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CERTIFICATION

Heuwlett-Packard Company certifies that 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 Bureau of Standards, to the extent allowed by the Bureau's calibration
facility, and to the calibration facilities of other I nternational 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 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’S SOLE AND EXCLUSIVE REMEDIES.
HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER
LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are avatlable for
Heuwlett-Packard products.

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

SAFETY CONSIDERATIONS

GENERAL

This product and related documentation must be re-
viewed for familiarization with safety markings and in-
structions before operation.

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

BEFORE APPLYING POWER

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

SAFETY EARTH GROUND

An 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

& Instruction manual symbol: the product will
be marked with this symbol when it is neces-
sary for the user to refer to the instruction
manual (refer to Table of Contents).

Indicates hazardous voltages

1] S V2N

Indicates earth (ground) terminal

WARNING | The WARNING sign denotes a
hazard. It calls attention to a pro-
cedure, practice, or the like,
which, if not correctly performed
or adhered to, could result in per-
sonal injury. Do not proceed be-
vond a WARNING sign until the
indicated conditions are fully un-
derstood and met.

CAUTION

The CAUTION sign denotes a
hazard. It calls attention to an op-
erating procedure, practice, or the
like, which, if not correctly per-

formed 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) con-
ductor (inside or outside the instrument) or discon-
necting the protective earth terminal will cause a po-
tential shock hazard that could result in personal
injury. (Grounding one conductor of a two conductor
outlet is not sufficient protection).

Whenever it is likely that the protection has been im-
paired, 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.

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

Adjustments described in the manual are performed
with power supplied to the instrument while protec-
tive cavers are removed. Energy available at many
points may, if contacted, result in personal injury.

Capacitors inside the instrument may still be charged
even if the instrument has been disconnected from its
source of supply.

For continued protection against fire hazard, replace
the line fuse(s) only with 250V fuse(s) of the same ¢ur-
rent rating and type (for cxample, normal blow, time
delay, etc.). Do not use repaired fuses or short cir-
cuited fuseholders.
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Model 89024 Operation

Tuned RF Level Calibration and Calibration Factors (Cont’d)
(Includes Special Functions 38 and 39)

Comments (cont’d)
The input-signal level must remain constant during calibration.

The instrument automatically ranges as shown in the "Synchronous and
Average Tuned RF Level Rangass” in "Measurement Technique"”. Refer to
Range Hold for ways to aveid automatic ranging. :

Pressing the AUTOMATIC OPERATION o»r IN
Measuring Receiver to use Automatic Ca
oPower calibration). Anv Manual 7al Fa

~

TR PRESET key causes the
il
C

~ 73 N ER -~ o
23llbrazion 3 2raszad :

B T T
wILen <32

3

: Ced, and will
ange caliibration. (Refer

s St SR -2 T M NLLTLL Ll s

not be used in the initial Power Referenc
to RF Power Calibration Factors.)

During the calibration prccedure, the Measuring Receiver must remain
tuned to the input frequency. If the tuned frequency moves more than
*5 XHz from the frequency at which the power sensor reference was
taken, the calibration factors become invalid.

If the input frequency is changed, re-tune the Measuring Receiver,
and calibrate the instrument at the new, input frequency. (Refer to
RF Frequency Tuning.) The calibration information for the frequency
being measured is retained in the Measuring Receiver’s non-volatile
memory. (Refer to Instrument Preset.)

Each individual calibration factor is tagged with the frequency at
which it is valid, and the status of the first three filters in the
front of the instrument (Special Function 3). If any of these
conditions change, the calibration factor becomes invalid.

If an error is made in entering any calibration factor value with
Special Function 39, pressing the CLEAR key allows the user to
immediately re-enter the correct value without re-entering the
Special Function code.

If calibration has not been performed, or Special Function 39 has not
been used to enter any calibration factors, there are no individual
calibration factors for any of the ranges. When Special Function 38
is keyed, 0.0% is displayed. When % CAL FACTOR is keyed, an invalid,
approximate calibration factor is displayed.

Related Functions

Instrument Preset

Peak Tuned RF Level

RF Power Calibration

RF Power Calibration Factors

Tuned RF Level .

Tuned RF Level Calibration and Calibration Factors
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Operation Model 89024

Tuned RF Level Calibration and Calibration Factors (Cont’d)
(Includes Special Function 38 and 39)

Measurement Technique (cont’d)

The following table describes the equations used to calculate the
actual calibration factors using individual calibration factors:

Power Reference Range: Range used for initial calibration to the
power sensor.
CF;, CF,, and CF3: "Individual" calibration factor values for
>

Range: reference to 1, reference to 2, or
reference to 3 (respectively).

Power Current Range
Reterence
Range 1 2 3
1 CF, CF.CF, CF,CF,CF,
CF,
2 CF, CF,CF,
CF,
CF
2 CF,
3 CF
2 CF, CF,
CF,

Only four calibration factors are retained in the instrument’s
non-volatile memory: Separate calibration factors are maintained for
the Power Reference Range of both the IF synchronous and IF average
detectors; the calibration factors for subsequent ranges are shared
by both detectors.

If no actual calibration factors are available, an approximate
calibration factor (accurate within a few dB) is derived.

Comments

If calibration is not possible, perform one of the following
procedures:

o Change the level of the input signal until the RECAL annunciator
is displayed.

o Calibrate the power sensor. (Refer to RF Power Calibration.)

o Change the IF gain to automatic selection (9.0 SPCL).

o Change the RF input attenuation and gain to automatic selection
(1.0 or 1.9 SPCL).

Approximate calibration factors are designated by the UNCAL
annunciator in the display.
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Model 8902A Operation

Tuned RF Level Calibration and Calibration Factors (Cont’d)
(Includes Special Functions 38 and 39)

Power Power
Input Reference Input Reference
Level Range Range Range Range Level Range Range Range Range
{dBm) {117224) 1 2 3 {dBm) (11722A) 1 2 3
-30 =20 -30 +30 +30
4 4 i
2 - i
s A" 1 l
) ]
-4
R ! 4
M) N - { P,
i ~u i
-20 ‘ -20 { -30 * _20 =19)
-27
~30 4 -30 ¢
Ayt
40 i=32) -3 -39 4"
-50 50 AUTO
-50 v _§2 ~B1 -60 (-59)
-70 T -70 #
AUTO
—30 (?32) -30 -79
-90 -90
-100 V.02 -100
-110 -110 v -113
—-i20 -120
v_
~130 127 -130
*Special Function 1.9 raises Range 3 by 10 dB. “Special Function 1.9 raises Range 3 by 10d8.
Synchronous Tuned RF Level Ranges Average Tuned RF Level Ranges

Since the Power Reference Range used with the HP 11722A overlaps both
Range 1 and Range 2 in Average Tuned RF Level, it is possible to make
the initial calibration against the power sensor on Range 2 instead
of Range 1. The calibration factor would be the same as that ob-
tained for Range 2 if initial calibration was performed on Range 1.

An individual calibration factor is computed for each range by com-
paring the errors obtained during the initial power sensor calibra-
tion to those found when calibrating each RF range; but it is com-
binations of these "individual"” calibration factors that create the
range-to-range relative calibration factors that are actually used in
tuned RF level measurements ("actual" calibration factors). Display
the individual calibration factors with Special Function 38. Display
the actual calibration factors with the % CAL FACTOR key.

~




Model 8902A General Information

SECTION I
GENERAL INFORMATION

1-1. INTRODUCTION

This Operating Information manual and the two Service Information
manuals form the Operating and Service Manual which contains informa-
tion required to install, operate, test, adjust, and service the
Hewlett-Packard Model 89024 Measuring Receiver. The Measuring
Receiver is shown in Figure 1-1 with all supplied accessories. These
manuals document Measuring Receivers supplied with Options 001, 002,
003, and 004.

The information contained in the Operating and Service Manual is made
available as follows: Sections I through III are contained in this
Operating Information manual, Sections IV through VIII are contained
in the two Service Information manuals. The three manuals are
packaged in a binder as the Operating and Service Manual.

Section I, General Information: describes the instruments documented
by this manual and covers instrument description, options, acces-
sories, specifications and other basic information. This section
also contains instrument theory of operation on a simplified block
diagram level.

Section II, Installation: provides information about initial inspec-
tion, preparation for use (including address selection for remote
operation), and storage and shipment.

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

Section IV, Performance Tests: provides the information required to
check performance of the instrument against the critical specifica-
tions in Table 1-1.

Section V, Adjustmenis: provides the information required to proper-
ly adjust the instrument.

Section VI, Replaceable Parts: provides ordering information for all
replaceable parts and assemblies.

Section VII, Manual Changes: provides manual change information
necessary to document all serial prefixes listed on the title page of
the second Service Information manual.

Section VIII, Service: provides the information required to repair
the instrument.
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Operation Model 8902A

Tuned RF Level Calibration and Calibration Factors (Cont’d)
(Includes Special Functions 38 and 39)

Measurement Technique (cont’d)

Calibrate the tuned RF level function (as prompted by the UNCAL and
RECAL annunciators) by applying a signal to the Measuring Receiver
via a calibrated power sensor. The signal must be within the

senscor’s power and frequency range {(but less than +13 dBm). The
acscidce power 13 Dirsc measarsd Wit othe zalllroatzd zowesr zanscor;
the signal is then routed to the RF INPUT connector of the instrument
where the level 1s measured by the I detector. (If using a power
sensor with an internal swinon, such as the A7 L1722A, the switching
is automatic. I Using a powsr I2nsor alone, recennect the signal
scurce to the instrument’'s RF INPUT connectcocr.; T

<
n

he power level,
measured by the IF detector, 1s equated to the power evel measured
with the power s2nscor and a calitraticn factor 1s cre
in all subsequent tuned RF level measurements at that frequency

Iy O~

o+
1]
[N
ot
>
2
1]

used

w

As the power level ¢f the input signal is varied, the IF amplifier

gain is stepped to keep the IF level within the range of the selected

IF detector. When the power level approaches the lower 1limit of the

IF range, the RF input attenuation must be reduced. The Calibrate
function enables the Measuring Receiver to create a second calibra-

tion factor by equating the power level measured before the RF range
change with the power level after the change. (The input signal

level must not change during this recalibration.) This new calibra- ‘
tion factor is factored with the calibration factor made previously ’
(with the powe? sensor) to be used in all subsequent measurements for
that RF range and frequency.

A third recalibration is required if the input signal level ap-
proaches the lower limit of the IF detector in the second IF range.
This time, RF input gain is added and a third calibration factor is
created for that RF range and frequency. The three calibration fac-
tors remain in effect as long as the frequency of the input signal is
within +5 kHz of the initial frequency.

The approximate limits of the three ranges for both the Synchronous
and Average Tuned RF Level detectors are shown in the following
graphs. The ranging points used in Automatic Operation are also in-
dicated. (The range can be held in a user-specified state. Refer to
Range Hold.) The range limits listed for the Power Reference Range
apply only for power sensors such as that in the HP 11722A Sensor
Module. Other sensors might shift the Power Reference Range up or
down.
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INTRODUCTION (Cont’d)

Two copies of this Operating Information manual are supplied with the
Measuring Receiver. One copy should stay with the Measuring Receiver
for use by the operator. Additional copies can be ordered separately
through your nearest Hewlett-Packard office. The part number is
listed on the title page of this manual.

1-2. SPECIFICATIONS

Instrument specifications are listed in Table 1-1. These are the
performance standards, or limits, against which the instrument may be
tested. Characteristics listed in Table 1-2, Supplemental Informa-
tion, are not warranted specifications but are typical characteris-
tics included as additional information for the user.

1-3. SAFETY CONSIDERATIONS

This product is a Safety Class I instrument (i.e., provided with a
protective earth terminal). The Measuring Receiver and all related
documentation must be reviewed for familiarization with safety mark-
ings and instructions before operation. Refer to the Safety Consid-
erations 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 or service) is found
throughout these manuals.

1-4. INSTRUMENTS COVERED BY MANUAL

Options. Electrical options 001, 002, 003, and 004, various mechani-
cal options are documented in these manuals. The differences are
noted under the appropriate paragraph such as "Options" in Section I,
in the Replaceable Parts List, and in the schematic diagrams.

Serial Numbers. Attached to the instrument is a serial number plate.
The serial number is in the form 1234400123. 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
these manuals apply directly to instruments having the same serial
number prefix(es) as listed under SERIAL NUMBERS on the respective
manual title pages.

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




Model 89024 Operation

Tuned RF Level Calibration and Calibration Factors (Cont’d)
(Includes Special Functions 38 and 39)

Indications (cont’d)

When displaying calibration factors:

Display: When the % CAL FACTOR key is pressed, the value of the cal-
ibration factor currently being used is displayed, as well
as the % annunciator. The display times out after a few

s - -~ 2z B v = - Sy Il et a s s T s Aa T
W T e view D Adaw P e e T A e Taii T e FON -

ibraticn factor displayed is calculated from a combination
ol individual calibraticn factors. {Refer *tc "Measurement
Technique ' that I[oilows.)

When Special Functicn 38.1, 2, or 3 is keyed, the value of
the individual calibration factor for the selected range
palir 1s display=sd, as well as the % annunciator. The indi-
vidual calibration factor is different than the calibration
factor actually being used in the measurement. (Refer to

"Measurement Technique".)

Front Panel: Whenever % CAL FACTOR or Special Function 38 is keyed,
the LED within the SPCL key is lighted.

Measurement Technique

The tuned RF level measurements use an IF substitution technique to
attain a high degree of measurement accuracy over a very wide range
of signal levels. Combinations of RF and IF gain keep the signal
level within the optimum range for the input mixer, IF amplifiers,
and IF detectors:

- The total measurement range of the IF is 75 dB since the
instrument’s IF has six ranges of IF gain (0 to 60 dB in 10 dB
steps), and the IF level detectors are linear over a 15 dB range.
The IF gain steps are extremely linear and do not require
calibration.

- Three ranges of RF attenuator/gain positions create three ranges
of IF gain use. Specified accuracy is obtained when each of the
three ranges are calibrated to the absolute power reference (the
initial calibration to the power sensor).

The calibrate operations enable the instrument to determine the
absolute power level of the low-level signals at one frequency
regardless of input losses or variations in frequency response.

High accuracy of relative level measurements is obtained since the
range-to-range IF gain steps are very accurate and an initia
calibration is performed on each RF range. b

SgE o e e R e—




Model 8902A General Information

1-5. MANUAL CHANGES SUPPLEMENT

An instrument manufactured after the printing of these manuals may
have a serial number prefix that is not listed on the title pages.
This unlisted serial number prefix indicates the instrument is dif-
ferent from those described in the manual. The Operating and Service
Manual is supplied with a Manual Changes supplement for these newer
instruments. The supplement contains change instructions for the
manual.

In addition to change information, the supplement can contain infor-
mation for correcting errors in the manual. To keep this manual as
current and accurate as possible, Hewlett-Packard recommends that you
periodically request the latest Manual Changes supplement. These
supplements are identified with the print dates and part numbers that
appear on the title page of the Operating and Service Manual. Com-
plimentary copies of these supplements are available from Hewlett-
Packard.

1-6. DESCRIPTION

The HP Model 8902A Measuring Receiver is a complete measurement sys-
tem for accurately characterizing signals in the 150 kHz to 1300 MHz
frequency range. It combines the capabilities of four separate in-
struments in its ability to measure RF power, tuned RF level, carrier
frequency, modulation and the characteristics of the demodulated au-
dio signal (as well as those of external audio signals). This
flexibility allows you to make those measurements most commonly
needed to totally characterize a signal.

The Measuring Receiver can measure an RF signal’s frequency, frequen-
cy drift, power level, amplitude modulation (AM), frequency modula-
tion (FM), phase modulation (¢M), and AM and FM noise components. It
recovers the modulating signal and can measure the audio signal’s
frequency and distortion.

The Measuring Receiver is fully automatic and all major measurements
can be made by pushing a single key. The Measuring Receiver’s large
Cifitzal dirpley shows measurenient results with excellent resolution
and 1s easy to read. All Measuring Receiver operaticns can be con-
trolled and all measurement results can be transferred via the
Hewliett-Packard Interface Bus (HP-IB). (HP-IB is Hewlett-Packard’s
implementation of IEEE Standard 488 and ANSI Standard MC1l.1.)

RF Power delivers the accuracy and resolution of a high-performance
power meter. The HP B8902A, with the HP 11722A Sensor Module, mea-
sures power from +30 dBm to -20 dBm at frequencies from 150 kHz to
2.6 GHz. (Refer to Table 1-1, Specifications, for specified frequen-
cies limits using other power sensors. The 8902A also accepts all HP
8480 series power sensors for extended measuremert capability.)

The Measuring Receiver is equipped with input power protection to
prevent damage from the accidental application of excessive power.

1-3




Operation Model 8902A

Tuned RF Level Calibration and Calibration Factors (Cont’d)
(Includes Special Functions 38 and 39)

Indications (cont’d)

Display: Six dashes (------ ) will not be displayed if Average
(cont’d) Tuned RF Level measurements are selected.

- When a measured value is displayed, the selected units
* annunciator lizhts, and i7 the units are linear, the
4 display indicates tTne measurement in sclentillc notation;
; that 1s, the measured value is fcllowed by a signed,
j power-of-ten multiplier. The following table shows the
annunciatosr units for linezr and logarithmic formats:
:
i
~ Linear Unit ! Logarithmic Unit
W dBm
\ dBv
mvV dB mv
uv dB uwv

During calibration:

Display: When the CALIBRATE key is pressed, the measurement
annunciator remains in the display for the time required to
calibrate the instrument. The display returns to the
previous measurement.

If the UNCAL and RECAL annunciators are displayed, the
current range is uncalibrated and an attempt can be made at
calibration.

When the RECAL annunciator is displayed, and the UNCAL
annunciator is not, the displayed power is a calibrated
value. The next range can be calibrated at this time since
the ranges overlap.

When the UNCAL annunciator is displayed and the RECAL
annunciator is not, the current reading is uncalibrated
3 (but approximate) and the current range cannot be

j calibrated.

When neither the RECAL or UNCAL annunciator is displayed,
the measurement is calibrated.

Front Panel: The LED within the CALIBRATE key will light. The LEDs
within the S (shift) and the TUNED RF LEVEL keys remain
; lighted throughout the calibration process.
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DESCRIPTION (Cont’d)

(This is a common cause of damage in equipment used to measure trans-
mitters.) The Measuring Receiver is tested for inputs up to U4 watts.
Protection is provided by limiting diodes and an RF relay. When ex-
cessive power is applied, the relay opens and protects sensitive com-
ponents, and the Measuring Receiver displays an error message. The
circuit automatically resets whenever a Key is depressed.

RF Power Calibration is accomplished with the 50 MHz, 1 mW standard
available in every instrument. Also, the front-panel zero function
enables you to zero the sensor module without removing it from the
source-under-test. After the ZERO key is pressed, the new zero off-
sets are stored automatically.

RF Power Calibration Factors can be entered from the power sensor
into the Measuring Receiver’s non-volatile memory. The instrument
automatically compensates for the power sensor’s efficiency and mis-
match loss at each frequency.

Tuned RF Level has a minimum sensitivity of -127 dBm with exceptional
accuracy. You can also make relative-level measurements with accura-
cy expected only from a transfer standard.

Display Flexibility enables the Measuring Receiver to offer numerous
data-display formats. For example, RF power and tuned RF level can
be displayed in watts, dBm, volts, dBv, mv, dBmv, uv, and dBuv. Use
the RATIO and LOG/LIN keys to display results in dB or % relative to
either a measured value or a value entered from the keyboard. These
features eliminate the need for recalculating measurement results.

RF Frequency Measurements. In automatic operation, the Measuring
Receiver has the performance of a high-quality, 150 kHz to 1300 MHz
frequency counter. The frequency counter automatically adjusts it-
self as the input level changes. There is no need to manually set or
adjust the input attenuator. Because the Measuring Receiver is
usually used to measure modulated signals, its frequency counter also
accurately measures signals with significant levels of AM.

In autormatic operation, the Measuring Receiver automatically tunes to
the largest input signal and measures its freguency.

In manual operation, you can determine the frequency to which the
Measuring Receiver tunes. Entering the approximate frequency on the
keyboard causes all but very close interfering signals to be elimi-
nated. This allows the Measuring Receiver to selectively count sig-
nals other than the largest.

A track mode feature enables you to track a signal, as it changes
frequency, from either automatic or manual tune operation.

Modulation Measurements. The Measuring Receilver has extremely low,
internal noise. Incidental AM, FM, and ¢M can be measured on a wide
range of simple and complex modulated signals. To complement its
modulation measurement capability, the HP 8902A characterizes audio
signal level, frequency, and distortion.

1-4
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Model 89024 Operation

Tuned RF Level Calibration and Calibration Factors (Cont’d)
(Includes Special Functions 38 and 39)

Procedures (cont’d)

To enter an individual calibration factor, press the keys correspond-
ing to the appropriate Special Function code listed in the previous

table. Nex%, enter the value of the new calibration factor:; then
sSS88 Tos Zl.s iy ownl % ZAL TAITCE Ky
Example

It
W
()
ot
)
5
[
=

rMEASUREMENTﬁ P COCE ﬁ r FUNCTION 1 F DATA ﬁ P FUNCTION ﬁ
LOCAL 30 5

nnnnnnn

fkeystrokes) [E] [_:_ [_i, 9 [:Z: o : [_i, [ 0 Lo [ .

{ s TUNED
AF LEVEL

(program codes) Code Data

S4.39.1 SP 120 CF

m Measurement — T TT_ _[— Function

Function

Program Codes m

All HP-IB Codes for entering, displaying, or deleting individual cal-
ibration factors are provided in "Procedures"”.

CALIBRATE on = C1 VOLTS units = VL
CALIBRATE off = CoO mV units = MV
% CAL FACTOR = CF , uV units = Uv

LIN results = WATTS units = WT

LN
LOG results = LG
TUNED RF LEVEL = Si
Indications

Display: When the TUNED RF LEVEL key is pressed, the following
responses are displayed: four dashes (----) to indicate the
signal has been found, then six dashes (--~---- ) to indicate
the instrument is fine tuning to the signal, then four
again (----) to indicate settling. If two dashes (--) are
displayed, no signal can be found. -
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DESCRIPTION (Cont’d)

Post-Detection Audio Filters. The Measuring Receiver 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 mini-
mizes overshoot for square-wave modulation so that this type of
modulating waveform can also be accurately measured.

The Measuring Receiver contains four de-emphasis networks that can be
used in addition to the audio filters. These are the ones commonly
used in FM communications -- 25, 50, 75, and 750 us. When selected,
the de-emphasis networks always affect the demodulated output. You
can select whether the de-emphasis network affects the deviation mea-
sured. The ability to select either the actual or "de-emphasized
deviation" increases the usefulness of the Measuring Receiver in many
applications.

Modulation Calibrators are included in every Measuring Receiver. One
of the most difficult problems involved in making very accurate mea-
surements of AM depth or FM deviation is generating a precisely modu-
lated signal to use as a calibration standard. In all instruments, a
precise AM and FM modulation standard is included.

When the output of the calibrator is connected to the Measuring
Receiver’s input, the amount of modulation is measured to create a
calibration factor. The calibration factor can be used to automati-
cally compensate all subsequent measurements. The calibration factor
is the ratio of the measured modulation to the internally-computed
modulation of the calibrator, expressed in %.

Store and Recall functions enable you to store eight, complete in-
strument settings in non-volatile memory and recall them as needed.

Special Functions. The Measuring Receiver can do more than is ap-
parent from the front panel. Many functions are accessed using the
numeric keys and a Special Function key. The Special Functions pro-
vide access to other measurements and functions, manual control of
instrument functions, instrument operzticn verification, and service
aids.

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 ten 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 verify-
ing that the instrument and its various sections are cperating prop-
erly. These, along with service functions, make diagnosing and
repairing the Measuring Receiver faster and easier.
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Model 8902A

Tuned RF Level Calibration and Calibration Factors (Cont’d)
(Includes Special Function 38 and 39)

L Procedure (cont’d)

Module, or a power sensor and RF switch combination controlled by

f the instrument’s rear panel (refer to Remote Control RF Switch):

E A. Press the S (shift) and TUNED RF LEVEL keys; wait for the
Observe the RECAL

measurement value to be displayed.

Avietras A3 ok s

JRSE S LS

B. Press the CALIBRATE key.

Power 3Senscr Alcone.

T SV T
SWLITCnN:.

>

Mmoo Qw

displayed.

that display, enter,

used in actual measurements.

—i-

tions 38 and 39 (respectively).

source.

frequency of the signal to be tested.
Press the S (shift) and TUNED RF LEVEL keys.
Press the CALIBRATE Kkey.
Disconnect the power sensor from the signal source.

Connect a cable from the Measuring Receiver’s RF INPUT to the
signal source to complete the calibration procedure.

Wait until "--

with no internal RF

Connect the power sensor from the Measuring Receiver’s SENSOR
input to the signal
Manually key in the

Read "--".

is again displayed.

4. Press the CALIBRATE key whenever the RECAL annunciator is

Display and edit individual calibration factors with Special Func-
(Individual calibration factors are
used in various combinations to create calibration factors that are
Refer to the discussion in "Measurement
Technique".) The following table lists the Special Function codes
and clear individual calibration factors:

: Action: Special Program Code
: Tuned RF Level Range Function @
s Calibration Factors Code

f

Reference to 1 38.1 SPCL 38.1SP
i DISPLAY Reference to 2 38.2 SPCL 38.2SP
: Reference to 3 38.3 SPCL 38.3SP
g Reference to 1 39.1 SPCL 39.16P
: ENTER Reference to 2 39.2 SPCL 39.2SP
Reference to 3 39.3 SPCL 39.3SP
h CLEAR Al 39.9 SPCL 39.95P
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DESCRIPTION (Cont’d) ’
Those Special Functions that are most commonly used in operating the
Measuring Receiver are described on the Special Function Information
pull-out card under the front panel.

Operation to 42 GHz is accomplished when an external LO and mixer are
included in the measurement path. This system then functions as a

single instrument making microwave modulation, frequency, power, and !
level measurements. You control operation from the Measuring :
Receiver’s front panel. When the external LO frequency must be

changed, the Measuring Receiver requests the external controller to

make the change. A separate, non-volatile calibration factor table

is available in Frequency Offset mode for your microwave power

sensor.

Programmability. The Measuring Receiver is completely programmable
via the Hewlett-Packard Interface Bus (HP-IB). This, coupled with
the diversity of measurements the Measuring Receiver can make, the
speed with which these measurements can be made, and the flexibility
of the Special Functions, make the instrument ideal for systems ap-
plications. In many instances it can reduce the number of instru-
ments in a system, speed measurements, reduce complexity and improve
accuracy.

When the Measuring Receiver is in remote, the front-panel annunica-
tors make it very easy to determine the state the instrument is in;
whether it is in the talk, listen, or service request state. ‘

1-7. OPTIONS
1-8. Electrical Options

Option 001. This option provides rear-panel (instead of front-panel)
connections for RF INPUT, SENSOR input, MODULATION OUTPUT/AUDIO IN-
PUT, and AM/FM and RF POWER CALIBRATION OUTPUTs.

Option 002. This option provides a high-stability (1 x 10'9/day)
internal reference oscillator in place of the standard reference os-
cillator. Ia addition, a 10 MHz time bese output i: 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 freguencies ranging
from 48 to 400 Hz. Operation at frequencies greater than 66 Hz is
restricted to <126.5 Vac line input.




Model 8902A Operation

Tuned RF Level Calibration and Calibration Factors
(Includes Special Functions 38 and 39)

Description
The TUNED RF LEVEL key enables the Measuring Receiver to accurately
measure the amplitude of extremely low-level, continuous wave (CwW),

RF signals at a single frequency.

The instrument first measures the input signal to provide an absolute

power refarence. As the input-signal level is varied, it can

N S o -~ -~ gl R | R -l = bl ~ e Tom e o o "':
stepped In precise, 19 43 steps Three, less-precise, internal
ranges of RF gain enable the instrument to reach its lowest level
mezsurement capabilisy. calltraticn Tacktors, desermined fop each of
Tnes2 tnhree RF ranges IUrIng Tne 3attuial tunad 25 Tsal measurement,
correct for RF ranging errors

Special Functions 28 and 29 crovide a way 5 store, eodit, and display
calibration factors. Store calibration factors when repeating tuned
RF level measurements at many frequencies. (Refar to Store/Recall.)
Create and store calibration factors for each frequency, and then
recall them as needed for each tuned RF level measurement. Store up
to eight sets of calibration factors using the Store/Recall function.
Store and recall an unlimited number of sets using an HP-IB
controller.

Make tuned RF level measurements using one of two internal detectors:
either the narrow-band IF Synchronous Detector Assembly (Synchronous
Tuned RF Level measurements), or the wide-band IF average detector in
the AM Demodulator Assembly (Average Tuned RF Level measurements).
The IF synchronous detector is more sensitive but less tolerant of
signal drift and residual FM. The IF average detector is less sensi-
tive but more tolerant of signal drift and residual FM. Each of
these Tuned RF Level measurements have different range limits. (See
the graphs in "Measurement Technique".)

Procedure

To enable the Measuring Receiver to compute an initial calibration
factor to be the absolute power reference for either the Synchronous
or Average Tuned RF Level measurement:

1. Calibrate the RF Power function. (Refer to RF Power Calibration.)

2. Ensure that the input signal is in the range required for the
power sensor (+30 to -20 dBm for the HP 117224).

3. Perform the calibration using one of the following procedures:

Power Sensor with an Internal Switch. When using a sensor module
that has an internal RF switch, such as the HP 11722A Sensor
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1-9. Mechanical Options

The following kits might have been ordered and received with the
Measuring Receiver. (See Figure 1-2.) 1If 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.

Front Handle Kit (Option 907). Ease of handling is increased with
the front-panel handles. Order HP part number 5061-0090 for the
basic kit and 2190-0048 for lockwashers (8 required).

Rack Flange Kit (Option 908). The Measuring Receiver can be solidly
mounted to the instrument rack using the flange kit. Order HP part
number 5061-0078.

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 5061-0084 for the basic kit and 2190-0009 for lockwashers
(8 required).

ANDLE KIT RACK FLANGE KIT RACK FLANGE AND FRONT
FRONTH HANDLE COMBINATION KIT

Figure 1-2. Rack-Mounting Options

1-10. HEWLETT-PACKARD INTERFACE BUS (HP-IB)

Compatibility. The Measuring Receiver is compatible with HP-IB to
the extent indicated by the following code: SH1, AHl1l, T5, TEO, L3,
LEO, SR1, RL1, PPO, DC1, DTi, CO. The Measuring Receiver interfaces
with the bus via open-collector TTL circuitry. An explanation of the
compatibility code may be found in IEEE Standard 488, "IEEE Standard
and Digital Interface for Programmable Instrumentation" cr the iden-
tical ANSI Standard MC1l.1.

For more detailed information relating to programmable control of the
Measuring Receiver, refer to "Remote Operation, Hewlett-Fackard In-
terface Bus" in Section III of this Operating Information manual.
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Operation Model 8902A

Tuned RF Level (Cont’d)
(Includes Synchroncus and Average Tuned RF Level, and
Special Function 4) ‘

Comments (cont’d)

Make relative tuned RF level measurements using the SET REF key.
(Refer to Attenuator Measurements.)

Tuned RF Level measurement accuracy can be affected by residual FM on

¥ L + - i
the input signal,

TP the »agidnal TM i3 tan hdigh {frmafar A Mok Ty 1 _0
ceeT LR o L2l 2N I3 Tt nlZn (relaer o Tabla -

for specifications), the Average Tuned RF Level Measurement mode can
be used.

Related Functions

Attenuator Measurements

Peak Tuned RF Level

RF Power

RF Power Calibration

RF Power Calibration Factors

Tuned RF Level Calibration and Calibration Factors
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HEWLETT-PACKARD INTERFACE BUS (HP-IB) (Cont’d)

Selecting the HP-IB Address. The HP-IB address switches are located
within the Measuring Receiver. 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. 1In
addition, two more switches allow the Measuring Receiver to be set to
talk only or to listen only. A table in Section II shows all HP-IB
talk and listen addresses. Refer to "HP-IB Address Selection" in
Section II of this Operating Information manual.

1-11. ACCESSORIES SUPPLIED

The accessories supplied with the Measuring Receiver are shown in
Figure 1-1.

a. The line power cable may be supplied in several plug configura-
tions, depending on the destination of the original shipment.
Refer to "Power Cables" in Section II of this Operating Informa-
tion manual.

b. Fuses with a 2.5A rating for 115 Vac (HP 2110-0083) and a 1.5A
rating for 230 Vac (HP 2110-0043) are supplied. One fuse is fac-
tory installed according to the voltage available in the country
of original destination. Refer to "Line Voltage and Fuse Selec-
tion" in Section II of this Operating Information manual. .

1-12. ELECTRICAL EQUIPMENT AVAILABLE

HP-IB Controllers. The Measuring Receiver has an HP-IB interface and
can be used with any HP-IB compatible computing controller or com-
puter for automatic systems applications.

Sensor Module. The 11722A Sensor Module enables a single input con-
nector to be used to characterize a signal without switching back and
forth between the Measuring Receiver’s SENSOR input and RF INPUT con-
nectors. Special care is taken with each sensor module to minimize
input SWR and resulting errors. A low SWR attenuator isolates the
power sensor froun the source-under-test, recucirz mismatch. Micro-
wave hardware and a selected RF input cable further improve SWR and
insertion loss.

Test Source. The 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 Measur-
ing Receiver; 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 08901-60089) is
available which contains many accessories such as extender boards and
cables, useful in servicing the Measuring Receiver. ‘

Front- to Rear-Panel Connectors Retrofit Kits. These kits contain
all the necessary components and full instructions for converting

1-8 o ﬁ_____________d
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Tuned RF Level (Cont’d)
(Includes Synchronous and Average Tuned RF Level, and
Special Function 4)

“AEASURING RECEIVER
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Tuned RF Level Simplified Block Diagram
Comments

The Measuring Receiver must be tuned to the input frequency before
valid tuned RF level measurements can be made. If the tuned
frequency moves more than *5 kHz from the frequency at which the
power sensor reference was taken, the instrument must be retuned.

The instrument can be manually tuned to the frequency of interest
before or after the TUNED RF LEVEL key is pressed. (Refer to RF
Frequency Tuning.)

The Measuring Receiver retains the calibration information for the
frequency being measured in its non-volatile memory. (Refer to
Instrument Preset.)

For the initial measurement and calibration, set the input signal
level to the range required for the power sensor’s transfer function
to take place; for example, +30 to -20 dBm for the HP 11722A.

Store up to eight frequency/calibration states in memory. (Refer to
Store/Recall.)
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ELECTRICAL EQUIPMENT AVAILABLE (Cont’d)

instruments with front-panel connections for INPUT, MODULATION OUT-
PUT/AUDIO INPUT, and AM/FM and RF POWER CALIBRATION OUTPUT to rear-
panel connections. Order HP part number 08902-60026. After instal-
lation and calibration, performance will be identical to the

HP 8902A Option 001.

Rear- to Front-Panel Connectors Retrofit Kits. These kits contain
all the necessary components and full instructions for converting
Option 001 instruments with rear-panel connections for RF INPUT, SEN-
SOR input, MODULATION OUTPUT/AUDIO INPUT, and AM/FM and RF POWER CAL-
IBRATION OUTPUTs to front-panel connections. Order HP part number
08902-60027. After installation and calibration, performance will be
identical to the standard 8902a.

High Stability Internal Reference Retrofit Kit (HP 08902-60028).
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
8902A Option 003.

Conversion to 400 Hz Line Operation. Measuring Receivers not
equipped to operate at 1line 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.% Vac. To con-
vert to 400 Hz operation, order HP part number 08902-60029. After
installation, performance will be identical to the 8902A Option 00Y4.

1-13. MECHANICAL EQUIPMENT AVAILABLE

Chassis Slide Mount Kit. This kit is extremely useful when the
Measuring Receiver is rack mounted. Lccess to internal circuits and
components or the rear panel is possible without removing the instru-
ment from the rack. Order HP part number 1494-0C018 for

431.8 mm (17 in.) fixed slides and part number 1490-0023 for the cor-
rect adapters for non-HP rack enclosures.

Chassis Tilt Slide Mount Kit. This kit is the same as the Chassis
Slide Mouat Kit above except it also allows the ti1*ing of the in-
stiument up or down 90°. Order HP part number 14G4-{7.% fop

431.6 mm (17 in.) tilting slides and part number 1490-0023 for the
correct adapters for non-HP rack enclosures.

1-14. RECOMMENDED TEST EQUIPMENT

Table 1-3 lists the test equipment and accessories recommended for
use in testing, adjusting, and servicing the Measuring Receiver. If
any of the recommended equipment is unavailable, instruments with
equivalent minimum specifications may be substituted. Table 1-3 also
includes some alternate equipment listings. Table 1-4 lists a number
of accessories required in addition to those contained in the Service
Accessory Kit, HP 08901-60089.




Operation Model 8902aA

Tuned RF Level (Cont’d)
(Includes Synchronous and Average Tuned RF Level, and
Special Function 4)

Measurement Technique (cont’d)

Three noise filter bandwidths are available for Tuned RF Level
measurements: 10 Hz, 1 Hz, and 0.1 Hz. These bandwidths cause
measurement settling times of 0.1s, 1ls, and 10s (respectively). The
19 Hz bandwidth is a hardware filtar: +ha cther filters ars Aizitallsy
implemented; that is, the readings are mathematically averaged by the

+- 19
consroilier.

A narrow USS LHz bandrpaszs filtar 720 nUS raszeoand), Imprcves btne
sensitivity of the measiramens z- very 1ow levels (where the
signal-to-noise ratio is very poor). This filter primarily

determines the frequency response for the U55 kHz IF. When this
filter is not used, the IF signal bypasses the filter and is routed
through a 6 dB attenuator (that matches the filter’s passband
insertion loss). Special Function 3 controls the IF frequency
selection. (Refer to Filters, RF and IF.)

The IF synchronous detector can track the signal over a 10 kHz range
by phase locking a 455 kHz voltage-controlled oscillator (VCO) to the
IF signal.

The phase-locked loop creates a very narrow bandwidth (150 Hz), which
further increases the detector’s sensitivity. The instrument’s
controller monitors the VCO frequency to determine if lock has been
acquired. If no signal is sensed, the controller initiates a search
routine that sweeps the IF bandwidth. During this search, six dashes
(------ ) are displayed. If four dashes (----) are displayed after
the search, the signal has been found. If two dashes (--) are
displayed, no signal can be found. This Sweep can take as long as 20
Sseconds.

Average Tuned RF Level measurements are made the same way that
Synchronous Tuned RF Level measurements are made, except that the
level amplifier and carrier filter in the AM Demodulator Assembly
(rather than the IF synchronous detector) is used to measure the IF
level. The wide 455 kHz bandpass filter (200 kHz passband) primarily
determines the frequency response for the U455 kHz IF. Special
Function 3 controls the IF frequency selection. (Refer to Filters,
RF and IF.) The measurement is not phase-locked as it is in the
synchronous mode, so the bandwidth of this detector is much wider and
enables measurements of noisy or drifting signals.
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1-15. PRINCIPLES OF OPERATION FOR SIMPLIFIED BLOCK DIAGRAM

The Measuring Receiver is a calibrated, superheterodyne receiver,
which converts the incoming signal to a fixed, intermediate frequency
(IF), which is then demodulated. As in a radio receiver, the Measur-
ing Receiver contains an RF amplifier, a local oscillator (LO), a
mixer, an IF amplifier and bandpass filter, a demodulator (detector
or discriminator), and audio filters (tone controls). The Measuring
Receiver, however, contains additional features which make it much
more versatile:

o automatic tuning,

0 selectable measurement mode: signal frequency, power level, or
modulation (AM, FM, or Phase Modulation (¢M))

0 power level measurements on tuned signals to -127 dBm (0.1 uV),
0 selectable audio detector (peak, average, or rms responding),

o audio counter,

o audio distortion analyzer,

0 measurement calibrators (AM, FM, or power level), and

o HP-IB programmability.

The entire operation of the instrument is governed by a microproces-
sor-based Controller. The Controller sets up the instrument at turn-
on, interprets keyboard entries, executes changes in internal hard-
ware, and displays measurement results and error messages. The com-
puting capability of the Controller is also used to simplify circuit
operation. For example, it forms.the last stage of the Counter, cal-
culates the AM or FM generated by the AM and FM Calibrators, and con-
verts measurement results into ratios (in % or dB). The Controller
also contains routines useful for servicing the instrument.

RF. The RF input signal normally enters an external Sensor Module
such as ar. HP 11722A. (See Figure 1-3.) For all measurements except
RF Power, th= Sensor Module routes the signal to the RF input conec-
tor of the Measuring Receiver. For the RF Power measurement, the
input signal passes directly into the Power Sensor, which converts
the RF power absorbed by the RF Power Sensor into a low-frequency,
chopped, ac voltage whose amplitude is proportional to the average RF
power. The Power Meter amplifies the chopped signal and converts it
to a dc voltage which is then measured by the voltmeter. (The
voltmeter includes the Audio Peak Detector, Audio Average Detector,
Voltage-to-Time Converter, and Counter.) The calibration of the
Power Meter can be verified by connecting the Sensor Module to the
CALTBRATION RF POWER OUTPUT connector on the front panel. (The 50
MHz Power Reference Oscillator is an accurate 1 mW reference.)

¢
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Model 8902A Operation

Tuned RF Level (Cont’d)
(Includes Synchronous and Average Tuned RF Level, and
Special Function 4)

Measurement Technique (cont’d)

Since the level range of the input signal is usually much greater
than the linear range of the IF synchronous detector, the gain of the
second IF amplifier (IF Gain - Special Function 9) is set to bring
the IF level into the range of the selected detector as the level is
changed. The second IF amplifier has high, step-to-step accuracy,
but only 60 dB of IF gain is available, so the RF input gain/
attenuation {(RF Input Attenuation and Gain - Special Function 1) must

2 Iwit-raed 2 ernablae tha dinstryument Yo reach its most-sensitive,
measurement capability. Three, internal, attenuator/gain positions
create three ranges of IF gain use. {See the graphs of Synchronous

and Average Tuned RF Level Ranges.)

The three attenuator,/gain settings, used to zreate the three ranges,
must each be calibrated fto obtain specified accuracy. Tuned RF level
calibration takes place during the actual level measurement of each
specific frequency being tested.

The following graphs illustrate the approximate limits of the three
ranges used for Synchroncus and Average Tuned RF Level measurements.
Each range is 75 dB due to an IF gain range of 60 dB and a detector
range of 15 dB. Each range automatically ranges as specified by
"AUTO" in the figures. (The range can be held in a user-specified
state. Refer to Range Hold.)

Power Power
Input Reference Input Reference
Level Range Range Range Range Levei Range Range Range Range
{dBm) (11722A) 1 2 3* {dBm) (11722A) 1 2 3
+30 +30 +30 +30 +30
+20 +20 T
+10 A +10
0 0
-4
4
~10 -10 AUTO
20 -20 20 —20 (~-19)
=27
-30 4 -30 ‘
AUTO 8
~40 (-42) -40 -39 ry -3
-50 -50
AUTO
—60 v_g el -60 (-59)
-70 -70
AUTG
-80 {-82) -80 v -1
-90 -90
~100 V¥ _102 -100
-110 -110 $ ~113
-120 v -120
~130 -1 -130
*Special Function 1.9 raises Range 3 by 10 dB. *Special Function 1.9 raises Range 3 by 10d8.

Synchronous Tuned RF Level Ranges Average Tuned RF Level Ranges
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PRINCIPLES OF OPERATION FOR SIMPLIFIED BLOCK DIAGRAM (Cont’d)

CAUTION

The Power Sensor is unprotected against and is
easily damaged by sudden, large overloads.
Refer to Table 1-2 for information on maximum
overload levels.

The broadband, low-noise RF Amplifier improves the sensitivity of the
Tuned RF Level measurement. The amplifier is normally bypassed in
the other measurement modes.

CAUTION

An RF detector in the RF Amplifier (not shown in
Figure 1-3) causes the RF Amplifier to be by-
passed when an overload occurs. However, be-
cause of the relatively long switching time
(approximately 30 ms), the RF Amplifier can be
damaged by a large overload. Refer to Table 1-2
for information on maximum overload levels.

When the RF Peak Detector senses that the input signal level exceeds

IW, it opens the Overpower Relay. This is done without intervention

of the Controller. The output from the RF Peak Detector, read by the
voltmeter, is used to set the Input Attenuator to optimize the level

applied to the Input Mixer.

The Input Mixer converts the input signal to the intermediate
frequency (IF). For frequencies greater than 10 MHz, the IF is 1.5
MHz with the Local Oscillator (LO) tuned 1.5 MHz above the input
frequency, but an IF of U455 kHz can be manually selected for this
frequency range. The U455 kHz IF is selected automatically for input
signals between 2.5 MHz and 10 MHz and for the Tuned RF Level mea-
surement. Below 2.5 MHz, the input passes directly through the Input
Mixer without down-conversion. (The Tuned RF Level measurement is
invalid telow 2.5 MHz.)

NOTE

For the input signal to pass through the Input
Mixer without down-conversion, the LO must still
be present to turn the mixer diodes on. An LO
frequency of 101.5 MHz is arbitrarily used.

Thus the instrument will respond to input
frequencies of 100 or 103 MHz as well as
frequencies between 150 kHz and 2.5 MHz.

1-11
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Tuned RF Level (Cont’d)
(Includes Synchronous and Average Tuned RF Level, and ‘
Special Function U4)

Indications (cont’d)

Display: When a measured value is displayed, the selected units

(cont’d) annunciator lights, and if the units are linear, the
display indicates the measurement in scientific notation;
that is, the measured value is foilcwed by a signed,

Togam LSS e e e T e LI kN TN ~ e AT L e e -

~--T ol IWlhg Ta Z 3.IwW3 L e

cr linear and logarithmic formats:

FHn

annunciator units

T T

Linear Unit Logarithmic Unit
w dBm
% dBv
mvV dB mv
uVv dB uv

If the tuned RF level range has not been previously

calibrated when a measured value is displayed, the UNCAL

and RECAL annunciators are displayed. If the UNCAL or

RECAL annunciator is displayed, calibrate the tuned RF ‘
level measurement. (Refer to Tuned RF Level Calibration

and Calibration Factors.)

Front Panel: The LED within the S (shift) and TUNED RF LEVEL keys
light.

Measurement Technique

The tuned RF level measurement is calibrated to one frequency (+5%)
during the actual measurement. The external power sensor, calibrated
during RF power calibration, provides the absolute power reference
necessary for absolute tuned RF level calibration. Three internal
ranges of RF gain enable the instrument to reach its greatest mea-
surement sensitivity. Calibration factors, determined for each of
these three RF ranges during the actual tuned RF level measurement,
correct for RF ranging errors. (Refer to Tuned RF Level Calibration
and Calibration Factors.)

The Measuring Receiver measures low-level signals using an IF sub-
stitution technique. The high-level input signal is down-converted
to a 455 kHz IF, amplified, detected by either the IF synchronous
detector or IF average detector, and then filtered and measured by
the voltmeter circuitry. (See the Tuned RF Level Simplified Block

Diagram.) '
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PRINCIPLES OF OPERATION FOR SIMPLIFIED BLOCK DIAGRAM (Cont’d)

The instrument can be manually tuned to a desired signal even in the
presence of larger signals, although filtering may be necessary since
low-frequency signals pass directly into the IF. The RF High-Pass
Filter can be inserted (via a Special Function) in the RF path for
this purpose.

To measure the input frequency, the Counter measures the frequency of
the LO and the frequency of the IF from the output of the IF Am-
plifier and Filter. The Controller computes and displays the dif-
ference between the two frequencies. For input frequencies below 2.5
MHz, only the IF is counted, which equals the input frequency.

LO. The LO drives the high-level port of the Input Mixer and is one
of several inputs to the Counter. The LO has four main modes of
operation:

- tuning to the frequency required to down-convert a signal whose
frequency is entered from the keyboard (manual tune mode),

- automatically searching for an input signal, then tuning the LO
to the frequency required to down-convert the signal (automatic
tune mode),

- automatically searching for an input signal, then configuring
the LO in a feedback loop that automatically tracks the signal
(automatic tune track mode), and

- tuning to the frequency required to down-convert a signal whose
frequency is entered from the keyboard, then configuring the LO
in a feedback loop that automatically tracks the input signal
(manual tune track mode).

The manual tune track mode is useful when it is desired to follow an
unstable signal in the presence of other signals. The non-track
modes are used when the LO noise (residual FM) must be minimized.

IF. The gain of the IF Amplifier is fixed except for the Tuned RF
Level measurement mode (described below). The IF Filters determine
the freguency response of the IF. When the 1.5 Hiiz IF I selected,
the IF filter consists of a 150 kHz to 2.5 MHz bandpass filter (with
a nominal center frequency of 1.5 MHz). When the U455 kHz IF is se-
lected, the IF filter is the Wide 455 kHz Bandpass Filter (with a
bandwidth of 200 kHz) except for the Tuned RF Level measurement mode
where the Narrow 455 kHz Bandpass (with a bandwidth of 30 kHz) is

also inserted.

In the Tuned RF Level measurement mode, the signal level is detected
by the IF Synchronous Detector, which phase locks to &nd tracks the
IF signal. The narrow bandwidth of the phase lock loop (150 Hz)

makes it possible for the detector to measure the signal level even

when the signal is buried in noise.




Model 89024 Operation

Tuned RF Level (Cont’d)
(Includes Synchronous and Average Tuned RF Level, and
Special Function 1)

Procedures (cont’d)

Use the entries in the following table to select the desired
measurement averaging times available to either Synchronous or
Average Tuned RF Level measurements:

i Tuned RF Level
Measuremem ' Synchronous Delector ' Average Deteclor
Averaging :
Time i Special Function Program Code Special Function Program Code
(s) Code m Code m
AUTO 4.0 SPCL 4.0SP 4.4 SPCL 4.4SP
10 4.1 SPCL 4.18P 4.5 SPCL 4.58P
1 4.2 SPCL 4.2S8P 4.6 SPCL 4 65P
0.1 4.3 SPCL 4.3SP 4.7 SPCL 4.7SP

Program Codes m

The HP-IB codes for selecting Synchronous or Average Tuned RF Level
measurements are provided in "Procedures'.

CALIBRATE on = C1
CALIBRATE off = CO
LIN results = LN
LOG results = LG
TUNED RF LEVEL = Si

VOLTS units = VL
mV units = MV
uV units = UV
WATTS units = WT

Indicaticns

Display: When the TUNED RF LEVEL key is pressed, the following
responses are displayed: four dashes (----) to indicate the
signal has been found, then six dashes (------ ) to indicate
the instrument is fine tuning to the signal, then four
again (----) to indicate settling. If two dashes (--) are

displayed, no signal can be found.

Six dashes (------ ) will not be displayed if Average Tuned
RF Level measurements are selected by one of Special
Functions 4.4 through 4.7.
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Figure 1-2. HP 8902A Measuring Receiver Simplified Block Diagram

The frequency of the audio signal at the MODULATION OUTPUT/AUDIO IN-
PUT connector, whether internal or external, is measured by a
reciprocal-type Audio Counter. In the Audio Counter, the input sig-
nal is used to gate the 10 MHz Time Base Reference into the main
Counter. (This gating function is also used by the Voltage-to-Time
Converter.) The number of time base pulses received during the count
is read by the Controller which computes and displays the signal
frequency.

The AM and PM Calibrators provide a nominal 10.1 MHz signal with a

precisely known amount of AM or FM. When this signal is applied to

the instrument’'s RF INPUT connector (either directly or via the Sen-

sor Module), the modulation is measured and the calibration factor of

the AM or FM Demodulator is computed and displayed. Related front- -
panel functions are automatically set for proper demodulation of the

calibrator signal.
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Operation Model 8902A

Tuned RF Level
(Includes Synchronous and Average Tuned RF Level, and
Special Function %)

Description

The TUNED RF LEVEL key enables the Measuring Receiver to accurately
measure the amplitude of extremely low-level, continuous wave (CW),
RF signals at a single frequency. The accuracy of the measurement

depends on five factors:

- calibration of the external power sensor,

- calibration of internal circuitry as RF input atitenuatiocn or Zain
is changed,

- accuracy ¢ IF gain steps,

- linearity of the detector being used, and

- SWR mismatch errors.

To make measurements of the highest possible sensitivity on low-noise
signals, use the narrow-band IF filter and the IF synchronous
detector (Synchronous Tuned QRF Level). Select the Synchronous Tured
RF Level Measurement mode with Special Functions 4.0 through 4.3.
(The TUNED RF LEVEL key defaults to Special Function 4.0.)

For signals that have significant residual FM, use the wide-band IF
filter and the IF average detector in the AM Demodulator (Average
Tuned RF Level). This filter and detector combination are
less-sensitive than the combination used to make Synchronous Tuned RF
Level measurements. Select the Average Tuned RF Level measurement
with Special-Functions 4.4 through 4.7.

Table 1-1, "Specifications,"
these two detectors.

lists the measurement sensitivity of

Special Function 4 also selects one of the three measurement
averaging times available to both Synchronous and Average Tuned RF
Level measurements.

MODULATION OUTPUT/AUDIO INPUT is blanked during tuned RF level
measurements.

Procedures

To make a tuned RF level measurement, first tune the instrument to
the frequency of interest. (Refer to RF Frequency Tuning.) Press
the S (shift) and TUNED RF LEVEL keys and wait for the measurement
value to be displayed. If RECAL or UNCAL is displayed, press the
CALIBRATE key. (Refer to Tuned RF Level Calibration and Calibration
Factors.)
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Model 8902A

PRINCIPLES OF OPERATION FOR SIMPLIFIED BLOCK DIAGRAM (Cont’d)

To enhance the accuracy of this low-level measurement, the operator
must first provide a high-level signal at the desired frequency.

(The range of acceptable levels depends on the type of Power Sensor
used.) The level is measured by both the Power Meter (which is as-
sumed to be the calibration standard) and the IF Synchronous Detec-
tor. From the two power measurements, the Controller computes a cal-
ibration factor, which corrects subsequent level measurements made at
the same frequency.

Another way of making a tuned RF level measurement is with the IF
Average Detector (accessed with Special Function 4), which is part of
the AM Demodulator. (Refer to "Tuned RF Level" in the Detailed
Operating Instructions of Section III in this Operating Information
manual.) Special Function Y4). Although somewhat less sensitive than
the IF Synchronous Detector, the IF Average Detector has a wider
bandwidth, which gives it the ability to make measurements on signals
with higher residual FM.

Audio. The modulation on the IF is demodulated by either the AM or
the FM Demodulator. Phase modulation is recovered by integrating the
demodulated FM in the Audio Filters and Gain Control circuitry.

The demodulated signal is amplified and filtered in the Audio Filters
and Gain Control circuitry. The filters are selected from the front
panel, and for FM, the filtering may also include de-emphasis. The
processed signal is passed to the front-panel MODULATION OUTPUT/AUDIO
INPUT connector and the voltmeter.

The audio signal from the Audio Filters and Gain Control is converted
to a dc voltage by the Audio Peak Detector or the Audio Average
Detector. The Audio Average Detector is used primarily for measuring
noise. The output from the detectors is routed into the Voltage-to-
Time Converter.

The Voltage-to-Time Converter within the voltmeter converts the dc
input into a time interval. During the interval, the 10 MHz Time
Base Reference is counted by the Counter, and the resultant count
represents the dc voltage. Other inputs to the voltneter, which are

not shown, include outputs from an audio level detector and the iaM
calibrator.

The Distortion Analyzer measures the distortion of either the inter-
nal demodulated signal or an audio signal applied externally to the
MODULATION OUTPUT/AUDIO INPUT connector. The frequency of the input
signal must be either 1 kHz or Y400 Hz. The distortion on the signal
is determined by measuring the amplitude of the signal before and
after a notch filter that is set to 1 kHz or 400 Hz. The two ac sig-
nals are converted to dc by a the Audio RMS Detector and then mea-
sured by the voltmeter. Distortion is computed as the ratio of the
voltage out of the notch filter to the voltage into the filter. (The
Audio RMS Detector can also be used to measure the demodulated AM,
FM, or ¢M internally or the ac level of an external audio signal ap-
Plied to the MODULATION OUTPUT/AUDIO INPUT connector.)
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Mocdel 8902A Operation

Tone Burst Receiver (Cont’d)
(Special Function 18)

Comments

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
oscillate at a frequency other than the nominal IF frequency. When
RF first enters the instrument, the IF frequency shifts sharply to

the nominal freqguency  This shif% aorsaztass an TM “ransient which
settles cut after a short periocd and thus is not apparent with longer
delays. With short delays the transients can be avoided by carefully
tuning the instrumen®t so that the IF frequency created when the
transmitier 1s Keysd i3 close to, tr o23ual S35 She TIF frajuency
inherent in the particular instrument’s cehavior

This function is best used when operating in remote mode since the
counting instrument connected to the output of MCDULATION
OUTPUT/AUDIO INPUT may need to acquire several sets of data in rapid
succession (when counting multiple tones, for example).

Ranges can be held for this function using the individual Special
Functions for each parameter instead of using the RANGE HOLD key.

Special Function code 18.0 provides a 99 ms delay.

Related Functions

Audio Range

FM

Range Hold

RF Frequency Tuning

RF Input Attenuation and Gain
Special Functions




General Information

Table 1-1.

Specifications (1 of 8)

Model 8902A

AMPLITUDE MODULATION

Rates:

20 Hz to 10 kHz, 150 kHz < f,

< 10 MHz.

20 Hz to 100 kHz, 10 MHz < f, < 1300 MHz.

Depth: to 99%

Accuracy1’2'3:

AM Accuracy Frequency Range Rates Depths

+2% of reading 150 kHz-10 MHz 50 Hz-10 kHz 5%-99%
+1 digit

+3% of reading 150 kHz-10 MHz 20 Hz-10 kHz to 99%
+1 digit

+1% of reading | 10 MHz-1300 MHz 50 Hz-50 kHz 5%-99%
+1 digit

+3% of reading 10 MHz-1300 MHz 20 Hz-100 kHz to 99%
+1 digit
For rms detector add +3% of reading

Flatnessu'5:
Flatness Frequency Range Rates Depths

+3% of reading | 10 MHz-1300 MHz 20%-80%

+1 digit

90 Hz-10 kHz

Demodulated Output Distortion:
<2.3% THD for <50% derth.
<0.6% THD for <95% depth.

FM Rejection (50 Hz to 3 kHz BW)Z:

FM Rejection Frequency Range Rates FM Deviations

<0.2% AM 250 kHz-10 MHz 400 Hz <5 kHzpeak
or 1 kHz

<0.2% AM 10 MHz-1300 MHz 400 Hz <50 kHzpeak
or 1 kHz

Residual AM (50 Hz to 3 kHz BW): <0.01%.,¢

1-14
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Operation Model 8902A

Tone Burst Receiver (Cont’d)
(Special Function 18)

Procedures

in order to successfully measure tone bursts, tune and range the
Measuring Receiver:

1. Select FM.

2. Select a detector, and if desired, filters and de-emphasis.

2. Kevy on the transmittar ard allow she Measuring Recsiver %£o range
and tune automatically.

4. Press the RANGE HOLD Xey to hold all ranges and tuning.

5 Select the time delay %o be inserted between the moment the
transmittar i1s keyad and when MCDULATICN JUTDPUT /AUDTD TNPUM o &
ce turned on. This delay becomes the Special Function suffix.
(If 18.0 SPCL is selected, the Measuring Receiver executes a 99
ms delay.)

6. Enter the Special Function code 18.NN where NN is the selected
delay in milliseconds, then press the SPCL key. (If 18.5 is
entered, a 5 ms delay is executed. For a 50 ms delay, enter
18.50.)

The Measuring Receiver is now set up to receive tone bursts. To exit

this mode, press any key except the Blue Key, S (shift), numeric, and
LOCAL keys.

Program Codes

The Special Function code suffix is derived from the time delay as
described in "Procedure".

SPCL = SP
Indications

Display: As the numeric code is entered, it appears on the front
panel display. When the SPCL key is pressed, 18.NN is
displayed (NN is the delay in milliseconds). If no RF is
at the RF INPUT connector, two dashes (--) are displayed.

Front Panel: The LED next to LISTEN in the upper, left portion of
the front panel lights.

The LED next to FM in the upper, right portion of the
front panel remains lighted signifying that demodulated
FM is available at the MODULATION OUTPUT/AUDIO INPUT.

The LEDs within the Measurement, Detector, and Display
keys are turned off. Note that if the PRE DISPLAY key
was selected, it is also turned off since FM is not
being displayed.

3-228




Model 8902A General Information

Table 1-1. Specifications (2 of 9)

Sin
FREQUENCY MODULATION
RatesG:
20 Hz to 10 kHz, 150 kHz ¢ f, < 10 MHz.
20 Hz to 200 kHz, 10 MHz ¢ f, < 1300 MHz.
DeviationsG:
40 kHz,q,y maximum, 150 kHz < f, < 10 MHz.
400 kHESZ ) maximum, 10 MHz < fa < 1300 MHz.
Accuracy1’2’6:
FM Accuracy Frequency Range Rates Deviations
+2% of reading 250 kHz-10 MHz 20 Hz-10 kHz <40 kHzpeak
+1 digit

+1% of reading 10 MHz~1300 MHz 50 Hz-100 kHz <400 kHzpeak
+1 digit

+5% of reading 10 MHz-1300 MHz 20 Hz-200 kHz <400 kHzpeak

& +1 digit

For rms detector add *3% of reading.

Demodulated Output Distortion®:7:

THD Frequency Range Rates Deviations
<0.1% 400 kHz-10 MHz 20 Hz-10 kHz <10 kHz
<0.1% 10 MHz-1300 MH=z 20 Hz-100 kHz <100 kHz

AM Rejection (50 Hz to 3 kHz BW)2:

AM Rejection Frequency Range Rates AM Depths
<20 Hz peak 150 kHz-1300 MHz 400 Hz or 1 kHz <50%
deviation
€’\ Residual FM (50 Hz to 3 kHz BW):

<8 Hz,no at 1300 MHz, decreasing linearly with frequency to
rme for 100 MHz and below.

<1 Hz
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Model 8902aA Operation

Tone Burst Receiver
(Special Function 18)

Description

In some FM applications (mobile radio, 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.
It is difficult to measure this frequency due to the audio noise
present in the demodulated signal that occurs in the short delay
Detwesn Tha Wavinz o7 Sha transmitiar and fha anmaavansa ~F

tones.

Lol o P=Y
P -
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ce

22235 the Measuring R var to be configured

: in3erts a user-selectable
delay between the instant %ne instrument senses an RF signal at its
RF INPUT and the time when it turns on the cutput of MODULATION
OUTPUT/AUDIO INPUT. Only the valid audio tone can reach the external
counter on a repeatable basis. The time delay is selectable from 1
through 99 milliseconds. The photo in the following figure

illustrates a 99 ms delay between transmitter keying (lower trace).

bl -
“ o
. s . .
= N - vy = - PR T -~ L R o < e >~
as 2 one TA03L Ieleliver, L3 b 27
+ -
19 i

ad

+0.55V
MODULATION
ouTPUT LIV
-0.55V
+0.5V
TRANSMITTER B LoV
KEYING PULSE FSB ] TP
] 05V

Oscilloscope Photo Depicting a 99 ms Delay Between
Transmitter Keying Pulse {Lower Trace) and
Activation of MODULATION OUTPUT/AUDIO INPUT -




General Information Model 8902A

Table 1-1. Specifications (3 of 9)

PHASE MODULATION ‘

Rates:
200 Hz to 10 kHz, 150 kHz < fo < 10 MHz.
200 H% to 20 kHz, 10 MHz < f, < 1300 MHz.
Accuracy©<:
*U4% of reading +1 digit, 150 kHz < fo < 10 MHz.
+3% of reading +1 digit, 10 MHz < fo < 1300 MHz.
For rms detector add +3% of reading.
Demodulated Output Distortion: <0.1% THB.
AM Rejection (for 50% AM at 1 kHz Rates)<:
<0.03 radians peak (50 Hz to 3 kHz BW).
Maximum Deviation, Resolution, and Maximum Demodulated Outpgt Sen-
sitivity Across an Open Circuit (600 ohms Output Impedance)-:

<
400 150 kHz<f <10 MHz
0.1 Radi
mn 200 Resoﬁmlgz
S 100 1+ 0.01 V/Radian
35 Output Sensitivity
& 40
~ 204 0.01 Radian
S Resolution
2 101 0.1 V/Radian
S Output Sensitivity
8 4.0
0.001 Radian
o 20+ Resolution
e + 1.0 V/Radi
g'c_ 1.0 Output /Seisitaur;ity
< 4
[0 1.0 V/miltirad
o 2+ Outpu{"ge‘r::n:ei?y \
A+ —t ‘ ;
100 200 T 400 1k 2k 4k 10k 20k
rms detactor only Modulaticn Rate (Hz)

0.0001 Radian
Resolution

MODULATION REFERENCE

AM Calibrator Depth and Accuracy:
33.33% depth nominal, internally calibrated to an accuracy of

+0.1%.

FM Calibrator Deviation and Accuracy:
34 kHz eak deviation nominal, internally calibrated to an ac- ' f
curacy of +0.1%. |
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Operation Model 8302aA

Time Base 10 MHz Input and
Time Base 10 MHz Output

CAUTION

Do not apply greater than 20V peak (ac + de) into
the TIME BASE 10 MHz INPUT or damage to the
instrument may result.

Do not apply greater than 3 Vdec or greater than +20
dBm into the TIME BASE 10 MHz QUTOUM ~n damaze %o
the instrument may result.

Description

TIME BASE 10 MHz INPUT provides an input for an external 10 MHz time
base reference. This input is ac coupled and requires an input

signal level greater than 0.5 Vp-p. The input impedance is
approximately 500 ohms.

TIME BASE 10 MHz OUTPUT (available only with the high stability
reference, Option 002) provides an output for the internal 10 MHz

reference. The output is a 50 ohm, TTL compatible output (0V to
greater than 2.2V into an open circuit).

Comments

An Option 002 (high stability reference) Measuring Receiver, that is
driven from an external reference, will only output the signal from
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 refarence.

When an external time base of sufficient amplitude is applied, the

Measuring Receiver 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 external time base to TIME BASE 10 MHz INPUT, then
switch the instrument’s POWER switch to STBY and back to ON.

To drive several instruments from a single external reference, simply
use a BNC tee at the Measuring Receiver’s TIME BASE 10 MHz INPUT.

To determine whether the Measuring Receiver has aétually switched in
the externally applied time base, key in 46.9 SPCL. The display
should show 1 000 000 +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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Model 8902A General Information

Table 1-1. Specifications (4 of 9)

(.

FREQUENCY COUNTER

Range: 150 kHz to 1300 MHz.
Sensitivity:
12 mVy,s (-25 dBm), 150 kHz < fc
22 mVyo,o (-20 dBm), 650 MHz < fc
Maximum Eesolution: 10 Hz
Accuracy: +*3 counts of least-significant digit + Reference
accuracy.

< 650 MHz.
< 1300 MHz.

INTERNAL TIME BASE REFERENCE

Frequency: 10 MHz
Aging Rate:
<1 x 10~%/month
<1 x 10"9/day (Option 002)8

RF POWER

The HP 8902A Measuring Receiver, with HP 11722A Sensor Module, per-
forms RF Power Measurements from -20 dBm (10 uW) to +30 dBm (1W) at
frequencies from 100 kHz to 2.6 GHz. The 8902A can be used with
any of the HP BUBO series power sensors (8UB1A/1B/1H/2A/2B/2H/3A/
UA/5A) to make power measurements from -70 dBm (10 pW) to +44 dBm
(25W) at frequencies from 100 kHz to 26.5 GHz. The 8480 series
sensors also work with the HP Y35A and HP U36A Power Meters. Un-
less otherwise specified, the specifications shown below refer to
the 8902A only. A detailed explanation of how the uncertainty
specifications provided below affect the absolute power measurement
accuracy of the 8902A is provided in Application Note 64-1.

RF Power Resolution9:
0.1% of full scale in watts or volts mode.
0.01 dB in dBm or dBhgyatiyve Mode.
Linearity (includes sensor non-linearity):
RF range linearity + RF range-to-range ESange error.
RF Range Linearity (using Recorder Output)i9:
+2.00 dB, FF Ranges :&-%.
+J.03 dB, EF Range 1.
Using front-panel display add +1 count of least-significant
digit.
RF Range-to-Range Change Error (using Recorder Output):
+0.02 dB/RF Range change from reference range. Using front-
panel display add *1 count of least-significant digit.
Input SWR: <1.15, using 11722A Sensor Module.
Zero Set (Digital Settability of Zero):
+0.07% of full scale on lowest range.
Decrease by a factor of 10 for each higher range.




Model 8902A Operation

Store/Recall (Cont’d)

RF level measurement, recalibration is unnecessary. (Refer to Tuned
RF Level.)

Related Functions

Instrument Preset
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General Information Model 8902A

Table 1-1. Specifications (5 of 9)

POWER REFERENCE

Power Output:
1.00 mW. Factory set to +0.7%, traceable to the U.S. National
Bureau of Standards.

Accuracy: +1.2% worst case (+0.9% rss) for one year (0°C to 55°C).

TUNED RF LEVEL

Power Range:
-127 dBm to O dBm, u51ng IF synchronous detector (200 Hz BW).
-100 dBm to 0 dBm, using IF average detector (30 kHz BW).
Frequency Range: ? MHz to 1300 MHz.
Displayed Resolution
4 digits in watts or volts mode.
0.01 dB in dBm or dBhgjative mMode.
Relative Measurement Accuracy ?%5 Constant Temperature and After RF
Range Calibration is Completed)
Detector Linearity + IF Range to -Range error + RF Range-to-Range
+ Frequency Drift Error + Noise Error * 1 digit.
Detector Linearity:
+0.01 dB, IF synchronous detector.
+0 02 dB, IF average detector.
IF Range -to-Range Error (see Tuned RF Level Range Plot)
+0.02 dB/IF Range change, IF Ranges 1 through 5. '
+0 05 dB/IF Range change, IF Ranges 6 and 7.
RF Range -to-Range Error:
+0.04 dB/RF Range change (tuned RF level only).
+0.06 dB/RF Range change, RF power to tuned RF level.
Frequency Drift Error:
+0.05 dB/kHz frequency drift from center of IF.
Noise Error:
+0.18 dB, using IF synchronous detector, and for levels <-120
dBm, or for levels <-110 dBm if Special Function 1.9 is
implemented
Input SWR:
<1.18, at 8902A RF Input, RF Range 1, 2. i
<1.40, at 8902A RF Input, RF Rangs =.
<1.33, at 11722A RF Input, RF Range i, 2.
<1.50, at 11722A RF Input, RF Range 3.
¢1.33, at 11722A RF Input, RF Range 3 with Special Function 1.9.




Operation Model 89024

Store/Recall

Description

The STORE key enables the Measuring Receiver to store a complete
instrument state (including all front-panel functions and most
Special Functions) in any of its eight storage registers. Any of
these stored states can then be re-initiated using the RECALL key.

Procedures

TV 3m N e -~ v o~ R - o ~ = p ST -7 -~ 3 -
L SLvee o cwlIeNo lOsLunent state, press tne 5lue Aey and tne

STORE (7) key. Then enter a register number (1-8).

ously-stored instrument state,
Noeae
A2y

Than arzar e anrnron
1
m Program Codes

RECALL = RC
STORE = TR

i
"y
D
09
}..A
7]
cr
L}
"3
")
=
=
o
@
]

WA OROHT T el

Indications

Display: When the Blue Key, STORE key, and storage register number
are pressed, the display blanks briefly. After each key is

pressed, the display returns to the measurement previously
selected.

After the RECALL key is pressed, the display blanks
briefly. A measurement is then made on the current input

signal with the instrument set to the state existing in the
selected storage register.

Front Panel: The STORE key does not affect the LEDs within the
front-panel keys.

When the RECALL key is pressed, the LEDs within the
appropriate keys light.

g Comments

Regarding storage of RF power calibration factors:
- The current reference calibration factor and the frequency/
calibration factor pair can be stored.
- Manual calibration factors can be stored.
-~ The table of calibration factors cannot be stored with this
function, but two tables of calibration factors can be sepa-

rately stored in the instrument’s non-volatile memory. (Refer
to RF Power Calibration Factors.)

If the input frequency has changed when a previously-stored state is
recalled, the Measuring Receiver will retune. If this recalled state
includes a tuned RF level measurement, the instrument must be
recalibrated. If frequency stays the same upon returning to a tuned

3-224
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Model 89024 General Information

Table 1-1. Specifications (6 of 9)

N

AUDIO FREQUENCY COUNTER

Frequency Range: 20 Hz to 250 kHz. (Usable to 600 kHz.)
Maximum External Input Voltage: 3Vems -

Accuracy (For Demodulated Signals)lu:

Accuracy Frequency Modulation (Peak)
*+3 counts of least-significant AM >10%
digit >1 kHz FM >1.0 kHz
+ Internal Reference Accuracy ¢6M >1.5 radians
+0.02 Hz AM >10%
* Internal Reference Accuracy <1 kHz FM >1.0 kHz
oM >1.5 radian
+0.2 Hz 1.5%2 < AM < 10%
+ Internal Reference Accuracy <3 kHz 0.15 kHz <FM <1.0 kHz
(3 kHz low- pass filter inserted) 0.15 radian <¢M < 1.5
radian
eﬂ Accuracy (For External Signals)lu:

*+3 counts of least-significant
digit >1 kHz 2100 mV, ¢
*+ Internal Reference

+0.02 Hz <1 kHz 2100 mV, ¢
* Internal Reference Accuracy

AUDIO DISTORTION

Fundamental Frequencies: 400 Hz *+ 5% and 1 kHz + 5%
Maximum External Input Voltage: 3V.
Display Range: 0.01% to 100.00% (-80.00 dB to 0.00 dB).
Displayed Resolution: 0.01% or 0.01 dB.
Accuracy: +1 dB of reading.
Sen51t1v1ty
Modulation:
0.15 kHz peak FM, 1.5% peak AM or 0.6 radian peak ¢M.
External: 100 mv,,
Residual Noise and Dlsgortlon15
0.3% (-50.4 dB), temperature <4o,C.




Model 8902A Operation

Special Functions (Cont’d)

Comments

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.) 1If
when entering a Special Function code, Error 21 (invalid key
sequence) is displayed, the Special Function requested has not been
executed.

In most cases, the user-selected Special Function suffix appears in
both the Special Cisplay and the Special Special Display. However,

3 T . =3 - : g } N - ~a 3 + K - s
Special Functisns 1.9 and 4.4 are user-seiected, automaticz-selection
= I F3ian jie - gy P : -1 2 i 31 @ P L
medes, and display a differenst surffix in the >recial Speclal Display.

Related Functions

Instrument Preset
Special Function Summary table (in "Description” of this instruction)
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General Information Model 8902A

Table 1-1. Specifications (7 of 9)

AUDIO RMS LEVEL

Frequency Range: 50 Hz to U0 kHz.
Voltage Range: 100 mV to 3V.
Accuracy: *4.0% of reading

AUDIO FILTERS

De-emphasis Filters: 25 us, 50 us, 75 us, and 750 us.
De-emphasis filters are single-pole, low-pass filters with 3 dB
frequencies of: 6366 Hz for 25 us, 3183 Hz for 50 us, 2122
Hz for 75 us, and 212 Hz for 750 us.
50 Hz High-Pass Filter (2 Pole):
Flatness: <1% at rates >200 Hz.
300 Hz High-Pass Filter (2 Pole):
Flatness: <«1% at rates >1 kHz.
3 kHz Low-Pass Filter (5 Pole):
Flatness: <1% at rates <1 kHz.
15 kHz Low-Pass Filter (5 Pole):
Flatness: <1% at rates <10 kHz.
>20 kHz Low-Pass Filter (9 Pole Besse1)16:
Flatness: <«1% at rates <10 kHz.

RF INPUT

Frequency Range: 150 kHz to 1300 MHz .
Operating Level:

Minimum Maximum Frequency
Operating Level Operating Level Range
12 mVyps (-25 dBm) 7 Vems (1W 150 kHz-650 MHz

)
Source SWEe?ﬁ

22 mV (-20 dBm) T Vore (AW oa1) 650 MHz-1300 MHz
rms rms pea
Source SWR <

GENERAL SPECIFICATIONS

Temperature: Operating: 0°C to 55°C.
Storage: -55°C to T75°C.
Remote Operation: HP-IB; all functions except the line switch are
remotely controllable.
HP-IB Compatibility: (Defined in IEEE 488-1978) SH1, AH1, T5, TEO,
L3, LEO, SR1, RL1, PPO, DC1, DT1, CO, El.
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: Operation Model 8902A

Special Functions (Cont’d)

¢
Procedures (cont’d)
This display is interpreted as follows:
Special Function
Actual Instrument Setting
Code Name
1.2 SF gt Attgnuation and Gan S 3B Auspuation
2.1 Audio Range 40% AM: 4 kHz FM: 4 radians oM
3.2 AF ana iF Fiiters 1.5 MHz iF Frequency; 2.5 MHz iF Bancwicth;
Narrow ~iter Cut AF High-Pass Filter Sut
4.2 Tuned RF Level Detector Selection tf Synchronous Detector with 1 Second
and Display Averaging Averaging Time
5.0 Audio Detector Response Fast Response
6.1 Automatic Level Control Fast Response
7.2 RF Frequency Resolution 100 Hz
8.8 Error Message Disable All Errors Enabled
9.2 IF Gain 10 dB IF Gain
10.1 RF Power Range Range #1 (

.

m Program Code

SPCL = SP

Indications

Entering Special Functions.

Display: As the numeric code is entered, it appears on the display.
When the SPCL key is pressed, the display shows the
measurement result or the information requested, or, if
none has been requested, the display returns to the
measurement previously selected.

Front Panel: Most Special Functions with a non-zero suffix will turn

on the LED within the SPCL key. (Refer to the Special

Function Summary for exceptions.)
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.

GENERAL SPECIFICATIONS (Cont’d)

FO
1

2
3

.

~N O UV

10

11

EMI: Conducted and radiated interference is within the require-
ments of methods CE03 and REO2 of MIL STD 461A (for inputs
<10 mW), VDE 0871 (Level B), and CISPR publication 11.

Conducted and Radiated Susceptibility: Meets the requirements of
methogg CS01, €S02, and RS03 (1 volt/meter) of MIL STD U461A dat-
ed 1968.

Power: 100, 120, 220, or 24OV (+5%, -10%); 48-66 Hz; 200 VA
maximum.

Weight: Net 23 kg. (52 1b.); Shipping 31.4 kg. (69 1b.).

Dimensions: 190 mm. H x 425 mm. W x 468 mm. D
(7.5" x 16.8" x 21.7").

HP System II Module Size: 7 H x 1 MW x 20 D.

OTNOTES

But not to exceed: 50 Hz to 40 kHz rates with rms detector for
stated accuracy.

Peak residuals must be accounted for in peak readines.

For peak measurements only; AM accuracy may be affected by distor-
tion generated by the Measuring Receiver. In the worst case this
distortion can decrease accuracy by 0.1% of reading for each 0.1%
of distortion.

Flatness is the variation in indicated AM depth for constant depth
on input signal.

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

But not to exceed: 20 kHz rates and 40 kHz peak deviations with
750 us de-emphasis filter.

With 750 us de-emphasis and pre-display "off", distortion is not
specified for modulation outputs >4V peak. This condition can
occur near maximum deviation for a measurement range, at rates

<2 kHz.

After 30-day warm-up.

The 8902A fundamental RF Power measurement units are watts. Fur-
ther internal processing is done on this number to display all
other units.

When using BLB8UA sensor, the noise specification may mask the
linearity specification and become the predominant error. When
operating on the top RF power range, add the Power Sensor Lineari-
ty percentages found in the power sensor specifications.

The 8902A fundamental Tuned RF Level measurement units are volts.
Further internal processing is done on this number to display all
other units.
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Special Functions (Cont’d)

Examples (cont’d)

This display is interpre

ted as follows:

Operation

Special Function
User-Requested Setting
Code ! Name
+0 3 RF mnput Attenuaticr ana Gain Autematic Selection
2.1 Aucio Range 40% AM; 4 «Hz FM, 4 radians oM
: 3.3 | AFarc.F s oers SUISMATC I2EChon (RF SGr-Fass Faar Jut)
4.2 i Tunea RF Levei Detector Setecuon if Syncnronous SCetector with i+ Second
and Display Averaging Averaging Time
5.0 Auaio Detector Response Fast Response
6.1 Automatic Level Control Fast Response
7.2 RF Frequency Resolution 100 Hz
8.8 Error Message Disable Ail Errors Enabled
9.2 IF Gain 10 dB IF Gain
10.0 RF Power Range Automatic Selection

Special Special Display.
display might result:

When SPCL is pressed again,
(The user-selected Special Functions shown in

the following

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.)

6 7 8 9 10

{=SUFFIXES)

{=PREFIXES)
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Table 1-1. Specifications (9 of 9)

TgOTNOTES (Cont’d)
Tuned RF Level accuracy will be affected by residual FM of the
source-under-test. If the residual FM,. is >50 Hz measured over
a 30 second period in a 3 kHz BW, Tuneg ﬁb Level measurements
should be made using the IF Average detector (30 kHz BW) by using
Special Function 4.4, The Tuned RF Level measurement sensitivity,
when using the IF Average detector, is -100 dBm.
13 1F Ranges 6 and 7 (see Tuned RF Level range plots) are only used
in automatic operation for Tuned RF Level measurements below ap- ;
proximately -110 dBm for the IF Synchronous detector, and below |
approximately -85 dBm for the IF Average detector. |
14 With the low-pass and high-pass audio filters used to stabilize ‘
frequency readings. i
15 For demodulated signals, the residual noise generated by the 8902A |
must be accounted for in distortion measurements (that is, “
residual AM, FM, or ¢M).
16 The >20 kHz low-pass filter is intended for minimum overshoot with
squarewave modulation.
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Operation Model 8902A

Special Functions (Cont’d)

Procedures

Entering Special Functicns. Toc use a Special Function, key in the
corresponding code, then press the SPCL key.

Special Display. To display the user—requested modes of Special

Functions prefixed 1 thrcough 10, press the SPCL kKey alone one time.
o

The digit position (noted hﬂneatn the N*aol“/\ corresponds o the

Special runcticn prerix, and the number displayed in tnat pecsition

corresponds to the Special Funct:an suffix.
Spe dat
f"

ial Special Disp ay m
ecial Fu ix

1 O

P rerflixa arcugh 12, zress the 3PCL Key a
once while the bpec1a Dlsplay is still active. (If the Special
Display described above is not in effect, press the SPCL key twice to
get this display.) The digit position correapondb to the Special
Function prefix, and the number displayed in that digit corresponds
to the Special Function suffix.

Examples

Entering Special Functions. To display the frequency of the signal
in the IF (Special Function 34):

PCODE * r FUNCTION ’
LOCAL

.

(keystrokes) 3 ot
" ip-15 2 34.0SP
{program codes) Code T Function

Viewing the Special Display. When SPCL is pressed alone once, the
following display might result:

0::” [ ”Z’” :[7 []:ﬂ [ :ﬂ []:0 :[] Ucﬂ (=SUFFIXES)
[N /A /A 1/ /A 1 [ A

1 2 3 4 5 6 1 8 9 10 {=PREFIXES)
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Table 1-2.

General Information

Supplemental Information (1 of 6)

AMPLITUDE MODULATION

Detectors:

sinewave calibrated), rms.
Maximum Depth, Resolution, and Maximum Demodulated Output Sin—
sitivity Across an Open Circuit (600 ohms Output Impedance)*:

+ peak, - peak, * peak/2, peak hold, average (rms

Maximum
Maximum Demodulated Output Depths
Resolution Sensitivity
0.1% 0.01 V/percent AMpeak 240.0%
0.01% 0.1 V/percent AMpeak <40.0%
0.001% 0.1 V/percent AMps <3.0%
(rms detector only)

FREQUENCY MODULATION

Maximum FM Deviation, Resolution, and Maximum Demodulated Outth
Sensitivity Across an Open Circuit (600 ohms Output Impedance)l:

Maximum
Maximum Demodulated Output Deviations ( A F)
Resolution Sensitivity
100 Hz 0.01 mV/Hz A Fpeak 240 kHz
10 Hz 0.1 mV/Hz 4.0 kHz <
AFpeak ¢ 40 kHz
1 Hz 1.0 mV/Hz ~3Fpeak <Y kHz
|
0.1 Hz 1.0 mV/Hz AF,rs<0.3 kHz
(rms detector only)
L. _

Resolution is increased one di

display on.

git with 750 us de-emphasis and pre-
The demodulated output signal present at the MODULA-

TION OUTPUT/AUDIO INPUT connector is increased in amplitude by a
factor of 10 with 750 us de-emphasis.
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General Information Model 8902A

Table 1-2. Supplemental Information (2 of 6)

FREQUENCY MODULATION (Cont’d)

Demodulated Output Distortion:

THD Frequency Range Rates Deviations

<0.3% 150 kHz-400 kHz 20 Hz-10 kH=z <10 kHz

Detectors: +peak, -peak, +peak/2, peak hold, average (rms
sinewave calibrated), rms.
Stereo Separation (50 Hz to 15 kHz): »>47 dB.

PHASE MODULATION

Modulation Rates: wusable from 20 Hz to 100 kHz with degraded
performance.

Detectors: +peak, -peak, +peak/2, peak hold, average (rms
sinewave calibrated), rms.

MODULATION REFERENCE

Carrier Frequency: 10.1 MHz
Modulation Rate: 10 kHz (
Output Level: -25 dBm

FREQUENCY COUNTER

Modes: Frequency and Frequency Error (displays the difference
between the frequency entered via the keyboard and the actual RF
input frequency).

Sensitivity in Manual Tuning Mode: Approximate frequency must be
entered from keyboard. 0.22 mV,.. (-60 dBm).

Using the RF amplifier and the EB amplifiers, sensitivity can be
increased to approximately -100 dBm.
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Model 8902A General Information

Table 1-2. Supplemental Information (3 of 6)

INTERNAL TIME BASE REFERENCE

Internal Reference Accuracy: Overall accuracy is a function of
time-base calibration * aging rate * temperature effects + line
voltage effects + short-term stability.

Standard Option 002
Aging Rate <1 x 10“6/mo. <1l x 10’9/day
Temperature Effects <2 x 10°T/0¢ <2 x 10710/0¢

Line Voltage Effects 6
(+5%, -10% Line <1 x 10~ <6 x 10-10
Voltage Change)

Short Term Stability ——- <1 x 1079 for
ls average

RF POWER

Zero Drift of Meter:
+0.03% of full scale/°C on lowest range.
Decrease by a factor of 10 for each higher range.
Noise (at Constant Temperature, Peak Change Over Any One-Minute
Interval For the 11722A Sensor Module and 8481A/1B/1H/2A/2B/2H/3A/
H5A Sensors):
0.4% of full scale on range 1 (lowest range).
0.13% of full scale on range 2.
0.013% of full scale on range 3.
0.0013% of full scale on range 4.
0.00013% of full scale on range 5.
For HP BUBUA Senscr multiply ncise by five on all ranges.
Zero Drift of Sensors (1 hour, at constant temperature after
24-hour warm-up):
+0.1% of full scale on lowest range for 11722A Sensor Module and
8481A/1B/1H/2A/2B/2H/3A/5A sensors.
+2.0% of full scale on lowest range for B8UBUA sensor. Decrease
by a factor of 10 for each higher range.

ﬁFdPgwer Ranges of 8902A Measuring Receiver with 11722A Sensor
odule:

-20 dBm to -10 dBm (10 uW to 100 uW), Range 1.

-10 dBm to +0 dBm (100 uW to 1 mW), Range 2.

*0 dBm to +10 dBm (1 mW to 10 mW), Range 3.

*10 dBm to +20 dBm (10 mW to 100 mW), Range U.

+20 dBm to +30 dBm (100 mW to 1W), Range 5.
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General Information Model 8902A

Table 1-2. Supplemental Information (U of 6)

RF POWER (Cont’d)

Response Time (0 to 99% of Reading):
<10 seconds, Range 1.
<1 second, Range 2.
<100 milliseconds, Range 3-5.
Displayed Units:
watts, dBm, dBn.jative: %relative’ volts, mV, uV, dB V, dB mV,
dB uVv.
Internal Non-Volatile Cal Factor Tables (User Modifiable using Spe-
cial Functions):
Maximum number of Cal Factor/Frequency entries:
Table #1 (Primary): 16 pairs plus Reference Cal Factor;
Table #2 (Frequency Offset): 22 pairs plus Reference Cal
Factor.
Maximum Allowed Frequency Entry: 42 GHz.
Frequency Entry Resolution: 50 kHz.
Cal Factor Range: 40 to 120%.
Cal Factor Resolution: 0.1%.

POWER REFERENCE

Frequency: 50 MHz nominal.
SWR: 1.05 nominal.
Front-Panel Connector: Type-N female. (

TUNED RF LEVEL

e ;

@ 0] 11-737 I l WATAYAVE ;
R e e §

fo o 1//////7 ;
[ r )| I ]—T—A y ;
l a*/ /s ‘/s 'f;/;J
‘ A e T e e e e §
Tuned RF Level Ranges Tuned RF Level Ranges i

(IF Synchronous Detector) (IF Average Detector) ;

Special Function 1.9 reduces Tuned RF Level minimum sensitivity by
10 dB and shifts RF Range 3 up by 10 dB.
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Model 89024 General Information

Table 1-2. Supplemental Information (5 of 6)

TUNED RF LEVEL (Cont’d)
Absolute Level Measurement Accuracy at Low Levels (at Constant Tem-
perature and After RF Range Calibration is Completed)zz
Absolute Level Measurement Accuracy is a function of the RF
Power and Tuned RF Level measurement accuracy. Product Note
8902A-1 explains how both of these measurements affect abso-
lute level measurement accuracy. For a source with an out-
put SWR of 1.7 and level of -110 dBm the typical absolute
level measurement accuracy is 0.46 dB rss and 1.02 dB worst
case.
IF Frequency: 455 kHz.
Aquisition Time:
<} seconds, >-110 dBm.
<10 seconds, >-127 dBm.
Response Time (Responding to Changes in Level of an Acquired
Signal):
<2 seconds, >-110 dBm.
<5 seconds, >-127 dBm.
Displayed Units:
g;tzé, dBm, dBreiativer %#relativer Volts, mV, uV, dB V, dB mV,

AUDIO FREQUENCY COUNTER

Displayed Resolution: 6 digits

Measurement Rate: 2 readings/s.

Counting Technique: Reciprocal with internal 10 MHz time base.
Audio Input Impedance: 100 kohms nominal.

AUDIO DISTORTION

Measurement 3 dB Bandwidth: 20 Hz to 50 kHz.
Detection: True rms.

Measurement Rate: 1 reading/s.

Audio Input Impedance: 100 kohms nominal.

AUDIO RMS LEVEL

Full Range Display: 0.3000V, 4.000V.

AC Converter: True-rms responding for signals with crest factor <3.
Measurement Rate: 2 readings/s.

Audio Input Impedance: 100 kohms nominal.

AUDIO FILTERS

De-Emphasis Filter Time Constant Accuracy: +3%.

High-Pass and Low-Pass Filter 3 dB Frequency Accuracy: +3%.

>20 kHz Low-Pass Filter: 3 dB Cutgff Frequency: 100 kHz nominal.
Overshoot on Squarewave Modulation3: <1%.
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General Information Model 8902A

Table 1-2. Supplemental Information (6 of 6)

RF INPUT

Tuning:
Normal Mode: Automatic and Manual frequency entry.
Track Mode: Automatic and Manual frequency entry, fc 210 MH=z.
Acquisition Time (Automatic Operation): ~1.5s.

Input Impedance: 50 ohms nominal.

Maximum Safe DC Input Level: 5V,

8902A REAR-PANEL INPUTS/OUTPUTS

FM Output: 10 kohm impedance, -9V to 6V into an open circuit:
approximately 6V/MHz, dc-coupled, 16 kHz bandwidth (one pole).

AM Output: 10 kohm impedance, -4V to 0V into an open circuit:
approximately 8 mV/%, dc coupled, 16 kHz bandwidth (one pole).

Recorder Output: DC voltage proportional to the measured results,
1 kohm impedance, 0V to 4V for each resolution range into an open
circuit.

IF Output: 50 ohm impedance, 150 kHz to 2.5 MHz, -27 dBm to -3 dBm.

10 MHz Reference Output: 50 ohm impedance, TTL levels (OV to »2,2v
into an open circuit), available only with Option 002, 1 x 10"9/day
internal reference, oHtputs internal reference only.

10 MH; Refgrence Input: >500 ohm impedance, 0.5 Vpeak—to—peak
minimum input level.

LO Input (Option 003): 50 ohm impedance, approximately 1.27 MHz to
1301.5 MHz, 0 dBm.

RF Switch Remote Control Output: Provides output signals necessary

to remotely control either an HP 33311B Option 011 or an HP 8761A RF

Switch.

Frequency Offset Mode Remote Control Output: TTL high output if in

frequency offset mode (Special Function 27.1 or 27.3) with an exter-

nal LO frequency >0, TTL low output for all other cases.

FOOTNOTES

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

2 Tuned RF Level accuracy will be affected by residual FM of the
scurce-under-test. If the recidual FMﬁsaE is >50 Hz measured over a
e

3 The >20 kHz low-pass filter is intended for minimum overshoot with
squarewave modulation.

4 External reference accuracy affects accuracy of all measurements.
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Model 8902A

Table 1-3.

General Information

Recommended Test Equipment (1 of 4)

Instrument
Type

Critical Specifications

Suggested
Model

Use*

AM/FM
Test
Source

Carrier Frequency: within range 10 to
1300 MHz

Output Level: >-20 dBm

FM Deviation: 400 kHz peak maximum

FM Distortion: <-72 dB at 12.5 MHz
carrier with 12.5 kH~ 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% to 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 deviation 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
<9526 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
<999% AM

HP 11715A

P,A,T

Attenuator
6 dB

Frequency Range: 0.15 to 1300 MHz
SWR Maximum: 1.2
Attenuation Accuracvy: 0.4 73

HP 8491A
opt. 006

Audio
Analyzer

Fundamental Frequency Range: 20 Hz to
100 kHz

Distortion Range: -70 dB minimum

Distortion Accuracy: +2 dB

Low-Pass Filters: 30 and 80 kHz

Oscillator Level: 3V maximum into 600 ohm

Oscillator Distortion: <-70 dB

Oscillator Frequency Accuracy: +2%

HP 8903A

P,A,T

¥*C=Operator's Checks; P=Performance Tests; A=Adjustments; T=Troubleshooting
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General Information Model 8902A

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

Instrument Suggested

Type Critical Specifications Model *Use
Audio Frequency Range: 20 Hz to 400 kHz HP 3325A P,A,T
Synthe- Output Level: +16 dBm (50 ohms) maximum

sizer Frequency Accuracy: +0.1%

Level Flatness: +0.015 dB from 90 Hz to
10 kHz; 0.3 dB from 50 Hz to 100 kHz;
+0.07 dB from 20 Hz to 200 kHz
Distortion: <-50 dB from 20 Hz to 200 kHz

Bandpass Needed if using the HP 8640B Opt. 002 HP 11697A,C P
Filters Signal Generator
Computing HP-IB compatibility as defined by IEEE HP 9825A/ C,p,T
Controller Std 488 and the identical ANSI Std MC1.1: 98034A/98213A
SH1, AH1, T2, TEO, L2, LEo, SRO, PPo, HP 9835A/
DCO, DTO0, and Cl, 2, 3, 4, 5. 98034A/983324A
Digital DC Range: 0 to 50v HP 3455A AT
Multimeter | DC Accuracy: +0.01% at 1V (
AC Range: 0 to 100V

AC Accuracy: *0.01% at 2V and 2 kHz
Ohms Range: 0 to | M ohms
Ohms Accuracy: 1%

Frequency Accuracy: *0.1 ppm recommended House A
Standard Standard

Oscillo- Bandwidth: less than 3 dB down 0 to HP 1740A CAT
scope 100 MHz

Sensitivity: 5 my per division minimum j
Input Impedance: 10 M ohms and 50 ohms ;
Triggering: Extemal and Intemal 4

Power Frequency Range: 150 kHz to 1300 MHz HP 435A/8482A] P |
Meter/ Impedance: 50 ohms or
Power Instrumentation Accuracy: +1% HP 436A/84824] |
Sensor SWR: <1.1 5

*C=Operator's Checks; P=Performance Tests; A=Adjustments; T=Troubleshooting
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Model 8902A General Information
Table 1-3. Recommended Test Equipment (3 of 4)
Instrument Suggested
Type Critical Specifications Model *Use
Power Power Range: 1 mV HP 432A
Meter Frequency Range: 50 MHz HP 478A
SWR: 1.05 opt. H75
or Accuracy: +0.5% (NBS calibrated)
P,A
Power Power Output: 1.00 mW. Factory set to HP 435A
Reference +0.7% (NBS calitrated) opt. K05
Accuracy: +1.2% worst case
(+0.9% rss) for one year
(0 degrees C to 50 degrees C)
Power Frequency Range: 150 kHz to 1300 MHz HP 11667A P,A,T
Splitter Impedance: 50 ohms
SWR: <1.1
Tracking: <0.25 dB
Power Output Range: 0 to 25 Vdc HP 6215A T
Supply
Range Calibration Functions: outputs corre- HP 11683A P,A
Calibrator sponding to power displays of 10 and
100 uW; 1, 10, and 100 mW.
Calibration Uncertainty: +0.25% in all
ranges
RF Frequency Range: 0 to 2 GHz HP 8559A/182T{ A,T
Spectrum Input Level: +10 dBm maximum
Analyzer Display Range: 60 dB
Sensor Compatibie with HP $402A HP 11722A P,AT
Module Input SWR:
<1.3, at RF Input, RF Range 1, 2
<1.5, at RF Input, RF Range 3
<1.3, at RF Input, RF Range 3 with
Measuring Receiver's Special
Function 1.9
Service No substitution recommended. HP T
Accessory 08901-60089

¥C=Operator's Checks; P=Pciformance Tests; A=Adjustments; T=Troubleshooting
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General Information Model 8902A

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

Instrument Suggested

Type Critical Specifications Model *Use
Signal Frequency Range: 0.5 to 1100 MHz HP 8640B C,P,A
Generator Output Level: +19 dBm maximum to 500 MHZ; opt. 601/002 T

+13 dBm maximum to 1100 MHz
Output Level Accuracy: +1 dB
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%

Signature Extemal Count Range: to 15 MHz HP 5004A T
Analyzer Because the signatures documented are

unique to a given signature analyzer,
no substitution ig recommended.

SWR Frequency Range: 150 kHz to 1300 MHz Wiltron 60N50 P
Bridge Impedance: 50 ohms
Directivity: >40 4B (

Connectors: Type N

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

Table 1-4, Recommended Test Accessories

—

Accessory Type* Recommended Part

Adapter (Type N Male to BNC Female connectors) HP 1250.0067
Capacitor, 620 pF ! HE 0160 3034
IC Extender Clip, 16 Pin HP 14000734
Resistor, 9090 17, 14w ‘ HP 0757-0422
Resistor, 12100 17, 1/74W HP 07570274
Resistor, 21500 1% 1/4W HP 0698-0084
Resistor, 4640¢) 1% 1/74W HP 0698-3155
Tee (Coaxial, BNC, one Male and two Female connectors) HP 1250.0781
500 Load (Male, BNC, coaxial) HP 1250.0207

1-32
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Operation Model 8902A

Special Functions (Cont’d)

Description (cont’d)

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. Both displays
can be disabled by pressing any key except the Blue Key, LOCAL, or S
(shift) keys. (While either display is active, pressing the SPCL key
selects the other display.)

A summary of User Special Functions is provided in the nine-page

table in this instruction. Also included in this instruction are
prccedures for using Special Functicns and for obtaining the Special
Dispiay and the Special Speczial Display.

3-210
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Model 8902A Installation

SECTION II
INSTALLATION

2-1. INTRODUCTION

This section provides the information needed to install the Measuring
Receiver. Included is information pertinent to initial inspection,
power requirements, line voltage selection, power cables, intercon-
nection, 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.

2-2. INITIAL INSPECTION

To avoid hazardous electrical shock, do not per-
form electrical tests when there are signs of
shipping damage to any portion of the outer en-
closure (covers, panels, meters).

Inspect the shipping container for damage. If the shipping container
or cushioning material is damaged, it should be kept until the con-
tents of the shipment have been checked for completeness and the in-
strument has been checked mechanically and electrically. The con-
tents of the shipment should be as shown in Figure 1-1. Procedures
for checking electrical performance are given in Section IV. 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

2-4. Power Requirements

To avoid the possibility of hazardous electrical
shock, do not operate this instrument at line
voltages greater than 126.5 Vac with line
frequencies greater than 66 Hz. Leakage cur-
rents at these line settings may exceed 3.5 mA.




Model 8902A Operation

Special Functions

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. Technicians can
gain arbitrary control of %the instrument as an aid in
troubleshooting.

Speclal Functions are accessed via keyhoard entry of the appropriate
numeric code terminated by the SPCL key. (Refer to "Procedures".)
The codes comprise a prefix, decimal, and suffix. Special Functions
are I11satlzd In diffzrent ways, d2zending cn The functizn.  Refer to
tne oilowing comprenensive table for actions which clear or disable
any Special Function. Special Functions are grouped by their
prefixes into three categcries as follows:

Prefix O

Prefix 0 is the Direct Control Special Function intended for use in
servicing the Measuring Receiver (discussed in detail in Section
VIII). All instrument error messages and safeguards 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 U0 to 99 are the Service Special Functions used to assist in
troubleshooting an instrument fault (discussed in detail in Section
VIII). 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.

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 (following no numeric entry). This display is called
the Special Display. If some of these Special Functions are in
automatic modes (generally the 0-suffix setting), the actual

3-209
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Power Requirements (Cont’q) (
The Measuring Receiver requires a power Source of 100, 120, 220, or

240 Vac, +5% to -10%, 48 to 66 Hx single phase. Option 004 also

operates from Y48 to 440 Hz single phase (120 vac, +5% to -10% only).

Power consumption is 200 VA maximum.

WARNING '

This is a Safety Class I product (i.e., Provided
with a protective €arth terminal). An unintep-

from the main bower source to the product inpyt
Wiring terminals, power cord, or Supplied power
cord set. Whenevep it is likely that the pro-
tection has been impaired, the product must pe
made inoperative and be secured against any
unintended operation.

2-5. Line Voltage ang Fuse Selection Zﬁ&

7 CAUﬂONz (

BEFORE PLUGGING THIS INSTRUMENT into the Mains

(line) voltage, be sure the correct voltage and
fuse have been selected.

Verify that the 1line voltage selection cord and the fuse are matched

to the power Source. Refer to Figure 2-1, Line Voltage angd Fuse i
Selection. ‘

Fuses may be ordered under HP part numbers 2110—0083, 2.5A (250v nor-
mal blow) for 115 vac Ooperation and 2110—0043, 1.5A (250v normal

2-6. Power Cables

BEFORE CONNECTING THIS INSTRUMENT, the protec-

tive earth terminals or this instrument must be

connected to the protective conductor of the

(Mains) power cord. The Mains plug shall only

be inserted in a socket outlet provideg with a

brotective earth contact. The protective action ‘
must not be negated by the use of an extension

cord (power cable) without a protective conduc-

tor (grounding).
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Operation Model 8902A

SINAD (Cont’d)
(Special Function 29.0)

m Program Codes

AUDIO INPUT = A1l
MODULATION OUTPUT = AQ
1 kHz DISTN = D5

400 Hz DISTN = D6

LIN results LN

T A/ ,,‘*..'-:

0 ) - T A L —a

o

Indicaticns

Display: As the numeric code is entered, it appears on the display.
When the SPrL ¥ey 1s pressed, the STINAD value 1is displayed
along with the % or dB annunciator. The 1 kHz or 400 Hz
annunciator is also displayed.

Front Panel: The LED within the SPCL key lights. The LED next to
RMS lights. Al1l measurement keys are turned off.

If FILTER or DE-EMPHASIS keys have been selected, the
LEDs within these keys remain on. They are turned off
if AUDIO INPUT is selected.

When AUDIO INPUT is selected, the LED within the key
- lights and the LEDs under MODULATION OUTPUT are turned

off. TIf AUDIO INPUT is not selected or is turned off,

the appropriate LED under MODULATION OUTPUT lights.

Related Functions

Audio Distortion and Level
Audio Frequency
Special Functions
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Power Cables (Cont’d)
This instrument is equipped with a three-wire power cable. When con-

nected to an appropriate 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 Table 2-1
for the part numbers of the power cables available.

SELECTION OF OPERATING VOLTAGE

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 firly into the slot.

WARNING

To avoid the possibility of hazardous electrical
shock  do not operale this instrument at line

voltages greater than 126.5 Vac with line Jre- 3. Rotate the Fuse Pull lever to its normal position. Insert
quencies greater than 66 Hz (leakage currents a fuse of the correct value in the holder. Cose the
at these line settings mayv exceed 3.5 mAj. cover door.

Figure 2-1. Line Voltage and Fuse Selecticn

2-7. HP-IB Address Selection LRLP

This task should be performed only by service

trained persons who are aware of the potential
shock hazard of working on an instrument with

protective covers removed.

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

2-3
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SINAD
(Special Function 29.0)

Description

Special Function 29.0 enables the Measuring Receiver to make SINAD
(SIgnal to Noise And Distortion) measurements that help determine the
sensitivity of receivers. SINAD measurements are made identically to
audio distortion measurements; but the result is calculated
differently. .

SINAD measurements can te made at frequencies of either 1 kHz or 400
Hz using the 1 kHz DISTN or 400 Hz DISTN Keys (respectively).
SINAD zan L2 me Ped onozxTernal audlc signals using the AUDIC INPUT

b

Key when the input signal is applied to MODULATION OUTPUT/AUDIO
INPUT. When the AUDIO INPUT key is not selected, the Measuring
Receiver makes the measurement on the audio signal that is
demodulated from the signal at the RF INPUT connector.

If AUDIO INFUT is not selected, the output available at MODULATION
OUTPUT/AUDIC INPUT is not affected by this measurement.

Procedures

To make a SINAD measurement, first set the audio frequency under test
to 400 Hz or 1 kHz.

Either external audio signals or internally demodulated signals can
be measured.

To measure an external audio signal:

- Connect the signal to MODULATION OUTPUT/AUDIO INPUT.

- Press the AUDIO INPUT key on the front panel of the Measuring
Receiver.

To measure an internally demodulated audio signal:

- Connect the frequency to be measured to RF INPUT.

- To change the bandwidth of the audio signal, press the
appropriate filter keys. (Refer to Audio Filters.)

Select AM or FM as appropriate.

Key in 29.0 SPCL.

If the frequency-under-test is 400 Hz, press the Blue Key and 400 Hz
DISTN (PEAK-) key. If the frequency-under-test is 1 kHz, no keys are
pressed since the instrument defaults to this frequency.

Press the LOG/LIN key to display the result logarithmically.

If SINAD measurements are to be displayed relative to a refe;ence,

enter the value as a ratio reference using the RATIO key. (Refer to
Ratio.)
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Table 2-1. AC Power Cables Availabie (
Cahle c Ply Cable
g Cable For Use
Plug Type HP Part P Length
Number D Description (inches) Color In Country
250v 8120-135] 0 Straight*BS1363A 90 Mint Gray United Kingdom.
8120-1703 | 6 90° 90 Mint Gray Cvprus. Nigeriy.
e ] Rhodesia,
Singapore
LN
0O g
— ]
250V 8120-1369 [0 Straight *NZSS198/ASC] 12 79 Gray Austrailia,
81200696 | 4| o99° - 87 Gray New Zealand
ﬁxg
250v 8120-1689 | 7 Straight*CEE7-Y] | 79 Mint Gray East and West
w 8120-1692 | 2| 9g° 79 Mint Gray | Europe. Saud;
Arabia, Egypt
So. Africa. India
(unpolarized in
= many nations)
8120-1378 |5 Straight *NEMAS-1 5P 80 Black United States.
8120-1398 | 5 90° 80 Black Canady,
8120-1754 | 7 Straicht*NEMAS.] 5p 36 Black Japan (100V or ]
81201378 11 | Straicht*NEMAS.] 5p 80 Jade Gray | 200v), {
8120-1521 |6 | op° 80 Jade Gray Mexico.,
8120-1676 |2 Straight*NEMAS-1 5P 36 Jade Gray Philippines,
Taiwan
250v 8120-2104 |3 Straight*SEV10] ] 79 Gray Switzerland
1959.24507
Tvpe 12
-
250v 81200698 6 Straight*NEMA(.1 5P j United States,
£ Canada
I
LoL
80 0O
220 &120-1057 |2 Straight*DHCK 107 Denmark
— 8120-295¢6 3 90~
£
g O
N L
|~ u
250 v 8120-1860 | 6 Straight *CEE22.V] :
(Systems Cabinet i
use) ;

*Part number shown for plug is industry identifier for plug only. Number shown for cable is HP Parq Number for
complete cable including plug.
E = Earth Ground: L = Line; N = Neutral
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Service Request Conditon (Cont’q)
(Special Function 22)

Comments

For more information on the HP-IB operation, serial polling, and the
Status Byte message, refer to the discussion, "HP-IB Operation” that
appears earlier in Section IIT of this manual.

~= S=LP235 Speclal Function provides a convenient means to
determine, at any time, whether a Require Service message is bein
issued by the Measuring Receiver,

The HP-T2 134.

LS

Related Functions

HP-IB Address

HP-IB Operation (appears earlier in Section III)
Frequency oOffset Control

Limit

RF Power

Tuned RF Level
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HP-IB Address Selection (Cont’d) m

In the Measuring Receiver, the HP-IB talk and listen addresses are
selectable by an internal switch (Figure 2-2). The following pro-
cedure explains setting of the switches. Refer to Table 2-2 for a
listing of the talk and listen addresses. The address is 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 HF-IB
address, the top cover of the Measuring Receiver must be removed.

1. Disconnect the line (Mains) power cable.

2. Remove any HP-IB cables or connectors from the HP-IB
connector.

3. Remove the Measuring Receiver’s top cover.

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.

4. Locate the HP-IB address switch on the Al14 Remote Interface
Assembly near the front right of the instrument. The A1llYd
assembly may be recognized as having one brown and one yellow
printed circuit board extractor.

Figure 2-2. The HP-IB Address Switch Shown as Set by the
Factory. The Address Shown is 01110 in Binary
With Both Talk Only and Listen Only Off
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Service Request Condition (Cont’d)
(Special Function 22)

Example

To set the Measuring Receiver to send a Require Service message for
all conditions, first compute the Special Function suffix by summing
all the weights.

m Program Codes

Compute the Special Function code as described in "Procedure”.

SPCL = SP

Indications

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 SRQ control line on the HP-IB is set true. For reference,
the Measuring Receiver’s status byte is listed in the following

table:

MSB LSB

Bit 8 7 6 5 4 3 2 1

Weight 128 64 32 16 8 4 2 1

Frequency
SRQ - HP-IB
Condition 0 Mask |Recalibrate| Offset Limit instrument |~ 46 Data
(always) Set Mode Exceeded Error Error Ready
Change

Measuring Receiver’s Status Byte
Display: As the numeric code is entered, it appears on the display.
When the SPCL key is pressed, the display returns to show
the measurement previocusly selected.

The SRQ LED next to the LOCAL key lights when a service
request message is sent.

Front Panel: Special Function 22 has no effect on the SPCL key
] b light. °

3-205




SIGNAL GROUND

PIO TWISTED PAIR WITH 1]

PO TWISTED PAIR WITH 10

SHOULD BE GROUNDED | /0 Twi STED pA(R WITH 9
gEAgTLEE’m?‘;ET 'O‘gN PIO TWISTED PAIR WiTH 8
TWISTED PAIR PIO TWISTED PAIR WITH 7

PIO TWISTED PAIR WiTH 6

SHIELD =—— CONNECT TO
FARTH

ATN GROUND
SRQ

REN 30]]
Dio g Dioa
Dio7 DI03

D106
DIOs

150 METRIC

THREAD M3.5x 0, 6 24-PIN MICRO-RIBBON

(SERIES 57 CONNECTOR

Logic Levels
The Hewlett-Packard Interface Bus Logic Levelg are TTL compatible,

Le, the trye (1) State is 0.0 Vdc to +0 4 Vdc and the falge () state ig
+2.5 Vde to +5.0 Vde.

Programming and Output Data Format
Refer to Section II1, Operation.

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

Mating Cables Available
HP 10833A, 1 metre (3.3 fty: HP 10833B. 2 metres (6.6 f1);
HP 10833C, 4 metres (13.2 11): HP 10833D, 0.5 metres (1.6 f1),

Cabling Restrictions
1. A Hewlett-Packard Interface Busg system may contain ne 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 metreg (65.6 ft).

Model 89024
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Service Request Condition
(Special Function 22)

Description

Various circumstances cause the Measuring Receiver to issue a Require
Service message. (An HP-IB code error is one circumstance that
causes a Require Service message.)

Using the keyboard and the SPCL Key, the orerator
more conditions to cause tne Require Ser
The occurrance of an enabled condition s
corresponding to the condition and bit 7
Byte.

h
vice message to be
2ts both the bit

RQS bit) in the Status

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 1s received and executed by the Measuring Receiver, or
a Controller Reset or Controller Clear Service Special Function is
performed. The enabled Service Request conditions are always
disabled again whenever a Clear message 1is received and executed by
the Measuring Receiver or whenever a Controller Reset or Controller
Clear Service Special Function is performed.

Procedure

To enable one or more conditions to cause the Measuring Receiver to
issue a Require Service message, sum the weights of the conditions to
be enabled (from the following table). This sum becomes the code
suffix of Special Function 22. Enter the Special Function code
(prefix, decimal, and suffix) via 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

Limit Exceeded 8
Frequency Offset Mode Change 16
Recalibrate 32
SRQ Mask Set 64
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02A Installation

dress Selection (Cont ’d)m

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 2-2. Facing the board, the
left hand switch (marked with a "5") is the most significant
address bit (A5 in Table 2-2). Setting a switch toward the
printed circuit board places it in its "1" position. If the
TON and LON switches are both set to “1", the Talk Only set-
ting will override. If the address switches and the TON
switch are all set to "1", the Measuring Receiver will output
one byte (the status byte) each measurement cycle. (Setting
all switches to "1" defeats HP-IB operation.)

6. Reinstall the top cover by reversing the procedure in pre-
vious step 3.
7. Connect the line (Mains) power cable to the Line Power Module
and reconnect the HP-IB cable to the HP-IB connector.
; 8. To confirm the setting, refer to "HP-IB Address" in the
Detailed Operating Instructions in Section IIT of this
l manual.
| QZE) ravle 2-2. Allowable HP-IB Address Codes
| i
Address Swtiches Talk Listen Decimal Address Switches Talk Listen Decimal
Address | Address Equivalent Address | Address Equivalent
A5 | A4 | A3 [ A2 | A1 | Character | Character A5 | A4 | A3 | A2 | A1 |Characler | Character
0joloclo|o @ SP 0 1]0f{0|0(oO P 0] 16
ofofo]o|1 A ! 1 1({ofojo |1 Q 1 17
ojofol1{0 B 2 110]0f(110 R 2 18
0Ojofo|1]1 C # 3 1T10(071]1 S 3 19
0O(cf[t1]01}o0 D $ 4 110(1]0]0 T 4 20
0O(of11]10]1 E % 5 110f(1{0]1 U 5 21
ojo01t111140 F & 6 110f(1]11]0 \Y 6 22
! Cl1o11 (111 G ' 7 1T]0(1]1]1 w 7 23
ojt1]o0jolo H { 8 1{1fo0]o]o X 8 24
: Oj1|ojo|1 ! ) 9 t{1]ofo]1 Y 9 25
; oJ1J]0)11]o0 J : 10 t{t1]ojt1]o z : 26
| o101 (1 K + 11 1(110011]1 [ ; 27
oj1|1|ofo L 12 1i1f1folo \ < 28
f o1t |of1 M 13 1111 |o0]1 ] = 29
; of1({1]1]o0 N ) 14 t{1f1]1]o A > 30
| of1 11111 0 / 15 T{111 111 | invalid { Invalid 31
(’§ 2-8. 1Interconnections

Interconnection data for the Hewlett-Packard Interface Bus is pro-
vided in Figure 2-3.

I.........'..............llIlllllllIIIIIllII-IIIIIIIIIIII-IIIIIII-IIIIIIIIIIIII-I-
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RF Frequency Error (Cont’d)

Example

To measure the error of an oscillator designed to operate at 30 MHz,
connect the oscillator’s output to the Measuring Receiver’s RF INPUT

£ connector:

DATA [ o FUNCTION 1 MEASUREMENT
P ﬁ ! - r 1,

LOCAL ' T e T
(keystrokes) @ L“"_} ’ u L‘J

FREQ
i ERROR

: 30MZ S5
* m Data ———:r T Measurement
{program codes)
Function

Indications

Display: When the FREQ ERROR key is pressed, the frequency error is
displayed. The kHz annunciator lights.

A x\\J
i Front Panel: The LEDs within the S (shift) and FREQ ERROR keys

light.

m Program Codes

FREQ ERROR = S5
MHz = MZ

Measurement Technique

When the Measuring Receiver is tuned, the IF signal is amplified and
limited (when it has greater than 60 dB of gain). If manually tuned,
the RF input frequency is determined (refer to RF Input Frequency)
and compared to the keyboard-entered frequency, or to the frequency
present when MHz was pressed. The difference is displayed as
frequency error.

a0 NG SRR .. B PSR T N i G

If the Measuring Receiver is automatically tuned, two methods of
determining frequency error are used:

When the input signal is greater than 2.5 MHz, the frequency of
. the actual IF signal is subtracted from the selected IF frequency
4’ (455 KHz or 1.5 MHz) to determine the frequency error. :

-
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2-9. Mating Connectors ( »

Interface Connector. The HP-IB mating connector is shown in
Figure 2-3. Note that two securing screws are metric,.

Coaxial Connectors. Coaxial mating connectors used with the Measur-
ing Receiver should be the 50-ohm BNC male connectors or 50-ohm Type
N male connectors that are compatible with those Specified in

US MIL-C-39012.

2-10. Operating Environment

The operating environment should be within the following limitations:

Temperature. . ., , , . | “ o+ -+ . . . 0°% to +55OC
Humidity . ., ., . | Tttt s .- . . . . .<95% pelative
Altitude . . , | | -+« . . <4570 metres (15 o000 feet)

2-11. Bench Operation

2-12. Rack Mounting

WARMNGI

The Measuring Receiver is heavy for its sigze
(23.6 kg, 52 1b). Care must be exercised when
lifting to avoid personal injury. Use equipment
slides when rack mounting.

If the kits were hot ordered with the instrument as optiorns, they may
be ordered through the Nearest Hewlett-Packard office. (Refer to

baragraph 1-9, "Mechanical Options", in Section I). Before rack

mounting the Measuring Receiver, the Operating Information pull-out i
tray (attached to the bottom of the instrument) must first be ?
removed. To remove the pull-out card assembly, refer to steps "1" |
and "2" of the pull-out cards removal procedure that follows. !

2-13. Removal and Installation of Operating Information Pull-out

Cards
Steps for Removal. Follow the procedure below to remove the Operat- ‘;
ing Information pull-out tray and the cards:

1. Remove the two front feet of the instrument.

2-8
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RF Frequency Error

Description

The FREQ ERROR key enables the Measuring Receiver to measure the
difference (in kHz) between the RF input signal frequency and the
frequency to which the instrument is tuned. This function can be
used to observe frequency drift of input signals, or to compare input

frequencies against a keybcard-entered reference.

For down-converted 312nals, tne JOWN-CONvVeIled AR Liput II23wsnoy
must fall within the passband of the IF teing used. For the 1.5 MHz
IF, the passband is approximately 2 MHz wide. For the 455 gHz IF,
thma zsasszhand i3 aczvroximately 200 kHz wide,

When the instrument is measuring rrequency error, tne cutput signal
available at MODULATION OUTPUT/AUDIO INPUT represents the last
modulation measurement made.

Display resolution is controlled by Special Function 7. (Refer to RF
Frequency Resolution.)

Procedures

To make any frequency error measurement, connect the test signal to
the Measuring Receiver’s RF INPUT connector.

If a frequency drift measurement is to be made, first allow the
Measuring Receiver to automatically tune to the signal, then press
MHz to prevent retuning. Press the S (shift) and FREQ ERROR keys to
display the frequency drift.

To make a frequency comparison, enter the reference frequency (in
MHz) on the keyboard, then press the MHz key. Press the S (shift)
and FREQ ERROR keys to display the difference frequency. The number
is negative if the signal frequency is lower than the reference, and
positive if the signhal frequency is higher than the reference. Valid
frequency error measurements are made as long as the down-converted
signal remains in the IF passband. (Refer to RF Frequency Tuning.)

If frequency error is to be displayed relative to a reference, enter

the value as a ratio reference using the RATIO key. (Refer to
Ratio.)
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Removal and Installation of Operating Information Pull-Out Cards
(Cont’d)
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 it straight up (away from the tray).

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

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.

y, Replace the front feet of the instrument.

2-14. STORAGE AND SHIPMENT
2-15. Environment
The instrument should be stored in a clean, dry environment. The

following environmental limitations apply to both storage and
shipment:

Temperature. . . . . . . . . . . . . . . . -55°C to +75°C
Humidity . s e+ e e v v e v . . . . . .<95% relative
Altitude . . . . . . . . . . <15 300 metres (50 000 feet)

2-16. Packaging

Original Packaging. Containers and materials identical to those used
in factory packaging are availeble thrcugh Hewlett-Packard cffices.
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 in-
strument 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 ship-
ping to a Hewlett-Packard office or service center, attach
a tag indicating the service required, return address, mod-
el number and full serial number.)

AN
1
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Residual Noise Effects (Cont’d)

Theory (cont’d)

The residual noise reading made by the peak detector depends on the
signal-to-noise ratio, as well as the statistics of the noise spikes
and the response time of the specific peak detector. These factors
are characterized by taking the ratio of the peak noise reading to
the average noise reading. The average noise level is a truer
determinaticn of the actual amount of noise energy present, while the
~2ak reading characterizes the peak detector and the statistics of
the nolse 3pikes.

r~
Ccmments

The primary restriction placed on this methcd of acccunting for
residuals is that the noise must be gaussian (that is, statistically
randomj. Periodic nolse (for example, line-related ncise) has
repeating peaks and thus does not fall within the statistical model
used to derive the nomograph given in the procedure.

Noise-peak-to-noise-average ratios greater than 4.4 indicate that
there is probably a periodic component in the residual noise.

Both the modulation measurement to be corrected and the peak and
average residual measurements to be used with the nomograph should be
made on the same modulation range and with the same
peak-detector-time-~constant setting. Use the RANGE HOLD key while
the instrument is measuring the modulated carrier; then measure the
residuals once the ranges are held.

When factoring residual noise from peak ¢M measurements made while
using the 3 kHz LP FILTER, the readings may jump considerably. If
this jumping occurs, use the highest of 10 successive readings (for
both noise and signal-plus-noise) for the computations. (Use the
PEAK HOLD key to hold the highest reading over a 2 second period.)

The residual noise contributions of the AM and FM calibrators and the
Measuring Receiver are accounted for in the calibration procedures.
It is not necessary to factor residual noise corrections into the
calibration procedures described in this manual.

1 Rice, S.0., "Statistical Properties of a Sine Wave Plus Random
Noise", Bell System Technical Journal, 27, No.l, (January, 1948),
pp. 106-157.
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Packaging (Cont’d)

2.

Use a strong shipping container. A double-wall carton made
of 2.4 MPa (350 psi) test material is adequate.

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

Seal the shipping container securely.

Mark the shipping container FRAGILE to assure careful
handling.
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Residual Noise Effects (Cont’d)

Theory (con’t)

A simplified diagram of the Measuring Receiver’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 the switch, S1. The capacitor is
then charged via the path from +V through resistor, R. When the
capacitor’s charge exceeds the incoming signal voltage, the

comparator ogens the switch azain, Thig crocess continues until +he
voltage on the capacitor i3 transferred to the voltmeter through the

; sample-and-hold switch, 32. £ is then discharged by S2. When very
narrow noise spikes are imposed o»n the comparator’s input, the

il tircuit’s RO time 2instant will nsd allay £ha capaciteor Yo fully

- xnarge tefore the nilse peak has rassed.

B
<

COMPARATYR R
LSt
o SAMPLE AND HOLD
J 52

VSN ‘
@ t g - [ —O\O— —— To Voltmeter
33¢/ ;EC

\V

Simplified Measuring Receiver Peak Detector Output

When noise alone is imposed on the detector, it is very probable
that, as C begins to charge, a noise spike will exceed the charge
that exists on the peak detector capacitor. However, as the
capacitor’s charge more closely approximates 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 of a chance that
the total input signal will exceed the charge on the capacitor
(already set to the peak sinewave amplitude) when measuring a
sinewave than when measuring only noise. Thus, the contribution of

3 noise on the measured peak modulation ievel decreases with an

3 increase in the signal-to-noise ratio. To simply measure the peak

residual noise present when the baseband drive is removed and
subtract the result directly frcm the peak reading of the combined
input, over-compensates the measurement results.
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SECTION III
OPERATION
3-1. INTRODUCTION
3-2. General

This section provides complete operating information for the Measur-
ing Receiver. Included 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
maintenance.

3-3. Operating Characteristics

The major operating characteristics of the Measuring Receiver are
provided in paragraph 1-6 "Description", Table 1-1 "Specifications",
and Table 1-2, "Supplemental Information". For information on HP-IB
capabilities, refer to paragraphs 3-12 through 3-31.

Before the Measuring Receiver is switched on, all
protective earth terminals, extension cords,
auto-transformers, and devices connected to it
should be connected to a protective earth socket.
Any interruption of the protective earth ground-
ing will cause a potential shock hazard that
could result in personal injury.

3-4. Turn-On Procedure

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

iCAUﬂON;

Before the Measuring Receiver is switched on, it
must be set to the voltage of the power source,
or damage to the instrument may result. Refer to
paragraph 2-4.

Do not apply greater than 40V (ac + dc) to the RF
INPUT connector or damage to the instrument may
result.

The Measuring Receiver 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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Residual Noise Effects (Cont’d)

Theory

Residual noise is a measurement of 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 Measuring
Receiver, residual noise 13 ccentributed by both instruments. When

wotTae e Pz omaamconad o gien sha Measuring Receiver. both the intended
modulation and the residual modulatlion aArle MEASUIS4 L. clmnslied forom.
T~ Hdetermine the precise amount of medulatlion produced by a signal
source a3 2 r23ulc oFf +ne application or a hasepand or modulating
signal, Tne 2If=zots o7 azsiisT moizas must ta factored out of the
measurement results.

mwa noise components are commonly encountered in modulation
measurements: periodic {often line related, and gauissian [random).
Periodic noise and the baseband signal behave identically. Thus the
Measuring Receiver measures the arithmetic sum of the peak or average
levels of the two signals (according to the detector selected). To
determine the actual modulation that can be attributed to the
baseband input, simply subtract out the peak-periodic residual.

The effects of random noise on our measurement system are not nearly
so straight forward. True random noise, when viewed in the frequency
domain, is a continuous spectrum of frequencies at various
amplitudes. Indeed, 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
observing 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 we typically express
modulation level as a peak function. To account for residuals in
these peak measurements, the actual effects of the noise on the
Measuring Receiver’s peak detector must be determined.




Operation Model 89024

Turn-On Procedure (Cont’q) (
Measuring Receiver is already plugged in, set the POWER 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.)

2. Check that the fuse rating is appropriate for the line votage
used. (See Figure 2-1.) Fuse ratings are provided in the para-
graph "Operator’s Maintenance" in this section.

3. Plug in the power cable.
k. Set the POWER switch to ON.

NOTE

When the POWER switch is set to ON, all front-
panel indicators light for approximately 10

Operated.

3-5. Local Operation

Panel Features.

Front-panel controls, indicators, and connectors are illustrated and
described in Figure 3-1. This figure describes the various functions

of the Measuring Receiver and summarizes briefly how to use themn.

Rear-panel features are shown and described in Figure 3-2. T7The fig-
ure provides a quick reference :opr I'ear-panel signal levels and
frequencies ang also includes the imp:dances at the rear-panel
connections.

The information in parenthesis at the end of each feature summary
provides the title of the Detailed Operating Instructions relevant to
the feature.

Detailed Operating Instructions. The Detailed Operating Instructions
provide a complete operating reference for the Measuring Receiver
user. The instructions are organized alphabetically by subject. Not

ments that can be made (listed under titles such as AM, FM, PM, RF
Frequency, RF Power, Audio Frequency, etc.), but there are also indi-
vidual discussions of nearly all controls, inputs, and outputs. Also
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Operation Model 3

Residual Noise Effects (Cont’d)
Example (cont’d)

2. Disable auto-ranging by pressing the RANGE HOLD key:

LOC AL RANGE HOLD
(keystrokes)

T

15 2 &

{program codes)

¥

§
Range Held

3. Remove the baseband signal from the modulation input of the
signal generator and read the peak residual modulation, N
example, 0.07%.

Fad
icr

pk’

4. Measure the average residual modulation:

LOCAL oo )

Ava

(keystrokes) [:::]

S

> 04
(program codes) T
Detector

For example, the average residual modulation might read 0.02%.

N 0.07%
. =pk - = 3.
5 Compute Nok 0.02% 3.5
6. Compute L§iﬂlﬁh _ 30.80% 440
Npk 0.07%

7. Using the nomograph, N% is found to be 26%.
Compute Spk = (S+N)pk - Npk (N%) = 30.80% - 0.07% x 0.26 = 30.78°
NOTE
This correction factor of <0.1% of the peak
reading 1is typical of a modulation measurement

of a quality modulation source measured with the
15 kHz low-pass filter.
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Local Operation (Cont’d)

included are instructions for using the many User Special Functions.
A guide to using the Detailed Operating Instructions is provided
ahead of the instructions themselves.

Operating Information Pull-Out Cards. The Operating Information
pull-out cards are flexible plastic reference sheets attached to the
Measuring Receiver by a tray located below the front panel. They
contain a brief summary of front-panel operation and displays. Also
included on the cards is a complete listing of HP-IB codes, data, and
error output formats; as well as Error codes, and User Special Func-
tions. The cards show a simplified block diagram for the Measuring
Receiver and provide basic instructions for RF Power and Tuned RF
Level Measurement operation. The pull-out cards are intended to be a
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. Other information, pertinent to operating
the Measuring Receiver to its fullest capabilities, are contained in
Section I. Principles of Operation for a Simplified Block Diagram
(in paragraph 1-15) is a fundamental description of what the Measur-
ing Receiver is and how it works. This information supplements the
block diagrams provided on the pull-out card and in the Detailed
Operating Instructions. It also provides a basis for applying the
Measuring Receiver to various measurement situations.

3-6. Remote Operation m

The Measuring Receiver is capable of remote operation via the
Hewlett-Packard Interface Bus (HP-IB). Provided in this section are
instructions pertinent to HP-IB operation including all consider-
ations 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.

HP-IB information concerning remote information also appears in
several other locations. Address setting is discussed in Section II.
A summzry of HP-IB codes and output formets appears cin the Operating
Information pull-out card, and numerous examples of program strings
appear throughout the Detailed Operating Instructions described in
the paragraph, "Local Operation" in this section.

3-7. Operator’s Checks

Operator’s Checks are simple procedures designed to verify the proper
operaticn of the Measuring Receiver’s main functions and to
familiarize the first-time operator with basic Measuring Receiver
measurement capabilities. Two procedures are provided:

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

3-3
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Residual Noise Effects (Cont’d)

Procedure {(cont’d)

100 ' T T

E

% OF Ny 10 BE SUBTHACTED § ROM (S4 N) pk

1 10 100 1000 10 000

Nomograph for Calculating Percentage of N k to be Subtracted from
(S+N) k to obtain S, (Sige Wave)
p p
Example
To determine the actual peak AM depth (measured in a 15 kHz
bandwidth) resulting from the application of a 1 Vpk, 1 kHz baseband
signal to the modulation input of a signal generator:
1. Measure the peak modulation depth, (S+N)pk:
LOCAL o Sateain N ansintitn | miitine
{(keystrokes) [:] . [I] [Z]
AUMID1 L2
m Measurement —rTT Filter
(program codes) Detector
1 .
For example, 30.80% might be displayed.
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Operator’s Checks (Cont’d) (’
HP-IB Functional Checks. This series of procedures requires only an
HP-IB compatible computing controller and an HP-IB interface and con-
necting cable. The HP-IB Functional Checks assume that front-panel
operation has been verified (for example, by performing the Basic
Functional Checks).

3-8. Operator’s Maintenance

WARNING

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

The only maintenance the operator should normally perform is the re-
placement of the primary power fuse located within the Line Power
Assembly (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 2110-0083, 2.54A (250V, nor-

mal blow) for 100/120 Vac operation or 2110-0043, 1.5A (250V, normal
blow) for 220/240 Vac operation.
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Residual Noise Effects

Description

When making peak-modulation measurements of the highest accuracy, it
is necessary to characterize and factor out the effects of residual
noise on the measurement. The procedure outlined in this Detailed
Operating Instruction describes a technique for quantifying and
removing residual noise effects on peak modulation measurements.

rrocedure

The following procadire enables the user %5 maks 2 Corrected,
veak-modilakdoan mezziirameant
1. Set up and make a normal signal-plus-noise peak measurement,

2. Press the RANGE HOLD Key to prevent autoranging. Irf filtering

and (or) de-emphasis was used in step one, make all the follewing
measurements with the same settings.

3. Remove the baseband drive to the modulator, and measure the peak
residual noise level, Npk'

4. Measure the average residual noise level, Ny, using the average
detector.

\_,i§i§lg£ and Npk
5. Compute Npk NaV'

6. Use the nomograph to determine the percent, N%, of the peak
residual noise level, N k» to be subtracted from the
peak-measured signal plgs noise, (S+N)pk.

7. Compute the true, peak signal where:

Spk = (S+N)pk - Npk (N%)’

and N% is expressed as a ratio.




.ration

Rear-Panel Features

Figure 3-2.
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Remote Control RF Switch (Cont’d)

Comments

These rear-panel voltages are not intended as '"general purpose"
switch drives. The connectors are to be used only for user-built
sensor modules.

Related Functions

]

L

T Tower

Tunéd RF Level

[o

Tre swizcnes listed are thnese avallart’le a5 tThne time of the
copyright date of this manual.




The following list provides a brief description of each feature.

Model 8902A

Front-Panel Features

information in parenthesis provides the title of the Detailed
Operating Instructions relevant to the feature.

®

©)

©

© ©

5

®@ © ©

® ©

MEASUREMENT keys enable the Measuring Receiver to make and
display the selected measurement. (AM, FM, ¢M, RF Power, RF
Input Frequency, Audio Frequency, Audio Distortion and Level,
IF Level, Tuned RF Level, RF Frequency Error)

Numeric Display shows measurement results, error codes, or
instrument or Special Function status.

Display Annunciators indicate the measurement result units.

They also indicate that some measurement functions are enabled.

All these annunciators are displayed when the Measuring
Receiver is first turned on.

AUTOMATIC OPERATION enables the Measuring Receiver to
automatically tune and autorange to make the selected
measurement. (Automatic Operation)

INSTR PRESET (Blue Key) configures the Measuring Receiver to
its power-up condition. (Instrument Preset)

TRACK MODE (Blue Key) and AUTO TUNING (Blue Key) select the
tuning mode of the Measuring Receiver. (RF Frequency Tuning)

STORE (Blue Key) and RECALL (Blue Key) enable the Measuring
Receiver to store and recall up to eight measurement states.
(Store/Recall)

WATTS, uV, mV, and VOLTS keys (all used with the Blue Key)
enable selection of different units for level measurements.

MHz completes the keyboard entry of frequencies for various
functions. (RF Frequency Tuning, Frequency Cffset Mode)

MODULATION OUTPUT/AUDIO INPUT connector provides either an
output for the modulation recovered from the RF INPUT
connector, or an input for exiernal audio signals to be
processed by the audio circuitry. The MODULATION OUTPUT LEDs
indicate the type of recovered modulation available as the
output. The AUDIO INPUT key selects whether the internally
demodulated signal or an external audio signal is to be
processed by the Measuring Receiver’s audio circuitry.
(Modulation Output/Audio Input, Audio Frequency, Audio
Distortion and Level, SINAD)

The

(
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Operation Model 8902a

Remote Control RF Switch (Cont’d)

Procedure (cont’d)

(The switch’s port C is intended as, an input from the device-under-
test.)

Connect the power sensor to the SENSOR input, and the other end of
the RF coaxial cable to the RF INPUT of the Measuring Receiver.

Proceed with selected measurements. This user-built module will
enable the Measuring Receiver to automatically switch between its

inputs as selected measurements reguire,

Block Diagram

MEASURING RECEIVER

SENSGR MODULE | 1
i
o
I TO OTHER
T MEASUREMENT
CIRCUITS
[
RE romes by VOLTMETER
INPUT SENSOR P AND DISPLAY
- POWER
> o —[ FB86550068 |
| I l :
' Lo
3 I == -
| REMOTE CONTROL |
Bl T RFSWITCH 1
[ b ——_
\ _,/ -~ — = hl
REMOTE CONTROL
b L RFSWITCH2 !

REMOTE CONTROL
i L RF SWITCH GNOD ! |

Block Diagram of Remote Control RF Switch
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®

% CAL FACTOR (Blue Key) causes the Measuring Receiver to
display the current calibration factor for the selected
measurement. This key is also used to complete the entry of
calibration factors for various functions. (AM Calibration, FM
Calibration, RF Power Calibration Factors, Tuned RF Level
Calibration and Calibration Factors)

DISPLAY FREQ (Blue Key) causes the Measuring Receiver to
display the RF frequency that it tuned to last. (Frequency
Offset Mode, RF Power Calibration Factors)

SENSOR connector provides the input for the power sensor. (RF
Power)

kHz (¥ (Blue Key) and kHz {3 (Blue Key) complete keyboard entry
of frequency step-size (in kHz) for step tuning, or change the
frequency in the increments specified. (RF Frequency Tuning)

DISPLAY FREQ INCR (Blue Key) causes the Measuring Receiver to
display the increment step-size. (RF Frequency Tuning)

INPUT couples the RF input signal into the instrument. (RF
Input Frequency)

SPCL completes entry of Special Function codes that access
additional instrument operations. Without a preceeding numeric
entry, the SPCL key causes a display of the status of Special
Functions 1 through 10. (Special Functions)

(-) (Blue Key) enables input data to be entered as a negative
value.

RANGE HOLD freezes the current ranges being used by the
Measuring Receiver. (Range Hold)

Blue Key is a shift key that enables some keys to have two
different functions. Any function printed in blue can be
selected when the key associated with it is pressed after the
Blue Key. The Blue Key flashes at the current measurement rate
whenever it is pressed.

DISABLE ERROR (Blue Key) disables Error 01 through Error ol.
(Disable Error Message Control)

LOG/LIN causes measurements to alternate between logarithmic
and linear units. (Ratio and Log/Lin)

dB EXT ATTEN (Blue Key) enables level measurements to be offset
with external attenuation or gain. (External Attenuation)

RATIO (Blue Key) and PREVIOUS RATIO (BRlue Key) cause the
current measurement to be compared to a reference. (Ratio and
Log/Lin)

3-7




Model 8902A Operation

Remote Control RF Switch

Description

An external power sensor is required for making accurate RF power and
tuned RF level measurements. A standard HP Power Sensor (HP 8480
% series) can be configured in any of the following ways:

R R A

A power sensor alone.

Vs

ecific power sensor depending on the HP Model Number

r medule) and an RF coaxial, type-N connector/cable.
ng Receliver controls an RF switch in the sensor module

a

e~

o . e 5 - d =TT TN/ Y = ~ .~
11y sWltcon tetween 3 INIFUT and ZZENSCE as selected

23 mne HP 11722A% that sontains a power

o IR
ct (b
D H

v Fy (D

o

1%
£ XY
oo M

Harr3 0 u b
D O

O O
w
[

A senscr mcdule, built by the user, that includes any HP 8480

f series power sensor, an RF cable, and an HP switch (HP 33311 or

{ HP 8761*). The REMOTE CONTROL RF SWITCH rear-panel outputs

‘ enable the Measuring Receiver to drive the external switch in the
f user-built sensor module. This user-built module also enables
the Measuring Receiver to automatically switch between RF INPUT
and SENSOR as selected measurements require.

Procedure

The following procedure enables the user to create a
remotely-controlled sensor module:

Select a control switch. Either the HP 33311B, Option 911 (5V
solencid) or the HP 8761A (12-15V solenoid) can be used*.

Connect the Measuring Receiver’s REMOTE CONTROL RF SWITCH outputs to
the control switch:

For the HP 33311B, Option 01l1:
Connect REMOTE CONTROL RF SWITCH 1 to the switch (1-).

Connect REMOTE CONTROL RF SWITCH 2 to the switch (2-).
Connect REMOTE CONTROL RF SWITCH GND to the switch (C+).

For the HP 8671A:
Connect REMOTE CONTROL RF SWITCH 1 to the switch (+).
Connect REMOTE CONTROL RF SWITCH 2 to the switech (-).
Leave REMOTE CONTROL RF GND disconnected.

Connect the power sensor input to port 1 of the selected switch.

w) Connect the RF coaxial cable to port 2 of the selected switch.
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Figure 3-1. Front-Panel Features
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Recorder Output (Cont’d)
(Includes Special Functions 49 and 50)

When making a relative level measurement over a 10 dB (or smaller)

level change, the excellent linearity of the IF Synchronous detector
can be taken advantage of by doing the following:

Lock up the IF Synchronous detector to the input signal, and apply
the following formula:

Level Change in dB =

é ﬁjﬁj 50 1 (50.06 SPCL @ high level) - (50.96 SPCL w/ 48.1 8PCL enabledl
: SRRy < 10
v - & (50.06 SPCL @ low level) - (50.06 SPCL w/ 48.1 SPCL enablied)

Related Functions

. RF Power

| RF Power Calibration

& RF Power Calibration Factors
i Special Functions

& Tuned RF Level
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Model 8902A

Rear-Panel Features

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 dc coupled with a 16 kHz
bandwidth and a 10 kohm output impedance. (AM Output)

FM OUTPUT produces an ac signal, whose amplitude is
proportional to the FM deviation, with a dc component related
to the IF frequency. The output is dc coupled with a 16 kHz
bandwidth and a 10 kohm output impedance. (FM Output)

RECORDER OUTPUT allows user-access to all internal measurement
voltages. (Recorder Output)

IF OUTPUT produces a 150 kHz to 2.5 MHz modulated IF signal.
The output level ranges from -27 to -3 dBm (50 ohm output
impedance). (IF Output)

TIME BASE 10 MHz OUTPUT and INPUT. The input connector
provides an input for an external 10 MHz time base reference.
The external input signal must be greater than 0.5V
peak-to-peak (into a 500 ohm input impedance). The output
connector provides an output for the internal, high-stability
10 MHz reference. Output signal is TTL compatible (50 ohm
nominal output impedance). (Time Base 10 MHz Input and Time
Base 10 MHz Output)

MODULATION OUTPUT/AUDIO INPUT is a rear-panel output and input
supplied on Option 001 instruments instead of the standard,
front-panel connection. Refer to MODULATION OUTPUT/AUDIO
INPUT in Figure 3-1.

SENSOR is a rear-panel input for the power sensor supplied on
Option 001 instruments instead of the standard, front-panel
connection. See SENSOR in Figure 3-1.

INPUT is a rear-panel input for the RF input signal. This
input is supplied on Option (01 instruments instead of the
standard front-panel connection. See INPUT in Figure 3-1.

Fuse. 2 1/2 Amp (250V, Normal Blow) for 100/120 Vac.
1 1/2 Amp (250V, Normal Blow) for 220/240 Vac.

Serial Number Plate. First four numbers and letter comprise
the prefix that denotes the instrument configuration. The
last five digits form the suffix that is unique to each
instrument.

Line Power Module permits operation from 100, 120, 220, or 240
Vac. The number visible in the window indicates the nominal
line voltage to which the instrument must be connected. (See
Figure 2-1.) The center conductor is saf :ty earth ground.




Model 8902A Operat ion

Recorder OQutput (Cont’d)
(Includes Special Functions 49 and 50)

Procedure

To make an RF power measurement at the RECORDER output, connect a
high-accuracy, linear voltmeter to that output. Connect the RF sig-
nal to be tested to the RF INPUT and SENSOR input. (This assumes use
of the HP 11722A Sensor Module. If a different power sensor is to be
used, refer to RF Power and Tuned RF Level fa» usage instructicns.)

CAUTION

WO using Toe 2ZCIRIER cSubsut S5 measure o9 sower,
CAre MuUst D2 TaKsan o ncte tne 2ffac43 of voltmeter
lcad impedance and Operational Amplifier bias
currents on the Voltmeter Azzemhly: derending on
required accuracy, these factors might scale or
offset the vcltage read from what the instrument
wonld use %o cal-ilate RF power measurements.

Key in the appropriate Special Funchtion as listed in "Description”.

The voltage that is proportional to the input power is displayed on
the external voltmeter. To interpret the output voltage, a few mea-
surements should be taken to characterize the measurement circuitry
before an actual measurement is taken. Measure the voltage out the
RECORDER output when zero input power is at the SENSOR input. Note
the voltage value. Press tho RANGE HOLD key. Now measure the volt-
age at the RECORDER output with a known input power (for example, 1
mW). Once these two voltages are known, any voltage obtained from an
unknown input level can be interpolated.

Comments

For any value 49.PQ or 50.PQ, if P is not equal to 0 or 8 (normal
operation), the Measuring Receiver displays V, - Vq and the con-
troller saves V., as V ef for the P = 0 or 8 cgse: If P =0 or 8,
("recorder" opegationf, the Measuring Receiver displays Vq - Vper and
delivers Vg out the RECORDER output for user access.

Normally, the Measuring Receiver will measure voltages, apply an ap-
propriate formula, and massage the number to display the appropriate
measurement value in the appropriate units. Instead of using these
formulas, the user can take a ratio of any two measurements to obtain
relative measurement information.
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b C) FREQ OFFSET TTL OUT outputs a voltage that can be used to
switch an external mixer in and out of the path between a
microwave input signal and the Measuring Receiver when the
instrument is in Frequency Offset Mode. The TTL output is
nlways OV if Frequency Offset Mode is not selected or while
Frequency Offset Mode is selected with an entered external LO
value of 0 Hz. If the entered external LO frequency of the
Measuring Receiver is less than or equal to 18 GHz, the TTL
output is +5V. If the entered external LO frequency is
greater than 18 GHz, the TTL output is 3V. (Frequency Offset
Control)

() HP-IB Connector connects the Measuring Receiver to the
Hewlett-Packard Interface Bus for remote operations. When the
HP-IB is being used, the LEDs next to the HP-IB turns on the
front-panel light as appropriate (REMOTE, LISTEN, TALK, SRQ) .

q, REMOTE CONTROL RF SWITCHES enable the user to build an
enternal sensor module that can switch between the RF INPUT
connector and the SENSOR connector. (Remote Control RF
Switch)

() LO OUTPUT and INPUT (Option 003 only). The LO output connec-
tor provides an output for the Local Oscillator. The output
signal is 1.27 to 1301.5 MHz at approximately C dBm (50 ohn)

i nominal output impedance. The LO input connector provides an
input for an external Local Oscillator. External input signal
required is 1.27 to 1301.5 MHz at approximately O dBm (50 ohm
nominal input impedance). (LO Input and LO Output)

§CAUHON

Do n~t apply reverse power into the LO OUTPUT
or damage to the instrument may result. Do
not apply greater than 40 Vdc or +5 dBm of RF
power into the LO INPUT or damage to the
instrument may result.

(e CALIBRATION OUTPUT RF PWR =znd AM/FM produces a rear-panel out-
put for RF Power and AM and FM calibrators. This output is
supplied on Option 001 instruments instead of the standard
front-panel connection. Refer to both CALTBRATION RF POWER
OUTPUT and CALIBRATION AM/FM OUTPUT in Figure 3-2.
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Recorder Output
(Includes Special Functions 49 and 50)

Description

The RECORDER output yields the voltage that is being read by the
internal voltmeter.

Since the internal voltmeter takes many different readings to
interpret a measurement, only pulses are available at this output

under normal conditions . An oscilloscope, tonnected Yo this Sttt
- TS e Very useiul ia TCORi1toring the signal or in

troubleshooting an instrument malfunction.

4~ B A
Siilrement -

- RS §
vae SRCORDER cuszut 55 na - by an externa
h-accuracy, linear voitmeter. This method enables better
olution on all measurements and better accuracy in RF power and
cuned RF lavel measurements tecause the s5iight, dc offset and
non-linearity of the internal voltmeter can be bypassed.

1
Ui
()
{1

= gy

2

The following Special Functions can be used to effectively "freeze"
the instrument (no vanging, retuning, etc.) and deliver a deo level
that is proportional to a particular measurement value:

Special Function Measurement Voltage Delivered Out
Recorder Output

49.00 SPCL Ground

49.01 SPCL , RF Peak Detector Ground

49 .02 spcrr RF Peak Detector Output/2.96

49.03 SPCL RF Peak Detector

49.04 SPCL 10 x AM Calibrator Level

49.05 SPCL AM Calibrator Level

49.06 SPCL Audio Range Detector

49.07 spcL Audio RMS Detector

49.08 SPCIL, Ground

49.09 SPCL Audio AVG Detector

49.0A SPCL (A = 8 (shift), 0) Audio PEAK Detector

49.0B SPCL (b = § (shift), 1) IF Average Detector

49.0D SPCL (4 = § (shift), 3) 1IF Peak Detector

49.0E SPCL (E = 8 (shift), 4) ALC Current

49.0F SPCL (F = § (shift), 5) Power Meter*

50.06 SPCL IF Synchronous Detector (pre-rms)

50.07 SPCL IF Synchronous Detector (post-rms)

*Power Meter: Precee with 0.211 SPCL to read sensor-type voltage,
0.212 SPCL to read voltage from the output filter on the Power Meter
Assembly. Note these 0. Special Functions also determine the state
of the RF power calibrator and sensor module input switch reed
relays.
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Operating Information pull-out cards are quick operating
references that list Special Function, HP-IB, and Error codes,
show a simplified block diagram for the Measuring Receiver, and
provide basic information for RF Power and Tuned RF Level
operation.

DETECTOR keys select the audio detector used to measure the
modulation. Fositive peak, negative peak, average (rms
calibrated), or true rms (Blue Key) detectors are available.
Positive or negative peak values can be captured using the Peak
Hold function. (Audio Detectors, Audio Distortion and Level,
SINAD)

1 kHz DISTN (Blue Key) and 400 Hz DISTN (Blue Key) enable the
Measuring Receiver to make audio measurements on either 1 kHz
or 400 Hz audio signals. (Audio Distortion and Level, SINAD)

CALIBRATION AM/FM OUTPUT makes available a precisely modulated
signhal used to improve the Measuring Receiver’s AM or FM
accuracy. (AM Calibration, FM Calibration)

CALIBRATE and SAVE CAL (Blue Key) enable the Measuring Receiver
to calibrate and save the resultant calibration factor for
either RF Power, AM, or FM. The CALIBRATE key also initiates
tuned RF level calibration operations. (AM Calibration, FM
Calibration, RF Power CAlibration, Tuned RF Level Calibration
and Calibration Factors)

CALIBRATION RF POWER OUTPUT makes available a 50 MHz, 1 mW
power reference used to precisely determine the sensitivity of
the external power sensor. (RF Power Calibration)

SET REF (Blue Key) enables the Measuring Receiver to accurately
measure relative power changes; for example, in attenuator or
amplifier measurements. (Attenuator Measurements)

POWER switch applies power to the Measuring Receiver when set
to ON. (Instrument Preset)

ZERO causes the Measuring FReceiver to cancel any dc offse: that
may be present in the power sensor. (RF Power Calibratiocn)

PRE DISPLAY enables FM deviation to be measured before or after
de-emphasis. (FM De-Emphasis)

FM DE-EMPHASIS networks equalize pre-emphasized FM. (FM
De-Emphasis)

HP (High-Pass) and LP (Low-Pass) FILTERS limit the demodulated
signal bandwidth. (Audio Filters)

LOCAL returns the Measuring Receiver to keyboard control from
remote (HP-IB) control.

HP-IB Annunciators indicate remote operation status.




Model 8902A Operation

Ratio and Log/Lin (Cont’d)
(Includes the PREVIOUS RATIO key and Special Function 11.2)

1l when watts units are used, this equation provides the ratio result
for RF POWER, TUNED RF LEVEL, and RF LEVEL (35.0 SPCL) measurements.

2 When uV, mV, or V units are used, this equation provides the ratio
result for RF POWER, TUNED RF LEVEL, and RF LEVEL (35.0 SPCL)
measurements.

TR
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Operation Model 8902A

OPERATOR’S CHECKS

3-9. OPERATOR’S CHECKS
3-10. Basic Functional Checks
Description

Using a signal generator, an oscilloscope, and a sensor module, the
overall operation of the Measuring Receiver is verified.

OSCILLOSCOPE

VERTICAL

MODULATION QUTPUT/ INPUT

AUDIO INPUT (Step 2}

8902A
MEASURING RECEIVER

© o

ﬂﬂﬂﬂﬂ P poon o

zo0u0 oooono ©goon SENSOR SENSOR GENERATOR
° @ @ < ODOD MODULE
CALIBRATION RF CALIBRATION INPUT AM RF
A

POWER OUTPUT] I AM/FM OUTPUT OUTPUT GUTPUT

1
(Step 17 1 H{(Step B
1 —_—— ——

(Steps 1, 3) (Step 2

Figure 3-3. Basic Functional Checks Setup

Equipment

Oscilloscope . . . . . HP 1740A

Signal Generator . . . HP 8640B Options 001 and 002
Sensor Module. . . . . HP 11722A

Procedure

Preliminary Check

1. Remove any cables from the Measuring Receiver’s RF INPUT and

SENSOR input connectors. Set POWER switch to STBY, then back to
ON. Observe the front-panel LED annunciators, display segments

and decimal points, and key 1lights. All LEDs should light for
approximately 10 seconds at turn on and then all should momen-
tarily turn off.

2. After the turn-on sequence, the instrument displays "--". The

MHz annunciator, the FM annunciator under MODULATION OUTPUT, the
AUTO TUNING annunciator (under the TRACK MODE key), and the FREQ

key are lighted.

3-10
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Operation Model 89024

Ratio and Log/Lin (Cont’d)
(Includes the PREVIOUS RATIO key and Special Function 11.2)

Measurement Technique

When in the Ratio mode, measurements are made in the same way as when
not in the Ratio mode; however, before the result is displayed, the
internal controller converts it to ratio. The following equations
are used for computing ratio:

(M/R) (100%) = % ratis for all measurements,
(20) log (M/R) =
AM, FM, ¢M, AUDIO
RMS Level.

or the following measu
had
P

rementsl:
LEVEL, SINAD (23.0 SPCL)

, Ext Audio

(10) log (M/R) = &B ratio for the following measurements?:
FREQ, AUDIO FREQ, FREQ ERROR, LO Frequency (33.0 SPCL), IF

}
Frequency {(234.0 SPCL

Comments

The SET REF key should be used when making tuned RF level ratio
comparisons. (Refer to Attenuator Measurements).

When using dB ratio; any ratio reference or measurement result that
causes the value of M/R (see equations above) to approach 0 causes
the instrument to display Error 11.

The RATIO Keys are convenient when used to check modulation or RF
level flatness throughout an RF frequency range (use Track Mode
tuning described in RF Frequency Tuning) or throughout the audio
range.

The reference that is kept for a ratio measurement can be entered as
a limit reference (refer to Limit).

The following list provides some useful reference values for making
ratio measurements:

- 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 peak, use 70.7 and % ratio.

Related Functions

Error Message Summary
Limit

Special Functions

RF Frequency Tuning
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Model 8902A Operation

OPERATOR’S CHECKS

3-10.

Basic Functional Checks (Cont’d)

RF Power Calibration Check

3.

Connect the CALIBRATION RF POWER OUTPUT to the sensor module
input. (Step 1 of Figure 3-3.)

Press the RF POWER key. The instrument displays Error 15 (un-
less calibration factors have already been entered).

If the instrument displays Error 15, enter the RF Power Calibra-
tion Factors that are printed on the bottom cover of the sensor
module:

a. Enter the reference calibration factor by keying in 37.3 and
pressing the SPCL key. Then key in the value of the
reference calibration factor and press the Blue Key and %
CAL FACTOR key (the MHz key).

b. Enter each frequency/calibration factor pair by first keying
in the numeric code 37.3 and pressing the SPCL key. Next,
key in the frequency value (in MHz), and press the MHz key.
Then, key in the value of the calibration factor, and press
the Blue Key and % CAL FACTOR kKey. Error 15 continues to be
displayed until the Measuring Receiver is able to interpo-
late a frequency/calibration factor pair from those pairs
entered. (For more information, refer to RF Power Calibra-
tion and RF Power Calibration Factors in the Detailed
Operating Instructions in this section.)

Press the ZERO key. 0.0 is displayed briefly and then a value
iess than 0.003 mW is displayed.

Press the CALIBRATE key. When a value appears in the display,
press the Blue Key and SAVE CAL key (the CALIBRATE key). The
display shows 1.000 mW. Turn off the calibrator by pressing the
CALIBRATE key again.

RF Power Check

8.

Set the signal generator to 100 MHz CW at -10 dBm (as measured
on its level meter).

Connect the RF output of the signal generator to the input of
the sensor module, and MODULATION OQUTPUT/AUDIO INPUT to the ver-
tical input of the oscilloscope and to the AM output of the sig-
nal generator using a BNC tee. (Step 2 of Figure 3-3) (Note:
The connection from the MODULATION OUTPUT/AUDIO INPUT to both
the oscilloscope and the signal generator could cause a loading
problem if the signal generator is not as suggested. Make these
connections only when required if this is a problem.)




Operation Mcdel 89024

Ratio and Log/Lin (Cont’d)
(Includes the PREVIOUS RATIO key and Special Function 11.2)

Procedures (cont’d)

3. Press the RATIO key. The display will show the measurement
result relative to the reference value.

70 use the Previous Ratio function:

1. Perform the procedure to select a ratio reference.
che desired Measurement mode. (The Measuring Receiver
13es Tne same value as that =2nsered in the Ra<io mede regarilsss
of the current measurement selected.)
3. Press the Blue Xey and the PREVICUS RATIC (RATIO) Key. The

o
2}
19
U
17
0
ct

display will show the measurement result relative to the original
reference value.

To display the ratio (or previous ratio) reference, key in 11.2 SPCL.

Examples

35.35 kHz FM deviation is displayed; to enter this value as the RATIO
reference for future measurements:

e

LOCAL o

(keystrokes) [:::]

'{HIE" R1

(program codes) T
Display

The result from this comparison is either 100% (if linear results are
selected), or 0 dB (if logarithmic results are selected).




Operation Model 8902A

OPERATOR’S CHECKS

3-10.

10.

Basic Functional Checks (Cont’d)
Press the LOG/LIN key to display dBm. Read between -11.0 and
-9.0 dBm on the display.

RF Peak Level Check

1

1.

Key in the numeric code 35.0 and press the SPCL key. The
Measuring Receiver displays between -16.00 and -6.00 dBm.

Frequency Check

1

2.

13.

Press the FREQ key. Key in 7.1 and press the SPCL key to set
the RF Frequency Resolution to 10 Hz. Set the signal genera-
tor’s frequency as shown in the following table. For each
frequency, compare the signal generator’s frequency display with
the Measuring Receiver’s display. The two displays should agree
within the limits indicated.

Signal Frequency
Generator Difference
Frequency (MHz) Limits (+Hz)

2 4o

y 50

8 70
16 100
25 130
50 230
100 430
200 830
400 1600
800 3200

Set the signal generator frequency to 50 MHz. When the Measur-
ing Receiver has tuned to the signal, press MHz, then S (shift)
FREQ ERROR. The instrument displays between -2 and 2 kHz.

ey in 100, then press {} kHz. The instrument displays between
-102 and -98 kHz. Return the RF Frequency Resolution to a:to-
matic selection by keying 7.0 and pressing the SPCL key.

Track Mode Tuning Check
15.

(W]

-12

Press the AUTOMATIC OPERATION key and the FREQ key. Press the
TRACK MODE key. Manually sweep the signal generator’s frequency
to 65 MHz; the Measuring Receiver’s frequency display tracks the
frequency as it changes. Press the TRACK MODE key again to turn
off the function.
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Model 8902A Operation

Ratio and Log/Lin (cont’d)
(Includes the PREVIOUS RATIO key and Special Function 11.2)
Example (cont’d)

35.35 kHz FM deviation is displayed, to compare this to an FM
deviation of 50 kHz:

SEDATA NEEEEN  fBEDISPLAY S
S
INVIN-TR 2ATO

(keystrokes) .10, Lo ]

R1

2

<=

{program codes) Data

—i=

Display

The result from this comparison is either 70.7% (if linear results
are selected, or -3.01 dB (if logarithmic results are selected).

m Program Codes

LOG display = LG
LIN display = LN
PREVIOUS RATIO = R2
RATIO off = RN
RATIO on = R1

SPCL = SP

Indications

Display: When the LOG/LIN key is pressed, the displayed measurement
changes to reflect the new value.

When the instrument is displaying a ratio or previous ratio
comparison, the REL (relative) annunciator lights and the
dB or % annunciator is displayed (as appropriate). The
displayed value is the measurement result relative to the
reference in % or dB.

When 11.2 SPCL is keyed, the last-entered ratio reference
value is displayed.

Front Panel: When the instrument is displaying a ratio or previous
ratio comparison, the RATIO key lights. The LEDs of
all previously-selected annunciators remain on.

-~

When Special Function 11.2 is selected, only the LED
within the SPCL key lights.
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Model 8902A Operation

OPERATOR’S CHECKS

3-10.

Basic Functional Checks (Cont’d)

AM and FM Calibration Check

16.

17.

18.

AM

19.
20.

21.

22.

Connect the CALIBRATION AM/FM OUTPUT to the input of the sensor
module. (Step 3 of Figure 3-3.)

Press AM, then CALIBRATE. After a few seconds, the AM Calibra-
tion Factor is displayed. The displayed value is between 99.0
and 101.0%.

Press FM, then CALIBRATE. After a few seconds, the FM Calibra-
tion Factor is displayed. The displayed value is between 99.0
and 101.0%. Press the CALIBRATE key again to turn off that
function.

Check

Reconnect the equipment as shown in Step 2 of Figure 3-3.

Press the Measuring Receiver’s MHz key, and set the signal
generator for 50% AM (as measured on its AM meter) at a 1 kHz
rate.

Press AM. The Measuring Receiver displays between 46 and 5i%.
Set the signal generator’s AM to 25% (as measured on its AM

meter). The Measuring Receiver displays between 22 and 28% with
0.01% resolution.

FM and Phase Modulation (¢M) Checks

23.

2h.

25.

Set the signal generator’s AM off, and set FM to 50 kHz peak
deviation (as measured on its FM meter) at a 1 kHz rate. Press
FM. The Measuring Receiver displays between 45 and 55 kHz.

Adjust the signal generator’s FM peak deviation for 50 kHz as
displayed by the Measuring Receiver.

Press ¢M. The instrument lisplays between 45 and 55 radians.
J

FM De-emphasis Check

26.

27.

Press FM. Press the RATIO key and set the LOG/LIN key to dis-
play %. The instrument displays between 99.8 and 100.2% REL.

The oscilloscope shows a sinusoidal waveform with a peak-to-peak
amplitude between 0.9 and 1.1V and a period of 1 ms.

3-13
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Model 3902A Operation

Ratio and Log/Lin
(Includes the PREVIOUS RATIO key and Special Function 11.2)

Description

The RATIO and PREVIOUS RATIO keys permit any measurement result to be
compared to a reference value. The reference value may be the result
of a previous measurement or a keyboard entry. Special Function 11.2
displays the current ratio reference.

Tre LOG/LIN key enables measurement results to be displayed linearly
Sr logaritomicaziy \doj.

. P
R

The ratic functions can be used with the following measurements:
AM SINAD {29.0 SPCL)
FM £xt Audio RMS Level {30.0 SPCL)
oM LO Frequency (33.0 SPCL)
RF POWER IF Frequency {34.0 SPCL)
FREQ RF Level (35.0 SPCL)
AUDIO FREQ
AUDIO DISTN
IF LEVEL
TUNED RF LEVEL
FREQ ERROR

The Measuring Receiver keeps the current ratio reference as the
previous ratio reference. A current ratio is changed to previous
ratio status whenever the following conditions occur:

- the RATIO key is pressed a second time,

- a new measurement is selected, or

- the variable units selectable by the Data keys are changed.

The output signal at MODULATION OUTPUT/AUDIO INPUT is unaffected by
the ratio functions.

Procedures

Use the LOG/LIN key anytime during the measurements to change the
display to either dB or % (respectively).

To use the Ratio function:

1. Select the desired Measurement mode. Measurements possible with
the ratio function are listed in "Description."

2. Set the display to the desired reference value:

- Adjust the signal parameter being measured to a reference
setting, or

- enter the reference on the numeric keys. If the reference.
is to be negative value, press the Blue Key and the minus
key (- key under the decimal point key).




Operation Model 89024

OPERATOR’S CHECKS

3-10. Basic Functional Checks (Cont’d) (
28. Set FM DE-EMPHASIS to PRE-DISPLAY. Set FM DE-EMPHASIS time con-
stant as listed in the following table. The Measuring Receiver
displays a value within the limits listed. Also, the oscillo-
scope waveform changes proportionately to the display. (Allow
for a x10 autorange at the output of MODULATION OUTPUT/AUDIO
INPUT when FM DE-EMPHASIS is set to 750 us.)

FM De-Emphasis Limits (% REL)
Time Constant
(us) Minimum Maximum
25 98.5 99.0
50 94 .5 96.2
75 88.8 92.1
750 18.9 23.0

Audio Frequency and Audio Filters Check

29. Set FM DE-EMPHASIS off. Set the FM rate as listed in the fol-
lowing table. For each setting, perform the following steps:

a. Set filters (HP or LP FILTER) to ALL OFF, and set RATIO off
if it is on. (

b. Press S (shift) AUDIO FREQ and set the signal generator’s FM
rate as listed in the table (as displayed on the Measuring
Receiver).

C. Press FM and then press the RATIO key. Set LOG/LIN to dB to
establish a reference of 0 dB.

d. Set the HP or LP FILTER as listed in the table, and fine
adjust the FM rate for a reading of -3 dB REL.

e. Press S (shift) AUDIO FREQ and note the FM rate. The
Measuring Receiver displays a rate within the 1limits listed.

Approximate Frequency Limits (Hz)
FM Rate HP or LP Filter
(Hz) Minimum Maximum
50 50 Hz HP 47.5 52.5
300 300 Hz HP 285 315
3 000 3 kHz LP 2 850 3 150
15 000 15 kHz LP 14 250 15 750
90 000 >20 kHz LP 80 000 140 000

3-14
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Range Hold (Cont’d)

Indications

Displayf When the RANGE HOLD key is pressed, the display returns to
the measurement previously selected.

Front Panel: The light within the RANGE HOLD key lights. The light
within the SPCL key also turns on.

Comments

Once settings are held with the Range Hold Function, one or more c
be changed by manually entering the desired function. For example,
the RANGE HCLD ey places the instrument in the manual tune mode;
Press the Blue Keyv and auTo TUNING (TRACK MODE) key to re-enter the
automatic tuning mode.

Related Functions

Audio Range

Disable Error Message Control
Filters, RF and IF

RF Frequency Tuning

RF Input Attenuation and Gain
Special Functions
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Model 8902A Operation

OPERATOR’S CHECKS

3-10. Basic Functional Checks (Cont’d)
Audio Distortion and SINAD Check

30. Press the AM key and set filters to ALL OFF. Set the signal
generator’s FM off, and set the AM depth to 50% (as measured on
the Measuring Receiver’s display) at a 1 kHz rate. Press S
(shift) and AUDIO DISTN. The displayed distortion is less than
3%.

31. Set the signal generator’s AM for a 400 Hz rate. Press the Blue
Key and 400 Hz DISTN key (PEAK- key). The displayed distortion
is less than 3%.

32. Press the LOG/LIN key to display the distortion in dB. Key in
29.0 and press the SPCL key. The SINAD value is greater than 30
dB.

External Audio RMS Level

33. Press the AUDIO INPUT key. Set the signal generator’s audio
output level for 3 Vp-p (as read on the oscilloscope). Key in
30.0 and press the SPCL key. Set the LOG/LIN key to display
volts. The Measuring Receiver’s displayed level is between 0.95
and 1.17V.

Audio Detector Check

34. Press the FM key. Press the AUDIO INPUT key again to select the
FM MODULATION OUTPUT. Set the signal generator’s AM off and set
the FM rate to 1 kHz. Press the RATIO key and set LOG/LIN to %
to establish a reference of 100%. Set DETECTORS to PEAK-. The
Measuring Receiver displays between 95 and 105% REL depending
upon the signal generator’s FM distortion.

35. Set DETECTOR to AVG. The instrument displays between 69.3 and
72.1% REL. Turn the ratio function off by pressing the RATIO
key again.

(62

Sety DETZCTOR to FPEAN+ then press PEAK HCOLD'. Switch the signal
generator’s FM off. The Measuring Receiver display retains the
largest value obtained after pressing PEAK HOLD. Turn off the
peak hold function by pressing the PEAK+ key.

IF Level Check

37. Press S (shift) IF LEVEL and set the LOG/LIN key to display %.
The Measuring Receiver displays between 99.9 and 100.1%.
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Model 8902A Operation

Range Hold

Description

The RANGE HOLD key freezes the current ranges being used by the
Measuring Receiver. This function, the corollary to the AUTOMATIC
OPERATION key, disables the automatic tuning function and places
Special Functions prefixed 1, 2, 3, 7, 9, and 10 in non-automatic

modes. The following functions are not affected by the Range Hold
fanction: HP and TP Filters. FM De-emphasis, Measurement . Detectors,
and Lisplay Any Speclal Junctions prerfixed L tarcugn .o that are
aiready in manual modes also remain unaffected. The table below
summarizes the effact of the Range Hold function:
[
Special Function Measurement Function ! Eftect of RANGE HOLD
Prefix : on Functions
1 RF Input Attenuation and Gain Holds setting
2 Audic Range Holds setting
3 RF and IF Filters Holds setting
4 Tuned RF Level Display Averaging No effect
5 Audio Detector Response No effect
6 AM ALC Response No effect
7 RF Frequency Resolution Holds setting
8 Error Message Disable No effect
9 IF Gain Holds setting
i 10 RF Power Range Holds setting
AUTO TUNING Selects Manual Tuning
4
Procedures

} To hold the special functions in a specific measurement state, set
' the Measuring Receiver as desired, then press the RANGE HOLD key.

To exit the Range Hold mode, press the RANGE HOLD key a second time
or press the AUTOMATIC OPERATION key.

<=HP-IB=> Program Code

'gﬁ* Automatic Ranging = GO
| RANGE HOLD = G1




Operation Model 8902a

OPERATOR’S CHECKS

3-10. Basic Functional Checks (Cont’d) (
IF Frequency and LO Frequency

38. Set the signal generator to 100 MHz CW at 0 4dBm. Press AUTO-
MATIC OPERATION, then key in 34.0 and press the SPCL key. The
frequency displayed is between 1.45 and 1.55 MHz.

39. Key in 33.0 and press the SPCL key. The frequency displayed is
between 101.45 and 101.55 MHz.

40. Key in 3.1 and press the SPCL key. The frequency displayed is
between 100.4425 and 100.4575 MHz.

Peak Tuned RF Level and RF High-Pass Filter Check

41. Set the signal generator to 5.25 MHz CW at 0 dBm. Key in 36.0
and press the SPCL key and set the LOG/LIN key to display watts.
The level displayed is between 0.0 and +6.0 mW.

42. Press the RATIO key and set the LOG/LIN key to dB, then key in
3.3 (to insert the RF high-pass filter) and press the SPCIL key.
The Measuring Receiver displays between -2 and -7 dB REL. Turn
off the ratio function by pressing the RATIO key again. Key in
3.0 and press the SPCL key to return the RF ~igh-pass and IF
filter selection to automatic. .

Synchronous and Average Tuned RF Level Check

43. Set the signal generator for 50 MHz CW at 0 dBm. Press S
(shift) TUNED RF LEVEL and when the Measuring Receiver has tuned
to the signal, press the MHz key. Press the CALIBRATE key. Set
the signal generator so the Measuring Receiver displays 0.00
dBm.

44. Step down the level of the signal generator in 10 dB steps as
listed in the following table. When the RECAL annunciator is
displayed, press the CALIBRATE key while keeping the signal
generator constant.




Operation Model 89022

®M (Cont’d)
(Includes Special Function 2)

Comments

The PEAK+ detector always detects the carrier’s positive, phase
deviation while the PEAK- detector always detects the carrier’s
negative, phase deviation. The PEAK *+/2 detector sums the positive
and negative phase deviations and divides the total by two to provide
an average peak value. (This value is not to be confused with a
detected average value.)

The routine which automatically selects the modulation range ccnrtains
regions of overlap between the follewing displayed peak deviati-ns:
0.35 and .4 radians, 2.5 an? U radians, and 35 and 42 »adilans. When

using the average detector, TAng-ng occurs wWith lower modulation
levels displayed. 1ITf 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 Audio Range.

When operating above 2.5 MHz while using the 455 kHz IF, the upper
1imit of the modulation rate is that of the >20 kHz LP FILTER.

When operating with carrier frequencies below 2.5 MHz, the output
signal at MODULATION OUTPUT/AUDIO INPUT is inverted unless using the
455 kHz IF.

AM conditions that cause the carrier signal to disappear will cause
inaccuracies in the measurement of M deviation, or they could cause
Error 05 (FM squelched) to be displayed.

When ¢M is selected, the signal at the rear-panel FM OUTPUT still
represents demodulated FM, not oM.

To display phase deviation in degrees instead of radians, enter 1.745
as a ratio reference and select the RATIO key. (Refer to Ratio.)

Pulsed phase modulation, such as phase shift keying, cannot be
accurately demodulated or measured by the Measuring Receiver.

Related Functions

Audio Detectors

Audio Filters

Audio Range

Ratio

Residual Noise Effects
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Model 8902A Operation

OPERATOR’S CHECKS

3-10.

45,

46.

Basic Functional Checks (Cont’d)

Signal Generator’s Display Limits (dBm)
Output Level '

(dBm) Minimum Maximum

-10 -10.06 -9.9Y4

-20 -20.12 -19.88

-30 -30.27 -29.73

-40 -40.48 -39.52

-50 -50.75 -49.25

-60 -61.08 -58.92

~-70 -71.68 -68.53

-80 -81.92 -78.08

-90 -92.U43 -87.57

-100 -103.00 -97.00

Return the level of the signal generator to 0.00 dBm. Key in
4.4 and press the SPCL key. Press the CALIBRATE key. Set the
signal generator so the Measuring Receiver displays 0.00 dBm.

Step down the level of the signal generator, in 10 dB steps,
using the same measurement limits as in the previous table.

Error Check

47.

48.

49.

Set the signal generator to 200 MHz CW at 0.00 dBm. On the
Measuring Receiver, press AUTOMATIC OPERATION, then FM. Set
DETECTOR to PEAK+. After the Measuring Receiver is tuned, press
the RANGE HOLD key. Key in 100 then press {} kHz. The Measuring
Receiver displays Error 01. Press the RANGE HOLD key again to
turn off the function.

Press {J kHz. Key in 2.1 and press the SPCL key. Set the
generator’s FM on and adjust the peak deviation for 5 kHz (as

read on its FM meter). The Measuring Receiver displays Error
ou.
Key in 8.4 and press the SICL ley. The instrument displays Er-
ror O07.
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M (Cont’d)
(Includes Special Function 2)

m Program Code

All HP-IB codes for changing the limits of the phase modulation
deviation are provided in "Procedures”.

oM = M3

Indications

Display: When tha oM Xey 1s pressed, the 1lsplay shows the measured
Tallan deviaticn in Sha narvion The radian (rad)
arnuncilator is displayed

Front Panel: The LEDs within the keys representing the selected
functiocns light.

Measurement Technique

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 detected and displayed as
phase deviation in radians. Tha integrator’s output is made
available at the output of MODULATION OUTPUT/AUDIO INPUT.

- Bl
L EMouTRUT

FM
1048 INPUT = DEMODULATOR ——
O] ATTENUATOR gpamp  ATTENUATOR MN';léT FAMP iF LIMITERS

M AUOI0 VOLTMETER
INTEGRATOR OETECTORS AND DISPLAY

— Wr——{gggggeagegl

FM
SQUELCH AUDIO
AMP FILTERS

[
DISCRIMINATOR

tocat

OSCILLATOR ( MCOOULATION QUTPYT/
AUDIO INPUT

®M Measurement Block Diagram
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\ HP-1B 4

3-11. HP-IB Functional Checks ‘

OPERATOR’S CHECKS

DESCRIPTION:

The following ten procedures check the Measuring Receiver’s ability
to process or send all of the applicable HP-IB messages described in
bParagraphs 3-12 through 3-31. 1In addition, the Measuring Receiver’s
ability to recognize its HP-IB address is checked and all of tne bus
data, handshake and control lines except DIO8 (the most significant
data line which is not used by the Measuring Receiver) are set to
both their truye and false states. These procedures do not check
whether or not alil Measuring Receiver program codes are being proper-
1y interpreted and exXecuted by the instrument; however, if the front
panel operates as eXpected, the program codes, in alil likelihood,
will be correctly implemented.

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

- The Measuring Receiver performs properly when Operated via the
front-panel keys (that is, in local mode). This can be verified
with the preceding Basic Functional Checks in bparagraph 3-11.

= The bus controller properly executes HP-IB operations.

~ The bus controller’s HP-IB interface properly executes the HP-IB
operations. ‘

If the Measuring Receiver appears to fail any of these HP-IB checks,
the validity of the above assumptions should be confirmed before at- ,
tempting to service the instrument. !

The select code of the controller’s HP-IB interface is assumed to

be 7. The address of the Measuring Receiver 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 valig. |
However, the pProgram lines presented here would have to be modified |
for any other combination. !

These checks are intended to be as independent of each other as pos- |
sible. Nevertheless, the first four checks should be performed in ;
order before other checks are selected. Any rcpecial initialization

Or requirements for a check ere described at its beginning.

INITIAL SETUP:

T
Measuring Receiver to the bus controller via the HP-IB interface. Do

3-18




Model 8g0¢

#M (Cont’qd)
(Includes Special Function 2)

Procedure (cont’d)

The following table lists the differe

nt measurement range limits +tha®
can be selected with Special

Function 2:

| ] . Program Code isolav | MODULATION
’ Modulation | ector | Seecial | N Disotay L T
! Range - , cupction ~ Resotution o
(Peak - rad dev.) Selected Code (radians) Sensitivity
i oo (mVac/radian)
L Automatic Selecticn 2.0 SPCL | 2.08P ! Avterratic Selection
C <04 I ams I aispcL 2.45p 2.0001 10
L <4 Pk, Avg 2.4 SPCL 2.4SP 0.001 1
’ <4 Pk, Avg, RMS 2.1 SPCL 2.18P 0.001 1

<40 Pk, Avg, RMS 2.2 SPCL 2.28P 0.01 0.1

<400 Pk, Avg, RMS 2.3 SPCL 2.38P 0.1 0.01

To filter the demodulated signal, press the appropriate filter keys.
(Refer to Audio Filters).

If ¢M deviation is to be displa

yed relative to a reference, enter the
value as a ratio reference usin

g8 the RATIO key. (Refer to Ratio.)
Example

To measure the positive-peak ¢M deviation of a

signal in a 50 Hz to
15 kHz demodulated signal bandwidth:
LOCAL [RUmAa e fmoerecronmy Mo o
(keystrokes)

. L]
m M3D1H1L2

Measurement TT—E
(program codes)

Detector

Filters




Model 8902A Operation

 HP-IB 2

OPERATOR’S CHECKS

3-11. HP-IB Functional Checks (Cont’d)

EQUIPMENT:
HP-IB Controller....HP 9825A/98213A (General and Extended I/0 ROM)
--or-- HP 98354/98332A (I/0 ROM)
--or-- HP 9845A (with HP-IB I/0 capability)
HP-IB Interface..... HP 98034A (use "revised" version with 9835A and
98454)

Address Recognition
NOTE:

This check determines whether or not the Measuring Receiver
recognizes when it is being addressed and when it is not. This check
assumes only that the Measuring Receiver can properly handshake on
the bus. Before beginning this check, set the Measuring Receiver’s
POWER switch to STBY, then to ON.

HP 9825A HP 9835A and
Description (HPL) 98454 (BASIC)
Set the Remote Enable (REN) bus lcl 7 LOCAL 7
control line false.
Send the Measuring Receiver’s wrt 714 OUTPUT 714
listen address.

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s LISTEN annunciator is on.

Unaddress the Measuring Receiver wrt 715 OUTPUT 715
by sending a difierent address.

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s LISTEN annunciator is turned off.
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Model 8902A Operation

oM
(Includes Special Function 2)

Description

The ¢M key enables the Measuring Receiver to measure the phase
modulation deviation of the tuned input signal.

The demodulated ¢M is present at MODULATION OUTPUT/AUDIO INPUT
{unless AUDIO INPUT is selected). .

The 9M measurement is specified only for carriers from 10 to 1300
MHz, however, $M measurements can be performed on carriers from 150

<3z to 123 MHz. Higher frequencies can be measured when an external
L2 0 is used. ‘Zefer to Frequency Offset Control,; . The &M measurement
15 only specified for medulaticn rates from 20C Hz to 20 kHz;

nowever, the low frequency 3 dB 1limit is typically 7 Hz.

The demodulated signal’s frequency and distortion can also be

characterized. (Refer to Audio Distortion and Level and to Audio
Frequency.)

The following figure illustrates the display resolution for different
combinations of peak phase deviation and modulation rate.

400
0.1 RADIAN

3 RESOLUTION

=

<

zg ©

w = 0.01 RADIAN

= RESOLUTION

£

& 4

x 0.001 RADIAN

S RESOLUTION

= i

T
T 1 T ¥ T T IR
200 Hz 500 Hz 1kHz 2kH: S5kHz 10kHz 20 kH:z

MODULATION RATE

Procedure

To make a ¢M measurement, first tune the instrument to the input
signal. (Refer to RF Frequency Tuning or press AUTOMATIC OPERATION.)

Press the ¢M key, and select an audio detector: PEAK+, PEAK-, or
AVG. The RMS detector, selected by pressing the Blue Key and the RMS
key, is not quite as accurate in measuring FM and is usually only
used for audio distortion measurements. (Refer to Audio Distortion
and Level and to Audio Detectors). °
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Operation Model 8902a

\ HP-IB 4

OPERATOR’S CHECKS

3-11. HP-IB Functional Checks (Cont’d)
Remote and Local Messages and the LOCAL Key
NOTE:

This check determines whe“her the Measuring Receiver 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 Measuring Receiver is able to both
handshake and recognize its own address. Before beginning this
check, set the Measuring Receiver’s POWER switch to STBY, then to ON.

HP 9825aA HP 9835A and
Description (HPL) 98454 (BASIC)
Send the Remote Message (by rem T1Y REMOTE 714

setting Remote Enable, REN, true
and addressing the Measuring
Receiver to listen).

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s REMOTE and LISTEN annunciators
are on.

Send the Local Message to the lcl 714 LOCAL 714
Measuring Receiver.

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s REMOTE annunciator is off but its
LISTEN annunciator is on.

Send the Remote message to the rem 71Y REMOTE 714
Measuring Receiver.

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s REMOTE and LISTEN annunciators
are on. Press the LOCAL key on the Measuring Receiver. Check that
the Measuring Receiver’s REMOTE annunciator is now off, but that its
LISTEN annunciator remains on.
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Operation Model 8930:

Peak Tuned RF Level (Cont’d)
(Special Function 36)

Indications (cont’d)

Display: notation; that is, the measured value is fellowed by a
(cont’d) signed, power-of-ten multiplier. The following table shows
the annunciator units for linear and logarithmic formats:

Linear Unut ' Logarithmic Unit
W dBm
v aBv
mv JB mv
uV dB uv

Front Panel: The LED within the SPCL key lights.

Measurement Technique

When the Measuring Receiver is tuned, all the power falling within
the IF bandpass filter is amplified and peak detected. The power is

then measured by the voltmeter and displayed in the selected
measurement units.

ATT,ENNPlHJ};rTQR INPUT \F AMP BANDWIDTH DETECTa VOLTMETER
MIXER FILTER AND DISPLAY
—— == v —{5a50868658

LOCAL
OSCILLATOR

Peak Tuned RF Level Measurement Block Diagram

Comments

Use an external power sensor to make accurate, absolute power
measurements. (Refer to RF Power or to Tuned RF Level.)

Related Functions

IF Level RF Power
RF Frequency Tuning Tuned RF Level
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Model 8902A Operation

L HP-IB 4

OPERATOR’S CHECKS

3-11. HP-IB Functional Checks (Cont’d)
Sending the Data Message
NOTE:

This check determines whether or not the Measuring Receiver properly
issues Data messages when addressed to talk. This check assumes that
the Measuring Receiver is able to handshake and recognize its own
address. Before beginning this check, set the Measuring Receiver’s
POWER switch to STBY, then to ON.

HP 98254 HP 9835A and

Description (HPL) 9845A (BASIC)
Address the Measuring Receiver red 714,V ENTER T714;V
to talk and store its output
data in variable V. (The output
is Error 96 since there is no
signal at its INPUT.)
Display the value of V. dsp V PRINT V

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s TALK annunciator is on. The
controller’s display should read 90000096000.00 (HP 9825A) or
90000096000 (HP 9835A and 98U45A).

Receiving the Data Message
NOTE:

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




Model 89024 Operation

Peak Tuned RF Level
(Special Function 36)

Description

Special Function 36 enables the Measuring Receilver to measure the
peak RF power falling within its tuned IF range. (See the block
diagam in "Measurement Technique"”.) The Peak Tuned RF Level function
2ot 2 Timwatad s oand eo it is ﬂ:% 35 accurata or sensitive as the
Tuned nF Level function {initiated with the IUNED RF LEVEL Kkey) tnat
can only be made at a single frequency. The Peak Tuned RF Level

functicn 2rnatlz2s the instrument to measure the level of frequencies
“nat are 4rilsing, or o I2termine flatness as a fuanction of carrier
frequency.

When the peak tuned RF level measurement is selected, MODULATION
QUTPUT/AUDIO INPUT continues to output the demodulated signal
corresponding to the last modulation type selected (unless AUDIO
INPUT is selected). AM OUTPUT and FM OUTPUT (rear panel) remain
active during this measurement.

Procedures

To make a peak tuned RF level measurement, first tune the instrument
to the input signal. (Refer to RF Frequency Tuning or press
AUTOMATIC OPERATION). Key 36.0, then press the SPCL key.

If peak tuned RF level is to be displayed relative to a reference,

enter the value as a ratio reference using the RATIO key. (Refer to
Ratio.)

m Program Code

LIN results = LN mV units = MV
LOG results = LG uV units = UV
SPCL = SP WATTS units = WT
VOLTS units = VL

Indications

Display: As the numeric code is entered, it appears on the display.
When the SPCL key is pressed, the peak tuned RF level is
displayed. When a measured value is displayed, the
selected units annunciator lights, and if the units are
linear, the display indicates the measurement in scientific
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Operation Model 8902A

\ HP-1B 2

OPERATOR’S CHECKS

3-11. HP-IB Functional Checks (Cont’d)
Receiving the Data Message (Cont’d)

HP 98254 HP 9835A and
Description (HPL) 98454 (BASIC)

Send the first part of the rem 7 REMOTE 7
Remote message (enabling the
Measuring Receiver to remote).

Address the Measuring Receiver wrt OUTPUT 714,"IMZ"
to listen (completing the Remote 714, "1MZ"
message), then send a Data

message (manually tuning the
Measuring Receiver to 1 MHz).

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s REMOTE and LISTEN annunciators

are on. Check also that its 15 kHz LP FILTER key light is on and the
AUTO TUNING light is off.

Local Lockout and Clear Lockout/Set Local Messages

NOTE:

This check determines whether or not the Measuring Receiver properly
receives the Local Lockout message, disabling all front-panel keys.
The check also determines whether or not the Clear Lockout/Set Local

3

recognize its own address, and properly make the remote/local transi-
tions. Before beginning this check, set the Measuring Receiver’s
POWER switch to STBY, then to ON.




Operation Model 89022

Modulation Output/Audio Input (Cont’d)
(Includes the AUDIO INPUT key)

Comments

Errors 01 through 03, 05, 10, and HP-IB Error 96 (corresponds to a
display of two dashes) turn off the signal at MODULATICN OUTPUT/AUDIO
INPUT.

wihen the Measurling Recelver 13 D1.0% gowsoel op, Shae Ze=modalazed
signal at MODULATION OQUTPUT.AUDIO INPUT is FM. The sensitivity is
0.01 mVac/Hz and will not autorange to more sensitive ranges. This
1s because at power up, FREQ is selected, and thus Zrror 04 (audio
circuits cverdriven, 13 automatically disanled wNrn=n Zrror 04 13
disabled, only autoranging to less sensitive audio ranges is allcwed

When Error 01 through Errcor 04 are always =nabled (8.3 3PCL), the
signal at MODULATION OUTPUT/AUDIO INPUT is entirely safeguarded.
Under this condition an error is displayed when the signal at
MODULATIOCN QUTPUT/AUDIO INPUT is uncalibrated. {(Refer to Disable
Error Message Control.)

Related Functions

AM

Audio Filters

Audio Range

Disable Eirror Message Control
FM

oM
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Model 8902A Operation

\HP-IB

OPERATOR’S CHECKS

3-11. HP-IB Functional Checks (Cont’d)
Local Lockout and Clear Lockout/Set Local Messages (Cont’d)

HP 98254 HP 9835A and
Description (HPL) 9845A (BASIC)
Send the first part of the rem 7 REMOTE 7
Remote message (enabling the
Measuring Receiver to remote).
Send the Local Lockout message. 1lo 7 LOCAL LOCKOUT 7
Address the Measuring Receiver wrt 714 OUTPUT 714
to listen (completing the
Remote message).

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s REMOTE and LISTEN annunciators
are on. Press the Measuring Receiver’s LOCAL key. Both its REMOTE
and LISTEN annunciators remain on.

Send the Clear Lockout/Set Local lecl 7 LOCAL 7
message.

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s REMOTE annunciator is off but its
LISTEN annunciator remains on.

Clear Message

This check determines whether or not the Measuring Receiver properly
responds to the Clear message. This check assumes that the Measuring
Receiver is able to handshake, recognize its own address, make the
remote/local changes, and receive Data messages. Before beginning
this check set the Measuring Receiver’s POWER switch to STBY, then to
ON.
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Model 8902A Operation

Modulation Output/Audio Input (Cont’d)
(Includes the AUDIO INPUT key)

Description (cont’d)

The level of the output signal at MODULATION QUTPUT/AUDIO INPUT
autoranges; usually between 0 and 4 Vpeak into an open circuit. The
modulation type and the displayed resolution determine the
sensitivity at the output (into an open circuit). The following
table examines this relaticenship. {Refer to Audio Range for more

nrormation on modulaticn ranges.

AM ! M ' M
Display { Modulation Display © Moduiation i Display Modulation
Resolution Out-p.ut Resolution Out'p.ut_ Resolution s Oul'p -ut.
%) Sensitivity (Hz) Sensitivity (radians) ensHJVQy
( {Vac/%) (mVac/Hz) (mVac/radian)
0.01" 100
0.001 ’ 0.0001 10
0.1 10
0.001 1
0.01 0.1 1 1
10 0.1 0.01 0.1
0.1 0.01 100 0.01 01 0.01
*Available only with 750 us de-emphasis, pre-display.

Block Diagram

AM
DEMOCULATOR

oy AnTenT 1
Sl

M
AUDIC O€ EMPHASIS

0B INPUT NPT
ATTENUATIR QF 49 re INPU
puT ,.‘L’_,“g AFAMP ATTENUATCR MINER ZILTERS JEAYONLYY

—

IF AMP

£ ot :
pemoDuiATORT M T T———— 4o A T o=
PRE DISPLAY C aeconoer |
_____ SWITCH ; L _duTPuT
T EWDUTRUT oF AUDIO
""" DETECTORS

LOCAL
GSCILLATOR

Modulation Output/Audio Input Block Diagram ~




Operation Model 8902A

\ HP-IB 4

3-11. HP-IB Functional Checks (Cont’d) (
Clear Message (Cont’d)

OPERATOR’S CHECKS

HP 9825a HP 9835A and
Description (HPL) 98454 (BASIC)
Send the first part of the rem 7 REMOTE 7
Remote message (enabling the
Measuring Receiver to remote).
Address the Measuring Receiver wrt OUTPUT 714;"Mz"

to listen (completing the Remote T1i4,"MZ"
message), then send a Data
message that sets the Measuring
Receiver’s tuning to manuail
(lighting the SPCL light).

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s REMOTE and LISTEN annunciators
are on and that the AUTO TUNING light is off.

Send the Clear message (setting clr 714 RESET 714
the Measuring Receiver’s tune
mode back to automatic).

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s REMOTE and LISTEN annunciators
are on and that the AUTO TUNING light is on. :

Abort Message

NOTE :

This check determines whether or not the Measuring Receiver becomes
unaddressed when it receives the Abort message. This check assumes
that the Measuring Receiver is able to handshake, recognize its own
address, make the remote/local changes, and enter serial-poll mode.
Before beginning this check, set the Measuring Receiver’s POWER
switch to STBY, then to ON.
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Operation Model 89¢

Modulation Output/Audio Input (Cont’d)
(Includes the AUDIO INPUT key)

Description (cont’d)

Many measurements have a direct effect on
INPUT. The following table lists the Meas
when the listed measurement functions are
not listed do not have an effect):

MODULATION OUTPUT/AUDIO
uring Receiver’s response
initiated (any measurement -

Measurement Measuring Receiver’s Response

AM Selects the demoduiated AM signal {unless AUDIO iNPUT is selected).

AUDIO DISTN Measures signai available at MODULATION OUTPUT 'AUDIC INPUT (deperds on
AUDIC INPUT xay selection).

AUDIO FREQ Measures signai available at MODULATION OUTPUT AUDIO iNPUT (depends cn
' AUDIO INPUT key selection).

AUTOMATIC OPERATION Selects the last-selected modulation measurement.

M Selects the demodulated FM signal (unless AUDIO INPUT is selected).
FREQ Selects the last-selected modulation measurement.

FREQ ERROR, - Selects the last-selected modulation measurement.

INSTR PRESET Refer to Instrument Preset

oM Selects the demodulated FM signal {uniess AUDIO INPUT s selected).
RF POWER

Blanks output; turns off all Modulation QOutput, Audio Input keylights.

TUNED RF LEVEL
29.0 SPCL (SINAD)

Blanks output; turns off all Modulation Output, Audio Input keylights.

Selects the last-selected modulation measurement.
30.0 SPCL (Ext. Audio RMS Level) Selects AUDIO INPUT.

33.0 SPCL (LO Frequency)
34.0 SPCL (IF Frequency)
35.0 SPCL (RF Level)

36.0 SPCL (Peak Tuned RF Level)

Selects the last-selected modulation measurement.

Selects the last-selected modulation measurement.

Blanks output; turns off all Modulation Qutput, Audio tnput keylights.

Blarks output; turns off all Modulation Qutput, Audio Input keylights.

HP and LP Filters, and FM De-emphasis affect the output. but not the input of MODULATION OUTPUT/AUDIO INPUT.
(See the Modulation Output/Audio Input Block Diagram in this instruction.)




Model 8902A Operation

\ HP-IB 2

OPERATOR’S CHECKS

3-11. HP-IB Functional Checks (Cont’d)
Abort Message (Cont’d)

HP 98254 HP 9835A and
Description (HPL) 9845A (BASIC)
Send the Remote message to the rem 714 REMOTE 714
Measuring Receiver.

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s REMOTE and LISTEN annunciators
are on.

Send the Abort message, cli 7 ABORTIO 7
unaddressing the Measuring
Receilver.

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s LISTEN annunciator is off. Note
that the HP 9835A and 9845A ABORTIO statement sends both the Abort
message and the Local message. Thus, if the HP 9825A is being used,
the Measuring Receiver’s REMOTE annunciator should remain on. If the
HP 9835A or 9845A is being used, the Measuring Receiver’s REMOTE an-
nunciator should turn off.

Send the Local message (HP 9825A lcl 7 (The local mes-
sage was already

only).
sent with the
ABORTIO 7 state-
ment above.)
Address the Measuring Receiver red 714,V VNTER 714V

to talk and store its output
data in variable V.

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s LISTEN annunciator is off but
that its TALK annunciator is on.

a2
i

)

J1



Model 8902A Operation

Modulation Output/Audio Input
(Includes the AUDIO INPUT key)

CAUTION

Do not apply greater than 10 Vde¢ or greater than
+30 dBm (1 watt) into MODULATION OUTPUT/AUDIO

- :
NPT 2 damage Y2 the instrument may result.

= - - “ AL T

NOTE

For optimum signal flatness, cables attached to
MODULATION OQUTPUT/AUDIO INPUT should be
terminated with their characteristic impedance.

Description

The output at MODULATION OUTPUT/AUDIO INPUT provides a calibrated
output for signals demodulated by the Measuring Receiver. The output
signal available at the connector usually corresponds to the current
modulation measurement. The dc-coupled output has a 600 ohm output
impedance at the BNC female connector.

The input at MODULATION OQUTPUT/AUDIO INPUT provides external access

to the audio measurement circuits. The input has a 100 kohm input
impedance at the connector.
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Operation Model 89024

\ HP-1B 2

3-11. HP-IB Functional Checks (Cont’d) (
Abort Message (Cont’d)

OPERATOR’S CHECKS

HP 98254 HP 9835A and
Description (HPL) 98454 (BASIC)
Send the Abort message, cli 7 ABORTIO 7

unaddressing the Measuring
Receiver to talk.

OPERATOR’S RESPONSE:

Check that all the Measuring Receiver’s HP-IB annunciators are off.

Send the serial-poll-enable bus wti 0,7; SENDBUS 714;
command (SPE) through the inter- wti 6,24 1,24
face to place the Measuring
Receiver in serial-poll mode.

OPERATOR’S RESPONSE:

On the Measuring Receiver, key in 61.3 and then press the SPCL key. ‘
The display should show 1.0. This indicates the Measuring Receiver
is in serial-poll mode (indicated by the 1),

Send the Abort message, removing cli 7 ABORTIO 7
the Measuring Receiver from
serial-poll mode.

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s display shows 0.0. This indji-
cates the Measuring Receiver properly left serial-pcll mode upon
receiving the Abort message.

Status Byte Message

NOTE :

Status Byte message in both the local and remote modes. This check
assumes that the Measuring Receiver jis able to handshake, recognize

its own address, and make the remote/local changes. Before beginning
this check, set the Measuring Receiver’s POWER switch to STBY, then (
to ON.
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Operation Model 890.

LO Input and LO Output (Cont’d)
(Option 003)

Procedure
To use LO OUTPUT as a signal source:

1. Select an IF frequency of either 1.5 MHz or 455 kHz using Specia.
Function 3. (If the IF frequency is not specified, the Measuring
Receiver will assume the 1.5 MHz IF for keyboard-entered
frequencies greater than 10 MHz and the U55 kHz IF for

«CEqueniiss L2353 Lnan 19 MHZ but greater than 2.5 MHz.)

Subtract the IF frequency from the frequency desired at LO
OUTPUT, and enter the result. in MHz, via the numeric ¥ays; Shen
press the MHz key. (To “une the LO below 2.96 MHz, use the
procedure as described, but select the 455 kHz IF using Special
Function code 3.1, and disable Error 01 using Special Function
code 8.1.)

[AV]

To use LO INPUT to apply an external LO:

1. Select an IF frequency (1.5 MHz or 455 kHz) using Special
Function 3.

2. Press the MHz key to enter manual tune mode (to prevent the
internal LO from continuously tuning).

3. Add the IF frequency to the frequency to which the Measuring
Receiver is to be tuned, and set the external LO to that
frequency.

4. 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 of the RF
input signal is unnecessary.

When an external LO is used, measurements made using the FREQ or FREQ
ERROR keys are not accurate. To determine input frequency, subtract
the IF frequency (Special Function 34) 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 are possible. To avoid the problem,
turn off the external LO when switching its frequency.

Related Functions
Disable Error Message Summary LO Frequency

Filters, RF and IF RF Frequency Tuning
IF Frequency
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Model 8902A Operation

\ HP-1B 2

OPERATOR’S CHECKS

3-11. HP-IB Functional Checks (Cont’d)
Status Byte Message (Cont’d)

HP 98254 HP 9835A and
Description (HPL) 9845A (BASIC)

Place the Measuring Receiver in rds(714) DV STATUS 714V
serial-poll mode and address it
to talk (causing it to send the
Status Byte message).

Display the value of V. dsp V PRINT V

OPERATOR’S RESPONSE:

Depending on the vintage of the HP-IB interface (HP 98034A) used, the
Measuring Receiver’s TALK annunciator may be either on or off. The
controller’s display should read 0.00 (HP 9825A) or 0 (HP 9835A and
HP 96454).

Send the Remote message. rem 714 REMOTE T14

Place the Measuring Receiver in rds(714) DV STATUS T14;V
serial-poll mode and address it
to talk (causing it to send the
Status Byte message).

Display the value of V. dsp V PRINT V

OPERATOR’S RESPONSE:

Check that the Measuring Receiver’s REMOTE annunciator is on.
Depending upon the vintage of the HP-IB interface (HP 98034A) used,
the Measuring Receiver’s TALK annunciator may be either on or off.
The controller’s display should read 0.00 (HP 98524) or 0 (HP g€35A
and HP 948454).

Require Service Message
NOTE:

This check determines whether or not the Measuring Receiver can issue
the Require Service message (set the SRQ bus control line true).

This check assumes that the Measuring Receiver is able to handshake,
recognize its own address, make the remote/local changes, and receive
Data messages. Before beginning this check, set the Measuring
Receiver’s POWER switch to STBY, then to ON.
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Model 8902A Operation

LO Input and LO Output
(Option 003)

CAUTION

Do not apply greater than 40 Vdc or +5 dBm of RF
power into the LO INPUT, or damage to the
instrument may result. Do not apply dc voltage
or RF power into the LO CUTPUT, or damage. to the

in3trdnent mnay I¢€3uib.

Description

In Measuring Receivers with Option 303, the internal local cscillator
signal (LO) passes through the rear- panel LO OUTPUT and LO INPUT
connectors. The range of tne LJ signal is 1.27 MHz to 1301.5 MHz, at
approximately 0 dBm. Both connectors are 50 ohm, ac~-coupled, female,
Type-N connectors.

NOTE
The rear-panel LO OUTPUT must be connected to
the rear-panel LO INPUT for normal Measuring

Receiver operation using the internal 1local
oscillator.

Block Diagram

10 08 INPUT
ATTENUATOR RFAMP  ATTENUATOR ;A":;lé; IF AMP

eI

TO OTHER
MEASUREMENT
CIRCUITS

_____ 1
LONRUT

& T LooutPut ]

LOCAL
OSCILLATOR

LO Input and LO Output Block Diagram




Operation Model 8902a

\ HP-IB 2

3-11. HP-IB Functional Checks (Cont’d) (
Require Service Message (Cont’d)

OPERATOR’S CHECKS

HP 98254 HP 9835A and
Description (HPL) 98454 (BASIC)

Send the first part of the rem T REMOTE 7
Remote message (enabling the
Measuring Receiver to remote) .

Address the Measuring Receiver wrt 714, OUTPUT 714,
to listen (completing the Remote "22.438p" "22.438p"
message) then send a Data
message (enabling a Require
Service to be sent upon Instru-
ment Error).

Make the controller wait 2 wait 2000 WAIT 2000
seconds to allow time for the
Measuring Receiver message.
(This step is not necessary if
sufficient time is allowed.)

Read the binary status of the rds(7)DV STATUS 7;V
controller’s HP-IB interface and ‘
store the data in variable V (in
this step, 7 is the interface’s
select code).

Display the value of the SRQ bit dsp"SRQ=", PRINT "SRQ=";
(in this step, 7 is the SRQ bit, bit (7,V) BIT (v,7)
numbered from 0).

|
OPERATOR’S RESPONSE: f
i

Check that the Measuring Receiver’s REMOTE, LISTEN, and SRQ annuncia-

tors are on and that the controller’s display reads an SRQ value

of 1, indicating the Measuring Receiver issued the Require Service ;
message. i
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LO Frequency (Cont’d)
(Special Function 33.0)

LO Frequency Measurement Block Diagram
- Comments

Normally, the counter updates the dis
For selection of other resolutions,
(Note that counter accuracy is the r

play five times each second.

refer to RF Frequency Resolution.
eference accuracy *3 counts.

When the RF input si

gnal is less than 2.5 MHz,
set to 101.5 MHz.

the LO frequency is

Related Functions

LO Frequency

RF Frequency Resolution
RF Input Frequency
Special Functions

IS o 2b S SRt e A
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OPERATOR’S CHECKS

3-11. HP-IB Functional Checks (Cont’q)
Trigger Message and Clear Key Triggering

NOTE:

This check determines whether or not the Measuring Receiver responds
to the Trigger message and whether the CLEAR key serves as a manual
trigger in remote. This check assumes that the Measuring Receiver is
able to handshake, recognize its own address, make the remote/local
changes, and send and receive Data messages. Before beginning this
check, set the Measuring Receiver’s POWER switch to STBY, then to ON.

HP 98254 HP 9835A and

Description : (HPL) 9845A (BASIC)
Send the first part of the rem T REMOTE 7
Remote message (enabling the
Measuring Receiver to remote).
Address the Measuring Receiver wrt 714, OUTPUT 714;"T1"
to listen (completing the Remote AN
message), then send a Data
message (placing the Measuring
Receiver in Hold mode).
Send the Trigger message. trg 7 TRIGGER 7
Address the Measuring Receiver red 714,V ENTER 714;V
to talk and store the data in
variable V.
Display the value of V. dsp V PRINT V

OPERATOR’S RESPONSE:

Check thzt both the Measuring Receiver’s REMOTE and TALK annunciators
are on. The controller’s display shoulcd read 90000096000.00 (HP
9825A) or 90000096000 (HP 9835A and HP 98454).

Address the Measuring Receiver red 714,V ENTER 714;VV
to talk and store the data in
variable V.

3-29
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LO Frequency
(Special Function 33.0)
Description

Using the numeric keyboard and the SPCL Key, the Measuring Receiver
can be set to display the local oscillator (LO) frequency.

When the instrument is measuring the LO frequency, the signal at
MODULATICN DJUTPUT/AUDIO INPUT remains unchanged.

Procedures

7> measure the L0 Iretiency. =nter the rnumerio code 52.0, then press
tne SPCL key.

If the LO frequency is +o ha diszlayed relative %o 13 reference, enter
the value as a ratio reference using the RATIO key. (Refer to

Ratio.)

m Program Codes

LO FREQUENCY = 33.0
SPCL = SP

Indications

Display: As the numeric code is entered, it appears on the display.
When the SPCL key is pressed, the LO frequency is displayed
(in MHz). The MHz annunciator is also displayed.

Front Panel: All measurement key lights turn off, the LED within the
SPCL key lights.

Measurement Technique

The LO signal is a combination of the RF input signal and the
intermediate frequency (IF). The Measuring Receiver counts the
frequency of both the IF and the LO, and calculates their difference
to determine the frequency of the RF input signal. RF input
frequencies greater than 2.5 MHz are mixed with the LO to obtain
either a 455 kHz or the 1.5 MHz IF. For RF input frequencies less
than 2.5 MHz, although no down-conversion is necessary and the RF
input signal is passed directly into the IF, the LO is tuned to 101.5
MHz to turn on the input mixer diodes.
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3-11. HP-IB Functional Checks (Cont’d) (
Trigger Message and Clear Key Triggering (Cont’qd)

OPERATOR’S CHECKS

OPERATOR’S RESPONSE:

Check that the controller’s "run" indicator is still on indicating
that it has not received data from the Measuring Receiver. Press the
Measuring Receiver’s CLEAR xey. The contrecller’s "pun" indicator
should turn off.
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Limit (Cont’d)
(Special Function 1Y)

Indications (cont’qd)

Front Panel: The LED within the RATIO key lights when pressed; when
pressed again, the LED is turned off.

When limits are cleared, set, or restored, the LED
within the SPCL key does not light (Special Functions
4.0 through 14.Y4) . When limits arse disclaved, ~r yrao.
Sh2 nzasuremens Code or the limit status is displayed,
the LED within the SPCL key lights until the display
times out (Special Functions 14.5 through 14.9),

Comments

The test for out-cf-Iimit resuits is performed on the actual

measurement results, not upon the displayed number. Thus, although
the display shows 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.

Nea U

Related Sections

Ratio
Service Request Condition
Special Functions

3-130
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3-12. REMOTE OPERATION HEWLETT-PACKARD INTERFACE BUS

The Measuring Receiver can be operated through the Hewlett-Packard
Interface Bus (HP-IB). Bus compatibility, programming and data for-
mats are described in the following paragraphs.

Except for the POWER switch and the Controller Reset Service Special
Function, all Measuring Receiver operations (including service re-
lated functions) are fully programmable via HP-IB.

A quick test of the HP-IB I/0 is described under Remote Operator’s
Checks (paragraph 3-11). These checks verify that the Measuring
Receiver can respond to or send each of the applicable bus messages
described in the following paragraphs.

For more information about HP-IB, refer to IEEE Standard 488, ANST
Standard MC1.1, the Hewlett-Packard Electronic Systems and Instru-
ments catalog, and the booklet. "Improving Measurements in Engineer-
ing and Manufacturing" (HP parc number 5952-0058).

3-13. HP-IB Compatibility

The Measuring Receiver’s complete bus compatibility as defined in
IEEE Standard 488, and the identical ANSI Standard MC1.1 is: SH1,
AH1, T5, TEO, L3, LEO, SR1, RL1, PPO, DC1, DT1, CO.

3-14. Remote Mode

Remote Capability. In remote, most of the Measuring Receiver’s
front-panel controls are disabled (exceptions are the LOCAL and CLEAR
keys). However, front-panel displays and the output signal at
MODULATION OUTPUT/AUDIO INPUT remain active and valid. 1In remote,
the Measuring Receiver can be addressed to talk or listen. When ad-
dressed to listen, the Measuring Receiver will respond to the Data,
Trigger, Clear (SDC), and Local messages. When addressed to talk,
the Measuring Receiver can issue the Data and Status Byte messages.
Whether addressed or not, the Measuring Receiver will respond to the
Clear (DCL), Local Lockout, Clear Lockout/Set Local, and Abort mes-
sages, and in addition, the Measuring Receiver can issue the Require
Service message.

Local-to-Remote Mode Changes. 7he Measuring Receiver switches to
remote operation upon receipt of the Remote message. The Remote mes-
sage has two parts. They are:

- Remote enable bus control line (REN) set true

- Device listen address received once (while REN is true).

When the Measuring Receiver switches to remote, the REMOTE and either
the TALK or LISTEN annunciators on its front panel will turn on.
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Limit (Cont’d)
(Special Function 114)

Example

To set an upper limit of 75 kHz FM deviation:

! r&EASU::‘EMENTﬁ FDATAﬂ Dt::::V1 FCODE* r:;}NCTIONﬂ DI;P;:Y”
LOCAL ! s S 5 e | 1 4 5 et [::j
! | ikeystrokes) . [: :
i i ‘———:mer SAT.C reiersnce —— "———-,:,:: it s TATID afaes :9—-‘!-3' =R Ratog
| T
‘ ! i M27SB{1_‘14.2 SP RO
f m : Measurement———-——-j_!_ } T —[-————-—Dis;;lay
i \program codes) | Data P “uncticn
i Display——j L—-——Code

Read the FM deviation in kHz with an upper limit set at 75 kHz.

m Program Codes

n? The codes for performing the various limit operations are provided in
"Procedures”.

RATIO off = RO
RATIO on = Rl

Indi:ations

If the Measuring Receiver is set to issue a service request when an
out-of-limit measurement occurs, tiie service request may be cleared
by serial polling.

Display: When the RATIO key is pressed, the value displayed is a
reference value that is compared to the ratio reference
entered. When the RATIO key is pressed a second time, the
display returns to the previous measurement with the Limit

function enabled.

When numeric codes 14.0 through 14.4 are keyed in, they
appear on the display. When the SPCL key is pressed, the
display returns to the measurement previously selected.

When numeric codes 14.5 through 14.9 are keyed in, they
appear on the display. When the SPCL key is pressed, the
requested action is displayed.

If a measurement falls out of set limits, the LIMIT
annunciator is displayed. After the measurement returns to
within the set limits, the LIMIT annunciator continues to
be displayed until five successive measurements are made
that fall within the set limits.
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3-15. Local Mode (

Local Capability. 1In local, the Measuring Receiver’s front-panel
controls are fully operational 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 mes-
sages. When addressed to talk, the instrument can issue Data mes-
sages ard the Status Byte message, and whether addressed or not, it
can issue the Require Service message.

Remote-to-Local Mode Changes. The Measuring Receiver 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 Measuring Receiver switches to 1local
from remote whenever its front-panel LOCAL key is pressed.

3-16. Addressing

The Measuring Receiver interprets the byte on the bus’ eight data

lines as an address or a bus command if the bus is in the command

mode: attention control line (ATN) true and interface clear control

line (IFC) false. Whenever the Measuring Receiver is being addressed

to listen (whether in local or remote), the LISTEN annunciator on the |
front panel will turn on. When the Measuring Receiver is beirg ad- j
dressed to talk, the TALK annunciator will turn on. ' i

The Measuring Receiver’s talk and listen addresses are switch selec- l
table as described in paragraph 2-7. Refer to Table 2-2 for a com- ‘
prehensive listing of all valid HP-IB address codes. To determine
the present address setting, refer to the discussion "HP-IB Address"
in the Detailed Operating Instructions in this section.

Local Lockout. When a data transmission is interrupted, which can
happen by returning the Measuring Receiver to local mode by pressing
the LOCAL key, the data could be lost. This would leave the Measur-
ing Receiver in an unknown state. To prevent this, a local lockout
is recommended. Local lockout disables the LOCAL key (and the CLEAR
key) and allows return-to-local only under program control.

NOTE

Return-to-local can also be accomplished by turn-
ing the Measuring Receiver’s POWER switch to STBY,
then back to ON. However, this technique has
several disadvantages:

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

- There are several HP-IB conditions that reset ‘
to default states at turn-on.

3-32
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Limit (Cont’d)
(Special Function 1)

Procedures (cont’d)

The Special Function codes bPertaining to the Limit function are
listed in the following table:

| , _

Special Function | Program Code

Aclion

Code m

Clear ‘imits; turn off LIMIT annunciator. 14.0 SPCL 14.0SP

i Set ‘ower imit to IATIO reference. 141 SPCL f 14.18P
Set upper limit to RATIO reference. 14.2 SPCL 14.2SpP

Restore lower limit. 14.3 SPCL 14.35P

Restore upper fimit. 14.4 3PCL 14.4SP

Limit Display lower limit. 14.5 SPCL 14.58pP
Display upper limit. 14.6 SPCL 14.6SP

Display selected. lower limit measurement code. 14.7 SPCL 14.78P

Disptay selected, upper limit measurement code. 148 SPCL 14.8SP

Display limit status in the format Lower.Upper;
where O0=disabled and 1=enabled. 14.9 SPCL 14.9SP

To determine the measurement in which a lower or upper limit is in
effect, key in Special Function 14.7 or 14.8 (respectively). The
display shows a code which represents the measurement in which the
limit is in effect. These codes are indexed in the following table:

Display Measurement " Display Measurement

0.000 AM 0.011 AUDIO FREQ (external)

0.001 FM 2.003 RF LEVEL (35.0 SPCL)

0.002 oM 2.004 PEAK TUNED RF LEVEL (36.0 SPCL)
0.003 RF POWER 2.009 AUDIO DISTN (internal)

0.004 TUNED RF LEVEL 2.010 LO FREQUENCY (33.0 SPCL)

0.005 FREQ 2.011 AUDIO DISTN (external)

0.006 FREQ ERROR 4.009 SINAD (internal)

0.008 IF LEVEL 4.011 SINAD (external)

0.009 AUDIO FREQ (internal) 6.011 EXT AUDIO RMS LEVEL (30.0 SPCL)
0.010 IF FREQUENCY (34.0 SPCL)
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3-17. Data Messages

The Measuring Receiver communicates on the interface bus primarily
with data messages. Data messages consist of one or more bytes sent
over the bus’ 8 data lines when the bus is in the data mode (atten-
tion control line [ATN] false). Unless it is set to Talk Only, the
Measuring Receiver recvives dezta messages when addressed to listen.
Unless it is set to Listen Only, the Measuring Receiver sends data
messages or the Status Byte message (if enabled) when addressed to
talk. Virtually all instrument operations available in local mode
can be performed in remote mode via data messages. The only excep-
tions are changing the POWER switch setting and using the Controller
Reset Service Special Function. In addition, the Measuring Receiver
can be triggered via data messages to make measurements at a particu-
lar time.

3-18. Receiving the Data Message

Depending on how the internal address switches are set, the Measuring
Receiver 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 its talk address or a universal unlisten com-
mand is sent by the controller.

Listen Only. If the internal LON (Listen Only) switch is set to "1",
the Measuring Receiver 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 Measuring Receiver to ac-
cept programming from devices other than controllers (for example,
card readers).

Data Input Format. The Data message string, c¢r program string, con-
sists of a series of ASCII codes. Faclh code is typically equivalent
tc a front-panel keystroke in local mode. Thus, for a given opera-
tion, 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 Measuring Receiver functions.
Specific "program order considerations" are discussed in this sec-
tion. 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 Measuring Receiver determines
the positive peak de-emphasized (75 us) FM deviation of an input sig-
nal at 104.5 MHz.

3-33
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Limit
(Special Function 1}%)

Description

Using Special Function 14 and the RATIO key, lower and upper
measurement limits can be entered into the Measuring Receiver.
Subsequent cut-of-1imi% measurements will then cause the LIMIT
annunciator to be displayed. '

When the Limit Zunctisn is 2snabled, the Measuring Receiver can issue
an HP-IB service request upon reaching an lcwer or upper limit.
‘Refer £~ Service Request Condition.) The LTMIT light turns off

~ oL ~apa T o

a--er

uin

Timamank = ip @ = = + 2
measurenent L2353 11 ZUurtnher measurements are not cut of

limits; but the service request can only be cleared by serial polling
or by a Device Clear or Instrument Preset message.

v

Only one lower and one upper limit can be set at a time. Each limit
(lower or upper) can only be in effect in one Measurement mode. (The
Measurement mode need not ve the same for both the lower and upper
1imits.) Both limit references can be displayed, cleared and
restored; the status of the Limit function can be displayed; and the
Measurement modes for both limits can be displayed.

Procedures

First enter the desired limit reference as a ratio reference:

1. Select the measurement key in which the limit is to be used.

2. Key the limit value into the numeric keyboard. Use the Blue Key
and the minus (-, decimal point) key to change the sign of the
entered value.

3. Press the RATIO key.

The entered value is now stored as a ratio reference. To transform

the ratio reference directly into a lower or upper limit reference,

key in Special Function 14.1 or 14.2 (respectively).

Press the RATIO key again to re-display the measurement value.
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Receiving the Data Message (Cont’d)
EXAMPLE 1: General Program Syntax and Protocol-----—_______________

{Controller Talk)
{Measuring Receiver Listen},

[Automatic Operaticn] [Measurement] [Detector] (Filters] [FM De-
emphasis] [Special Functions] [Ratio] [Calibration] [Trigger]

EXAMPLE 2: Typical Program String--------______________

{Controller Talk)
{Measuring Receiver Listen},

AU 104.5MZ M2 D1 P1 P4 T3

Automatic Operation---- | o] |--Trigger w/ Settling

Manual Tuning------ | [ [---75 us FM De-Emphasis
FM--| | |--FM De-Emphasis Pre-Display

Peak+ Detector

Program Codes. Table 3-1 lists the Measuring Receiver’s response to
various ASCIT characters not used in its code set. The characters in
the left-hand column are ignored unless they appear between two
characters of a brogram code. The characters in the right-handg
columns, if received by the Measuring Receiver, will always cause
Error 24 (invaligd HP-IB code) and a Require Service message to be
generated. As ga convenience, all lower case alpha characters are
treated as upper case.

The valid HP-IB codes for controlling Measuring Receiver functions
are summarized in Table 3-2 (and on the Operating Instructions pull-
out card). Al1 front-panel keys except the LOCAL key have cor-~
responding program codes. Some of the tuning functions have addi-
tional codes which terminate the numeric data entry in Hz rather than
MHz or kHz as indicated on the front panel. The codes provided are
the codes used in a1l programming examples in this manual.

Turning Off Functions. When operating in local mode, many of the
functions tcggle on and off with successive keystroles. 1In remote
mode, these functions do not toggle on and off. 1Instead, a specific
code turns off the keys. (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 PRE DISPLAY setting, then select the desired de-emphasis.)
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Instrument Preset (Cont’d)
(Includes all Power-up and Default Conditions as well as
Special Functions 40 and 41, and €CEZE) Clear)

Procedures

To walk the instrument through its internal checks, key in 40.0 SPCL
or turn the Measuring Receiver off, then on again.

To reset the Measuring Receiver to its default conditions without
going through the 19 35nana Zroeess of Internal cheous, press the

Blue Key and INSTR PRESET (AUTOMATIC OPERATION) key, or key in 41 .7
SPCL.

m Program Codes

Special Function Y40.0 is not accessible from the HP-IB.

S o e

INSTR PRESET (Device Clear) = IP
SPCL = SP

Comments

After plugging in a new Memory Assembly, some or all of the

instrument states stored through power-down may be non-existent. If
this information is lost:

1. The.Recall function selects the Instrument Preset state.

s
r
f
:

8 2. Error.lhy is displayed and RF power calibration factors must be
h re-entered.

3. Synchronous and Average Tuned RF Level calibration factors are
displayed as 0.0%.

4., AM and FM calibration factors are 100% when enabled.
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Receiving the Data Message (Cont’d)

Table 3-1. Measuring Receiver Response to
Unused ASCII Codes

lgnored* Generate Error 24
! @ l
€ B \
i3] G J
# I ~
% J —
& N 4
{ Q :

) \Y }
* w ~
, Y DEL
/

“Except when inserted between two characters of a program code.

Programming Numeric Data. When programming input frequency, entering
ratio or limit references, cr issuing any numeric data (other than
specific HP-IB codes) to the Measuring Receiver, 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 expo-
nent. The decimal point may fall between any two digits of the man-
tissa but may not appear ahead of the first digit. If it does, a
leading zero will be automatically inserted by the Measuring
Receiver. Any digit beyond the ten allowed for the mantissa will be
received as zero. In general, do not issue numeric data with more
significant digits than can be displayed on the Measuring Receiver’s
10-cdigit display.

Triggering Measurements with the Data Message. A feature that is
only available via remote programming is the selection of free run,
standby, or triggered operation of the Measuring Receiver. During
local operation, the Measuring Receiver is allowed to free run, out-
putting data to the display each measurement cycle. In remote, three
additional operating modes are allowed: Hold, Trigger Immediate, and
Trigger With Settling. 1In addition, the CLEAR key can act as a man-
ual trigger while the instrument is in remote. The trigger modes and
use of the Clear key are described below.

Free Run (T0). This mode is identical to local operation and is
the mode of operation in effect when no other trigger mode has been
selected. The measurement result data available to the bus are cons-
tantly being updated as rapidly as the Measuring Receiver can make
measurements. A Device Clear message or entry into remote from local
sets the Measuring Receiver to the Free Run mode.
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Instrument Preset (Cont’d)
(Includes all Power-up and Default Conditions as well as
Special Functions 40 and 41, and Y HP-IB J Clear)
Description (cont’d)

Default conditions after power-up:

Front-Panel Keys

HP FITTER

Lp rITT”R

&M _EMPHASTS.
DDT DISPLAY.

~AT TOR A"“T”\N’

xF POWEER HHRC .o
RF POWER SAVE CAL.
MEASUREMENT
DETECTOR.
DISPLAY
RATIO. . .
AUTOMATIC OrnRATION
TRACK MODE.
AUTO TUNING
RANGE HOLD. .
DISABLE ERROR

S

).

MHz . .
kHz (0 and kHz O .
MODULATION OUTPUT

Special Functions

1-10. .
11 Previous Ratlo
Ratio Reference.
14 Limit.
Upper lelt
Lower Limit. . .
Upper/Lower Limit Code
16 AM Calibration Factors

17 FM Calibration Factors

22 Service Request.
Status Byte.
25 External Attenuation
26 Set Reference. .
27 Frequency Offset Control

37 Calibration Factors, RF Power.

Mode . . .
38, 39 Callbratlon Factors
Tuned RF Level

all off
aill orr
all off
off

all off
previzus power-down value
previous power-down value
FREQ

PEAK+

off

off

on

off

on

off

as appropriate for selected
measurement

. Wwhen pressed, 100 MHz

0 kHz
FM

suffix is set to O

off

100%

off

1300

0.150

0.005 (FREQ)

100% or previous power-down
value

100% or previous power-down
value

suffix set to 2

cleared

0 dB

0 dBm

0 MHz

Table #1 from previous
power-down

Automatic Cal Factor Mode

4 calibration factors and RF

and IF filters from previous
power-down
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Receiving the Data Message (Cont’d) (

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). 1In Hold mode, internal settings can be altered by the
instrument itself or by the user via the bus. Thus, the output sig-
nal at MODULATION OQOUTPUT/AUDIO INPUT can change. However, the in-
strument is inhibited from outputting any data to the front-panel key
lights and display or to the HP-IB except as follows: The instrument
Wwill 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 output signal at MODULATION OUTPUT/
AUDIO INPUT 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 Measuring Receiver leaves Hold when it
receives either the Free Run, Trigger Immediate, Trigger With Set-
tling codes, or 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 Measuring Receiver receives the ‘
Trigger Immediate code, it makes one measurement in the shortest pos- '
sible time. The instrument then waits for the measurement results to
be read. While waiting, the instrument can process most bus commands
without losing the measurement results. However, if the instrument
receives GTL (Go To Local), GET (Group Execute Trigger), or its 1lis-
ten 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 Measuring Receiver reverts to the Hold mode. Mea-
surement results obtained via 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 except the Measuring Receiver inser s a set-
*ling-time delay before taking the requested measuirement. This set-
tling time is sufficient to produce valid, accurate measurement
results. Trigger With Settling is the trigger type executed when a
Trigger message is received via 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 RF Fower, AM, or FM Calibra-

tor. Refer to the procedures "RF Power Calibra-

tion", "AM Calibration", or "FM Calibration" in (
the Detailed Operating Instructions.
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Instrument Preset
(Includes all Power-Up and Default Conditions as well as
Special Functions 40 and 41, and €EE» Clear)

Description

When first turned on (during power-up), the Measuring Receiver walks
through a sequence of internal checks before it is ready to make
measurements. The results of these checks are indicated internally
to aid servicing. (Refer to Section VIIT.}) This
13 Indicated o o the dser wnen a.l Iront-panel indicators are lighte:
curned-out LEDs are avident at this time). After approximately 10
seconds, this sequence is completed. Special Function 40 also
performs the POWer-up sequence,

TCWer-up 3seguencs

When the INSTR PRESET Key 1is pressed, or Special Function i1 (Device
Clear) is keyed, the instrument configures itself the same as durinrs
pewer-up, bult bypasses she internal checks.

The Measuring Receiver contains a batter
makes the internal memory non-volatile,
the instrument setup to be maintained af
switched off (power-down) .

¥ back-up to the RAMs which
enabling certain aspects cof
ter the power has been

Maintained during power-down:

- Storage of 8 instrument states using the Store and Recall
function. (Refer to Store/Recall.)

- For RF Power:

1. One set of zero and calibration data. (Refer to RF Power
Calibration.)
2. ITwo calibration factor tables: One table stores 16

frequency/calibration factor pairs and a reference
calibration factor for use with RF power sensors. One tabl.
stores 22 frequency/calibration factor pairs for use with

microwave power sensors. (Refer to RF Power Calibration
Factors.)

- For Synchronous and Average Tuned RF Level:

1. Four calibration factors.
2. The frequency at which the calibration factors are valid.
3. The state of the RF High-Pass Filter, Wide IF Filters, and

Narrow IF Filters at the time of calibration.

- For AM and FM:

An AM calibration factor and an FM calibration factor (both

in disabled mode). (Refer to AM Calibration and FM
Calibration.)
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Receiving the Data Message (Cont’d)

Triggering Measurements With the CLEAR Key. When the Measuring
Receiver is in remote Hold mode and not in Local Lockout, the front-
panel CLEAR key may be used to issue a Trigger With Settling instruc-
tion. First place the instrument in Hold mode (code Tl). Each time
tne CLTAR key is pressed, t e Measuring Receiver 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 re-
placed with data acquired from subsequent measurement cycles.

Special Considerations for Triggered Operation. When in free-run
mode, the Measuring Receiver must pay attention to all universal bus
commands, for example, serial poll enable (SPE), local lockout (LLO),
etc. In addition, if it is addressed to listen, it must pay atten-
tion to all addressed bus commands, for example, go to local (GTL),
group execute trigger (GET), etc. As a consequence of this, the
Measuring Receiver must interrupt the current measurement cycle to
determine whether any action in response to these commands is neces-
sary. 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 Measuring Receiver 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 Set-
tling (T3) codes are received, the Measuring Receiver will not allow
its measurement cycle to be interrupted. (Indeed, handshake of bus
commands is inhibited until the measurement cycle is complete.) Once
the cycle is complete, bus commands will be processed, as discussed
under Trigger Immediate above, with no loss of data. Thus, in an HP-
IB environment 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 vir-
tually identical to keystroke order, some program order consider-
ations need highlighting:

AUTOMATIC OPERATION (AU). As in loczl mode, when AUTCMATIC
OPERATION is executed in remote it sets all tpecial Functions pre-
fixed 1 through 10 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 mis-
takes when programming de-emphasis, always arrange the codes in
numeric order specifying the PRE DISPIAY setting (PO or Pl) first.
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IF Output (Cont’d)

Comments (cont’d)

Check that instruments (such as counters), connected to IF OUTPUT, do
not inject spurious signals into the IF path. These spurious signals
can cause spurs in the Measuring Receiver’s IF circuits which could
result in measurement inaccuracies.

Related Tunctiocns

Filters, RF and IF
\ IF Frequency

T i e BN P, sl A g I R N g SR
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Receiving the Data Message (Cont’d) (

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 fol-
low 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 Measuring
Receiver, 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-IR program
code sent to the Measuring Receiver 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.

3-19. Sending The Data Message

Depending on how the internal address switches are set, the Measuring
Receiver can either talk only, talk status only, listen only, or talk

and listen both (normal operation). If set to loth talk and listen,

the instrument sends Data messages when addressed to talk. The in-
strument then remains configured to talk until it is unaddressed to

talk by the controller. To unaddress the Measuring Receiver, 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
Measuring Receiver 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 measure-
ment result will be output to the bus unless the listening device is
not ready for data. If the listener is not ready and the Measuring
Receiver is not in a trigger mode, another measurement cycle is
executed.

Talk Status Only Mode. If all the internal address switches and t..e
TCH (Telk Cnly) switch are set to "1", but the LON (Listen Only)
switch is set to "0", the Measuring Receiver 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.
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IF Output

Description

The rear-panel IF OUTPUT (a female BNC connezsox provides a bufrere
IF outnous +4 gnanle monitoring of the Measuring Receiver’s 1F s:

The ac-coupled signal fanges from 150 kHz to 2.5 MHz ang normally
varies in level from -27 to -3 d4dBnp (inte 50 ohms). The level
variation depends on the RF input signal level, RF input
attenuabion/gain $2tting, and the measurement Selected.

T is dPproximately 3 MHz
when the instrument uses the wide, 2.5 MHz low-pass filter;

approximately 200 kHz when the instrument uses the wide, 455 kHz

bandpass filter; and approximately 30 kHz when the instr
the narrow, 455 yky, bandpass filter,

At any particular input leve] and front-panel setting, the flatness
of the IF OUTPUT, as input frequency varies, is typically +5%.

Block Diagram

TOOTHER
MEASUREMENT

10 dB CIRCUITS
IF BUFFER

-
_____ -4

0SCiLLATOR

Check for Spurious Sig
analyzer to IF OUTPUT.
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Sending the Data Message (Cont’d)

Data Output Format. As shown below, the output data is always for-
matted as a real constant: first the sign, then 10 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 ¢ line feed (LF), string positions 14 and 15. Data is always
output in fundamental units (for eXample, Hz, watts, radians, dB, %,
etc.), and the decimal point (not sent) is assumed to be to the right
of the tenth digit of the mantissa. Data values never exceed 4 000
000 000.

Data Output Format:

+ DDDDDDDDDD E + NN CR LF

Signed Mantissa----| [ ] f------ 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 pre-
determined values as shown below. Error outputs always exceed 90 000
000 000. The two digit error code is represented by the last two
digits of the eight-digit mantissa. {he error code can be derived
from the string by subtracting 9 x 10 0, then dividing the results by
1000.

Error Output Format:

+900000 DD 00 E+01 CR LF
| | |----Line Feed
Error Code--| | --Carriage Return

Timed Displays in Remote Operation. When operating in local mode,
many Measuring Receiver displays are presented only for a limited
time. This allows the instrument to communicate requested informa-
tion or error messages, then return to displaying the results of the
measurement previocusly 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 mea-
surement cycle.

3-20. Receiving the Clear Message
The Measuring Receiver responds to the Clear message by assuming the

settings listed in the Detailed Operating Instruction, "Instrument
Preset"”. The Measuring Receiver responds equally to the Selected
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IF Level (Cont’d)

Measurement Technique (cont’d)

available, the IF level is automatically adjusted to a preset ALC
reference level to display 100%. If the ALC loop is open (Special
Function 6.2), the input attenuator and the input signal level can be
adjusted to achieve the 100% level.

L

VOLTMETES
S epr L

GEFEE66658

IF Level Measurement Block Diagram

Comments

Error 03 (input circuits underdriven) is generated whenever the IF
level is less than 100%. Override this error message using Special
Function 8. (Refer to Disable Error Message Control.)

When operating with the AM ALC loop open, the displayed AM represents
the demodulated ac riding on the carrier; the displayed IF level
represents the average carrier level. Compute the AM depth with the
following formula:

demodulatgd ac x 100% - i displayed AM x 100%
average carrier level displayed IF level

To enable the Measuring Receiver to do this computation, first
observe the IF level, press the AM key and enter the IF level on
the numeric keys. Then press the RATIO key. AM is now
displayed accurately although the measured IF level is not 100%.
In most circumstances, when the AM ALC is off (loop open), use IF
levels greater than or equal to 100% for FM measurements and less
than or equal to 100% for AM measurements.
Related Functions

AM ALC Response Time
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Receiving the Clear Message (Cont’d) (
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).

3-21. Receiving the Trigger Message

When in remote and addressed to listen, the Measuring Receiver
responds to a Trigger message by executing one settled-measurement
cycle. The Measuring Receiver 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 Mea-
surements With the Data Message" that appears earlier in this
section.

3-22. Receiving the Remote Message

The Remote message has two parts. First, the remote enable bus con-
trol line (REN) is held true, then the device listen address is sent
by the controller. These two actions combine to place the Measuring
Receiver in remote mode. Thus, the Measuring Receiver is enabled to
go into remote when the controller begins the Remote message, but it
does not actually switch to remote until acdressed to listen the
first time. No instrument settings are chunged by the transition
from local to remote, but the Trigger mode is set to Free Run (code ‘
TO). When actually in remote, the Measuring Receiver lights its
front-panel REMOTE annunciator. When the Measuring Receiver is being
addressed (whether in remote or local), its front-panel LISTEN or
TALK annunciator turns on.

3-23. Receiving The Local Message !

The Local message is the means by which the controller sends the Go
To Local (GTL) bus command. If addressed %o listen, the Measuring
Receiver returns to front-panel control when it receives the Local
message. If the instrument was in local lockout when the Local mes-
Sage was received, front-panel control is returned, but lockout is
not cleared. Unless it receives the Clear Lockout-Set Local message,
the Measuring Receiver will return .o 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 Measuring Receiver goes to local mode, the front-panel
REMOTE annunciator turns off. However, when the Measuring Receiver
is being addressed (whether in remote or local), its front-panel LIS-
TEN or TALK annunciator lights.

3-u0




Operation Model 890.

IF Level

Description

The IF LEVEL key enables the Measuring Receiver to measure the signes
level in its IF and display this value 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, the output at MODULATTON SUTPUT /AT TH
INPUT continues £ CUTputT tne demcdulated signal Corresponding to th
last modulation measurement selected. 1If, nowever, the IF level is
not 100%, the calibration of the modulation output signal is not
specified.

Procedures

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,
enter the value as a ratio reference using the RATIO key. (Refer to
Ratio.)

m Program Code

IF LEVEL = 83

A

-

Indications

Display: When the IF LEVEL key is pressed, the optimum IF level is
displayed in % or dB (as selected by the LOG/LIN key). The
% or dB annunciator is also displayed.

Front Panel: The LEDs within the § {(shift) key and the IF LEVEL key
light. fThe value in the display will show the percent
of optimum IF Level,

Measurement Technique

Once the instrument is tuned and the IF Level function is selected,
the autcmatic level control (ALC) loop of the aM Demodulator detects
the average IF signal level. The measured IF Avg Level is compared
to an ALC reference and then displayed as a percentage of the optimum
level. 1If the ALC loop is closed and sufficient signal power is
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Receiving the Local Message (Cont’d)

If the Measuring Receiver is not in local lockout mode, pressing the
front-panel LOCAL key might interrupt a Data message being sent to
the instrument, leaving the instrument in a state unknown to the con-
troller. This can be prevented by disabling the Measuring Receiver’s
front-panel keys entirely using the Local Lockout message.

3-24. 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 Measuring
Receiver responds to the Local Lockout Message by disabling the
front-panel LOCAL and CLEAR keys. (In remote, CLEAR initiates a
Trigger With Settling cycle.) The local lockout mode prevents loss
of data or system control when someone accidentally presses front-
panel keys. If, while in local, the Measuring Receiver 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 Measuring
Receiver can be returned to local only by the controller (using the
Local or Clear Lockout/Set Local messages) or by setting the POWER
switch to STBY and back to ON or by removing the bus cable.

3-25. Receiving the Clear Lockout/Set Local Message

The Clear Lockout/Set Local message is the means by which the con-
troller sets the Remote Enable (REN) bus control line false. The
Measuring Receiver 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 Measuring Receiver goes to local mode, the front-
panel REMOTE annunciator turns off.

3-26. Receiving the Pass Control Message

The Measuring Receiver does not respond to the Pass Control message
because it cannot act as a controller.

3-27. Sending the Require Service Message

The Measuring Receiver 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 Measuring
Receiver. (During serial poll, the Require Service message is
cleared immediately before the Measuring Receiver 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 six
other conditions which can be enabled to cause the Require Service
message to be sent when they occur. Refer to "Service Request Condi-
tion" in the Detailed Operating Instructions.
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IF Frequency (Cont’d)
(Special Function 34.0)

Measurement Technique (cont’d)

Recelver uses either the Y455 kHz or 1.5 MHz IF. For RF input
frequencies less than 2.5 MHz no down-conversion is necessary and the
input signal is passed directly into the IF. The frequency of the IF
signal is counted and displayed.

oo [N ; . < IS —'«'-Lu::'v‘
T R e — e —dHE6E =850

XAt
g&s:mumﬁ

IF Frequency Measurement Block Diagram
Comments

Normally, the counter updates the display five times each seccnd.
For selection of other resolutions, refer to RF Frequency Resolution.
(Note that counter accuracy is the reference accuracy +3 counts.)

RF filter selection is dependent on the selected IF Frequency.
(Refer to Filters, RF and IF.)

When using the U455 kHz IF on input signals with frequencies greater
than 300 MHz, AM due to FM increases substantially.

The Measuring Receiver determines the frequency of the RF input
signal by counting the frequencies of both the IF and LO, and
calculating their difference.

When measuring frequencies less than 2.5 MHz, the value of the IF
frequency is equal to the value of the RF input frequency.

The calibration of the output signal available at MODULATION
OUTPUT/AUDIO INPUT depends on the IF signal level and should be
assumed only when all errors are enabled (Special Function 8.8).

Related Functions

Disable Error Message Control RF Frequency Resolution =
Filters, RF and IF RF Input Frequency
LO Frequency Special Functions
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3-28. Selecting the Service Request Condition

Use Special Function 22, Service Request Condition, to enable the
Measuring Receiver to issue the Require Service message. HP-IB code
errors always cause the Require Service message to be sent. The Ser-
vice Request Condition Special Function is entered from either the
front panel or via the HP-IB. The conditions enabled by Special
Function 22 are always disabled by the Clear message. A description
of the Service Request Condition Special Function and the procedure
for enabling the various conditions are provided under "Service
Request Condition" in the Detailed Operation Instructions.

Normally, device subroutines for the Measuring Receiver can be imple-
mented simply by triggering measurements, then reading the output
data. 1In certain applications, the controller must perform other
tasks while controlling the Measuring Receiver. A device subroutines
structure, using the instrument’s ability to issue the Require Ser-
vice message when data is ready, frees the controller to process
other routines until the Measuring Receiver is ready with data.

3-29. Sending the Status Byte Message

The Status Byte message consists of one 8-bit byte in which 7 of the
bits are set according to the enabled conditions described in "Send-
ing the Require Service Message" discussed earlier in this section.

If any of the conditions enabled by Special Function 22 are 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
sent). The front-panel SRQ annunciator turns on. If one these con-
ditions 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).

Once the Measuring Receiver receives the serial poll enable bus com-
mand (SPE), it is no longer allowed to alter the Status Byte. When
addressed to talk (following SPE), the Measuring Receiver sends the
Status Byte message.

NOTE

Since the Measuring Receiver cannot alter the Sta-
tus Byte while in serial poll mode, it is not pos-
sible 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 mes-
sage is received, or if the Measuring Receiver is unaddressed to
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IF Frequency
(Special Function 34.0)

Description

Pass through its intermediate frequency (IF) filters. Three ways are
used to pass the RF input signal through the IF:

When RF input signals less than 2.5 MHz are measured, the RF
input signal basses directly into the IF; that is, the RF input

1~ ) TR . Y E ~ Y ~
fregquency ard tre -~ freguancy are the Same,

When RF input signals greater than 2.5 MHz, but less than 10 MHz
are measured, the signal is down converted to a 455 kHz TF. {The
488 xHz TF i3 A130 selected when making Synchronous or Average
Tuned RF Leval Measureme.ts; irrespective of RF frequency. Refer
to Tuned RF Level.)

When RF input signals greater than 10 MHz are measured, the
signal is down-converted to a 1.5 MHz IF.

Special Function 34.0 enables the Measuring Receiver to display the
IF signal being used with the selected measurement.

When the instrument is measuring IF frequency, the signal at
MODULATION OUTPUT/AUDIO INPUT remains unchanged.

Procedures

To measure_the IF frequency, enter the numeric code 34.0, then press
the SPCL key.

If IF frequency is to be displayed relative to a reference, enter the
value as a ratio reference using the RATIO key. (Refer to Ratio.)

m Program Code

SPCL = SP

Indications

Display: As the numeric code is entered, it appears on the display.
When the SPCL key is pressed, the IF frequency is displayed

(in MHz). The MHz annunciator is also displayed.

Front Panel: a11 measurement key lights turn off and the LED within
the SPCL key lights

Measurement Technique
The IF signal, generated when the Local Oscillator and the RF input

signal mix, is amplified by the IF Amplifier and FM Limiters. When
measuring RF input frequencies Breater than 2.5 MHz, the Measuring
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Sending the Status Byte Message (Cont’d)

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.

3-30. Sending the Status Bit Message

The Measuring Receiver does not respond to a Parallel Poll Enable
(PPE) bus command and thus cannot send the Status Bit message.

3-31. Receiving the Abort Message

The Abort message is the means by which the controller sets the In-
terface Clear (IFC) bus control line true. When the Abort message is
received, the Measuring Receiver becomes unaddressed and stops talk-
ing or listening.
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IF Cain (Cont’d)
(Special Function 9)

Comments

When the instrument is first powered up, or when AUTOMATIC OPERATION
or INSTR PRESET is selected, the IF Gain function is placed in the
automatic selection mode.

Related Functions

LO Frequency
Special Functicns
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Table 3-2. Measuring Receiver to HP-IB Code Summary ‘
MEASUREMENT CODE CALIBRATION CODE
AM . M1 CALIBRATEOff.............. ... .. . . Co
FM M2 CALIBRATEON............... .. .. .. C1
oM M3 9%e CALFACTOR .............. ... ... .. CF
RFEPOWER ............... .. ... .. . M4 SETREF ... RF
FREQ...... ... ... . .. . . . . . ... M5 SAVECAL................... ... ... SC
AUDIO FREQ............ ... ... .. .. .. S1 MANUAL OPERATION CODE
AUDIODISTN ........... ... ... . . . . . .. S2
3 AUTOTUNING .......... ... ... . .. AT
IFLEVEL ......... ... ... .. .. . . . S ENABLE ERRORS ............. ... B0
TUNED RF LEVEL .................. .. S4
S DISABLEERROR ............. ... .. .. B1 :
FREQERROR ... S CLEAR............................. cL |
DETECTOR CODE DISPLAY FREQ.............. .. ... ... FR :
PEAK+ . ..o DA DISPLAY INCREMENT . ............ .. .. FN
PEAK— . ... D2 StepUp(Hz).................. ... .. .. HU
PEAKHOLD ............... ... .. .. .. . D3 StepDown (Hz) .................... . HD
AVG . D4 INPUT FREQUENCY(Hz) .......... .. ... HZ
TKkHzDISTN ... .. ... .. . .. ... .. D5 TRACK Mode Off .................. .. . KO
400Hz DISTN ... ... ... . . . ... D6 TRACKMode On ................ .. ... K1
RMS ... D8 StepUp (kHz) ............... ... ... . KU
PEAK=/2 .. . D9 Step Down (kHz) ............. ... ... . KD
VuUnits................. ........
DISPLAY CODE MHz (T;\JTDUT FREQ) M\z/
Display LOG Result .......... ... ... .. LG | geparrl T
_ | RECALL ..................... RC '
Display LIN Result ................ LN SPECIAL FUNCTION .. ........ . Sp
dB EXT ATTENOff .. ......... ... .. . . NO
SPECIAL, SPECIAL ........... ... .. .. SS
dBEXT ATTENOn............... . . N1 STORE TR |
RATIOOff ... ... ... . ... .. ... . RO LT
RV Units ..o uv
RATIOONn .......... ... .. .. ... . R1 VuUnits.......... ... VL
PREVIOUS RATIO .................... R2 WuUnits...............000 wWT
FILTERS CODE MISCELLANEOUS CODE
HP FILTERs Off ... ... ... .. .. .. . . HO
MODULATION OUTPUT . ... . ... ... . . AQD .
S50 Hz HIGH-PASS On . ........ ... . .. H1 AUDIO INPUT . A1 .’
300 Hz HIGH-PASS On ................ H2 AUTOMATIC OPERATION . . ... .. ... AU :
LPFILTERs Off . ......... ... ... .. . . LO Automatic Ranging .............. GO )
3 kHz LOW-PASSOn ............. . . L1 RANGE HOLD ... ... . G1 I
15 KHz LOW-PASS On ................. L2 Identify Instrument . ... ... .. ... . !
T20KHZON L3 INSTR PRESET ....... ... P
FM DE-EMPHASIS CODE Trigger Off ... ... .. . T0
FM DE-EMPHASIS Off and Hold ... ... ... .. ... .. .. .. ... ... . T1
PRE-DISPLAY Off . ......... ... . . PO Trigger Immediate .. ......... ... ... . T2
PRE-DISPLAYOn ................. . . P1 Trigger with Setting ................ .. . T3
25 us DE-EMPHASIS .. ... ... ... . ... . .. P2 Hexadecimal A ....... .. ... ... .. .. . . .. X0
50 us DE-EMPHASIS .. ... ... ... . ... ... P3 Hexadecimal B ............... .. . .. . .. X1
75 us DE-EMPHASIS .. ... ... ... .. . .. P4 Hexadecimal C ................. . .. .. X2
750 pus DE-EMPHASIS ... ... ... ... .. .. P5 Hexadecimal D ...... ....... ... .. . . .. X3
Hexadecimal E.......... . .. .. ... . .. . . X4
Hexadecimal F............. ... ... . X5
ZERO.................. ... ZR (
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IF Gain
(Special Function 9)

Description

The Measuring Receiver uses an internal IF Amplifier/Filter to
provide highly accurate 10 dB steps of gain over a 60 dB range (using
the 455 kHz IF). The gain steps are automatically inserted when
making Synchronous or Average Tuned RF Level measurements. (Refer to
Tuned RF Level.) For any other measurements, the IF gain is
automatically set tn 5 43 e Zain.

N - &

The IF gain can be manually set using Special Function 9.

Procedure

To manually set the IF gain, cor %o re-enter the automatic selection

mode, key in the corresponding Special Function code; then press the
SPCL key.

IF Gain Special Function Program Code

{dB) Code m
Automatic Selection 9.0 SPCL 9.0SP
0 8.1 SPCL 9.1SP
10 9.2 SPCL 9.2S8P
20 9.3 SPCL 9.3SP
30 9.4 SPCL 9.4SP
40 9.5 SPCL 9.58P
50 9.6 SPCL 9.6SP
60 9.7 SPCL 9.78P

Program Codes

All HP-IB codes for selecting IF gain ranges are provided in
"Procedures".

Indications

Display: As the numerijic code jis entered, it appears on the display.
When the SkCI key is pressed, the display teturns to the
measurement previously selected.

Front Panel: The LED within the SPCL key lights (unless 9.0 SPCL is
entered.)
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\ HP-1B 2

; Table 3-3. Commonly Used Code Conversions

Hexa- Hexa-

ASCHI Binary Gctal | Decimal | decimal ASClI Binary Octal | Decimal| decimal
NUL 00 000 000 000 0 00 @ 01000 000 100 64 40
SOH 00 000 001 001 1 0 A 01000 001 101 65 41
STX 00 000 010 002 2 02 B 01000 010 102 66 42
ETX 5000 013 002 3 03 ¢ 01000 01* 103 67 43
ECT 00 000 100 004 4 04 D 01000 100 104 68 44
ENQ 00 000 101 005 5 05 E 01000 101 105 69 45
ACK 00 000 110 006 6 06 F 01000 110 106 70 46
BEL 00 000 111 007 7 07 G 01000 111 107 71 47
BS 00 001 000 010 8 08 H 01001 000 10 72 48
HT 00 001 001 011 9 09 | 01 001 001 111 73 49
LF 00 001 010 012 10 0A J 01001010 12 74 4A
VT 00 001011 013 11 08 K 01001 011 13 75 48
; FF 00 001100 014 12 0C L 01001 100 114 76 4C
' CR 00 001 101 015 13 00 M 01001 101 115 77 4D
S0 00 001 110 016 14 0OE N 01001110 116 78 4
Si 00 001 111 017 15 0F 0 01001 111 17 79 4F
DLE 00 010 000 020 16 10 P 01010 000 120 80 50
DC1 00 010 001 021 17 11 Q 01010 001 121 81 51
DC2 00010 010 022 18 12 R 01010010 122 82 52
DC3 00010 011 023 19 13 S 01010011 123 83 53
DC4 00 010 100 024 20 14 T 01010 100 124 84 54
NAK 00 010 101 025 21 15 U 01010 101 125 85 55
SYN 00010 110 026 22 16 v 01010 110 126 86 56
ETB 00010 111 027 23 17 W 01010111 127 87 57
CAN 00 011000 030 24 18 X 01011000 130 88 58
EM 00011001 031 25 19 Y 01011 001 131 83 59
SuB 710011010 032 26 1A z 01011010 132 90 5A
ESC 00011011 033 27 1B . 01011011 133 91 58
Q £S 00011100 034 28 1C 01011 100 134 92 5C
GS 00011101 035 29 10 01011101 135 93 50
RS 00011110 036 30 1E ~ 01011110 136 94 5E
us | 00011111 037 31 1F — | oremm 137 95 5F
Sp 00 100 000 040 32 20 : 01100 000 140 9 60
! 00 100 001 041 33 21 a 01100 001 141 97 61
” 00 106 010 042 34 22 b 01100010 142 98 62
# 00 100 011 043 35 23 c 01100011 143 39 63
N 00 100 100 044 36 24 d 01100 100 144 100 64
- 00 100 101 045 37 25 e 01100 101 145 101 65
& ("0 100 110 (46 3t 26 f 01100 110 146 102 66
: 00 100 111 047 3¢ 7 g 01160 111 147 103 €7
( 00 101 000 050 40 28 h 01101 000 150 104 68
) 00 101 001 051 41 29 1 01101 001 151 105 69
* 00101010 052 4? 2A f 01101010 152 106 BA
- 00 101 011 053 43 28 k 01101011 153 107 68
, G 101 199 054 44 o7 ! 01101 100 154 108 60
— RO IR 035 45 ‘U ; it 01101 11 5h 1.9 €
00 101179 056 4R 2t Bl 0111 110 IR} 10 bt
0C 101 1 057 4" 2F 0 01101111 157 178 6F
0 0C 110 000 060 48 30 p 01 110 000 160 112 70
1 00 110 001 061 49 k)l q 01110001 161 13 71
2 00110 010 062 50 kY4 1 01110010 162 114 72
3 00 110 011 063 51 33 S 01110011 163 115 73
4 00 110100 064 52 34 1 01110100 164 116 74
5 00 110 101 065 53 35 u 01110101 165 117 75
6 00 110110 066 54 36 v 01110 110 166 118 76
7 00110 111 067 55 37 w 01 110 111 167 119 77
8 00 111 000 070 56 38 X 01111000 170 120 78
9 00 111001 071 57 39 y 01111001 171 121 79
: 00111010 07 58 3A 7 01111010 172 122 7A
" ; 00 111011 073 59 3B : grirton 173 123 7B
( 00 111100 074 60 3C 01111100 174 124 ZC
00 111 101 075 61 30 ; 01111101 175 125 7D
: 00 111 110 076 62 3t 01111110 176 126 ZE
2 G RRI BN 77 63 3F DEL 01111 111 177 27 F

TPhe ARC T conesetis used extensively throughor tthis manuai forexampiean thetasdes of HE IB Program Cades Tieshaded ASCH codes represent

HE iioad essoswher tne ATN bus ine Pobw
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Model 8902A Operation

HP-IB Address (Cont’d)
(Special Function 21)

Indications (cont’d)
Display: The display shows a binary number of the form AAAAA.TLS

(cont’d) 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
0 Not Talk Only Nct Listen Only Not Requesting Service
1 Talk Only Listen Only Requesting 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 digits AAAAA.TL are 1,
but S is 0, the HP-IB board is not installed.)

Front Panel: The LED within the SPCL key lights and all measurement
key lights and annunciators turn off.

Example

If 01110.001 is displayed, then the HP-IB 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).

m Program Code

SPCL = SP
Comments

The HP-IB address display is continuously updated. When the switch
setting is changed, the result is immediately visible on the display.

For information on setting the HP-IB address of the Measuring
Receiver, refer to Section II of this manual.

The factory-set address is decimal 14.
Related Functions

Remote Operation, Hewlett-Packard Interface Bus (Section It
Special Functions ’
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Operation Model 8902aA

Introduction to Detailed Operating Instructions

The Detailed Operating Instructions describe most of the functions
that can be accessed by the user.

Title: Lists the main function to be discussed as well as any
related front-panel keys or special functions that won’t be described
in any other instructions.

Description: Describes the function.

Procedure: Enables the user to perform the measurement or function
that is explained in the "Description". Possible malfunctions and
operator errors might be discussed in "Comments' .

Example: Describes the necessary steps required to accomplish one of
the more complicated functions discussed in the procedure.

Indications: Describes the expected response of the instrument when
the procedure is performed; which annunciators Will light in the
display and which LEDs within the keys will light.

Measurement Technique: Describes the circuit operation that enables
the instrument to make the measurement described in "Description”.

Comments: Describes any miscellaneous information; any dicrepancies
in the instrument’s performance during a measurement, or those
features that can be used to extend the normal capability of the
function.

1
i
I
!




Operation Model 890.

HP-IB Address
(Special Function 21)

Description
The Measuring Receiver’s present HP-IB address can be displayed usin

Special Function 21. The binary code displays the HP-IB address,
whether the instrument is set to talk only or to listen only, and

The HP-IB address display dces not time out, but it can be cleared b
pressing any key (except the LOCAL, s {(shift), Blue Key, or number
keys) .

Procedure

To display the HP-IB address, key in the code 21.0 on the numeric
keys, then pPpress the SPCL key. To clear the display, press the CLEAF
key. A list of allowable HP-IB addresses is provided in the
following table-

Allowable HP-IB Address Codes

Address Swtiches Talk Listen Decimal Address Switches Talk Listen Decimal
Address | Address Equivalent Address | Address Equivalent
AS | A4 | A3 | A2 | A1 Character | Character [-9" A5 | A4 [ A3 [ A2 | A1 Character | Character |9
0Ofofojolo @ SP 0 110]/0]lo0]o P 0 16
0OJOo+00 {1 A ! 1 11010011 Q 1 17
0lojol1lo B " 2 110]011]9 R 2 18
0Ojo|of1{1 C # 3 11001111 S 3 19
0j0f1]o]o D $ 4 11011010 T 4 20
0f{oft1fo0]1 E % 5 1T(0}11011 U 5 21
0lol111]0 F & 6 11011110 \' 6 22
01011111 G 7 110111111 w 7 23
011]0j0]o0 H ( 8 11170]0]0 X 8 24
0Ot1170101]1 | ) 9 1i1410lo0/1 Y 9 25
Ol1{0]1]o J v 10 1/1/0]11]o0 Z : 26
Of11{01|1{1 K + 11 1115707011 [ ; 27
Ol1[1]o]o L 12 111111010 \ < 28
0J1110{1 M - 13 111010011 1 = 29
01 1 1 0 N 14 1 1 1 1 0 A > 30
01 1111 (0] / 15 )1 41 01 1 Invalid Invalid 31
Indications

Display: As the numeric code is entered, it appears on the display.
When the SPCL key is pressed, the HP-IB code is displayed.




Model 8902A Operation

AM
(Includes Special Function 2)

Description

The AM key enables the Measuring Receiver to measure the AM depth of
the tuned RF input signal. Special Function 2 enables the instrument
to set limits on the range of AM depth that can be measured.

The demodulated AM is present at MODULATION OUTPUT/AUDIO INPUT
(unless AUDIO INPUT has been selected). The demodulated AM is

usually present at the rear-panel AM OUTPUT connector. (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 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 U455 kHz IF) and 0.5 Hz to 260
kHz for carriers from 10 to 1300 MHz (1.5 MHz IF only). Modulation
depths to 99% can be measured.

The demodulated signal’s frequency and distortion can also be
characterized. (Refer to Audio Distortion and Level and Audio
Frequency.)

Procedure

Tv make an AM measurement, first tune the instrument to the input
signal. (Refer to RF Frequency Tuning or press AUTOMATIC OPERATION).
Press the AM key.

Select an audio detector: PEAK+, PEAK-, or AVG. (The RMS detector,
selected by pressing the Blue Key and the RMS key, is not quite as
accurate in measuring AM and is usually only used for audio
distortion measurements.)

The following table lists the different measurement range limits that
can be selected with Special Function 2:

o B B B B -
Peak:g(%) Selected Code < (%) (3::;,'/;":%
Automatic Selection 2.0 SPCL 2.0SP Automatic Selection
<4 RMS 2.4 SPCL 2.48P 0.001 1
<40 Pk, Avg 2.4 SPCL 2.4SP 0.01 0.1
=40 Pk, Avg. RMS 2.1 SPCL 2.1SP 0.01 0.1
2.2 SPCL 2.2SP
<100 Pk, Avg, RMS or or 0.1 0.01
2.3 SPCL 2.3SP
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Model 8902A Operation

Frequency Offset Control (Cont’d)
(Includes Special Function 27)

Comments

The Measuring Receiver assumes the condition:
Displayed Microwave Frequency = External LO - Measured RF; unless
manually tuned with a microwave frequency entry that is greater
than the external LO.

The instrument will then assume the condition: '
Displayed Microwave Frequency = External LO + Measured RF: until
manually tuned with a microwave frequency entry less than the
external LO.

If the entered LO frequency and microwave input frequency ever differ
by more than 1300 MHz (or less than 0.15 MHz), an out-of-range error
is displayed (Error 10).

The automatic tune function does not work over the new measurement
range of 0 to 42 GHz but can only tune across 1300 MHz greater than
(or less than) the external LO.

Manual tuning uses the LO polarity required depending on whether the
microwave input is less than or greater than the external LO
frequency. Automatic tuning uses whatever LO polarity (positive or
negative) that was in effect last (at power-up, the polarity is
positive).

When FM or ¢M measurements are made, the Peak+ and Peak- functions
can be interpreted as being reversed whenever the external LO
frequency is greater than the microwave input frequency.

Special Function 22 can enable a service request to be pulled
whenever the Frequency Offset mode changes state (bit weight 16),
when the tuned frequency is changed, or when Special Function 27.0,
1, or 3 is used to enter or exit the mode. (Refer to Service Request
Condition.)

TTL Output:
When the Measuring Receiver is in the Frequency Offset mode, the TTL
output is dependent upon the value entered as the external LO
frequency. If the entered value is zero, the TTL output 1is 0OV
nominal. If the LO is greater than 0, but less than 18 GHz, the
nominal output is 5V. For LO frequency values greater than 18 GHz, .

the TTL output is 3V nominal. When not in Frequency Offset mode, the-

output is 0V. :

Related Functions

RF Frequency Tuning
Special Functions




Operation Model 8902A

AM (Cont’d)
(Includes Special Function 2) (

Procedure (cont’d)

To filter the demodulated signal, press the appropriate filter keys
(refer to Audio Filters).

If AM depth is to be displayed relative to a reference, enter the
value as a ratio reference using the RATIO key. (Refer to Ratio.)

Example

To measure the positive peak AM depth of a signal in a 50 Hz to 15
kHz demodulated signal bandwidth:

MEASUREMENT ﬂ DETECTOR ﬁ FILTERS ﬁ
LOCAL AM PEAK - 50 Hz 15 kH7

(keystrokes) . [3 B [3

I | M1D1HIL2
Measurement —T'l L Filters
(program codes) Detector

m Program Codes

All HP-IB codes for changing the limits of the modulation-depth
measurements are provided in "Procedures".

AM = M1
SPCL = SP

Indications

Display: When the AM key is pressed, the measured aM depth is
displayed. The % annunciator is also dicpiayed.

Front Panel: The LEDs within the selected functions light.
Measurement Technique

The AM Demodulator 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 AM Demodulator holds the carrier level
constant so that the percent AM is proportional to the peak amplitude
of the demodulated audio output. This audio output is then filtered,

audio detected, and displayed as % AM. The demodulated AM is
available at MODULATION OUTPUT/AUDIO INPUT (unless AUDIO INPUT is (
selected). :

|
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Frequency Offset Control (Cont’qd)
(Includes Special Function 27)

Procedures (cont’d)

Manually tune to the microwave input frequency by pressing the
appropriate numeric keys followed by the MHz key.

Perform any normal instrument measurement; press the Blue Key and the
DISPLAY FREQ key to display the microwave input frequency.

m Program Codes

All HP-IB codes for manipulating the frequency offset control using
Special Function 27 are provided in "Procedures".

DISPLAY FREQ = FR
MHz = MZ

Indications

Display: As the numeric code is entered, it appears on the display.
When the SPCL key is pressed, the display returns to the
measurement previously selected.

When 27.0 SPCL is keyed, the f OFS annunciator turns off.
When 27.1 SPCL is keyed, the f OFS annunciator turns on.
When 27.3 SPCL is keyed, and the external LO entry is
gompleted, the f OFS annunciator turns on.

When 27.2 SPCL is keyed, the value of the entered external
LO frequency is displayed. This value is timed out.

Front Panel: Special Function 27.2 lights the SPCL key.
Special Function 27.3 lights the SPCL key (after MHz
entry).

Measurement Technique

The external LO mixes with the microwave input signal to create a
difference frequency. The microwave input is + 1300 MHz (the normal
frequency range of the instrument) from the external LO frequency.
If the microwave input frequency is lower than the external LO, the
Measuring Receiver uses the LO minus the microwave input, and the
sign of the external LO is positive. If the microwave input
frequency is greater than the external LO, the Measuring Receiver
uses the LO plus the microwave input and the sign of the external LO
is negative. The external LO frequency at the mixer port and the LO
frequency that was entered into the Measuring Receiver with Special
Function 27.3 must be the same value.

Whenever a new external LO or a new microwave frequency is entered,

the Measuring Receiver retunes as if the indicated change was
Physically made externally.
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Model 8902A Operation

AM (Cont’d)
(Includes Special Function 2)

( MODULATION OUTPUT
AUDIO INPUT
AM

»— DEMODULATOR— AUDIO AUDIO VOLTMETER
ATTégSE\TOH RF AMP ATT'E':\IF:JUJTOR INPUT IF AMP (ALC LOOP) FILTERS DETECTORS AND DISPLAY
MIXER

B Esbo—d] v }-~{gaB8858558)|

AM Measurement Block Diagram
Comments

The PEAK+ detector always detects the peak of the carrier envelope
while the PEAK- detertor always detects the trough. The PEAK +/2
detector sums the peak and the trough and divides the total by two to
provide an average peak value. (This value should not be confused
with a detected average value.)

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 occurs with lower modulation
levels displayed. If the modulation level is reduced from above 40%
into this overlap region, only 0.1% resolution might be displayed
although 0.01% 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 Audio Range.

When operating above 2.5 MHz while using the 455 kHz IF, the upper
limit of the modulation rate is that of the >20 kHz LP FILTER. The
15 kHz LP 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 another LP FILTER. The lower limit of the
modulation rate 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 that cause the carrier signal to disappear (such as
100% AM or pulse modulation) will cause inaccuracies in measurement

of FM, ¢M, or input frequency, or they could cause Error 05 (FM
squelched) to be displayed when these measurements are selected.
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Model 8902A Operation

Frequency Offset Control
(Special Function 27)

Description

Frequency Offset Control can be used with an external LO and an
external mixer to enable the Measuring Receiver to make measurements
on microwave input frequencies to 42 GHz. All normal instrument
measurements can be made on this input signal. For most accurate
measurements, the external LO should be a relatively pure signal from
a synthesized signal source (such as the HP 83U40A, 8671A, 8672A, or
8673A).

The Measuring Receiver uses Special Function 27 to enter and display
the frequency of the external LO. This Special Function is also used
to enable the Frequency 0ffset mode.

When in Frequency Offset mode, the RF Power function has available a
separate table of frequency/calibration factor entries. Frequency
entries can range from 0 to 42 GHz. (Refer to RF Power Calibration
Factors.)

Procedures

To make measurements on microwave input frequencies, connect a
synthesized, high-frequency signal to the LO input connector of an
external mixer. Also, connect the microwave input signal to the
other input of the mixer. Connect the output of the mixer to the RF
INPUT connector and/or the SENSOR input connector of the Measuring
Receiver.

Perform the actions required with the Special Functions in the
following table:

Action Regarding Frequency Speciaclo?éncﬁon Program Code
Offset Control @
Exit Frequency Offset Mode 27.0 SPCL 27.08P
Re-enter Frequency Offset Mode 27.1 SPCL 27.1SP
Display the External LO Frequency 27.2 SPCL 27.25P
Enter and Enable the LO Frequency* 27.3 SPCL 27.3SP
;AftertSpe%cim Function 27.3 is entered, enter the frequency of the LO (in MHz). Frequencies from 0 to 40700 MHz can
e entered.
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AM (Cont’d)
(Includes Special Function 2)

Related Functions

AM Output

AM ALC Response Time
Audio Detectors

Audio Filters

Audio Range

Ratio

Residual Noise Effects
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FM Output (Cont’d)

Example

A 2 MHz unmodulated signal is applied to the RF INPUT. A de
voltmeter connected to FM OUTPUT measures +3.89 vde. When the

carrier is set to 1 MHz, -2.272 vde is measured. The FM sensitivity
is:

(3.890)—(—2.272)=6.162 V/MHZ=6.162 mV/kHz

Block Diagram

M < T fwourrir
/— OEMODULATOR — N

-

_____ ]

Fm PREDISPLAY
SQUELCH AUDIO SwiTCH
Anp FILTERS

IF AUDIO
IFAMP  LIMITERS DETECTORS VOLTMETER

AND DISPLAY

INPUT
R INPUT
ATTENUATOR (NPUT

DISCRIMINATOR

AR GG A
M

; Comments

Note that the sense of the ac output component (corresponding to the
demodulated FM) is inverteq for carriers above 2.5 MHz.

When RF Level measurements are made automatic R
and gain overrides any manual settings that might
with Special Function 1. The selected attenuation
accuracy of measurements made on the FM ouTpuT signal.

Related Functions
AM Output
FM

RF Frequency Error




Model 8902A Operation

AM ALC Response Time
E (Special Function 6)
TR 4

Description

The Measuring Receiver 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 figure in AM,
"AM Measurement Block Diagram'.)

Select a fast ALC response time to speed up the measurement settling
time required for varying carrier levels. (The faster ALC response
time affects AM accuracy at rates less than 1 kHz.)

Disable the ALC and use the rear-panel AM OUTPUT to measure very low
modulation rates. (Refer to AM Output.)

Procedure

The instrument normally operates with a slow AM ALC response time.

To change the response time, or to disable the ALC, enter the
corresponding Special Function code, then press the SPCL key:

AM ALC Special Program Code
Response Function Code
Slow ALC
(AM rates >20 Hz) 6.0 SPCL 6.0SP
Fast ALC
. 1SP
(AM rates >1 kHz 6.1 SPCL 6.1S
ALC off 6.2 SPCL 6.25P

Program Codes

For HP-IB codes, refer to "Procedure”.

Indications

Display: As the numeric code is entered, it appears on the display.
when the SPCL key is pressed, the display returns to the
measurement previously selected.

g Front-panel: The LED within the SPCL key lights (unless 6.0 SPCL is
entered).
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FM Output

‘CAU“ON

Do not apply greater than 10 Vpeak (ac + dc)
into the FM OUTPUT connector or damage to the
instrument could result.

e m\”mav . m.\.\ww——‘

Description

The rear-panel FM OUTPUT (dc-coupled, 10 kohm output impedance)
provides an auxiliary output for the FM that is demodulated from the
signal at the RF INPUT. This output is used to monitor FM when
displaying other measurements (such as AM, oM, or audio signals) 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, 1 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 Vdc for the 1.5 MHz IF and
-5.6 Vdc for the Y455 kHz IF. The FM sensitivity is typically 6V/MHz
or 6 mV/kHz. The dc voltage at FM OUTPUT can be calculated as

i follows:
A |
i _ (K) (FREQ ERROR) |
’f Vde = Voff - 1000
Where,
Vdc = the dc voltage at FM OUTPUT in volts,
Voff = the dc offset voltage for the IF used in volts,
K = the FM sensitivity in mV/kHz, or V/MHz, and

FREQ ERROR = the kHz error displayed when the FREQ ERROR key
is pressed. !

Measure Vorr when the frequency error is 0 kHz. The sensitivity can |
be measureg using the following procedure:

Procedure

To characterize the sensitivity of the FM OUTPUT, apply an
unmodulated 2 MHz carrier at the RF INPUT (use the 1.5 MHz IF
selected with Special Function 3 described in Filters, RF and IF).
Measure the dc voltage at the output with a dec voltmeter. Move the

f§§r§er to 1 MHz and again note the dc voltage. The FM sensitivity
is:

q!‘ (Vdc @ 2 MHz) - (Vde @ 1 MHz) = V/MHz or mV/kHz

3-109 ?
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Operation Model 8902a

AM ALC Response Time (Cont’d)
(Special Function 6)

Comments

When the instrument is first turned on, or when AUTOMATIC OPERATION
or INSTR PRESET is pressed, the slow ALC response is selected.

The displayed modulation depth is incorrect when the ALC is disabled
unless the IF level is 100%. (Refer to IF Level.)

Related Functions

AM

AM Output

IF Level

Special Functions
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FM De-emphasis (Cont’d)

Comments (cont’d)

Relateq Functions

FM
Modulation Output
Recorder Output
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Model 8902A Operation

AM Calibration
(Includes the CALIBRATE, SAVE CAL, and % CAL FACTOR keys,
and Special Functions 13 and 16)

Description

The accuracy of the Measuring Receiver’s AM demodulator can be
checked with the internal AM calibrator. The calibration process
generates a calibration factor that indicates the AM measurement er-
ror (within the accuracy limits of the calibrator). The calibration
factor can then be enabled to automatically correct the known AM er-
ror in subsequent measurements (the SAVE CAL key or Special Function
16). With the calibration factor enabled, AM measurements can be
made with an accuracy typically better than 0.5%. The calibration
factor can be enabled, disabled, or displayed at any time.

Other instruments in the HP 8901 and 8902 RF signal analyzer family
can be calibrated or cross checked with the Measuring Receiver’s AM
calibrator using Special Function 13.

Procedures

Self-calibration. To determine the measurement error of the
Measuring Receiver’s AM demodulation circuits, first allow at least a
half-hour continuous operation before calibration, then perform the
following steps:

1. Connect the CALIBRATION AM/FM OUTPUT to the RF INPUT with a 50 ohm
cable (or a sensor module with an internal switch such as the
HP 117224), and select AM.

2. Press the CALIBRATE key. After several seconds, the AM
calibration factor will be displayed in % and stored.

The instrument displays 100.00% if no error is measured. A display
of 100.17% means the Measuring Receiver is reading 0.17% high. As
long as the CALIBRATE key light is on and the cable is connected,
calibration continues and the AM calibration factor is updated
approvimately every 17 seconds. To turn off the calibrator press the
CALIERATE 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 not be
used even if the instrument is already warm,
since the circuits in the audio chain may not be
fully settled.
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Model 8902A Operation

FM De-emphasis (Cont’d)

Example

To measure the positive peak FM deviation of a carrier with 750 us
de-emphasis inserted before the deviation measurement:

MEASUREMENT1 rEETECTOR1 r DE-EMPHASIS ﬁ
LO CAL FM PEAK + PREDISPLAY 750 pS

(keystrokes) . [:::] [:] [:]

M2D1 P1P5

‘m Measurement T l L De-emphasis

(program codes) Detector

m Program Codes

FM De-emphasis

Time
Constant PRE DISPLAY On PRE DISPLAY 0ff
(u3)

Fiiters off POP1 PO
25 PiP2 POP2
50 P1P3 POP3
75 P1P4 POP4
750 P1P5 POPS

Indications

Frent Panel: When a de-emphasized signal is available at MODULATION
OUTPUT/AUDIO INPUT, the LED within the selected fil-
ter’s key lights. If the de-emphasized signal is being
displayed, the light within the PRE DISPLAY key lights.

Comments

Until they are turned off, the de-emphasis filters are always active
when demodulated FM is present at MODULATION OUTPUT/AUDIO INPUT.




Operation Model 8902aA

AM Calibration (Cont’d)
(Includes the CALIBRATE, SAVE CAL, and % CAL FACTOR kKeys,
and Special Functions 13 and 16) (

Procedures (cont’d)

Correcting Measurements with the AM Calibration Factor. Once a
calibration factor has been determined, the instrument retains that
value in its non-volatile memory. (Refer to Instrument Preset.) This
factor may be enabled to automatically correct AM measurements. The
calibration factor can also be disabled or displayed.

Enter the appropriate front-panel key or Special Function code for
the desired action described in the following table:

Action: Front-Panel Key Program Code
AM Calibration Measurement or <
Factor Special Function Code
Disable Any 16.0 SPCL 16.0SP
AM (Blue Key) sc
(From CALIBRATE mode) SAVE CAL
Enabie
Any 16.1 SPCL 16.1SP
(Blue Key)
, AM % CAL FACTOR" CF (
Display :
Any 16.2 SPCL 16.2SP
" The % CAL FACTOR key displays the status of the calibration factor: The factor is enabled if the value of the
calibration factor is displayed, with 0.01% resolution. The factor is disabled if 100% is displayed. (Note the resolution
of 1%. A display of 100.00% would be a true, calibration factor reading.)

Calibrating or Cross Checking Another HP 8901 or 8902 RF Signal
Analyzer. To compute an AM calibration factor for another RF signal
analyzer that has no internal calibrator, or that has an internal
calibrator that is to be cross checked, use the Measuring Receiver
and its colibrator as follows:

1. Connect the Measuring Receiver’s CALIBRATION AM/FM OUTPUT to the
RF input of the RF signal analyzer.

2. Key 13.0 SPCL into the Measuring Receiver. Record the value that
appears on the display. This is the computed, calibrated, peak AM
depth (excluding noise).

3. Key 13.1 SPCL into both instruments. Record the value that
appears on the display of the RF signal analyzer. (If display
Jitter makes readings difficult, key 5.1 SPCL.) The displayed
value is the weighted, peak, residual AM depth of the calibrator’s (
unmodulated output as demodulated by the RF signal analyzer.
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FM De-Emphasis

Description

audio signal before modulating the carrier.) The 3 dB corner
frequenc » Iy, is commonly €Xpressed as 3 time constant o , Where
f = 1,

B TR I

o : o

When Selected, the filters are inserted in the audio signal path fol-
lowing the modulation filters. They always affect the output signal
at MODULATION OUTPUT/AUDIO INPUT ang can be placed before the audio

emphasis has no affect on the rear-panel FM OUTPUT. The.3 dB

FM De-emphasis
Time 3 dB
Constant Frequency

(us) (Hz)

25 6366 ‘
50 3183
75 2122
L 750 2122

Procedure

To change the de-emphasis time constant, press the key Corresponding
to the new time constant desireq.

In local Oberation, to turn off one of the de-emphasis functions,
Press the lighted key a second time. 1In remote operation, turn fiil-
ters orf with code PO. (HP-1IB code PO also turns ofrf the PRE DISPLAY
function.)
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Model 8902A Operation

AM Calibration (Cont’d)
(Includes the CALIBRATE, SAVE CAL, and % CAL FACTOR keys,
and Special Functions 13 and 16)

Procedures (cont’d)

y.

7.

AM Calibration Factor (%) =

Key 13.2 SPCL into both instruments. Record the value that
appears on the display on the RF signal analyzer. This value is
the demodulated, positive, peak AM depth of the calibrator’s
modulated output. (If display jitter makes readings difficult,
key 5.1 SPCL.)

On the RF signal analyzer, press PEAK-. Note the value displayed
on the RF signal analyzer. If the difference between the results
of steps 4 and 5 is 3 counts or less in the least significant
digit, an average between the two need not be computed; use the
result from step 4. If the difference between the two results is
greater than 3 counts in the least significant digit, compute the
average as follows:

(13.2 result) = (result of step 4) + 2(result of step 5)
3

Compute the AM calibration factor of the RF signal analyzer as
follows:

100 x {13.2 result) - (13.1 result)
(13.0 result)

To use this AM calibration factor to correct AM measurements made
with the RF signal analyzer, enter the value as a ratio reference
and use the Ratio function in the RF signal analyzer.

The Special Function codes are summarized in the table below:

Special Program Code
Function Function HP-IB |
Code
Dispiay computed peak AM 13.0 SPCL 13.0SP
Display demodulated peak residual AM 13.1 SPCL 13.18P
Display demodulated peak AM 13.2 SPCL 13.2 SP
3-55
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Model 8902A Operation

FM Calibration (Cont’d)
(Includes the CALIBRATE, SAVE CAL, and % CAL FACTOR keys,
and Special Functions 12 and 17)

QuUTPUT AM
BUFFER CALIBRATOR

10.1 MHz CALIBRATION

VOLTAGE p—— AM/FM
CONTROLLED QUTPUT
OSCILLATOR

COUNTER
COUNTER AND DISPLAY

BUFFER CONTROLLER
~\HHEHEBEERE

10 kHz
MODULATION
OSCILLATOR

)

Simplified Block Diagram of the FM Calibrator

Comments

If the instrument’s non-volatile memory is erased, 100.00% is used as
the default calibration factor.

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

Pressing the CALIBRATE key cancels all Special Functions.

The modulation waveform of the FM Calibrator is rounded squarewave.
The RF signal analyzer that uses it as a calibration standard must
have demodulation and audio processing circuits which preserve the
full fidelity of the waveform.

When used to calibrate an RF signal analyzer, Special Functions 12.1
anc 12.2 set the FM deviation range to that of 0 to 40 kHz (Special
Function 2.2). Upon exiting the FM Calibrator Special Function, the
audio ranging is not returned to automatic but remains fixed (thus
leaving the SPCL light on). Key in 2.0 SPCL to return the audio
ranging to automatic.

Related Functions

FM

Ratio

Fesidual Noise Effects
Special Functions




Operation Model 8902A

AM Calibration (Cont’d)
(Includes the CALIBRATE, SAVE CAL, and % CAL FACTOR keys, (T
and Special Functions 13 and 16)

m Program Codes

HP-IB codes for enabling, disabling, or displaying the internsal AM
calibration factor are provided in "Procedures". The HP-IB codes for
the AM Calibrator Special Function used to calibrate an RF signal
analyzer are also provided as part of "Procedures".

AM = M1 CALIBRATE off = Co
CALIBRATE on = C1 SPCL = SP
Indications

Self-calibration.

Display: When the CALIBRATE key is pressed, approximately 17 seconds
pass during which the instrument configures itself and
tunes to the calibrator’s signal. The display indicates
four dashes (----) and lights the % annunciator. Once the
AM calibration factor has been computed, it is displayed.
Subsequent updates occur approximately every 17 seconds.

Front Panel: The LEDs within the AM and CALIBRATE keys light. The
LEDs within the FILTERS, FM DE-EMPHASIS, DETECTOR, (
DISPLAY, Blue Key, DISABLE ERROR, and SPCL keys are all
disabled.

Correcting Measurements with the AM Calibration Factor

(Self-calibrated).

Display: When the calibration factor is enabled, the AM depth
measurement is always a corrected measurement.

If 16.2 SPCL is keyed, the value of the calibration factor
is displayed.

If % CAL FACTOR is keyed, and the AM calibration factor is
enabled, the value of the % AM calibraticn factor is
displayed. If % CAL FACTCR is keyed, and the AM
calibration factor is disabled, 100% is displayed. (Note
the resolution of 1%.)

The display times out after a few seconds and returns the i
previous display.

Front Panel: When the instrument displays a calibration factor, the
SPCL key lights and all annunciators and other key
lights are turned off.




vperation Model 89024

FM Calibration (Cont’qd)
(Includes the CALIBRATE, SAVE CAL, and % CAL FACTOR keys,
and Special Functions 12 and 17)

Indications (cont’qd)

Calibrating Another RF Signal Analyzer.

Display: As the numeric Special Function codes are entered, they
appear on the front-panel display. The Measuring Receiver
displays the computed FM deviation (Special Function 12.0),
but shows two dashes (--) throughout the other
measurements.

Front Panel: During these measurements, no measurement keys light,
but the LEDs within the SPCL key, the selected DETECTOR
key, and the CALIBRATE key of the Measuring Receiver
light.

Measurement Technique

When FM is selected and the CALIBRATE key is bressed, a 10.1 MHgz

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 the oscillator is driven to the opposite end of its con-
trol range where it is counted again. The peak FM deviation is com- (

While the VCoO is at one engd of its range, the residual FM of the cal-
ibrator (very low) and the FM Demodulator (more significant) are
characterized and weighted. (Refer to Residual Noise Effects.) The
VCO is frequency modulated by a 10 kHz modulation oscillator, and the
FM demodulator makes another FM measurement. (Both peak detectors
are used and the average is computed.) The Measuring Receiver com-

equation:

FM Calibration = Demodulated FM - Demodulated Residual FM
Factor (%) Computed FM
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Model 89024 Operation

AM Calibration (Cont’d)
(Includes CALIBRATE, SAVE CAL, and % CAL FACTOR keys,
and Special Function 13 and 16)

Indications (cont’d)

Calibrating Another RF Signal Analyzer.

Display: As the numeric Special Function codes are entered, they
appear on the front-panel display. The Measuring Receiver
displays the computed AM depth (Special Function 13.0), but
shows two dashes (--) throughout the other measurements.

Front Panel: During these measurements, no measurement keys light,
but the LEDs within the SPCL key, the selected DETECTOR
key, and the CALIBRATE key of the Measuring Receiver
light.

Measurement Technique

When AM 1is selected and the CALIBRATE key is pressed, the FM
Calibrator sends an unmodulated 10.1 MHz carrier to the AM
Calibrator.

The AM Calibrator contains two identical modulators in paraliel
(whose outputs are summed). When the calibration operation is
initiated, each modulator is turned on and each individual output
level is measured via 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 signal is switched between full on and half
on, the resultant carrier modulation is very near 33.33%. (The exact
depth is derived from the measurements that characterize the
individual modulators.) This modulation is then measured by the AM
demodulator. (Both peak detectors are used, and their average is
computed.)

The Measuring Receiver compares the actual AM (static mearsurements)
with the demodulated AM (toggled measurements) and computes its
accuracy error as follows:

AM Cal Factor (%)= Demodulated AM - Demodulated Residual AM x 100
Computed AM
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Model 8902A Operation

FM Calibration (Cont’d)
(Includes the CALIBRATE, SAVE CAL, and % CAL FACTOR keys,
and Special Functions 12 and 17)

m Program Codes

The KE2-IB codes for enabling, disabling, or displaying the internal
“M calibration factor are provided in "Procedures’. The HP-IB codes
for the FM Calibrator Special Function used to calibrate another RF
signal analyzer are also provided as part of "Procedures".

FM = M2

CALIBRATE on = C1
CALIBRATE off = CO
SPCL = SP

Indications

Self-calibration.

Display: When the CALIBRATE key is pressed, approximately 17 seconds
pass during which the instrument configures itself and
tunes to the calibrator’s signal. The display indicates
four dashes (----) and lights the % annunciator. Once the
FM calibration factor has been computed, it is displayed.
Subsequent upcdates occur approximately every 17 seconds.

Front Panel: The LEDs within the FM and CALIBRATE kevs light. The
LEDs within the FILTERS, FM DE-EMPHASIS, DETECTOR, DISPLAY, Blue Key,
DISABLE ERROR, and SPCL keys are all disabled.

Correcting Measurements with the FM Calibration Factor (Self-

calibrated).

Display: When the calibration factor is enabled, the FM deviation
measurement is always a corrected measurement.

If 17.2 SPCL is keyed, the value of the calibration factor
is displayed.

If % CAL FACTOR is keyed, and the FM calibration factor is
enabled, the value of the % FM calibration factor is dis-
played. If % CAL FACTOR is keyed, and the FM calibration
factor is disabled, 100% is displayed. (Note the resolu-
tion of 1%.)

The display times out after a few seconds and returns the
previous display.

Front Panel: When the instrument displays a calitration factor, the

SPCL key lights and all annunciator.; ard other key
lights are turned off.
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Operation Model 8902A

AM Calibration (Cont’d)
(Includes CALIBRATE, SAVE CAL, and % CAL FACTOR keys,
and Special Functions 13 and 16)

MODULATOR 4 BUFFER A
10 dB
M LIMITER ATTENUATOR
CALIBRATOR CALIBRATION
AM M

% DUTPUT
aF VOLTMETER
\
DETECTOR CONTAF;\DDLLER QISPLAY
- BHBBEBEBRR
MODULATION @——
OSCILLATOR

MODULATORB

101 MH2
OSCILLATOR

Simplified Block Diagram of the AM Calibrator

Comments

If the instrument’s non-volatile memory is erased, 100.00% is used as
the default calibration factor.

Whenever AM calibration is performed, the instrument updates the
stored AM calibration factor.

Pressing the CALIBRATE key cancels all Special Functions.

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

When used to calibrate an RF signal analyzer, Special Function 13.1
and 13.2 set the AM modulation range to that of 0 to 100% (Special
Function 2.1). Upon exiting the AM Calibrator Special Function, the
audio ranging is not returned to automatic but remains fixed (thus
leaving the SPCL light on). Key in 2.0 SPCL to return the audio
ranging to automatic.

Related Functions

AM Residual Noise Effects
Ratio Special Functions

La)
1
U
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Operation Model 89024

FM Calibration (Cont’d)
(Includes the CALIBRATE, SAVE CAL, and % CAL FACTOR keys,
and Special Functions 12 and 17)

Procedures (cont’qd)

y,

Key 12.2 SPCL into both instruments. Record the value that ap-
bears on the display of the RF signal analyzer. (Ir display jit-
ter makes readings difficult, key 5.1 SPCL.) The displayed valuye
is the demodulated, positive, peak FM deviation of the calibra-
tor’s modulated output (including noise).

On the RF signal analyzer, press the PEAK- key. Record the value
that appears on the display of the RF signal analyzer. If the
difference between the readings of steps 4 and 5 is 3 counts or
less in the least significant digit, an average between the two
need not be computed; use the result from step 4. 7If the dif-
ference between the two readings is greater than 3 counts in the
least significant digit, compute the average as follows:

(12.2 result) = (result of step 4) + (result of step 5)
2
Compute the FM calibration factor of the RF signal analyzer as ‘
follows:
FM Calibration Factor (%) = 100 x (12.2 result) - (12.1 result)

(12.0 result)

To use this FM calibration factor to correct FM measurements made
with the RF signal analyzer, enter the value as a ratio reference
and use the Ratio function in the RF signal analyzer.

The Special Function codes are summarized in the following below:

Special Program Code

Function Function
Code  HP-i5 3

Display computed peak FM 12.0 SPCL 12.0SP

Display demodulated peak residual FM 12.1 SPCL 12.18P

Display demodulated peak FM 12.2 SPCL 122 Sp ‘
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Model 8902A Operation

AM Output

!CAUHON

Do not apply greater than 10V peak (ac+de) into
the AM OUTPUT connector or damage to the
instrument may result.

Description

The rear-panel AM OUTPUT (dc coupled, 10 kohm output impedance)
provides an auxiliary output for the AM demodulated from the signal
at the RF INPUT. This output can be used to monitor AM when
displaying other measurements. The output can also be used in
conjunction with Special Function 6.2 to measure low AM modulation
rates. (Refer to AM ALC Response Time.)

The output signal comprises a dc voltage related to both the detected
IF level and an ac voltage (bandwidth 16 kHz, one pole) that is
proportional to the AM depth. The dc component contains an offset
voltage (V,pp) which must be subtracted out. The relationship
between % X& and the signal levels at AM OUTPUT is:

Vpk
% AM = E x 100%
;VdC - VOffI

where:

Vpk is the peak of the ac component,
Vde is the total dc component, and
Vors 1s the dc offset voltage.

When the AM ALC is on, the dc level at AM OUTPUT is held constant,
thus,

%AM = K x Vpk, where K = 100%
[Vde - Vopr]

When the AM ALC is turned off (Special Function 6.2), the dc voltage
at AM OUTPUT varies with the signal level (although the offset
remains constant), and the full formula must be vesed foi each
measurement.

Procedures

To measure AM depth via 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 connector and remove any
signal at RF INPUT. Press MHz to fix the tuning, and read the offset
voltage on the voltmeter.
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Model 8902A ' Operation

FM Calibration (Cont’d)
(Includes the CALIBRATE, SAVE CAL, and % CAL FACTOR keys,
and Special Functions 12 and 17)

Procedures (cont’d)

Correcting Measurements with the FM Calibration Factor. Once a cal-
ibration factor has been determined, the instrument retains that
value in its non-volatile memory. (Refer to Instrument Preset.)
This factor can be enabled to automatically correct FM measurements.
The calibration factor can also be disabled or displayed.

Enter the appropriate front-panel key or Special Function code for
the desired action described in the following table:

Acl!on: . Measurement Front-Panel Key Program Code
FM Calibration Mode or m
Factor Special Function Code
Disable Any 17.0 SPCL 17.0SP
FM (Blue Key) sc
(From CALIBRATE mode) SAVE CAL
Enable
Any 17.1 SPCL 17.18P
(Blue Key)
. FM % CAL FACTOR* CF
Display
Any | 17.2 SPCL 17.2S8P

Calibrating or Cross Checking Another HP 8901 or 8902 RF Signal An-
alyzer. To compute an FM calibration factor for another RF signal
analyzer that has no internal calibrator, or that has an internal
calibrator that is to be cross checked, use the Measuring Receiver
and its calibrator as follows:

1. Conne~t the Measuring Receiver’s CALIBRATION AM/FM OUTPUT to the
input of the RF signhal analyzer.

2. Key 12.0 SPCL into the Measuring Receiver. Record the reading
that appears on the display. This is the computed, calibrated,
peak FM deviation (excluding noise).

3. Key 12.1 SPCL into both instruments. Record the reading that
appears on the display of the RF signal analyzer. (If display
Jitter makes readings difficult, key 5.1 SPCL.) The displayed
value is the weighted, peak, residual FM deviation of the cal-
ibrator’s unmodulated output as demodulated by the RF signal
analyzer.
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Operation Model 8902A

AM Output (Cont’d)

Procedures (cont’d)

Disable the AM ALC loop (6.2 SPCL) and apply the carrier to the RF
INPUT. Measure the dc and peak ac signals at AM QUTPUT. Use the
first equation in "Description" to compute % AM.

Example

To measure AM depth at AM OUTPUT with the AM ALC turned off, measure
Vorpr first: .

Remove any signal at the RF INPUT and connect a dec voltmeter to AM
OUTPUT.

AUTOMATIC

LOCAL OPERATION M2 WeuT
(keyslrokes) D whe | FREQ

(program codes)

AUMZ

For this example, assume the voltmeter reads an offset voltage of
-0.36 Vdc. Connect an AM signal to the RF INPUT and tune the
Measuring Receiver. Disable the AM ALC by keying 6.2 SPCL.

Measure the dec voltage at AM QUTPUT. (When low AM rates are used, it
is easiest to measure the dc voltage at AM O0U7PUT bercre the
modulation is applied.) For this example, assume the voltneter reads
~0.46 Vdec (=Vdec). Measure the peak ac voltage at aM OUTPUT. (For
low rates an oscilloscope may be necessary.) For this example,
assume 0.02 Vpk was measured on an oscilloscope. The % AM is:

_.Vpk x 100% 0.02 x 100%

L A - . - 20% AM
7 | Vde = Vopp 17 | (-0.46)-(-0.36) | ’

AL




Operation Model 89024

FM Calibration
(Includes the CALIBRATE, SAVE CAL, and % CAL FACTOR keys,
and Special Functions 12 and 17)

Description

The accuracy of the Measuring Receiver’s FM demodulator can be
checked with the internal FM calibrator. The calibration process
generates a calibration factor that indicates the FM measurement er-
ror (within the accuracy limits of the calibrator). The calibration
factor can then be enabled to automatically correct the known FM er-
ror in subsequent measurements (Special Function 17 or the Save Cal-
ibration function). With the calibration factor enabled, FM measure-
ments can be made with an accuracy typically better than 0.5%. The
calibration factor can be enabled, disabled, or displayed at any
time.

Other instruments in the family of HP 8901 and 8902 RF signal an-
alyzers can be calibrated or cross checked with the Measuiing
Receiver’s FM calibrator using Special Function 12.

Procedures

Self-Calibration. To determine the measurement error of the Measur-
ing Receiver’s FM demodulation circuits, first allow at least a half-
hour continuous operation before calibration, then perform the fol-
lowing steps:

1. Connect the CALIBRATION AM/FM OUTPUT to the RF INPUT with a 50
ohm cable (or a sensor module with an internal switch such as the
HP 11722A), and select FM.

2. Press the CALIBRATE key. After several seconds, the FM calibra-
tion factor will be displayed in % and stored.

The instrument displays 100.00% if no error is measured. A display
of 100.17% means the Measuring Receiver is reading 0.17% high. As
long as the CALIBRATE key light is on and the cable is connected,
calibration continues and the FM calibratior. factor is updated ap-
proximately every 17 seconds. To turn off the calibrater, press the
CALIBRATE key or any MEASUREMENT key.

NOTE

For optimum accuracy, the instrument should be con-
tinuously operating for at least one half hour be-
fore calibration is performed. In addition, the
first two FM Calibration Factors received after
instrument power-up should not be used even if the
instrument is already warm, since the circuits in
the audio chain may not be fully settled.
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Model 8902A Operation

AM Output (Cont’d)

Block Diagram

AN OUTPOT N
L AMOUTPUT |
MODULATION QUTPUT/
< AUDIO INPUT
AM .
DEMODULATOR AUDIO AUDIO VOLTMETER
s -~
ATTISJSITOR INPUT IF AMP {ALC LOOPI FILTERS DETECTORS AND DISPLAY

== w |{pemsepem5e|

LOCAL
OSCILLATQOR

ALC REF

AM Output Block Diagram

Comments

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

The accuracy of measurements made on the AM OUTPUT signal could be
degraded during level measurements when the RF peak detector is used
(Special Function 35.0).

Related Functions

AM
AM ALC Response Time
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Model 8902A Operation

FM (Cont’d)
(Includes Special Function 2)

Comments

The PEAK+ detector always detects the upward carrier frequency excur-
cicn while the PEAK- detector always detects the downward carrier
frequency excursion. The PEAK +/2 detector sums the upward and down-
ward frequency excursion and divides the total by two to provide an
average peak value. (This value should not to be confused with a
detected average value.)

When operating with carrier frequencies below 2.5 MHz, the output
signal at MODULATION OUTPUT/AUDIO INPUT is inverted unless using the
455 kHz IF. When operating with carrier frequencies above 2.5 MHz or
when using the U455 kHz IF, the signal at FM QUTPUT is inverted.

The routine which automatically selects the modulation range contains
regions of overlap between the following displayed peak deviations:
0.35 and 0.4 kHz (750 us de-emphasis, pre-display only), 3.5 and U
kHz, and 35 and 40 kHz. When using the average detector, ranging
occurs 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 Audio Range.

When the Measuring Receiver is first powered up, demodulated FM, with
a sensitivity of 0.01 Vac/MHz (<400 kHz peak deviation range), is
available at MODULATION OUTPUT/AUDIO INPUT. The instrument does not
autorange to more sensitive ranges because the selection of the FREQ
Measurement mode, at power up, automatically disables Error 04 (audio
circuits overdriven). When Error 04 is disabled, the instrument only
autoranges to less sensitive audio ranges.

AM conditions that cause the carrier signal to disuppear either caus-
es lnaccuracies in the measurement of FM deviation, or Error 05 (FM
squelched).

Related Functions

Audio Detectors
Audio Filters
Audio Frequency
Audio Range

FM De-Emphasis
FI Output

Ratio

Residual Noise Effects




Operation Model 8902A

Audio Detectors

Description

The Measuring Receiver provides three types of audio detectors; peak,
average (rms calibrated), and true rms. These three detectors yield
the following six functions:

- Peak +

- Peak -

- Peak +/2

- Peak Hold

- Avg (RMS Calibrated)
- RMS

The two peak detector keys, when pressed individually, select whether
the positive peak (PEAK+) or the negative peak (PEAK-) of the
demodulated signal is measured. When the two peak detector keys are
pressed simultaneously, the positive and negative peaks are averaged
with the following equation:

Peakavg = (+Peak) + (-Peak)
2

The PEAK HOLD key is used in conjunction with either or both of the
two audio peak detectors, PEAK+ or PEAK-. When active, the PEAK HOLD
key enables the Measuring Receiver to hold, and display indefinitely,
the greatest peak measurement (+ or -).

The AVG (RMS CAL) key uses an average detector that is calibrated to
read rms values of sinewaves. Noise and residual measurements can be
measured with this detector.

The RMS key uses a true rms detector to measure audio signals.

The selected detector at turn on is PEAK+.

Once selected, the detector remains unchanged and is automatically
activated each time modulation measurements are made until another
detector is selected.

The signals at MODULATION OUTPUT/AUDIO INPU, AM OUTPUT, or FM OUTPUT
are not affected by the DETECTOR Keys.

Procedures

When a modulation measurement is selected, a detector will
automatically be activated.

To select a peak detector function, press the PEAK+ or PEAK- keys
individually, or press both keys simultaneously.
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Uperation Model 89024

FM (Cont’qd)
(Includes Special Function 2)

m Program Codes

All HP-IB codes for setting range limits for FM measurements are pro-
vided in "Procedures" .

FM = M2

SPCL = 8P

Indications

Display: When the FM key is pressed, the display shows the measured
FM deviation (or the equivalent de-emphasized deviation).

The kHz annunciator is displayed.

Front Panel: The LEDs within the selected functions light.

Measurement Technique

frequency deviation. The demodulated signal is filtered, audio de-~
tected, and displayed as kHz deviation.

lated FM signal always passes through the FM de-emphasis filter to be
made available at the output of MODULATION OUTPUT/AUDIO INPUT.

VOLTMETE &

con £ 0 PLAY
o weut - s et e 40D
R B NALL P ; LIRS LeTERe A doee  DETLCILRS AND DISPLAY
v o

DIZCRIMINATOR
MODULATION QUTPUT/
AUDIO INPUT

OSCILLATOR

FM Measurement Block Diagram




Model 8902a Operation

Audio Detectors (Cont’qd)

Procedures (cont’d)

Peak hold must be used with the peak detectors. To initiate peak
hold, press the PEAK HOLD key. To re-initiate a new peak hold cycle,
press PEAK HOLD again. The display is now updated with the new peak.
To select the average (rms calibrated) detector, press the AVG key.

To select the true rms detector, press the Blue Key and RMS Kkey.

m Program Codes

Function Program Code
PEAK+ D1
PEAK— D2
PEAK HOLD D3
AVG D4
RMS D8
PEAK +/2 D9

Indications

Front Panel: A lighted LED indicates the selected detector.

Comments
Only the rms detector can be selected for most audio measurements.

A slower response time for the audio peak detectors can be used.
(Refer to Audio Detector Response.)

The PEAK+ detector is selected at power-up.

When the peak hold function is selected, the limited rise time of the
peak detector circuitry can cause narrow one-time peaks that could
cause slightly low, peak hold measurements. To prevent errors when
measuring narrow peaks, repeat the peak-generating process several
times while leaving the peak hold function active.
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Model 8902A

Procedures (cont’d)

FM (Cont’d)
(Includes Special Function 2)

Operation

The following table lists the different measurement range limits that
can be selected with Special Function 2:

. . . MODULATION
Modulation Detector Specgal Program Dlsp|a_y OUTPUT
Range Selected Function Code Resolution Sensitivity
(Peak = kHz dev.) Code m (Hz) (Vac,Y% H2)
Automatic Selection 2.0 SPCL 2.0SP Automatic Selection
<0.04 RMS 2.4 SPCL! 2.4SP 0.01 100
RMS 2.4 SPCL 2.4SP
<04 Pk, Avg 2.4 SPCL! 2.45P 0.1 10
Pk, Avg, RMS 2.1 SPCL! 2.1SP
Pk, Avg 2.4 SPCL 2.4SP
<4 Pk, Avg, RMS 2.1 SPCL 2.15P 1 1
Pk, Avg, RMS 2.2 SPCL! 2.28P
2.2 SPCL 2.2SP
1 0.1
=40 Pk Avg. RMS | 5 3 gpeLt 2.35P 0
100 0.01
<400 Pk. Avg, RMS 2.3 SPCL 2.3SP
T With 750 us de-emphasis, pre-display only.

To filter the demodulated signal, press the appropriate filter keys.

(Refer to Filters, Audio.)
lect the appropriate time constant and display placement.

FM De-emphasis.)

If de-emphasis filtering is desired,

se-
(Refer to

If FM deviation is to be displayed relative to a reference, enter the

value as a ratio reference using the RATIO key.

Example

(Refer to Ratio.)

To measure the positive peak FM deviaticn of a signal in a 50 Hz to
15 kHz demodulated signal bandwidth, and place a 750 us time constant
de-emphasis before the display:

LOCAL
(keystrokes)

rMEASUREMENT ﬁ r QETECTORw r FILTERS 1 r FM DE-EMPHASIS ﬁ
FM PEAK - 50Hz  15kHz

PRE DISPLAY

L O

]

<«

(program codes)

Measurement

— ]

Detector

M2 D1 H1L2 P1P5

FM De-emphasis
—— Filters




Operation Model 8902A

Audio Detectors (Cont’d)

Comments (cont’d)

If the PEAK HOLD key is pressed while the average or true rms
detector is active, the detector will switch to the 1last peak
detector previously selected. If the PEAK HOLD key is pressed when
the Peak +/2 function is selected, the key will not light.

m In remote operation, new peak hold cycles may only be
initiated by code D3. Thus, if the instrument is in
HP-IB Hold mode (code T1l), 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 via the triggering
codes (T2 or T3), the data output will represent the
greatest peak captured since the peak hold cycle was
initiated.

Related Functions
AM
Audio Detector Response

M

oM
Recorder Output
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Operation Model 89024

FM
(Includes Special Function 2)

Description

The FM key enables the Measuring Receiver to measure the FM deviation
of the tuned input signal. Special Function 2 enables the instrument
to set limits on the range of FM deviation that can be measured.

The demodulated FM is present at MODULATION OUTPUT/AUDIO INPUT (un-
less AUDIO INPUT has been selected). The demodulated FM jis usually
Present at the rear-panel FM OUTPUT connector. (Refer to FM OUTPUT.)

The demodulated signal’s frequency and distortion can also be charac-
terized. (Refer to Audio Distortion and Level and to Audio
Frequency.)

Procedures
To make an FM measurement, first tune the instrument to the input

signal. (Refer to RF Frequency Tuning or press AUTOMATIC OPERATION.)
Press the FM key.

Select an audio detector: PEAK+, PEAK-, or AveG. The RMS detector,
selected by pPressing the Blue Key and the RMS key, is not quite as




Model 8902A Operation

Audio Detector Response
(Special Function 5)

Description

When making modulation measurements, the audio peak detector response
(for peak measurements), and the digital averaging response (for rms
measuremenss) 1is usually fast. A slower responz= time (narrower
bandwidth setting) can be initiated using Special Function 5.

The slow response time (narrower bandwidth setting) helps stabilize
measurements on unstable or noisy signals, or whenever measurement
display Jjitter is considered excessive.

Procedure
The Measuring Receiver normally is set for a fast response. To

change from fast to slow or vice versa, enter the corresponding
Special Function code, then press the SPCL key:

Audio Detector Special Program Code
Response Function Code
Fast 5.0 SPCL 5.08
Slow 5.1 SPCL 518P

{;lic - Program Codes

For HP-IB codes, refer to "Procedure'.

Indications

Display: As the numeric code is entered, it appears on the display.
When the SPCL key is pressed, the display returns to the

measvrement previcusly sclected.

Frint Panel: The LED within the SPLL key lights (w..ess 5.0 SPCL is
entered).

Comments

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

Relat 4 Functions

Audio Detectors
Recorder Qutput

(§5)

A3
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Model 8902A Operation

Filters, RF and IF (Cont’d)

(Special Function 3)
m Program Codes

The HP-IB codes for selecting various combinations of RF and IF fil-
ters are provided in "Procedure".

Indications
As the numeric code is entered, it appears on the front-

panel display. When the SPCL key is pressed, the display
returns to the measurement previously selected.

Display:

Front Panel: Unless Special Function 3.0 is entered, the light

within the SPCL key lights.

Block Diagram

WIDE 435 kH2
BP 0R 2.5 MH2 "L‘;gfg:’“
PFILTER  IF AMP
LPFLTE BP FILTER
= ~_1 e
TN
- Pt

VOLTMETER
AND DISPLAY

BHAF9AAEEE

COUNTER/

INPUT INPUT
ATTENUATOR CONTROLLER

1048
ATTENUATOR P RF HP
TNPUT fra FILTER MIXER

LOCAL

ot ’
OSCILLATOR é

Block Diagram of RF and IF Filters
Comments

When the instrument is first powered up or when AUTOMATIC OPERATION
or INSTR PRESET is selected, RF and IF Filters are placed in the
automatic selection mode.

»rnen a new IF frequency is selected, the instrument immediately
retunes.

Many measurements can typically be made on very low-level signals.
Using the narrow bandwidth of the 455 kHz IF for signal frequencies
less than 2.5 MHz or greater than 10 MHz increases the sensitivity
and selectivity of the Measuring Receiver. Manual insertion of RF
input attenuation and gain also increases sensitivity. (Refer to RF
Input Attenuation and Gain.)

Related Functions
IF Frequency

IF Level
Range Ho1ld

RF Frequency Tuning
Special Functions




Operation Model 8902a

Audio Distortion and Level
(Includes Special Function 30, the ‘
1 kHz DISTN, 400 Hz DISTN, and RMS Keys, and the
AUDIO INPUT Key)

Description

The AUDIO DISTN key enables the Measuring Receiver to make audio
distortion measurements. To measure the distortion, the instrument
compares the input signal level measured by the true rms detector to
the same measurement with the fundamental frequency removed.
Distortion can be measured at frequencies of either 1 kHz or 400 Hz
using the 1 kHz DISTN or 400 Hz DISTN keys (respectively). Once
selected, the 1 kHz or 400 Hz Distortion Measurement mode remains

Special Function 30.0 enables the Measuring Receiver to mensure the
true rms level input available at MODULATION OUTPUT/AUDIO INPUT.

The distortion and level of external audio signals can be

characterized using the AUDI® INPUT key when the input signal is

applied to MODULATION OUTPUT/AUDIO INPUT. When the AUDIO INPUT key

is not selected, the Measuring Receiver can measure the distortion

(but not the level) of the audio signal that is demodulated from the
signal at the RF INPUT connector. (

Procedures

To measure the audio distortion of the audio signal that is
demodulated from the signal at the RF INPUT connector, press the 8§
(shift) key and the AUDIO DISTN key. For measurements on signals at
the MODULATION OUTPUT/AUDIO INPUT, also press the AUDIO INPUT key.
Only the true rms detector can be used; no other detector can be
selected.

To change the bandwidth of the internally demodulated audio signal,
press the desired filter keys. (Refer to Audio Filters.)

If measurements are tc¢ be made < a 1 kHz audio sigral, press the
Blue Key and 1 kHz DISTN (FEAY.+) kev. 1If measurerents are to be made
on a 400 Hz audio signal, press the Blue Key and 400 Hz DISTN (PEAK+)
key. '

To measure the true rms level of the input signal at MODULATION
OUTPUT/AUDIO INPUT, key in 30.0 and press the SPCL key.

If audio distortion or level are to be displayed relative to a
reference, enter the value as a ratio reference using the RATIO key.
(Refer to Ratio.)
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Model 89024

Filters, RF and IF
(Special Function 3)

Description

To eliminate unwanted
RF filter can be inserted.
selectable with Special Function 3.

low-frequency signals in the RF signal path, an
The 5.25 MHz High-Pass Filter is manually
Since the IF generally responds

to signals less than 2.5 MHz, the filter eliminates any low frequen-

cies that might be present on the input.

(For input signals of 150

kHz to 10 MHz, the filter should be switched out.)

The Input Mixer down-converts the
usually centered at 1.5 MHz for input signals 10 to 1300 MHz.
of 455 kHz can be

RF input to the IF. The IF is
(An IF

manually selected.) For signals between 2.5 MHz

and 10 MHz, the IF is 455 kHz. Below 2.5 MHz, the signal is passed
directly into the IF without down-conversion (unless the 455 kHz IF
has been manually selected). IF filters determine the frequency
response of each IF.

When the 1.5 MHz IF is selected, the IF frequency r'esponse is deter-
mined by the 2.5 MHz Low-Pass (LP) Filter.

When the U455 kHz IF is selected, the Wide 455 kHz Bandpass (BP) Fil-

ter determines the IF frequency response,

unless a tuned RF level

measurement is made which inserts the Narrow 455 kHz BP Filter.

Various combinations

of these filters can be manually inserted using

Special Function 3.

Procedure

To select a desired c
the automatic selecti

tion code,

ombination of RF and IF fi
on mode, key
then press the SPCL key

lters, or to re-enter

in the corresponding Special Func-

Special Pregram Code IF Wide Narrow IF RF High-Pass
Function IF Filter Filter
Code Frequency Filter (30 kHz BW) (5.25 MHz)
3.0 SPCL 3.08P Automatic Selection ouT
3.1 SPCL 3.1sP 455 kHz 200 kHz BW ouT ouT
2.5 Mz
3.2 SPCL 3.25p 1.5 MHz Low-Pass ouT ouT
3.3 SPCL 3.3sP 455 kHz 200 kHz BW ouT IN
2.5 MHz
3.4 SPCL 3.45pP 1.5 MHz Low-Pass ouTt IN
3.5 SPCL 3.55P 455 kHz 200 kHz BW IN ouT
2.5 MHz
3.6 SPCL 3.65P 455 kHz Low-Pass IN ouTt
3.7 SPCL 3.75P 455 kHz 200 kHz BW IN IN
2.5 MHz ‘
3.8 SPCL 3.85P 455 kHz Low-Pass IN IN
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Model 8902A Operation

Audio Distortion and Level (Cont’d)
(Includes Special Function 30,
the 1 kHz DISTN, 400 Hz DISTN, and RMS Keys, and the
AUDIO INPUT Key)

m Program Codes

AUDIO DISTN = 82
AUDIO INPUT = Al
MODULATION QUTPUT = A0
1 kHz DISTN = D5
400 Hz DISTN = D6
LIN results LN
LOG results LG
mV units = MV

uV units = UV
VOLTS units = VL
SPCL = SP

Indications

Display: When AUDIO DISTN is selected, the value of audio distortion

is displayed in % or dB. The 1 kHz or 400 Hz annunciator
is also displayed.

When Special Function 30.0 is selected, the numeric code
appears on the display. When the SPCL key is pressed, the
measured rms value is displayed, and the selected units
annunciator lights. If uV units are selected, the display
indicates the measured value in scientific notation; that
is, the measured value is followed by a signed,
power-of-ten multiplier. The following table shows the
annunciator units for linear and logarithmic formats.

Linear Unit Logarithmic Unit
w dBm
\ dBv
mV dB mv
Y de w ;

Front Panel: When AUDIO DISTN is selected, the LEDs within thé S
(shift) key and the AUDIO DISTN keys light. The LED
next to RMS lights.

When AUDIO INPUT is selected, the LED within the key
lights and the LEDs under MODULATION OUTPUT are turned
off . If AUDIO INPUT is not selected or is turned off,
the appropriate LED lights.
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Model 8902A Operation

Filters, Audio (Cont’d)

Comments (cont’d)

The individual filter characteristics are given below. The 3 dB
points are typically accurate to *3%.

High-Fass Filters:

50 Hz High Pass: Two pole Butterworth 1% flat >200 Hz
300 Hz High Pass: Two pole Butterworth 1% flat >1 kHz

Low-Pass Filters:

3 kHz Low Pass: Five pole Butterworth 1% flat <1 kHz

15 kHz Low Pass: Five pole Chebyshev 1% flat <10 kHz

>20 kHz Low Pass: Nine pole Bessel 1% flat <10 kHz. (When used
with squarewave modulation, this filter typically overshoots
<1%. This filter’s 3 dB point is typically 110 kHz.

Related Functions

AM

Filters, RF

FM

FM De-emphasis
IF Frequency




Model 8902a

Audio Distortion and Level (Cont’d)
(Includes Special Function 30, the
1 kHz DISTN, 400 Hz DISTN, and RMS Keys, and the
AUDIO INPUT Key)

Indications (cont’d)

Front Panel: When Special Function 30.0 is selected, the LEDs
(cont’d) within the SPCL and AUDIO INPUT keys light. The LED
next to RMS lights.

If filters or FM de-emphasis has been selected, these
LEDs are turned off.

Measurement Technique

To measure distortion, the broadband audio signal is first measured
with the true rms detector; then the audio signal path is switched to
g0 through a notch filter at the distortion frequency (1 kHz or 400
Hz). The notch filter has an approximate 55 dB attenuation at the
distortion frequency with a 10% total bandwidth. The two voltages
out of the rms detector are measured by the internal voltmeter and
the ratio is taken. This ratio is then the distortion of ti.e audio
signal.

The direction of the signal at MODULATION OUTPUT/AUDIO INPUT is
controlled by the AUDIO INPUT key. The connector has an input
impedance of approximately 100 kohms and an output impedance of 600
chms .

The true rms level (from 0V to 4v) of any audio signal (from 20 Hz to
40 kHz) can be measured using the same rms detector.

MAOULATION nuTPuT
ALLID VY

Fra
DEMODULATOR

LOCAL
CSCILLATOR

Audio Distortion and Level Block Diagram
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Uperation Model 89024

Filters, Audio (Cont’d)

Block Diagram ‘

- MODULATION QUTPUT/
( Dl AUDIO INPUT

COUNTER
AND DISPLAY
WIDE 455 kHz

RE HP INPUT H"LE*F?IZL-;&HI NA’;:ESZW AUDIO AVG HHHHHHHHHH

AM
FILTER MIXER = BPFILTER  DEMODULATOR AUDIO DETECTOR
—~ <’ = FILTERS
—~~ .“ >
==

AUDID PEAK
DETECTOR

OISTORTION AUDIO RMS
ANALYZER DETECTOR

LOCAL
OSCILLATOR

AUDIO
COUNTER

Audio Filters Block Diagram

Comments

The selected filters are always in the path of the demodulated signal
independent of the selection of a modulation measurement. Thus, un-
less turned off, the output of MODULATION OUTPUT/AUDIO INPUT is fil-
tered. 1In addition, the selected filters remain in effect when
switching between modulation measurements.

Under certain conditions, filters are inserted automatically. When
the U455 kHz IF is used, or when the RF input is less than 2.5 MHz,
the 15 kHz low-pass filter is inserted (unless another low-pass fil-
ter has been selected). The 15 kHz low-pass filter selected when
operating with the 455 kHz IF is automatically turned off when the
1.5 MHz IF is selected.

With no filters selected, the post-demodulation bandwidth is from 20

Hz to greater than 200 kHz, however, the IF circuits and demodulators
impose more severe bandwidth limits. Refer to each specific measure- ‘
ment in these Detailed Operating Instructions for bandwidth ‘
limitations.

3-92
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Model 8902A Operation

Audio Distortion and Level (Cont’d)
(Includes Special Function 30, the
1 kHz DISTN, 400 Hz DISTN, and RMS Keys, and the
AUDIO INPUT Key)

Comments

At power-up, the instrument defaults to making 1 kHz distortion
measurements.

To convert the measured audio level into watts, use the following
equation: :
20 Log voltage (in volts)

Related Functions

Audio Detectors

Audio Detector Response
Audio Filters

Audio Frequency

SINAD
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Model 8902A

Filters, Audio

Description

High-pass and low-pass filters
demodulated signal through the

Procedures

Insert the desired demodulated
propriate Kkeys.

o) Only one high-pass and one
once.

can be inserted into the path of the
use of the HP and LP FILTER keys.

signal filter by pressing the ap-

low-pass filter can be inserted at

o] To remove a filter, press the key again.

o) To select a different filter,

desired filter.

Operation

press the Key corresponding to the

o) HP-IB codes for the various filter keys (listed in the following

table) only insert the filters.
pass filter via HP-IB, use code HO or LO (respectively), or se-

lect another filter.

e (25 [c® Program Codes
Program Code Program Code

HP FILTER m LP FILTER m

ALL OFF HO ALL OFF LO

50 Hz H1 3 kHz L1

300 Hz H2 15 kHz L2

>20 kHz L3

Indications

To remove a high-pass or low-

When a filter is inserted (by either automatic or manual selection),
the LED within that filter’s key lights.




Operation Model 8902A

Audio Frequency
(Includes the AUDIO INPUT key) (‘

Description

The AUDIO FREQ key enables the Measuring Receiver to count the
frequency of either demodulated internal signals or external audio
signals.

The AUDIO INPUT key selects measurement of either internal or
external signals.

Procedures

To count the frequency of the audio signal that is demodulated from
the signal at the RF INPUT connector, press the S (shift) key and the
AUDIO FREQ key.

To count the frequency of the signal at the RF INPUT connector,
follow the above procedure, and then press the AUDIO INPUT key.

If audio frequency is to be displayed relative to a reference, enter
the value as a ratio reference using the Ratio function. (Refer to
Ratio.)

m Program Code (

AUDIO FREQ = S1

Indications

Display: When AUDIO FREQ is selected, the frequency is displayed in
kHz with a resolution of 0.001 Hz.

Front Panel: When AUDIO FREQ is selected, the LEDs within the S
(shift) key and the AUDIO FREQ keys light.

When AUDIO INPUT is selected, the LED within trne key
lights and the LEDs under MODULATION OUTPUT are turned
off.

Measurement Technique

The audio frequency measurement uses a reciprocal counter to count

either demodulated internal signals or external audio signals. The
Measuring Receiver gates the 10 MHz time base with the audio signal

so the period of the audio signal is equal to the number of time base
pulses divided by 10 MHz. The frequency is 1/period. The time base

is counted for 100 ms to achieve the resolution of 0.001 Hz. (
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Operation Model 89024

External Attenuation (Cont’d)
(Includes the dB EXT ATTEN key and Special Function 25)

m Program Codes

dB EXT ATTEN off = NO
dB EXT ATTEN on = N1
SPCL = SP

Indications

Display: When the dB EXT ATTEN key is pressed, the Measuring
Recelver displays subsequent level measurements using the
entered offset.

When Special Function 25.2 is entered, the current value of
entered external attenuation is displayed with the dB an-
nunciator. The display is timed out.

Front Panel: The dB EXT ATTEN annunciator lights when pressed. Spe-
cial Function 25.2 causes the LED within the SPCL key
to light and then time out.

Comments

If another Measurement mode is selected, and then a level Measurement
mode is re-entered, the instrument automatically re-enters the exter-
nal attenuation mode with the previous offset value to offset subse-

quent measurements.

Related Functions

Peak Tuned RF Level
Ratio

RF Level

RF Power

Tur.ed KEF Level




1 e

i

Model 8902A

Audio Frequency (Cont’d)
(Includes the AUDIO INPUT key)

Measurement Technique (cont’d)

The direction of the signal at MODULATION OUTPUT/AUDIO INPUT is

controlled by the AUDIO INPUT key. The connector has an input
impedance of approximately 100 kohms and an output impedance of 600

ohms.

Operation

- ¢ [Moouration outeuTs
AUDIO INPUT
AM
AUDIO FILTERS
MIXER DEMODULATOR AND GAIN AUDID
CONTROL COUNTER COUNTER DISPLAY

Fﬁﬂﬁﬂﬁﬂ%ﬂ

LOCAL
OSCILLATOR

Audio Frequency Block Diagram

Related Functions

Audio Distortion and Level

SINAD
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Model 8902A Operation

External Attenuation
(Includes the dB EXT ATTEN key and Special Function 25)

Description

Level measurements can be offset with external attenuation or gain
using the dB EXT ATTEN Kkey.

Special Function 25.2 enables the Measuring Receiver to display the
value of the selected external attenuation/gain.

MODULATION OUTPUT/AUDIO INPUT is blanked during most level
measurements.

Procedures

To enter external attenuation:

1. Press the keys corresponding to the value of external at-
tenuation or gain.
2. Use a negative sign to enter a gain value by pressing the

Blue Key and the (-) key (. key). No sign indication is
necessary for entering attenuation.
3. Press the Blue Key and dB EXT ATTEN (LOG/LIN) key.

To display the current offset in dB, key in 25.2 SPCL.

To exit external attenuation, press the Blue Key and dB EXT ATTEN key
again. To re-enter external attenuation, press the Blue Key and dB
EXT ATTEN key again.

Example

To enter external gain of 10 dB as an offset to subsequent power
measurements:

’\AL ‘—DAT:ﬁ rDISOLAYﬁ
e

(k;’j»')SH’OKES) [—_1_j LJ__] E] D pryae

@ ATTEN

g e

(program codes) Data

Display
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A T T A ~is Model 89024

Audio Range
(Special Function 2)

Description

audio range appropriate for the desired measurement. To limit %he

range c¢f possible measurement, the audio range can be manually set
using Special Function 2.

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:

Modulation Detector Special Prggézm Display MOODUUTLPAJ;ON
Range Selected Function m Resolution Sensitivity
+ {0 0
Peak+ (%) Code (%) (Vac/% AM)
Automatic Selection 2.0 SPCL 2.08pP Automatic Selection
=4 RMS 2.4 SPCL 2.43P 0.001 1
=40 Pk, Avg 2.4 SPCL 2.45pP 0.01 0.1
<40 Pk, Avg, RMS 2.1 SPCL 2.18P 0.01 0.1
2.2 SPCL 2.2SP
<100 Pk, Avg, RMS or or 0.1 0.01
2.3 SPCL 2.35P
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Operation Model 89024
Error Message Summary (Cont’d) ,
Service Errors
Error Corrective Action
Code Message Act
42-p2 I Service-related errors. Refer to service section 2f HP 89024 instrument manuai.
Comments:

Errors 40 through 89 Service errors are normally disabled.
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Audio Range (Cont’d)
(?‘*« (Special Function 2)
Procedure (cont’d)
FM
Modulation Special Program Display MODULATION
Detector . . OUTPUT
Range Selected Function Code Resolution Sensitivity
(Peak = kHz dev.) Code @ (Hz) (Vac/% Hz)
Automatic Selection 2.0 SPCL 2.0SP Automatic Selection
<0.04 RMS 2.4 SPCL? 2.45P 0.01 100
RMS 2.4 SPCL 2.45P
<0.4 Pk, Avg 2.4 SPCL" 2.43P 0.1 10
Pk, Avg, RMS 2.1 spCL! 2.18P
Pk, Avg 2.4 SPCL 2.4SP
<4 Pk, Avg, RMS’ 2.1 SPCL 2.1Sp 1 1
Pk, Avg, RMS 2.2 SPCL! 2.25P
2.2 SPCL 2.25P
<40 Pk, Avg, RMS 2.3 SPCL! 5 3P 10 0.1
<400 Pk, Avg, RMS 2.3 SPCL 2.3SP 100 0.01
' With 750 us de-emphasis, pre-display only.
oM
. . Program Code . MODULATION
Modulation Detector Speqal Dmphy OUTPUT
Range Selected Function Resolution Sensitivity
(Peak=rad. dev.) Code (radians) (mVac/radian)
i Automatic Selection 2.0 SPCL 2.05P Automat’ . Selection
3 <0.4 BRMS 2.4 SPCL 2.48SP 0.0001 10
<4 Pk, Avg 2.4 SPCL 2.45P 0.001 1
<4 Pk, Avg, RMS 2.1 SPCL 2.15P 0.001 1
<40 Pk, Avg, RMS 2.2 SPCL 2.28P 0.01 0.1
<400 Pk, Avg, RMS 2.3 SPCL 2.35P 0.1 0.01
(.
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Model 8902A

Operation

Error Message Summary (Cont’d)

Entry Errors

Error Message Corrective Action
Code
20 Entered value out of range. Re-enter new value.
21 Invalid key sequence. Check for compatibility of functions selected.
22 Invalid Special Function prefix. Re-enter correct Special Function Code.
23 Invalid Special Function suffix. Re-enter correct Special Function Code.
24 fnvalid HP-IB code. Re-enter correct HP-1B code.
25 Special Functions selected not compatible Press AUTOMATIC OPERATION
with selected measurement.
26 End of RF Power calibration factor table
reached. Check number of entries.

Comments:

Error 21 Error 21 times out.
Error 22 Error 22 times out.

Error 23 Error 23 times out.

(Refer to Special Functions.)

(Refer to Special Functions.)

Error 24 Error 24 always causes the issuance of a Require Service
message on the HP-IB.

Tuned RF Level Calibration Errors

Error

Code Message Corrective Action
30 Manual input attenuation or gain selection. Change RF input attenuation and gain.
21 Feouires new nower reference. Calibrate RF Povier beiore atiempting calibration of Tuned SF Level.
2 Manua' IF gain selection. Change IF ¢,
33 Power sensor reference error. Maintain corsistency in frequency and level at SENSOR during calibration.
34 Signal lost during calibration. Maintain frequency stability at RF INPUT during calibration.
35 Level error during calibration. Maintain signal stability at RF INPUT during calibration.

3-87
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Audio Range (Cont’d)
(Special Function 2) (

m Program Codes

For HP-IB codes, refer to "Procedure".

Indications

Display: As the numeric code is entered, it appears on the display.
When the SPCL key is pressed, the display returns to the
measurement previously selected.

Front Panel: The LED within the SPCL key lights (unless 2.0 SPCL is
entered).

Comments

When the instrument is first powered up or when AUTOMATIC OPERATION
or INSTR PRESET is selected, the audio range is placed in the
automatic selection mode.

Special Function 2.4 is usually only used in audio distortion
measurements. If the true RMS detector is not selected, Special

Function 2.4 selects the identical range as that selected with (
Special Function 2.1. ‘

When the audio range selected is too high (that is, the audio signal
level is too low), no error is generated, and the output of
MODULATION OUTPUT/AUDIO INPUT tracks the displayed values. When the
audio range is too low (that is, the audio signal level is too high),
Error 04 is generated. Error 04 might not be generated exactly at
the nominal level at which ranges are switched.

When Error 04 is disabled (refer to Disable Error Message Control),
the Measuring Receiver automatically ranges to the higher audio
ranges. This feature is used most often when modulation varies
widely with time (such as off-the-air demodulation of a broadcast
signral).

Related Functions

AM

Disable Error Message Control
FM

oM

Range Hold

Special Functions
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Error Message Summary (Cont’d)

Comments (cont’d):

Error 04 Error ol designates either an improperly set audio range,
or an attempt to measure modulation levels greater than
those specified. Refer to Audio Range .

Error 05 Error 05 often occurs when FM or M measurements are at-
tempted on low-level signals with high AM depth (greater
than 90%). Error 05 disables MODULATION OUTPUT/AUDIO
INPUT.

Error 06 Maximum allowable input level is 7 Vrms (1W peak).

Error 07 1If displayed during modulation measurements, increase audio
range. If displayed during level measurements, increase RF
input attenuation.

Error 08 1If the connection from CALIBRATION AM/FM OUTPUT to RF INPUT
is intact, this error may indicate calibrator malfunction.

Error 09 Error 09 display times out. If the option is installed,
Error 09 displayed can reflect an option malfunction.

Error 10 Error 10 turns off MODULATION OUTPUT. .\ 5. ) INPUT.

Error 11 In dB RATIO, Error 11 is displayed when measurement results
equal 0. (Log of 0 not allowed.)

Error 12 Error 12 must be requested by Special Function 15. (Refer
to Special Functions.)

Error 13 Error 13 usually only occurs when the power sensor is dis-
connected during an RF power measurement.

Error 14 Error 14 will not.occur when using a sensor module (such as
the HP 117224) or a power sensor with an R} switch con-
trolled by voltages accessed from the rear panel. (Refer
to Remote Control RF Switch.)

Error 15 Refer to RF Power Calibraticn Factors for entry and edit
information concerning calibraticn factors,

Error 96 Error 96 corresponds to a display of two dashes (--). Er-
ror 96 can occur when no signal is applied or when Error 03
is disabled and the instrument is manually tuned where no
signal is found. Error 96 (--) turns off MODULATION OQUT-
PUT/AUDIO INPUT.
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Attenuator Measurements
(Includes the SET REF key and Special Function 26)

Description

The Measuring Receiver uses the SET REF function to accurately mea-
sure relative devices such as attenuators or amplifiers. Pressing
the SET KEF key, while in the Tuned RF Level Measurement mode, es-
tablishes the current RF input signal as the reference signal for all
other power measurements made at that frequency.

Special Function 26 enables the Measuring Receiver to enter and exit
relative power measurements.

MODULATION OUTPUT/AUDIO INPUT is blanked during tuned RF level
measurements.

The SET REF key should be used instead of the RATIO key for relative
power measurements, but the Ratio function is also available.

Procedures

To make a relative power measurement, connect an RF cable (or sensor
module) to the RF INPUT connector of the Measuring Receiver. Tune
the instrument to the frequency of interest. (Refer to RF Frequency
Tuning.)

Press the S (shift) and TUNED RF LEVEL keys and wait for the measure-
ment value to be displayed. (The instrument defaults to making Syn-
chronous Tuned RF Level measurements but Average Tuned RF Level mea-
surements can be used with signals that have significant residual FM.
Refer to Tuned RF Level for an explanation of these two modes and
their application.)

Press the Blue Key and the SET REF key to set the initial reference
for subsequent relative measurements. Press the RATIO key to display
the level in % or dB. As the input level changes, the level relative
to the initial reference is displayed.

If RECAL is displayed, calibrate the subsequent ranges by pressing
the CALIBRATE key. (Refer to Tuned RF Level Calibration and Calibra-
tion Factors for a description of calibration factors and their
derivation.)

Press 26.0 SPCL to enter the absolute Tuned RF Level mode.
Press 26.1 SPCL to enter the relative Tuned RF Level mode. (Pressing

the SET REF key also puts the instrument in the relative Tuned RF
Level measurement mode.)
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Error Message Summary (Cont’d)

Error Messages

The following table describes all Operating Errors and includes the
error code, message, and the action typically required to remove the
error-causing condition. The Tomments cclumn that follows provides
additvional informaticn a=:d references pertaining to particular
errors.

Operating Errors
Error Message Corrective Action
Code
01 IF frequency error. Retune to signal at input.
02 Input level too high. Increase RF input attenuation and gain.
03 Input Leve! too low. Decrease RF input attenuation and gain.
04 Audio circuits overdriven. Increase audio range.
05 FM squelched. Reduce signal level variations (AM) at RF INPUT.
06 RF input overload. Reduce RF signal level at RF INPUT, then press any key.
07 Voltmeter and display overload. Increase audio range.
08 Calibrator error. Connect CALIBRATION AM/FM QUTPUT to RF INPUT or turn off calibrator.
09 Option not installed. Select another instrument function.
10 Input frequency out of range. Adjust input frequency to within specified limits.
1 Calculated value out of range. Conversion from % to dB is not possible. Press LOG/LIN for linear display.
12 Time Base oven cold (Option 002;. For highest accuracy, wait until oven is warm. (Refer to Special
Function 15.)
13 Power sensor not connected. Press RF POWER. RF level measurement is initiated if the power
Sensor is not connected.
14 Power sensor cannot zero. Assure zero power at SENSOR input.
15 Calibration tactor error. input calibration factors.
16 Audio circuits underdriven. increase external audio input level.
18 RF Power will not calibrate. Assure 0 dBm at SENSOR input.
19 Tuned RF Level circuits underdriven. Press Automatic Operation.
96 (HP-IB only) No input signal sensed by Increase signal level at RF INPUT or retune
instrument. :
Comments:

Error 01 With the 1.5 MHz IF, tre IF frequency must be 1.5 MHz + 50
kHz .

With the U455 kHz IF, the IF frequency must be Y455 kHz
kHz.

|+

2.5

Refer to RF Frequency Tuning. Error 01 disables MODULATION
OUTPUT/AUDIO INPUT.

Error 02 Refer to RF Input Attenuation and Gain for nominal input
levels. Error 02 disables MODULATION OUTPUT/AUDIO INPUT.

Error 03 Refer to RF Input Attenuation and Gain for nominal input
levels. Error 03 disables MODULATION OUT UT.AUDIO INPUT.
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Attenuator Measurements (Cont’d)
(Includes the SET REF key and Special Function 26)

m Program Codes

CALIBRATE on = C1
CALIBRATE off = C0
LIN results = LN
LOG results = L3

SET REF = RF
SPCL = SP
TUNED RF LEVEL = 3S)

Indications

Display: When the TUNED RF LEVEL key is pressed, the following

responses are displayed: four dashes (----) to indicate the
signal has been found, then six dashes (=-=--- ) to indicate
the instrument is fine tuning to the signal, then four
dashes again (----) to indicate settling.

If linear units are selected, the % annunciator is dis-
played. If logarithmic units are selected, the dB annun-
ciator is displayed.

If the instrument autoranges to a range than has not been
previously calibrated, the RECAL or UNCAL annunciator is
displayed. Press the CALIBRATE key.

Front Panel: The LED within the § (shift) and TUNED RF LEVEL keys
light. When the Blue Key is pressed, it blinks (at the
current measurement rate) until the SET REF key is
pressed. The LED within the SET REF key (ZERO key)
will not light when pressed.

Measurement Technique

The SET REF key enables the Measuring Receiver to set a power
reference to the initial level measurement at tre ‘ete tor. A1l
subsequent level measurements mede at that frequency (*5 kHz) are
referenced to this initial setting.

The major difference between absolute and relative tuned RF level
measurements is the way the initial reference jis obtained.

For absolute measurements, the initial level measurement at the
detector is equated to a measurement made at the calibrated power
sensor using a calibration factor. For relative measurements, the
initial level measurement always uses a calibration factor of 100%.
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Error Message Summary (Cont’d)

Description (cont’d)

Error 30 through Error 39. These messages are Tuned RF Level Cal-
ibration Errors that are used to indicate that some condition has not
been met to enable calitration of the Tuned RF Level function. The
errors can usually be cleared by readjusting the input signal, or by
setting Special Functions 1 and 9 to automatic selection.

Error 40 through Error 89. These messages 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 en-

abled to appear. Service Errors are discussed in Section VIII.

\ HP-IB 4

HP-IB Output Format

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

+900000 DD 00 E+01 CRLF

Fixed Data :l_ ' | L Line Feed

Error Code Carriage Return
Fixed Data Fixed Exponent

For example, Error 02 is output to the HP-IB as +3000000200E+01CRLF.
Once an error has been input to the computin§ controller, the error
code is simply derived by subtracting 9 x 1010
then dividing the result by 1000.

from the input number,
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Model 8902aA Operation

Attenuator Measurements (Cont’ad)
(Includes the SET REF key and Special Function 26)

Description (cont’d)

Since the relative measurement uses the same detectors and internal
ranges as the absolute measurement, the absolute and relative mea-
surement share the two calibration factors for the two internal ran-
ges that are used to enable the instrument to measure absolute power
levels from +30 dBm to -127 dBm. Therefore, when the Measurement
modes are switched between relative and absolute measurements, the
only recalibration necessary is for the initial reference range.

(Refer to Tuned RF Level for a more detailed description of all
aspects of tuned RF level measurement technique . Refer to Tuned RF
Level Calibration and Calibration Factors for a more detailed ex-
planation regarding the derivation of calibration factors.)

Comments

Relative measurements cannot be made on absolute power levels out of
the range from +30 dBm to -127 dBm.

Tune the Measuring Receiver before making any relative or absolute
tuned RF level measurements.

Related Functions

Tuned RF Level Calibration and Calibration Factors
Tuned RF Level
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Error Message Summary

Description

The instrument generates error messages to indicate operating prob-
lems, incorrect keyboard entries, or service-related problems. The
error message 1is usually cleared when the error condition is removed.

Four types of error display formats exist in the Measuring Receiver:
Error __ : The numerical value of the error is displayed.

(-=): No detectable signal falls within the IF passband.
Either no signal is at the input, or the instrument can-
not tune to find the applied signal. (For example, it
might be manually tuned far enough away from an input
signal that no power is detected in the IF.) This dis-
play is output to the HP-IB as Error 96 using the HP-IB
output format described in this Detailed Operating
Instruction.

(----): 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, unable to complete a measurement because
of manual settings of Special Functions. (For example,
when frequency measurements are made on a low-level input
signal with high AM depth, or when the RF input attenua-
tion and gain is improperly set.) This display is never
output to the HP-IB, and typically indicates a transitory
state in instrument operation.

(------ ) Displayed only when Synchronous Tuned RF Level measure-
ments are made. (Refer to Tuned RF Level.) This display
is never output to the HP-IB, and typically indicates a
transitory state in instrument operation.

Error messages are grouped by error code as follows:

Error 01 through Error 19 and Error 90 through Error 99. These mes-
sages are Operating Errors to indicate that sore conrndition has not
Leen met to assure a calibrated measurement. Operating Errors can
usually be cleared by a readjustment of front-panel controls (usual-
ly, the easiest way is to press AUTOMATIC OPERATION). The Disable
Error Message Control Special Function (Special Function 8) can be
used to selectively disable certain Operating Errors.

Error 20 through Error 29. These messages are Entry Errors which
indicate that an invalid key sequence or keyboard entry has been
made. These errors require that a new keyboard entry or function
Selection be made. Some of these error displays time cut after a few
Seconds and then return to the current measurement.
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Operation Model 89024

Automatic Operation

Description

The AUTOMATIC OPERATION key configures the Measuring Receiver to
automatically tune to the largest detectable input carrier (refer to
RF Frequency Tuning for qualifications) and to make the measurement
selected.

The AUTOMATIC OPERATION key sets Special Functions with prefixes 1
through 10 to their 0-suffix mode, disables some front-panel keys
(TRACK MODE, AUTO TUNING, RANGE HOLD, DISABLE ERROR, and Blue Key),
turns off many Special Functions with prefixes greater than 10, and
overrides all Service Special Functions (prefixes 0, 40, or greater).
The AUTOMATIC OPERATION key does not affect HP/LP FILTERs, FM DE-
EMPHASIS, MEASUREMENT, CALIBRATION, SAVE CAL (including all calibra-
tion factors), DETECTOR, DISPLAY, RATIO, Limit settings (Special
Function 14), or Frequency Offset Control (Special Function 27).

MODULATION OUTPUT/AUDIO INPUT is blanked temporarily during the auto-
matic tuning process that is initiated when the AUTOMATIC OPERATION
key is pressed.

Procedure

To re-enter the Automatic Operation mode, press the AUTOMATIC OPERA-
TION key. The instrument will immediately re-tune to the input sig-
nal and make the measurement selected.

m Program Code

AUTOMATIC OPERATION = AU

Indications

Display: Four dashes (----) are displayed while the instrument con-
ducts an automatic-tuning sequence. When tuned, the in-
strument displays the measurement selected.

If two dashes (--) are displayed, the Measuring Receiver
cannot locate the signal.

A display of six dashes (--—~--- ) only pertains to Syn-
chronous Tuned RF Level measurements. The instrument is
fine-tuning to the signal. (Refer to Tuned RF Level.)

Front panel: The I7"Ds within the selected functions light.




Operation Model 89024

Disable Error Message Control (Cont’d)
(Includes the DISABLE ERROR key and Special Function 8)

m Program Codes

The HP-IB program codes for selectively disabling combinations of
Errors 01 thrcugh 04 are provided in "Procedure".

DISABLE ERROR = B1
Clear DISABLE ERROR function = B0

Indications

Display: When the DISABLE ERROR key is pressed, the display returns
to the measurement previously selected.

As the numeric code is entered, it appears on the display.
When the SPCL key is pressed, the display returns to the
measurement previously selected.

Front Panel: When the DISABLE ERROR key is pressed, the LED next to
DISABLE ERROR and the LED within the SPCL key lights.

When one of Special Functions 8.1 through 8.8 is
pressed, the LED within the SPCL key lights.

Comments

When the instrument is first powered up, or when AUTOMATIC OPERATION
or INSTR PRESET is selected, Special Function 8 is placed in the
automatic selection mode (8.0 SPCL).

When Error 04 is disabled, the audio autorange function ranges upward
only. Thus, if a transitory peak audio signal is detected, the
Measuring Receiver will increase the audio range to accommodate it
but will not down range after it has passed. Audio autoranging is
then prevented from interfering with other measurements such as input
frequency.

Errors disabled when in the automatic selection m- ie may be inadver
tantly enzbled when a manusi mode is selectea. | - example, when
measuring frequency (Error 02 through Error 04 aut.matically dis-
abled). Selecting Special Function 8.1 to override a display of Er-
ror O4 would reenable Error 02 through Error 04. (The best selection
would really be 8.7 SPCL; Error 01 through Error 0} disabled.)

Use the Special Display and the Special Special Display (described in
Special Functions) to identify the current errors that are disabled.

Related Functions
Automatic Operation

Error Message Summary
Special Functions
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Model 8902A Operation

Automatic Operation (Cont’d)

Comments
The instrument powers up in the Automatic Operation mode.

The AUTCMATIC OPERATION key is the easiest way to make measurements
in applications where only a single carrier is present at the RF IN-
PUT. The instrument configures itself to meet the needs of most mea-
surement situations, and all errors preventing inaccurate displays
are enabled.

The converse of the Automatic Operation mode is the RANGE HOLD key.
Refer to RANGE HOLD.

The instrument cannot enter the Automatic Tuning mode when making
Synchronous or Average Tuned RF Level measurements.

Related Functions

Instrument Preset
Range Hold

RF Frequency Tuning
Special Functions
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Disable Error Message Control (Cont’d)
(Includes the DISABLE ERROR key and Special Function 8)

Description (cont’d)

The following table lists the errors that are automatically disabled
in each Measurement mode:

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

AM None

FM None

oM None

RF POWER 01,04

FREQ 02, 03, 04

AUDIO FREQ None

AUDIO DISTN None

IF LEVEL 01, 02, 03, 04

TUNED RF LEVEL 02, 03, 04

FREQ ERROR 01, 02, 03, 04

SINAD (Special Function 29.0) None

EXT AUDIO RMS LEVEL (Speical Function 30.0) None

LO FREQUENCY (Specia! Function 33.0) 01, 02, 03, 04

IF FREQUENCY (Special Funciton 34.0; 01, 02, 03, 04

RF LEVEL (Special Function 35.0) 01, 04

PEAK TUNED RF LEVEL (Special Function 36.0) 02, 03, 04

Procedures

To disable Errors 01, 02, 03, and 04, press the Blue Key and DISABLE
ERRCR (RANGE HOLD) key.

To selectively enable or disable combinations of Errors 01 through
04, enter the Special Function code that corresponds to the condition
desired, then press the SPCL key. The codes for the various condi-
tions are provided in the following table:

. . Program

Error Condition Specuz[l:lo?énctmn C(?de
Automatic Selection 8.0 SPCL 8.0SP
01 disabled 8.1 SPCL 8.1SP
02 and 03 disabled 8.2 SPCL 8.25P
01, 02, and 03 disabled 8.3 SPCL 8.3SP
04 disabled 8.4 SPCL 8.4SP
01 and 04 disabled 8.5 SPCL 8.58P
02, 03, and 04 disabled 8.6 SPCL 2.6SP
01, 02, 03, and 04 disabled 8.7 SPCL 8.75P
01, 02. 03. and 04 enabled 8.8 SPCL 8 55P
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Disable Error Message Control
(Includes the DISABLE ERROR key and Special Function 8)

Description

the broadest range of calibrated measurements to be displayed. Ep-

When any errors are disabled, the quality of the signal at the output
of MODULATION OUTPUT/AUDIO INPUT is not safeguarded. When all the
érrors are enabled, displayed results are calibrated and the output
of MODULATION OUTPUT/AUDIO INPUT is entirely safeguarded.

by the operator to modify the behavior of the instrument to meet the
requirements of the measurement conditions. By entering Special
Function 8.8 (which enables all errors), the Measuring Receiver can
be set up as primarily a calibrated receiver,

The following tabile lists the error messages conveyed by Errors 01
through 04:

Error Error Message

01 Signal out of IF range
02 Input circuits overdriven
03 Input circuits underdriven
04 Audio circuits overdriven
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