn off after five measurement
cvcles if further measurements are not out of limits; however, the service request can only
be cleared by serial polling or by a Device Clear message. Only one upper and one lower
limit can be set at a time and each limit (upper or lower) can only be in effect in one mea-
surement mode. The measurement mode need not be the same for both the upper and lower
limits. Both limit references can be displayed, cleared, and restored, and the measurement
modes for both limits may be displayed.

PROCEDURES

A limit reference must first be entered as a RATIO reference. To do this, first select the
MEASUREMENT in which the limit is to be used, then key in the value of the limit on
the numeric kevboard, and press either the % or dB key. (Since the RATIO keys are used
here simply to enter the limit into +he instrument, it does not matter which key, % or ¢B,
is used.) The entered value is now stored as a RATIO reference. To make this reference
negative or 1o transform it directly into either an upper or lower limit reference, key in the
corresponding Special Function code, then press the SPCL key. The Special Function codes
most useful when working with the limit functions are listed below:

—
Speciai Function Program Code

Action Code m

| RATIO Read RATIO reference 11.2 SPCL 11.25P

Make RATIO reference negative 11.3 SPCL 11.35P

Clear fimits; turn off LIMIT annunciator 14.0 SPCL 14.05P

Sat lower limit to RAT!O reference 14.1 3PCL i4.15P

Set upper limit to RATIO reference 14.2 SPCL 14.25P

Restore lower limit 14.3 SPCL 14.3S5P

LiMIT | Restore upper iimit 14 4 SPCL 14.48P

| Read fower limit 14.5 SPCL 14.55P

| Read upper timit 14.5 SPCL 14.88P

‘ 'l Read lower limit measurement mode 14.7 SPCL 14.75P
\i 1 Read upper limit measuremant moce 148 SPCL J 14.8SP l

To delermine Lhe measurement in which @ upper or lower limit is in effect, kev 1 the
correspondimg Sopecial Function code, then press the SPCL key. The display shows a code
which reoresents the measurement in which the fimitis in etfect, These codes are mdexed
in the ellowing Lable:

[IERIEN
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Operation

EXAMPLES

Cisplay Measurement Display Measurement
0.000 AM ¢.006 FREQ ERROR
0.001 FM 0.007 Spare
0.002 oM 0.008 IF LEVEL
0.003 RF LEVEL 0.009 Spare
0.004 TUNED RF LEVEL 0.0610 IF Frequency
0.005 FREQ 0.011 Spare
To set an upper limit of 75 kHz FM deviation:
~Measurement~_ —Data— ~Ratic— Code \ o~ Funcrion—

LOCAL
{keystrokes}

d8

D

SFCL

“——Enter RATIO reference—-———/\— Upper limit = RATIO reference~

| HPLIE

{program codes)

M275R214. 25P

i ll

Measurement
Data

Ratio

runction

Code

This leaves the Modulation Analyzer in dB RATIO mode. Press the dB key to exit RATIO
and to read the FM deviation in kHz with an upper limit set at 75 kHz. Notice that this

example could have used the %

To set a lower FREQ ERROR limit of -660 Hz:

RATIO key with equal resulits.

LOCAL
(keystrokes)

] ~Measurement — ,—-—Data—-—-\ —Ratio—, Code —runction—
I % ( "y ! e 7
s | L_J |, Mg \ ] : . i D e 1SPCL
[, E’;RREC()]R (. k_J _/‘ . \__J ;/ ‘__J —J
s

~—— Enter RATIO reference————— ~Make RATIO reference negative—"

| HPIE

(program codes)

$5.66R111.35P
Measurement

e | L

Ratio

Function
Code

Code ~Function—
LOCAL
—_—— T
{keystrokes) e a1 [sect
: i | oo
€=Z) 14.18P
{program codes) Codea Eunction
This leaves the Modulation Anaivzer in % RATIO mode. Press the 7 key 1o read the
treceency ervor m kHz with the fower limit set Lo - 660 oz,



CGperation Model 8301A

To determine in which measurement the lower limit is set:

Code L~ Function—

L0CAL

{keystrokes) T @ D @ Dsgm
€=5) 14,7SP

{program codes) Code—  —Function

If, for example, the display shows 0.006, the lower limit is set for the FREQ ERROR
measurement.

HP-1B PROGRAM CODES

The codes for performing the various limit and ratio operations are given above. The codes
for the RATIO keys are given below for reference.

Program Code

Key or Function m

Turn off RATIO RO
% R1
dB R2 J

INDICATIONS

As the numeric code is entered, it will appear on the front-panel display. When the SPCL
key is pressed, the display returns to show the measurement previously selected. If limits
are being cleared or set, the SPCL key will not turn on if not already on. However, if
limits or their measurement modes are being read, the key wiil turn on if not already
on and remain lighted while the limit value or mode is displaved. When operating with
limits set, the other key lights and the dispiay hehaves as they normally would; however,
if a measurement falls out-of-set limits, the LIMIT annunciator lights. The light remains
on until five successive measurements are made that fall within the set limits. Thus, the
LIMIT light will normally remain on for approximately one second after the last out-of-limit -
measurement result. If the Modulation Analvzer is set to issue a service request when an. ..
out.of-limit measurement occurs, the service request may be cleared by serial polling.
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COMMENTS
It does not matter which RATIO key is used to enter the RATIO reference before trans
forming it into a limit.

The test for out-of-limit results is performed on the actual measurement results, not upon
the displayed number. Thus, although the display may show a relative measurement result
(that is, using the ratio functions), the limit test is still made upon the result before the
ratio is computed. Limits cannot be set in terms of relative measurement results.

RELATED SECTIONS

Service Request Condition
Special Functions
Ratio

o [
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LO Input and LO Output

CAUTION

Do not apply greater than 40 V dc or +5 dBm of RF power into the LO
INPUT or damage to the instrument may result. Do not apply de voltage or
RF power into the LO OUT PUT or damage to the instrument may result.

DESCRIPTION

In Modulation Analyzers with Option 003, the internal local oscillator (LO) is brought out
of and back into the instrument through the rear-panel LO OUTPUT and LO INPUT jacks.
The signal at these jacks ranges from approximately 1.27 to 1301.5 MHz at approximately
0 dBm. Both jacks are 509, ac-coupled, and furnished with female Type-N connectors.

NOTE

For normal Medulation Analyzer operation using the interna! local oscil-

lator, the rear-panel LO QUTPUT must be connected to the rear-panel LO
INPUT.

BLOCK DIAGRAM

A block diagram illustrating the relationship Yetween the LO INPUT and LO OUTPUT
jacks and the Modulation Anaiyzer’s input ¢circuits is given below.

—

] el ¥ L REyoLTIon e
¢ (1093
[ Lot
LOCAL
0SCILLATOR

LO INPUT and LO OUTPUT Block Dicgram .

PROCEDURE

To use LO OUTPLUT as a signal source, select an ¥ frequency (1.5 MHz or 455 kHz) using
Special Function 3. The Modulation Analyzer wil! assume 1.5 MHz [F above 10 MHz (as
entered on the kevboard) and 455 kHz IF below 10 MHz if the [F frequency is not specified.
Subtract the IF frequency from the frequency desired at LO OUTPUT and enter the result
in MHz using the numeric keys: then press Mz,

To tune the LO betow 2.96 MHz, use the procedure above, but seiect the 435 kHz IF (Special
Function code 3.1 and disable error EO1 Special Function code 2010

RO I Loy Input and Loy Chutput
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To use LO INPUT to apply an external LO, select an IF frequency (1.5 MHz or 455 kHz)
using Special Function 3. Press the MHz key to enter manual tune mode {this keeps the
internal LO from tuning continuously). Add the IIF frequency to the frequency to which the
Modulation Analyzer is to be tuned and set the external LO to that frequency. Adjust the
external LO to 0 dBm and apply the signal to LO INPUT.

COMMENTS

To tune to inputs below 2.5 MHz with an external LO, select the 1.5 MHz IF, but set the
1O to approximately 100 MHz. The LO must be present to bias the Input Mixer on, but
down-conversion is not necessary.

When an external LO is used, measurements made using the FREQ or FREQ ERROR
keys will not be accurate. To determine input frequency, subtract the IF frequency {(Special
Function 10) from the LO frequency used.

When using an external LO, rapid changes in LO frequency within the IF passband cause
FM transients. Several seconds are then required before accurate measurements will be
possible. To avoid the problem, turn off the external LO when switching its frequency.

RELATED SECTIONS

I¥ Frequency and Input High Pass Filter Selection
Tuning

oot Dot oo 10D i s RIS
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Modulation Qutput

Do not apply greater than 10 Vdc or greazer than +30 dBm (1 watt) into
MODULATION OUTPUT or damage to the instrument may result.

NOTE

For optimum signal flatness, cables attached to MODULATION QUTPUT
should be terminated with their characteristic impedance.

DESCRIPTION

MODULATION OUTPUT provides a calibrated output for signals demodulated by the Mod-
ulation Analyzer. The output is dc coupled with a 6000 output impedance anda BNC female
connector. The signal at MODULATION OUTPUT always corresponds to the modulation
measurement being made. If FREQ, TF LEVEL, TUNED RF LEVEL, FREQ ERROR or
TF frequency is selected, the signal at MODULATION QUTPUT corresponds to the last
selected modulation measurement. If RF LEVEL is selected, MODULATION QUTPUT is
surned off {that is, set to 0 V). If high-passor low-pass filters are selected, they always affect
the signal at MODULATION OUTPUT. If FM de-emphasis is selected, it always affects
demodulated FM at MODULATION OUTPUT, regardless of the PRE-DISPLAY setting.
The output level of the signal at MODULATION OUTPUT is autoranging and usually is
between O and 4 V peak into an open circuit. The output sensitivity (intc an open circuit)
depends upon both the modulation type and the displaved resolution as given in the table
below. (More information on other outputs and the setting of modulation ranges may be
found in Modulation Range.;

’7 AM FM

oM |
T ‘ 5 ‘
Sisol MODULATICN , MODULATICN _ MODULATION )
Isplay. OUTPUT Display QUTPUT Lisplay OUTPUT
Resolution Sensitivity Resotution Sensitivity Resoiution Sensitivity 1&
(%) (Vac/%) (Hz) l (mVac/Hz) (radians) {mVac/radian) 1
] ]
a ‘-
01" ‘ i0 \‘ l
. 1
0.0 0.1 | 1 00001 i My
1 1 — ; |
‘ ‘1 | | 0.01 | 2.1 ]
| | 10 k 0.1 ! |
g 0.1 0.01 : - 0.1 | 0.01
& 100” I oot | |
|
I

1
|
!

Availapie onty win 750 micrasecond Jg-2MmEnasis. ore-gisglay
Nl avanabe with 70 micrnseconad se-amphasis, ore-disolay

o
RN

Modulation Chetpul
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BLOCK DIAGRAM

A simplified block diagram of the Modulation Analyzer’'s measurement circuits illustrating
the relationships between MODULATION OUTPUT and the other outputs and circuit
blocks is given below.

AM
DEMODOULATOR =M ouTRET MODULATION
, LTSS - ouTRUT
NPUT » M VOLTMETER
ATTENUATGR INPUT IF AMP AUDIO DE.EMPRASIS | AND DISPLAY
MIXER AM FILTERS {FM ONLY) { Y ppp———
' Rt
[wevT] e @ | = = bl
EM - f_ L
f DEMOCULATOA | *M ON S B oo -
PREDISPLAY ;o RECCROER
iy M — 1
AT | R - FWITCH I L BTt
0SCILLATOR — AU J oFF &uDIg
DETECTORS
Moduletion Output Block Diagram

The sense of the demodulated FM and M at MODULATION OUTPUT is inverted for
carriers with frequencies below 2.5 MHz.

Errors EO1 through E03, E05, E10, and HP-IB error E96 (corresponds to a display of two
dashes) turn off the signal at MODULATION OUTPUT.

When the Modulation Analyzer is first powered up, the demodulated signal at MODULA-
TION QUTPUT is FM. The sensitivity is 0.01 mVac/Hz and will not autorange to more
sensitive ranges. This is because at power up, FREQ is selected, and thus E04 (audio cir-
cuits overdriven) is automatically disabled. When E04 is disabled, only autoranging to less
sensitive audio ranges is allowed.

When EO1 through E04 are always enabled (3.8 SPCL), the signal at MODULATION
QUTPUT is entirely safeguarded. Under this condition an error will be dispiayed when
the signal at MODULATION OUTPUT is uncalibrated. Refer to Error Disable.

RELATED SECTIONS

AM

Error Disable
Filters

™M

Modulation Range
HM

Modulation Dharput S-141
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Modulation Range
(Special Function 2)

DESCRIPTION

When first tuned on, the Modulation Analyzer is set to automatically select the modulation
range appropriate for the desired measurement. However, using the numeric keyboard and
the SPCL key, the modulation range can be manually set.

PROCEDURE

To set the modulation range to a selected range, or to re-enter the automatic selection mode,
key in the corresponding Special Function Code, then press the SPCL key.

AM
Modulation Range
i MODULATION RECORDER
Special Program Display QUTPUT QUTPUT
PEAK = (%) AVGE (%) Function Code Resolution Sensitivity (Rear Panel)
Code m (%)} {Vac/% AM) (Vde/peak% AM)
Automatic Selection 2.0 8PCL 2.05P Automatic Setection
<40 <28 2.1 8PCL 2.18P 0.01 G.1 0.1
2.2 3PCL 2.25P
<100 <70.7 or or 0.1 0.01 0.01
2.3 8PCL 2.38P
1 yajues are for sine wave modulation signal only. J

RIS Modulation Honae



Model 8901 A Operation
FM
Modulation Range
MODULATION RECORLCER
Speciai Program Disptay QUTPUT QUTPUT
PEAK = (%) | AVG! (%) Function Code Resolution Sensitivity (Rear Panel)
(kHz dev.) {kHz dev.) Code m (Hz) (mVac/Hz) {(Vdc/kHz peak dev.)
Automatic Selection 2.0 SPCL 2.08P Automatic Selection
<0.4° <0.287 2.1 SPCL® 2.18P 0.1° 10° 107,
<4 <2.8 2.1 SPCL 2.15P 1 1 1
2.2 SPCL? 2.28P?
<40 <28 2.2 SPCL 2.28P 10 0.1 0.1
2.3 SPCL® 2.38P-
<400° <280° 2.3 spCl’® 2.35pP° 1002 0.01% 0.01°
1 yajues are tor sine wave moeduiation signal only.
2 with 750 microsecond de-emphasis, pre-cisplay only.
3 Except 750 microsecond de-emphasis, pre-dispiay.
Phase Modulation (M)
Modulation Range!
MCODULATION RECORDER
Special Program Display CUTPUT QUTPUT
PEAK — AVG? Function Code Resolution Sensitivity (Rear Panel)
(rad. dev.) (rad. dev.) Code m radians {mVac/radian) | (Vdc/rad. peak dev.)
Automatic Seitection 2.0 3PCL 2.08P Automatic Selection
<4 <2.8 2.1 SPCL 2.1SP 0.001 1 1
<40 <28 2.2 SPCL 2.2G5P 0.01 0. Q.1
<400 <280 2.3 SPCL 2.35P 0.1 0.01 Q.01

: Range amits are nommal, Reter 10 hgure under Phase Mogdutaton for relationshio between davialion, rate, and resciuticn.
- Values are for sme wave modulaton signal cnly.

L

Moduiation R )
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EXAMPLE

To set the modulation range to the <40% AM setting {also <4 kHz deviation for FM and <4
radians deviation for ®M):

LOCAL ——Code—— — Function—

{keystrokes) @ D @ B:SECL
L HP-1B 2 2.1SP

{program codes) Code—J L Function

BLOCK DIAGRAM

For HP-IB codes, refer to “PROCEDURE” above.

INDICATIONS

As the numeric code is entered, it will appear on the front-panel display. When the SPCL
key is pressed. the display returns to shown the measurement previously selected. Unless
Special Function code 2.0 was entered, the light within the SPCL key will turn on, if not
already on. If the light is already on, it will remain on.

COMMENTS

RELATE

When the instrument is first turned on or when AUTOMATIC OPERATION s selected,
+he modulation range is placed in the automatic selection mode.

If the modulation range selected is too high, no error will be generated, and both MOD-
ULATION OUTPUT and RECORDER QUTPUT will track the displayed values. if the
modulation range is too low (that is, the audio signal level is too high), error E04 will be
generated. The point at which error E04 is generated may not be exactly at the nominal
level at which ranges are switched.

When EO4 is disabled (Special Function code 8.4), autoranging is to higher modulation
ranges only. This feature is used most often when modulation varies widely with time such
as off-the-air demodulation of a broadcast signal.

Refer to Phase Modularion (M) for more information on @M modulation ranges.

D SECTIONS

Error Disable
Hold Settings
Special Flunctions
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DESCRIPTION

The ¢M key causes the Modulation Analyzer to measure the phase modulation deviation
of the input signal to which the instrument is tuned. In addition, demodulated M is
present at MODULATION QUTPUT. The #M measurement is only specified for carriers
from 10 to 1300 MHz; however, ®M measurements are allowed on carriers from 150 kHz
to 10 MHz. The ®M measurement is only specified for medulation rates from 200 Hz to
20 kHz; however, the low frequency 3 dB limit is typically 7 Hz.

oM

Operation

PEAK PHASE DEVIATION

490
0.1 RADIAN
RESOLUTION
% 40
z 0.01 RADIAN
= RESOLUTICN
£

=

T

4
0.001 RADIAN
RESOLUTION

i
200 Hz

1 1 1
500 Hz 1 kHz ZkHz

MODULATION BATE

T T 1
5kHz 10 kHz 20 kHz

Phase Modulation Peak Phase Deviation and Modulation Rate vs. Display Kesolution

Phase Modulation (M)

Modulation Range!

MODULATION RECORPRER
Special Program Display QUTPUT QUTPUT
PEAK = AVG? Function Code Resolution Sensitivity {Rear Panel)
{rad. dev.) | (rad. dev.) Cade m radians (mVac/radian) | (Vde/rad. peak dev.)
Autormnatic Selection 2.0 SPCL 2.08P Automatic Selection
<4 <28 2.3 SPCL 2.15P 0.001 1 1
<40 <28 2.2 SPCL 2.25P 0.01 0.1 0.1
<400 <280 2.3 SPCL 2.35P 0.1 0.01 0.0t

' Range imuis are nominal. Sefer 1o figure unger Phase Mogulanon for relanonsnip between Jeviation, rate. and resclution
- values are for sine wave moaulaton signal onty.
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HP-IB PROGRAM CODES

The HP-IB codes for re-entering RATIO or for reading or changing the reference are given
above. The HP-IB codes for the RATIO keys are given below:

Program Code

RATIO Function m

off RG
%% R1
a8 R2

INDICATIONS

When the instrument is displaving a RATIO measurement, the REL (relative) annunciator
and the appropriate RATIO key both light. Other units annurnciators turn off. The displayed
value is the measurement result relative to the reference in % or dB.

MEASUREMENT TECHNIQUE

When in RATIO, measurements are made in the same fashion as when not in RATIO;
however, before the result is displayed, the internal controller converts it to ratio. The
following formulas are used for computing ratio:

—;—Ef-\J (100%) = % RATIO for all measurements,

£ M
(20} log (-TE— ) = dB RATIO for all modulation and [F level measurements
¥

i /

MY
{10} log (7{) = dB RATIO for frequency and level measurements except IF level
¥

where

o= the current measurement result and

the RATIO veference.

]
-
i

COMMENTS

When using dB RATIO, if a ratio reference is entered or a measurement result occurs that
causes the value of V/ /¢ (see equation above) to approach O, E1! will be displayed. This
typically occurs when a measurement result goes to 0.

I already in RATIO, pressing the opposing RATIO key causes the Modulation Analyzer
Lo ncquire a new reference from the present measurement resuit. To convert from dB} w %
for vice versat with the same reference, use the re-enter RATIO funciion (Special Function
oo 111
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The RATIO keys are convenient when used to check modulation or RF level flatness across
an RF frequency range (use track mode tuning, Special Function 4.1} or across the audio
range.

The reference that is stored for ratio measurements may be entered as a limit reference
(refer to Limut).

Some useful reference values for making ratio measurements are given below:
To display power in dBm, use 0.001 and dB RATIO.
To display broadcast FM relative to 75 kHz, use 75 and % RATIO.
To display M in degrees, use 1.745 and % RATIO.
To display AM as dB down from the carrier, use 200 and dB RATIO.
To display rms calibrated average as true average, use 111.07 and % RATIO.

To display rms calibrated average as peak, use 70.7 and % RATIO.

RELATED FUNCTIONS

Error Message Summary
Limit

Special Functions
Tuning
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Model 8901A

Residual Noise Effects

DESCRIPTION

To make the most accurate peak-modulation measurements, it is necessary to measure and
correct the effects of residual noise, that is, noise not on the baseband signal, but modulating
the RF carrier. The following procedure describes the measurement technigue.

PROCEDURE

The following procedure enables the user to correct for the effecis of residual noise on
peak-modulation measurements.

MR L
e .

"

W

NOTE

This procedure applies to sinewave modulation only.

. Set up and make a normal peak-modulation measurzment. The displayed measure-

ment result will include the signal plus its noise, (5 + V.

. Kev in 9.0 SPCL (Hold Settings) to prevent autoranging. If filtering and/or de-empnasis

was used in step 1, make all the following measurements with the same setrings.

Remove the modulation from the signal and measure the remaining peak-residual

noise, N,., on the carrier.
Select AVG. Measure the average residual noise, Va,.

Compute
\

‘IS'?'."\‘.\-'- .'" i
'—,—i‘—and—i;’—'~

-"\/pk Nay

. Use the following nomograph to determine the percent, V', of the peak-residual noise

level, V... to be subtracted rom the original, peak-signal-plus-noise measurement,

{4 A

e

. Compute :he corrected, peak modulation

where s expressed as a ratio rather thanan i

ercluad N Biloer -
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100
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\
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= \\ ,.....‘.' e r— ] --..___... e
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L Do - i \-... B
=] : P e
R i
: il . ‘
1 10 100 1006 10 000
Nomograph for Calculating Percentage of Npi to be Subtrdcted
from (5 + N jpp to obtain Sy (Sinewave Modulation Only
EXAMPLE

An RF signal is applied to the Modulation Analyzer. The modulation rate is 1 kHz and the
pezk modulation is to be measured in a 15 kHz post-detection bandwidth. T measure the
peak AM depth and correct for the effects of residual noise on the modulation:

1. Measure the peak modulation depth, (S + V)it

Measurement Detector Fiiter
e e - —
LOCAL AUTOMATIC
(keystrakes) OPERATION am PEAK + 15 kHz
- . Ce ) e
L HP-18 2 AUMIDIL2
( des) Measurement— | "L Filter
program codes Detector
For the purposes of 2ubsequent calculations, aszume the displaved AM 18 30,504,

Bewidint! Soen Piloera DOPAA
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+V

COMPARATOR %R

Aé
- s
N SAMPLE-AND-HOLD
1 a2

% 2 g - - —0\-0—
é i
53 /

o 9

Simplified Diggram of the Modulation Analyzer’s Peak Detecior

Vs

Te Voltmarter

=

I
v

When noise alone is imposed on the detector, it is very probable that, as C begins to charge,
a noise spike will exceed the voltage across the peak detector capacitor. However, as the
voltage across the capacitor more nearly approaches the peak-noise level, this probability
decreases. Thus the peak detector, over a significantly long time, can faithfully measure
fairly high peak-noise levels.

When noise is riding on a sinewave, only the signal-plusmoise peaks exceeding the
sinusoid’s peak level can add charge to the peak detector capacitor. Statistically, there is
less chance that the composite input signal will exceed the voltage across the capacitor
(already charged to the peak of the sinewave) when measuring a sinewave than when
measuring only noise. Thus, the contribution of noise on the measured peak-modulation
level decreases as the signal-to-noise ratio increases.! To simply measure the peak-residual
noise present when the modulation is removed and subtract the result directly from the
peak reading of the combined input, over-compensates the effects of the noise.

The effects of residual noise on the peak detector depend on the signal-to-noise ratio, the
statistics of the noise spikes, and the response time of the specific peak detector. These
effects are quantified by taking the ratio of the peak noise reading to the average noise
reading. The average noise level 1s a truer measure of the actual amount of noise energy
present, while the peak reading characterizes the peak detector and the statistics of the
noise spikes.

CRice. 80, "Statstical Properties of a Sme Wave Ploz Randon Nowe" Bell Svatem Techmcal Journal 27 Naoll Jdanuary.
1948 pp 109157

B-1Am Besidual Norse Fileers
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COMMENTS

Noise Must Be Gaussian

The primary restriction placed on this method of accounting for residual noise is that the
noise must be gaussian (that is, statistically random). Periodic noise (for example, line-
related noise) has repeating peaks and thus does not fall within the statistical model used
to derive the nomograph given in the procedure.

A noise-peak-to-noise-average ratio (N, /N,,) greater than 4.4 is a strong indication of a
periodic component in the residual noise.

Use Range Hold During Measurement

Both the modulation and the noise measurements used with the nomograph should be made
on the same modulation range and with the same peak-detector time-constant. Use the
Range Hold key while the instrument is measuring the modulated carrier, then measure
the residual noise.

Select the Highest of Successive Readings

When characterizing the effects of residual noise on peak ®M measurements using the
3 kHz low-pass filter, readings may jump considerably. Use the highest of 10 successive
readings for all peak measurements in the computations. (Simply select PEAK HOLD and
note the reading after 2 seconds.)

No Residual Noise in Calibration

The residual noise contributions of the AM and FM calibrators and the Modulation
Analyzer are accounted for in the calibration procedures. It is not necessary to factor
residual noise corrections into the calibration procedures described in this manual. (Refer
to AM Calibration and FM Calibration.;

Considerations When Using the RMS Detector

During FM measurements if the RMS detector is selected (Blue Key, AVG), FM de-
emphasis pre-display is automatically selected. Pre-display must turn on at this time due
to circuit configuration of the Modulation Analyzer. When pre-display is selected this way,
it will not turn off automatically when another detector is selected. Turn off pre-display
(after selecting another detector} by pressing the PRE DISPLAY key (HP-IB code: PO).
Measurements could be affected by this pre-display seiection.

Besadiad None Piliet s
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Special Functions

FUNCTIONS

All Special Functions prefixed 1 to 39

DESCRIPTION

Gen

Pref

Pref

Pref

eral Information

Special functions enable extended use of the instrument beyond the control normally
available from dedicated front-panel keys. The special functions are best used after a
thorough understanding of the instrument is grasped.

Special functions are accessed via keyboard entry of the appropriate numeric code termi-
nated by the SPCL keyv. (Refer to "Procedures”.) The codes comprise a prefix, decimal, and
suffix. Special functions are disabled in different ways, depending on the function. Refer to
the following comprehensive table for actions which clear or disable any special function.
Special functions are grouped by their prefixes into three categories as follows:

ix0

Prefix 0 is the Direct Control Special Function intended for use in servicing the Modula-
tion Analvzer (discussed in detail in Section 8). All instrument error messages and safe-
guards are inactive. If the Direct Control Special Function is entered inadvertently, press
AUTOMATIC OPERATION.

ixes 1 to 39

Prefixes 1 to 39 are the User Specizal Functions that are used during normai instrument
operation when a special configuration, a special measurement, or special information is
required. All error messages and most safeguards remain in effect unless the operator
disables them. These special functions are described in the table in this instruction.

ixes 40 to 99

Prefixes 40 to 99 are the Service Special Functions used to assist in troubleshooting an
instrument fault {discussed in detail in Section 8). The functions available include special
internal measurements, software control, and special service tests and configurations.
Most instrument safeguards are relinguished. If a Service Special Function is entered
inadvertently, press AUTOMATIC OPERATION. Repair personnel can gain arbitrary
control of the instrument as an aid in oroubleshooting.

Viewing Special Function States

In addition to completing the entry of special function codes, the SPCL key enables viewing
of some special function settings. The operator-requested settings of Special Functions
prefixed 1 through 10 can be viewed by pressing the SPCL key once tlollowing no numeric
entrve This display is called the Specind Display. i some of these Dpecial Functions are '
automatic modes tzenerally the U-suilin serting), the actual instrument settings of these
‘unciions coan be displaved by pressing the SPCL key o second time while the Special
Display is sull active, This dispiayv s catled the Specind Soecnd Thspiay. Both displavs can
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Model 5901A Operation

be disabled by pressing any key except the Blue Key, LOCAL, or S(shift) key. (While either
display is active, pressing the SPCL key selects the other display.)

A summary of User Special Functions is provided at the end of this instruction. Also
included in this instruction are procedures for initiating special functions and for obtaining
the Special Display and the Special Special Display.

PROCEDURES

Entering Special Functions

To use a special function, key in the corresponding code, then select SPCL.

Special Dispiay

To display the user-requested modes of special functions prefixed 1 through 10, select
SPCL alone one time. The digit position (noted beneath the display} corresponds to the
special function prefix, and the number displayed in that position corresponds to the special
function suffix.

Special Special Display

To determine the actual instrument settings corresponding to special functions prefixed
1 through 10, press the SPCL key alone once while the Special Display is active. {If the
Special Display is not active, press the SPCL key twice to get this display.) The digit
position corresponds to the special function prefix, and the number displayed in that digit
corresponds to the special function suffix.

All special function codes are formed by the special function number followed by the code
“SP”. For examgle, the code for Special Function 7.31s “7.35P".

For special function codes with zero as a suffix, force a single space if the zero is to be
ommitted. For example, “10.0SP” could be “10. SP”

EXAMPLES

Entering Special Functions

To display the frequency of the signal in the IF {Special Function 10)

———Code — .~ Function—
LOCAL
‘ / ! N
(keystrokes) 3 |0 C i 0 L_'jSECL
| HP-IB 4 10.08P
{program codes) Code—j— — Function
i

Spccial Frinetons St
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Viewing the Special Display

When SPCL is pressed alone once, the following display might result:

This display is interpreted as follows:

Model §301A

Special Fuaction

Code

Name

User-Requested Sefting

1.0

Input Attenuation

Automatic Selection

21

Modulation Range

40% AM: 4 kHz FM, 4 radians &M

3.0

IF Frequency and Input High-Pass
Filter

Automatic Selection: no Input High-Pass
Filter

4.2

Tune Mode

Manual Tuning

5.0

Audio Peak Detector Time Constant

Fast Peak Detector

6.1

AM ALC Response

Fast AM ALC

Frequency Resolution

1000 Hz Resclution

‘8.8

Measurement Error Disable

EOQ1 through E04 enabled

Dol Specrd Fonetiens
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Speciai Special Display

When SPCL is pressed again, the following display might result: (The user-selected Special
Functions shown in the previous example are repeated in the Special Special Display. The
Special Functions that were left in the automatic selection mode will display the suffix that
was automatically selected.}

The display is interpreted as follows:

Special Function Actuat Instrument Setting
Code Name
1.2 Input Attenuation 10 dB Attenuation
2.1 Modulation Range 40% AM; 4 kHz FM; 4 radians &M
3.2 IF Frequency and Input High-Pass 1.5 MHz IF Frequency; no Input High-Pass
Filter Filter
4.2 Tune Mode Manual Tuning
5.0 Audio Peak Detector Time Fast Peak Detector
Constant
6.1 AM ALC Response Fast AM ALC
7.2 Frequency Resolution 1000 Hz Resolution
8.8 Measurement Error Disable EQ1 through EQ4 Enabied

COMMENTS

Omit Zero Suffixes

If a special function has a suffix of zero, the zero need not be entered. For exampie, 10.0
SPCL equals 10.SPCL. (However, 22.2 SPCL does not equal 22.20 SPCL nor does 18.1
SPCL equal 18.10 SPCL.) If entering a special function coce evokes Error 21 {invalid key
sequence), the special function requested has not been executed.

HP-IB

Force a single space in “10. SP” if the zero is to be omitted.

CLEAR Key

If an ervor is made while keving in the special function code, select CLEAR and re-enter
the code.

Spociad Fonetions S- e
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Special Functions

Special Function Summary (1 of 4)

Operation

/ Disabied by /
a
D P &~
ol N N ¥
Qe = 2 =
p— &/ IsE )5 0
Special Function | Pragram . w | o/ &) &/ > Referencesand
Code Description £ S o </ 5 Comments
Name Code = S/l /IS
Input Attenuation | 1.0 | 1.0SP [ Automatic selection N - - - -] = Attenuation, Input
1.1 | 1.18P ! G dB input attenuation Y Y N | N|N|—
1.2 | 1.28P |10 dB input attenuation Y Yi{ NI N|N| —
1.3 | 13SP | 20 dB input attenuation Y Y N N i N | —
1.4 | 1.4SP | 30 dB input attenuation Y Y N N N -
1.5 | 1.55P |40 dB input attenuation Y Y | N| N | N| -
1.6 | 1.65P |50 dB input attenuation Y Y N N | N| —
Modulation Range | 2.0 | 2,08P | Automatic selection N - - - - - Modulation Range
AM M OM Medulation Quiput
(%) (kHz) (rad)
2.1 1218P (€40 4i<04*< 4 | Y Y | N N | N | —
2.2 | 2.25P <100 < 40§ 4%1< 40 | Y Y| NI N | N |-
2.3 1 2.38P <100 [<400|< 40%;<400 | Y Y | N N | N |-
*with 750 Us de-emphasis,
pre-display
IF Frequency and | 3.0 | 3.05P | Automatic IF selection; in- N - - e -_— Frequency, IF and
Input High-Pass put high-pass filter out Input High-Pass
Filter IF " Input High- Filter
(MHz) Pass Filter
3.1 | 3.18p 0.453 Out Y Y| NI N | N | —
3.2 | 3.25P 1.5 Out Y Y | N N I N | —
3.3 | 3.38P 0.455 In Y Y N N | Ni—
3.4 | 3.4SP 1.5 In Y Y | N N | N |-
Tune Mode 4.0 | 4.05P [ Automatic tuning; low noise | N — - - - — Tuning
LO
4.1 | 4.15P ! Automatic tuning; track Y Y N N | N | —
mode
4.2 | 4.25P |[Manual tuning via keyboard | Y Y| N|N|N |~
entry
Audio Peak Detec- | 5.0 | 5.05P | Fast peak detector N -1 =1 == |- Detector {Peak)
tor Time Constant | 5.1 | 5.1SP |Siow peak detector Y Y N N N - Time Constant
AM ALC Response| 6.0 | 6.08P |Slow AM ALC response N -t - === AM ALC Response
6.1 | 6.1SP | Fast AM ALC response Y | Y| N|N{N|—| Tme
6.2 | 6.2SP ' AM ALC off Y Y N N |N | —
N = No; —= Not Applicable: Y = Yes: *Except the LCL, § (Shift}, and Numernic Keys

Special Functions
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Special Functions

Special Function Summary (2 of 4)

Mcedel 85301A

/ Disabled by

/

-
&/ >/ & =
- ] . 2
S/a /8] & S
ial F i P aml & /S g c;: PN References and
Special Function rogr " ol &/ = 2/ .
Code Description £/ 5/ 2 < :? ;:1‘3 Comments
Name Code | IE) S/l /T /< /I
Frequency Reso-| 7.0 7.0SP | Automatic selection Nl —~-|—-1—=—1-1- Frequency Resolu-
lution 7.1 7.1SP |10 Hzresolution (f<1GHz)| ¥ | Y | N I N | N | — tion
7.2 7.25P | 1000 Hz resolution Y | Y| N N N | =
Error Disabie 8.0 8.0SP | Automatic selection N - — - - — Error Disable
8.1 8.15P | E01 disabled Y| Y| N|N| N| — Error Message
8.2 8.2SP | E02 and E03J disabled Y Y I N N N - Summary
8.3 8.35P | E01, E02, and EQ3 disabled| Y Y !N N N - Attenuation, Input
8.4 8.45P | E04 disabled Y Y | N N N | = Modulation Range
8.5 8.55P | E01 and E04 disabled Y Y N N N —_ Tuning
8.6 8.65P | E02, E03,and E04 disabled| Y Y | N N N | —
8.7 8.7SP | EO1 through E04 disabled Y Y | N N N | —
8.8 8.88P ! EQ1 through E04 enabled Y Y I N N N | —
Hold Settings 9.0 9.0SP | Holds ranges, tuning, and Y| Y| NJN|N|~- Hold Settings
error modes at present set-
tings; disables automatic
functions
IF Frequency 10.0 | 10.08P | Measures IF signal Y N Y N N N Freguency, IF
Measurement frequency
Re-enter RATIO | 11.0 | 11.087 | Re-enter % RATIO N e Bt Bt Bl Ratio
with Previous 11.1 | 11.18P | Re-enter dB RATIO N - i — — — -
Reference 11.2 { 11.2SP | Read RATIO reference Y Y Y Y Y Y
11.3 § 11.38P | Make RATIO reference N - | - - =1 =
negative
FM Calibrator 12.0 | 12.0SP | Display computed peak FM | ¥ N Y N N N Calibration, FM
deviation
NOTE: 12.1and
o . . .
12.1 ; 12/15P Dlsp.iay demodulz'ite# peak Y N Y N N N 1292 set the Modu-
residual FM deviation lation Range to
12.2 | 12.25P | Display demodulated peak | Y N Y N | N N 29
FM deviation
AM Calibrator 13.0 | 13.0S8P | Display computed peak AM| Y N Y N N N Calibration, AM
depth
{Continued
on next page)
N = No:- = Not applicable; ¥ = Yes; *Except the LCL. 5 (Shift), and Numerie Keys

R I Specind Functions
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Special Functions

Special Function Summary (3 of 4)

/ Disabled by /

Operation

£l E 3
— = . = 2
| SIS /&) <
Special Function | Program | - &S [/ w & [ 2/ T/ Referencesand
Code Description T @ o
s/~ s/ />3 Camments
Name Code | CIZED F/IF/</T : /&
AM Calibrator 13.1 | 13.18P | Display demodulated peak | Y N [ Y N N | N NOTE: 13.1and
{Cont'd) residual AM depth 13.2 set the Modu-
13.2 | 13.28P | Dispiay demodulatedpeak | ¥ | N | Y | N ' N | N | lation Range to
AM depth 2.1,
Set Limit 14.0 | 14.08P | Clear limits; turn off LIMIT | N | — | — | = | — | — | Limit, Ratio
annunciator
14.1 | 14.1SP | Set lower limit to RATIO N N N N N | —
reference NOTE: 14.5 and 14.6
14.2 | 14.28P | Set-upper limit to RATIO N N | N N N | — | Special Functions will
reference : display 0O if the limit
14.3 | 14.3SP | Restore lower limit N | N N N N | — | is not enabled.
14.4 | 14.45P | Restore upper limit N N N N N | —
14.5 | 14.55P | Read lower limit Y Y Y b4 Y iy
14.6 | 14.65P | Read upper limit Y Y Y Y Y| Y
14.7 | 14.75P | Read lower limit measure- Y| Y Y Y Y | Y
ment code
14.8 | 14.8SP | Read upper limnit measure- Y Y Y Y Y| Y
ment code
Time Base Oven | 15.0 | 15.08P | Display E12 if internal Y Y Y Y Y N If the oven is warm
(Option 002 reference oven is cold or if the high sta-
oniy) bility reference
oscillator 18 not in-
stalled; no display
change occurs.
AM Calibration | 16.0 | 16.05P | Disable AM calibration N - - — - - Calibration, AM
(Option 010 factor
only) 16.1 116.1SP | Enable AM calibration N N N N N -
factor
16.2 | 16.25P | Read AM calibration Y Y Y Y Y Y
factor (O if not enabled)
FM Calibration |17.0 | 17.08SP | Disabie FM calibratior N - — — - - Calibration, FM
{Option 010 factor
only) 17.1 | 17.18P | Enable FM calibration N N N N N —
factor
17.2 | 17.28P | Read FM calibration Y Y Y Y Y Y
factor (0 if not enabled})
N = No: —= Not applicable: Y = Yes; *Except the LCL, 5 (Shift), and Numeric Keys

speciai Funetions
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Special Functions

Special Function Summary (4 of 4}

Model 8901A

Disabled by

J

]

Flel# s
o el P g
1 1 E % gf, -f:’ »* ;f
Special Function Program Descrinti 2 X g o | 2 | - | Referencesand
Code scription IR/ /E/</3] Comments
Name Code |IZT) F/2//5/3F/8&
Tone Burst 18NN| 18.NNSP| Configures the Moduiation | Y Y Y Y Y N Tone Burst
Receiver Anatyzer as a tone burst re- Receiver
ceiver where a settling time
is inserted between detect-
ing a carrier and turning on
MODULATION OUTPUT.
NN is that time from 1
through 99 ms. If NN =0,
the delay is 99 ms.

HP.IB Address |21.0 {21.0SP | Displays HP-IB address in Y Y Y ¥ Y | N HP.IB Address
form AAAAATLS.
AAAAA is the binary ad-
dress. T=1 means talk only,
L=1 means listen only;

S=1 means service request
issued.

Service Request | 22NN | 22.NNSP| Enables a condition to N N N N N N Service Request
cause a service request to Condition. This
be issned. NN is the sum of function is set to
any combination of the zero suffix by a
weighted conditions below: HP-1B Clear mes-
1 Data ready sage or by Service
9 HP.IB error Special Functions
4 Instrument error 40 and 41.

8  Upper limit reached
16 Lower limit reached
Instrument powers up in
the 22.2 state.
N = No; — = Not Appiicable: Y = Yes; *Except the LCL. S (Shift), and Numeric Keys

=pecind Fonctions
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Time Base 10 MHz Input and Output

GENERAL

CAUTION
Do not apply greater than 20 V (pk) {ec + dc) into the TIME BASE 10 MHz
INPUT or damege to the instrument may result.

Do not apply greater than 3 V de or greater than +20 dBm into the TIME
BASE 10 MHz OUTPUT or damage to the instrument may result.

DESCRIPTION

TIME BASE 10 MHz INPUT provides an iinput for an external 10 MHz time base reference.
This input is ac coupled and requires an input signal level greater than 0.5 V {p-p}. The
input impedance is approximately 500Q. TIME BASE 10 MHz OUTPUT (available oniy
with the high stability reference, Option 002) proviides an output for the internal 10 MHz
reference. This is a 500, TTL compatiible output (O V to > 2.2 V into an open circuit.

COMMENTS

An Option 002 (high stability reference) Modulation Analyzer driven from an external
reference will only output the signal form its own internal reference, not the external input
signal.

When using an external time base reference, the accuracy of all measurements depends on
the accuracy of the external reference.

When an external time base of sufficient amplitude is applied, the Modulation Analyzer
time base circuitry automatically switches to the external time base.

Ifthe internal time base fails, an external time base may still be used. Connect the extenal
time base to TIME BASE 10 MHz INPUT, the switch the instrument’s LINE switch to
STRY and back to ON.

To drive several instruments from a singel external reference, simply use a BNC tee at the
Modulation Analyzer's TIME BASE 10 MHz INPUT.

To determine whether the Modulation Analyzer has actually switched in the externally
applied time base, key in 46.9 SPCL. The display should show 1 000 GO0 +1 if the external
time base is in. If the external signal was not switched in, the display will show Qor 1 only.

Trme Pase 10 Mz Input and Outpuat S-171
4 13



QOperation

Model 8301A

Tone-Burst Receiver

FUNCTIONS

Special Function 18 (Tone-Burst Receiver)

DESCRIPTION

A-172

In some FM applications (mobile radio testing, for example), after a transmitter is keyed,
it issues squelch tones for a brief interval. Often, it is necessary to measure the frequency
of the squelch tones. This measurement is made difficult by the noise in the demodulated
audio during the short delay between the keying of the transmitier and the appearance of
the audio tones.

Special Function 18 enables the Modulation Analyzer to be configured as a tone-burst re-
ceiver. This function inserts a user-selectable delay between the instant the instrument
senses an RF signal at its INPUT and the time when it turns on the output of MODULA-
TION OUTPUT. When an external counter is connected to this output, the squelch tone
will reach the counter only when a valid measurement can be made. The time delay is
selectable from 1 through 99 milliseconds. The following photo illustrates a 99 ms delay
between transmitter keying lower trace).

+(,55V
MOOULATION
OUTPUT LIV,
~0.55V
+(.5V
TRANSMITTER ; LV
KEYING PULSE Vo
—0.5v

Oscilioscope Photo Depicting a 99 ms Delay Between Transmitier Keying Pulse
(Lower Trace; and Activation of MODULA TION QUTPUT

Tone Barst Recerve
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PROCEDURE

In order to successfully measure tone bursts:
Tune and range the Modulation Analyzer.
Select FM.

Select an audio detector and if desired, audio filters and FM de-emphasis.

L b

. Kev on the transmitter and allow the Modulation Analyzer to range and tune
automatically.

. Select Hold Settings (9.0 SPCL) to hold all ranges and tuning.

6. Select the time delay to be inserted between the moment the transmitter is keved and
the time MODULATION OUTPUT is to be turned on. This delay becomes the Special
Function suffix. (If 18.0 SPCL is selected, the Moduiation Analyzer executes a 99 ms
delay.)

o

=1

Enter the Special Function code 18. NN (where NN is the selected delay in millisec-
onds), then select SPCL. (If18.5 is entered, a 5 ms delay is executed. For a 50 ms delay,
enter 18.50.)

The Modulation Analyzer is now set up to receive tone bursts. To exit this mode, select any
key except the S (shift}, LCL, or numeric keys.

EXAMPLES

A 50 ms delay is inserted by the Modulation Analyzer between the keying of an ¢'M mobile
radio transmitter and the measuring of its squeich tone frequency. It is assumed that the
Modulation Analyzer is tuned to the transmitter frequency and that the input attenuation,
modulation range and tuning are fixed.

LOCAL Code ~ Function=—,

{keystrokes) ' ‘3 @ D @ @ Ds»m
¥ HP-1B 2 18.50SP

(program codes) CcdejL Function

PROGRAM CODES (X5

The Special Function code suffix is derived from the time delay as described previocusly.
The HP-IB code for the SPCL key is SP.
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INDICATIONS

As the numeric code is entered, it appears on the front pane! display. When the SPCL key
is pressed, the display shows two dashes (— —) if no RF is at the INPUT. The display shows
18 NN if RF is present (NN is the delay in milliseconds). All key lights will be turned
off (including the FM and DETECTOR) keys) except the filter and de-emphasis keys (if
selected) and the SPCL key. Note that if DE-EMPHASIS PRE-DISPLAY is selected, the
PRE-DISPLAY key will be turned off since FM is not being displayed.

COMMENTS

Suggested Use of Maximum Delay

When using the Tone Burst Receiver Special Function, use the 99 ms delay for best results.
Shorter delays require very careful setup since, with no input, the high-gain IF Amplifier
and Limiters “tune” the noise to an average frequency often slightly different than the
nominal IF. When RF first enters the instrument, the IF shifts abruptly to the nominal
frequency. This shift creates an FM transient which settles out after a short period and
thus is not apparent with longer delays. With short delays the transients can be avoided
by carefully tuning the instrument so that the IF frequency when the transmitter ison is
close to, or equal to the average [F frequency when the transmitter is off.

HP-1B

This function is best used when operating through HP-IB since the external counter
connected to the output of MODULATION OUTPUT may need to acquire several sets of
data in rapid succession (when counting multiple tones, for example).

Selective Range Holding

Ranges can be held for this function using the individual Special Functions for each
parameter instead of using the Hold Settings Special Function (8.0 SPCL).

Default Condition
Special Function code 18.0 provides a 99 ms delay.

Tone Burst Frequency Cannot Be Measured

The audio frequency measurement mode ¢annot be used to measure the frequency of the
tone burst.

oM But Not AM

This feature works also with the ®M measurement mode but not AM.

RELATED SECTIONS

Attenuation, Input
FM

Hold Settings
Modulation Range
Special Functions
Tuning

=17 Tone Burst Recerver



Model 8901A Operation

Tuning

FUNCTIONS
Special Function 4

DESCRIPTION

The Modulation Analyzer is considered tuned to an input signal when the frequency of
the Local Oscillator (LO) is adjusted to produce an IF signal that is centered in the IF
passband. Normally, this occurs when the LO frequency is placed either 1.5 MHz or 455 kHz
above the input frequency, depending upon which IF is selected. The only exception to the
above is when the 1.5 MHz IF is selected for input frequencies below 2.5 Mhz. Under these
conditions, the LO is tuned to 101.5 MHz and the low-frequency input passes directly into
the IF.

The Modulation Analyzer employs two techniques to determine what frequency to tune to.
In Automatic tuning, the entire input spectrum is searched for the presence of a signal.
Once found, the LO is tuned so that the signal is received. In manual tuning, the desired
input frequency is entered via the numeric keybeard, and the LO is tuned so that the
frequency is received.

The LO can be configured in two ways: a fixed frequency mode that is used for low-noise
measurements, and a tracking mode in which the LO follows a moving input signal. The
two frequency selection technigues and LO configurations combine to produce three tuning
modes: Automatic Tuning — Low Noise LO, Automatic Tuning — Track Mode, and Manual
Tuning. Two kinds of manual tuning are allowed: keyboard entry of input frequency and
frequency stepping. All of these tuning modes are described in more detail below.

Automatic Tuning — Low-Noise LO

In this mode, if not already tuned, the Modulation Analyzer searches throughout its
frequency range for an input signal and tunes to it. To successfully tune to the desired
signal, the signal’s second and third harmonic levels must be al least 10 dB below the level
of the fundamental. All other signals at the input must be at least 30 dB below the level
of the desired signal. If two input signal have similar power levels, the higher frequency
signal is usually seiected. Once tuned, the LO is locked to an internal voltage controlled
crystal osciliator for highly stable, low-noise measurements. This tuning is maintained as
long as a detectable signal is present. If the input signal disappears (drops below —20 to
—25 dBm), the Modulation Analyzer returns to the searching process. This mode of tuning
is selected whenever AUTOMATIC OPERATION is pressed, and may be used with either
the 1.5 MHz or 455 kHz IF.

Automatic Tuning — Track Mode

In this mode, the instrument searches for the input signal as described above: however,
it does not lock to the internal reference oscillator. Instead, the LO is locked to the input
signal itself and thus tracks that signal as it moves. This is extremely useful for checking
modulation or level as a function of carrier frequency. If the input signal disappears (for
example, while switching bands), the Modulation Analyzer will search for, and will re-
acquire the input signal. Track mode tuning is not allowed with the lo-rate LFM on the
input signal, thus FM measurements should only be made in track mode when modulation
rates exceed 1 kHzo Also, track mode tuning s not recommended where optimum noise
performance = recommended where optimum noise performance is reguired.
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