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Sound Emission

Manufacturer's Declaration

This statement is provided to comply with the requirements of the German Sound DIN 45635
T. 19 (Typprufung).

This product has a sound pressure emission (at the operator position) < 70 dB(A).
= Sound Pressure Lp < 70 dB(A).

= At Operator Position.

a Normal Operation.

= According to IS0 7779 (Type Test).

Herstellerbescheinigung
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= Schalldruckpegel Lp < 70dB (A).
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e Nach DIN 45635 T. 19 (Typprufung).
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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 has been designed and tested in accordance with IEC Publication 1010,
“Safety Requirements for Electronic Measuring Apparatus,” and has been supplied in a
safe condition. This instruction documentation contains information and warnings which
must be followed by the user to ensure safe operation and to maintain the product in a safe
condition.

SAFETY EARTH GROUND

A 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.

SAFETY SYMBOLS
A Indicates instrument damage can occur if indicated operating limits are exceeded.
4@3 Indicates hazardous voltages.
-+ Indicates earth (ground) terminal

WARNING A WARNING note 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 A CAUTION note denotes a hazard. It calls attention to an operation
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 an CAUTION note until the indicated conditions are fully
understood and met.

2 Chapter 1



Regulatory Information (Updated March 1999)

Safety Considerations for this Instrument

WARNING

This product is a Safety Class | instrument (provided with a
protective earthing ground incorporated in the power cord). The
mains plug shall only be inserted in a socket outlet provided with a
protective earth contact. Any interruption of the protective
conductor inside or outside of the product is likely to make the
product dangerous. Intentional interruption is prohibited.

Whenever it is likely that the protection has been impaired, the
instrument must be made inoperative and be secured against any
unintended operation.

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

If this product is not used as specified, the protection provided by
the equipment could be impaired. This product must be used in a
normal condition (in which all means for protection are intact) only.

No operator serviceable parts in this product. Refer servicing to
qualified personnel. To prevent electrical shock, do not remove
covers.

Servicing instructions are for use by qualified personnel only. To
avoid electrical shock, do not perform any servicing unless you are
qualified to do so.

The opening of covers or removal of parts is likely to expose
dangerous voltages. Disconnect the product from all voltage sources
while it is being opened.

The power cord is connected to internal capacitors that my remain
live for 6 seconds after disconnecting the plug from its power supply.

For Continued protection against fire hazard, replace the line fuse(s)
only with 250 V fuse(s) or the same current rating and type (for
example, normal blow or time delay). Do not use repaired fuses or
short circuited fuseholders.

Always use the three-prong ac power cord supplied with this
product. Failure to ensure adequate earth grounding by not using
this cord may cause product damage.

This product is designed for use in Installation Category Il and
Pollution Degree 2 per IEC 1010 and IEC 664 respectively. FOR
INDOOR USE ONLY.

This product has autoranging line voltage input, be sure the supply
voltage is within the specified range.

Chapter 1



Regulatory Information (Updated March 1999)

To prevent electrical shock, disconnect instrument from mains (line)
before cleaning. Use a dry cloth or one slightly dampened with water
to clean the external case parts. Do not attempt to clean internally.

Ventilation Requirements: When installing the product in a cabinet,
the convection into and out of the product must not be restricted.
The ambient temperature (outside the cabinet) must be less than the
maximum operating temperature of the product by 4” C for every 100
watts dissipated in the cabinet. If the total power dissipated in the
cabinet is greater than 800 watts, then forced convection must be
used.

Product Markings

CE - the CE mark is a registered trademark of the European Community. A CE mark
accompanied by a year indicated the year the design was proven.

CSA - the CSA mark is a registered trademark of the Canadian Standards Association.

4 Chapter 1



CERTIFICATION

Hewlett-Packard Company certifies ¢hat this product met its published specifications at the time of ship
ment from the factory. Hewlett-Packard further certifies that its calibration measurements are traceable
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 period, Hewlett-Packard Company will
at its option, either repair or replace products which prove to be defective.

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

HP warrants that its software and firmware designated by HP for use with an instrument will execute
its programming instructions when properly installed on that instrument. HP does not warrant that the
operation of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

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

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

THE REMEDIES PROVIDED HEREIN ARE BUYERS 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-
Packard 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, &vice substrates can be
punctured or destroyed by contact or mere proximity 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 &vices.

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 service
circuitry 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 | 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.

SAPETY EARTH GROUND

An uninterruptible 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

A Instruction manual symbol: the product will be

marked with this symbol when it is necessary for the
user to refer to the instruction manual (refer to Table
of Contents.)

5 Indicates hazardous voltages.

= |ndicates earth (ground) terminal.

WARNING The WARNING sign denotes a hazard.
It calls attention to a procedure, practice, or the like,
which, if not correctlyperformed 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 to 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.

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

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

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

Servicing instructions are for use by service
trained personnel only. Tb avoid dangerous elec-
tric shock, do not perform any 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 a&-
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 example,
normal blow, time delay, etc.) Do not use repaired
fuses or short circuited fuseholders.
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MODEL 8901A

LINE POWER CABLE OPTION 907
FRONT HANDLE KIT

- -
— —
- -
e —
- -
P —
- -
OPTION 908
RACK FLANGE KIT RACK FLANGE AND FRONT

HANDLE COMBINATION KIT

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

Figure I-1. HP 8901 A (Option 010) Accessories Supplied, and Options 907, 908, and 909



Model 8901A GeneralInformation

Section 1
GENERAL INFORMATION

INTRODUCTION

This Operation and Calibration Manual contains information required to install, operate,
test, and adjust the HP 8901A Modulation Analyzer. The Modulation Analyzer (with the
AM and FM Calibrators, Option 010) is shown in figure I-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 basic
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 I-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 I-I. 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 | 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
1234A00123. The first four digits and the letter are the serial prefix. The last five digits
form the sequential suffix that is unique to 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.

Outside the U.S.A.

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

1-2 rev. 12iUA Y93
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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 PM 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 Analyxer
makes a second contribution to signal analysis — extremely precise modulation measure-
ments. Its ability to make precise depth and deviation measurements, coupled with its very
low internal noise, enables the Modulation Analyxer 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 PM 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 Analyxer 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 IEEE
Standard 488 and ANSI Standard MCL1.1.)

rev.12MAY93 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 (22 mV rms to 7 mV rms), and is protected from damage
for signals up to 35 V rms. However, unlike many frequency counters, it 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 a local
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.
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Figure 1-2. Typical Sensitivity of Frequency Measurements in Manual Operation

In manual operation, you can determine the frequency to which the Modulation Analyzer
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 (-60 dBm), and dynamic range of >90 dB
(0.22 mV rms to 7 V rms).

RF Power Measurements

The Modulation Analyzer uses a diode detection circuit to measure RF input power. This
technigue measures peak voltage and is calibrated from 1 mW to 1 W for sine wave inputs.
For amplitude-modulated signals, the Modulation Analyzer 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 resolution. Because the IF filter allows some
selectivity, one signal can be measured even when others are present.
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Figure I-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 in a 50 Hz to 3 kHz bandwidth is <0.01% rms.

FM deviation can be measured with an accuracy of 1% of reading and displayed with
resolution 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
rejected.
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1-6

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 radios. 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 key resets the display and initiates a new measurement cycle.
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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
filter. 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 filters. These are the ones commonly used in FM communications: 2550, 75,
and 750 pis. When selected, the de-emphasis networks always affect the demodulated output.
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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.

Modulation Calibrators

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 I-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 is 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 internally-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 also 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 mobile transmitters, you can enter
3 (kHz), depress the dB key, and make measurements in dB relative to 3 kHz deviation.
Similarly, in broadcast FM applications, deviation could be displayed in % relative to
75 kHz deviation where 75 kHz is defined as 100%. You can also enter a measurement
limit on the keyboard which will cause the Modulation Analyzer to indicate whenever the
measured value exceeds the value entered as a limit.

1-9
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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 continuously 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
troubleshoot 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
Interface 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 ideal 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 Analyzer is in remote, the front-panel annunciators make it very
easy to determine what state the instrument is in.
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Figure I-9. Demodulated FM Stereo Test Signal at 15 kHz Rate

I-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 34 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
they 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.

1-11
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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 is composed of a unique part which combines
both functions. Order HP part number 5061-9684.

1-8. HEWLETT-PACKARD. INTERFACE BUS (&)

Compatibility

The Modulation Analyzer is compatible with HP-IB to the extent indicated by the following
code: SH1, AH1, T5, ‘I'EO, L3, LEO, SR1, RL1, PPO, DC1, DT1, CO. The Modulation
Analyzer interfaces with the bus through open-collector ‘ML circuitry. An explanation
of the compatibility code may be found in IEEE Standard 488, IEEE Standard Digital
Interface for Programmable Instrumentation or the identical ANSI Standard MCL1.1.

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

manual.

Selecting the HP-IB Address

The HP-1B address switches are located within the 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-1B Address Selection in
section 2 of this manual.

1-9. ACCESSORIES SUPPLIED

The accessories supplied with the Modulation Analyzer are shown in figure I-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
220/240 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.

I-10. ELECTRICAL EQUIPMENT AVAILABLE

HP-IB Controllers

The Modulation Analyzer has an HP-IB interface and can be used with any HP-1B
compatible computing controller or computer for automatic systems 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 08901-60287) is available which contains 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 PM calibrators (Option 010), order HP part number
08901-60234. 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 installed, CALIBRATION OUTPUT 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 8901A.

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 8901A 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 126.5 V ac. To convert to 400 Hz operation, order HP part number 08901-60226. After
installation, performance will be identical to the HP 8901A Option 004.
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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 connectors, order HP part number 08901-60236. 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.

[-I 1. 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 Tilt 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 14940025 for 431.8 mm
(17 in.) tilting slides and part number 1490-0023 for the correct adapters for non-HP rack
enclosures.

I-12. RECOMMENDED TEST EQUIPMENT

Table I-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 I-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.

I-1 3. PRINCIPLES OF OPERATION FOR SIMPLIFIED BLOCK DIAGRAM

1-14

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 tied intermediate
frequency (IF) which is then demodulated. Like a receiver, the Modulation Analyzer
contains an RF input, local oscillator (LO), mixer, IF 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 Overpower Relay is 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. It can tune to a frequency 1.5 MHz (or 455 kHz) above that entered from the keyboard
(the manual tune mode).

3. It 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 to
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 FM demodulator. 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 filtered (which for FM may include de-emphasis)

and drives the front-panel MODULATION OUTPUT and the voltmeter circuits. The
voltmeter converts the ac input into a dc 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-panel functions
are automatically set for proper demodulation of the calibrator’s signal.

The entire operation of the instrument is 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 the 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.

[-14. MODULATION BASICS

The Modulation Analyzer can demodulate and measure three types of modulation: ampli-
tude modulation (AM), frequency modulation (FM), and phase modulation ($M). In gen-
eral, modulation is that characteristic of a signal which conveys the information. A signal
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without modulation is said to be a continuous-wave (CW) signal. CW signals contain two
informationcarrying 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.

Amplitude Modulation

As the name implies, a carrier is amplitude modulated when its amplitude is varied as a
function of time. Figure I-11 shows a carrier with amplitude modulation and, for reference,
also 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.

N—-

(a) BASEBAND SIGNAL
154 P
1.0 r A
o.5 JHlHHAC |‘|‘|‘H”|”||||”|”
o MMW\!I‘!I”I\!f}l!l{l!l!i””“”””” Ml ”‘!‘W‘!‘”‘!‘“;'”'!'””M'm HLIMM””MJ}I\

{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

P-T
-— 0,
772.= 5 x 100%.

In the example of figure I-11, P= 1.5 and T = 0.5; therefore,

5—0.5

X 100% = 50%..
05 100% = 50%

mo_
]

Figure 1-12 shows AM signals with modulation indeses varying from 0 to 100%.
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(a) 0% Am{cW)

(b) 30% AM

(¢) 70% AM

{d) 100% AM

Figure 1-12. AM for Various Depths

Model 8901A

When the baseband signal is symmetrical, the modulation index can also be expressed in
terms of the average carrier level, A and the envelope peak, r, relative to the carrier. Then

P=A+r, T=A-r,and the expression for modulation index becomes

_A+r—-A+r
M= Ay r+A—r

2r r
100% = — % = — %.
x 100% 2AXlOO/o AXlOOA)

This is the expression which the Modulation Analyzer evaluates when making an AM
measurement. Referring back to figure I-11, it is apparent that A= 1 and » = 05s0, as

before

N7}

m =

1

x 100% = 50%.
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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
100/4 and displayed as the % AM.

Figure 1-13 illustrates 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# A— T. The Modulation Analyzer detects a different
value for = 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-.

NN

(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 example of such is suppressed-carrier AM. The Modulation
Analyzer is not intended for measuring such signals. 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.

Figure 1-14. AM with Modulation Exceeding 100%: as Measured by the PEAK+ Detector
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Exponential Modulation

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 signal unless specific information
about the baseband signal is given.

It is certainly true to say that a signal is frequency modulated when the modulation is
generated by a frequency modulator. A varactor diode across the tank circuit of an LC
oscillator will produce FM when the varactor 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 filter will 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 is driven from a well-buffered
carrier source. This modulator simultaneously produces AM.)

BASEBAND SIGNAL BASEBAND SIGNAL
SIGNAL FROM FREQUENCY MODULATOR SIGNAL FROM FREQUENCY MODULATOR
SIGNAL FROM PHASE MODULATOR SIGNAL FROM PHASE MODULATOR
SIGNAL FROM AMPLITUDE MODULATOR SIGNAL FROM AMPLITUDE MODULATOR
(c) SINE WAVE BASEBAND SIGNAL (d) SINE WAVE BASEBAND SIGNAL: 3/2 THE RATE OF (c)

Figure 1-15. Signals from Frequency, Phase, and
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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 PM, 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
maximum 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 PM, &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 up on 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 BASEBAND SIGNAL

\ |

=<

SIGNAL FROM FREQUENCY MODULATOR SIGNAL FROM FREQUENCY MODULATOR
SIGNAL FROM PHASE MOOULATOR SIGNAL FROM PHASE MODULATOR
SIGNAL FROM AMPLITUDE MODULATOR SIGNAL FROM AMPLITUDE MODULATOR

(2) SQUARE WAVE BASEBAND SIGNAL (b) TRIANGLE WAVE BASEBAND SIGNAL

Amplitude Modulators for Various Baseband Signals
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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 slopes 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 a 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 in slope.

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 modulator, not
only do the frequency peaks occur more often, 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 maximum
phase deviation is 400 radians or 400 kHz divided by the modulation rate, whichever is
smaller. As with AM, an asymmetrical baseband 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 FM 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
predominately noise, when the peak detector is used, the residuals add in a way that is
statistically related to the signal-to-noise ratio. This is discussed under Residual Noise
Effects in the Detailed Operating Instructions in section 3. When the average detector is
used, the residuals add approximately in an rms manner, that is, the square 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-noise ratio 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 us (which corresponds to a 3 dB corner of 2.12 kHz) for commercial
broadcast 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 (1 of 4)

All parameters describe performance in automatic operation or with properly set manual controls.

Demodulated Output
Distortion2

AM Rejectionl

Residual FM

+1% of reading *1 digit
+5% of reading *1 digit
<0.1% THD

<0.1% THD
<20 Hz peak deviation

<8 Hz rms at 1300 MHz
decreasing linearly with fre
quency to <1 Hz rms for
100 MHz and below

Electrical Characteristic Performance Limits Conditions
RF INPUT
Frequency Range 150 kHz to 1300 MHz
Operating Level 12 mVrms (-25 dBm) to 7 Vrms 150 kHz to 650 MHz
(1W peak)
22 mVrms (-20 dBm) to 7 Vrms 650 to 1300 MHz
(1W peak)
Input Impedance 500 nominal
FREQUENCY MODULATION
Rates 20 Hz to 10 kHz 150 kHz to 10 MHz carrier
20 Hz to 200 kHz 10 to 1300 MHz carrier
20 Hz to 20 kHz 10 to 1300 MHz carrier; 750 us deemphasia
Deviations 40 kHz peak maximum 150 kHz to 10 MHz carrier
400 kHz peak maximum 10 to 1300 MHz carrier
40 kHz peak maximum 10 to 1300 MHz carrier; 750 us deemphasis
Accuracyl +2% of reading *1 digit 250 kHz to 10 MHz carrier; 20 Hz

to 10 kHz rates

10 to 1300 MHz carrier; 50 Hz to 100 kHz
rates

10 to 1300 MHz carrier; 20 Hz to 200 kHz
rates

400 kHz to 10 MHz carrier; deviations
<10 kHz

10 to 1300 MHz carrier; rates and
deviations <100 kHz

50% AM at 400 Hz and 1 kHz rates; 50 Hz
to 3 kHz BW

50 Hz to 3 kHz BW

PHASE MODULATION
Carrier Frequency

Rates

Resolution
Accuracyl

Demodulated Output
Distortion

AM Rejectionl

Deviation and Maximum

10 to 1300 MHz
200 Hz to 20 kHz
Refer to Figure 1-16.

+3% of reading 1 digit
>0.1% THD

<0.03 radians peak deviation

50% AM at 1 kHz rate, 50 Hz to 3 kHz BW

1Peak residuals must be accounted for in peak readings.

2With 750 us de-emphasis and predieplay “off’, distortion ie not specified for modulation outputs >4V peak. This can occur near maximum
deviation for a measurement range at rates <2 kHz.
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General Information

Table I-1. Specifications (2 of 4)

Electrical Characteristic

Performance Limits

Conditions

PHASE MODULATION (cont'd)

PEAK PHASE DEVIATION

Figure I-1 6. Phase Modulation Deviation and Maximum Resolution

(RADIANS)

400
0.1 RADIAN

RESOLUTION

o
(=]

0.01 RADIAN
RESOLUTION

F'S

0.001 RADIAN
RESOLUTION

T~

A

T 1 1
200 Hz 500 Hz 1 kHz 2 kHz 5
MOOULATION RATE

I T
kHz 10 kHz 20 kHz

AMPLITUDE MODULATION
Rates

Depth
Accuracy 1,2

Flatness (Variation in
indicated AM depth
for constant depth on
input signal)

Demodulated Output
Distortion

FM Rejectionl

Residual AM

20 Hz to 10 kHz
20 Hz to 100 kHz

To 99%
+2% of reading *1 digit

+3% of reading *1 digit
+1% of reading *1 digit

+3% of reading 1 digit

+0.3% of reading *1 digit

<0.3% THD
<0.6% THD

<0.2% AM

<0.2% AM

<0.01% rms

150 kHz to 10 MHz carrier
10 to 1300 MHz carrier

150 kHz to 10 MHz carrier; 50 Hz to
10 kHz rates; >5% depth

150 kHz to 10 MHz carrier; 20 Hz
to 10 kHz rates

10 to 1300 MHz carrier; 50 Hz to
50 kHz rates; >5% depth

10 to 1300 MHz carrier; 20 Hz to
100 kHz rates

10 to 1306 MHz carrier; 90 Hz to
10 kHz rates; 20 to 80% depth

<50% depth
<95% depth

250 kHz to 10 MHz carrier; <5 kHz peak
deviation at 400 Hz and 1 kHz rates;
50 Hz to 3 kHz BW

10 to 1300 MHz carrier; <50 kHz peak
deviation at 400 Hz and 1 kHz rates;
50 Hz to 3 kHz BW

50 Hz to 3 kHz BW

1Peak residuals must be accounted for in peak readings.

2For peak measurements only, AM accuracy may be affected by distortion generated by the Modulation Analyzer. In the worst case this can

decrease accuracy by 0.1% of reading for each 0.1% of distortion.
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Table |-1. Specifications (3 of 4)

Electrical Characteristic

Performance Limits

Conditions

FREQUENCY COUNTER
Range
Sensitivity
Accuracy

Internal Reference

150 kHz to 1300 MHz

12 mVrms (-25 dBm)

22 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 <1 X 10-6/month Except Option 002
<1 x 10-9/day Option 002 only and after 30 day warm-up
RF LEVEL Peak voltage responding, rms sine wave
calibrated.
Range 1mWto1 W
Serial Prefix 1933A to 2212A:
Instrumentation Accuracy +2 dB 150 kHz to 650 MHz
+3dB 650 to 1300 MHz
SWR <15 50Q system
Serial Prefix 2227A and above:
Instrumentation Accuracy +1.5dB 150 kHz to 1300 MHz
SWR <13 50Q system: 150 kHz to 650 MHz
<15 50Q system; 650 MHz to 1300 MHz

AUBIO FILTERS

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

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

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

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

>20 kHz Low-Pass (9-pole
Bessel)
3 dB Cutoff Frequency
Flatness

Deemphasis Filters (l-pole
low-pass)
25 s, 50 us, 75 us,
750 #S nominal

50 Hz nominal
<1%

300 Hz nominal
<1%

3 kHz nominal
<1%

15 kHz nomial
<1%

>20 kHz
4%

Rates 1200 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%

1The Tuned RF Level function ie not calibrated for absolute power measur ements.
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Table |-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
240Vac

100,120 Vac
Power Dissipation

Remote Operation (HP-1B)

Conducted and Radiated
Electromagnetic
Interference

Net Weight

Dimensions:
Height
Width
Depth

Temperature:
Operating
Storage

+5%, -10%
+5%, -10%
200 V<A maximum

IEEE STD 4881978
Compatibility code: SH1,
AH1,T5, TEO, L3, LEO, SR1,
RL1, PPO,DC1,DT1,CO

VDE 0871
(Level B), and CISPR
publication 11

20 kg (44 Ib) nominal

190 mm(7.5 in.) nominal
425 mm (16.8 in.) nominal
468 mm (18.4 in.) nominal

0to55°C
-55 to 75°C

48 to 66 Hz (including Option 004)

48 to 440 Hz (Option 004 only)

The Hewlett-Packard Interface Bus (HP-1B)
is Hewlett-Packard Company’s implementa-
tion of IEEE Std 4881978, “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 (Level B), and
CISPR publication 11.
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Table I-2. Supplemental Information (1 of 2)

All parameters describe performance in automatic operation or with properly set manual controls.

RF INPUT
Tuning:
Manual Frequency Entry
Automatic
Track (frequencies >10 MHz only).
Acquisition Time (Automatic Operation]:
-1.5 seconds.
Maximum Safe Input Level:
AC: 35 Vrms (25W for source SWR <4)
DC: 40V.

FREQUENCY MODULATION
Maximum Deviation Resolution:
1 Hz, < 4 kHz deviation
10 Hz, 4 to 40 kHz deviation
100 Hz, 40 to 400 kHz deviation
Resolution is increased one digit with 750 us
deemphasis and pre-display “on”.
Demodulated Output Distortion:
150 to 400 kHz carrier; deviations <10 kHz:
<0.3% THD.
Detectors:
+Peak
-Peak
Average (rms sine wave calibrated).
Demodulated Output {600€Y) Across an Open Circuit?
1 mV/Hz when resolution is 1 Hz
0.1 mV/Hz when resolution is 10 Hz
0.01 mV/Hz when resolution is 100 Hz.
Stereo Separation (50 Hz to 15 kHz): >47 dB.

PHASE MODULATION

Modulation Rates; Usable from 20 Hz to 100 kHz
with degraded performance.

Detectors:
+Peak
-Peak
Average (rms sine wave calibrated).

Demodulated Output (600 Across an Open Circuit?
1 Viradian when resolution is 0.001 radian
0.1 V/radian when resolution is 0.01 radian
0.01 V/radian when resolution is 0.1 radian.

AMPLITUDE MODULATION
Maximum Depth Resolution:
0.01% for depths <40%

0.1% for depths 40 to 100%.

Detectors:
+Peak (peak)
-Peak (trough)
Average (rms sine wave calibrated).
Demodulated Output {600Q)Across an Open Circuit’
0.1 Vipercent when resolution is 0.01%
0.01 V/percent when resolution is 0.1%.

FREQUENCY COUNTER

Modes:
Frequency
Frequency Error (displays the difference betweer
the frequency entered via the keyboard and the
actual RF input frequency).
Sensitivity in Manual Tuning Mode (Approximate
frequency must be entered via the keyboard):
0.22 mVrms (-60 dBm).
Maximum Resolution:
10 Hz for frequencies <1 GHz
100 Hz for frequencies =1 GHz.
internal Reference Accuracy:
Overall accuracy is a function of time base cali
bration * aging rate = temperature effects
+line voltage effects £ short term stability.

Standard Option 002
Aging Rate <1 X 10-6/mo. | <1 X 10-9/day
E%”;E?Srat”re <2 x10-7/°C | <2 x 10-10/°C
Line Voltage
Effects (+5%,
-10% line <1 x 10-6 <6 X 10-10
voltage
change]
Short Term — <1x10-9 for 1s
Stability average
RF LEVEL
Resolution:

0.1 mW for levels from 0.1 to 1 W
0.01 mW for levels from 0.01 to 0.1W
0.001 mW for levels <0.01W.

1For optimum flatness, cables should be terminated with their characteristic impedance.




Model 8901A General Information

Table I-2. Supplemental Information 2 of 2)

AUDIO FILTERS ANO FM DE-EMPHASIS IF Qutput: 500 impedance, 150 kHz to 2.5 MHz,
Overshoot on Square Wave Modulation with >20 kHz -27 10 -3 dBm.
Low Pass Filter In: 4%. 10 MHz Reference Output: 5002 impedance, TTL levels
>20 kHz Low Pass Filter 3 dB Frequency: (0 to >2.2V into an open circuit); available only
110 kHz typical. with Option 002, 1 x 10-9/day internal reference,
High- and Low-Pass Filter 3 @B Frequency Accuracy: outputs internal reference only.
+3%. o _ 10 MHz Reference Input: >5000 impedance,
FM De-emphasis Filter 3 dB Frequencies: 0.5V peak-to-peak minimum input level. (External
25 ps: 6366 Hz reference accuracy affects accuracy of all
50 ps: 3183 Hz measurements.)
75 us: 2122 Hz

L0 Input (Option 003}: 500 impedance, -1.27 to

750 ws: 212 Hz.
FM De-emphasis Filter lime Constant Accuracy: =3%. 1301.5 MHz, 0 dBm.
REAR PANEL INPUTS/OUTPUTS CALIBRATORS  (Option 010) _
FM Output: 10 k& impedance, -9 to 6V into an Carrier Frequency: 10.1 MHz nominal.
open circuit, -6 V/IMHz, dc coupled, 16 kHz band- Modulation Rate: 10 kHz nominal
width (one pole). Output Level: -25 dBm nominal.

AM Qutput: 10 ko impedance, -4 to OV into an
open circuit, -8 mV/%, dc coupled, 16 kHz band-
width (one pole).

Recorder Output: DC voltage proportional to peak
voltage of the MODULATION OUTPUT, 1 k2
impedance, 0 to 4V for each resolution range into
an open circuit.
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Table 13. Recommended Test Equipment (1 of 4)
ms};;;neent Critical Specifications Su%%%ztled Use*
AM/FM Test Carrier Frequency: within range 10 to 1300 MHz HP 11715A P,AT
source 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 kHz deviation at
< 100 kHz rate
FM Flatness:
+0.1% from 20 Hz to 100 kHz rates
+0.25% t0 200 kHz rates
CW Residual FM: < 3 Hz rms in a 50 Hz to 3 kHz bandwidth at
560 MHz
Incidental AM: < 0.08% AM at 100 MHz with < 50 kHz peak deviatior
and 1 kHz rate in a 50 Hz to 3 kHz bandwidth
AM Depth: 5% to 99%
AM Distortion:
< -66 dB at < 50% AM at 20 Hz to 100 kHz rates
< -60 dB at < 95% AM at 20 Hz to 100 kHz rates
AM Flatness:
+0.1% from 50 Hz to 50 kHz
+0.25% 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
AM Linearity:
+0.1% at < 95% AM
+0.2% at < 99% AM
Audio Fundamental Frequency Range: 20 Hz to 100 kHz HP 89038 P.AT
Analyzer Distortion Range: -70 dB minimum
Distortion Accuracy: +2 dB
Low-Pass Filters: 30 and 80 kHz
Oscillator Level: 3V maximum into 6002
Oscillator Distortion: < -70 dB
Oscillator Frequency Accuracy: 2%
Audio Frequency Range: 20 Hz to 400 kHz HP 3336C P.AT
Synthesizer | Output Level: +16 dBm (50€) maximum Option 005
Frequency Accuracy: +0.1%
Attenuator Accuracy: £0.1dB from 0 to 20 dB
Level Flatness:
f0.015 dB from 90 Hz to 10 kHz
i0.3 dB from 50 Hz to 100 kHz
40.07 dB from 20 Hz to 200 kHz
Distortion: < -50 dB from 20 Hz to 200 kHz
. C = Operator's Checks; P = Performance Tests; A = Adjustments; T = Troubleshooting
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Table 13. Rewmmended Test Equipment @ of 4)

GeneralInformation

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 insertion loss: < 0.5 dB
Stopband Rejection:
Below Passband:
Frequency: < 337 MHz
Attenuation: 2> 21 dB
Above Passband:
Frequency:’ 768 to 3000 MHz
Attenuation: > 21 dB

Pas&and Frequency: 800 to 1100 MHz
Passband SWR: < 1.4
Passband insertion loss: < 0.4 dB
Midband insertion loss: € 0.5 dB
Stopband Rejection:
Below Passband:
Frequency: < 550 MHz
Attenuation: > 21 dB
Above Passband:
Frequency: 1333 t0 3000 MHz
Attenuation: > 21 dB

Telonic TBA
593-218-5FE

Telonic TBA
950-375-5FE1

Computing
Controller

HP-IB compatibility as defined by IEEE Std 488 and the identical
ANSI Std MC1 .1: SH1, AH1, T2, TEO, L2, LEO, SRO, PPO, DCO, DTO,
and Cl, 2, 3, 4, 5.

HP 9000
Model 216,226,
or 236

CPT

Digital
Multimeter

DC 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 M

Ohms Accuracy: £1%

HP 3478A

P.AT

Divider
Probe
(2 required)

Divider Ratio: 10:1
Input Impedance: 1 MQ
Input Capacitance: < 10 pF

HP 10040A

AT

Frequency
Standard

Accuracy: +£0.1 ppm recommended

House Standard

*C = Operator's Checks; P = Performance Tests; A = Adjustments; T= Troubleshooting
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Table 1-3. Rewmmended Test Equipment (3 of 4)
Instrument . e Suggested
Type Critical Specifications Model Use*
Modulation Note: A modulation analyzer is required only for Modulation HP 8901A P.A
Analyzer Analyzers not equipped with Option 010. opt. 010,
AM Calibration Factor Accuracy: £0.1% HP 89018, or
FM Calibration Factor Accuracy: £0.1% HP 8902A
Compatible with HP 8901A
Oscilloscope Bandwidth: less than 3 dB down 0 to 100 MHz HP 54201A CAT
Sensitivity: 5 mV, per division minimum
Input Impedance: 10 M$2 and 50§
‘Triggering: External and Internal
Power Supply | Output Range: 0 to 25 Vdc HP 6215A T
Power Meter/ | Frequency Range: 150 kHz to 1300 MHz HP 436A/8482A P
Power Sensor | Impedance: 50 ohms
Instrumentation Accuracy: 1%
SWR: < 1.1
Power Splitter | Frequency Flange: 150 kHz to 1300 MHz HP 11667A PAT
Impedance: 50 ohms
SWR:<1.1
Tracking: < 0.25 dB
RF Spectrum Frequency Range: 0 to 1.5 GHz HP 8590A AT

Analyzer Input Level: £10 dBm maximum
Display Range: 60 dB
Service No substitution recommended. HP 0890160287 T
Accessory
Kit
Signal Frequency Range: 0.5 to 1100 MHz HP 86408 CPA
Generator Output Level: Options 001 and T

$19 dBm maximum to 500 MHz
$13 dBm maximum to 1100 MHz
Output Level Accuracy: +1dB
Frequency Accuracy: £ 1%
Frequency Resolution: 1 kHz
Modulation Capability: AM and FM
AM Depth: 0 to 95%
AM Accuracy: £10%
FM Range: 0 to 400 kHz peak deviation
FM Accuracy: £10%
Harmonics: < -30 dBc

002

. C = Operator's Checks: P = Performance Tests; A = Adjustments; T = Troubleshooting
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Table 1-3. Recommended Test Equipment (4 of 4)
T
Instrument " I suggested
Type Critical Specifications Model Use*
Signature External Count Range: to 15 MHz HP 5005A T
Analyzer Because the signatures documented are unique to a given signature
analyzer, no substitution is recommended.
SWR Frequency Range: 150 kHz to 1300 MHz Wiltron 60N50 P
Bridge Impedance: 503
Directivii: >40 dB
Connectors: Type-N

. C = Operator's Checks; P = Performance Tests: A = Adjustments; T =Troubleshooting

Tab& I-4. Rewmmended Test Accessories

Accessory Type'

Recommended Part

Adapter (Type N Male to BNC Female connectors)
Capacitor, 620 pF

IC Extender Clip, 16 Pin

Resistor, 9092 1% 1/4W

Resistor, 12102 1% 1/4W

Resistor, 215052 1% 1/4W

Resistor, 46409 1 % 1/4W

Tee (Coaxial, BNC, one Male-and two Female connectors)
500 Load (Male, BNC, coaxial)

HP 1250-0067
HP 01603536
HP 1400-0734
HP 0757-0422
HP 0757-0274
HP 0698-0084
HP 0698-3155
HP 1250-0781
HP 1250-0207

*Accessories listed in this table are only those not already contained in the Service Accessory Kit HP 08901-60287
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C Section 2
INSTALLATION

2-1. INTRODUCTION

This section provides the information needed to install the Modulation Analyzer. Included
is information pertinent to initial inspection, power requirements, line voltage selection,
power cables, interconnection, environment, instrument mounting, storage and shipment.
In addition, this section also contains the procedure for setting the internal HP-IB talk and
listen address switches and a procedure for removing the pullout cards.

2-2. INITIAL INSPECTION

|WARNNGI

To avoid hazardous electrical shock, do not perform electrical tests when
there are signs of shipping damage o any portion of the outer enclosure
(covers, panels, meters...

Inspect the shipping container for damage. If the shipping container or cushioning material
Is damaged, it should be kept until the contents of the shipment have been checked

C for completeness and the instrument has been checked mechanically and electrically.
The contents of the shipment should be as shown in figure I-l. Procedures for checking
electrical performance are given in section 4. If the contents are incomplete, if there is
mechanical damage or defect, or if the instrument does not pass the electrical performance
test, notify the nearest Hewlett-Packard office. If the shipping container is damaged, or the
cushioning material shows signs of stress, notify the carrier as well as the Hewlett-Packard
office. Keep the shipping materials for the carrier’s inspection.

2-3. PREPARATION FOR USE
Power Requirements

WARNING

To avoid the possibility of hazardous electrical shock, do rot operate this
instrument at line voltages greater than 126.5 V ac with line frequencies
greater than 66 Hz. Leakage currents at these line settings may exceed
3.5 mA.

The Modulation Analyzer requires a power source (+5% to -10%) of 100, 120, 220, or
240 V ac, 48 to 66 Hz single phase. Option 004 also operates from 48 to 440 Hz single phase,
120 V ac, (+5% to -10% only). Power consumption is 200 VA maximum.
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2-2

WARNING

This is a Safety Class | product (that is, provided with a protective earth j
terminal). An uninterruptible safety earth ground must be provided from

the main power source to the product input wiring terminals, power cord,

or suppliedpower cord set Whenever it is likely that the protection has been

impaired, the product must be made inoperative and be secured against

any unintended operation

If this instrument is to be energized by an external autotransformer, make
sure the aqutotransformer’s wmmon terminal is wnnected to the earthed
pole of the power source

Line Voltage and Fuse Selection

CAUTION

BEFORE PLUGGING THIS INSTRUMENT into the Mains (line) 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 figure 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, 2A (250 V normal blow) for
100/120 Vac operation and 2110-0001, 1A (250 V normal blow) for 220/240 Vac operation.

R
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N= Operating voltage is shown
in module window.

\E

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

2. 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.

C WARNING

To avoid the possibility of hazardous electrical shock, do not operate this
instrument at line voltages greater than 126.5 Vae with line frequencies
greater than 66 Hz (leakage currents at these line settings may exceed

3.5 mA).

Power Cables

WARNING

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

This instrument is equipped with a three-wire power cable. When connected to an appro-

priate ac power receptacle, this cable grounds the instrument cabinet. The type of power

cable plug shipped with each instrument depends on the country of destination. Refer to
C figure 2-2 for the part numbers of the power cables available.

2-3
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Plug ,,'cp.:':n c Plug &ib'l& Cable For Use
Type Number | © Description (inches) Color In Country
250V 8120-1351 | 0 | 90°/STR BS1363A° 90 Mint Gray United Kingdom,

8120-1703 | 4 | 90°/90° 90 Mint Gray | Cyprus, Nigeria,
Rhodesia.
Singapore
8120-1369 | 0 | STR/STR 79 Gray Austrailia,
8120-0696 | 4 | NZSS198/ASC112 80 Gray New Zealand
~ STR/90°
N\ Z
250v 8120-1689 | 7 | STR/STR" 79 Mint Gray East and West
8120-1692 | 2 | STR/90° 79 Mint Gray Europe, Saudi
¢ @ !
O O Arabia. Egypt,
o~ (unpolarized in
? many nations)
D [- 8120-1378 | | | STR/STR NEMAS-15P" 80 Jade Gray United States,
ﬁ" 8120-1751 |61 | STR/STR na Jade Jade Gray Gray | Canada, U.S/Canada Mexico,
Phillipines. Taiwan
100V 8120-4753 | 2 | STR/STR 90 Dark Gray | Japan only
{Same plug as above) | 8120-4754 |3 | STR/90° 90 Dark Gray | Japan only
250V 8120-2104 | 3 | STR/STRSEV1011 79 Gray Switzerland
1959-24507
Type 12
81202296 | 4 | STR/90° 79 Gray
8120-3997 | 4 ] STR/90° 177 Gray
8120-0698 | 6 | STR/STR NEMAG6-15P 90 Black United States.
Canada
8120-2956 | 3 | 80°/STR 79 Gray Denmark
8120-2957 |4 | STR/STR
8120-4211 | 7 | STR/STR°IEC83-B1 79 Black South Africa, India
8120-4600 | 8 | STR/90° 79 Gray
8120-1860 | 6 | STR/STR*CEE22-V1 59 Jade Gray
(Systems Cabinet Use)
8120-1 575 | 0 | STR/STR 31 Jade Gray
8120-2191 | 8 | STR/90° 59 Jade Gray
8120-4379 | 3 | 90°/90° 80 Jade Gray

. Part number shown for plug is industry identifier for plug only. Number shown for cable is HP Pan Number for complete
cable including plug. E = Earth Ground: L = Line; N = Neutral; STR = Straight

2-4

Figure 2-2. Power Cable and Mains Plug Part Numbers
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HP-IB Address Selection

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 wvers removed

To avoid hazardous electrical shock, the line Mains) power cable should
be disconnected before attempting to change the HP-IB address

In the Modulation Analyzer, the HP-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.

2-5
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Table 2-1. Allowable HP-1B Address Codes

Address Switches Talk Listen

- -{- -’- = T -1 Address | Address | Decimal
95| A4 | A3 | A2| Al | Character | Character | Zquivalen
oloflo]o]o @ SP 0
olofofo]! A ! 1
olojol1]o B y 2
olojo|1]1 C # 3
olo]1]o]o D $ 4
olo]1]o]! E % 5
oloft1fz1]o F & 6
ololt1]1]1 G ' 7
olt]ofo]o H ( 8
oli1lo]o]: I ) 9
oft]o]t]o J v 10
ol1]o]1]1 K + 1
olt]1fo]o L . 12
olt]t]o]! M 13
ol1|t1|1]o0 N 14
ottt ]! 0 / 15
t{olofo]o P 0 16
1loJofo]! Q 1 17
tlofo]t]o R 2 18
tjoJo|1]! S 3 19
tlol1]o0]o T 4 20
t]lof1 o] U 5 21
tloft1t]o v 6 22
tlol1]1]1 w 7 23
tl1]o]o]o X 8 24
tl1]o]o]: Y 9 25
tlt]ofzt]o Z 26
t 1ot ] ( . 27
tl1f{1]o]o \ < 28
i1t ]o]1 ! = 29
tlt]t]t]o ~ > 30

. Disconnect the line (Mains) power cable.
. Remove any HP-IB cables or connectors from the HP-IB connector.
. Remove the Modulation Analyzer’s top cover.

Model 8901A

a. Remove the two plastic feet from the rear of the top cover by removing the
pan-head Pozidriv screw within each foot.

b. Unscrew the Pozidriv screw at the center of the rear edge of the top cover. This is
a captive screw and will cause the top cover to pull away from the front frame!

c. Lift off the top cover.

. Locate the HP-IB address switch on the Al4 Remote Interface Assembly near the front

right of the instrument. The Al4 assembly may be recognized as having one brown
and one yellow printed circuit board extractor.

)
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5. Use a pencil to set the switches to the desired HP-IB address and Talk Only (TON)
or Listen Only (LON) condition. The switch is illustrated in figure 2-3. Facing the
C board, the left hand switch (marked with a “5”) is the most significant address bit
(A5 in table 2-I). Setting a switch toward the printed circuit board places it in its “1”
position. If the TON and LON switches are both set to “I”, the Talk Only setting will
override. If the address switches and the TON switch are all set to “1”, the Modulation
Analyzer will output one byte (the status byte) each measurement cycle. (Setting all
switches to “1” defeats HP-1B operation.)

Figure 2-3. The HP-1B Address Switch Shown as Set by the Factory.
The Address Shown is 01110 in Binary With Both Talk Only and Listen Only Off

6. Reinstall the top cover by reversing the procedure in step 3.

7. Connect the line (Mains) power cable to the Line Power Module and reconnect the
HP-IB cable to the HP-1B connector.

8. To confirm the setting, refer to HP-IB Address in the Detailed Operating Instructions
in section 3 of this manual.

Interconnections
Interconnection data for the Hewlett-Packard Interface Bus is provided in figure 2-4.

Mating Connectors

interface Connector. The HP-IB mating connector is shown in figure 2-4. Note that two
C securing screws are metric.

2-7
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SIGNAL GROUND SHIELD =——CONNECT T0
PIOTWISTED PAIR WITH 11 ATN AR D
210 TWI STED PAIR WITH 10 SRQ
SHOULD BE GROUNDED | P/0 TWI STED PAIR WITH 9 IFC
NEAR TERMINATION. | P1O TWISTED PAIR WITH 8 NDAC
TWISTED PAR PIOTWISTED PAIR WITH 7 NRFD.
PIO TWI STED PAIR WITH 6 DAV
REN EOl
DIO8 D104
D107 D103
D106 DIO2
DIO 5 DIO 1

1SO METRIC —ee |
THREAD M3.5x 0.6

24-PIN MICRO-RIBBON
(SERIES 57) CONNECTOR

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

Programming and Output Data Format
Refer to Section 111, Operation.

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

Mating Cables Available
HP 10833A, 1 metre(3.3 ft), HP10833B, 2 metres(6.6 ft)
HP 10833C, 4 metres(13.2 ft), HP10833D, 0.5 metres(1.6 ft)

Cabling 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 ft).

2-8

Figure 2-4. Hewlett-Packard Interface Bus Connection
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Coaxial Connectors. Coaxial mating connectors used with the Modulation Analyzer should
be the 50Q BNC male connectors or 502 Type-N male connectors that are compatible with
those specified in US MIL-C-39012.

Operating Environment

The operating environment should be within the following limitations:

TOMPEIATUIE .ttt ettt e et e e et e et e e et e e e e e e aieeens 0°Cto +55°C
HUMIAITY e < 95% relative
AIItUdE .o < 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 Analyzer is heavy for its size 20 kg, 44 Ib). Care must be
exercised when lifting to avoid personal injury. Use equipment slides when
rack mounting.

Rack mounting information is provided with the rack mounting kits. If the kits were
not ordered with the instrument as options, they may be ordered 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 two 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
straight up (away from the tray).

2-9
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Steps for Installation. Follow the procedure below to reinstall the Operating Information
pull-out tray and card:

1. 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.

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

3. 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.

4. 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:

TEMPEIATUIE ..ttt -55°C to +75°C

HUMIAItY .. o <95% relative

Altitude ... ... < 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 instrument 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, model
number and full serial number.)

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

3. Use enough shock-absorbing material (75 to 100 mm layer; 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.

4. Seal the shipping container securely.
5. Mark the shipping container FRAGILE to assure careful handling.
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3-1.

Section 3
OPERATION

INTRODUCTION

General

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 operator’'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, autotransformers, and devices connected to it should
be connected to a protective earth socket. Any interruption of the protective
earth grounding will cause a potential shock hazard that wuld result in
personal injury.

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

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.

Do not apply greater than 40 V (ac + de¢) to the INPUT jack or damage to
the instrument 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-
stability reference (Option 002) the supply energizes the internal reference oven. If the

3-1
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Modulation Analyzer is already plugged in, set the LINE switch to ON. If the power cable
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 o ON, all front-panel 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 a 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 illustrated and de-
scribed in figures 3-3 to 3-5. These figures describe the functions of the various key groups
and summarize briefly how to use them. Rear-panel features are shown in figure 3-6. The
figure provides a good quick reference for rear-panel signal levels and frequencies and also
includes the impedances at the rear-panel connections.

N’
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Detailed Operating Instructions. The Detailed Operating Instructions provide the complete
operating reference for the Modulation Analyzer w. 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 controls, 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 w 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 flexible
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-1B 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 applying the Modulation Analyzer to
various measurement situations. “Modulation Basics” covers the theory behind amplitude,
frequency, and phase modulation. It 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 Analyzer is capable of remote operation through the Hewlett-Packard
Interface Bus (HP-1B). Paragragh 3-5, Remote Operation, Hewlett-Packard Interface 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 is discussed section 2. A summary
of HP-IB codes and output formats appears on the Operating Information pull-out card,
and numerous examples of program strings appear throughout the Detailed Operating
Instructions described under Local Operation above.

3-3
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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 oscilloscope,
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 same rating. Do not use repaired fuses or
short-circuited fuseholders.

The only maintenance the operator should normally perform is 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.

3-4
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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 550 MHz
-20 to +30 dBm from 550 to 1300 MHz.
Modulation 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 1300 MHz.

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

FM: Deviation 0o 40 kHz peak with rates from 20 Hz to 10 kHz for inputs of 150 kHz
to 10 MHz; deviation to 100 kHz peak with rates from 20 Hz to 200 kHz for inputs
of 10 to 1300 MHz.

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

®M: Deviations to 400 radians with rates from 200 Hz to 20 kHz for inputs from 10
to 1300 MHz.

Ranges: 0 to 4 rad; O to 40 rad; O to 400 rad nominal.

Level Measurements

RF 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 IF amplifier.

Frequency Freq: Frequency of input signal from 150 kHz to 1300 MHz

Measurements Freq Error: Frequency difference between input signal and the Modulation Analyzer’s tuning.
IF Frequency (Special Function 10): Frequency of signal in IF.

Detectors Peak: Positiie; Negative (trough for AM): Peak Hold.

Average: Calibrated to read rms with a sins wave.

Demodulated Signal
Filtering

High-Pass: 50 Hz; 300 Hz.

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

FM Da-emphasis: 25 us; 50 #S; 75 us; 750 us. De-emphasis can be performed before the
displayed measurement is made (Predisplay on) or after (Predispiay off).

Demodulated Signal
output

Tuning

Data Manipulation

0 to 4 V ac per modulation range.
60092 output impedance.

Automatic, Track, or Manual.

Ratio: Data can be displayed as a computed ratio of measurement results to a reference
value. Display can be in % or dB.

Limit: Data may be entered 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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HPB Ansunclslers indicate remote
operation” ‘Status.

NP (High-Pass) and LP (Low-Pass)
FILTERS limit the demodulated signal
bandwidth.

FM DE-EMPHASIS networks equalize ~J
pre-emphasized FM.

PRE-BISPLAY key allows FM devia- e===t
tion to he measured before or after
de-emphasis.

USE switch applies power to the -~
Modulation Analyzer when set to
ON.

CALIBRATION OUTPUT (Option 010
only) produces a precisely modu-
lated signal for determining the Mod-
ulation Analyzer's AM or FM aecu-

captured using PEAK HOLD.

MEASUREMENT keys command the
Modulation Analyzer to make and
display the selected measurement.

LBL (Local) key returns the Modula-
tion Analyzer to keyboard control
from remote (HP-1B) control.

tive peak. negative peak. or average
(rms calibrated) value of the modu-
lation is measured. Peaks can he

results. error codes, or instrument or
Special Function status.

NemericBisplay shows measurement Displ r
measurement result wits.

Asnuncisters indicate the

Limitindicator lights when measured
value exceeds that entered by the
operator.

Nomeric keys are used for manual
tuning. entry of RATIO references
and limit valves, and selection of
Special Functions.

iz key completes the keyboard
entry of input frequency (in MHz) for
manual tuning.

MOBULATION OUTPUT provides a

/ \
racy. OPERATING INFORMATION null-out AUTOMATIC OPERATION causes the
card is a quick operating reference Modulation Analyzer to automati-
DETECTOR key's select whether pesi- and lists error and Special Function cally tune and autorange to make

codes.

RATIG keys cause measurements to
becomparedin%or dB to areference.

For more on panel features, see Figures 3-3 through 3-6

the sebcted measurement.

low-distortion output of the re-
covered modulation.

1 kNz and | kiz compiete keyboard
entry of frequency step size (in kH2)
for step tuning.

INPUT couples modulated signal into
the instrument.

SPCL key completes entry of Special
Function codes for accessing instru-
ment operations additional to those
having dedicated front-panet keys.

CLEAR key erases keyboard entries in
progress. In remote hold, ‘CLEAR
initiates a Trigger Wiih Settling
measurement cycle.

3-6

Figure 3-1. Front Panel Features
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Simplified Operation

operation

Tuning
Automatic:
AUTOMATIC
Press: O'EH'ON .
Manual:
Input Frequency:
Enter frequency in MHz (using the numeric keys), then press:
”z@mmr
FREQ -
Frequency Step:
Enter step size in kHz (using the numeric keys), then press:
S, 107
,or
kHz
Measurement
Modulation: oM
Tune, then press: [ l, [ ) or (4 ]; selecta DETECTOR,;
select the desired HP or LP FILTERS, select the desired FM DE-
EMPHASIS (FM only).
Level: RF LEVEL . .
Press: () . or tune, then press: @ LT:J , Or B _TLUTE{,
s LEVEL $ RF LEVEL
Frequency: FREQ
Tune, then press: [, |. TREQ
ERROR
enter the reference frequency in MHz (using the numeric keys),
Mz INPUT L)
then press: FREQ ;REO
ERROR
Detector
In general:
“PEAK + PEAK - AVG
Press: m f ] ,or r.] then@ @ onM@
Peak Hold: PEAK HOLD

Select a peak detector (as shown above), then press:

3-7
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Filters

High-Pass or Low-Pass: )A>
Press one high-pass (HP) and one low-pass (LP) FILTER key to yield the desired demodula: —
signal bandwidth.

FMDe-smphasis (FMonly): ™M 26y 50us
To apply de-emphasis after the deviation measurement, press { o | , then either : )

7S us 750 ps
, OF

To apply de-emphasis before the deviation measurement, press:
M PRE-DISPLAY ] 25us S0us 75us 750 us

!,theneither@,@,E],or@

Ratio

To set the results of the next measurement cycle to 100% or 0.00 dB:
dB |

%
Press: (e J for 100% or (e ] for 0.00 dB

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

% dB

Cler () A =

Calibration (Option 010 only)

Connect a 5002 cable from CALIBRATION OUTPUT to INPUT.
AM: AM CALIBRATION

Press: ‘ ° I
FM: ™ CALIBRATION

Press: [ , ) B

e’
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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 Analyzer 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 1 mW and 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.

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.

1740A
8901A OSCILLOSCOPE
8640B MODULAT{ON ANALYZER
SIGNAL GENERATOR
MODULATION
OUTPUT
-— - onaee 0ooooco B
o©o©o© @ @ @Q @ o 0 ooccoo o J '

' RF OUTPUT INPUT' VERTICAL INPUT’

Figure 3-2. Getting Acquainted Setup

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.

3-9
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3-10

Audio Filters and FM De-emphasis

Model 8901A

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 “— — — —” 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 is 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 amplifier and speaker). Both the display and modulation output are autoranging.

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

sey
~ “HP FLTER II wrutal LP FILTER "o

Ll 1AM, > 2

elafo]c)o

FIM OE-EMPHASIS "X/ AL -

j 50y 73 . 750 .-

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

Signal Generator

OULPUL LeVEI .oeeei ImWtoIW
Frequency .......ccccoiiiiiiiiiiiiiiiiiiiiiiiians 150 kHz to 1300 MHz
MOdUIATION . e e FM only

Modulation Analyzer

MEASUREMENT ... FM
D] = Il =(0g O] = TP PEAK+
HP & LP FILTERS ... o ALL OFF
FM DE-EMPHASIS ... *Off
RATIO - Off

)
N
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* If the carrier frequency at INPUT is below 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 to reduce hum and noise and to simulate the character-
istics of a receiver’s audio stages. Remove the filter by pressing 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 pore-emphasized FM on the received
signal. To illustrate this press 75 s 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 ps 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
FM deviation (which is the actual FM put out by the signal generator). The signal at the
MODULATION OUTPUT jack, however, is still de-emphasized. Ress the 75 us key again
to turn all the de-emphasis off.

Detectors

OETECTOR

PLAR Bt AR PLAK HOLD AVG

— o

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

OULPUL LEVED vttt e 1mWtolW
Yo [0 1< 1o 150 kHz to 1300 MHz
7100 [0 F= ¥ o o o FM only
Modulation Analyzer

MEASUREMENT .. e e e e et FM
DE T ECT OR et e e e e e e e e e PEAR+
HP & LP FILTERS™ ottt eeeees ALL OFF
FM DE-EMPHASIS ..o e off
R A T O e e off

*|f the carrier frequency at INPUT is below 10 MHz, the 15 kHz low pass filter will remain
on.
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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-sign&ant 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 therms
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

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

Signal Generator

OULPUL Vel ..o I1mWtolW
FrEOUENCY .ottt ettt 150 kHz to 1300 MHz
MOUIATION ... FM only

Modulation Analyzer

MEASUREMEN T . FM
DETECT OR PEAK+

HP & LP FILTERS™ .. ALL OFF
FM DE-EMPHASIS .. off
RA T IO o off
*|f 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. Ress dB. The display
is now re-referenced to the current modulation level and shows approximately 0 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.1 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 (o turn it off) and note the display.

Tuning

© MANUAL OPERATION

UEGOO=
ﬁf@@@@w
UEOME
LDOWE-=

NOTE
Before continuing, check. that the equipment settings mateh those below.
Signal Generator
Output Level ... ImWtolW
FIEOQUENCY -+« v vveeee et eiie e 150 kHz to 1300 MHz
MOodUIatION . ... FM only

Modulation Analyzer

MEASUREMENT ... FM
DETECTOR ..o PEAK+

HP & LP FILTERS™ .. e ALL OFF
FMDEEMPHASIS .. Off
RATIO soff

*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 of its 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 EQ1, 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 EQ1 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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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 t kHz.
You have incremented the frequency to which the Modulation Analyzer is tuned by 100 kHz
so the error is now — 100 kHz. Tune the generator again for zero error. (In the FREQ ERROR
measurement mode, EQ1 is disabled.)

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

Other Features

PRSI MANUAL O’ﬁllﬂm

>
NOTE —
Before wntinuing, check that the equipment settings match those below.
Signal Generator
Output Level ..., ImWiolW
Frequency ... 150 kHz to 1300 MHz
Modulation ... FM only
Modulation Analyzer
MEASUREMENT ... FM
DETECTOR .. PEAK+
HP & LP FILTERS™ ... .. ... .. ... i, ALL OFF
FMDEEMPHASIS .. Off
RAT O Off
*If the carrier frequency at INPUT is below 10 MHz, the 15 kHz low pass
filter will remain 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 EQ1. It should be pointed out,
however, that error message E01 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
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 panel.

If you wish to know more about 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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LCL (local) key returns the Modulation Analyzer
to local keyboard control from HP-IB (remote)
control provided the instrument is not in Local
Lockout.

Numeric Display shows measurement results, error
codes, instrument or Special Function status, HP-IB
address, or service information.

HP-IB Annunciators display remote operation
status. The REMOTE annunciator lights when
the instrument is in remote mode. The AD-
DRESSED annunciator lights whenever the
instrument is addressed via the HP-IB (regard-
less of whether or not the instrument is in
remote).

OETECTOR keys select whether positive peak, nega-
tive peak, or average (rms calibrated) value of the
modulation is measured. To hold indefinitely the
greatest peak reading. select PEAK+ or PEAK-. then
press the PEAK HOLD key. Pressing PEAK HOLD
again will initiate a new peak hold measurement
cycle. To turn off PEAK HOLD, press any DETECTOR
key other than PEAK HOLD.

Display Annunciators light to ndicate the units in
which the measurement results are displayed.
When results are displayed relative to a RATIO
reference, units annunciators do not light, but the
REL annunciator lights. The LIMIT annunciator
lights when either the upper or lower limit refer-
ence is reached.

MEASUREMENT keys automatically configure the
Modulation Analyzer to make and display the mea-
surement selected. To select a measurement labeled
above a key, press the key. To select a measure-
ment labeled below a key, press the S (Shift) key,
then the MEASUREMENT key. MEASUREMENT keys
turn off many Special Funcions and always turn off
CALIBRATION OUTPUT (Option 010).

AUTOMATIC OPERATION configures the Modulation
Analyzer to automatically tune to the largest detec-
table input signal and make the measurement
selected. This key also sets the Special Functions 1
through 8 to their zero-suffix mode and turns off
many other Special Functions.

RATIO keys cause measurements to be compared in
% or dB to a reference. To enter RATIO,press the %
or dB key while the desired reference is displayed.
The displayed reference can be either a measure-
ment result or a keyboard entry. To exit RATIO,
press the selected RATIO key again or select a new
MEASUREMENT key. The RATIO keys are also used
to enter upper and lower ‘limit values into the
instrument.

3-

Figure 3-3. Display, MEASUREMENT, DETECTOR, RATIO, and AUTOMATIC OPERATION Features
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Operation

HP [High-Pass] and LP (Low-Pass] FILTERS limit the
demodulatd signal bandwidth. Press the appropri-
ate key once to insert or change a filter. Press the
key again to remove the filter. Only one high-
pass and one low-pass filter may be active at a
time. Filters affect both displayed modulation
measurements and the signal at MODULATION
OUTPUT but not those at the rear panel AM
OUTPUT or FM OUTPUT. Tuning below 10 MHz or
using the455 kHz IF causes the 15 kHz LP FILTER
to be inserted. Selecting M causes the 50 Hz HP
FILTER to be inserted.

P FRLTER 225, UMW LP FILTER S

S0 He 00 wr 3 Rz T hHs > 20 kW2

ojojojojo

m'ﬂ OE-EMPHASIS &

23 30:; TS5 us 750 a

FM DE-EMPHASIS affects FM measurements only.
Press the appropriate key to insert or change
de-emphasis. Press the key again to remove de-
emphasis. If the PRE-DISPLAY key is not lighted,
the display shows the deviation before de-
emphasis. If the PRE-DISPLAY key is lighted, de-
emphasis is performed before the displayed
measurement is made. De-emphasis always
affects demodulated FM at MODULATION OUT-
PUT, but never affects the signal at the rear-
panel FM OUTPUT.

CALIBRATION QUTPUT (Option 010 only) when
active, produces a 10 MHz signal with calibrated
AM or FM. Connect CALIBRATION OUTPUT to
INPUT, select AM or FM, then press the CALIBRA-
TION key. The accuracy of the internal demod-
ulator is normalized to 100%, displayed, and
stored. This Calibration Factor can be enabled to
correct measurement results automatically. To
turn off CALIBRATION OUTPUT, press the CALI-
BRATION key or any MEASUREMENT key.

LINE switch applies power to the Modulation
Analyzer when set to the ON position. In the STBY
(standby) position, power is applied only to the
high-stability reference oscillator oven (Option
002 only).

Figure 3-4. HP and LP FILTERS FM DE-EMPHASS LINE and CALIBRATION OUTPUT Features
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Numeric keys are used to manually tune the Modulation Ana-
lyzer, enter RATIO references and limit values, and to select
Special Functions. Numeric entries are completed by a RATIO
key or the MHZ, 1 kHz, | kHz, or SPCL keys. Numeric entries in
progress are cleared by using the CLEAR key.

MHz key completes the keyboard entry of input frequency (in
MHz) and tunes the Modulation Analyzer to that frequency. If
the instrument is already tuned and no frequency was
entered, this key centers the input signal in the IF passband. If
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 always enters manual tune
mode when MHz is pressed.

MODULATION OUTPUT provides output for demodulated AM,
FM, or ®M. If RF LEVEL is selected, this output is turned off. If
FREQ, IF LEVEL, TUNED RF LEVEL, FREQ ERROR, or IF fre-
quency is selected, the last modulation type previously mea-
e sured will continue to be output. The output level is from 0 to 4

- volts peak into an open circuit for each modulation range
@ (60002 output impedance).

1 kMz and | kHz complete the keyboard entry of frequency step
size (in kHz) and increment (1) or decrement () the Modula-
tion Analyzer's tuning by that step size. If no step size entry
was made, the tuning 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 signal (156 kHz to 1300 MHz) into
the instrument. Specified input levels are -25 to +30 dBm
from 150 kHz to 650 MHz and -20 to +30 dBm from 650 to 1300
MHz. The input impedance is 500 nominal.

A CAUTION

Do not applygreater than 40V (ac+dc) to the
INPUT jack or damage to the instrument
may result.

SPCL key completes the keyboard entry of a Special Function
code. Special Functions are instrument operations in addi-
tion to those accessible from dedicated front-panel keys. If
pressed alone once, the SPCL key causes the requested
modes of Special Functions 1 through 8 to be displayed. If
‘ pressed again while the requested modes are being dis-

- WYY SO0
£ 150 Mz - 1200 Wy

played, the SPCL key causes the resulting instrument set-
tings to be displayed.

CLEAR key removes any keyboard entry in progress. If no
entry is in progress, CLEAR turns off many Special Functions
with prefixes greater than 8. In remote hold only (HP-IB code
T1), the CLEAR key remains active and acts as a manual
trigger with settling (HP-IB code T3).

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

MODULATION OUTPUT is a rear-panel output for the IF OUTPUT produces a 150 kHz to 2.5 MHz modulated
demodulated signal. This output is supplied on Option 001 IF signal, The output level ranges from -27 to -3 dBm
instruments instead of the standard front-panel connection. (50€2 output impedance).
See MODULATION OUTPUT in Figure 3-1.
LO INPUT (Option 003 only) provides an input for an
LO OUTPUT (Option 003 only) provides an output for the external Local Oscillator. External input signal required
Local Oscillator. Output signal is 1.27 to 1301.5 MHz at is 1.27 to 1301.5 MHz at approximately 0 dBm (50£2
approximately 0 dBm {5082) nominal output impedance. nominal input impedance).
CAUTION CAUTION
Do not apply reverse power into the LO Do not apply >40 Vdc or +5 dBm of RF
QUTPUT or damage to the instrument power into the LO INPUT or damage to
mayresult, the instrument may result.
TIME BASE 10 MHz OUTPUT (Option 003 only) provides \ TIME BASE 10 MHz INPUT provides an input for an
an output for the internal high-stability 10 MHz reference. Out- external 10 MHz time base reference. External input signal
put sigmal isTITL campatible (5052 maminal output impedance). must be >>0.5V peak-to-peak >500£2 input impedance).

AM OUTPUT produces an
ac signal, whose amplitude is
proportional to the AM
depth, with a dc component
related to the IF level. The
output is de coupled with a
16 kHz bandwidth and a

10 k€2 output impedance.

A
Fuse. 2 Amp {250 V, Normal Blow)
for 100/120 Vac. 1 Amp (250V,
Normal Blow) for 2201240 Vac.

FM OUTPUT produces an ac signal, whose
amplitude is proportional to the FM deviation,
with a dc component related to the IF frequen-
cy. The output is dc coupled with a 16 kHz
bandwidth and a 10 k§2 output impedance.

Serial Number Plate. First four numbers
and letter comprise the prefix that denotes

RECORDER OUTPUT produces a dc voltage proportional the instrument configuration. The last five
to the peak voltage at MODULATION OUTPUT. The output digits form the suffix that is unique to each
level is from 0 to 4 Vdc into an open circuit for each display Instrument.

fange (1 kSZoutput impedance) Line Power Module sermits ooeration from 100.

120,220, or 240 Vac. The mumizr vissitblke in window
indicates wariinial fine voltage to which instrument
must be onnected:ds@ed-Figuee221)). Center con-
ductor is safety erth ground.

CALIBRATION OUTPUT is a rear-panel output for AM and FM
calibrators (Option 010). This output is supplied on Option 001 in-
struments instead of the standard front-panel connection. See CALI-
BRATION OUTPUT in Figure 3-1.

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

|
HP-IB CONNECTOR connects the Modulation Analyzer to the
Hewlett-Packard Interface Bus for remote operations. When in
remote mode, the front-panel REMOTE annunciator lights.

Figure 3-6. Rear-Panel Features
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3-3. BASIC FUNCTIONAL CHECKS

C Description

Using a signal generator and oscilloscope, the overall operation of the Modulation Analyzer
is verified.
8901A
MODULATION ANALYZER OSCILLOSCOPE

MODULATION
OUTPUT

SIGNAL GENERATOR

goeae  gnmngn g
m o0 oc [=] 0 '
lRF OUTPUT INPUT VERTICAL INPlﬂ

Figure 3-7. Basic Functional Checks Setup

Equipment
0SCIIIOSCOPE .. i HP 54201A
Signal Generator..................ocoiiiii HP 8640B Options 001 and 002
Procedure

Preliminary Check

1. Remove any cable from the Modulation Analyzer's INPUT. Set LINE switch to STBY,
C then back to ON and note the front-panel LED annunciators, display segments and
decimal points, and key lights at turn on. All LEDs should light for approximately

10 seconds at turn on and then all should momentarily turn off.

2. After the turn-on sequence, the instrument should show “— —”, the MHz annunciator
should light, and the FREQ key should light.

RF LEVEL Check
3. Press the RF LEVEL key. The display should read between -0.003 and 0.003 mW.
4. Set signal generator to 10 MHz CW at +10 dBm (as measured on its level meter).
5. Connect the equipment as shown in figure 3-7.
6. The Modulation Analyzer display should read between 6.5 and 16 mW.,

Frequency Check

7. Press the FREQ key. Set the signal generator’s frequency as shown in the following
table. For each frequency, compare the signal generator’s frequency display with
the Modulation Analyzer’'s display. The two displays should agree within the limits
indicated.
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Signal Generator Frequency Difference |
Frequency (MHz) Limits (£Hz)
2 40
50
8 70
16 100
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 -98
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. Set the signal generator's AM off and set FM to 50 kHz deviation (as measured on its
FM meter) at a 1 kHz rate. Press FM. The display should read between 45 and 55 kHz.

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

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

FM De-emphasis Check
16. Press FM. Set RATIO to %. The display should read between 99.8 and 100.2% REL.

17. 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.

18. Set FM DE-EMPHASIS to PRE-DISPLAY. Set FM DE-EMPHASIS 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 OUTPUT when FM DE-EMPHASIS is set to 750 ps.)

)
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Limits (% REL)
( FM De-emphasis Time Constant (us)
Minimum Maximum
25 97.0 98.0
50 94.5 96.2
75 88.8 92.1
750 18.9 23.0
Filter Check

19. 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 0 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 count&) which should be within the limits shown.

. Frequency Limits (Hz)
Approximate FM |5 1) b Filter
Rate (Hz) Minimum | Maximum
50 50 Hz HP 475 52.5
300 300 Hz HP 285 315
C 3000 3 kHz LP 2850 3150
15 000 15 kHz LP 14 250 15 750
90 000 >20 kHz LP 80 000 140000

Detector Check

20. 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.

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

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

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

25. Key in 3.1 and press the SPCL key. The display should read between 0.4425 and
0.4575 MHz.

26. Tune the signal generator to 5.25 MHz. Press S(Shift) TUNED RF LEVEL. The display
C should read between 6.5 and 16 mW.
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27. 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 EO01.

29. Press | kHz. Set the generator's FM on and adjust the peak deviation for 6 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 EO2.

32. Set the signal generator’s output level to -20 dBm. The Modulation Analyzer's display
should read EO3.

Calibrator Check (Option 010 only)

33. Disconnect the signal generator from the Modulation Analyzer's INPUT and connect
CALIBRATION OUTPUT to INPUT. Press AM, then CALIBRATION. After about
20 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-IB FUNCTIONAL CHECKS

C 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 DIO8 (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 Analyzer 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.

If 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
C first 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 Analyzer's inputs.

Equipment
HP-IB CONtrOHIEr -« v e HP 9000 Model 216,226, or 236
Programming LangUage ........ooviuiniiiiiii i HP BASIC 4.0

Address Recognition Check. This check determines whether or not the Modulation Ana-
lyzer recognizes 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.
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Description BASIC j

Set the Remote Enable (REN) bus control line false. LOCAL 7
Send the Modulation Analyzer's listen address. OUTPUT 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 OUTPUT 715

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

Remote/Local Messages and the KdyeChéckdetermines 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 to Listen). o
Check that the Modulation Analyzer's REMOTE and ADDRESSED u>

annunciators are on.
Send the Local Message to the Modulation Analyzer LOCAL 714

Check that the Modulation 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 Modulation 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 off, but that its ADDRESSED annunciator
remains 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 Analyzer's LINE switch to STBY, then to
ON.
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Description BASIC
Address the Modulation Analyzer to talk and store its output data ENTER 714V
in variable V. (The output is Error 96 since there is no signal at its
INPUT.)
Display the value of V. PRINT V

Check that the Modulation Analyzer's REMOTE annunciator is off
but.that its ADDRESSED annunciator is on. The controller's
display should read 9000009600.

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-sign&ant 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 part of the Remote message (enabling the REMOTE 7
Modulation Analyzer to remote).

Address the Modulation Analyzer to listen (completing the Remote OUTPUT 7143 MZ
message), then send a Data message (manually tuning the
Modulation Analyzer to 1 MHz).

Check that the Modulation Analyzer's REMOTE 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 this check, set the Modulation
Analyzer's LINE switch to STBY, then to ON.
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Description BASIC "‘>
Send the first part of the Remote message (enabling the REMOTE 7
Modulation Analyzer to remote).
Send the Local Lockout message LOCAL LOCKOUT 7
Address the Modulation Analyzer to listen (completing the Remote OUTPUT 714
message).

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

Send the Clear Lockout/Set Local message. LOCAL 7

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

Clear Message Check. This check determines whether or not the Modulation Analyzer
properly 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 /‘)

N

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

Address the Modulation Analyzer to listen (completing the Remote OUTPUT 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 liiht is also on.

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

Check that both the Modulation Analyzer's REMOTE 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
becomes unaddressed when it receives the Abort message. This check assumes that
the Modulation Analyzer is able to handshake, recognize its own address, make the
remote/local changes, and enter serial-poll mode. Before beginning this check, set the
Modulation Analyzer's LINE switch to STBY, then to ON.
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Status Byte Message Check.

Operation

Description BASIC
Send the Remote message to the Modulation Analyzer. REMOTE 714
Check that both the Modulation Analyzer's REMOTE and
ADDRESSED annunciators are on.
Send the Abort message, unaddressing the Modulation Analyzer. ABORTIO 7
Check that the Modulation Analyzer's ADDRESSED annunciator is
off.
Address the Modulation Analyzer to talk and then store its output ENTER 714,V
data in variable V.
Check that the Modulation Analyzer's REMOTE annunciator is off
but that its ADDRESSED annunciator is on.
Send the Abort message unaddressing the Modulation Analyzer to ABORTIO 7

talk

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

Send the serial-poll-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 *1%).

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 properly left serial-poll mode
upon receiving the Abort message.

SENDBUS 714;1,24

ABORTIO 7

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 mode and address it to STATUS 714V
talk (causing it to send the Status Byte message).
Display the value of V. PRINT V
Check that the Modulation Analyzer's REMOTE annunciator is off.
The controller's display should read 0.
Send the Remote message REMOTE 714
Place the Modulation Analyzer in serial-poll mode and address it to STATUS 714,V
talk (causing it to send the Status Byte message).
Display the value of V. PRINT V
Check that the Modulation Analyzer's REMOTE annunciator is on.
The 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 STBY, then to ON.

Description BASIC A)

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

Address the Modulation Analyzer to listen (completing the Remote OUTPUT 714,"22.4SP”
message) then send a Data message (enabling a Require Service
message to be sent upon Instrument Error).

Make the controller watt 2 seconds to allow time for the WAIT 2000
Modulation Analyzer message. (This step is not necessary if
sufficient time is allowed.)

Read the binary status of the controller's HP-IB interface and store STATUS 7V

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

code).

Display the value of the SRQ bit (in this step, 7 is the SRQ bit, PRINT "SRQ=";BIT (V,7)

numbered from 0).

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. Fhis 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 sand and receive
Data messages. Before beginning this check, sat 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 to remote).

Address the Modulation Analyzer to listen (completing the Remote OUTPUT 714;"T1"
message), then send a Data message (placing 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
variable V.

Display the value of V. PRINT V

Check that both the Modulation Analyzer's REMOTE and
ADDRESSED annunciators are on. The controller's display should
read 9900009900.

Address the Modulation Analyzer to talk and store the data in ENTER 714V
variabb V.

Check that the controller's ‘run” indicator is still on indicating that
it has not received data from the Modulation Analyzer. Press the
Modulation Analyzer's CLEAR key. The controller's “run” indicator
should turn off.

3-31



Operation

Model 8901A

3-5. REMOTE OPERATION, HEWLETT-PACKARD INTERFACE BUS ()

3-32

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 1/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 3-2.

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 part number 5952-0156).

HP-IB Compatibility

The Modulation Analyzer's complete bus compatibility (as defined by IEEE Standard 488,
and the identical ANSI Standard MC1.1) is described at the end of table 8-2. Table 3-2
also summarizes the Modulation Analyzer's HP-1B 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 talk or listen. When addressed to listen, the Modulation
Analyzer will respond to the Data, Trigger, Clear (SDC), and Local messages. When
addressed to 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 Analyzer switches to remote, both the REMOTE and ADDRESSED
annunciators on its front panel will turn on.

J
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Table 3-2. Message Reference Table (1 of 2)

Commaads lmerface
' ‘ Fum:tsons

o Al Mwmati@n ﬁmatyzef ﬁperations excsm
able. All measurement results, special

- " 'lyzerma  a settled measarem%ﬁ ord
 set-up. It responds equally o
13, T h sealiug

‘Remote ~ Yes Remme moda is enableﬂ when the ﬂEN bus . lipe | REN 1 BLY
-y , is true. However, remote mode is not entered until the | o

first time the ‘Modulation Analyzer is addressed 10 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 |

¢hanged, but all fmm-panet keys except LCL and CLEAR

are disabled.

| Local Yes | The Modulation Analyzer wtumsio oal s (from~panal |on RL1
control). Responds equally to the GTL bus commandand |

| the front-panel LCL key. When entering local mode, no | -
| instrument settings or_ functions are char;gedﬁ in %ocal i

“ "tnggermg is tree run only,

| ‘Disables all front-panel keys mcludmg LCL and CLEAR, 110 - Al
| Only the controller can. teturn the Moduiaxmn Analyzeri‘c'j 1.
local (fmmepanei controi) e :

Clear Lockout/ | Yes | The Modulation Analyzer returns to local(

Local Lockout |~ Yes

R Etst RL1

ntpanel con-
Set Local , | troi) 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 k}caf mggermg is free
.| runonly.
Pass Control/ No The Modu&anun Analyzer has no control capab;my g co
Take Control / :
Require Yas The Mgduiatm Analyzer sets the SFIQ Bbus control line. | SRQ SRH1
Service ‘true if-an invalid program code is received. The following
: conditions will aiso set SBRQ truewhenthey occurifthey are |
enabled by the operator to do s0; Data Ready, Instrument..
Error tlpper Limit Reached; or Lower Limit Heached
pm
Commands, Control Lines, ana Interface Functions are defined in IEEE Std 488 Know%eﬂge of these might not be necessary if
your controller’s manual describes programming in terms of the twelve HP-IB Messages shown in the left-column.
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Table 3-2. Message Reference Table @ of 2)

zm;ﬂeqmre Sewk;a mes&gete hs issmd wilk

boihbetme Thebizsiﬁﬂw&amsaytaarelatcmabm
elearedb ,

Complete HP-IB capability as defined in IEEE Std 488 and ANSI Std MC1 .1is: SH1, AH1, T5, TEO, L3, LEO, SR1, RL1,
PPO, DC1,DTt, 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’ eight data lines as an address or 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 Detailed 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-to-local can also be accomplished by turning the Modulation Ana-
lyzer’s LINE switch to STBY, then back to ON. However, this technique
has sweml disadvantages.

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

o There are several HP-1B wnditions that reset to default states at
turn-on

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
the 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 to listen. Unless
it is set to Listen Only, the Modulation Analyzer sends data messages or the Status Byte
message (ifenabled) 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 switch 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. If the 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 keystroke
sequence in local mode. Example 1 shows the general case programming order for selecting
Modulation Analyzer functions. Specific program order considerations are discussed later
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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

S

EXAMPLE 1: General Program Syntax and Protocol .

Controller Talk
| Modulation Analyzer Listen | ,

[Automatic Operation] [Tuning] [Measurement] [Detector] [Filters] [FM De-emphasis] [sﬁecial Functions] [Ratio] [Calibration] [Trigger]

EXAMPLE 2: Typical Prggram String

Controller Talk
Modulation Analyzer Listen { ,

AU104.5MZM2D1P1P4T3
Automatic OperationJ [ ‘ -[—Trigger with Settlin
Manual Tuning ———————l . 75 us FM De-emphasis
FM FM De-emphasis Pre-Display

Peak + Detector

Program Codes. All of the valid HP-IB codes for controlling Modulation Analyzer functions

are summarized in table 3-5. 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 easier. The first codes —
given are the codes used in all programming examples in this manual.
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Table S-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
I @ [
] B \
”» G ]
# I ~
% J -
& N {
( Q |
) 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 turns off the filters also turns off the PRE-DISPLAY
function. Thus, when programming FM de-emphasis, it is advantageous to begin with the
PEE-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 PO
RATIO off RO
CALIBRATION off co

Programming Numeric Data. When programming input frequency, entering ratio or limit
references, or issuing any numeric data (other than specific HP-IB 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. If it does, a
leading zero will be automatically inserted by the Modulation Analyzer. Any digit beyond
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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 Input Format:
DDDDDDDDE:NN

Mantissa Exponent Magnitude
Indicates HBxponent Fallows 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 (TO). 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
local 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
a LIMIT is reached (and if enabled to do so) or if an HP-IB code error occurs. 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 instrument 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:

. it receives either the Free Run, Trigger Immediate, or Trigger With Settling
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 instrument is in a 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 Calibrator.
Refer to the procedures under “Calibration, AM, ” “Calibration, FM” in the
Detailed Operating Instructions.

Triggering Measurements With the CLEAR Key. When the Modulation Analyzer is in
remote Hold mode and not in Local Lockout, the front-panel CLEAR key may be used
to issue a Trigger With Settling instruction. First place the instrument 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 instrument 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 (LLO). 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 to these commands is
necessary. Since many elements of the measurement cycle are transitory, the cycle must
be reinitiated following each interruption. Thus, if a lot of bus activity occurs while the
Modulation Analyzer is trying to take a measurement, a measurement cycle may never be
completed.

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 received, the
Modulation Analyzer will not allow its measurement cycle to be interrupted. (Indeed,
handshake ofbus commands is inhibited until the measurement cycle is complete.) Once the
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cycle is complete, bus commands will be processed, as discussed under Trigger Immediate
above, with no loss of data. Thus, in an HP-IB ennvironment where many bus commands 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 (PO 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 (PO
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 follow 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, and 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 “1”, 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
ready and the Modulation Analyzer is not in a trigger mode, another measurement cycle
is executed.

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

J
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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
letter E and a signed power-of-ten multiplier. 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 Output Format:
+ DDDDDDDDE + NNCRLF

Signed Mantissaj ] T-[_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 error 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 10°, then dividing the results by 100.

Error Output Format:

Error Output Format:

+900000DDE+Q2CRL F
Line Feed
Error Code 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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Tabk3-4. Response to a Clear Message

Manual Operation
MHz Input Frequency
1+ and {} kHz Step Size

Parameter Setting
High-Pass (HP) Filters All Off
Low-Pass (LP) Filters All Off
FM De-emphasis All Off
Pm-display off
Calibration Off
Measurement Frequency
Detector off’
Ratio off
Limit Not Enabled
Lower Limit Reference 150 kHz
Upper Limit Reference 1800 MHz
Limit Measurement Mode | Frequency
Automatic Operation On

Automatic Tuning?
0 kHz

SPCL Special Functions prefixed 1 through 8 in

zero-suffix mode: all others off except Service
Request Condition set to 22.2 (HP-IB code error).

Modulation Output
Service Request Condition
Status Byte

Trigger Mode

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

Free Run (Code TO)

! Detector will be Peak+ if a modulation measurement is selected immediately after the
Clear message is received or after power up.

2 If MHz (code MZ) is selected immediately after the Clear message is received or after
power-up, the Modulation Analyzer will 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 Measurements With the
Data Message.

Receiving the Remote Message
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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 is 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 (code
TO). When actually in remote, the Modulation Analyzer lights its front-panel REMOTE
annunciator. When the Modulation Analyzer is being addressed (whether in remote or
local), 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
command. 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&t 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.

Ifthe 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&t 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 it 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 controller 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 Byte message on the bus.) An HP-IB code error will always
cause a Require Service message to be issued. In addition, there are four other conditions
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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).

« 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 limit 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-1B. 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 3-8
illustrates 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 Analyzer sends the Status Byte message.

NOTE

Snce the Modulation Analyzer cannot alter the Status Byte while in serial
poll mode, it is not possible to continually request the Status Byte while
waiting for a condition to cause a bit to be set.

After the Status Byte message has been sent, it will be cleared if the Serial Poll Disable
(SPD) bus command is received, if the Abort message is received, or if the Modulation
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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 is 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 Poll 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.

(Eemmurr v )
!

v
SET TRIGGER READ STATUS BYTE
MODE TO HOLD FROM 8901A

(WPIBCODETI) '

¢

ENABLE SRQ ON TO OTHER INSTRUMENT
DATA READY SERVICE ROUTINES
(HP-18 CODE 22.3SP)

!

CONFIGURE
MEASUREMENT TEST OTHER 8901A
SRQ CONDITIONS

TRIGGER MEASUREMENT
(HP-18 CODE T2 OR T3)

|
PROCESS OTHER
ROUTINES UNTIL RETURN
SRQ CAUSES INTERRUPT |

SRQ FROM
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8901A SRQ
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READY?
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Figure 3-8. Example Flow Chart for Driving the Modulation Analyzer Using the Require Service Message (SRQ)
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Table 3-9. Commonly Used Code Conversions

Hexa-

ASCH Binary Octal Jecimal | decimal
NUL 00 000 000 000 0 00
SOH | 00000001 001 1 01
STX 00 000 010 002 2 02
ETX 00 000 011 003 3 03
EOT 00 000 100 004 4 04
ENQ | 00000101 005 5 05
ACK | 00000110 006 6 06
BEL | 00000 111 007 7 07
BS 00 001 000 010 8 oa
HT 00 001 001 011 9 09
LF 00 001 010 012 10 0A
vT 00 001011 013 1" 0B
FF 00 001 100 014 12 oc
CR 00 001101 015 13 0D
) 00 001110 016 14 0F
sl 00 001111 017 15 OF
DLE | 00010000 020 16 10
DCH 00 010 001 021 17 1
DC2 | 00010010 022 18 12
DC3 | 00010011 023 19 13
Dc4 | 00010100 024 20 14
NAK | 00010101 025 21 15
SYN | 00010110 026 2 16
ETB 00010 111 027 23 17
CAN 00 011 000 030 24 18
EM 00 011 001 031 25 19
SuB 00011010 032 26 1A
ESC 00011011 033 27 18
FS 00011100 034 28 1C
GS 00011101 035 29 10
RS 00011110 036 30 1E
us 00 011111 037 31 1F
SP 00 100 000 040 32 20
! 00 100 001 041 33 21
” 00 100 010 042 34 2
# 00 100 011 043 35 23
$ 00 100 100 044 36 24
% 00 100 101 045 37 25
& 00 100 110 046 38 26
00 100 111 047 39 27
( 00101000 050 40 28
} 00 101 001 051 4 29
* 00 101010 052 4 2A
. 00101011 053 43 28
00 101 100 054 44 2c
00101101 055 45 2D
. 00101 110 056 46 2E
! 00 101111 057 47 2F
0 00 110 000 060 48 30
1 00 110 001 061 49 31
2 00110010 062 50 32
3 00110011 063 51 33
4 00 110 100 064 52 34
5 00110101 065 53 35
6 00110110 066 54 36
7 00110111 067 55 37
8 00 111 000 070 56 38
9 00 111 001 07 57 39
00111010 072 58 3A
; 00 111011 073 59 3B
< 00 111 100 074 60 3c
= 00 111101 075 61 3D
> 00111110 076 62 3
? 00 111111 077 63 3F

Operation

] Hexa-

ASCII Binary Octal | Decimal | decimal
@ 01 000 000 100 64 40
A 01000001 101 65 41
B 01 000 010 102 66 42
c 01 000011 103 67 43
) 01000 100 104 68 4
£ 01 000 101 105 69 45
F 01000110 106 70 46
6 01000111 107 b4l 47
H 01001 000 110 72 48
| 01 001001 111 73 49
J 01001010 112 74 4A
K 01001011 113 75 48
L 01001 100 114 76 4c
M 01 001101 115 77 4D
N 01001110 116 78 4
0 01 001111 17 79 4F
P 01010 000 120 80 50
Q 01010 001 121 81 51
R 01 010010 122 82 52
S 01 010011 123 8 53
T 01010 100 124 84 54
U 01 010101 125 85 55
v 01010110 126 86 56
w 01010111 127 87 57
X 01011000 130 88 58
Y 01 011 001 131 89 59
z 01 011010 132 90 5A
| 01011011 133 91 58
\ 01 011 100 134 92 5C
| 01 011101 135 93 5D
~ 01011 110 136 94 SE
— 01011 111 137 95 5F
N 01 100 000 140 9% 60
a 01100 001 141 97 61
b 01100010 142 98 62
c 01100011 143 99 63
d 01100 100 144 100 64
e 01100 101 145 101 65
f 01100110 146 102 66
g 01100111 147 103 67
h 01101000 150 104 68
| 01 101 001 151 105 69
] 01 101 010 152 106 6A
k 01 101 011 153 107 6B
f 01 101 100 154 108 6C
m 01 101 101 155 109 6D
n 01101110 156 110 6E
0 01 101111 157 11 6F
p 01110000 160 12 70
g 01 110001 161 113 71
r 01 110010 162 114 72
s 01 110011 163 115 73
t 01110 100 164 116 74
u 01110101 165 17 75
v 01 110110 166 118 76
w 01 110111 167 119 77
x 01111000 170 120 78
y 01 111001 11 121 79
z 01 111 010 172 122 7A
{ 01 111 o011 173 123 7B
: 01 111100 174 124 7C
} 01 111101 175 125 70
01111110 176 126 7E
DEL | 01111111 177 127 7F

1The ASCII code setis used extensively throughout This manual (for example. in thetables of HP-IB Program Codes).
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3-6. INTRODUCTION TO THE DETAILED OPERATING INSTRUCTIONS

The Detailed Operating Instructions provide a complete operating reference for the Mod-
ulation Analyzer user. As an operating reference, this section contains all relevant infor-
mation regarding operating the Modulation Analyzer. (If you intend to operate the Modu-
lation Analyzer remotely, the Remote Operation., Hewlett-Packard Interface Bus section
contains information about how the Modulation Analyzer interacts with a controller.)

This section is intended to be a reference document for users. The Detailed Operating
Instructions will enable you to use the full capabilities of the Modulation Analyzer.

How To Find Information About a Specific Measurement

Use table 3-10 to find the Detailed Operating Instruction relevant to the measurement you
are trying to make.

In each detailed operating instruction you will find the following:

Functions lists all the Modulation Analyzer functions to be discussed that pertain to the
measurement.

Description introduces the measurement and any of the listed Functions.
Procedure provides specific instructions about making the measurement.

HP-IB lists all the Hewlett-Packard Interface Bus (HP-1B) codes relevant to making the
measurement in remote operation.

Measurement Technique decribes the basic circuitry used to make the measurement.
Sometimes, this information can provide an experienced user with a basis for adapting the
Modulation Analyzer to varied measurement situations.

Comments provide miscellaneous information that is not essential to the basic measure-
ment but could be valuable to an experienced user attempting to use the Modulation
Analyzer in measurement situations not explicitly described in the “Procedure”.
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Table 3-10. Detailed Operating Instructions Table of Contents (Functional) (1 of 3)

AM
AM e 3-59
AMALCReSponse . . . ... . .. 3-62
AMOutput . . . . . . e 3-64
Calibration, AM. . . . . . 3-71
Modulation Output . . . . . . . . . .3-140
Modulation Range . . . . . . . . . . . 3-142
Recorder OQUtput . . . . . . . . . .3-152
FM
Calibration, FM. . . . . . . 3-78
3-102
FM De-emphasis . . . . . . .. o .3-105
Y B0 17+ 3-107
Modulation Output . . . . . . . . e .3-140
Modulation Range . . . . . . . o o .3-142
Recorder OUtpUt . . . . . . . . . e .3-152
Tone Burst RECEIVEr . . . . . o o e .3-172
M
Modulation OQULPUL. . . . . o o e . 3-140
Modulation RaNge . . . . . . o o o o . 3-142
PM........... S 3-145
Recorder OQUEPUL . . . . . o o oo o e e .3-152
Level
Level, TF . . o .3-127
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AM

DESCRIPTION

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 OUTPUT and the rear panel AM OUTPUT. (The demodulated AM is
present at AM OUTPUT 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 MHz IF only). Depths to 99% can be measured.

OUTPUT RANGES

Modulation Range
MODULATION RECORDER
Special Program D | S p I a y OUTPUT OUTPUT
PEAK % (%) AVG! (%) Eunction Code Resolution Sensitivity (Rear Panel)
Code m (%) {Vac/% AM) (Vdc/peak% AM)
Automatic  Selection | 2.0 SPCL 2.0SP | Automatic  Selection
<40 <28 | 2.1 SPCL 2.18P | 0.01 0.1 0.1
2.2 SPCL 2.2SP
<100 < 70.7 or or 0.1 0.01 0.01
2.3 SPCL 2.35P
1 Values are for sine wave modulation signal only.

PROCEDURE

To make an AM measurement, first tune the instrument to the input signal (refer to Tuning
or press AUTOMATIC OPERATION). Press the AM key, and select an audio detector:
PEAR+, PEAR-, or AVG (refer to Detectors). 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.
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EXAMPLE
To measure the positive peak AM depth of a signal in a 50 Hz to 15 kHz demodulated signal
bandwidth:
LOCAL ~Measurement— ~ Detector — ~Filters~
(keystrokes) AM PEAK +  50Hz 15kHz

N & ¢ ¢
Y Hp-16 § MID1H1L2

(program codes) Measurement3 T ~— L— Filters
Prog Detector

HP-IB PROGRAM CODE
Ml is the HP-IB code for AM.

INDICATIONS

The LEDs within the keys representing the selected functions will light. The % annunciator

to the right of the numerical display will light and the display will show the % AM on the
carrier.

MEASUREMENT TECHNIQUE

The instrument measures AM as a ratio of the demodulated audio signal level to the
average tuned carrier level. An automatic level control (ALC) loop within the demodulator
holds the carrier level constant so that the percent AM is proportional to the amplitude of
the demodulated audio output. This audio output is then filtered and displayed as % AM.

r AN OUTPO -
¢ T AW OUTROT

( MODULATION
ouTPUT

AM
INPUT o~ DEMODULATOR— AUDIO AUDIO VOLTMETER
ATTENUATOR INPUT IF AMP (ALC LOOP) FILTERS DETECTORS AND DISPLAY
MIXER - —
—4 » I-—Ib'b’e?.%'b'85'|

AM Measurement Block Diagram

COMMENTS

The PEAK+ detector always detects the peak of the carrier envelope while the PEAK -
detector always detects the trough.

The routine which automatically selects the modulation range contains a region of overlap
between 35 and 40% AM (peak detected). When using the average detector, ranging will
occur with lower modulation levels displayed. If the modulation level is reduced from
above 40% into this overlap region, only 0.1% resolution may be displayed although 0.01%
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resolution is available. To display the increased resolution, press the AM key a second time.
To set the instrument to a selected modulation range, refer to Modulation Range.

When operating above 2.5 MHz while using the 455 kHz IF, the modulation bandwidth’s
upper limit is that of the >20 kHz low-pass filter. Note that the 15 kHz low-pass filter
is automatically selected when operating below 10 MHz or whenever the 455 kHz IF is
selected. However, this filter may be overridden by selecting the >20 kHz low-pass filter.
The modulation bandwidth’s lower limit is determined by the ALC response time selected.
Refer to AM ALC Response Time.

The signal at AM OUTPUT is inverted for all carrier frequencies.

AM conditions which cause the carrier signal to disappear will cause inaccuracies in
measurement of FM, &M, or input frequency, or they may cause E05 (FM squelched) to
be displayed when these measurements are selected.

RELATED SECTIONS

AM output

AM ALC Response Time
Detectors

Detector, Peak Hold

Filters

Modulation Basics (in section 1)
Modulation Range

Ratio

Residual Noise Effects
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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 6.0 SPCL 6.0SP
Fast Response 6.1 SPCL 6.1SP
ALC off 6.2 SPCL 6.25P

EXAMPLE
To enter a fast AM ALC response mode:

»r—Code—— ~Function~

LOCAL

(keystrokes) @ @ @SECL
L HP-1B 6.1SP

(program codes) Code——_-r T 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 front-panel display. When the SPCL
key is pressed, the display returns to show the measurement previously selected. Unless
Special Function code 6.0 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.
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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
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AM Output

CAUTION

Do not apply greater than 10 V (pk) (ac+ dc) into the AM OUTPUT jack or
damage to the instrument may result.

DESCRIPTION

The rear-panel AM OUTPUT (dc coupled, 10 kQ output impedance) provides an auxiliary
output for the AM demodulated from the signal at INPUT. This output is useful for
monitoring AM when displaying FM or M or when the modulation rate is very low.
(Use the AM ALC offsetting described under AM ALC Response Time.) The output signal
comprises a dc voltage related to the detected IF level and an ac voltage (bandwidth 16 kHz,
one pole) proportional to the AM depth. The dc component contains an offset voltage (V.g)
which must be subtracted out. The relationship between % AM and the signal levels at AM
OUTPUT is:

(7' [ (z ;)
AM - —— -~
(] = lV !C ‘/off , X 100%

where: v (ph) is the peak of the ac component,
V dc is the total dc component, and

Voss IS the dc offset voltage.
When the AM ALC is on, the dc level at AM OUTPUT is held constant, thus,

% AM = K X V (pk),

where:
100%

Y= Ve =V

When the AM ALC is turned off, the dc voltage at AM OUTPUT will vary with signal
level (although the offset remains constant), and the full formula must be used for each
measurement.

PROCEDURE

3-64

To measure AM depth with AM OUTPUT, first determine the offset voltage. Press
AUTOMATIC OPERATION to clear any Special Functions in effect, then connect a dc
voltmeter to the AM OUTPUT jack and remove any signal at INPUT. Press MHz to fix
the tuning, and read the offset voltage on the voltmeter. Now disable the AM ALC loop
(6.2 SPCL) and apply the carrier to INPUT. Measure the dc and peak ac signals at AM
OUTPUT. Use the first equation under “DESCRIPTION” above to compute % AM.
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EXAMPLE
To measure AM depth at AM OUTPUT with the AM ALC turned off, measure V,;; first:
Remove any signal at the INPUT and connect a dc voltmeter to AM OUTPUT.

LOCAL automarnc

OPERATION MZ @ INPUT

(keystrokes)  FREQ

ml AUMZ

{program codes)

For this example, assume the voltmeter reads an offset voltage of -0.36 V dc. Connect an
AM signal to INPUT and tune the Modulation Analyzer to it. Now disable the AM ALC.

r——Code—— ~Function—~

LOCAL

(keystrokes) D @ @secL
€=5) 6.2SP

(program codes) Code——_-rLF unction

Measure the dc voltage at AM OUTPUT. (When low AM rates are used, it is easiest to
measure the dc voltage at AM OUTPUT before the modulation is applied.) For this example,
assume the voltmeter reads -0.46 V dc. Measure the peak ac voltage at AM OUTPUT (for
low rates an oscilloscope may be necessary). For this example, assume 0.02 V (pk) was
measured on an oscilloscope. The % AM is:

V (pk) x 100% _ 0.02 x 100%
[Vdc—Vor;]  1(—0.46) — (—0.36)] =

% AM = 20% AM
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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.

*_< MODULATION
QUTPUT

AM
INPUT o/~ DEMODULATOR— AUDIO AUDID
ATTENUATOR m;lg IF AMP (ALC LOOP) FILTERS DETECTORS AVN%LE%EPTLE’;
Lo VY -
OoGoSO0O0G
TRPUT = S66EER55

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 Output
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Attenuation, Input

(Special Function 1)

DESCRIPTION

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 Special Function code, then press the SPCL key.

Program Code

Input Attenuation Range Special Function m
Automatic  Selection 1.0 SPCL 1.0SP

0 dB 1.1 SPCL 1.18P

10 dB 1.2 SPCL 1.2SP

20 dB 1.3 SPCL 1.3SP

30 dB 1.4 SPCL 1.48P

40 dB 1.5 SPCL 1.58P

50 dB 1.6 SPCL 1.6SP

EXAMPLE
To set the input attenuation to the 20 dB range:

——Code—— ~Function-~

LOCAL

(keystrokes) @ @ @ E}sgcl.
: L HP-IE 4 1.35P

(program codes), Code—J  L—Function

HP-IB PROGRAM CODE
For HP-IB codes, refer to “PROCEDURE" above.
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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 1.0 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

When the Modulation Analyzer first powered up or when AUTOMATIC OPERATION is
selected, the input attenuation is placed in the automatic selection mode.

If the input attenuation is set such that the input signal level causes the input mixer to be
overdriven, EO2 will be displayed. If the input attenuation is set such that the signal level
reaching the circuits is too low for an accurate measurement, E03 will be displayed.

The following table is a guide for manually selecting the appropriate input attenuation for
various input signal levels. The values given are approximate only. Typically, conversion
loss through the input mixer increases linearly from 150 kHz to 1300 MHz with the higher
frequency requiring approximately 5 dB more power for equal performance.

Input attenuation is always 50 dB when RF LEVEL is selected; Special Functions 1.1 to
1.5 are overridden.

Input Signal Level Input Attenuation”
(dBm) (dB)

150 kHz to 650 MHz | 650 to 1300 MHz FM & $M Measurements | Other Measurements
—25t0 —16 —20 to —13 0 (1.1 SPCL) 0 (1.1 SPCL)
—16t0 -6 -131t0 -3 0 (1.1 SPCL) 10 (1.2 SPCL)

—6t04 -3t07 10 (1.2 SPCL) 20 (1.3 SPCL)
410 14 71017 20 (1.3 SPCL) 30 (1.4 SPCL)
14 to 24 17 to 27 30 (1.4 SPCL) 40 (1.5 SPCL)
24 t0 30 27 to 30 40 (1.5 SPCL) 50 (1.6 SPCL)

* For measurements other than modulation measurements (except RF LEVEL) use attenuation from
either column. RF level overrides manual setting of input attenuation and sets it to 50 dB.

RELATED SECTIONS

Hold Settings
Level, RF
Special Functions

3-88 Attenuation. Input



Model 8901A Operation

Automatic Operation

DESCRIPTION

The AUTOMATIC OPERATION key configures the Modulation Analyzer to automatically
tune to the largest detectable input carrier (refer to Tuning for qualifications) and make the
measurement selected. MODULATION OUTPUT is blanked while the instrument tunes.
AUTOMATIC OPERATION sets Special Functions with prefixes 1 through 8 to their O-
suffix mode, turns off many Special Functions with prefixes greater than 8, and overrides
all Service Special Functions (prefixes 0, 40, or greater). AUTOMATIC OPERATION
does not affect HP/LP FILTERS, FM DE-EMPHASIS, MEASUREMENT, CALIBRATION
DETECTOR, RATIO or Limit settings. The instrument powers up in the Automatic
Operation mode.

PROCEDURE

To re-enter the Automatic Operation mode, press the AUTOMATIC OPERATION Kkey.
‘The instrument will immediately re-tune to the input signal and make the measurement
selected.

EXAMPLE
To enter automatic operation mode:

LOCAL BRERATION.
(keystroke) n

<= AU

(program codes)

HP-IB PROGRAM CODE
AU is the HP-1B code for AUTOMATIC OPERATION.

INDICATIONS

When AUTOMATIC OPERATION is pressed, the instrument initiates an automatic
tuning sequence generally indicated by four dashes on the display. When tuned, the
instrument displays the measurement selected and the appropriate key lights will be on. If
a MEASUREMENT Kkey light is on, the SPCL key light will be off. If all MEASUREMENT
key lights are off, the SPCL key light will be on (the instrument is making a measurement
such as IF frequency selected by the SPCL key).

COMMENTS

The AUTOMATIC OPERATION Kkey is the easiest way to make measurements in appli-
cations where only a single carrier is present at INPUT. The instrument configures itself
to meet the needs of most measurement situations, and all errors preventing inaccurate
displays are enabled.
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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

3-70
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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 50Q cable and select AM. Now press the CAL-
IBRATION 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 optimum 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 automatically 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.
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) Special Program Code
Action Function Code |  (IEEEp
| Disable AM Calibration Factor | 16.0 SPCL | 16.0SP |
| Enable AM Calibration Factor| 161 SPCL |  16.1sP |
Read AM Calibration Factor 16.2 SPCL 16.2SP

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

2. Key 13.1 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 AM depth of the calibrator's unmodulated output as
demodulated by Modulation Analyzer B.

3. Key 13.2 SPCL into both instruments. Note the reading on the display of Modulation
Analyzer B. (f display jitter makes readings difficult, key in 5.1 SPCL.) This is the
demodulated positive peak AM depth of the calibrator's modulated output.

4. 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 counts in the
least-significant digit, compute the average as follows:

(reading of step 3) + 2 x (rending of step 4)
3

(13.2 reading) =

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

— . , (13.2 ding) — (13.1 reading
A AL Calibration ffactor = eacne ( - /) % 100%
(13.0 reading)

6. To use this AM Calibration Factor to correct AM measurements made with the
Modulation Analyzer B, enter it as a ratio reference and use % RATIO (refer to Ratio.).
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The Special Function codes are summarized in the table below:

. Special Program Code
Function Function Code |  {IGEEp
Display computed peak AM 13.0 SPCL 13.0SP
Display demodulated peak residual AM| 13.1 SPCL 13.1SP
Display demodulated peak AM 13.2 SPCL 13.2SP

EXAMPLES

Self-Calibration

To determine the AM Calibration Factor, connect CALIBRATION OUTPUT to INPUT.
Determine the AM Calibration Factor:

~~ Measurement =
(Lk(e)CSfl\'l(;keS) AM CALIBRATION
y e )
| HPi6 2 M1C1
(program codes) Measurementl C—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 measurements:

/ Code ~ 7~ Function =
LOCAL
(kg;strokes) @ E] D @ @5'-"’"

 +p-ic 2 16.1P
(program codes) Code—J  T—Function

Calibrating Another HP 8901A Modulation Analyzer

One Modulation Analyzer (A} is to be used to determine the AM Calibration Factor
of another HP 8901 A Modulation Analyzer (B). Connect CALIBRATION OUTPUT of
Modulation Analyzer A to INPUT of Modulation Analyzer B. Determine the computed peak
AM depth of Modulation Analyzer A’s calibrator.
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(program codes)

LOCAL Code \ ~Function—
(keystrokes) @ E] @ @ E] sect
m 13.0SP

Code ——-r— Function

Read the computed peak AM depth of the calibrator on the display of Modulation Analyzer

A, for example, 33.373%. Now, determine the demodulated peak residual AM.
On both Modulation Analyzers:

LOCAL
(keystrokes)

Code ~. —~ Function—

ololelolo]

=)

(program codes)

13.1SP
Code—_,_L Function

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:

LOCAL
(keystrokes)

,-Code «————_ _,~Function-

DEOE -

 HPIE

(program codes)

13.2SP
Code:L Function

Read the demodulated positive peak AM depth of the calibrator on the display of Modulation
Analyzer B, for example, 33.544%. Note that the 40% AM range is used but an extra digit
of accuracy is given. (If display jitter makes readings difficult, key in 5.1 SPCL.)

Now press PEAR- on Modulation Analyzer B and note the next reading on its display, for
example, 33.598%. Since the difference between the readings with PEAR+ and PEAK -
detectors is greater than 3 counts, compute the average (13.2 reading) as follows:
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(PEAK + reading) + 2 x (PEAK — reading) _
3 =

(13.2 reading) =

(33.544) + 2 x (33.598) -
3

33 580%.

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

(132 reading) — (13.1 reading) _ 1q40. _ 33580 ~ 0132 L 54500 — 100 21%
(13.0 reading) 33.378 '

HP-IB PROGRAM CODES

The HP-1B codes for enabling, disabling, or reading the AM Calibration Factor are
given above under “PROCEDURES”: Correcting Measurements with the AM Calibration
Factor. 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.

Key Pro:;;BCode
CALIBRATION on ct
CALIBRATION off co
AM M1
SPCL SP

INDICATIONS

Self-Calibration

During self-calibration, the lights within the AM key and the CALIBRATION key are on.
The filter, de-emphasis, ratio and detector keys are all disabled. When the CALIBRATION
key 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 computed, it is
displayed. Subsequent updates occur approximately every 17 seconds.

Calibration, AM 3=
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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 will return 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, error 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 is 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:

. . Demodulated AM — Demodulated Residual AM
AM Calibration Factor = x 100%
Computed AM

MODULATORA BUFFER A

FM LIMITER ATTENUATOR
CALIBRATOR

o | cauegaTion
X QUTPUT
os'cu'm% . MODULATORB  BUFFERS vm.ms'rzn
ILLA
DETECTOR conraouen SED'SDPL“
MODULATION
0SCILLATOR _i

Simplified Block Diagram of the AM Calibrator
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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
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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
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 FM demodulation cir-
cuits, first allow at least a half-hour continuous operation before calibration. Connect CAL-
IBRATION OUTPUT to INPUT with a 509 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 FM
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 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 after 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 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 FM measurements. In addition, it may
be disabled or displayed. Select and key in the corresponding Special Function code, then
press the SPCL key.
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Operation

] Special Program Code
Action Function Code m
Disable FM Calibration Factor 17.0 SPCL 17.0SP
Enable FM Calibration Factor 17.1 SPCL 17.1SP
Read FM Calibration Factor 17.2 SPCL 17.2SP
(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 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 (Modulation Analyzer B). Then perform the following:

1.

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 output as
demodulated by Modulation Analyzer B.

. Key 12.2 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 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 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 counts in the
least-significant digit, compute the average as follows:

(reading of step 3) + (rending of step 4)

(12.2 reading) = 5

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

(12.2 reading) — {12.1 reading)

- - x 100%
(12.0 rcading)

F M Calibration Faclor =

. To use this FM Calibration Factor to correct FM measurements made with Modulation

Analyzer B, enter it as a ratio reference and use % RATIO (refer to Ratio.).
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The Special Function codes are summarized in the table below:

Special

Function Function Code

Program Code

L HP 1B 2

Model 8901A

Display computed peak FM 12.0 SPCL | 12.0SP
Display demodulated peak residual FM 12.1 SPCL | 12.1SP
Display demodulated peak FM 12.2 SPCLI 12.28P

EXAMPLES

Self-Calibration

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

Determine the FM Calibration Factor:

LOCAL

(keystrokes) i

ro

~~ Measurement ~

CALIBRATION

E |

4=

(program codes)

Measurementl T—Calibration

M2C1

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 FM Calibration Factor to correct FM measurements:

~ —Function—

LOCAL Code

(keystrokes)

olos

(4] [+ Jeer

€=

(program codes)

Code—J L[ —

17.15P

Function

Calibrating Another HP 8901 A Modulation Analyzer
One Modulation Analyzer (A} is to be used to determine the FM Calibration Facto:

of another HP 8901A Modulation Analyzer

{B). Connect CALIBRATION QUTPUT of

Modulation Analyzer A to IN PUT of Modulation Analyzer B. Determine the computed peak
FM' deviation of Modulation Analyzer A’s calibrator.
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Model 8901A
On Modulation Analyzer A:
-Code, - ~Function—
LOCAL
e AEOE O~
12.0SP
ipmﬂfam 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
(keystrokes)

\ -~ Function-

@@@@ (e e

<=

(program codes)

12.1SP
Code-—j_ “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 -Code ~Function—,

(keystrokes) B E] E] @ @sgcu.
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 display jitter makes readings difficult, key in 5.1

SPCL.)

Now press PEAK- on Modulation Analyzer B and note the next reading on its display,
for example, 33.459. Since the difference between the readings with PEAK+ and PEAK-

readings is greater than 3 counts, compute the average (12.2 reading) as follows:
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(PEAK + reading) + (PEAK — reading) _

(12.2 reading) = 5

(33.453) + (33.459)

=334
5 33456

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

(12.2 reading) — (12.1 reading) 33.456 ~ 0.092 B
: 100% = 2200 — 52 % = 100.
(12.0 reading) x 100% Soeg X 100% = 100.20%

HP-IB 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 key, the FM key, and the SPCL key
are given below.

Key Pro%ode
CALIBRATION on Cl
CALIBRATION off co
FM 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 Kkey is pressed, approximately 17 seconds pass during which the instrument con-
figures itself and tunes 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.
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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 display. 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 controlled
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 calibrator (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 FM — Demodulated Residual FM
FM Calibration Factor = x 100%
Computed FM

OUTPUT AM
BUFFER CALIBRATOR

L | cauieraTioN
OUTPUT

10.1 MHz
VOLTAGE
CONTROLLED
OSCILLATOR

COUNTER
OUNTER

c AND
BUFFER CONTROLLER DISPLAY

10 kHz
MODULATION
OSCILLATOR

Simplified Block Diagram of the FM Calibrator
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COMMENTS

Whenever FM calibration is performed, the FM Calibration Factor stored in the instrument
is updated with the new factor.

Pressing the CALIBRATION key cancels all Special Functions.

The modulation waveform of the FM 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 12.1 and 12.2 are used to calibrate another HP 8901A Modulation
Analyzer, they set the FM deviation range to 0 to 40 kHz (Special Function 2.2). 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

Calibration, AM

FM

Ratio

Residual Noise Effects
Special Functions
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Default Conditions and Power-Up Sequence

DESCRIPTION

When first turned on, the Modulation Analyzer walks through a sequence of internal checks
after which the instrument is ready to make measurements. The results of these checks are
indicated internally to aid servicing. The power-up sequence is visible to the operator only
in that all front-panel indicators are lighted. This allows the operator to determine if any
of the LEDs are burned out. After approximately 10 seconds, this sequence is completed.
At that time the instrument will be configured as follows:

o | 1 =T All off
P FIOr ..o e All Off
FIM  DE-BMPNASIS ...ttt et ettt et e e e ettt et e e e et Off
PrE-DISPIAY - . vttt et e, Off
Calibration (Option 010 ONMY) . ..uui it Off
MEASUTEIMENT .« e v ettt e et e et e e e e e e e e e e e e e e e e e Freq
0 )=] =13 ) off
= 1 [ P Off
RALIO REIEIENCE .« .ttt e e e e e 0
T 0T Off
Lower Limit RefEreNCe .....oouiiiii e 150 kHz
Upper Limit REference .........ooiiiiii e 1300 MHz
Limit Measurement MO .. ..ovinirii e et Frequency
AULOMALIC OPBIATION ...ttt ettt ettt ettt et On
Manual OPEration ... ....ooeuue ettt See below
MHZ INPUT FREQ ...t Automatic tuning®
B KHZ (STED SIZE) vttt ettt ettt e e OkHz
SP L .. Special Functions3
Modulation OQUEPUL ... FM (Least sensitive range)
Service Request Condition ..........oveiiiiiiiiii i HP-1B Error Only (22.2)
) 7 L0 S =1 (= Cleared

1 Detector will be PEAK+ if a modulation measurement is selected immediately after power-up.
2 Jf MHz is pressed immediately after power-up, the instrument will tune to 100 MHz.
3 Special Functions prefixed 1 through 8 in zero-suffix mode; all others off except Service Request Condition.

RELATED SECTIONS

Calibration, AM
Calibration, FM
Tuning
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DESCRIPTION

The Modulation Analyzer provides two types of audio detectors: peak and average (rms
calibrated). (The peak hold function also provided is covered under Detector, Peak Hold.)
The two peak detector keys select whether the positive peak (PEAK+) or the negative peak
(PEAK-) of the demodulated signal is measured. The average detector is calibrated to read
rms values with a sine wave input and is suitable for noise and residual measurements.
The selected detector at turn on is PEAK+. Once selected, the detector remains unchanged
and will be automatically activated each time modulation measurements are made until
another detector is selected. The signals at MODULATION OUTPUT or at AM OUTPUT
or FM OUTPUT are not affected by the DETECTOR keys.

PROCEDURE

When a modulation measurement is selected, a detector will automatically be activated.
To select a different detector, press the appropriate key.

EXAMPLE
To measure negative peak AM modulation:

HP-IB PROGRAM CODES

Detectors

Model 8901A

~Measurement— ~Detector—

(program codes)

LOCAL . )
keystrokes SR
fessroes M ©
L' Hp-1B 4 M1D2

Measurement2 -t— Detector

INDICATIONS
The LED in the selected DETECTOR key will light.

3~-86

Detectors

Program Code
ey {3
PEAK+ D1
PEAK— D2 |
AVG (RMS CAL) D4
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COMMENTS

The response time of the audio peak detectors can be slowed down; refer to Detector (Peak)
Time Constant.

The PEAK+ detector is selected at power-up.

To display measurements made with the AVG (RMS CAL) detector as true average (not
rms calibrated), key in 111.07, then press the % RATIO key.

RELATED SECTIONS

Detector, Peak Hold

Detector (Peak) Time Constant
Modulation Output

Ratio

Recorder Output
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Detector, Peak Hold

DESCRIPTION

The Modulation Analyzer provides a PEAR HOLD key to be used in conjunction with either
of the two audio peak detectors, PEAR+ or PEAK- (refer to Detectors.) When active, PEAK
HOLD causes the Modulation Analyzer to hold and display indefinitely the greatest peak
reading (+ or —) made.

PROCEDURE

Peak hold must be used with one of the peak detectors. To initiate peak hold, press the
PEAK HOLD key. The instrument will now hold and display the greatest peak reading.
To re-initiate a new peak hold cycle, press PEAK HOLD again. The display will now be
updated with the new peak. To turn off peak hold, press any DETECTOR key other than
the PEAR HOLD key or select a different MEASUREMENT.

EXAMPLE

To set up the Modulation Analyzer to measure the modulation transient on the output of a
signal generator when the generator’'s AM switch is turned on:

LOCAL ~Measurement— /---Detector-
(ke strokes) Am PEAK+ PEAK HOLD
y L] ]
| | 3 M1D1D3
(program  codes) Measurement2 tDetector

HP-IB PROGRAM CODE

D3 is the HP-IB code for PEAK HOLD. (For more HP-1B information on PEAK HOLD, refer
to comments below.)

INDICATIONS

When the PEAK HOLD key is pressed, the light within the PEAK HOLD key will turn
on. The display will then show the greatest measurement value acquired since the PEAK
HOLD key was pressed.

COMMENTS

Since the peak detector circuitry has a limited rise time, narrow one-time peaks may yield
PEAK HOLD readings that are slightly low. To prevent errors when measuring narrow
peaks, repeat the peak-generating process several times while leaving PEAK HOLD active.
This assures the accuracy of the displayed results.

If PEAK HOLD is pressed while the average detector is active, the detector will switch to
last peak detector previously selected.
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RECORDER OUTPUT is directly linked to the peak detector output and will also hold
the peak. Its output will deteriorate over a period of time after the signal is removed. The
displayed peak, however, is stored in memory and does not deteriorate after the signal is

removed.

In remote operation, new peak hold cycles may only be initiated by code D3. Thus, if the
instrument is in HP-1B Hold mode (code T1), issue code D3 to initiate a peak hold cycle.
Although the display cannot be updated when in HP-IB Hold, the peak is captured, stored,
and updated Upon leaving HP-IB hold using the triggering codes (T2 or T3), the data output
will represent the greatest peak captured since the peak hold cycle was initiated.

RELATED SECTIONS

Detectors
Detector (Peak) Time Constant

Recorder Output
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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 is
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.

Peak Detector Special Program Codes
Time Constant Function Code m
Fast Response 5.0 SPCL 5.08P
Slow Response 5.1 SPCL 5.1SP

EXAMPLE
To enter a slow audio peak-detector response mode:

,——Code—— ~Function—

LOCAL

(keystrokes) @ @ E] @sch
L HP-1B 5.1SP

(program codes) Code—-:r-r—-—Function

HP-IB 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 returns to show the measurement previously selected. Except
for Special Function code 5.0, the light within the SPCL key will turn on if not already on.
If the light is already on, it will remain on.
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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
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Error Disable
(Special Function 8)

DESCRIPTION

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
but also MODULATION OUTPUT is entirely safeguarded. Thus, if an error message
is not displayed, the signal at MODULATION OUTPUT (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

EO1 Signal out of IF range

EO2 Input circuits overdriven
EO3 Input circuits underdriven
E04 Audio circuits overdriven
Errors Disabled When in
Measurement Selected Automatic Selection Mode
(Special Function 8.0)
AM None
FM None
oM None
RF LEVEL EO1, E02, EO3, E04
FREQ E02, E03, E04
IF LEVEL EO01, EO2, EO3, EC4
TUNED RF LEVEL E02, EO3, E04
FREQ ERROR EO1, E02, EO3, E04
IF FREQUENCY (Special Function 10) £01, EO2, E03. EO4
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PROCEDURE

To selectively enable or disable 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 8.0SP
EO1 disabled 8.1 SPCL 8.1SP
E02 and EO3 disabled 8.2 SPCL 8.2S8P
E01, E02, and EO03 disabled 8.3 SPCL 8.3SP
EO04 disabled 8.4 SPCL 8.48P
E01 and EO4 disabled 85 SPCL 8.58P
E02, E03, and E04 disabled 8.6 SPCL 8.6SP
E01, E02, E03, and E04 disabled 8.7 SPCL 8.7SP
EO01, E02, EO3, and E04 enabled 8.8 SPCL 8.8SP

EXAMPLE

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

,——Code Function
LOCAL g -

(keystrokes) @ @sgu
L HP-i5 4 8.85P

(program codes) Code—J L Function

HP-IB 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 (or an error).
Unless Special Function code 8.0 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.
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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.

Errors disabled when in the automatic selection mode may be inadvertantly enabled when
a manual mode is selected For example, when measuring frequency (E02 through EO04
automatically disabled) if EO1 appears, keying in 8.1 SPCL to disable it re-enables E02
through EO04. The best selection would really be 8.7 SPCL (EQ1 through E04 disabled).

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

RELATED SECTIONS

Error Message Summary
Special Functions
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Error Message Summary

DESCRIPTION

The instrument generates 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:

EO1 through EI9 and E90 through E99

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

+900000DDE+02CRLF

Fixed Data - 'Lme :eted
Error Code | rriage Return

Fixed Exponent

For example, Error E01 is output to the HP-1B as +930000001E+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
9x 10° from the input number, then dividing the result by 100.
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Error Displays

3-96

Shown below are three types of error displays. The first is typical of most error displays and
is shown as a general case. The second and third have specific meaning and occur often.

The above display exemplifies the general error display format. E means error while the
number is the error code. These errors are output to the HP-IB as previously shown under
HP-1B Output format.

The display above means that no detectable signal falls within the IF passband. Either
no signal is at the input, or the instrument cannot tune to find the applied signal. (For
example, it may be manually tuned far enough away from an input signal that no power
can be detected in the IF.) This display is output to the HP-IB as E96 using the previously
shown HP-IB output format.

This display means that a signal has been detected but for various reasons a measurement
result is not yet available. The instrument might be still completing the measurement
requested or in some cases, manual settings may prevent a measurement from being
completed (for example, frequency measurements made on a low-level input signal with
high AM depth, or when the input attenuation is improperly set). This display is never
output to the HP-IB, and typically indicates a transitory state in instrument operation.

The following table describes all Operating Errors and Entry errors. The error code,
message, and the action typically required to remove the error-causing condition are given.
The COMMENTS column that follows provides additional information and references
pertaining to particular errors.

Evror Message Summary
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Operating Errors

Error M Action Required C t
Code | essage ction Require omments
EO1 Signal out of IF range. | Retune to signal at input. |
E02 input circuits overdriven. Increase input attenuation range or press 2

| AUTOMATIC OPERATION.

EO3 Input circuits underdriven. Decrease input attenuation range or press 3
| AUTOMATIC OPERATION.

E04 Audio circuits overdriien. Increase modulation range or press AUTOMATIC 4
OPERATION.

Comments

1. With 1.5 MHz IF, the IF frequency must be 1.5 MHz +£50 kHz. With the 455 kHz
IF, the IF frequency must be 455 MHz +2.5 kHz. Refer to Tuning. EO1 turns off
MODULATION OUTPUT.

2. Refer to Attenuation, Input for nominal input levels. E02 turns off MODULATION
OUTPUT.

3. Refer to Attenuation, Input for nominal input levels. EO3 turns off MODULATION
OUTPUT.

4. Attempts to measure modulation levels greater than those specified or improperly set
modulation range cause this error. Refer to Modulation Range.
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Operating Errors
Error . .
Code Message Action Required Comments
E05 FM squelched. Reduce signal level variations (AM) at INPUT. 1
E06 INPUT power protect relay. Reduce signal level at INPUT,; then press any 2
key.
EO7 Display overrange. Increase range or press AUTOMATIC 3
OPERATION.
EO8 CALIBRATOR signal not at INPUT Connect CALIBRATION OUTPUT to INPUT or 4
(Opt. 010 only). turn off Calibrator.
E09 Option not installed. Select another instrument function. 5
ElIO Input frequency out of range. Adjust input frequency to within specified limits. 6
EH1 Calculated value out of range. | Enter new RATIO reference. | |
El2 | Time Base oven cold (Option 002). | For highest accuracy, wait until oven is warm. | 8 |
E96 No input signal sensed by instrument. | Increase level of signal at INPUT or decrease 9
(HP-IB only). input  attenuation.
Comments

1. EO5 often occurs when FM or ®M measurements are attempted on low-level signals
with high AM depth (> 90%). EO5 turns off MODULATION OUTPUT.

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

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

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

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

6. E10 turns off MODULATION OUTPUT.

7. IndB RATIO, E11 is displayed when measurement results equal 0. (Log of 0 not
allowed.)

8. EI2 must be requested by Special Function 15. Refer to Special Functions.

9. E96 corresponds to a display of two dashes (- -). E96 can occur when no signal is
applied or when EQ3 is disabled and the instrument is manually tuned where no signal
is found. E96 (- -) turns off MODULATION OUTPUT.
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Entry Errors
Error M Acti Required Comment
Code essage ction Require S
E20 Entered value out of range. Reenter new value.
E21 Invalid key sequence. Check for compatibility of functions selected. 1
E22 Invalid Special Function prefix. Check, then reenter correct Special Function 2
code.
E23 Invalid Special Function suffix. Check, then reenter correct Special Function 3
code.
E24 Invalid HP-IB code. Check, then reenter correct HP-I1B code. 4
Service Errors
Error M Action Required Comments
Code essage q
E30 Service related errors. Refer to service manual. 5
through
89
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. E23 times out. Refer to Special Functions.

4. This error always causes a Require Service message to be issued on the HP-IB.

5. Service errors are normally disabled.
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Filters

DESCRIPTION

The high pass (HP) and low pass (LP) 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 OUTPUT, but never affect the rear-panel AM or FM OUTPUTS.

PROCEDURE

Select the desired demodulated signal filter 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 below) only turn the filters on (defeating others in the group
if on). To turn a high pass or low pass filter off using HP-IB, use code HO or LO respectively
or select another filter.

EXAMPLE
To select a 50 Hz to 15 kHz demodulated signal bandwidth:
~HP Filter—~ ~LP Filter—
LOCAL 50 Hz 15 kM2
(keystrokes) B
H1L2
(program codes) High-Pass Filter Low-Pass Filter

HP-IB PROGRAM CODES

Program Code Program Code
HP FILTER VHP-iB § LP FILTER YHP-1B 3
ALL OFF HO ALL OFF LO
50 Hz H1 3 kHz L1
300 Hz H2 15 kHz L2
> 20 kHz L3
INDICATIONS
When a filter is in (by either automatic or manual selection), the LED within that filter’s
key will light.
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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 when receiving carriers below
2.5 MHz, the 15 kHz low pass filter is inserted. The 50 Hz high pass filter selected in ®M
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 bandwidth 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 Filter, 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 Butter-worth 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 OUTPUT and the rear panel FM OUTPUT. (The demodulated FM is
present at FM OUTPUT 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 455 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 455 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

Modulation Range
MODULATION RECORDER
Special Program Display OUTPUT OUTPUT
PEAK + (%) AVG™ (%) | Function Code Resolution Sensitivity (Rear Panel)
(kHz dev.) | (kHz dev.) Code m (H2) (mV ac/Hz) | (V dc/kHz peak dev.)
Automati Selection | 20 SPCL 2.08P Automatic Selection
<04 | <028@|2.1 sPcL®| 21sp 0.1 10 10(2)
<4 52.8 2.1 SPCL 2.18P 1 1 |
2.2 SPCL(® | 228P(?)
<40 <28 2.2 8PCL 2.28P 10 0.1 0.1
2.38PCL® | 23sp(
<400 <280®  238PCL® | 2.38P() 10003 0.013 0.01®
(1) values are for sine wave modulation signal only.
(2) with, 750 microsecond de-emphasis, pre-display only.
(3) Except 750 microsecond de-emphasis, pre-display.

PROCEDURE

3-102

To make an FM measurement, first tune the instrument to the input signal (refer to Tuning
or press AUTOMATIC OPERATION). Press the FM key, and select an audio detector:
PEAK+, PEAK--, or AVG (refer to Detectors). To limit the demodulated signal bandwidth,
press the appropriate filter keys (refer to Filters). In addition, if de-emphasis filtering is
desired, the appropriate time constant and display placement can now be selected (refer to
FM De-emphasis). If FM deviation is to be displayed relative to a reference, refer to Ratio.

M
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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 gs de-emphasis time constant placed before the display:

LOCAL ~Measurement—, ~Detector—~ /— Filters— ~—~De-emphasis—
(kevstrokes) FM PEAK + 50Hz 15kMz PRE-DISPLAY 750 us
o) & @O0
m M2D1H1L2P1P5
Measurement—-j— -—E—D’e-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 light. The kHz annun-
ciator to the right of the numerical display 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 IF.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
FM de-emphasis filter may be inserted ahead of (PRE-DISPLAY on) or after (PRE-DISPLAY
off) the audio detectors (and display).

— T FMOUTRYT
EMODL FM
INPUT /~—DEMODULATOR—\ | AUDIQ
INPUT SQUELCH UDIO oM VOLTMETER
ATTENUATOR JNPUT  |FAMP  IF LIMITERS AMP FITERs  INTEGRATon  DETECTORS  VOLTMETER
N
W] > § | > > A ™ \—~{785555858
DISCRIMINATOR Y
MODULATION
LOCAL ———< | Toureur
OSCILLATOR
FM Measurement Block Diagram
COMMENTS

The PEAK + detector always detects the upward carrier frequency excursion while the
PEAK- detector always detects the downward carrier frequency excursion.
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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 ps 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
a higher range into an overlap region, the range may not change. To display 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 Analyzer 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 EO04 (audio circuits overdriven) is automatically disabled. When EO4 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 E05 (FM squelched) to be displayed.

D SECTIONS

Detectors

Detector, Peak Hold

Filters

FM De-emphasis

FM Output

Modulation Basics (Section 1-16)
Modulation Range

Ratio

Residual Noise Effects

FM
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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, r,, where f, = z2+,5 When selected, the filters are inserted into the audio
chain following the modulation filters. They always affect the signal at MODULATION
OUTPUT. The audio detector and display may be placed before or after the de-emphasis.
De-emphasis has no affect on the rear-panel FM OUTPUT. The 3 dB corners of these filters
are typically accurate to £3% and are given below.

Time 3dB
Constant Frequency
(us) (H2)

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 us de-emphasis inserted
before the deviation measurement:

LOCAL ,—Measurement—, ~Detector -, ~— De-emphasis —
FM PEAK + PRE-DISPLAY 750 us
(keystrokes)

" () 8 ©
L HP-1B 2 M2D1P1P5

(program codes) Measurement —— | ~ [——De-emphasis

Detector
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HP-IB PROGRAM CODES

FM DE-EMPHASIS

lime Constant (us) |

PRE-DISPLAY on

PRE-DISPLAY off

Filters off
25
50
75
750

POP1
P1P2
P1P3
P1P4
P1P5

PO
POP2
POP3
POP4
POP5

INDICATIONS

Model 8901A

When a de-emphasis filter is in and affecting the signal at MODULATION OUTPUT, the
LED within that filter's key will light. If de-emphasis affects the displayed measurement,
the light within the PRE-DISPLAY key will light.

COMMENTS

Until they are turned off, the de-emphasis filters will always be active whenever demodu-
lated FM is present at MODULATION OUTPUT.

When 750 ps de-emphasis pre-display is selected, the range of deviation measurements is
restricted to 40 kHz peak deviation or less after de-emphasis. 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
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FM Output

CAUTION

Do not apply greater than 10 V peak (ac + dc. into the FM OUTPUT jack
or damage to the instrument may result.

DESCRIPTION

The rear-panel FM OUTPUT (dc-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 FM deviation. With the input
signal centered in the IF, the nominal dc offset voltage at FM OUTPUT is approximately
0.8 V dc for the 1.5 MHz IF and -5.6 V dc for the 455 kHz IF. The FM sensitivity is typically
6 V/MHz or 6 mV/kHz. The dc voltage at FM OUTPUT can be calculated as follows:

_ (X) (FREQ ERROR)

v dc = V,yy 1000
where:
V dc = the dc voltage at FM OUTPUT in volts,
V,ss = the dc offset voltage for the./F used in volts,
li’ = the FM sensitivity in mV/kHz,
and

FRE@ ERROR = the kHz error displayed when FREQ ERROR is selected.

Measure V,;; when the frequency error is 0 kHz. The sensitivity can be measured using the
following procedure:

PROCEDURE

To characterize the FM 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:

(Vde@2 MHz) = (V de @1 MHz)=V/MHz =m\V/kH:

EXAMPLE

A 2 MHz unmodulated signal is applied to the INPUT. A dc voltmeter connected to FM
OUTPUT shows +3.89 V dc. When the carrier is set to 1 MHz, -2.272 V dc is read. The FM
sensitivity is:

(3.800) — (=2.272) = GAGLV/N T2 = GA62 mV kel -
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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.

=~ >

a8
N b

M
DEMODULATOR
- — PREDISPLAY o
SWITCH AUBIO - vOLTMETER

AND U PLA

AUDI0
FILTERS

M
INPUT '
ATTENUATOR INPUT ¢ aMP  LIMITERS SQuELCH

DISCRIMINATOR

LOCAL
OSCILLATOR

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 OUTPUT signal.

RELATED SECTIONS

3-108
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FM Output



Model 8901A Operation

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
OUTPUT 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 displayed. 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—
LOCAL

(keystrokes) E] LF%CJ] @ @Ml@mtg
5 R

ERRO

| S530MZ
(program codes) Measurement—J | L——Function
Data

HP-IB PROGRAM CODE
S5 is the HP-IB code for FREQ ERROR.

Frequency Error 3-109



Operation Model8901A

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 MHz) 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 tiequency 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;lg‘ AMP/FILTER  LIMITERS

IF COUNTER/
INPUT | et }‘ Uil CONTROLLER DISPLAY

(Lo
LOCAL
OSCILLATOR

RF Frequency Error Measurement Block Diagram

COMMENTS

3-110

The frequency error function can be used with the automatic tuning low-noise LO tune
mode, but it is most 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, is most useful for
checking channel accuracy on multichannel transmitters. 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 (t) or kHz () keys are used. Frequency
error measurements made when this occurs will be inaccurate. Refer to Tuning for an
illustration of the image passbands.

Normally, the counter updates the display five times each second. For selection of other
resolutions, refer to Frequency Resolution. Counter accuracy is the reference accuracy
13 counts.

Frequency Error
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When the FREQ ERROR key is pressed, MODULATION OUTPUT 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
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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 OUTPUT represents the last

modulation measurement made.

PROCEDURE
To measure the IF 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:

LOCAL - C o d e -rFunction?
(keystrokes) @@@@ @seu

‘m 10.0SP
Code: T— Function

(program codes)

HP-IB PROGRAM CODE
10.0 is the HP-IB code to measure IF frequency.

INDICATIONS
All measurement key lights will turn off, the LED within the SPCL key will light, and
the 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, is amplified by
the IF Amplifier and FM Limiters. (Below 2.5 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

displayed.

INPUT 13

IF
ATTENUATOR 'NPUT  amp/RILTER  LIMITERS COUNTER/
MIXER CONTROLLER DISPLAY

(LI D R e
INPUT | et /?‘ ‘ ®—{>—l>_. SEEESEES

LOCAL
OSCILLATOR

IF Frequency Measurement Block Diagram
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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
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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 150 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 typically
count signals with power levels less than -60 dBm. When the instrument is measuring
input frequency, the signal at MODULATION OUTPUT 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 < -25 dBm from 150 kHz to
650 MHz or < -20 dBm from 650 to 1300 MHz).

EXAMPLE

To measure the frequency at INPUT:
LOCAL FREO
(keystroke) m
<= Ms
(program codes) Measurement

HP-IB PROGRAM CODE

M5 is the HP-1B code for FREQ.

INDICATIONS

The LEDs within the FREQ key and the MHz annunciator to the right of the numeric
display will light. The display will show the input frequency in MHz.

MEASUREMENT TECHNIQUE

3-111

Once the instrument is tuned, the IF carrier is amplified by the IF Amplifier and Limiters
(> 60 dB of gain). (For input frequencies below 2.5 MHz, no down-conversion is made and
the input signal acts as the IF. Refer to Tuning for an exception.) The frequency of the IF
signal is counted. If the input was down-converted, the IF frequency is then subtracted from
the local oscillator frequency to derive the frequency a INPUT.

Frequency (Input)
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INPUT IF IF
ATTENUATOR "ANI;Ié; AMP/FILTER  LIMITERS

)| {IF) COUNTER/
X CONTROLLER
LOCAL
OSCILLATOR

RF Input Frequency Measurement Block Diagram

DISPLAY

o O Ialnlulnlnln]
(L0} o efulutalulatale

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.

It 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 as long as a signal is present
in the IF. Using the {+ kHz or § kHz functions will not change the displayed 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
(EO01) 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 passhands 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
Analyzer 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 may not be as expected. Use the manual tune mode if possible when
working with frequency agile sources.

When tuning manually, 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 4 kHz keys.
Frequency measurements made when this occurs will be inaccurate. Refer to Tuning for
an illustration of the image passbands.

The large gain in the IF Amplifier and Limiters makes frequency measurements on input
signal levels less than --60 dBm typical. When automatically tuning, the instrument
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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 OUTPUT 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 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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DESCRIPTION

Frequency Resolution

(Special Function 7)

Operation

When frequency measurements are made, the Modulation Analyzer normally updates the
display five times each second. The resolution is 10 Hz for frequencies 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 frequency measurements.

PROCEDURE

To set the frequency resolution to a selected range or to re-enter the automatic selection
mode, key in the corresponding Special Function code, then press the SPCL key.

EXAMPLE

Frequency Resolution Program
Special Function Code

f < 1 GHz 1> 1GHz Code P HP-IB
Automatic Selection 7.0 SPCL 7.0SP
10 Hz 100 Hz 7.1 SPCL 7.1SP
1000 Hz 1000 Hz 7.2 SPCL 7.2SP

To measure frequencies greater than 1 GHz with 100 Hz resolution:

LOCAL
(keystrokes)

,~—Code— ~Function—

HOE O

e g

(program codes)

7.1SP
Code—j—L Function

HP-IB PROGRAM CODES

The HP-IB codes for the various frequency resolution settings are given under “PROCE-

DURE” above.
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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
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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 preflxed 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

Special Function

Effect of Hold Setting

Prefix Description Special Function
1 Input  Attenuation Holds Setting
2 Modulation Range Holds Setting
3 IF Frequency and Input High Pass Filter | Holds Setting
4 Tune Mode Manual Mode (code 4.2)
5 Audio Peak Detector Time Constant No Effect
6 AM ALC Response No Effect
7 Frequency Resolution No Effect
8 Error Disable Holds Setting

PROCEDURE

To hold settings, enter the code 9.0 using the numeric keys, then press the SPCL key.

EXAMPLE
To hold settings:

LOCAL
(keystrokes)

,—Code—— ~Function—

DOE D=

<=

(program codes);

9.0sP

Code——_] L-Function

Hold Settings
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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 example, 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
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DESCRIPTION

By keyboard entry using the SPCL key, the Modulation Analyzer's present HP-IB address
can be displayed. 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 LCL,

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-1B addresses

is given below:

HP-IB Address

(Special Function 21)

Allowable HP-IB Address Codes

Operation

. Talk Listen Decima
Address Switches Addresg Addresg Equiva-
Char- Char- lent
A5 | A4 A3| A2] Al| seter acter
oJlo]J]oOoOfO]O © SP 0
0 0 0 0 1 A ! 1
oJlo]JoOof11]0O0 B ? 2
0 0 0 1 1 c # 3
0 0 1 0 0 D $ 4
0 0 ] 1 E % 5
0 0 1 1 0 F & 6
o0} 1 1 1 G ! 7
0 1 ofo0] o0 H { 8
0|1 0t 0 1 | ) 9
0|1 0 1 0 J v 10
0 1 0 1 1 K + 11
0 1 1 0] o0 L 12
0 1 1 0 1 M - 13

Address Switches

A5

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

>
~

'—‘HH'—‘H'—‘HOOOOOOOOI

w

>
N

'—‘OOI—"—‘OOH'—‘OO'—"—‘OOI

Talk
Addres!
Char-
acter

Listen
Addres
Char-
acter

Decima
Equiva-
lent

)— —— N<X=E<cCc—H0nwIOT

© 0o N U W NN — O

Vil A

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

HPIB Address
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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:

Function
LOCAL C o TIneon™

(keystrokes) @ @ @ @ @sm
L HP-IB J 21.0SP

(program codes) Code—J L Function

If the following was displayed:

L1

T Y N

then the HP-1B address is 01110 in binary or 14 in decimal. In ASCII, the talk address is N,
and the listen address is . (decimal point). The instrument is not set to talk or listen only,
but it is issuing a service request (setting the SRQ control line true).

HP-IB PROGRAM CODE

21 .0SPisthe HP-113 code to read HP-18 address.

P18 Addroess
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COMMENTS

The HP-IB address display is continuously 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, Hewlett-Packard Interface Bus

HI-IB Address 3-1s
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IF Frequency, and Input High Pass Filter Selection

(Special Function 3)

DESCRIPTION

The Modulation Analyzer uses one of two IF frequencies. A 1.5 MHz IF is automatically
selected for input frequencies below 2.5 MHz or above 10 MHz, while a 455 kHz IF is
selected for inputs between 2.5 and 10 MHz. The IF, however, may be manually set to
either 455 kHz or 1.5 MHz. In addition, an input high pass filter can be manually inserted to
reject low frequencies, if present, when measurements are to be made on higher frequencies
(signals greater than 10 MHz). Use the numeric keyboard and the SPCL key to manually
select both the IF frequency and the input high pass filter.

The IF 3 dB bandwidth is approximately 3.0 MHz for the 1.5 MHz IF and 200 kHz for
the 455 kHz IF. (Refer to the bandwidth diagram in Tuning.) Whenever the 455 kHz IF is
selected, the Modulation Analyzer automatically inserts the 15 kHz low pass modulation
filter. Under these conditions, only the 3 kHz or > 20 kHz low pass filters will override
that filter. Whenever the 1.5 MHz IF is used below 2.5 MHz, the 15 kHz low pass is again
selected; however, under these conditions only the 3 kHz low pass overrides it. The following
procedure selects the IF frequency and input high pass filter combination, however, using
the 455 kHz IF below 2.5 MHz requires a special procedure which can be found in the
Tuning section.

PROCEDURE

2

124

To manually select the IF frequency and input high pass filter combination, key in the
corresponding Special Function code, then press the SPCL key.

IF Frequency Input High- Special Function Program Code

(MHz) Pass Filter Code D

Automatic IF Out 3.0 SPCL 3.0SP

frequency selection

0.455 Out 3.1S8PCL 3.1SP

15 Out 3.2 SPCL 3.28P

0.455 In 3.3 SPCL 3.3sP

1.5 In 3.4 SPCL 3.48P

1F Frequency, and Input High Pass Filter Selection
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EXAMPLE
To use the 455 kHz IF above 10 MHz (input high pass filter in):

Code Function
LOCAL y T o

(keystrokes) @ D @ E]sect.
| HP B 4 3.35P

(program  codes) Code —J L Function

HP-IB PROGRAM CODES

The HP-IB codes for setting various IF frequency and input high pass filter combinations
are given under “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 show the measurement previously selected. Unless
Special Function code 3.0 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

When a new IF frequency is selected, the instrument immediately retunes to accommodate
it.

Frequency and tuned RF level measurements may typically be made on very low-level
signals (to -60 dBm). Using the narrow bandwidth of the 455 kHz IF for signal frequencies
below 2.5 MHz or above 10 MHz increases the sensitivity and selectivity of the Modulation
Analyzer in these modes.

When using the 455 kHz IF on input signals with frequencies above 300 MHz, AM due to
FM increases substantially.

When first powered up, or when AUTOMATIC OPERATION is selected, the Modulation
Analyzer is placed in the automatic selection mode.

RELATED SECTIONS

Frequency, IF
Hold Settings
Level, IF

Special Functions
Tuning

IF Frequency, and Input High Pass Filter Selection 3-125
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IF Output

CAUTION

Do not apply greater than 40 V de or greater than +15 dBm into the
rear-panel IF OUTPUT jack

DESCRIPTION

The rear-panel IF OUTPUT provides a buffered IF output useful for monitoring the
Modulation Analyzer's intermediate frequency signal. The ac-coupled signal has a range of
150 kHz to 2.5 MHz and normally varies in level from -27 to -3 dBm into 50Q 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 flatness of the IF OUTPUT with input frequency is typically £5%. The
IF OUTPUT jack is a female BNC connector.

BLOCK DIAGRAM

A simplifled block diagram of the down-conversion circuits that develop the IF OUTPUT
signal is shown below.

INPUT [———TO AM OEMOOULATOR
ATTENUATOR INPUT IF AMP IF BUFFER
MIXER [\
[CINPOT ] Dot X l/ C TFOUTRUT 7
LOCAL - TO FM DEMOOULATOR
OSCILLATOR

IF OUTPUT Block Diagram

COMMENTS

3-126

The Modulation Analyzer can also be used as a down-converter. Use IF OUTPUT 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 OUTPUT (such as some counters) may
cause spurs in the Modulation Analyzer's IF circuits resulting in inaccurate measurements.

TF  out put
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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 OUTPUT 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 optimum, press the S(Shift) key, then the IF LEVEL
key. If IF LEVEL is to be displayed relative to some reference level or in dB, refer to Ratio.

EXAMPLE
To measure IF Level:
LOCAL ~~ Measurement-
(keystrokes) B L'F_)
S LEVEL
L HP-1B 2 s3
I
(program Codes) Measurement

HP-IB PROGRAM CODE
S3 is the HP-IB code for IF 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

Once the instrument is tuned, the automatic level control (ALC) loop of the AM Demodu-
lator detects the average IF signal level. This level is then measured and displayed as a
percent of the optimum level. If the ALC loop is closed and sufficient signal power is avail-
able, the IF level is automatically adjusted to a preset ALC reference level and the display
will show 100%. If the ALC loop is open, the input attenuator and the input signal level
may need to be adjusted to achieve the 100% level.
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INPUT /—— AM DEMODUYLATOR ——
ATTENUATOR m;lé}; IF AMP (ALC LOOP)
TO AUD!O DETECTORS
INPUT | i /{ /?l >
VOLTMETER
AVERAGE ) AND DISPLAY
IF LEVEL ODCO0000

CoooGoa0

LOCAL
OSCILLATOR

— ALC REF

IF Level Measurement Block Diagram

COMMENTS

When enabled, EO3 (input circuits under-driven) will be generated whenever IF level is less
than 100% optimum.

When operating with the AM ALC loop open, the AM displayed represents the demodulated
ac riding on the carrier while the IF level displayed represents the average carrier level.
The AM % can be computed by the following formula:

-
demodulatt::-d ac % 100% = AM % d!splayed
average carrier level IF level displayed

x 100%

An easy way to make the Modulation Analyzer do the computation for you is to first observe
the IF level, then switch to AM and enter the IF level on the numeric keys. Now press the
% RATIO key. AM will now be displayed accurately although the IF level was not 100%.

In general, when the AM ALC is off (loop open), use IF levels > 100% for FM measurements
and < 100% for AM measurements.

RELATED SECTIONS

3-128

AM ALC Response Time

Level, Tuned RF
Level, RF

].evel IFF
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Level, RF

DESCRIPTION

The RF LEVEL key causes the Modulation Analyzer to measure the peak broadband RF
power at INPUT in watts. In addition, MODULATION OUTPUT is turned off during this
measurement; however, AM OUTPUT and FM OUTPUT (rear panel) remain active but
uncalibrated. The tuning of the instrument remains unchanged.

MEASUREMENTRANGE
1mW to 1 W into 509. (0 to +30 dBm or 0.22 V. rms to 7 V rms.) 1 uW maximum resolution.

PROCEDURE

To make a broadband RF power measurement, press the RF LEVEL key. (If the RF level
is to be displayed relative to some reference level, refer to Ratio.)

EXAMPLE
To measure the peak envelope power of an RF input signal:
~~ Measurement--\
L 0 C A L RF LEVEL
(keystroke) )
L HP-1B 2 M4
sl
(program codes) Measurement

HP-IB PROGRAM CODE
M4 is the HP-IB code for RF LEVEL.

INDICATIONS

When RF level is selected, the LEDs within the RF LEVEL key and the watts annunciator
will light. The display will be in scientific notation form; that is, a 4-digit number followed
by a signed power-of- 10 multiplier. For example, if the display shows:

then the power at INPUT 189983 - 107 watts (9.9833 mW),

Level RE DOo12Y
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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
= TO OTHER
>—oTo— /?’ * MEASUREMENT CIRCUITS
]
VOLTMETER
T AND DISPLAY
# oerecTon] ) HEEEEEEE

RF Level Measurement Block Diagram

COMMENTS

Selection of RF LEVEL causes the Modulation Analyzer to set its input attenuation to
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 509Q. Input levels greater than 1 W cause
the overpower relay to open and the display to show E06. 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
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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 the second figure under “MEASUREMENT
TECHNIQUE” below). When TUNED RF LEVEL is selected, MODULATION OUTPUT
continues to output the demodulated signal corresponding to the last modulation type se-
lected. AM OUTPUT and FM OUTPUT (rear panel) remain active during this measure-

ment.

NOTE

The Tuned RF level function is not calibrated for absolutepower measure-

ments.

MEASUREMENT RANGE

10 nW to 1 W into 50 (-50 to +30 dBm or 707 xV to 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 OPERATION). Manual tuning will be necessary when
measuring low-level signals (inputs < -25 dBm from 150 kHz to 650 MHz or < -20 dBm
from 650 to 1300 MHz). Press the S(Shift) key, then the TUNED RF LEVEL key. If the
tuned RF level is to be displayed relative to a reference, refer to Ratio.

EXAMPLE

To measure the tuned RF level of an input signal:

»~ Measurement =

(program codes)

LOCAL .
(keystrokes) B TLLE%
s RF LEVEL
m S4
x
Measurement

HP-IB PROGRAM CODE

S4 is the HP-1B code for TUNED REF LEVIIL.

lLevel, Tuned RE
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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 uW).

MEASUREMENT TECHNIQUE

When the Modulation Analyzer is tuned, all the power falling within the IF is amplified
and peak detected. It is then measured by the voltmeter and displayed in watts.

i
RF PEAK
BANDWIDTH VOLTMETER
IF AMP HOWIDTH peTECTOR

AND DISPLAY
’ Loy 0

I xTulutnl
BEEEEREE
LOCAL
0SCILLATOR

INPUT
ATTENUATOR INPUT
MIXER

Tuned RF Level Measurement Block Diagram

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 MHz 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 (LO) 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.

3-132 Level, Tuned RF
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455 kHz IF 1.5MHz IF

-

-

IN WHICH EO1 (SIGNAL
QUT OF IF RANGE) IS
DISPLAYED

(LO 455 kH2) (LO +455 kHz) FREQUENCY {L0 - 1.5 MH2) Lo (LO +1.5 MH2)
NOMINAL SIGNAL NOMINAL SIGNAL
TUNED FREQUENCY IMAGE TUNED FREQUENCY IMAGE

Spectrum Diagram of the 455 kHz and 1.5 MHz Tuned Bandwidths

RELATED SECTIONS

Level, IF
Level, RF
Ratio

Level, Tuned R 3133
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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
cycles 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 keyboard, and press either the % or dB key. (Since the RATIO keys are used
here simply to enter the limit into the instrument, it does not matter which key, % or dB,
is used.) The entered value is now stored as a RATIO reference. To make this reference
negative or to 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:

] Special Function Program Code

Action Code m

RATIO Read RATIO reference 11.2 SPCL 11.28P
Make RATIO reference negative 11.3 SPCL 11.35P

Clear limits: turn off LIMIT annunciator 14.0 SPCL 14.0SP

Set lower limit to RATIO reference 14.1 SPCL 14.1SP

Set upper limit to RATIO reference 14.2 SPCL 14.2SP

Restore lower limit 14.3 SPCL 14.3SP

LIMIT Restore upper limit 14.4 SPCL 14.4SP
Read lower limit 14.5 SPCL 14.5SP

Read upper limit 14.6 SPCL 14.6SP

Read lower limit measurement mode 14.7 SPCL 14.7SP

Read upper limit measurement mode 14.8 SPCL 14.8SP

To determine the measurement in which an upper or lower limit is in effect, key in the
corresponding Specia Function code, then press the SPC . key. The display shows a code
which represents the measurement in which the limit isin effect. These codes are indexed
in the following table:

Fimit
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Display Measurement Display Measurement
0.000 AM 0.006 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 0.010 IF Frequency
0.005 FREQ 0.011 Spare

EXAMPLES
To set an upper limit of 75 kHz FM deviation:

IMeasurement - ~Data— ,~ Ratio— , Code -~ —Function—

h(fe);?rlakes) % @@ & @@@@ @sm

-Enter RATIO reference- Upper limit = RATIO reference-/

m M275R214. 2$P
Measurement J —|— l F unction

(program codes) Data Code

Ratio

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 % RATIO key with equal results.

To set a lower FREQ ERROR limit of -660 Hz:

~Measurement - ~—Data—— ~Ratio—~ ,——Code——— ~Function—

h(ce);?rlz)kes) [;] Eﬁi D@@ [zj @@@@ @520.

-Enter RATIO reference———""-Make RATIO reference negative~”

Measurememt—:r . —r——Function
(program codes) Data _ Code
Ratio
LOCAL Code ~ ~Function—

(keystrokes) @ @ @ E] Bsm
<=5) 14.1SP

(program  codes) Code—J  —Function

This leaves the Modulation Analyzer in % RATIO mode. Press the % key to read the
frequency error in kHz with the lower limit set. to -660 Hz.

Limit 3135
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To determine in which measurement the lower limit is set:

LOCAL Code -~ Function,

(keystrokes) @ E] @ @ Bsgm
 HP- 15 J 14.75P

(program codes) Code—J  L—Function

If, for example, the display shows 0.006, the lower limit is set for the FREQ ERROR
measurement.

HP-IB 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

INDICATIONS

J-136

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 will turn on if not already
on and remain lighted while the limit value or mode is displayed. When operating with
limits set, the other key lights and the display behaves 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 Analyzer is set to issue a service request when an
out-of-limit measurement occurs, the service request may be cleared by serial polling.

Limit
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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
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LO Input and LO Output

CAUTION

Do not apply greater than 40 V dc or i-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 OUTPUT 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 505, ac-coupled, and furnished with female Type-N connectors.

NOTE

For normal Modulation Analyzer operation using the internal local oscil-
lator, the rear-panel LO OUTPUT must be connected to the rear-panel LO
INPUT.

BLOCK DIAGRAM

A block diagram illustrating the relationship between the LO INPUT and LO OUTPUT
jacks and the Modulation Analyzer’'s input circuits is given below.

INPUT
INPUT
ATTENUATOR MIXER 1F AMP
| INPUT ] >_> 1 TO DEMODULATION ANO
INPUT X MEASUREMENT  CIRCUITS

A INPT i
€— L LOINPUT

A NItToNT i
< & [ Ioou?a]
LOCAL
OSCILLATOR

LO INPUT and LO OUTPUT Block Diagram

PROCEDURE

To use LO OUTPUT as a signal source, select an IF frequency (1.5 MHz or 455 kHz) using
Special Function 3. The Modulation Analyzer will assume 1.5 MHz IF above 10 MHz (as
entered on the keyboard) and 455 kHz IF below 10 MHz if the IF 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 MHz.

To tune the LO below 2.96 MHz, use the procedure above, but select the 455 kHz IF (Special
Function code 3.1) and disable error EO1 (Special Function code 8.1).
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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 IF 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
LO 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

IF Frequency and Input High Pass Filter Selection
Tuning
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Modulation Output

CAUTION

Do not apply greater than 10 Vdc or greater than +30 dBm (I watt) into
MODULATION OUTPUT or damage to the instrument may result.

NOTE

For optimum signal flatness, cables attached to MODULATION OUTPUT
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 600Q output impedance and a BNC female
connector. The signal at MODULATION OUTPUT always corresponds to the modulation
measurement being made. If FREQ, IF LEVEL, TUNED RF LEVEL, FREQ ERROR or
IF frequency is selected, the signal at MODULATION OUTPUT corresponds to the last
selected modulation measurement. If RF LEVEL is selected, MODULATION OUTPUT is
turned off (that is, set to 0 V). If high-pass or 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 0 and 4 V peak into an open circuit. The output sensitivity (into an open circuit)
depends upon both the modulation type and the displayed resolution as given in the table
below. (More information on other outputs and the setting of modulation ranges may be
found in Modulation Range)

AM FM | am
isp| MODULATION isp| MODULATION isp| MODULATION
E'Sp T‘y. OUTPUT g'Sp T‘y, OUTPUT g'Sp T‘y, OUTPUT
oeso ution Sensitivity Heso ution Sensitivity e;lo ution Sensitivity
(%) (Vac/%) (Hz) {mVac/Hz) (radians) (mVac/radian)
0.1" 10"
. 1 1
0.01 0.1 0.000
1 1
0.01 0.1
10 0.1
© o1 0.01 0.1 0.01
1007 0.01"

" Available only with 750 microsecond de-emphasis, pre-display.
" Not available with 750 microsecond de-emphasis, pre-display.
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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
M —————
DEMODULATOR TR NODULATION
INPUT » M VOLTMETER
ATTENUATOR INPUT |k amp AUDIO DE-EMPHASIS AND DISPLAY
MIXER AM FILTERS (FM ONLY) A OOO0G0D
INPUT )——/{ == == kbbbl
EM - %
DEMODULATOR | FM ON

[ Tistegton q
PRE-DISPLAY /1 RECORDER
f~v| » \{_ outeyT !

Lol —=ev— SWITCH &
Q. BT Jore  TmE

Modulation Output Block Diagram

COMMENTS

The sense of the demodulated FM and ®M at MODULATION OUTPUT is inverted for
carriers with frequencies below 2.5 MHz.

Errors EQ1 through EO03, E05, E10, and HP-13 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 OUTPUT 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 EO04 (audio cir-
cuits overdriven) is automatically disabled. When EO4 is disabled, only autoranging to less
sensitive audio ranges is allowed.

When EO01 through E04 are always enabled (8.8 SPCL), the signal at MODULATION
OUTPUT is entirely safeguarded. Under this condition an error will be displayed when
the signal at MODULATION OUTPUT is uncalibrated. Refer to Error Disable.

RELATED SECTIONS

AM

Error Disable
Filters

FM

Modulation Range
(PM
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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
MODULATION RECORDER
PEAK =% (%) | AVG’ (%) Function Code Resolution Sensitivity (Rear Panel)
Code m (%) (Vac/% AM) (Vdc/peak% AM)
Automatic  Selection 2.0 SPCL 2.0SP Automatic Selection
<40 <28 2.1 SPCL 2.18P 0.01 0.1 0.1
2.2 SPCL 2.28P
<100 <70.7 or or 0.1 0.01 0.01
2.3 SPCL 2.38P
1 values are for sine wave modulation signal only.
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Operation
FM
Modulation Range
MODULATION RECORDER
Special Program Display OUTPUT OUTPUT
PEAK % (%) | AVG' (%) Function Code Resolution Sensitivity (Rear Panel)
(kHz dev.)|(kHz dev.) Code m (Hz) (mVac/Hz) | (Vdc/kHz peak dev.)
Automatic ~ Selection 2.0SPCL 2.0SP Automatic  Selection
<0.42 <0.282 2.1 SPCL? 2.1SP 0.12 10? 102
14 <28 ‘2.1 SPCL 2.18P | | 1
2.2 SPCL? 2.2sp?
<40 <28 2.2 SPCL 2.28P 10 0.1 0.1
2.3 SPCL? 2.35P?
<400° <2803 2.3 SPCL3 2.35P3 100° 0.013 0.013
1 values are for sine wave modulation signal only.
With 750 microsecond de-emphasis, pre-display only.
3 Except 750 microsecond de-emphasis, pm-display.
Phase Modulation ($M)
Modulation Range!
MODULATION RECORDER
PEAK =+ AVG? Function Code Resolution Sensitivity (Rear Panel)
(rad. dev.) | (rad. dev.) Code m radians (mVac/radian) (Vdc/rad. peak dev.)
Automatic ~ Selection 2.0 SPCL 2.08P Automatic  Selection
14 <28 2.1 SPCL 2.18P 0.001 | |
<40 <28 2.2 SPCL 2.28P 0.01 0.1 0.1
<400 <280 2.3 SPCL 2.3SP 0.1 0.01 0.01

! Range limits are nominal. Refer to figure under Phase Modulation for relationship between deviation, rate, and resolution.

i - . .
= Values are for sine wave modulation signal only.

Modulation Range
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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 E] @sga
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

When the instrument is first turned on or when AUTOMATIC OPERATION is selected,
the 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 OUTPUT will track the displayed values. If the
modulation range is too low (that is, the audio signal level is too high), error EO4 will be
generated. The point at which error EO04 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 Modulation (@M) for more information on M modulation ranges.

RELATED SECTIONS

Error Disable
Hold Settings
Special Functions
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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 OUTPUT. 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 modulation rates from 200 Hz to
20 kHz; however, the low frequency 3 dB limit is typically 7 Hz.

oM

Operation

PEAK PHASE DEVIATION

T

400
0.1 RADIAN
RESOLUTION
@ 40
2 0.01 RADIAN
5 RESOLUTION
<
«
4
0.001 RADIAN
RESOLUTION
¥
200Hz 500 Hz 1kHz2kHz  5kHz 10 kHz 20kHz

MODULATION RATE

Phase Modulation Peak Phase Deviation and Modulation Rate vs. Display Resolution

Phase Modulation ($M)

Modulation Range!
MODULATION RECORDER
PEAK + AVG? Function Code Resolution Sensitivity {(Rear Panel)
(rad. dev.) | (rad. dev.) Code m radians (mVac/radian) (Vdc/rad. peak dev.)
Automatic Selection 2.0 SPCL | 2.0SP Automatic Selection
<4 <28 2.1 SPCL 2.18P 0.001 1 1
<40 <28 2.2 SPCL 2.2SP 0.01 0.1 0.1
<400 <280 2.3 SPCL 2.3SP 0.1 0.01 0.01

1 Range limits are nominal. Refer to figure under Phase Modulation for relationship between deviation, rate. and resolution.

“ Values are for sine wave modulation signal Only.
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PROCEDURE

To make a M measurement, first tune the instrument to the input signal (refer to
Tuning or press AUTOMATIC OPERATION). Press the ®M key, and select an audio
detector: PEAR+, PEAR-, or AVG (refer to Detectors). To limit the demodulation signal
measurement bandwidth, press the appropriate filter keys (refer to Filters). When &M is
selected, the 50 Hz high-pass filter is automatically inserted which limits the low frequency
response. This filter may be removed if desired by pressing the 50 Hz key, however, residual
®M will increase and measurement inaccuracies may result. If ®M deviation is to be
displayed relative to a reference, refer to Ratio.

EXAMPLE

To measure the positive peak #M deviation of a signal in a 50 Hz (filter automatically
inserted) to 15 kHz demodulated signal bandwidth:

»~ Measurement =~ Detector-r Filters-
LOCAL
M PEAK + 15 kHz

(keystrokes) )

€26 M3D1H1L2

q Measurement-r T _E_Filters
(program codes) Detector

HP-IB PROGRAM CODE
M3 is the HP-IB code for ®M.

INDICATIONS

The LEDs within the keys representing the selected functions will light. The radians
annunciator will light and &M on the display will show the radian deviation on the carrier.

MEASUREMENT TECHNIQUE

Once the instrument is tuned to the input signal, the ®M on the IF carrier is demodulated
by a discriminator that produces a signal whose amplitude is proportional to the frequency
deviation. The demodulated signal is filtered and passed through an integrator. The
integrator’s output is then detected and displayed as phase deviation in radians.

¢ T ovaTTeg Q
L EMOUTRUT

M
M
/—DEMDUULATDRﬁ H PRE-DISPLAY
ST s, yvoumweren

INPUT
ATTENUATOR INPUT FAMP !
MIXER o AMP IF LIMITERS Amp FILTERS oFE AND DISPLAY
0 e OO0 o
. (X) 1 veedMiass » 5855388
ON
DISCRIMINATOR =

—— MODULATION
LOCAL OUTPUT
OSCILLATOR

&M Measurement Block Diagram
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COMMENTS

The PEAR+ detector always detects the carrier’s positive phase deviation while the
PEAR- detector always detects its negative phase deviation.

The routine which automatically selects the modulation range contains regions of overlap
between 3.5 and 4 radians and between 35 and 40 radians 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 a higher range into an overlap region,
the range may not change. To display the increased resolution, press the ®M key a second
time. To set the instrument to a selected modulation range, refer to Modulation Range.

When operating above 2.5 MHz while using the 455 kHz IF, the modulation bandwidth'’s
upper limit is that of the >20 kHz low-pass filter. Note that the 15 kHz low-pass filter
is automatically selected when operating below 10 MHz or whenever the 455 kHz IF is
selected. However, this filter may be overridden by selecting the >20 kHz low-pass filter.

The 50 Hz high-pass filter, automatically inserted when @M is selected, remains on as long
as the signal at MODULATION OUTPUT is the demodulated @M signal or until the filter
is manually turned off.

When operating with carrier frequencies below 2.5 MHz, the signal at MODULATION
OUTPUT is inverted unless the 455 kHz IF is being used.

AM conditions which cause the carrier signal to disappear will cause inaccuracies in the
measurement of ®M deviation, or they may cause E05 (FM squelched) to be displayed.

When &M is selected, the signal at the rear-panel FM OUTPUT still represents demodu-
lated FM, not M.

To display phase deviation in degrees instead of radians, enter 1.745 as a RATIO reference
and select % RATIO (refer to Ratio).

Pulsed phase modulation such as phase shift keying cannot be accurately demodulated or
measured by the Modulation Analyzer.

RELATED SECTIONS

Detectors

Filters

Modulation Basics (Section 1-16)
Modulation Range

Ratio

Residual Noise Effects
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Ratio
(Special Function 11)

DESCRIPTION

The RATIO keys permit any measurement result to be compared in % or dB to a reference
value. The reference value may be the result of a previous measurement or a keyboard
entry. The RATIO keys can be used with any MEASUREMENT function and with IF
Frequency (Special Function 10).

The Modulation Analyzer stores only one RATIO reference at a time. When in RATIO, if
a new measurement is selected, RATIO is disabled. This may be inconvenient, especially,
when it is necessary to switch between measurements often (for example, to check input
frequency while measuring AM). When returning to the previous measurement, it is
possible to re-enter RATIO mode with the same factor used before, using Special Function
11.0 or 11.1. Additionally, the RATIO reference may be displayed or made negative (useful
for setting frequency error limits), using Special Function 11.2 or 11.3.

PROCEDURES

To use the RATIO keys, set the display to the desired reference value. This can be done
by adjusting the signal parameter being measured to a reference setting or by entering
the reference on the numeric keys. If % RATIO is desired, press the % key; if dB RATIO
is desired, press the dB key. The display will show the measurement result relative to the
reference value.

To re-enter RATIO with the previous RATIO reference or to read the reference or make the
reference negative, key in the corresponding Special Function code, and press the SPCL
key. The Special Function codes are listed below.

Special
Function Code

Program Code

| HP-1B 2

RATIO Operation

‘ Reenter % RATIO with the previous reference. | 11 .0SPCL I 11.08P |

| Re-enter dB RATIO with the previous reference.| 11.1 SPCL | 11.1SP |
Read RATIO reference. | 11.2 SPCL | 11.2SP l
Make RATIO reference negative. 11.3 SPCL 11.3SP
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EXAMPLES

Operation

If the display shows 35.35 kHz FM deviation, to enter this value as the RATIO reference

for future measurement:

~~ Ratio— —Ratio—
LOCAL % or 48
(keystroke) [D @
4 7
) or ‘1-2
(program codes) Ratio Ratio
Resulting 100.0 REL 0.00 REL
Display {% key light on)  ©"  (dB key light on)

If the display shows 35.35 kHz FM deviation, to compare this to an FM deviation of 50 kHz:

LOCAL ~—Data— —Ratio— ~— Data = — Ratio —
ojoffoERoloN:
L "HP-18 4 50R1 o 50R2
(program codes) Data—] T—Ratio Data—l L —Ratio
Resulting 70.7 REL or -3.01 REL
Display (% key light on) (dB key light on)

If after setting up the RATIO reference in the example above, the frequency is checked,
RATIO will be disabled. If it is desired to return to FM with ‘the previous (dB) RATIO

reference:

LOCAL /-MeaSFthArement, , - C o d e - ,Function—
(keystrokes) ) @ @ @ @ Bsea
(program codes) easurement Cone Function

Ratio
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HP-IB PROGRAM CODES

The HP-IB codes for reentering 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 RO
% R1
dB R2

INDICATIONS

When the instrument is displaying a RATIO measurement, the REL (relative) annunciator
and the appropriate RATIO key both light. Other units annunciators 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:

(%)(100%) = % RATIO for all measurements,

(20) log (%) = dB RATIO for all modulation and IF level measurements

(10) log (%) = dB RATIO for fregquency and level measurements except IF level

where

M = the current measurement result, and
R=1the RATIO reference.

COMMENTS

When using dB RATIO, if a ratio reference is entered or a measurement result occurs that
causes the value of A7/ R (see equation above) to approach 0, E11 will be displayed. This
typically occurs when a measurement result goes to 0.

If already in RATIO, pressing the opposing RATIO key causes the Modulation Analyzer
to acquire a new reference from the present measurement result. To convert from dB to %
(or vice versa) with the same reference, use the re-enter RATIO function (Special Function
11.00r11.1).
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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 Limit).

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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Recorder Output

CAUTION

Do not apply greater than 10 Vdc or greater than +30 dBm into
RECORDER OUTPUT or damage to the instrument may result.

DESCRIPTION

The rear-panel RECORDER OUTPUT produces a dc voltage equal to the peak level of the
signal at MODULATION OUTPUT. The single exception to the above occurs when FM
de-emphasis, pre-display “off is selected. In this case, RECORDER OUTPUT produces a dc
voltage proportional to the peak FM deviation before de-emphasis, while MODULATION
OUTPUT produces de-emphasized FM. RECORDER OUTPUT switches with the signal at
MODULATION OUTPUT so that it always corresponds to the modulation measurement
being made. If FREQ, FREQ ERROR, TUNED RF LEVEL, or IF frequency (Special
Function 10) is selected, the signal at RECORDER OUTPUT is derived from the last
selected modulation measurement. If RF LEVEL is selected, RECORDER OUTPUT is
turned off (that is, set to 0 Vdc). The dc level at RECORDER OUTPUT ranges from 0 to
4 Vdc into an open circuit for each modulation display range (output impedance is 1 k).
For more information on output ranges and setting modulation ranges, refer to Modulation
Range.

BLOCK DIAGRAM

3-152

A simplified block diagram of the Modulation Analyzer's measurement circuits illustrating
the relationships between RECORDER OUTPUT and the other outputs and circuit blocks
is given below.

MDDULATION
OUTPUT

FM VOLTMETER
AUDIO DE-EMPHASIS AND DISPLAY

TT‘NPUTT INPUT
ATTENUATOR F AMP
MIXER IFa FILTERS {FM ONLY)

e N
8 PR A
bgccﬁ.'i.ATon . FM OUTRUT e T ) L-—.-- J

] {x)x]
55888665

Recorder Output Block Diagram
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COMMENTS

The signal at RECORDER OUTPUT represents the last peak detector selected, and it still
reflects peak levels when the AVG (RMS CAL) detector is selected.

The dc offset at RECORDER OUTPUT is small (typically 0.001 Vdc).

When PEAR HOLD is selected, RECORDER OUTPUT holds the highest peak, but unlike
the display, the voltage level at recorder output represents a stored charge which may
discharge over a period of time, if not refreshed by new peaks.

RELATED SECTIONS

Detectors

Detector (Peak) Time Constant
Detector, Peak Hold

FM De-emphasis

Modulation Output

’i)l

Recorder Output 3.1



Operation

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 technique.

PROCEDURE

5-154

The following procedure enables the user to correct for the effects of residual noise on
peak-modulation measurements.

NOTE

This procedure applies to sinewave modulation only.

. Set up and make a normal peak-modulation measurement. The displayed measure-

ment result will include the signal plus its noise, (S + N)p.

. Key in 9.0 SPCL (Hold Settings) to prevent autoranging. If filtering and/or de-emphasis

was used in step 1, make all the following measurements with the same settings.

. Remove the modulation from the signal and measure the remaining peak-residual

noise, N, on the carrier.

. Select AVG. Measure the average residual noise, N,,.

. Compute

S+ N Nk
-—( S+ N)ok and-——,p’”
Npk —Nav

. Use the following nomograph to determine the percent, ¥%, of the peak-residual noise

level, N,, to be subtracted from the original, peak-signal-plus-noise measurement,
(b -+ }V)f“"

. Compute the corrected, peak modulation

Sk = (54 Nlpie = Nyt (V)

where V4% is expressed as a ratio (rather than in %).

Residual Noise Effects
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from (S + N ), to obtain Sy (Sinewave Modulation Only)
EXAMPLE

An RF signal is applied to the Modulation Analyzer. The modulation rate is 1 kHz and the
peak modulation is to be measured in a 15 kHz post-detection bandwidth. To measure the
peak AM depth and correct for the effects of residual noise on the modulation:

1. Measure the peak modulation depth, (S + N)px :

~Measurement ~ — Detector— —Filter —
LOCAL AUTOMATIC v
(keystrokes) OPERATION PEAK t 15 krz
n r & E
L HP-1B 2 AUMID1L2
Measurement=~ | "L Filter
(program  codes) Detector

For the purposes of subsequent calculations, assume the displayed AM is 30.80%.
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2. Disable auto-ranging by using the Hold Settings Special Function:

- C o d e - ~Function~
LOCAL

(keystrokes) @ G @ O secL
L HP-1B 4 9.0 SP

(program codes) Code—d L= Function

3. On the RF signal source, switch the AM off. Measure the residual AM, Nyk, on the

CW signal. For the purposes of subsequent calculations, assume 0.07% is read on the
Modulation Analyzer's display.

4. Measure the average residual modulation:

LOCAL »~ Detector-
AVG
(keystrokes)
RMS CAL
L HP-IB D4
o
(program codes) Detector

For the purposes of subsequent calculations, assume the displayed average residual

AM is 0.02%.
5. Compute: .
ﬁl_fi _007% _ e
New = 0007 = 0%
6. Compute:

(S + N)pk _ 30.80%
Nok T 0.07%

= 440

7. Use the nomograph to find N%. (For the purposes of these calculations, assume N% is
26%.) Compute:

Sk = (S + N — (N )(N%) = 30.80% = (0.07%)(0.26) = 30.78%

NOTE

This correction factor of <0.1% of the peak reading is typical of ¢ modu-

lation measurement of a quality modulation source measured with the 15
kHz low-pass filter.
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THEORY

Residual noise is the short-term amplitude or phase (and thus frequency) instability
inherent in any CW signal source. In a measurement system composed of a signal source
and the Modulation Analyzer, residual noise is contributed by both instruments. When
modulation is measured with the Modulation Analyzer, both the intended and residual
combined are measured. To precisely determine the modulation index due to the baseband
signal alone, the effects of residual noise must be factored out of the measurement results.

‘lwo noise components are commonly encountered in modulation measurements: periodic
(often line-related) and gaussian (random). Periodic noise and the baseband signal behave
identically. The Modulation Analyzer measures the arithmetic sum of the peak or average
levels of the two signals (according to the detector selected). To determine the modulation
index due to the baseband signal alone, switch the modulation off, measure the peak-
residual noise on the same range as before, and subtract the result from the original
displayed modulation. The effects of random noise on the measurement system are not as
straight forward. True random noise, when viewed in the frequency domain, is a continuous
spectrum of frequencies at various amplitudes. The frequency of the noise spectrum is
limited only by the bandwidths of the observing and/or generating devices. In the time
domain, noise of this kind appears as random amplitude spikes (or fuzz) riding on top of the
recovered baseband signal. The amplitude of these spikes is limited by the slow rate of the
measuring and/or generating devices. Peak detecting these spikes exaggerates the amount
of energy present in the noise spectrum so noise measurements are typically made with
average-responding detectors and with limited bandwidths.

The measurement problem arises because modulation index is typically expressed as a peak
level. To account for residual noise in these peak measurements, the actual effects of the
noise on the Modulation Analyzer's peak detector must be determined.

A simplified diagram of the Modulation Analyzer's peak detector is shown in the following
figure. Whenever the signal-plus-noise voltage into the comparator exceeds the voltage
stored on the output capacitor, C, the comparator closes switch S1. The capacitor is then
charged via the path from +V through resistor R. When the voltage across the capacitor
exceeds the voltage of the incoming signal, the comparator opens the switch again. This
process continues until the voltage on the capacitor is transferred to the voltmeter through
the sample-and-hold switch, S2. C is then discharged by S3. When very narrow noise spikes
are imposed on the comparator’s input, the charging circuit's RC time constant will not
allow the capacitor to fully charge before the noise peak has passed.

Residual Noise Effects 3-15
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Simplified Diagram Of the Modulation Analyzer's Peak Detector

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-plus-noise 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 is 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.

' Rice, S.0., “Statistical Properties of a Sine Wave Plus Random Noise™, Bell System Technical Journal, 27. No.1. (January,
1948). pp. 109-157.
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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 (Npx/Nay) 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 selection.
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Service Request Condition

FUNCTIONS

Special Function 22

DESCRIPTION

The Modulation Analyzer will issue a Require Service message under various circum-
stances. For exmple, a Require Service message will always be issued ifan HP-1B code error
occurs. Using the keyboard and the SPCL key, the operator may enable one or more condi-
tions to cause the Require Service message to be issued. Whenever the enabled condition
occurs, it sets both the bit corresponding to the condition and bit 7 (RQS bit) in the Status
Byte. The bits set in the status byte and the Require Service message are not cleared unless
the status byte is read (by serial polling), a Clear message is received and executed by the
Modulation Analyzer, or a Controller Clear Service Service Special Function is performed.
The enabled Service Request conditions are always disabled again whenever a Clear mes-
sage is received and executed by the Modulation Anayzer or whenever a Controller Reset
or Controller Clear Service Special Function is performed.

PROCEDURE

To enable one or more conditions to cause the Modulation Anayzer to issue a Require
Service message, sum the weights of the conditions to be enabled (from the table below).
This sum becomes the code suffix of Special Function 22. Enter the Special Function code
(perfix, decimal, suffix) using the numeric keyboard. then press the SPCL key. An HP-IB
code error (weight = 2) will always cause a Require Service message. This condition cannot
be disabled, and if the weight is not summed in, it will be assumed by the instrument.

Condition Weight
Data ready 1
HP-IB code error 2
Instrument error 4
Upper limit reached 8
Lower limit reached 16

EXAMPLE

3-160

To set the Modulation Analyzer to send a Require Service message when an instrument
error occurs, or when either an upper or lower limit is reached (or when an HP-IB code error
occurs), first compute the Special Function suffix by summing the weights corresponding
to those conditions:

()+ 448+ 16 =30

Service Request Condition
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Enter the code:

\ »~—~ Function-
LOCAL

r Code
(keystrokes) @ @ D E] @ E]sgcn.
m 22.30SP

Coder T Function
[(program codes)

&ZE) PROGRAM CODES

Compute the Special Function code as previously described. SP is the HP-1B code for the
SPCL key.

INDICATIONS

As the numeric code is entered, it appears on the front panel display. When the SPCL
key is pressed, the display returns to show the measruement previously selected. Special
Function 22 has no effect on the SPCL key light. When any enabled condition occurs, both
the RQS bit and the bit corresponding to the enabled condition are set in the status byte,
and the SQR control line on the HP-IB will set true. The Modulation Analyzer’s status byte
is shown below for reference.

Bit Weight Condition
8’ 128 0 (always)
7 64 RQS
6 32 0 (always)
5 16 Lower limit reached
4 8 Upper limit reached
3 4 Instrument error
2 2 HP-IB Code error
1 | Data ready
* Most significant bit (MSB)
** Least significant bit (LSB)

COMMENTS

For more information on HP-IB operation, serial polling, and Status Byte message, refer
to the discussion REMOTE Operation, Hewlett-Packard Interface Bus, at the beginning of
section 3.

The HP-IB Address Special Function provides a convenient means to determine at any time
whether a Require Service message is being issued by the Modulation Analyzer.

RELATED SECTIONS

HP-IB Address
Remote Operation, Hewlett-Packard Interface Bus
Limit
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Special Functions

FUNCTIONS
All Special Functions prefixed 1 to 39

DESCRIPTION

General 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 key. (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:

Prefix 0

Prefix 0 is the Direct Control Special Function intended for use in servicing the Modula-
tion Analyzer (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.

Prefixes 1 to 39

Prefixes 1 to 39 are the User Special Functions that are used during normal 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.

Prefixes 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 relinquished. If a Service Special Function is entered
inadvertently, press AUTOMATIC OPERATION. Repair personnel can gain arbitrary
control of the instrument as an aid in troubleshooting.

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 ifollowing no numeric
entry). This display is called the Special Display. If some of these Special Functions are in
automatic modes (generally the O-suffix setting), the actual instrument settings of these
functions can be displayed by pressing the SPCL key a second time while the Special
Display is still active. This display is called the Special Special Display. Roth displays can
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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 Display
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 correspond-s 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.

HP-IB PROGRAM CODES

All special function codes are formed by the special function number followed by the code
“SP”. For example, the code for Special Function 7.3 is “7.3SP”.

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):

LOCAL s Code ~ ~ Function-,
(keystrokes) @ @ D @ @sem
L "HP-IB 10.0SP

{program codes) Code——r T Function
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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:

Special Function
- User-Requested Setting

Code Name

1.0 Input Attenuation Automatic Selection

2.1 Moduiation Range 40% AM; 4 kHz FM; 4 radians ®PM

3.0 IF Frequency and Input High-Pass Automatic Selection; no Input High-Pass

Filter Filter

42 Tune Mode Manual Tuning

5.0 Audio Peak Detector Time Constant Fast Peak Detector

6.1 AM ALC Response Fast AM ALC

7.2 Frequency Resolution 1000 Hz Resolution

‘8.8 Measurement Error Disable E01 through E04 enabled
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Special 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 Actual Instrument Setting
Code Name
12 Input Attenuation 10 4B Attenuation
2.1 Modulation Range 40% AM; 4kHz FM; 4 radians (PM
3.2 IF Frequency and Input High-Pass 1.5 MHz IF Freguency; no Input High-Pass
Filter Filter
4.2 Tune Mode Manua 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
3.8 Measurement Error Disable E01 through E04 Enabled

COMMENTS

Omit Zero Suffixes

If a special function has a suffix of zero, the zero need not be entered. For example, 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 code evokes Error 21 (invalid key
sequence), the special function requested has not been executed.

HP-1B
Force a single space in “10. SP” if the zero is to be omitted.

CLEAR Key

If an error is made while keying in the special function code, select CLEAR and re-enter
the code.
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Special Functions

Special Function Summary (1 of 4)

Operation

ke

Special Function

Program:

Code

Code

Description

ghts ';';’L‘ .

Lo

Aurg,

References and
Comments

Input Attenuation

1.0
11
12
13
14
15
16

1.08P
1.1sP
1.2sP
1,38P
1.4sp
1.58P
1.6SP

Automatic selection

0 dB input attenuation
10 dB input attenuation
20 dB input attenuation
30 dB input attenuation
40 dB input attenuation
50 dB input attenuation

Modulation Range

2.0 | 2.0sP

21
2.2
2.3

2.18P
2.25P
2.3sp

Automatic selection

AM FM oM
%) (kHz) | (rad)

S 40| 4i<04*%< 4
<100 |< 40i< 4*%|< 40
<100 | <400 (< 40%| <400

*with 750 Ls de-emphasis.
pre-display

z‘ <<<<=<x=<Z=

< =< =<

IF Frequency and
Input High-Pass
Filter

3.0 | 8.0sP

3.18P
3.25P
3.3sP
3.48P

3.1
32
33
34

Automatic IF selection; in-
put high-pass filter out
IF Input High-
(MHz) Pass Filter

0.455 Out
1.5 Out
0.455 In
1.5 In

Tune Mode

4.0 | 4.08P

41 | 4.18P

42 | 4.28P

Automatic tuning; low noise
LO

Automatic tuning; track
mode

Manual tuning via keyboard

antry

Audio Peak Detec-
tor Time Constant

5.0
51

5.08P
5.1SP

Fast peak detector
Slow pesk detector

AM ALC Respons¢

6.0
6.1
6.2

6.0SP
6.1SP
6.2SP

Slow AM ALC response
Fast AM ALC response
AM ALC off

| << <<=<=<

<<=

I I zZzzz=z= |

=22=

IZZZZ

=2

| I zZzz=z== |

=222

|=z=1]=1|

‘ zZzz=z=== |

=22=

N

Attenuation, Input

Modulation Range
Modulation Output

Frequency, IF and
Input High-Pass
Filter

Tuning

Detector (Peak)
Time Constant

AM ALC Response
Time

N = No ;— = Not Applicable : Y = Yes; *Except the LCL. S (Shift). and Numeric Keys
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Special Function Summary (2 of 4)

Model 8901A

| visabledy [
oy A
o H
S/a/&/ & £
. . i > (<) ‘3' x [ % ~
Special Function Prograw . . e/ £/ > [ Referencesand
Description 2/ o /T /g /&8
Code §/5/>/w/J/ 8 Comments
= & -~ -~ o
Name Code | (EEREp ~/g//T/</8
Frequency Reso | 7.0 7.0SP | Automatic selection N - =1 -1 - Frequency Resolu-
[ution 7.1 7.18P | 10 Hz resolution (f<| GHz)| Y | Y N | N N | — tion
7.2 7.28P | 1000 Hz resolution Yl Y| N|]N|NJ| -
Error Disable 80 8.0SP | Automatic selection N - | = Error Disable
81 | 8.1sp | Eo0ldisabled Y|[Y|N[N]N Error Message
8.2 8.28P | E02 and EO3 disabled Y| Y] N|[N]N Summary
8.3 8.3SP | E01, E02, and EO3 disabled] Y | Y | N N N Attenuation, |nput
8.4 8.4SP | EO4 disabled Y] Y| N|N|N Modulation Range
85 8.58P | E01 and EO4 disabled Y| Y|N|N]|N Tuning
8.6 8.6SP | E02, EO3, and EO4 disshled] Y | Y [ N | N | N
8.7 8.7SP | EOlthroughEO4disabled | Y [ Y [ N | N [ N
8.8 8.8SP | EO1 through EO4- enabled Y|[YI|N N N
Hold Settings 9.0 9.0SP | Holds ranges, tuning, and Y|Y|N]|N|N Hold Settings
error modes at present set-
tings, disables automatic
functions
IF Frequency | 10.0 | 10.0SP | Measures IF signal YIN|J]Y|N]|NI|N Frequency, IF
‘Measurement frequency
Reenter RATIO | 11.0 | 11.08P | Reenter % RATIO VI e e e Ratio
with Previous 11.1 | 11.1SP | Re-enter dB RATIO N - | —-1-
Reference 11.2 | 11.2SP | Read RATIO reference Y[Y]Y]Y]Y]Y
11.3 | 11.3SP | Make RATIO reference N | -]~
negative
FM Cdlibrator |12.0 | 12.08P | Display computed pesk FM| ¥ | N | Y [ N | N [ N Calibration, FM
deviation i
121 | 12.18P | Display demodulated pesk | Y | N | ¥ [ N [ N [ N TzozT Ee'tltﬁél,\%%u_
residud FM deviation lation Rangeto
12.2 | 12.28P | Display demodulated pesk | Y [ N1 Y | N | N | N | 22
FM deviation
AM Calibrator | 13.0 | 13.08P | Display computed peak AM| Y | N | Y [ N | N [ N Cdlibration, AM
depth
(Continued
on next page)
N =No; — = Not applicable; Y = Yes: *Except the LCL. S (Shift). and Numeric Keys
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Special Functions

Special Function Summary (3 of 4)

Operation

Disabled by /

Fla/s »
S/ale/s £
Special Function | IProgram - & [° < x| & %/ References and
Code Description PN~ E ] < & &
/R /& />3 Comments
Name Codt | (CEMEP 5/2/€/3/F/8&
AM Cadlibrator | 13.1 | 13.1SP | Display demodulatedpeak | Y | N | Y | N | N | N | NOTE: 13.1 and
(Cont'd) residuad AM depth 13.2 set the Modu-
13.2 | 13.28P | Display demodulatedpesk | Y | N | Y | N [ N [ N | lation Rangeto
AM depth 2.1.
Set Limit 14.0 | 14.08P | Cléar limits; tunoff LIMIT | N | — | — — | = | Limit, Ratio
annunciator
14.1 | 14.18P | Set lower limit to RATIO N|NI]NIJN]|N|-=-
reference NOTE: 14.5 and 14.6
14.2 | 14.2SP | Set-upper limit to RATIO N|[NJ|N]|N]|[ N = | Specd Functions wil
reference : display O if the limit
14.3 | 14.3SP | Restorelower limit N[NJ]NJ|N]JN is not enabled.
14.4 | 14.45P | Restore upper limit N | N N | N|[N]-=
145 | 14.58P | Read lower limit Y[lY|Y]|]Y|Y]Y
14.6 | 14.6SP | Read upper limit Y| Y | Y]|]Y[|[Y]|Y
14.7 | 14.78P | Read lower limit measure- Y[Y |Y|Y]Y]Y
ment code
14.8 | 14.8SP | Read upper limit measure- Y|Y |Y |Y[|Y][|Y
ment code
TimeBase Oven | 15.0 | 15.0SP | Display EI2 if interna Y Y | N If the oven is warm
(Option 002 reference oven is cold or if the high sta-
only) bility reference
oscillator is not in-
stalled; no display
change occurs.
AM Cadlibration | 16.0 | 16.0SP | Disable AM calibration I I — Calibration, AM
(Option 010 factor
only) 16.1 | 16.1SP | Enable AM calibration N N N N [ N
factor
16.2 | 16.28P | Read AM calibration Y Y Y Y Y Y
factor (0 if not enabled)
FM Calibration | 17.0 | 17.08P | Disable FM calibration N|—-]—]—-1- Cdibration, FM
(Option 010 factor
only) 17.1 | 17.1SP | Enable FM calibration N | N N N | N |-
factor
17.2 117.28P | Read FM cdlibration Y| Y|Y]|]Y|[Y]Y
factor (O if not enabled)

N = No; — = Not applicable: Y = Yes: *Except the LCL. S (Shift), and Numeric Keys
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Special Functions

Special Function Summary (4 of 4)

| Disbledby [
&~ Y
$/8/8 ]
Special Funetion  |IProgram Descriot & [ O/w [ /2 /S| Referencesand
Code escription 2/8 f & /<L /S /Comments
Name Code | GERED 5’/5/5/5'/5/5’
Tone Burst 18.NN| 18.NNst | Configures the Modulation | Y [[Y | Y | Y [ Y N Tone Burgt

Receiver Andyzer as a tone burst re- Receiver
ceiver where a settling time
is inserted between detect-
ing a carrier and turning on
MODULATION OUTPUT.
NN isthat time from 1
through 99 ms. If NN =0,
the delay is 99 ms.

HP-IB Address | 11.0 | 21.0SP | Displays HP-IB addressin YIY|YI|Y|Y [N HP-IB Address
form AAAAA.TLS.
AAAAA is the binary ad-
dress. T-I means talk only,
L-lI means listen only;
S=1 means service request

issued.

Service Request | 2NN | 22.NNSF | Enables a condition to N[N]|N]|N|[NI|N Service Request
cause a service request to Condition. This
be issued. NN is the sum of function is set to
any combination of the zero suffix by a
weighted conditions bel ow: HP-IB Clear mes-
1 Data ready sage or by Service
2 HP-IB error Special Functions
4 Instrument error 40 and 41.

8  Upper limit reached
16 Lower limit reached
Instrument powersup in
the 22.2 state.

N = No: — = Not Applicable: Y = Yes; *Except the LCL. S (Shift), and Numeric Keys
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Time Base 10 MHz Input and Output

GENERAL
CAUTION
Do not apply greater than 20 V (pk) (ac + d¢) into the TIME BASE 10 MHz
INPUT or damage to the instrument may result.
Do not apply greater than 3 V dc 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 only
with the high stability reference, Option 002) proviides an output for the internal 10 MHz
reference. This is a 50Q, TTL compatiible output (0 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.

If the 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
STBY 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 1000 000 +1 if the external
time base is in. If the external signal was not switched in, the display will show 0 or 1 only.
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Tone-Burst Receiver

FUNCTIONS
Special Function 18 (Tone-Burst Receiver)

DESCRIPTION

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 transmitter 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).

MODULATION |
OUTPUT

TRANSMITTER |
KEYING PULSE

Oscilloscope Photo Depicting a 99 ms Delay Between Transmitter Keying Pulse
(Lower Trace) and Activation of MODULATION OUTPUT
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PROCEDURE
In order to successfully measure tone bursts:
1. Tune and range the Modulation Analyzer.
2. Select FM.
3. Select an audio detector and if desired, audio filters and FM de-emphasis.

4. Key on the transmitter and allow the Modulation Analyzer to range and tune
automatically.

5. 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 keyed and
the time MODULATION OUTPUT is to be turned on. This delay becomes the Special
Function suffix. (If 18.0 SPCL is selected, the Modulation Analyzer executes a 99 ms
delay.)

7. Enter the Special Function code 18.NN (where NN is the selected delay in millisec-
onds), then select SPCL. (If 18.5 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 FM mobile
radio transmitter and the measuring of its squelch 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 y———— Code —— -~ Function-

(keystrokes! @ E] @ @ @secn.
- $EZR) 18.50SP

(program codes) Codej--[— Function

PROGRAM CODES ¢RIy

The Special Function code suffix is derived from the time delay as described previously.
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 panel 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 is on is
close to, or equal to the average IF frequency when the transmitter is off.

HP-IB

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 (9.0 SPCL).

Default Condition

Special Function code 18.0 provides a 99 ms delay.

Tone Burst Frequency Cannot Be Measured

The audio frequency measurement mode cannot 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
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Attenuation, Input
FM

Hold Settings
Modulation Range
Special Functions
Tuning
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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 au IF signal that is centered in the IF
passbaud. 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 keyboard, 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 techniques 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 selected. Once tuned, the LO is locked to an internal voltage controlled
crystal oscillator 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 kHz. Also, track mode tuning is not recommended where optimum noise
performance is recommended where optimum noise performance is required.
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Manual Tuning by Keyboard Entry

In this mode, the instrument tunes to receive the frequency keyed into it by way of the
keyboard regardless of whether a signal is found there or not. Once tuned, it locks to an
internal voltage-controlled crystal oscillator for high stability and low noise. Once locked,
tuning will not change unless a new frequency is entered. The tuning is stepped up or down
using the kHz #t or kHz § keys, or an automatic tuning mode is selected. The manual tune
mode is entered immediately when either the MHz, kHz 1, or kHz § key is pressed or if
either the Manual Tuning by Keyboard Entry (4.2 SPCL), or Hold Settings (9.0 SPCL) is
selected.

Frequency Stepping

Using the kHz 1} and kHz | keys the tuning of the Modulation Analyzer can be changed by a
selectable frequency step. These keys are most often used in conjunction with the frequency
error function. The kHz keys may be used regardless of the tune mode the instrument is
in, but when pressed, the always set the tune mode to manual. If these keys are pressed
while in one of the automatic tuning modes, they will set the tuning to the last successfully
tuned frequency plus or minus the frequency step. Once a frequency step is entered on the
keyboard (refer to Procedure below), either the kHz 4 or kHz | key pressed alone will change
tuning by that step size until a new step frequency is defined. At turn-on, the step size is
Zero.

PROCEDURE

Tune Mode Selection

To select the automatic tuning — low-noise LO mode, press AUTOMATIC OPERATION
or key in 4.0 SPCL. To select automatic tuning — track mode, key in 4.1 SPCL. To select
manual tuning by keyboard entry, press either MHz or one of the kHz key (with or without
a preceding keyboard entry), key in 4.2 SPCL, or use the Hold Settings Special Function
(9.0 SPCL). The special function and HP-IB codes for tune mode selection are summarized
in the following table.

Special Function m
Tune Mode Code Program Code
Automatic tuning: low-noise lock 4.0 SPCL 4.0SP
Automatic tuning: track mode 4.1 SPCL 4.18P
Manual tuning by keyboard entry 4.2 SPCL 4.2S8P

Manual Tuning by Keyboard Entry

3-176

To manually tune to a specific signal frequency, enter the frequency in MHz using the
numeric keyboard, then press the MHz key. The MHz key may also be used alone to aid in
tuning. If the Modulation analyzer is tuned close but not exactly to the input signal, press
the MHz key to center the signal in the IF passband. If in automatic tuning mode, and no
signal is present, pressing the MHz key alone tunes the Modulation Analyzer too the last
frequency at which a signal was successfully tuned. (If no previous successful tuning has
been made, the Modulation Analyzer will tune to 100 MHz.)
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When only using the 455 kHz IF, the Modulation Analyzer does not normally tune to
input frequencies below 2.5 MHz. If error EQ1 is disabled, however, the instrument can
be manually tuned down to 815 kHz. First select the 455 kHz IF by keying in 3.1 SPCL.
Then disable error EO1 bye keying in 8.1 SPCL. Now, manually tune by keyboard entry as

described above.

Frequency Stepping
To step the tuning of the Modulation Analyzer, enter the desired frequency step size in kHz
using the numeric keyboard, then press either kHz 1} or kHz . Once the step size has been
set, either kHz key will change the tuning by that step size each time the key is pressed.
(At turn-on, the step size is set to 0 kHz.)

Examples

Tune Mode Selection. To enter the automatic tuning — track mode:

LOCAL
(keystrokes)

r——Code- ,Function=

AOE B

4ET)

(program codes)

4.1SP
code——J T—Function

Manual Tuning by Keyboard Entry. To tune to a 934.5 MHz input signal:

Code —\ — Function—

(program codes)

LOCAL -
(keystrokes) @ @ D @ Ml@gztg
Code—g_-—:‘;;l;g"\-/|ZL Function

To tune to a 1 MHz input signal using the 455 kHz IF:

LOCAL
(keystrokes)

,—~—Code —— ~Function -, ——Code — ~Function -, ~Data~ ~Function—~

@D@ Bsw @@ E]sm @ Mg@l&tg

-Select 455 kHzl F

--Disable EQ——'—Tuneto 1 MHz-

(program codes)

3.1SP8.1SP1MZ
Code ——3 I l T Function
Function—]— L Data

Code Function
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Frequency Stepping. To set a 10 kHz frequency step and to increase the tuning by that step
size:

— Data = ~ Function—
LOCAL
(keystrokes) @ @ @_]
kHz
K Hp-iB 4 10KU
(program codes), Data—-:r LFunction

Program Codes

The HP-IB codes for selecting the different tune modes are given under Procedure above.
The HP-IB codes for manual tuning are given below. Note that when operating the
Modulation Analyzer in remote, the programmer may optionally enter frequencies in
fundamental units (Hz).

\LEIE

Key or Function Program Code

MHz (INPUT FREQ) MZ
Hz (INPUT FREQ) HZ
kHz { KU
Hz { HU
kHz § KD
Hz |} HD

INDICATIONS

When numeric codes or data are entered using the keyboard, they will appear on the
display. When a terminating key is pressed (MHz, kHz, or SPCL), the display returns to
show the result of the measurement previously selected. If the automatic tuning — low
noise LO mode is selected, the SPCL key will not turn on (unless already on). All other
tuning modes will light that key.

COMMENTS

3-178

The automatic tuning — low noise LO mode is adequate for most common signal measure-
ments. It should always be used for measuring narrow deviation FM and M, or TUNED
RF LEVEL flatness as a function of carrier frequency. Manual tuning mode should be
used whenever drops in signal level may occur that may otherwise cause returning (for
example AM in excess of 99%). For example, when making TUNED RF LEVEL measure-
ments or when counting frequency, manual tuning allows measurements to be made on
very low-level signals.

When manually tuning or frequency stepping, use the FREQ ERROR measurement to
determine tuning accuracy.
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When the Modulation Analyzer tunes to an input signal greater than 2.5 MHz, its internal
local oscillator (LO) is positioned above the nominal tuning by the IF frequency. Since
the image passband is not filtered out, image signals pass into the IF amplifier with the
same ease as signals in the nominal passband. When signals other than those on which
measurements are to be made fall into the image passband, measurement errors may
result. One way to solve this problem is to step the tuning down by twice the IF frequency.
This causes the desired frequency to pass through the image passband and often places the
nominal passband in a portion of the input spectrum where interfering signals do not exist.
The spectrum diagram (figure 3-XX) illustrates the relative position of the LO and both
the nominal and image passbands for each IF frequency.

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 EQ1 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 making measurements on inputs with frequencies greater than 10 MHz, if signals
below, 2.5 MHz are present in the spectrum, they appear directly in the IF. These low-
frequency signals can be removed by inserting the input high-pass filter. Refer to IF
Frequency, and Input High Pass Filter Selection.

When manually tuning, often the exact input frequency is not known. If upon tuning, error
EO01 (signal out of IF range) is displayed, press the MHz key alone to center the signal in the
IF. Also, if searching for a signal using the kHz keys, it is best to search down from above
the signal frequency while monitoring IF LEVEL. When the IF level rises significantly ,
switch to FREQ ERROR and enter the displayed value as a frequency step and complete
tuning using the kHz keys.

When the 1.5 MHz IF is used for inputs below 2.5 MHz, FM at MODULATION OUTPUT
is inverted.

When working with agile frequency sources (such as frequency synthesizers) it is possible
for the carrier to hop to frequency whose spectrum still has sufficient power within the
tuned passband of the Modulation Analyzer's input. When this occurs, the Modulation
Analyzer 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 may not be as expected. Use the manual tune mode if possible when
working with frequency agile sources.

RELATED SECTIONS

Default Conditions and Power-Up Sequence
Hold Settings

IF Frequency

Special Functions
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Section 4
PERFORMANCE TESTS

4-1. INTRODUCTION

The procedures in this section test the instrument’s electrical performance using the
specifications of table |-l as the performance standards. All tests can be performed without
access to the interior of the instrument. A simpler operationa test is included in the Basic
Functional Checksin section 3.
NOTE
Unless otherwise noted, no warm-up period is required for these tests.

Line voltage must be within +5% and -10% of nominal if the performance
tests are to be considered valid.

4-2. EQUIPMENT REQUIRED

Equipment required for the performance testsis listed in table |-3, “Recommended Test
Equipment” in section 1. Any equipment that satisfies the critical specifications given in the
table may be substituted for the recommended model(s).

4-3. TEST RECORD

Results of the performance tests may be tabulated on the test record at the end of the
procedures. The test record lists all of the tested specifications and their acceptable limits.
The results, recorded at incoming inspection, can be used for comparison in periodic
maintenance and troubleshooting and after repairs or adjustments.

4-4. CALIBRATION CYCLE

This instrument required periodic verification of performance. Depending on the use and
environmental conditions, the instrument should be checked using the following performance
tests at least once every year.

4-5. ABBREVIATED PERFORMANCE TESTING
No abbreviation of performance testing is recommended.
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Performance Test 1

AM TESTS (FOR HP 8801A EQUIPPED WITH OPTION 010)

Specifications

Characteristic Performance Limits Conditions
MPLITUDE MODULATION
lates 20 Hz to 10 kHz 150 kHz to 10 MHz carrier
20 Hz to 100 kHz 10 to 1300 MHz carrier
lepth To 99%
ccuracy(1+2)) +2% of reading 150 kHz to 10 MHz carrier;
+1 digit 50 Hz to 10 kHz rates; 5 to 99% depth
+3% of reading 150 kHz to 10 MHz carrier;
+1 digit 20 Hz to 10 kHz rates; 5 to 99% depth
+1% of reading 10 to 1300 MHz carrier;
+1 digit 50 Hz to 50 kHz rates; 5 to 99% depth
+3% of reading 10 to 1300 MHz carrier;
+1 digit 20 Hz to 100 kHz rates; 5 to 99% depth
latness(3:4) 40.3% of reading 10 to 1300 MHz carrier;
+1 digit 90 Hz to 10 kHz rates; 20 to 80% depth
Demodulated Output < 0.3% THD < 50% depth
Distortion < 0.6% THD < 95% depth
Residual AM(1) < 0.01% rms 50 Hz to 3 kHz bandwidth
FREOUENCY MODULATION
M Rejection(’) < 20 Hz peak deviation 50% AM depth:
400 Hz and 1 kHz rates;
50 Hz to 3 kHz bandwidth
PHASE MODULATION
M Rejection(l) < 0.03 rad peak deviation | 50% AM depth; 1 kHz rate;
50 Hz to 3 kHz bandwidth

(1) peak residuals must be accounted for in peak readings. (Refer to Residual Noise Effects in Detailed Operating
Instructions in section 3.)

(2) For peak measurements only, AM accuracy may be affected by distortion generated by the Modulation Analyzer. In the
worst case, this can decrease accuracy by 0.1% of reading for each 0.1% of distortion.

(3) Flatness is the variation in indiited AM depth for constant depth on input signal.
(4) For optimum flatness, cables should be terminated with their characteristic impedance.

4-2 Performance Test 1



Mode 8901A Performance Tests

Description

AM accuracy is measured with the internal AM Calibrator (Option 010), which produces
approximately 33% AM at a 10 kHz rate. A low-residual AM source is connected to the
input and the internal residual AM is measured. A source, which can produce wide-band,
linear AM, is modulated at various AM rates and depths to measure distortion, flatness, and
incidental FM and ®M. A special AM/FM test source is required for these tests to assure that
the AM source has adeguate bandwidth, low distortion, low residual AM, and low incidental
FM and M.

NOTE

This procedure is only for Modulation Analyzers equipped with the AM
Calibrator (Option 010). For Modulation Analyzers not equipped with
Option 010, use Performance Test 1A which uses the AM Calibrator from
a second HP 8901A that is equipped with Option 010.

Equipment
AMIFM TS SOUMCE - - v v e e e e et e e e e e e e e e e e e i HP 11715A
AU ANAlYZEN .. HP 8903B
AUdio SYNthESIZEr ..o HP 3336C (Opt. 005)
AUDIO ANALYZER
ANALYZER OSCILLATOR
) INPUT OUTPUT (STEP 7)
8901A (OPTION 01
MODULATION ANAL YZER (STEP 10)
ODULATION AM/EM AUDIO SYNTHESIZER
QUTPUT TEST SOURCE
@0c00  ganppg
aneoo 0 (o] (o]
©c @ i XX XXX

CALIBRATION ' INPUT 0UTP€]¥ ﬁ\lﬁpl%l? i OUTPUT
(step 1) QUTPYT Ao _ (STEP 4) \ _ __sTEP14) J

e ) ﬁ--——‘—

Figure 4-1. AM Performance Test Setup (for HP 8901A Equipped with Option 010)
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Procedure

AM Accuracy at 10 kHz Rate
1. On the Modulation Analyzer, key in 41.0 SPCL to preset the instrument. Connect the
Modulation Analyzer's CALIBRATION OUTPUT to its INPUT.
NOTE

For greatest accuracy, allow the Modulation Analyzer to warm up for at least
one-half hour.

2. On the Modulation Analyzer, press AM and then press CALIBRATION. Allow at |east
two readings (approximately 40 seconds) to pass. The display should read between 99
and 101%.

AM Calibration Factor 40% AM Range: 99 101%

3. Key in 2.2 SPCL to set the AM range to 100% AM. Allow at least two readings to pass
. The display should read between 99 and 101%. Record this value for future reference.

AM Calibration Factor 100% AM Range: 99 101%

Residual AM

4. On the AM/FM test source, set the test mode switch to AM. Connect the test source
AM output to the Modulation Analyzer's INPUT. (See figure 4-I. Nothing should be
connected to the test source’s audio input.)

5. On the Modulation Analyzer, press FREQ and key in 4.1 SPCL to turn on Track Mode.
Tune the AM/FM test source's carrier frequency to approximately 12.5 MHz. Key in
4.0 SPCL to turn off Track Mode.

6. On the Modulation Analyzer, press AM. Key in 2.0 SPCL to set the modulation range
to automatic. Set the other controls as follows:

[ | 1 = A 50 Hz
[ T = 3kHz
D= = ox (0] (R AVG

The display should show 0.01% or less.
Residual AM: 0.01%
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AM Distortion
7. Set the audio analyzer’s source to 20 kHz. Connect its output to the audio input of the
AM/FM test source. (See figure 4-1.)
NOTE

For thistest, if the audio analyzer has floating input and output connectors,
the low connector should be grounded. Connectiona should be ma& to the
high input or high output connector.

8. Set the Modulation Analyzer controls as follows:

HP Fer oo All Off
P R e All Off
D= o (o PEAK+
9. Adjust the level of the audio analyzer’'s source for a Modulation Analyzer display of 50%

AM.

10. Connect the audio analyzer’s input to the Modulation Analyzer's MODULATION
OUTPUT. (See figure 4-1.) Set the audio analyzer to measure the distortion on the
20 kHz signal at the MODULATION OUTPUT with 80 kHz of low-pass filtering (on
the audio analyzer). The distortion should be 0.3% or less (-50.5 dB or less).

AM Distortion at 20 kHz Rate; 50% AM: 0.3%

11. Increase the level of the audio analyzer’s source until the Modulation Analyzer reads
95% AM. Measure the distortion. The distortion should be 0.6% or less (-44.4 dB or
less).

AM Distortion at 20 kHz Pate; 95% AM: 0.6%

12. Set the frequency of the audio analyzer’s source to 20 Hz. Readjust the level, if necessary,
for aModulation Analyzer display of 95% AM. Measure the distortion. The distortion
should be 0.6% or less (-44.4 dB or less).

AM Distortion at 20 Hz Pate; 95% AM: 0.6%

13. Decrease the level of the audio analyzer’s source until the Modulation Analyzer reads
50% AM. Measure the distortion. The distortion should be 0.3% or less (-50.5 dB or

less).

AM Distortion at 20 Hz Rate; 50% AM: 0.3%

AM Flatness

NOTE

Flatness of the audio synthesizer is critical for thistest. If the audio
synthesizer has leveling capability, switch it on.

14. Set the audio synthesizer to 1 kHz at +5 dBm. Connect its output to the audio input of
the AM/FM test source. (See figure 4-1.) Fine adjust the audio synthesizer level for a
Modulation Analyzer display of 80% AM.
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15. On the Modulation Analyzer, press AVG. Set RATIO to %. Set the audio synthesizer
frequency as listed in the following table. For each frequency setting, note the
Modulation Analyzer’'s display. The difference in readings between any two frequencies

should be less than 0.8% REL.

+0.3% of reading is equivalent to a difference of 0.6% between any pair of
readings. 1 digit at a nominal reading of 80.0 is about +0.1% of the reading
in the RATIO mode or £0.2% for any pair of readings. The total limit is then

0.8%.

NOTE

Audio Synthesizer
Frequency (Hz)

Displayed AM
(% REL)

1 000
10 000
150

90

AM Flatness (Maximum Difference):

AM Accuracy

0.8% REL

16. On the Modulation Analyzer, press RATIO % to turn it off. Press PEAK+. Key in 5.1
SPCL to set the audio detector time constant to slow.

17. Set the audio synthesizer frequency to 10 kHz. Set its level for a display of 80% AM
times the calibration factor of step 3. (For example, if the calibration factor of step 3 is
100.4%, set the level for adisplay of 86.3% AM.)

18. On the Modulation Analyzer,. key in 80 and press RATIO %. Set the audio synthesizer
to the frequencies shown in the following table (without changing the level). For each
setting, the Modulation Analyzer's display should read between the limits indicated in

the table.
_ ) AM Limits (% REL)
Audi Synthesizer
Frequency (Hz) Lower Actual Upper
50 000 98.9 —_— ] 1011
100 000 %9 | — | 1031
50 08.9 —_— 101.1
20 96.9 —_ ] 10341
NOTE

+1digit at a nominal reading of 80.0 is about +£1% of thereadingin the

RATIO mode.
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19. On the Modulation Analyzer, key in 3.1 SPCL to set the IF to 455 kHz. Set the audio

synthesizer to the frequencies in the following table. For each setting, the Modulation
Analyzer’s display should read between the limits indicated in the table.

Audio
Synthesizer AM Limits (% REL)

Frequency (Hz) | Lower | Actual | Upper

20 96.9 — | 1031
50 97.9 — | 1021
10000 97.9 | 1021

AM Rejection

20.

21.

22.

23.

24.

25.

26.

On the Modulation Analyzer, press RATIO to turn it off. Set the HP FILTER to 50 Hz
and the LP FILTER to 3 kHz.

Set the audio synthesizer frequency to 1 kHz. Set its level for a Modulation Analyzer
display of 50% AM.

On the Modulation Analyzer, press FM. Momentarily disconnect the audio input to the
AM/FM test source and note the residual FM displayed on the Modulation Analyzer.

Residua FM, 455 kHz IF: Hz

Reconnect the audio input of the AM/FM test source. Note the Modulation Analyzer's
displayed FM. The displayed FM minus one-half the residual FM noted in step 22 should
be 20 Hz peak or less.

AM Reection (with FM); 455 kHz IF: 20 Hz

On the Modulation Analyzer, key in 3.0 SPCL to set the IF back to 1.5 MHz. Repeat
steps 22 and 23.

Residud FM; 1.5 MHz IF: Hz

AM Rejection (with FM); 1.5 MHz IF: 20 Hz

On the Modulation Analyzer, press ®M. Momentarily disconnect the audio input to the
AM/FM test source and note the residual #M displayed on the Modulation Analyzer.

Residual #M; 1.5 MHz IF: rad

Reconnect the audio input of the AM/FM test source. Note the Modulation Analyzer's
displayed #M. The displayed M minus one-half the residual #M noted in step 25 should
be 0.030 rad peak or less.

AM Regjection (with #M); 1.5 MHz IF: 0.030 rad
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Performance Test IA

AM TESTS (USING A SECOND HP 8901A EQUIPPED WITH OPTION 010)

4-8

Specifications

Characteristic

Performancelimits

Conditions

AMPLITUDE MODULATION

Rates

Depth
Accuracy(1:2,)

Flatness(3:4)

Demodulated Output
Distortion

Residual AM(1)

20 Hz to 10 kHz
20 Hz to 100 kHz

To 99%

+2% of reading
+1 digit

+3% of reading
+1 digit

+1% of reading
%1 digit

+3% of reading
+1 digit

+0.3% of reading
+1 digit

< 0.3% THD
< 0.6% THD

< 0.01% rms

150 kHz to 10 MHz carrier
10 to 1300 MHz carrier

150 kHz to 10 MHz carrier;

50 Hz to 10 kHz rates; 5 to 99% depth
150 kHz to 10 MHz carrier;

20 Hz to 10 kHz rates;
10 to 1300 MHz carrier;

50 Hz to 50 kHz rates; 5 to 99% depth
10 to 1300 MHz carrier;

20 Hz to 100 kHz rates

10 to 1300 MHz carrier;
90 Hz to 10 kHz rates; 20 to 60% depth

< 50% depth
< 95% depth

50 Hz to 3 kHz bandwidth

FREQUENCY MODULATION
AM Rejection(’)

< 20 Hz peak deviation

50% AM depth;
400 Hz and 1 kHz rates;
50 Hz to 3 kHz bandwidth

PHASE MODULATION
AM Rejection(!)

< 0.03 rad peak deviation

50% AM depth; 1 kHz rate;
50 Hz to 3 kHz bandwidth

(1) peak residuals must be accounted for in peak readings. (Refer to Residual Noise Effects in Detailed Operating

Instructions in section 3.)

(2) For peak measurements only, AM accuracy may be affected by distortion generated by ths Modulation Analyzer. In the
worst case, this can decrease accuracy by 0.1% j

(3) Flatness is the variation in indiited AM depth for constant depth on input signal.
{4) For optimum flatness, cables should be terminated with their characteristic impedance.

of reading for each 0.1% of distortion.
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Description

AM accuracy is measured with the internal AM Calibrator of a second HP 8901A equipped
with Option 010. A low-residual AM source is connected to the input and the internal residual
AM is measured. A source, which can produce wide-band, linear AM, is modulated at various
AM rates and depths to measure distortion, flatness, and incidental FM and #M. A specia
AM/FM test source is required for these tests to assure that the AM source has adequate
bandwidth, low distortion, low residual AM, and low incidental FM and M.

NOTE

If the Modulation Analyzer under test is equipped with the AM Calibrator
(Option 010), perform Performance Test 1, AM Tests (For HP 8901A
Equipped with Option 010).

Equipment
Modulation Analyzer with AM Calibrator ........................ HP 8901A Option 010
FN Y B === o 11 HP 11715A
AUdIO ANAIYZEr .. HP 8903B
AUdIO SYNtNESIZEN .« HP 3336C (Opt. 005)
8901A ﬁOPTION 010)
MODULATION ANALYZER

REFERENCE UNIT
CE U AUDIO ANALYZER AUDIO SYNTHESIZER

gooee  gppgnpo 0 l

@ o [+]
"~ ANALYZER OSCILLATOR OUTPUT
SRRV oo i IR
| (STEP 16)
MODULATIO{)\IEQI_\II%I%)ZEH (STEP 19)
AM/FM
DULATIGN!
SOTPOT T ON TEST SOURCE
g:::: [:Jalalalals] o .- o o
@ > 4 ©0 $004¢Q
INPUTl AU AUDIO |
OUTPUT INPUT
\—__sTee _AL_ e O L greem

Figure 4-2. AM Performance Test Setup (Using a Second HP 89014 Equipped with Option 010)

Procedure

AM Accuracy at 10 kHz Rate

1. On both the Modulation Analyzers, key in 41.0 SPCL to preset the instruments. Connect
the CALIBRATION OUTPUT from the Modulation Analyzer equipped with Option 010
AM calibrator (Reference Unit) to the INPUT of the Modulation Analyzer under test.

NOTE

For greatest accuracy, allow the Modulation Analyzer to warm up for at least
one-half hour.
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4,

10.

. Key in 13.0 SPCL on the Reference Unit to display the computed peak AM depth and

note the reading on its display. The computed AM Depth of the calibrator, excluding
noise, is displayed.

Computed Peak AM Depth: _____ %

. Key in 13.1 SPCL on both Modulation Analyzers to display the demodulated peak

residual AM depth. Then, key in 5.1 SPCL on the Modulation Analyzer under test
to set the peak detector time constant to slow. Note the reading on the display of the
Modulation Analyzer under test. The measured and corrected noise of the AM calibrator
in CW is displayed

Weighted Peak Residual AM, 40% Range: %
Add the results of steps 2 and 3 above.
Computed plus Residual AM, 40% Range: %

Key in 2.2 SPCL on the Modulation Analyzer under test to set the AM range to 100%.
Note the reading its display.

Weighted Peak Residua AM; 100% Range: %

. Add the results of steps 2 and 5 above.

Computed plus Residual AM: 100% Range: %

. Key in 13.2 SPCL on both Modulation Analyzers to display the demodulated peak

residual AM depth. Then, key in 5.1 SPCL on the Modulation Analyzer under test.
Note the reading on the display of the Modulation Analyzer under test. The AM depth,
measured with the PEAK+ detector, is displayed

Measured Demodulated Positive Peak AM (Including Residual);
40% Range: %

. Press PEAK- on the Modulation Analyzer under test. Note the reading on its display.

Measured Demodulated Negative Peak AM (Including Residua);
40% Range: %

. Make the following calculation:

(reading of step 7) + 2(reading of step 8)
3

Measured Demodulated Peak AM (Averaged);

40% Range: %
This result should equal the result of step 4 +0.334% AM.

Key in 2.2 SPCL on the Modulation Analyzer under test to set the AM range to 100%.
Note the reading on its display.

Measured Demodulated Negative Peak AM (Including Residud;
100% Range: %

Performance Test 1A
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11. Press PEAK+ on the Modulation Analyzer under test. Note the reading on its display
Measured Demodulated Negative Peak AM (Including Residual);

40% Range: %

12. Make the following calculation:

(reading of step 11) + 2(reading of step 10)
3
Measured Demodulated Peak AM (Averaged); 100% Range: %

This result should equal the result of step 6 +0.34% AM.

Residual AM

13. On the AM/FM test source, set the test mode switch to AM. Connect the test source AM
output to the INPUT of the Modulation Analyzer under test. (See figure 4-2. Nothing
should be connected to the test source’s audio input.)

14. On the Modulation Analyzer under test, key in 41.0 SPCL to initialize it. Tune the
AM/FM test source's carrier frequency to approximately 12.5 MHz.

15. On the Modulation Analyzer under test, press AM. Set the other controls as follows:

HP FIIter . . . . oo 50 Hz
[ 1 - 3 kHz
D= = ox (0] (PR AVG

The display should show 0.01% or less.

AM Distortion

16. Set the audio analyzer’s source to 20 kHz. Connect its output to the audio input of the
AM/FM test source (see figure 4-2).

17. Set the Modulation Analyzer controls as follows:

HP FIer .. All Off
LP FIlter . .. o All Off
D= (= X () (N PEAK+

18. Adjust the level of the audio analyzer’s source so that the Modulation Analyzer under
test displays 50% AM.

19. Connect the audio analyzer's input to the MODULATION OUTPUT of the Modulation
Anayzer under test. (See figure 4-2.) Set the audio analyzer to measure the distortion
on the 20 kHz signal at the MODULATION OUTPUT with 80 kHz of |ow-pass filtering
(on the audio analyzer). The distortion should be 0.3% or less (-50.5 dB or less).

AM Distortion at 20 kHz Pate; 50% AM: 0.3%

20. Increase the level of the audio analyzer’s source until the Modulation Analyzer under test
reads 95% AM. Measure the distortion. The distortion should be 0.6% or less (-44.4 dB
or less).

AM Distortion at 20 kHz Rate; 95% AM: 0.6%
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21. Set the audio analyzer’s source frequency to 20 Hz. Readjust the level, if necessary, for a
Modulation Analyzer display of 95% AM. Measure the distortion. The distortion should
be 0.6% or less (-44.4 dB or less).

AM Distortion at 20 Hz Rate; 95% AM: 0.6%

22. Decrease the level of the audio analyzer’s source until the Modulation Analyzer reads
50% AM. Measure the distortion. The distortion should be 0.3% or less (-50.5 dB or
less).

AM Distortion at 20 Hz Rate; 50% AM: 0.3%

AM Flatness

NOTE

Flatness of the audio synthesizer is critical for this test. If the audio
synthesizer has leveling capability, switch the leveling on.

23. Set the audio synthesizer to 1 kHz at +5 dBm. Connect its output to the audio input of
the AM/FM test source. (See figure 4-2.) Fine adjust the audio synthesizer level for a
Modulation Analyzer under test display of 80% AM.

24. On the Modulation Analyzer, press AVG. Set RATIO to %. Set the audio synthesizer
frequency as listed in the following table. For each frequency setting, note the
Modulation Analyzer's display. The difference in readings between any two frequencies
should be less than 0.8% REL.

NOTE

+0.3% of reading is equivalent to a difference of 0.6% between any pair of
readings. +1 digit at a nominal reading of 80.0 is about +0.1% of the reading
in the RATIO mode or +0.2% for any pair of readings. Thetotal limit isthen
0.8%.

Audio Synthesizer Displayed AM
Frequency (Hz) (% REL)

1 000
10 000
150

90

AM Fatness (Maximum Difference): 0.8% REL
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AM Accuracy

25. On the Modulation Analyzer, press RATIO % to turn ratio off. Press PEAK+. Key in
5.1 SPCL to set the audio detector time constant to slow.

26. Set the audio synthesizer frequency to 10 kHz. Set its level for a Modulation Analyzer
under test display of 80% AM times the result of step 10 divided by the result of step 4.
(For example if the result of step 10 is 33.40% and the result of step 4 is 33.33%, Set
the level for 80% x 33.40 + 33.33 = 80.2%)).

27. On the Modulation Analyzer, key in 80 and press RATIO %. Set the audio synthesizer
to the frequencies shown in the following table (without changing the level). For each
setting, the Modulation Analyzer display should read between the limits indicated in

the table.
, AM Limits (% REL)
Audio Synthesizer

Frequency  (Hz)l | ower Actual Upper

50 000 98.9 _ 101.1

100 000 96.9 —_ 103.1

50 98.9 — 101.1

20 96.9 — 103.1

NOTE
+1 digit at a nominal reading of 80.0 is about £1% of the reading in the
RATIO mode.

28. On the Modulation Analyzer, key in 3.1 SPCL to set the IF to 455 kHz. Set the audio
synthesizer to the frequencies in the following table. For each setting, the Modulation
Analyzer display should read between the limits indicated in the table.

Audio
Synthesizer AM Limits (% REL)

Frequency (Hz) Lower | Actual | Upper

20 95.9 1 1031
50 97.9 — 1 1021
10000 97.9 — 1 1021
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AM Rejection
29. On the Modulation Analyzer, press RATIO to turn ratio off. Set the HP FILTER to

30.

31.

32.

33.

50 Hz and the LP FILTER to 3 kHz.

Set the audio synthesizer frequency to 1 kHz. Set its level for a Modulation Analyzer
display of 50% AM.

On the Modulation Analyzer, press FM. Momentarily disconnect the audio input to the
AM/FM test source and note the residual FM displayed on the Modulation Anayzer.

Residual FM; 455 kHz IF: Hz

Reconnect the audio input of the AM/FM test source. Note the Modulation Analyzer’'s
displayed FM. The displayed FM minus one-half the residual FM noted in step 31 should
be 20 Hz peak or less.

AM Rejection (with FM); 455 kHz IF: 20 Hz

On the Modulation Analyzer, key in 3.0 SPCL to set the IF back to 1.5 MHz. Repeat
steps 31 and 32.

Residua FM; 1.5 MHz IF: Hz
AM Rejection (with FM); 1.5 MHz IF: 20 Hz

34. On the Modulation Analyzer, press @M. Momentarily disconnect the audio input to the

35.

AM/FM test source and note the residual ®M displayed on the Modulation Anayzer.

Residual M; 1.5 MHz IF: radians

Reconnect the audio input of the AM/FM test source. Note the #M displayed on the
Modulation Analyzer. The displayed M minus one-half the residual M noted in step
34 should be 0.030 radians peak or less.

AM Rejection (with #M); 1.5 MHz IF: 0.030 rad
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FM TESTS (FOR HP 8901A EQUIPPED WITH OPTION 010)

Specification

Tests

Characteristic

Performance Limits

Conditions

Rates

Deviations

Accuracy(?)

Demodulated Output
Distortion(?)

FREQUENCY MODULATION

20 Hz to 10 kHz
20 Hz to 200 kHz
20 Hz to 20 kHz

40 kHz peak maximum
400 kHz peak maximum
40 kHz peak maximum

+2% of reading
%1 digit

+1% of reading
+1 digit

15% of reading
+1 digit

< 0.1% THD

< 0.1% THD

150 kHz to 10 MHz carrier

10 to 1300 MHz carrier

10 to 1300 MHz carrier;
750 us de-emphasis

150 kHz to 10 MHz carrier

10 to 1300 MHz carrier

10 to 1300 MHz carrier;
750 pus de-emphasis

250 kHz to 10 MHz carrier;
20 Hz to 10 kHz rates;

10 to 1300 MHz carrier;
50 Hz to 100 kHz rates;

10 to 1300 MHz carrier;
20 Hz to 200 kHz rates;

400 kHz to 10 MHz carrier;
deviations < 10 kHz

10 to 1300 MHz carrier;
rates and deviations < 100 kHz

(1) peak residuals must be accounted for in peak readings. (Refer to Residual Noise Effects in section 3.

() with 750 48 de-emphasis and pre-display “off, distortion is not specified for modulation outputs >4 V (pk). This
can occur near maximum deviation for a measurement range at rates < 2 kHz.

Performance Test 2
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Characteristic Performance Limits Conditions

FREQUENCY MODULATION
(cont’'d)

Residual FM < 8 Hz rms at 1300 MHz | 50 Hz to 3 kHz bandwidth
decreasing linearly with
frequency to < 1 Hz rms
for 100 MHz and below

AMPLITUDE MODULATION

FM Rejection() < 0.2% AM 250 kHz to 10 MHz carrier;
< 5 kHz peak deviation;
400 and 1 kHz rates;

50 Hz to 3 kHz bandwidth
< 0.2% AM 10 to 1300 MHz carrier;

< 50 kHz peak deviation;
400 Hz and 1 kHz rates;
50 Hz to 3 kHz bandwidth

(1) peak residuals must be accounted for in peak readings. (Refer to Residual Noise Effects in section 3.

Description

FM is measured with a very low-noise oscillator at the Modulation Analyzer’s input. The
resulting measured FM is the residua FM of the-Modulation Analyzer’s internal local
oscillator. FM accuracy is measured with the internal FM Calibrator (Option 010), which
produces apf)roximately 34 kHz peak deviation at a 10 kHz rate. A source, which can produce
wide-band, linear FM, is modulated at various FM rates and deviations to measure distortion,
flatness, and incidental AM. A special AM/FM test source is required for these tests to
assure that the FM source has adequate bandwidth, low distortion, low residual FM, and low

incidental AM.

NOTE

This procedure is only for Modulation Analyzers equipped with the FM
Calibrator (Option 010). For Modulation Analyzers not equipped with
Option 010, use Performance Test 24 which uses a second HP 8901A that is

equipped with Option 010.

Equipment
AMIFM TESE SOUMCE « v vttt e ettt et et e e HP 11715A
AUAIO ANAIYZEN . e HP 8903B
AUdio SYNthESIZEr . .o HP 3336C (Opt. 005)
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AUDIO ANALYZER AUDIO SYNTHESIZER
OSCILLATOR
’ OUTPUT
(STEP 7, 30}
ANALYZER OUTPUT
INPUT
8801A1(OPT|ON 010) (STEP 15)
MODULATION. AM/FM

oaeoe oooDOO RESIDUAL AUDIO J

o ] -OUTPUT © O |INPUT ! (STEP 16) 4

£ —s 9900 - '
CALIBRATION I INPUT (STEP 1)( FM +32| I FM 4
OUuTPUT i ouTPUT | {(STEP 6, 12)

(STEP3) A __ _ £ ISTEPS11,22) sy

Figure 4-3. FM Performance Test Setup

Procedure

Residual FM
1. On the AM/FM test source, set the test mode to residual FM. Connect its low-residual

(560 MHz) output to the Modulation Analyzer's INPUT. (See figure 4-3.)

2. On the Modulation Analyzer, key in 41.0 SPCL to preset the instrument. Set the other

controls as follows:

MEBASUFEMENE - -+« e v e et e e et ettt e e e e e FM
HP RN oot 50 Hz
P N oot 3kHz
DGO . . o\ttt e e e e AVG

The display should read 4 Hz or less.

Residual FM at 560 MHz; 50 Hz to 3 kHz bandwidth: 4 Hz
The equation for determining the residual FM limitsis:

residual FM in Hz = 5.83 x carrier frequency in GHz + 0.42 Hz

For a carrier of 560 MHz, the residual FM limit is 3.7 Hz. Allowing for one digit of
uncertainty gives alimit of approximately 4 Hz.

FM Accuracy at 10 kHz Rate

3.

fConnec:tgt;le Modulation Analyzer's CALIBRATION OUTPUT to the INPUT. (See
igure 4-3.

NOTE

For greatest accuracy allow the Modulation Analyzer to warm up for at least
one-half hour.
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4. On the Modulation Analyzer, press CALIBRATION. Allow at least two readings
(approximately 40 seconds) to pass . The display should read between 99 and 101%.
Record this value for future reference.

FM Calibration Factor; 40 kHz Modulation Range: 99 101%

5. On the Modulation Analyzer, key in 2.3 SPCL to set the modulation range to 400 kHz.
Allow at |east two readings to pass. The display should read between 99 and 101%.

FM Calibration Factor; 400 kHz Modulation Range: 99 101%

6. On the AM/FM test source, set the test mode to FM. Connect its FM+4 output to the
Modulation Analyzer's INPUT. (See figure 4-3.)

7. Set the audio analyzer’s source to 10 kHz at 0.5 V. Connect its output to the audio input
of the AM/FM test source. (See figure 4-3.)

NOTE

For thisted, if the audio analyzer has floating input and output connectors,
the low connect& should be grounded. Connections should be made to the
high input or high output connector.

8. On the Modulation Analyzer, key in 4.1 SPCL to turn on Track Mode. Tune the AM/FM
test Eourcg:’ S %:'J\rrier frequency to approximately 100 MHz. Key in 4.0 SPCL to turn
Track Mode off.

9. On the Modulation Anayzer, press FM. Set LP FILTER to 15 kHz and DETECTOR
to AVG. Key in 2.0 SPCL to set the modulation range to automatic.

10. Adjust the level of the audio analyzer’s source for a Modulation Analyzer display of
20 kHz average deviation. On the Modulation Analyzer, set RATIO to %.

11. Connect the FM+32 output of the AM/FM test source to the Modulation Anayzer's
INPUT without disturbing the AM/FM test source’s controls. (See figure 4-3.) Multiply
the displayed ratio on the Modulation Analyzer by the calibration factor of step 4. (For
example, If the display reads 12.52% REL and the calibration factor of step 4 i5100.4%,
the result is 12.52 x 100.4 = 12.57% REL.) The result should be between 12.35 and
12.65% REL.

FM Accuracy; 4 kHz Modulation Range: 12.35 12.65% REL

FM Distortion, Accuracy, and Rejection (1.5 MHz IF)

12. Connect the FM+4 output of the AM/FM test source to the Modulation Analyzer’s
INPUT. (See figure 4-3.)

13. On the I\/]!]gdulation Analyzer, set all LP FILTERs to off, DETECTOR to PEAK+, and
RATIO off.

14. Set the frequency of the audio analyzer’s source to 100 kHz. Set the level of the audio
analyzer for aModulation Anayzer display of 100 kHz peak deviation.
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15. Connect the audio analyzer’s input to the Modulation Analyzer’s MODULATION

16.

17.

18.
19.

20.

21,

OUTPUT. (See figure 4-3.) Set the audio analyzer to measure the distortion on the
100 kHz signal at the MODULATION OUTPUT (al audio analyzer filters should be
off). The distortion should be 0.1% or less (-60 dB or less).

FM Distortion at 100 kHz Rate, 100 kHz Peak Deviation: 0.1%

NOTE

Flatness of the audio synthesizer is critical for this test. If the audio
synthesizer has |eveling capability, switch it on.

Set the audio synthesizer to 10 kHz at +5 dBm. Connect its output to the audio input
of the AM/FM test source. (See figure 4-3.) Fine adjust the level for a Modulation
Anayzer display of 100 kHz times the calibration factor of step 5. (For ezample, if the
calibration factor of step 5i5100.4%, set the level for adisplay of 166.4 kHz.)

Set the audio synthesizer to the frequencies in the following table. For each setting, the
Modulation Analyzer’s display should read between the limits indicated in the table.

Audio FM Limits (kHz)

Synthesizer
Frequency (Hz) Lower |Actual Upper

100 oo0 98.9 101.1
200 000 94.9 105.1
50 98.9 101.1
20 94.9 105.1

On the Modulation Analyzer, set HP FILTER to 50 Hz and LP FILTER to 3 kHz.

Set the audio synthesizer frequency to 1 kHz. Set the level for a Modulation Analyzer
display of 50 kHz peak deviation.

On the Modulation Analyzer, press AM. Momentarily disconnect the audio input to the
AM/FM test source and note the residual AM displayed on the Modulation Analyzer.

Residual AM: %

Reconnect the audio inﬁut of the AM/FM test source. Note the AM displayed on the
Modulation Analyzer. The displayed AM minus one-haf the residual AM noted in step
20 should be 0.2% or less.

FM Rejection at 1 kHz Rate; 50 kHz Peak Deviation: 0.2%

FM Distortion, Accuracy, and Rejection (455 kHz IF)

22.

23.
24,

Connect the FM+32 output of the AM/FM test source to the Modulation Anayzer’'s
INPUT. (See figure 4-3.)

On the Modulation Analyzer, key in 3.1 SPCL to set the IF to 455 kHz. Press FM.

get. the audio synthesizer level for a Modulation Analyzer display of 5 kHz peak
eviation.
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25. On the Modulation Analyzer, press AM. Momentarily disconnect the audio input to the
AM/FM test source and note the residual AM displayed on the Modulation Anayzer.

Residual AM: %

26. Reconnect the audio input of the AM/FM test source. Note the AM displayed on the
Modulation Analyzer. The displayed AM minus one-half the residual AM noted in step
25 should be 0.2% or less.

FM Rejection at 1 kHz Rate; 5 kHz Peak Deviation: 0.2%
27. On the Modulation Analyzer, press FM. Set all HP FILTERs to off and LP FILTER to
>20 kHz.

28. Set the audio synthesizer level for a Modulation Analyzer display of 10 kHz peak
deviation times the calibration factor of step 4. (For example, if the calibration factor
of step 415100.4%, set the level for adisplay of 10.04 kHz.)

29. Set the audio synthesizer to the frequencies shown in the following table. For each
sre]zttln ’I the Modulation Analyzer’s display should read between the limits indicated in
the table.

Audio FM Limits (kHz)

Synthesizer
Frequency (Hz) Lower Actual Upper

10000 9.79 — | 121
20 979 |—— 1 1021

30. Set the audio analyzer's source to 10 kHz at 2 V. Connect its output to the audio
input of the AM/FM test source. (See figure 4-3.) Fine adjust the oscillator level for a
Modulation Analyzer display of 10 kHz peak deviation.

31. Set the audio analyzer to measure the distortion on the 10 kHz signal at the
MODULATION OUTPUT of the’ Modulation Analyzer. Set the audio analyzer’s low-
pass filter to 30 kHz and the high-pass filter to 400 Hz. The distortion should be less
than 0.1% (-60 dB or less).

FM Distortion at 10 kHz Rate, 10 kHz Peak Deviation: 0.1%
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Performance Test 2A

FM TESTS (USING A SECOND HP 8901A EQUIPPED WITH OPTION 010)

Specification

Characteristic

Performance Limits

Conditions

FREQUENCY MODULATION
Rates

Deviations

Accuracy(!)

20 Hz to 10 kHz
20 Hz to 200 kHz
20 Hz to 20 kHz

40 kHz peak maximum
400 kHz peak maximum
40 kHz peak maximum

+2% of reading

150 kHz to 10 MHz carrier

10 to 1300 MHz carrier

10 to 1300 MHz carrier;
750 us de-emphasis

150 kHz to 10 MHz carrier

10 to 1300 MHz carrier

10 to 1300 MHz carrier;
750 us de-emphasis

250kHz to 10 MHz carrier;

FM Rejection(’)

<0.2% A M

<0.2% AM

+1 digit 20Hz to 10 kHz rates;
+1% of reading 10 to 1300 MHz carrier;
+1 digit 50 Hz to 100 kHz rates;
+5% of reading 10 to 1300 MHz carrier;
+1 digit 20 Hz to 200 kHz rates;
Demodulated Output < 0.1% THD 400 kHz to 10 MHz carrier;
Distortion(?) deviations < 10 kHz
< 0.1% THD 10 to 1300 MHz carrier;
rates and deviations < 100 kHz
FREQUENCY MODULATION
(cont'd)
Residual FM <8 Hz n-ns at 1300 MHz 50 Hz to 3 kHz bandwidth
decreasing linearly with
frequency to <1 Hz rms
for 100 MHz and below
AMPLITUDE MODULATION

250 kHz to 10 MHz darner;
<5 kHz peak deviation;
400 and 1 kHz rates;
50 Hz to 3 kHz bandwidth

10 to 1300 MHz carrier;
<50 kHz peak deviation;
400 Hz and 1 kHz rates;
50 Hz to 3 kHz bandwidth

(1) Peak residuals must be accounted for in peak readings. (Refer to Residual Noise Effects in section 3.)
(2) With 750 us de-emphasis and pre-display “off”, distortion is not specified for modulation outputs >4 V (pk). This
can occur near maximum deviation for a measurement range at rates < 2 kHz.
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Description

FM is measured with a very low-noise oscillator at the Modulation Analyzer’s input. The
resulting measured FM is the residual FM of the Modulation Analyzer’s internal local
oscillator. FM accuracy is measured using the FM Calibrator from a second HP 8901A
equipped with Option 010. A source, which can produce wide-band, linear FM, is modulated
at various FM rates and deviations to measure distortion, flatness, and incidental AM. A
special AM/FM test source is required for these tests to assure that the FM source has
adequate bandwidth, low distortion, low residual FM, and low incidental AM.

NOTE

If the Modulation Analyzer under test is equipped with the FM Calibrator
(Option 010), perform Performance Test 2, FM Tests (For HP 89014
Equipped with Option 010).

Equipment
Modulation Analyzer with FM Calibrator ........................ HP 8901A Option 010
AM/EM TSt SOUICE . ..ot e e HP 11715A
Audio Analyzer ... HP 8903B
Audio Synthesizer ... ... HP 3336C (Opt. 005)

8901A (OPTION 010)
MODULATION ANALYZER
(REFERENCE UNIT)

AUDIO ANALYZER AUDIO SYNTHESIZER
o OSCILLATOR
ooses 000000 ° I OUTPUT
mo [} |
CALIBRATION ANALYZER OUTPUT
OUTPUT 8901A INPUT
MODULATION ANALYZER (STEP 24)
(STEP 16,391
MODULATION
OUTPUT
03008 gonpop - AM/FM
12 o o . TEST SOURCE ‘
LOW RESIDUAL AUDIO
INPUT OUTPUT 0' . 2 INPU'-'; ! —-— (STEP 25)
4 FM+32 | {Fm =4
(sTEP1)]  ouTpuT| JouTPuT
A (STEP3) oA e isTEP20,31) Y NisTEP 15,21)

Figure 4-4. FM Performance Test Setup (Using a Second HP 8901A Equipped with Option 010)
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Procedure

Residual FM

1. On the AM/FM test source, set the test mode to residual FM. Connect its low-residual
(560 MHz) output to the Modulation Analyzer’'s INPUT. (See figure 4-4.)

2. On the Modulation Analyzer, key in 41.0 SPCL to preset the instrument. Set the other
controls as follows:

M EaSUN ML . . .ttt FM
HP FEr . o 50 Hz
LP HI O . . 3 kHz
1< (= (0] AVG

The display should read 4 Hz or less.
The equation for determining the residual FM limits is:

residual FM in Hz = 5.83 x carrier frequency in GHz+ 0.42 Hz

For a carrier of 560 MHz, the residual FM limit is 3.7 Hz. Allowing for one digit of
uncertainty gives a limit of approximately 4 Hz.

Residual FM at 560 MHz; 50 Hz to 3 kHz bandwidth: 4 Hz

FM Accuracy at 10 kHz Rate
3. Connect the CALIBRATION OUTPUT of the HP 8901A with Option 010 (Reference
Unit) to the INPUT of the Modulation Analyzer under test. (See figure 4-4.)
NOTE

For greatest accuracy, allow the Modulation Analyzer to warm up for at least
one-half hour.

4. Key in 12.0 SPCL on the Reference Unit to display the computed peak FM deviation
and note the reading on its display. The computed FM depth of the calibrator, exluding
noise is displayed

Computed Peak FM: Hz

5. Key in 12.1 SPCL on both Modulation Analyzers to display the demodulated peak
residual FM deviation. Then key in 5.1 SPCL on the Modulation Analyzer under test
to set the peak detector time constant to slow. Note the reading on the display of the
Modulation Analyzer under test. The measured and corrected noise of the FM calibrator
in CW is being displayed.

Weighted Peak Residual FM; 40 kHz Range: Hz
6. Add the results of steps 4 and 5.

Computed plus Residual FM; 40 kHz Range: Hz
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24

7.

10.

11.

12.

13.

14,

On the Modulation Analyzer under test, key in 2.3 SPCL to set the modulation range
to 400 kHz, and note the reading on its display.

Weighted Peak Residual FM; 400 kHz Range: Hz

. Add the results of steps 4 and 7 above.

Computed plus Residual FM; 400 kHz Range: Hz

. Key in 12.2 SPCL on both Modulation Analyzers to display the demodulated peak

FM deviation. Then key in 5.1 SPCL on the Modulation Anayzer under test. Note
the reading on the display of the Modulation Analyzer under test. The peak deviation,
measured with the PEAK+ detector is being displayed

Measured Demodulated Positive Peak FM (Including Residual);

40 kHz Range: kHz
On the Modulation Analyzer under test, press PEAK-. Note the reading on its display.
Measured Demodulated Negative Peak FM (Including Residual);

40 kHz Range: kHz
Make the following calculation:

(reading of step 9) + (reading of step 10)
2

Measured Demodulated Peak FM (Averaged);

40 kHz Range: kHz
This result should equal the result of step 6 ~0.334 kHz.
Key in 2.3 SPCL on the Modulation Analyzer under test. Note the reading on its display.
Measured Demodulated Negative Peak FM (Including Residual);

400 kHz Range: kHz
On the Modulation Analyzer under test, press PEAK+. Note the reading on its display.
Measured Demodulated Positive Peak FM (Including Residual);

400 kHz Range: kHz
Make the following calculation:

(reading of step 12) + (reading of step 13)
2

Measured Demodulated Peak FM (Averaged);

400 kHz Range: kHz
This result should equal the result of step 8 +0.34 kHz.
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15. On the AM/FM test source, set the test mode to FM. Connect its FM+4 output to the
Modulation Analyzer's INPUT. (See figure 4-4.)

16. Set the audio analyzer's source to 10 kHz at 0.5 V. Connect its output to the audio input
of the AM/FM test source. (See figure 4-4.)

NOTE

For thisted, if the audio analyzer has floating input and output connectors,
the low connector should be grounded. Connections should be mud-e to the
high input or high output connector.

17. On the Modulation Analyzer under test, key in 41.0 SPCL initiaize it. Tune the AM/FM
test source's carrier frequency to approximately 100 MHz.

18. On the Modulation Analyzer under test, press FM. Set LP FILTER to 15 kHz and
DETECTOR to AVG.

19. Adjust the level of the audio analyzer’s source for adisplay of 20 kHz average deviation
on the Modulation Analyzer under test. On the Modulation Analyzer under test, set
RATIO to %.

20. Connect the FM+32 output of the AM/FM test source to the Modulation Analyzer’s
INPUT without disturbing the AM/FM test source's controls. (See figure 4-4.) Multiply
the displayed ratio on the Modulation Analyzer by the result of step 11 divided by
the result of step 6. (For example, if the display reads 12.52% REL and the result
of step 11 is33.400 kHz and the result of step 6 is 33.333 kHz, the desired result is
(12.52 x 33.4) + 33.333 = 12.55.) The result should be between 12.35 and 12.65% REL.

FM Accuracy; 4 kHz Modulation Range: 12.35 12.65% REL

FM Distortion, Accuracy, and Rejection (1.5 MHz IF)

21. Connect the FM+4 output of the AM/FM test source to the Modulation Anayzer's
INPUT. (See figure 4-4.)

22. On the Modulation Analyzer, set all LP FILTERs to off, DETECTOR to PEAR+, and
RATIO off.

23. Set the frequency of the audio analyzer’s source to 100 kHz. Set the level of the oscillator
for aModulation Analyzer display of 100 kHz peak deviation.

24. Connect the audio analyzer’s input to the MODULATION OUTPUT of the Modulation
Analyzer under test. (See figure 4-4.) Set the audio analyzer to measure the distortion on
the 100 kHz signal at the MODULATION OUTPUT (all audio analyzer filters should
be off). The distortion should be 0.1% or less (-60 dB or less).

FM Distortion at 100 kHz Rate; 100 kHz Peak Deviation: 0.1%
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4-26

25. Set the audio synthesizer to 10 kHz at +15 dBm. Connect its output to the audio input
of the AM/FM test source. (See figure 4-4.) Fine adjust the level for a Modulation
Analyzer display of 100 kHz times the result of step 11 divided by the result of step 6.
(For example, if the result of step 11 is 33.400 kHz, and the result of step 6 is 33.333 kHz,
set the level for adisplay of (100 kHz x33.400) + 33.333 = 100.2 kHz.) )

NOTE

Flatness of the audio synthesizer is critical for thistest. If the audio
synthesizer has leveling capability, switch it on.

26. Set the audio synthesizer to the frequencies in the following table. For each setting, the
Modulation Analyzer's display should read between the limits indicated in the following
table.

Audio FM Limits (kHz)

Synthesizer
Frequency (Hz) Lower Actual Upper

100000 98.9 101.1

200000 94.9 105.1
50 98.9 101.1
20 94.9 105.1

27. On the Modulation Analyzer, set HP FILTER to 50 Hz and LP FILTER to 3 kHz.

28. Set the audio synthesizer frequency to 1 kHz. Set the level for a Modulation Analyzer
display of 50 kHz peak deviation.

29. On the Modulation Analyzer, press AM. Momentarily disconnect the audio input to the
AM/PM test source and note the residual AM displayed on the Modulation Analyzer.
Residual AM: %

30. Reconnect the audio input of the AM/FM test source. Note the AM displayed on the
Modulation Analyzer. The displayed AM minus one-half the residual AM noted in step
20 should be 0.2% or less.

FM Reection at 1 kHz Rate; 50 kHz Peak Deviation: 0.2%

FM Distortion, Accuracy, and Rejection (455 kHz IF)

31. Connect the FM+32 output of the AM/FM test source to the Modulation Analyzer’s
INPUT. (See figure 4-4.)

32. On the Modulation Analyzer, key in 3.1 SPCL to set the IF to 455 kHz. Press FM.

33. Set the audio synthesizer level for a Modulation Analyzer display of 5 kHz peak
deviation.

34. On the Modulation Analyzer, press AM. Momentarily disconnect the audio input to the
AM/FM test source and note the residual AM displayed on the Modulation Anayzer.

Residual AM: %
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35.

36.

37.

38.

39.

40.

Performance Tests

Reconnect the audio input of the AM/PM test source. Note the AM displayed on the
Modulation Analyzer. The displayed AM minus one-haf the residual AM noted in step
34 should be 0.2% or less.

FM Rejection at 1 kHz Rate, 5 kHz Peak Deviation: 0.2%

On the Modulation Analyzer, press FM. Set al HP FILTERs to Off and LP FILTER
to >20 kHz.

Set the audio synthesizer frequency to 1 kHz. Set the audio synthesizer level for a
Modulation Analyzer display of 0.1 times the display set in step 25. (For example, if the
display set in step 25 is 100.2 kHz, set the level for adisplay of 10.02 kHz.)

Set the audio synthesizer to the frequencies shown in the following table. For each
setting, the Modulation Analyzer’s display should read between the limits indicated in
the table.

Audio FM Limits (kHz)
Synthesizer
Frequency (Hz) Lower Actual Upper
10000 9.79 - 10.21
20 9.79 | 1021

Set the audio analyzer’s source to 10 kHz at 2 V. Connect its output to the audio
input of the AM/FM test source. (See figure 4-4.) Fine adjust the oscillator level for a
Modulation Analyzer display of 10 kHz peak deviation.

Set the audio anayzer to measure the distortion on the 10 kHz signa at the
MODULATION OUTPUT of the Modulation Analyzer. Set the audio analyzer's
low pass filter to 30 kHz and the high pass filter to 400 Hz. The distortion should be
less than 0.1% or less. (-60 dB or less).

FM Distortion at 10 kHz Rate; 10 kHz Peak Deviation: 0.1%
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Specification

Performance Test 3

Model 8901A

Characteristic

PerformancelLimits

Conditions

PHASE MODULATION
Carrier Frequency

Deviation and
Maximum Resolution

10 to 1300 MHz

Refer to figure below.

Rates 200 Hz to 20 kHz
Accuracy(?) +3% of reading 1 dgit
Demodulated output <0.1% THD
Distortion
400
0.1 RADIAN
=3 RESOLUTION
ot
<
S 4
e 0.01 RADIAN
5w 5 RESOLUTION
L=
& 4
x 0.001 RADIAN
= RESOLUTION >
(-9
2 T

T ! i T T 1
200 Hz 500 Hz 1 kHz 2 kHz 5kHz 10kHz 20 kHz

MODULATION RATE

Phase Modulation Deviation and Maximum Resolution

(1) peak residuals must be accounted for in peak readings. (R&r to Residual Noise Effects in section 3.)
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Description

A signal with a known amount of phase modulation is generated by frequency modulating
a carrier at a known peak deviation (as measured by the previously-calibrated Modulation
Analyzer) and rate. The relationship between the peak phase deviation and peak frequency
deviation is.

eak frequency deviation
modulation r ate -

peak phase deviation = B

The measured deviation is compared with the calculated deviation for several combinations
of FM deviation and rate. The distortion is also measured. A special AM/FM test source is
required for these tests to assure that the FM source has adequate bandwidth, low-distortion,
and low residua M.

Equipment

AM/FIM TSt SOUICE .+« vttt v ettt et e HP 11715A

o Lo B 1 )74 G HP 8903B

AUdIO SYNMtNBSIZEr et HP 3336C

8901A
AUDIO ANALYZER AUDIO SYNTHESIZER
MODULATION ANALYZER
ooos OUTPUT INPUT
sosop 700000 (STEP 11)
o o 0 oooooo
OSCILLATOR OUTPU1
INPUT OUTPUT
AM/FM
TEST SOURCE (STEP 8)
AUDIO I
° O [INPUT ) (STEP 3)
=20 096 - e e
FM +32 FM
OUTPUTI IOUTPUT
pio (sTEr6)] lisTEP2,7)
\ 10 (S _’) ]_ J

Figure 4-6. ®M Performance Test Setup

Procedure

®M Accuracy
1. Make the tests in Performance Test 2, FM Tests.

2. On the AM/FM test source, set the test mode to FM. Connect its FM output to the
Modulation Analyzer's INPUT. (See figure 4-5.)

3. Set the audio synthesizer to 200 Hz at -10 dBm. Connect its output to the audio input
of the AM/FM test source. (See figure 4-5.)

4. On the Modulation Analyzer, key in 41.0 SPCL to preset the instrument. Press FREQ
and then key in 4.1 SPCL to turn on Track Mode. Tune the AM/FM test source's carrier
frequency to approximately 400 MHz. Key in 4.0 SPCL to turn off Track Mode.
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5. On the Modulation Analyzer, press MHz to center its tuning. Set the other controls as

follows:

VLSS (=11 1| FM
P R ... >20 kHz
D= (= X () (A AVG

6. Set the audio synthesizer frequency as shown in the following table. Set the Modulation
Analyzer high pass filter as shown in the table. Set the audio synthesizer level to give the
FM deviation shown in the table (as read on the Modulation Analyzer). After setting
each FM deviation, press ®M. For each setting, the Modulation Analyzer’s display should
read between the limits indicated in the table.

Audio High Average FM PM Limits (rad)
Synthesizer Pass Deviation
Frequency (Hz) Filter (kHz) Lower Actual Upper
200 50 50 2424 |— | 2576
1000 300 250 2424 |— | 2576
20000 300 250 12.1 — 1 130
20000 300 4' 0193 |—— | 0.207
* Connect the FM+-32 output of the AM/FM test source to the Modulation Analyzer's INPUT
to make this measurement. (See figure 4-5.) Press AUTOMATIC OPERATION. then MHz
to retune the Measuring Receiver. If the resolution is not 0.001 rad, press $M again.

&M Distortion

7. Connect the FM output of the AM/FM test source to the Modulation Analyzer’'s
INPUT. (See figure 4-5.) Press AUTOMATIC OPERATION on the Modulation
Analyzer.

8. Set the audio analyzer’s source to 1 kHz. Connect its output to the audio input of the
AM/FM test source. (See figure 4-5.)

NOTE

For this ted, if the audio analyzer has floating input and output connectors,
the low connector should be grounded. Connections should be made to the
high input or high output connector.

9. On the Modulation Analyzer, press M. Set DETECTOR to PEAK+. Set HP FILTER

to 300 Hz. Set LP FILTER to 15 kHz.
10. Adjust the audio analyzer's source level to give a display of 400 rad peak deviation.
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11. Connect the audio analyzer’s input to the Modulation Analyzer’s MODULATION
OUTPUT. (See figure 4-5.) Set the audio analyzer to measure the distortion on the
1 kHz signa at the MODULATION OUTPUT. Set the high-pass filter on the audio
analyzer t0 400 Hz. (All audio analyzer filters should be off.) The distortion should be

0.1% (-60 dB or less).
&M Distortion at 1 kHz Rate; 400 rad Peak Deviation;
1.5 MHz IF: 0.1%

12. Reduce the level of the audio analyzer’s source to give adisplay of 40 rad peak deviation.

13. On the Modulation Analyzer, key in 3.1 SPCL. The distortion measured on the audio
analyzer should be 0.1% or |less.

&M Distortion at 1 kHz Rate; 40 rad Peak Deviation;
455 kHz IF: 0.1%
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Performance Test 4

AUDIO FILTERS TEST

4-32

Specification

Model 8901A

Characteristic

PerformancelLimits

Conditions

AUDIO FILTERS

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

300 Hz High Pass (2 Pole)
3 dB Cutoff Frequency
Flatness

3 kHz Low Pass (5 Pole)
3 dB Cutoff Frequency
Flatness

15 kHz Low Pass (5 Pole)
3 dB Cutoff Frequency
Flatness

>20 kHz Low Pass (9 Pole Bessel)(")

3 dB cutoff frequency
Flatness

50 Hz nominal
< 1%

300 Hz nominal
< 1%

3 kHz nominal
< 1%

15 kHz nominal
< 1%

> 20 kHz nominal
< 1%

> 200 Hz rates

> 1 kHz rates

< 1 kHz rates

< 10 kHz rates

< 10 kHz rates

(1) The > 20 kHz low-pass filter is intended for minimum overshoot squarewave modulation.

Description

A signal is frequency modulated by a source which is known to have FM which is flat with
rate. The flatness of the demodulated signal is then measured for various modulation filters.

NOTE

Flatness of the audio synthesizer is critical for this test. If the audio
synthesizer has leveling capability, switch it on.
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Equipment
AMIFM TS SOUICE .+« oottt ettt et e et ettt e e e ettt eeeens HP 11715A
Audio SYNthESIZEr ... HP 3336C (Opt. 005)
8901A
MODULATION ANALYZER
AM/FM AUDIO SYNTHESIZER
TEST SOURCE
oeogs 00000D °
a0 D ' c o o ® o [] ~
INPUTL j L DIO ouwj
OUTPUT NPUT

(STEP 1) (STEP 1}

Figure 4-6. Audio Filters Performance Test Setup

Procedure

1.

2
3.
4.

Connect the equipment as shown in figure 4-6.

. On the AM/FM test source, set the test mode to FM.

Set the audio synthesizer to 200 Hz at +6 dBm.

On the Modulation Analyzer, key in 41.0 SPCL to preset the instrument. Press FREQ
and then key in 4.1 SPCL to turn on Track Mode. Tune the AM/FM test source’s carrier
frequency to approximately 100 MHz. Key in 4.0 SPCL to turn off Track Mode.

. On the Modulation Analyzer, press MHz to center the instrument’s tuning. Set the

other controls as follows:

M EASUIEMENT . ...ttt et o FM
D= ot (0] (R AVG
. Set the audio synthesizer level to give a display of approximately 25 kHz average

deviation.
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7. Set the audio synthesizer frequency to the frequencies shown in the following table.
For each setting, set RATIO on the Modulation Analyzer to off, set all HP or LP
FILTERSs to off, then set RATIO to %, and insert the filter indicated. For each setting,
the Modulation Analyzer’'s display should read between the limits indicated in the table.

! Audio Ratio Limits {% REL)

Synthesizer Filter

Frequency (Hz) Lower Actual Upper

200 50 Hz HP FILTER 90.99 101.01

2000 50 Hz HP FILTER 98.99 101.01

1 000 300 Hz HP FILTER 98.99 101.01

10000 300 Hz HP FILTER 98.99 101.01

1000 3 kHz LP FILTER 98.99 101.01

100 3 kHz LP FILTER 98.99 101.01

10000 15 kHz LP FILTER 98.99 101.01

1 000 15 kHz LP FILTER 98.99 101.01

10 000 >20kHz LP FILTER | 98.99 101.01

1000 >20kHz LP FILTER | 98.99 101.01
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Performance Test 5

RF LEVEL PERFORMANCE TEST

Specifications
Serial Prefix: 1933A to 2212A

Characteristic Performance Limits Conditions
RF LEVEL Peak voltage responding, rms sine wave
calibrated.
Range TmWto1 W
Instrumentation Accuracy +2 dB 150 kHz to 650 MHz
+3dB 650 to 1300 MHz
SWR <15 5002 system

Serial Prefix: 2227A and above

Characteristic Performance Limits Conditions
RF LEVEL Peak voltage responding, rms sine wave
calibrated.
Range imWto1 W
Instrumentation Accuracy fl.5 dB 150 kHz to 650 MHz
SWR <13 50Q system; 150 kHz to 650 MHz
<15 5002 system; 650 MHz to 1300 MHz
Description

Power from a signal generator is applied through a power splitter to the Modulation

Analyzer’sinput and a power meter. The power level reading between the power meter and

the Modulation Analyzer are compared for various settings of power level and frequency.

SWR is measured at severd frequencies by driving the input of the Modulation Analyzer

through an SWR Brlddqe. The reflected power is measured by a power meter. A reference

?r?l nkt] ISéH rst_me)nde by disconnecting the Modulation Analyzer’s input to give an open circuit
igh reflection).

NOTE

For the accuracy measurement, the output of the signal generator must be
filtered (if its harmonics Or spurious signals are less than 30 down from the
carrier) to prevent discrepancies between readings of the peak-responding
Modulation Analyzer and the average-responding power meter.
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Equipment
Bandpass Filter 512t0674MHz ............ ...l Telonic TBA 593-218-5FE
Bandpass Filter 800t0 1100 MHz ...ttt Telonic TBA 950-375-5FE1
Power Meter and SENnSOr . ..vvve it HP 436A/8482A
Power Splitter ......oooe ~ HP 11667A
Signal GENErator .. ....ovveiiiti i HP 8640B with Option 002
SWR BIHAGE - v v Wiltron 60N50
POWER
_METER
SIGNALGENERATOR
00060 gogppp °
[-1-1-1-1-] g
o o O ooaoooc L
RF OUTPUT INPUT INPUT
BANDPASSFILTER
(512-674 MHz or
800-1100 MHz) POWER
SPLITTER
POWER
SENSOR
—
Figure 4-7. RF Level Accuracy Performance Test Setup
Procedure

RF Level Accuracy
1. Calibrate and zero the power meter and sensor.
2. Connect equipment as shown in figure 4-7.
3. PressRF LEVEL.

4. Set the signal generator to 50 MHz CW. Set its level for the power meter readings
shown below. For each setting, the Modulation Analyzer’'s display should read between
the limits shown below.

Serial Prefix: 1933A to 2212A

I RF Level Limits (mW)
Power Meter

Reading (mW)

Lower Actual Upper

10 6.31 15.8
3 1.89 4.75
l 0.631 1.56
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Serial Prefix: 2227A and above

Power Meter RF Level Limits (mW)
Reading W) | | ower | Actual | Upper
10 708 | — | 141
3 212 | — | 424
1 0708 | —— | 141

5. Set the frequency of the signal generator to those shown in the: table below. For each
frequency setting, adjust the power level to give a power meter reading of 3 mW. The
Modulation Analyzer should read between the limits shown in tae table.

Serial Prefix: 1933A to 2212A

. RF Level Limits (mW)
Signal Generator

Frequency (MHz) Lower Actual Upper
1000 150 599
650" 1.89 4.75
100 1.89 4.75
10 1.89 4.75
05 1.89 4.75

* |If a signal generator with a doubler is being used, insert
the appropriate bandpass filter at the generator’'s output
to suppress harmonic and subharmonic signals.

Serial Prefix: 2227A and above

Signal Generator RF Level Limits (mW)
Frequency (MHz) | | ouer ot —
1000 2.12 40
650" 2.12 4.24
100 2.12 4.24
10 2.12 4.24
0.5 2.12 4.24

* . . . . .
If a signal generator with a doubler is being used, insert
the appropriate bandpass filter at the generator’'s output
to suppress harmonic and subharmonic signals.
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SIGNAL GENERATOR

(STEP 6)

SWR
BRIDGE

L.:___

8901A
MODULATION ANALYZER

-I-I-1.1-} (]
cogoo U [s]n]ala]a] o

INPUT

(STEP 7)

(STEP 6)

Model 8901A

POWER
METER

INPUT

Figure 4-8. SWR Performance Test Setup

SWR Performance

6. Connect the equipment as shown in figure 4-8.

7. Set the signal generator frequency as listed in the following table. For each frequency
disconnect the load from the test port of the SWR bridge and adjust the signal generator
level for a power meter reading of -5 dBm. Then connect the test port of the SWR
bridge directly to the Modulation Analyzer's INPUT. The power meter reading should

drop by at least 14 dB.

Serial Prefix: 1933A to 2212A

{STEP6)

Power Meter Reading (dBm)
Signal Generator

Frequency (MHz) Actual Maximum

1000 -19

300 -19

100 -19

30 -19

10 -19
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Serial Prefix: 2227A and above

Signal Generator Power Meter Reading (dBm)
Frequency (MHz) Actual Maximum

1000 — 19

650 _— -23

300 E— -23

100 _ -23

20 . -23

L o -23
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Table 4-1. Performance Test Record (1 of 7)
Hewlett-Packard Company
Yodel 8901A Tested By
Modulation Analyzer
Serial Number Date
Test Results
Neos Test Description
‘ Minimum Actual Maximum
1 AM PERFORMANCE TEST
(Using Optign ‘010)
AM Accuracy at 10 kHz Rate
AM Calibration Factor; 40% AM Range 99% 101%
AM Calibration Factor; 100% AM Range 99% 101%
Residual AM 0.01%
AM Distortion
20 kHz Rate; 50% AM 0.3%
20 kHz Rate: 95% AM 0.6%
20 Hz Rate; 95% AM 0.6%
20 Hz Rate; 50% AM 0.3%
AM Flatness
NOTE :
The AM Flatness specification of the Modulation An-
alyzer is checked by noting the maximum difference
between any pair of readings. The difference in read-
mgs between any two frequencies should be less than
0.8% REL.
1 000 Hz Rate % REL
10 000 Hz Rate % REL
150 Hz Rate % REL
90 Hz Rate % REL
Maximum value % REL
Minimum value % REL
Difference % REL 0.8% REL
AM Accuracy
IF Frequency Modulation Rate
1.5 MHz 50 000 Hz 98.9% REL 101.1% REL
100 000 Hz 96.9% REL 103.1% REL
50 Hz 98.9% REL 101.1% REL
20 Hz 96.9% REL 103.1% REL
455 kHz 20 Hz 96.9% REL 103.1% REL
50 Hz 97.9% REL - 102.1% REL
10 000 Hz 97.9% REL —— 102.1% REL
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Table 4-1. Performance Test Record (2 of 7)
Results
fest -
NO lest Description
: Minimum Actual Maximun
1 AM PERFORMANCE TEST
(Using Option 010) [Cont’d]
AM Rejection
With Frequency Modulation:
455 kHz IF 20 Hz
15 MHz IF 20 Hz
With Phase Modulation:
1.5 MHz IF 0.030 rad
la | AM PERFORMANCE TEST
(Using Another 8901A With Option 010)
AM Accuracy at 10 kHz Rate
NOTE
The AM Accuracy specification of the Modulation An-
alyzer is checked by comparing the measured values
against the computed minimum and maximum re-
sults. If the measured values are within the specified
tolerance of the computed results, the Modulation An-
alyzer is within specification.
For 40% AM Modulation Range:
Computed result (reading in step 4): %
Minimum computed result (reading in step 4 minus 0.334% AM):
%
Maximum computed result (reading in step 4 plus 0.334% AM):
L %
Measured value (reading in step 9): % %l
For 100% AM Modulation Range:
Computed result (reading in step 6): %
Minimum computed result (reading in step 6 minus 0.34% AM):
0%
Maximum computed result (reading in step 6 plus 0.34% AM):
L %
Measured value (reading in step 12): % %
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Table 4-1. Performance Test Record (3 of 7)
Test Results
[\fos Test Description
' Minimum Actual Maximum
1a AM PERFORMANCE TEST
(Using Another 8901A with Option 010) (Cont'd]
Residual AM 0.01%
AM Distortion
20 kHz Rate: 50% AM 0.3%
20 kHz Rate; 95% AM 0.6%
20 kHz Rate; 95% AM 0.6%
20 kHz Rate; 50% AM 0.3%
AM Flatness
NOTE .
The AM Flatness specification of the Modulation An-
alyzer is checked by noting the maximum difference
between anv_pair of readings. The difference in read-
ings between any two frequencies should be less than
0.8% REL.
1 000 Hz Rate % REL
10 000 Hz Rate % REL
150 Hz Rate % REL
90 Hz Rate % REL
Maximum value % REL
Minimum value % REL
Difference % REL 0.8% REL
AM Accuracy
IF Frequency Modulation Rate
1.5 MHz 50 000 Hz 98.9% REL 101.1% REL
100 000 Hz 96.9% REL 103.1% REL
50 Hz 98.9% REL 101.1% REL
20 Hz 96.9% REL 103.1% REL
455 kHz 20 Hz 96.9% REL 103.1% REL
50 Hz 97.9% REL 102.1% REL
10 000 Hz 97.9% REL 102.1% REL
AM Rejection
With Frequency Modulation:
455 kHz IF 20 Hz
15 MHz IF 20 Hz
With Phase Modulation:
1.5 MHz IF 0.030 rad
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Table 4-1. Performance Test Record (4 of 7)

Test Results
I\?(f Test Description
' Minimum Actual Maximum
2 FM PERFORMANCE TEST
(Using Option 010)
Residual FM
550 MHz; 50 Hz to 3 kHz BW 4 Hz
FM Accuracy at 10 kHz Rate
FM Calibration Factor; 40 kHz Modulation Range 99% 101%
FM Calibration Factor; 400 kHz Modulation Range 99% 101%
4 kHz Modulation Range 12.35 12.65
FM Distortion, Accuracy, and Rejection-1.5 MHz IF
FM Distortion:
100 kHz Rate; 100 kHz FM 0.1%
FM Accuracy:
100 000 Hz Rate 98.9 kHz 101.1 kHz
200 000 Hz Rate 94.9 kHz 105.1 kHz
50 Hz Rate 98.9 kHz 101.1 kHz
20 Hz Rate 94.9 kHz 105.1 kHz
FM Rejection:
1kHz Rate; 50 kHz FM 0.2%
FM Distortion, Accuracy, and Rejection-455 kHz |F
FM Rejection:
1 kHz Rate: 5 kHz FM 0.2%
FM Accuracy:
10 000 Hz Rate 9.79 kHz 10.21 kHz
20 Hz Rate 9.79 kHz 10.21 kHz
FM Distortion:
10 kHz Rate: 10 kHz FM 0.1%
2a | FM PERFORMANCE TEST
(Using Another 8901A with Option 010)
Resldual FM 4 Hz
560 MH2/50 Hz to 3 kHz BW
FM Accuracy at 10 kHz Rate
NOTE .
The FM Accuracy specification of the Modulation An-
alyzer is checked by comparing the measured values
against the computed minimum and meximum re-
sults. If the measured values are within th.e specified
tolerance of the computed results, the Modulation An-
alyzer is within specification.
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Table 4-1. Performance Test Record (5 of 7)
Test Results
,\? c? Test Desctiptlon )
' Minimum Actual Maximum
2a FM PERFORMANCE TEST
(Using Another 8901A with Option 010) [Cont'd]
For 40 kHz Modulation Range:
Computed result (reading in step 6); ———— kHz
Minimum computed result (reading in step 6 minus 0.334 kHz):
e KH2
Maximum computed result (reading in step 6 plus 0.334 kHz):
e kH2z
Measured value (reading in step 11): kHz kH
For 400 kHz Modulation Range:
Computed result (reading in step 8): ——— kHz
Minimum computed result (reading in step 8 minus 0.34 kHz):
kHz
Maximum computed result (reading in step 8 plus 0.34 kHz):
kHz
Measured value (reading in step 14): kHz kH
For 4 kHz Modulation Range: 12.35 12.65
FM Distortion, Accuracy, and Rejection-l .5 MHz IF
FM Distortion:
100 kHz Rate; 100 kHz FM 0.1%
FM Accuracy:
100 000 Hz Rate 98.9 kHz 101.1 kHz
200 000 Hz Rate 94.9 kHz 105.1 kHz
50 Hz Rate 98.9 kHz 101.1 kHz
20 Hz Rate 94.9 kHz 105.1 kHz
FM Rejection:
1 kHz Rate; 50 kHz FM 0.2%
FM Distortion, Accuracy, and Rejection-455 kHz IF
FM Rejection:
1 kHz Rate: 5 kHz FM 0.2%
FM Accuracy:
10 000 Hz Rate 9.79 kHz 10.21 kHz
20 Hz Rate 9.79 kHz 10.21 kHz
FM Distortion:
10 kHz Rate: 10 kHz FM 0.1%
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Table 4-1. Performance Test Record (6 of 7)

Results
Test .
No. Test Description —
Minimum Actual MaxImum
3 PHASE MODULATION [®M] PERFORMANCE TEST
®M Accuracy
Modulation Average FM
Rate (Hz) Deviation (kHz)
200 50 242.4 rad 257.6 rad
1 000 250 242.4 rad 257.6 rad
20 000 250 12.0 rad 13.0 rad
20 000 4 0.193 rad 0.207 rad
&M Distortion
1 kHz Rate; 400 Radians; 1.5 MHz IF 0.1%
1 kHz Rate: 40 Radians: 455 kHz IF 0.1%
4 AUDIO FILTERS PERFORMANCE TEST
Modulation Filter
Rate Hz Selected
200 50 Hz HP 98.99% REL 101.01%REL
2 000 50 Hz HP 98.99% REL 101.01% REL
1 000 300 Hz HP 98.99% REL 101.01% REL
10 000 300 Hz HP 98.99% REL 101 .0l% REL
1000 3kHzLP 98.99% REL 101.01%REL
100 3kHz LP 98.99% REL 101.01%REL
10 000 15kHz LP 98.99% REL 101.01%REL
1000 15kHz LP 98.99% REL 101.01% REL
10 000 >20kHz LP 98.99% REL 101 .0l% REL
1000 >20kHz LP 98.99% REL 101.01%REL
5 RF LEVEL PERFORMANCE TEST
Serial Prefix: 1933A to 22712A
RF Level Accuracy
Power Meter Reading
10mw 6.31 mW 15.8 mW
3mw 1.89mW 4,75 mW
1mw 0.631 mw 1.58 mW
Frequency
1000 MHz 1.50 mW 5.99 mW
650 MHz 1.89 mW 4.75 mW
100 MHz 1.89 mW 4,75 mW
10 MHz 1.89 mW 4.75 mW
0.5 MHz 1.89 mW 4.75 mW
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Table 4-1. Performance Test Record (7 of 7)
Results
T’\fOSt Test Description —
' Minimum Actual Maximum
5 RF LEVEL PERFORMANCE TEST [Cont'd]
Serial Prefix: 1933A to 2212A
SWR
Frequency
1000 MHz -19 dBm
300 MHz -19 dBm
100 MHz -19 dBm
30 MHz -19dBm
10 MHz -19 dBm
5 RF LEVEL PERFORMANCE TEST
Serial Prefix: 2227A and above
RF Level Accuracy
Power Meter Reading
10 mW 7.08 mW 141 mW
3mw 2.12 mwW 4.24 mW
1mw 0.708 mw 1.41 mW
Frequency
1000 MHz 2.12 mW 4.24 mW
650 MHz 2.12 mW 4.24 mW
100 MHz 2.12 mW 4.24 mW
10 MHz 2.12 mW 4.24 mW
0.5 MHz 2.12 mW 4.24 mW
SWR
Frequency
1000 MHz -19 dBm
650 MHz -23 dBm
300 MHz -23 dBm
100 MHz -23 dBm
30 MHz -23 dBm
10 MHz -23 dBm

4-46




Model8901A Adjustments

Section 5
ADJUSTMENTS

5~1. INTRODUCTION

This section contains adjustments and checks that assure peak performance of the Modula-
tion Analyzer. The instrument should be readjusted after repair or failure to pass a perfor-
mance test. Allow a 30 minute warm-up prior to performing the adjustments. Removing the
top cover isthe only disassembly required for al adjustments.

To determine which performance tests and adjustments to perform after a repair, refer to
paragraph 5-5, Post-Repair Tests, Adjustments, and Checks.

5-2. SAFETY CONSIDERATIONS

This section contains information, cautions, and warnings which must be followed for your
protection and to avoid damage to the equipment.

WARNING

Adjustments &scribed in this section are performed with power supplied to
the instrument and with protective covers removed. Maintenance should be
performed only by service trained personnel who are aware of the hazard
involved (for example, fire and electrical shock). Where maintenance can be
performed without power applied, the power should be removed.

Remouval of the Modulation Analyzer’s bottom cover is not necessary to per-
form these adjustments. However, if the bottom cover is removed, hazardous
voltage (~120 V ac) is accessible.

A pin-to-pin voltage difference of 55 V dc may be found on many of the
Modulation Analyzer’s circuit board connectors. Be careful while working on
the circuit boards with power supplied to the instrument.

If acircuit board is placed on an extender board, the possibility of coming in
contact with 55 V dc is greatly increased. Be careful while working on the
circuit boards with power supplied. Work with one hand. Do not touch the
extender board.

5-3. EQUIPMENT REQUIRED

Each adjustment procedure contains a list of required test equipment. The test equipment is
identified by callouts in the test setup diagrams where included

If substitutions must be made for the specified test equipment, refer to table [-3 for
the minimum specifications. It is important that the test equipment meet the critica
specifications listed in the table if the Modulation Analyzer is to meet its performance
requirements.
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5-4. FACTORY-SELECTED COMPONENTS

Factory-selected components are identified on the schematics and parts list by an asterisk
which follows the reference designator. The normal value or range of the componentsis
shown. Table 5-1 lists the reference designator, the criterion used for selecting a particular
value, the normal value range, and the service sheet where the component part is shown.

Table 6-1. Factory Selected Components

Reference service Range Of Basis of Selecti
Designator Sheet Values asis of Selection

Serial Prefixes:
2212A to 2410A
(08901-60183)

A15R10 1 42.212 68.10 Refer to RF Detector Offset Adjustment (Adjustment 3).

A15R47 1 1960 3830 Refer to RF Detector Offset Adjustment (Adjustment 3).

A19C43 11 4.7p to 15p See LO Doubler Power Output and Balance Adjustment
(Adjustment 5).

AI9R63 11 38.1Q2 to 11002 See LO Doubler Power Output and Balance Adjustment
(Adjustment 5).

Al 9R72, R74 11 61902 to 12100 See LO Doubler Power Output and Balance Adjustment
(Adjustment 5).

A20R1, R2 14 215k to oo See Track-Tune Mode Offset Adjustment (Adjustment 19).

A23R55 12 511Q to 1780R See Sampler Efficiency and Offset Adjustment
(Adjustment 4).

A23C45 12 1.8p to 2.7p See Sampler Efficiency and Offset Adjustment
(Adjustment 4).

A51C20 28 9.09 k2 or 11.0 k2 If A51C20 cannot be adjusted for a display within listed

451 R32 limits, then R32 can be selected to shift nominal readings on

the display. Increasing R32 one adjustment value will
increase the nominal reading by approximately 3%. The only
values available are 9.89 k ohms and 11 .0 k ohms.

951 R24 28 — If the FM deviation of the FM Calibrator Option 010 exceeds
the peak deviation limits of 30 to 38 kHz, error E08 will be
displayed. (If service errors have been enabled by Special
Function 43.1, error E74 or E75 will be displayed instead.) Tc)
measure the actual peak deviation, connect the
CALIBRATION OUTPUT to the INPUT and key in

12.2 SPCL.

If the deviation is only slightly out of limits, alter the value of
A51 R24. Increasing the value of A51 R24 by 10% will
decrease the peak deviation by approximately 2.5 kHz.

5-2
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5-5. POST-REPAIR TESTS, ADJUSTMENTS, AND CHECKS

Table 5-2 lists the performance tests, adjustments, and checks needed to calibrate or verify
calibration of a repaired assembly. The tests, adjustments, and checks are classified by
assembly repaired.

The table is also useful as a cross reference between performance tests and assemblies when
the failure is a specification that is slightly out of limits.

For al repairs, perform the Basic Functional Checks, the Power Supply Adjustment (but
only adjust the +15 V supply if it isout of limits), and the Internal Reference Frequency
Adjustment. The Basic Functional Check utilizes automatic tuning and measurement which
exercises nearly every circuit in the instrument (except the Remote Interface Assembly).

5-6. RELATED ADJUSTMENTS

The procedures in this section can be done in any order, but it is advisable to check the
power supply voltages and time base reference first.

Table 5-2. Post-Repair Tests, Adjustments, and Checks (1 of 3)

Assembly Repaired Test, Adjustment, or Check Refer to Page

Al Keyboard and Display Power-Up Checks 8-17
Service Special -Functions (use 80.0 SPCL, Key Scan, and | 8-11

exercise all keys)

A2 Audio Filter AM Performance Test 4-2
AM  Sensitivity Adjustment 5-29
15 kHz and >20 kHz Low-Pass Filter Gain 5-18

Adjustments

A3 Audio D&emphasis and FM Performance Test ( FM Distortion 1.5 MHz IF only) 4-15, (4-21)
output
®M Performance Test 4-28
Audio Filters Performance Test 4-32
®M Sensitivity Adjustment 5-28
A4 FM Demodulator FM Performance Test 4-15
FM Sensitivity Adjustment 5-19
FM Flatness Adjustment 5-22
A5 Voltmeter Voltmeter Off set and Sensitivity Adjustment 5-14

Service Special Functions (use 49.N and 50.N SPCL, Display | 8-7
Internal Voltages, and check for reasonable readings)

A8 AM Demodulator AM Performance Test 4-2
FM Distortion and Incidental AM Adjustment 5-24
(15 MHz SF)
AM Sensitivity Adjustment 5-29
ALC Reference Adjustment 517
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Table 6-2. Post-Repair Tests, Adjustments, and Checks (2 of 3)

Model 8901A

Assembly Repaired lest, Adjustment, or Check Refer to Page

A10 Power Supply Power Supply Adjustment 5-6

Regulators

All Counter intenal Reference Frequency Adjustment 5-7
Power-up Checks 8-17

Al3 Controller Power-Up checks 8-17

Al4 Remote Interface HP-IB Functional Checks 3-18
Power-up checks 8-17

AI5 RF Input RF Level Performance Test 4-35
RF Detector Offset Adjustment 5-9

Al7 Input Mixer FM Distortion and Incidental AM Adjustment 5-24
(1.5 MHz IF)
FM Distortion and Incidental AM Adjustment (455 kHz IF) 5-32

Al 8 IF Amplifier FM Distortion and Incidental AM Adjustment 5-24
(1.5 MHz IF)
FM Distortion and Incidental AM Adjustment (455 kHz IF) 5-32

A19 LO Divider LO Doubler Balance Adjustment (only for Doubler repairs) 5-12
Power-up checks 8-17

A20 LO Control FM Performance Test (Residual FM only) 4-15, (4-21)
Power-Up Checks 8-17

A21 Low Frequency VCXO Filter | Power-Up Checks 8-17

A22 Low Frequency vcxo FM Performance Test (Residual FM Only) 4-15, (4-21)
Power-Up Checks 8-17

A23 Sampler FM Performance Test (Residual FM only) 4-15. (4-21)
Sampler Efficiency and Offset Adjustment 5-10
Power-Up Checks 8-17

A24 High Frequency VCO FM Performance Test (Residual FM only) 4-15, (4-21)
Power-Up Checks 8-17

A25 Audio Motherboard Power-Up Checks alv

A28 Power Supply Motherboard

A27 Digital Mother Board

A28 RF Mother Board

A29 Series Regulator Heat Sink

A30 tine Power Module
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Table 6-2. Post-Repair Tests, Adjustments, and Checks (3 of 3)

Assembly Repaired | Test, Adjustment, or Check Refer to Page
A31 Remote Interface HP-IB Functional Checks 3-18
Connector
A50 AM Calibrator AM Performance Test (AM Accuracy at 10 kHz only) 4-4
AM Calibrator Adjustment 5-28
A51 FM Calibrator FM Performance Test (FM Accuracy at 10 kHz only) 4-17
FM Calibrator Adjustment 5-18

5-5
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Adjustment 1

POWER SUPPLY ADJUSTMENT

Reference

e Service Sheets 23 and 24

Description

The +15 V supply is adjusted, and the other supplies, which are dependent upon it, are
checked.

Equipment
Digital MUIIMELEY .. ... HP 3478A

Procedure

1. Set voltmeter to measure +15 V dc. Connect input
to A10TP3 (+15 V). A10

2. Adjust A10R24 (+15 V ADJ) for +14.9 to
+15.1V dc at A10TP3.

3. Check the other supplies with voltmeter as shown I OO

below. —
Voltage Limits (V dc) _

Supply Test Point

Minimum Maximum
-15v A10TP7 -15.2 -14.8 - 1P
+5V A10TP5 +5.1 +5.3
-5v A10TP4 -5.3 -5.1
+40V A10TP6 +40.5 +42.5

5-6 Adjustment 1
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Adjustment 2

INTERNAL REFERENCE FREQUENCY ADJUSTMENT
Reference
e Service Sheet 16

Description

An oscilloscope, triggered by an external reference, is used to monitor the internal reference
frequency while it is adjusted.

Equipment
Frequency Standard...........oooviiiiiiiii House Standard
OSCillOSCOPE. + + e+ v e e vevevneenneennanesnaeeeiiiiieiiiiaeiiiiaeeioan...... HP 54201A

S WR Performance
OSCILLOSCOPE

8901A
MODULATION ANA

) FREQUENCY STANDARD
VERTICAL EXTERNAL
2202 goooo _ ° INPUT lTRIGGER . J
© o0 ocoaooo o SEE NOTE OUTPUT
100 KHz. 1MH2z
NOTE: 5 MHz, or 10 MHz

CONNECT OSCILLOSCOPE VERTICAL INPUT TO AIlJ5
(INT 10 MHz OUT) IN THE 8801A OR (OPTION 002 ONLY)
‘THE REAR-PANEL TIME BASE 10 MHz OUTPUT.

Figure 6-l. Internal Reference Frequency Adjustment Test Setup

Adjustment 2 5-7
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Procedure
1. Allow equipment to warm up for 15 minutes. For | - —
Option 002, a warm-up of the Modulation Analyzer
of severa days with covers on is recommended. Y1
2. Connect equipment as shown in figure 5-I. Oéomi"ml —

3. Set oscilloscope’ s vertical sengitivity to view the a
Modulation Analyzer’s time base output. Set its
horizontal scale for 0.1 ps per division. Set oscil-
loscope to trigger externally.

4. Adjust AllIC14 (10 MHz REF) or, for Option ATl
002, Y1 (COARSE and FINE) for a stationary
waveform. If adjusting AllC14, use a totally non-
metallic adjustment tool. = -]

NOTE

Movement of the waveform to the right at a rate of one division per second
means that the Modulation Analyzer's time base frequency is low by 0.1 p/m.

If the frequency of the internal reference is quite far off, the oscilloscope
display may be difficult to interpret. In that case, connect the frequency
standard directly to the Modulation Analyzer's INPUT, press FREQ, and
&just the internal reference frequency for a display equal to the standard’s
frequency. Then begin again at step 2.

5-8 Adjustment 2
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Adjustments

Adjustment 3

RF DETECTOR OFFSET ADJUSTMENT

Reference

o Service Sheet 1

Description

With no RF input, the output from the RF detector is adjusted, for 0 V dc while monitoring
it with the internal voltmeter.

Procedure

2. Press RF LEVEL. A15
3. Key in 41.0 SPCL to preset the instrument. Then, OQ

1. Remove any cable from the Modulation Analyzer's

INPUT.

key in 49.31 SPCL to display the RF level with -
respect to RF ground. These steps Set the input for
an RF level measurement and connect the interna

voltmeter to the RF detector output. —_—
4. Adjust A15R42 (DET OFS) for a display between E—
-0.001 and 0.001.
i =

Serial Prefixes: 2212A to 2410A only (08901-60183)
5. AISR10 and A15R47 Selection: If the instrument slightly exceeds the limits of

step 5 of the RF Level Performance Test (Performance Test 5 in section 4), make an
adjustment to the level accuracy versus input frequency by altering the value of A15R10
and A15R47.

a. If the level accuracy is uniformly high or low, change A15R47. Increasing the value
of A15R47 by 10% will lower the indicated level by 0.1 dB.

b. If the level increases or decreases with frequency, change A15R10. Increasing the
vaue of A15R10 by 10% will decrease, by 0.2 dB, the indicated level at 1000 MHz
relative to the level at low frequencies.

After altering the resistor values, repeat the test, making additional measurements
at frequencies between those indicated in step 5 of the RF Level Performance Test
(Performance Test 5 in section 4),. The effects of changing the two resistors are dlightly
interactive. A large change in one resistor value may require a slight change in the value
of the other resistor.

Adjustment 3 5-9
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Serial Prefixes: 2421A and above (08901-60256)

5. Al5 Modification= If the instrument slightly exceeds the limits of step 5 of the RF
Level Performance Test (Performance Test 5 in section 4), make an adjustment to the
level accuracy versus input frequency by one or more of the following methods.

a. If the frequency response rolls off excessively at the higher frequencies, try
unsoldering the leads of A15CR1 and raising it slightly.

b. If A15R10 is 61.59 ohms, replace it with HP Part number 0699-0252, 52.8 ohms.

c. If A15R10 has been replaced in step b and the frequency response is still not flat,
add a nickel disk (HP part number 1600-0265) to the first 20 dB pad.

After altering A15, repeat the the RF Level Performance test, making additional measure-
ments at frequencies between those indicated in step 5.

5-10 Adjustment 3 rec. 03 JUNG!
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Adjustment 4

SAMPLER EFFICIENCY AND OFFSET ADJUSTMENT

Reference
Service Sheet 18.

Description

Using the track mode special function (4.1 SPCL), the two signals into the sampler are
configured so that the low-frequency VCXO is at a set frequency and the high-frequency
VCO tracks the RF input signal. The output of the sampler is observed on an oscilloscope.
The RF input is tuned to locate a zero-beat frequency at the sampler output then tuned for
a 1 MHz beat. The sampler offset and efficiency (or frequency response) are then adjusted
so that the dc offset is zero and the amplitude of the 1 MHz waveform is the same for the

zero beat.
NOTE
Improper adjustment of efficiency may result in the loop easily breaking or
not attaining phase lock.
Equipment
OSCIIOSCOPE ..o HP 54201A
SIgNAl SOUICE . .. oo HP 8640B
OSCILLOSCOPE [ A23TP1

{SAMP AMPL)

o SIGNAL SOURCE
i

moo « : $! inPUT

VERTICAL 8301A MODULATION ouTPUT
INPUT | ANALYZER

Figure 5-2. Sampler Efficiency and Offset Adjustment Test Setup

voges  aapQpQ . °

rev.03-JUUNGSI1 Adjustment 4 5-10.1
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B T |
Procedure

1. Set the signal source to 18 MHz CW at 0 dBm. m

2. Connect the equipment as shown in figure 5-2. Azs
(The oscilloscope input should be ac coupled.) OO

3. Set the oscilloscope’s vertical sensitivity to 0.2
V/division and horizontal scale for 10 ,&division.

4. On the Modulation Analyzer, key in 41.0 SPCL to | B
preset the instrument. Key in 4.1 SPCL to set the = =
instrument to TRACK MODE. If the instrument
fails to tune to the 18 MHz signal, key in 18 MHz
then key in 4.1 SPCL. rr »)

rei.03:JTIN9I

. Fine tune the signal source up slowly until a zero beat signal appears on the

oscilloscope. Then increase the signal source frequency for a period of 30 us. Note the

frequency of the signal source. Note the peak-to-peak amplitude on the oscilloscope.
Signal Source Frequency: —  MHz
Waveform Amplitude: —_ mV (p-p)

. Tune the signal source up by 30.0 kHz. This tunes the high frequency VCO up

32 x 30 kHz =~ 1 MHz since the LO frequency is the HF VCO frequency divided by 32
on this band.

. Adjust A23R34 (OFS) such that when the input coupling of the oscilloscope is changed

from ac to dc the waveform shifts upward 50 mV. Adjust A23R34 only when the input
coupling is set to dc.

. Adjust A23R54 (EFF) for the same peak-to-peak amplitude on the oscilloscope as noted

in step 5. If the adjustment has not enough range:
a. Set A23R54 fully ccw and repeat steps 5 to 7.

b. The signal amplitude should now be less than in step 5. If it is not, replace A23R55
by higher values of resistance as listed in table 5-2. If this still does not have
enough effect, replace A23C45 with 2.7 pF (HP Part Number 0160-4619).

c. Adjust A23R54 for the same amplitude as noted in step 5.

. Repeat step 7.

Table 5-2. Part Numbers for A23R55

Resistance (ohms) sistance (ohms) HP Part Number
511 511 0757-0416
750 750 0757-0420
1000 1000 0757-0280
1210 1210 0757-0274
1470 1470 0757-1 094
1780 1780 0757-0278

Adjustment 4 H-11
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Adjustment 5

LO DOUBLER POWER OUTPUT AND BALANCE ADJUSTMENT
Reference

e Service Sheet 11

Description

The power output of the LO is monitored with a power meter while the LO is stepped through
its doubler band. The bias and coupling components are changed as necessary to obtain the
required power output. The output of the LO is then monitored with a spectrum analyzer as
the VCO is swept slowly over its doubler band. The doubler balance is adjusted for minimum
1/2 and 3/2 harmonics of the doubled frequency.

NOTE

Excessive subharmonics may cause the LO to tune to a wrong frequency when
automaticallytuning.

Equipment
RF POWEr MEtEr .ot e HP 435/8482A
RF Spectrum ANalYzZer .. ... HP 8950A
| o B o B
Procedure A19

1. Connect the power sensor of the power meter
directly to A1943 (LO OUT), or for Option 003, the OO ]
rear panel LO OUTPUT jack.

2. On the Modulation Analyzer, key in 650 MHz to
set the LO to the bottom of its doubler band.

3. Step the LO up in 50,000 kHz increments and
record the power obtained at each frequency. The
Modulation Analyzer will display error message
E20 when the LO reaches the top of its range. —r— T

4. The power output of the LO should be between +1.4 dBm and +3.0 dBm at all
frequencies prior to the display of error message E20. If the power output is within
range, continue with step 6. If the power output is not within range, perform step 5.

Resistors R63, R72, and R74 and capacitor C43 are changed to obtain the correct power
output from the LO. Use the following guidelines when changing these components:

a. To increase the power throughout the entire doubler band decrease the value of
R63.

b. To diminate low frequency roll-off, increase the value of C43. Do not use avaue
for C43 that is larger than necessary or the effectiveness of the high-pass filter is
reduced.

5-12 Adjustment 5
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Adjustment 6

VOLTMETER OFFSET AND SENSITIVITY ADJUSTMENT

Reference

e Service Sheets 9 and 10

Description

First the dc offsets of the peak and average detectors are adjusted The voltmeter sensitivity
is then adjusted while comparing the displayed reading to the level read by an external dc
voltmeter. The sengitivity of the average detector is adjusted while comparing the average
mode to the peak mode when detecting a sinusoidal signal.

Equipment
AUdIo ANAlYZEr . ..o HP 8903A
Digital Multimeter ... HP 3478A
SIgNAl SOUMCE . .ot HP 8640B
AUDIO OSCILLATOR DIGITIAL MULTIMETER
OUTPUT J TNPUT
(STEP 12) } A2)0 RECORDER (STEP 11)
(FM IN) OUTPUT
SIGNAL SOURCE
ooooe  nonomo
0
o 0 oooooo ' ]
8901A MODULATION [ INPUT OUTPLU
ANALYZER (STEP 2)
Figure 5§-3. Voltmeter Offset and Sensitivity Adjustment Test Setup
M —
Procedure
1. Set signa sourceto 11 MHz CW at 0 dBm.
2. Connect the signal source output to the Modulation OO —
Analyzer's INPUT as shown in figure 5-3. ‘
-
3. On the Modulation Analyzer, key in 41.0 to initial-
izeit.
A5
4. Set HP FILTER to 300 Hz and LP FILTER to _ —_—
3 kHZ. | e——]
- - L4

5-14 Adjustment 6



Model8901A

5.

© 00 N O

11.

12.

13.
14.

15.

16.
17.

18.

19.

Adjustments

Key in 2.3 SPCL to set the audio gain to minimum.
Nest, key in 0.110 SPCL to set the audio input
select and audio overvoltage detector to no input
and no reset. Then key in 49. S(Shift) 0 SPCL to
set the voltmeter to measure and display the peak
detector output.

. Adjust A5R49 (PK DET OFYS) for adisplay of 0.0003 to 0.0007.

. Key in 49.9 SPCL. This sets the voltmeter to read the output of the average detector.
. Set A5R7 (RECT OFS) fully ccw. This shuts off A5U2.

. Adjust A5R29 (AVG OFS) for adisplay of -0.0001 to 0.0001.

10.

Set A5R7 (RECT OFS) fully cw then slowly ccw until display reads between 0.0004 and
0.0006.

Set external voltmeter to read 2.5 V dc. Connect its input to the Modulation Analyzer's
rear-panel RECORDER OUTPUT as shown in figure 5-3.

Set audio analyzer’s source for 2 kHz at 1 V. Connect its output to A2J2 (FM IN) of
the Modulation Analyzer as shown in figure 5-3.

On the Modulation Analyzer, press FM. Set DETECTOR to PEAK+.

Adjust level of the audio analyzer’s source until external voltmeter reads between +1.999
and +2.001 V dc.

Adjust A5R76 (VM SENS) for a display on the Modulation Analyzer of between 199.9
and 200.1 kHz, or if the level has driid dlightly, until the four digits of the display
agree with the first four digits of the voltmeter reading to within +1 digit.

Press AVG.

Adjust A5R35 (AVG SENS) for a display on the Modulation Analyzer of between 141.3
and 141.5 kHz, or if the level has drifted slightly, until the four digits of the display
equals the voltmeter reading times 0.7071 to within £1 digit.

Press PEAK+, Note the display. Press PEAK-. The two readings of the display should
agree within +1 digit.

Perform the FM Sengitivity, ®M Sensgitivity, and AM Sensitivity Adjustments.

Adjusment 6  5-15
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Adjustment 7

15 KHZ AND >20 KHZ LOW-PASS FILTER GAIN ADJUSTMENTS

Reference

e Service Sheet 7

Description

A signal generator is amplitude modulated at a 1 kHz rate. The signal is demodulated by the
Modulation Analyzer with no low-pass filtering. Using the ratio feature, the demodulated
signal is referenced to 100%. The low-pass filtering is then set to >20 kHz and 15 kHz, and
the filter gain for each is adjusted for a reading of 100%.

Equipment
Signal GeNEraOr ...ttt HP 8640B

Procedure

1. Set signal generator to 11 MHz at 0 dBm with 30%
AM at a 1 kHz rate. Connect its RF output to the
Modulation Analyzer’s INPUT.

2. On the Modulation Analyzer, key in 41.0 SPCL to OO B
initialize it. Press AM. Set DETECTOR to AVG.

3. Set RATIO to %. The display should show between
99.95 and 100.05% REL.

4. Set LPFILTER to>20 kHz. Adjust A2R44 (>20 kHz —
LPF GAIN) for adisplay of 99.95 to 100.05% REL. A2
5. Set LP FILTER to 15 kHz. Adjust A2R40 (15 kHz —

LPF GAIN) for a display of 99.95 to 100.05% REL.  L—epmrsy

5-16 Adjustment 7
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Adjustment 8

ALC REFERENCE ADJUSTMENT

Reference

« Service Sheet 3

Description
The ALC reference voltage is adjusted while monitoring it with the internal voltmeter.

Equipment
Signal SOUICE ... ..o HP 8640B
Procedure
1. Set signal source to 11 MHz CW at 0 dBm. Connect
its output to the Modulation Analyzer's INPUT. s I | %

2. On the Modulation Analyzer, key in 41.0 SPCL
and then 49. S(Shift) 1 SPCL to initialize the
instrument and connect the internal voltmeter to ‘ -
a node which represents the average IF level which OO .
the ALC loop forces to equal the ALC reference. —

3. Adjust A6R65 (ALC REF) for a display of 2.0970 A6
to 2.1030.

4. If A51C20 cannot be adjusted for a display within —
listed limits, then A51R32 can be selected to shift
nominal readings on the display. Increasing A51R32
one adjustment value will increase the nominal ——r——ry »)
reading by approximately 3%. The only values
avallableare9.09k 0 and 11.0k @ .

Adjustment 8 5-17
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Adjustment 9

FM CALIBRATOR ADJUSTMENT (OPTION 010)

Reference

¢ Service Sheet 28

Description

The FM Cdlibrator is set to CW and its frequency is adjusted while monitoring it with the
internal counter. The calibrator is then set to modulate and the symmetry adjusted as the
demodulated signal is measured with the PEAK+ and PEAK- detectors.

NOTE

This calibration adjustment is not critical. An erroneous calibration cannot
be made because if conditions exist that are out of calibration, the Modulation
Analyzer dislays an error message.

Procedure
1. Connect CALIBRATION OUTPUT to INPUT.

2. Key in 12.1 SPCL and 46.3 SPCL. This sets the OO B
FM Calibrator to CW and connects the internal
counter to measure the calibrator frequency. AS51

3. Using a non-metallic tool, adjust A51C20 (FREQ)
for a display of 1009000 to 1011000.

4. Key in 12.2 SPCL then 5.1 SPCL. This sets the
instrument to display the demodulated FM from
the calibrator and sets the peak detector time
constant to slow.

5. Alternately set the DETECTOR to PEAK+ and PEAK- and note the display for each
setting. Adjust A51R12 (TRAPEZOID SYMM) until the readings are the same for both
detectors within +0.010 kHz.

6. If the FM deviation of the FM Calibrator, Option 010, exceeds the peak deviation
limits of 30 to 38 kHz, error EO8 will be displayed. (If servcie errors have been enabled
by Specia Function 43.1, error E74 or E75 will be displayed instead) To measure the
actual peak deviation, connect the CALIBRATION OUTPUT to the INPUT and key
in 12.2 SPCL.

If the peak deviation is only dightly out of limits, alter the value of A51R24. increasing
the value of A51R24 by 10% will decrease the peak deviation by approximately 2.5 kHz.
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Adjustment 10

FM SENSITIVITY ADJUSTMENT (OPTION 010)

Reference

¢ Service Sheet 6

Description

The FM sensitivity is adjusted for a calibration factor of 100% while the Modulation Analyzer
measures the output of its FM Calibrator (Option 010).

NOTE

This procedure is only for Modulation Analyzers equipped with the FM
Calibrator (Option 010). For Modulation Analyzers not equipped with
Option 010, perform the FM Sensitivity Adjustment which uses the FM
Calibrator from a second HP 89014 Option 010 (Adjustment 11).

Procedure

NOTE

For best accuracy, allow the Modulation Analyzer to warm up for at least
one-half hour.

n P —

1. Perform the FM Calibrator Adjustment.
2. Connect CALIBRATION OUTPUT to INPUT.

3. Press FM then CALIBRATION. Allow at least two Oo i
readings (approximately 40 seconds) to pass, then adjust -
A4R50 (FM SENS) for a display of 99.95 to 100.05%.

Ad ——————]
—
l
= LA
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Adjustment 11

PM SENSITIVITY ADJUSTMENT (USING ANOTHER 8901A WITH OPTION 010)

Reference

e Service Sheet 6

Description

The FM cadlibrator from a second HP 8901A that is equipped with Option 010 is connected
to the Modulation Analyzer’s input. The FM is measured and adjusted to equal the FM
produced by the calibrator.

NOTE

If the Modulution Analyzer is already equipped with the FM Calibrator
(Option 010), perform the FM Sensitivity Adjustment (Adjustment 10)

instead.
Equipment
Modulation Analyzer with FM Cdlibrator .......................... HP 8901A Opt. 010
Procedure
NOTE
For best accuracy, allow both Modulation Analyzersto warm up for at least
one-half hour.

1. Connect the CALIBRATION OUTPUT from the
Modulation Analyzer equipped with an FM calibra-
tor (reference unit) to the INPUT of the Modula- n n R
tion Analyzer under test.

2. Key in 12.0 SPCL on the reference unit and note
the reading on its display. The computed FM of the |
calibrator excluding noise is being displayed OO

Computed FM: kHz —

3. Key in 12.1 SPCL on both Modulation Analyzers
to display the demodulated peak residual FM devi- AL
ation. Then, key in 5.1 SPCL on the Modulation _ —_———
Analyzer under test (to set the peak detector time
constant to slow). Note the reading on the display | ! J
of the Modulation Analyzer under test. The mea-
sured and corrected noise of the FM calibrator in
CW is being displayed.

Corrected Noise: — kHz
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4. Add the results of steps 2 and 3.
sum: kHz

5. Key in 12.2 SPCL on both Modulation Analyzers to display the demodulated peak FM
deviation. Then, key in 5.1 SPCL on the Modulation Analyzer under test. Note the
display of the Modulation Analyzer under test. The peak deviation, measured with the
PEAK+ detector, is being displayed

6. On the Modulation Analyzer under test, adjust A4R50 (FM SENS) for a display equal
to the deviation computed in step 4 within +£0.015 kHz.

7. Press PEAK- on the Modulation Analyzer under test. If the display does not read
within £0.015 kHz of the display in step 6, readjust A4R50 (FM SENS) for a display
on the Modulation Analyzer under test of half way between its present display and the
result of step 4. Now note the display for both PEAK+ and PEAK-. The FM sensitivity
is properly adjusted when

(display for PEAK+) ; (display for PEAK-) _ result of step 4 within £ 0.015 kHz
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Adjustment 12

FM FLATNESS ADJUSTMENT

Reference

o Service Sheet 6

Description

The AM/FM test source is frequency modulated at a 1 kHz rate with 400 kHz peak deviation.
The demodulated FM is used as a reference. The modulation rate is increased to 150 kHz
and the FM flatness is adjusted to bring the display back to the reference. The AM/FM test
source is required to assure that the FM source has adequate bandwidth.

Equipment
AM/FM TESE SOUMCE . . ..ottt et e HP 11715A
Audio Synthesizer ... HP 3336C Opt. 005

8901A
AM/FM TEST AUDIO SYNTHESIZER
SOURCE
oSO [els]alala 5 o o
o o ® o0ooooo K XXX]

FM AUDIO OUTPUT
QUTPUT INPUT

Figure 5-4. FM Flatness Adjustment Test Setup

Procedure - =

1. Connect equipment as shown in figure 5-4 using

a short cable, approximately 0.3 metre (1 foot), to

connect the audio synthesizer. OO B
2. With the leveling on, set the audio synthesizer to -

1 kHz at +5 dBm. On the AM/FM test source, set

the test mode to FM.
3. On the Modulation Analyzer, key in 41.0 SPCL to A4 —

initialize it. =
4. Tune the AM/FM test source's carrier frequency to

approximately 400 MHz. —— r
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5. Press MHz to center the Modulation Analyzer’s tuning. Press FM. Set DETECTOR

to AVG. Adjust audio synthesizer level for a display of approximately 280 kHz average
deviation. Set RATIO to %.

6. Set audio synthesizer frequency to 150 kHz without changing the level. Adjust A4R85
(FM FLATNESS) for areading of 99.9 to 100.1% REL on the Modulation Analyzer.

NOTE

If flatness does not adjust properly, try performing FM Distortion and
Incidental AM Adjustments (1.5 MHz IF) (Adjustment 13).
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Adjustment 13

FM DISTORTION AND INCIDENTAL AM ADJUSTMENT (1.5 MHZ IF)

Reference

¢ Service Sheet 2

Description

The AM/FM test source is frequency modulated at a 100 kHz rate with 400 kHz peak
deviation. The peak deviation is measured with both the positive and negative peak detectors
when the Modulation Analyzer is tuned first to the signal and then itsimage. The IF is then
adjusted so that the difference between the detector readings is the same for both signals.
This method permits proper adjustment of distortion even in the presence of a small amount
of distortion from the FM source. Nest, the (incidental) AM is measured at a 1 kHz rate
and 50 kHz peak deviation and adjusted for a minimum.

Equipment
AM/FM TESE SOUICE . . oo HP 11715A
AUIO ANAlYZEN o v et eee ittt e i it e HP 8903B
8901A
MODULATION ANALYZER AUDIO OSCILLATOR
e AM/FM TEST
SOURCE
becog 000000 o ° o o
© ¢ 0 oooooo 50 © AUDIO

) ‘
INPUT Fm+a 8 TLINPUT ouTPUT
output | |
(STEP 3)] | FM QUTFUT
(STEP 1)

Figure S-6. FM Distortion and Incidental AM Adjustment (1.5 MHz IF) Test Setup
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Procedure

1. Connect equipment as shown in figure 5-5.
2.

10.

11.

. On the Modulation Analyzer, key in 41.0 SPCL to B
. Tune the AM/FM test source's carrier frequency to

. On the Modulation Analyzer, press MHz to cen-

A18

Set the audio analyzer’s source to 100 kHz at 2 V.
On the AM/FM test source, set the test mode to

FM. Oo |

initialize it. Set HP FILTER to 50 Hz.

approximately 400 MHz. —

ter tuning. Press FM. Adjust level of the audio
analyzer's source for a display on the Modulation =
Analyzer of 400 kHz peak deviation.

. Switch the DETECTOR between PEAK+ and PEAK - and note the difference between

the two readings. Adjust A18R23 (FM DISTN 1.5 MHz IF) for equal readings in PEAK+
and PEAK-.

. Key in 3000 0kHz to tune the Modulation Analyzer to the signal image. Again switch

between PEAK+ and PEAK-. The difference between the two readings should be less
than 1.6 kHz. If it is not, adjust A18R23 again to diminish the difference by one half.
Now note the reading for PEAK+ (PK,, ) and PEAK- (PK_, ). Press # kHz. Note the
reading for PEAK+ (PK ., ) and PEAK- (PK_, ). The instrument is adjusted properly
when:

[(PK41 — PK_;)+ (PK42 — PK_5)|<16kHz

(Ideally, PK_, should equal PK_,, and PK_, should equal PK_, .)

. Connect the FM + 4 output of the AM/FM test source to the Modulation Analyzer's

INPUT.

. On the Modulation Analyzer, set LP FILTER to 3 kHz. Press AUTOMATIC OPERA-

TION.

Set the frequency of the audio analyzer’s source to 1 kHz and level for 50 kHz peak
deviation.

On the Modulation Analyzer, press AM. Adjust A18R19 (INC AM 1.5 MHz IF) for a
minimum display (but less than 0.2%).

NOTE

The specification for incidental AM requires that 0.5 times the residual
AM be subtracted out. The residual AM can be measured by momentarily
disconnecting the audio input to the AM/FM test source and noting the
displayed AM. Subtracting 0.5 times displayed AM from the AM measured
in step 11 gives the actual incidental AM.
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Adjustment 14

®M SENSITIVITY ADJUSTMENT

Reference

e Service Sheet 8

Description

The AM/FM test source is frequency modulated with a sinusoidal signal at a 1 kHz rate and
100 kHz peak deviation. Thisis equivalent to 100 radians peak phase deviation since

frequency deviation

phase deviation = modulation rate

The ®M sensitivity is then adjusted for a reading of 100 radians.

Equipment
AMIFM TS SOUICE . . o e ettt et HP 11715A
Audio SYNtNESIZEr ... . HP 3336C Opt. 005

8901A
MODULATION ANALYZER
r— e AM/FM TEST AUDIO SYNTHESIZER
- SOURCE

ogoao
oo  toDoOD

@ o 0 oooooco

°
o0 0¢0¢

°
0 o]
INPUT FM+ 4 AUDIO OUTPUT
OUTPUT INPUT

Figure 6-6. ®M Senditivity Adjustment Test Setup

Procedure

1. Connect equipment as shown in figure 5-6.

2. Set audio synthesizer to 1 kHz at +4 dBm. On the OO B
AM/FM test source, set the test mode to FM.

3. On the Modulation Analyzer, key in 41.0 SPCL to 3
initialize it. Set HP FILTER to 300 Hz and LP
FILTER to 3 kHz. —_—

A3 ———

4. Tune the AM/FM test source’s carrier frequency to H
approximately 100 MHz.
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5. Press MHz to center the Modulation Analyzer
tuning. Press FM. Adjust audio synthesizer level for
adisplay of 100 kHz peak deviation.

6. On the Modulation Analyzer, press ®M. Adjust A3R27 (#M SENS) for adisplay in
radians of the same numerical value as the display in kHz of step 5 within £0.02 radian.

NOTE

If a test oscillator is used in place of the audio synthesizer, the modulation
rate must be measured with a counter. The adjustment is then made to give
adisplay equal to theratio (frequency deviation)/(modulation rate).
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Adjustment 15

AM CALIBRATOR ADJUSTMENT (OPTION 010)

Reference

¢ Service Sheet 29

Description

The Modulation Analyzer is set to read the % AM as computed from internal measurements.
The AM depth is adjusted for 33.33%. The AM is then demodulated and the symmetry is

adjusted as the signal is measured with the PEAK+ and PEAK- detectors.

NOTE

This calibration adjustment is not critical. An erroneous calibration cannot be
made because, if conditions exist that are out of calibration, the Modulation

Analyzer displays an error message.

1. Connect CALIBRATION OUTPUT to INPUT.
2. Key in 13.0 SPCL. This sets the instrument to

display the AM computed from internal measure-
ments.

. Adjust A50R45 (“A” LVL) for a display of 33.330

to 33.336%.

. Key in 49.5 SPCL. This connects the internal

voltmeter to measure the output level from the AM
Cdlibrator. The display should read between 1.8 and
2.2.

. Key in 13.2 SPCL then 5.1 SPCL. This sets the

instrument to display the demodulated AM from
the calibrator and sets the peak detector time
constant to slow.

Model 8801A

n n r——
Co |
—_—J
| cvem————————

. Alternately set the DETECTOR to PEAK+ and PEAK- and note the display for each

setting. Adjust A50R39 (SYMM) until the readings are the same for both detectors

within ~0.015%.
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Adjustment 16

AM SENSITIVITY ADJUSTMENT (OPTION 010)

Reference

e Service Sheet 7

Description

The AM sensitivity is adjusted for a calibration factor of 100% while the Modulation Analyzer
measures the output of its AM Calibrator (Option 010).

NOTE

This procedure is only for Modulation Analyzers equipped with the AM
Calibrator (Option 010). For Modulation Analyzers not equipped with Option
010, perform the AM Sensitivity Adjustment which uses the AM Calibrator
from a second 8901A Option 010 (Adjustment 17).

Procedure
NOTE
For best accuracy, allow the Modulation Analyzer to warm up for at least
one-half hour.

1. Perform the AM Calibrator Adjustment (Adjust- == =
ment 15).

2. Connect CALIBRATION OUTPUT to INPUT.

3. Press AM, then CALIBRATION. Allow a least two Oo i
readings to pass (approximately 40 seconds), then -
adjust A2R6 (AM SENS) for a display of 99.95 to
100.05%.

)
A2
I
- LA
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Adjustment 17

AM SENSITIVITY ADJUSTMENT (USING ANOTHER 8901A WITH OPTION 010)

Reference

« Service Sheet 7

Description

The AM calibrator from a second HP 8901A equipped with Option 010 is connected to the
Modulation Analyzer’s input. The AM is measured and adjusted to equal the AM produced
by the calibrator.

NOTE

If the Modulation Analyzer is already equipped with the AM Calibrator
(Option 010), perform the AM Sensitivity Adjustment (Adjustment 16)

instead.
Equipment
Modulation Analyzer with AM Calibrator .......................... HP 8901A Opt. 010
Procedure
NOTE
For best accuracy allow both Modulation Analyzers to warm up for at least
one-halfhour.

1. Connect the CALIBRATION OUTPUT from the
Modulation Analyzer equipped with an AM cali- ——
brator (reference unit) to the INPUT of the Mod-
ulation Analyzer under test.

2. Key in 13.0 SPCL on the reference unit and note OO u
the reading on its display. The computed AM depth
of the calibrator excluding noise is being displayed.

Computed AM: %

3. Key in 13.1 SPCL on both Modulation Analyzers, ]
then key in 5.1 SPCL on the Modulation Analyzer A2
under test (to set the peak detector time constant T
to slow). Note the reading on the display of the
Modulation Analyzer under test. The measured and = = T
corrected noise of the AM calibrator in CW is being
displayed.

Corrected Noise; %
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Add the results of steps 2 and 3.
sum: %

Key in 13.2 SPCL on both Modulation Analyzers, then key in 5.1 SPCL on the
Modulation Analyzer under test. Note the display of the Modulation Anayzer under
test. The AM depth, measured with the PEAK+ detector, is being displayed.

Adjust A2R6 (AM SENS) for adisplay on the Modulation Analyzer under test equal to
the deviation computed in step 4 within ~0.015%.

Press PEAK- on the Modulation Analyzer under test. If the display does not read
within +£0.015% of the display in step 6, readjust A2R6 (AM SENS) for adisplay on
the Modulation Analyzer under test of 1/3 the way between its present display and the
result of step 4. Now note the display for both PEAK+ and PEAK-. The AM sengitivity
is properly adjusted when

(display for PEAK+) + 2(display for PEAK-) _ result of step 4 within = 0.015%

3
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Adjustment 18

FM DISTORTION AND INCIDENTAL AM ADJUSTMENT (455 KHZ IF)

Reference

e Service Sheets 2 and 3

Description

The signal generator is set to 2.45 MHz and frequency modulated at a 1 kHz rate with
10 kHz peak deviation. The signa generator is used to reach the 2.45 MHz frequency, The
(incidental) AM on the signal is measured and adjusted for a minimum. At 2.45 MHz the
signal is not down converted by the Modulation Analyzer but goes directly into the IF.
(2.45 MHz is near the top of the IF passband.)

Then the AM/FM test source is frequency modulated at a 10 kHz rate with 10 kHz peak
deviation. The demodulated FM is measured with a distortion analyzer and FM distortion
is adjusted for a minimum. The (incidental) AM is measured a a 1 kHz rate and 5 kHz
deviation and adjusted for a minimum.

Equipemnt
AMFEM TeSE SOUICE . . e e e HP 11715A
AUIO ANBLYZEN . ..o HP 8903B
Signal Generator ... HP 8640B Opt. 001 and 002
SIGNAL GENERATOR AUDIO ANALYZER
|
OSCILLATOR
l OUTPUT
8901A (STEP 4) \
OUTPUT MODULATION ANALYZER ANALYZER
INPUT AM/FM
4 MODULATION TEST SOURCE
voooe OUTPUT
soage 000000 g (STEP 4) LX) ' o o ?
eeo = : 1 Fm—aj AUDIO
INPUT | OUTPUT INPUT
\_ (STEP 1) V. (STEP 4)

Figure 6-7. FM Distortion and Incidental AM Adjustment (455 kHz |F) Test Setup
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Procedure

1. Set the signal generator to 2.45 MHz at 0 dBm with
10 kHz peak FM deviation at a 1 kHz rate. Connect
its RF output to the Modulation Analyzer's INPUT
as shown in figure 5-7.

2. On the Modulation Analyzer, key in 41.1 SPCL and Oo N
10.0 SPCL to initialize the instrument and mea-
sure the IF frequency. The IF frequency should be
approximately 2.45 MHz. If it reads approximately A6
0.455 MHz, tune the frequency of the signal gen-
erator down dlightly until a reading of 2.45 MHz is f—
obtained.

3. Press AM on the Modulation Analyzer. Set HP
FILTER to 50 Hz, LP FILTER to 3 kHz, and DE- 7
TECTOR to AVG. Adjust A6C8 (IF FLATNESS)
for a minimum display (but less than 0.2%).

4. Disconnect the signal generator and connect the remaining equipment as shown in
figure 5-17.

5. Set audio analyzer’s source to 10 kHz at 2 V. On the AM/FM test source, set test mode
to FM.

6. On the Modulation Analyzer, press FREQ. Set LP FILTERS to < 20 kHz and
DETECTOR to PEARH.

7. Tune the AM/FM test source's carrier frequency to approximately 12.5 MHz.
8. On the Modulation Analyzer, key in 3.1 SPCL to set the IF to 455 kHz.

9. Press FM. Adjust the level of the audio analyzer’s source for a Modulation Analyzer
display of 10 kHz peak deviation.

10. Set the audio analyzer to measure the distortion on the 10 kHz signal at the
MODULATION OUTPUT with 30 kHz of |ow-pass filtering on the distortion analyzer.

11. Adjust A17L11 (FM DISTN 455 kHz IF) for minimum distortion but less than 0.1%
(less than -60 dB).

12. On the Modulation Analyzer, set LP FILTER to 3 kHz.

13. Set frequency of the audio analyzer’s source to 1 kHz and set the level for 5 kHz peak
deviation on the Modulation Analyzer.

14. Press AM. Adjust A17L8 (INC AM 455 kHz |F) for a minimum display (but less than
0.2%).

_>.—
—

NOTE

The specification for incidental AM requires that 0.5 times the residual
AM be subtracted out. The residual AM can be measured by momentarily
disconnecting the audio input to the AM/FM test source and noting the
displayed AM on the Modulation Analyzer. Subtracting 0.5 times the
displayed AM from the AM measured in step 14 gives the actual incidental
AM.

15. If a significant adjustment was made in either step 11 or step 14, repeat steps 9
through 14.
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Adjustment 19

TRACK-TUNE MODE OFFSET ADJUSTMENT

Reference

e Service Sheet 14

Description

The Modulation Analyzer is tuned to asignal and put in the track-tune mode. The frequency
error is measured and two resistors selected to bring the frequency error to within +50 kHz.

Equipment
Signal SOUMCe ... HP 8640B or HP 3320B

Procedure

1. Set signal source to 11 MHz CW at 0 dBm. Connect its output to the Modulation
Analyzer's INPUT.

2. On the Modulation Analyzer, key in 41.0 SPCL to initialize it. Allow the Modulation
Analyzer to tune to the signal, then press S (Shift) FREQ ERROR.

3. Key in 4.1 SPCL to put the Modulation Analyzer in the track-tune mode. If the display
does not read between +50 kHz, replace resistors A20R1 and R2 with resistors of the
value shown in table 5-3. (Choose the nearest error frequency.) Table 5-4 lists the HP
part number for each resistor.

4. 1f A20R1 and R2 were replaced, recheck by repeating steps 1 to 3.

Oo
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Table 6-3. Frequency Error Resistor Selection (£ 1%, 1/8 W, Metal Film)

FREQ ERROR A20R1 A20R2
(kHz) (kQ2) (kS2)
183 21.5 omit
166 23.7 omit
124 26.1 147.0
‘81 31.6 90.9
39 38.3 61.9
0 46.4 46.4
-39 61.9 38.3
-81 90.9 31.6
-124 147.0 26.1

Table 5—-4. Standard Value Resistors

Resistance
(k)

HP Part Number

21.5
23.7
26.1
31.6
38.3
46.4
61.9
90.9

0757-0199
0698-3158
06983159
0698-3160
0698-3161
0698-3162
0757-0460
0757-0464
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