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Modulation Calibrators One of the most difficult problems involved in making very accurate
measurements of AM depth or FM deviation is generating a precisely modulated signal to use as a
calibration standard. In gll instruments, & precise AM and FM modulstion standard is incloded.

When the output of the calibrator is connected to the Measuring Receiver’s input, the amount
of modulstion is measured to create a calibration factor. The calibration factor can be wsed to
automatically compensate all subsequent messurements. The calibration factor is the ratio of the
miasured modulation to the internally-computed modulation of the calibrator, expressed in %.

Additional Features

Tuning Features In sutcmatic operation, the Messuring Receiver automatically tunes to the input
signal and measures it.

In manuel 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 sipnals to be eliminated.
This allows the Measuring Receiver to selectively measure signals other than the largest,

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

Store and Aecall functions These funetions enable you to store eight complete instrument ssttings
in non-volatile memory &nd recall them as needed.

Display Flexibility The Measuring Receiver offers numerous data-display formate. For example, RF
power and tuned RF level can be displayed in watts, dBm, V, dBV, mV, dBmV, gV, and dBiV. Use the
RATIO and LOG/LIN keys to display results in dB or % relative to either & measured value or a value
entered from the kevboard. These features eliminate the need for recaleulating measurement results.

Special Functions

The Measuring Receiver can do more than is apparent from the front panel. Many functions are
accessed using the numeric kevs and a Special Function key. The Special Functions provide aceess
to other measurements and functions, manual control of instrument functions, instrument operation
verification, and service aids.

All instrument functions not set using these Special Functions remain in the sutomatic 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 numersus Special Functions that can be used in verlfving thet the instrument and its
various sections are operating properly. These, along with service special functions, make diagnosing
and repairing the Measuring Receiver faster and easier,

These Special Functions that are most commonly used in operating the Measuring Receiver are
deseribed on the Special Function Information pull-out card under the front panel,

Extending Measurement Range

Operation to 42 GHz is accomplished when an external LO and mizer 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 L{} frequency must be changed, the Measuring Receiver requests an external controller
to make the change, A separate, non-volatile calibration factor table is available in Frequency Offset
mode for your microwave power sensor.
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Programmability

The Measuring Receiver is completely programmable via the Hewlett-Packard Interface Bus (HP-
1B). This, coupled with the diversity of measurements the Measuring Receiver can make, the spesd
with which these messurements can be made, and the Aexibility of the Special Functions, make the
instrument ideal for systems applications. In many instances it can redice the number of instniments
in & Evstem. speed measurements, reduce complexity and fmprove accuracy,

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

1-10. PRINCIPLES OF OPERATION USING A SIMPLIFIED BLOCK DIAGRAM

The Measuring Receiver is a calibrated, superheterodyne receiver, which converts the incoming signal
toa fized, intermediate frequency (IF), which is then demodulated. As in a radio receiver, the Measaoring
Receiver contains an RF amplifier, & local oscillator (LO), & mizer, an IF amplifier and bandpaes filter,
& demodulator (detector or discrimingtor), and audio filters (tone controls), The Measuring Receiver,
however, contains additional features which make it much more versatile:

& automatic tuning,

 selectable messurement mode: signal frequency, power level, or modulation (AM, FM, or Phase
Modulation ($M}),
RF power level measurements on tuned signals to —127 dBm (0.1 gV),
relative RF level measurements on out-of-channel signals to — 199 dBe (Option Series 030),
selectable audio detector (peak, average, or rms responding),
audio counter,
audio distortion analyzer,
measurement calibrators (AM, FM, or power lovel), and
HF-1E programmability.
The entire operation of the instrument is governed by & microprocessor-based Controller. The Controller
sats up the instrument at turnon, interprets kevhoard entries, executes changes in internal hardware,
and displays measurement results and error messages. The computing capability of the Controller is
also used to simplify circuit operation. For example, it forms the last stage of the Counter, calculates
the AM or FM generated by the AM and FM Calibrators, and converts measurement results into ratios
{in % or dB). The Controller also containg routines useful for servicing the instrument.

- & & 8 8 80

RF Circuitry

The RF input signal normally enters an external Sensor Module such as an HP 117224, (See Figure
1-2.) For all measurements except RF Fower, the Sensor Module routes the signal to the RF input
conector of the Mesauring Heceiver. For the RF Power messurement, the input signal passes directly
into the Power Sensor, which converts the RF power abeorbed by the RF Power Sensor into a low-
frequency, chopped, ac voltage whose amplitude is proportional to the sverage HF power. The Power
Meter amplifies the chopped signal and converts it to a de¢ voltage which is then measured by the
voltmeter. (The voltmeter includes the Audio Peak Detector, Audin Average Detector, Voltage-to-Time
Converter, and Counter,] The calibration of the Power Meter can be verified by connecting the Sensor
Maodule to the CALIBEATION RF POWER OUTPUT connector on the fromt panel, (The 50 MHz
Power Reference Oscillator is an accurate | mW reference.)
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CAUTION

The Power Sowsor iv unprodected against and 15 eqiily damaged By shdden,
large overloads, Refor to Table i-1 wnder RE Power, Suppleviencal Charac-
teristics, RE Power Ranges of HF 80024 Meagsuring Receiver with HP 117324
Sensor Module, for imformadion on maximiom operaiing fowds,

The broadband. low-neise BRF Amplifier improves the sensitivity of the Tuned BF Level measure-
ment. The amplifier is normally byvpassed in the other measurement modes.

CAUTION

An RF ditector (n ihe RF A mpiifice (nor shown in Fignre 1-2) causes the R
Amplifier to be Bypassed when g overload accnrs. However, hecause of the
relarively long switching time fapproximately 30 ms), the RE A mplifier can be
domaged by a farge overload, Refer ro Table [=d. under RE Depar, Operaiing
Lovel, for inforsaiion on maximum operaling levels,

When the RF Peak Detector senses that the input signal level exceeds |'W, it opens the Overpower
Relay, This is done without intervention of the Contreller. The output from the RF Peak Detector,
read by the voltmeter, i3 used to set the Input Attenuator to optimize the level applied to the Input
Mixer.

The Input Mixer converts the input signal to the intermediale frequency (1F). For frequencies greater
than 10 MHz, the IF iz 1.5 MHz with the Local Oscillator (LO) tuned 1.5 MHz above the input
frequency; an IF of 455 kHz can be manually selected for this frequency range, The 435 kHz IF is
selected nutomatically fior input signals hetween 2.5 MHz and 10 MHz and for the Tuned RF Level
measurement at all frequencies, Below 2.5 MHz, the input passes directly through the Input Mizer
without down-conversion. (The Tuned RF Level measurement is invalid below 2.5 MHz.)

NOTE

For the inpr sgnal to pass throngh the Trpud Mixer withou! dowsi-conversion,
the 1O panst sl be prosent Jo then the mixer diodes on. An DO freguency
of 1015 MHz i arhiteardy wsod, Thus dhe insirnment witl respord fo inpid
Srequencies af 1K) or F03 MHz as well as fregiercies between 150 RHz ang
2.5 MH:z.

The instrumeni can be manually tuned to & desired signal even in the presence of larger signals,
although filtering may be necessary since low-frequency signals pass directly inte the IF. The RF
High-Pass Filter can be inserted {via a Special Function] in the BF 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 Amplifier and Filter. The Controller computes and displavs
the difference between the two frequencies. For input frequencies below 2.5 MHz, only the IF is
counted, which eguals the input frequency.

LO Circuitry

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 keyvboard {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).

1=10
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» automatically searching for an input signal, then configuring the L& 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 kevboard, then configuring the 1O in a feedback loop that automatically tracks the input
signal (manual tune track mode)

The manual tune track mode iz vseful when it i3 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 Circuitry

The pain of the IF Amplifier is fixed except for the Tuned RF Level measurement mode {described
below), The IF Filters determine the frequency response of the IF, The IF Filters can be manually
selected with Special Function 3 as described in the following table. When the 1.5 MHz IF is 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 455 kHz IF is selected, the IF filter is the Wide 455 kHz Bandpass Filter (with
a bandwidth of 200 kHz) except for the Tuned RF Level meassurement mode where the Marrow
455 kHz Bandpass (with a bandwidth of 30 kHz) i also inserted. {Other exceptions are noted in the
following table)

Special Function

Srenumnay Riiie Tuned AF Level il Others
10 to 1300 MHz a6 32
25 to 10 MHz 35 31
150 kHz ta 2.5 MHz - 32

In the Tuned RF Level measurement mode, the signal {after amplification by IF Amplifier, which is
now a precision, variable-gain amplifier) is detected by the IF Synchronons Detector, which phase
locks to and tracks the IF signal. The narrow bandwidth of the phase lock loop (150 Hz) makes it
possible For the detector 1o measure the signal level even when the signal is buried in noise.

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 tvpe of Power
Sensor used.) The level is measured by both the Power Meter (which is assumed to be the calibration
standard) and the IF Synchronous Detector. From the two power measurements, the Controller
computes a calibration factor, which corrects subsequent level measurements made at the same
frequency.

Another way of making a tuned BF level measurement is with the [F Average Detector {acceszed with
Special Function 41, which is part of the AM Demodulator, {Refer to Tyned BE Love! in the Devailod
Operating fasirnctions of Section 3 in this Operaiing Tjormaiion mainual.) Although somewhat less
sensitive than the IF Syachronous Detector, the IF Average Detector has a wider bandwidth, which
gives il the ability to make measurements on signals with higher residual Fi.

In instruments with Cprion Series 030, the IF signal is further processed by the Channel Filters {which
also includes a precision, variable-gain amplifier} and detected by the [F RMS Detector. The Channel
Filters set the IF bandwidth and gain for the Adjacent Channel measurement. The measurement is
made by entering a series of Special Functions which establish an IF reference in the center of the
Channel Filter. then allow the relative 1F level to be displaved as the IF frequency is detuned by a
pre-determined offset.

Audio Circuitry

The modulation on the 1F is demodulated by either the AM or the FM Demodulator. Phase mod-
ulation is recovered by integrating the demodulated FM in the Audio Filters and Gain Control
circuitry.
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The demadulated signal is amplified and filtered in the Audio Filters and Gain Control cireuitry. The
filters are selected from the front panel, and for FM, the hltering may also include de-emphasis, The
processed signal is passed to the front-panel MODULATION OUTPUT/AUDID INPUT connector

and the voltmeter,

The sudio signal from the Audio Filters and Goin Control is converted to a de voltage by the Audio
Peak Detector, the Audio Average Detecter or the Audio RMS detector. The Audio Average and
EMS Detectors are used primarily for measuring noise. The output from the detectors is routed into
the Yoltage-to-Time Converter.

The Voltage-to-Time Converter within the voltmeter ¢converts the de input inte a time interval.
During the interval, the 10 MHz Time Base Reference is counted by the Counter, and the resultant
count represents the de voliage, (ther inputs to the voltmeter, which are not shown, include outputs
feom an audio level detector and the AM calibeator,

The Distortion Analyzer measures the distortion of either the internal demodulated signal or an
audio signal applied externally to the MODULATION QUTPUT/AUDIO INPUT connector. The
frequency of the input signal must be either | kHz or 400 Hz, The distortion on the signal is deter-
mined by measuring the amplitude of the signal before and after a notch filter that is set 1o | kHz or
400 Hz, The two ac signals are converted to do by a the Audio RMS Detector and then measured
by the volimerer, Distortion is computed as the ratio of the voliage out of the notch filter 1o 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 applied to the MODULATION
CUTPUT/ALUDRIO INPUT connector.)

The frequency of the audie signal at the MODULATION QUTPUT/AUDO INPUT conmector,
whether internal or external, is measured by a reciprocal-type Audio Counter. In the Audio Counter,
the input signal is wsed 1o 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 fime base pulzes received
during the count is read by the Controller which computes and displays the signal frequency.

The AM and FM Calibrators provide a nominal 10,1 MHz signal with a precisely known amount
of AN ar FM, When this signal is applicd to the instrument’s BF INPUT connector {either directly
or via the Senzor Modile), the modulation 15 measured and the calibration factor of the AM or
FM Demodulator is computed and displaved, Related front-panel functions are automatically set
for preper demodulation of the calibrator signal.

1-11. MODULATION BASICS

The Measuring Receiver can demodulate and mensure three types of modulation: amplitude mod-
ulation {AM), frequeney modulation (FMY, and phase modulation (@M In general, modulation 1=
that characteristic of a signal which conveys the information. A signal without modulation is said
tor e a continuous-wave (CW) signal, ©W signals contain two information-carrying parameters: am-
plitude and Mreguency, These two parameters, however, are static (lime invariant), Consequently,
the information conveyed by them is scant—yvou know only that a signal iz present at o certpin
frequency. When one or both of these parameters is altered as a function of time, the signal is said
to be modulated,

The RF signal which is modulated is called the carrier. The modulating signal is referred to as the
baseband signal and can be of any arbitrary form (for example, voice, toneg, noise). Demodulation is
the process of recovering the baseband signal from the modulated carrier. The Measuring Beceiver
can measure the modulation on garriers in the range of 150 kHz to 1300 MHz. Measurement accuracy
is specified for modulation rates generally between 20 He and 100 kHz. The demodulared signal is
prezent at the MODULATION OQUTPUT connector.

Amplitude Modulation

As the name implies, a carrier iz amplitude modulated when its amplitade is varied a8 a function
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af time. Figure |=3 shows a carrier with amplitude modulation and. for reference. also shows the
bascband signal. As vou can see. the tips of the carrier trace out i1 waveform that resembles the
haseband signal. This trace is called the envelope The envelope rises to 3 maximum <called the peak
and drops to a minimum colfed the trough,

A —
LU

b} AMPLITUDE MODULATED CARRIER

Figure 1=3. 4 Buschand Signal and the Corresponding Ampiirnde Modwlaivd Carner

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

P-T
m=—-—F_'_TK|m%-

In the example of Figure 1-3. P = L5 and T = 0.5; therefore.

1.5—-0.5

T or T N =0

m =

Figure 1-d shows AM signals with modulation indexes varying from 0 to [00%

When the baseband signal is symmetrical, the modulation index can also be expressed in terms of
the averige carrier level. A, and the envelope peak. r, relative 1o the carrier, Then P= A +r, and
T = A —r, and the expression for modulation indea becomes

A+r—dA+r Zr r
o xlﬂﬂ%—ﬁ‘t m%szx 100%:-

This is the expression which the Measuring Receiver evaluates when making an AM measurement.
Referring back to Figure 1-1 it is apparent that A = 1 and r =05 50

m-#ﬂmﬁ:su%

15 before.

o | EERRUAR Vg
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The Measuring Receiver makes an AM measurement by forcing the average carrier level, A, 1o a
known, fixed level by means of an automatic level control (ALC) cireuit. The signal is then demod-
ulated, and the amplitude of the recovered baseband signal is measured with a peak detector. The
output of the detector is r, which is (in effect) multiplied by the constant 100/4 and displayed as the
o AM,

Figure |=5 illustrates an AM signal with an asymmetrical baseband source, The first definition of
madulation index still applies here. For it, m = 46%. The second definition, however, does not apply
since P — A # A4 - T. The Measuring Receiver detects a different value for v if the posifive peak of

the recovered signal is detected than if the negative peak is detected. Thus a different modulation
indes is measured in PEAK+ than PEAK—,
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Figure 1=5. AM with an Aspmmerrical Basehaned Signal

The range of modulation indexeés for AM measurements by the Measuring Receiver is essentially
0 to 100%. There are, however, types of modulation that produce modulation indexes greater than
100%. An expmple of such i3 suppressed-carrier AM. The Measuring Receiver is not intended for
measuring such signals. Nevertheless, there are cases, when the Measuring Receiver will display a
modulation index that exceeds 100%, This can occur, for example, on an asymmetrical wavetorm
where a narrow peak is greater than the average carrier level. This is illustrated in Figure 1-6.

b

Figure f—6. AM with Maodidaton Exceeding M0 as Moeasired by dhe PEA K+ Dotector

Exponential Modulation

Exponential (or angular) modulation is the generic name given 1o modulation in which the frequency
or phase of the carrier is varied. Frequency and phase modulation are very closely refated. [n fact, it
is impossible to tell whether the signal was produced by a frequency modulator or phase modulator
by analyzing the received signal unless specific information about the baseband signal is given,

It is certainly true to sav that a signal is frequency modulated when the modulation s genernted by o
freguency modulator. A varactor diede across the fank circuit of an LC oscillator will produce FM
when the varactor bias is variec. It is also true that a signal is phase modulsted when the modulation
is genernted by @ phase modulator. A varactor diode across an RF filver will produce &M when the
varanctor bias is varied, (It is assumed that the carrier is on the slope of the filter and that the filter is
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driven from a well-buffered carrier source, This modulater simultaneously produces AM,)

The signal from both modulators will show readings on the Measuring Receiver when in both the
FM and @M measurcment modes, When in FM, the quantity being measured is the peak frequency
deviation, which is the maximum frequency excursion from the averape catrier [requency. When
measuring M, the peak phase deviation is measured. which is the masimum phase excursion from
the average carrier phase. Phase and frequency have the relationship that phase is the integral of the
frequency or frequency is the derivative of the phase. In fact, the Measuring Receiver demodulates
&M by integrating the demodulated FM,

This relationship is most easily visualized by some examples. Look at Figure 1=7, The first kaseband
signal shown is 2 square wave. The three waveforms under it are the result of applying this signal to an
FM, @M, and AM modulator respectively, (The AM waveform is included only for reference. ) It iz
assumed that the phase modulator doesn’t produce AM—only @M. The FM waveform is as expected.
The frequency goes up on the positive peak of the baseband signal and down on the negative peak.
The phase modulated signal, however, is peculiar, The frequency is generally constant throughout
except for a discontinuily where the baseband signal switches amplitude. The waveform of the figure
was contrived so that a 1807 phase shift occurred exactly at & zero erossing of the earrier, In general,
a discontinuity will occur when the baseband signal switches amplitude, but the phase shift is not
necessarily 1807 and does not need to occur at a zero crossing of the carrier, Mathematically, the
derivative of a square wave is the constant zero excepl for a positive spike (impulse) where the
baseband signal switches positive and a negative spike where the square wave switches negative.

Mow look at the triangle wave. The frequency modulator produces a continually increasing fre-
quency os the baseband signal slopes upward and a continually decreasing frequency as the signal
slopes downward, The phase modulater produces a signal that resembles the signal from the fre-
quency meodulator for the square wave baseband signal, This is because the derivative of a constam
slope is & constant. When the slope is positive, the phase shift is continually increazsing, thus pro-
ducing a uniform frequency shift upward, When the slope is negative, the phase shift is continually
decreasing and produces a downward frequency shift. Fer the triangle wave baseband signal, the
shift in frequency whin the slope changes is proportional to the change in slope.

Mow note the sine wave of Figure 1-7(¢). The signals from the frequency and phase modulators look
the same excepl for the N° phase shift between the two. For the freguency modulated signal, the
frequency is highest when the baseband signal is most positive and lowest when most negative, For
the phase modulated signal, the frequency is highest when the slope of the baseband signal is steepest
in a positive direction. This cccurs at the positive-going zere crossing. Similarly, the frequency is
lowest when the slope is most negative.

If in the last example, the rate, but not the amplitude, of the baseband signal is increased, the highest
and lowest frequencies of the signal from the frequency modularor stay the same—they just occur
more often, However, for the signal from the phase modulator, not only do the frequency peaks
pecur more often, but the excursions are large becavse the slepes of the baseband signal are steeper

at the zero crossings. See Figure 1-7id).
The maximurm frequency deviation which can be measured is 400 kHz, The maximum phase dewvi-

ation iz 400 rad or 400 kHz divided by the modulation rate, whichever is smaller. As with AM, an
asymmetrical baseband waveform will result in different readings in PEAK+ than PEAK .

Other Considerations

In practice. it it difficult fo produce an FM or $8 signal which does not alse have a small amount af
AM —called incidental AM or Ah-on-FM, Likewise, an AM signal usually contains a small amount
of incidental FM and M. [n order to accurately measure this incidental modulation, the Measuring
Receiver itself must not contribute to it. This contribution is specified as AM rejection and Fh
rejection.

A typical OW signal also containg a small amount of residual AM, FM, and &M, The residual

=17
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Figure §-7, Signaly from Frogueney, Phose, and

madulation is generated by such things as ine hum, noise. and microphonics, The residual AM and
FM specifications quantify the residual modulation internal to the Measuring Receiver.

Residual modulation affects the modulation readings in o manner which depends on the detector
used. the nature of the residuals, and the signal-to-noize ratio. IF the residual is predominately noise,
when the peak detector is used, the residunls add in a way that iz statistically related 1o the signal-
to-noise ratio, This is discussed under Residnal Nofse Effvers in the Dosgilod Oporativg Dosirieiions in
Section 3. When the average detector is wsed, the residuals add approximately in an rms manner,
thiat iz, the square root of the sum of the squares of the noise and the signal, The elfect of this noise
becomes insignificant, however, when the signal-to-noise ratio rises above a few dB. Noise can be
further reduced by filtering the demodulated signal.

In FM broadcasting and communications, the signal-to-noise ratio is improved by giving the bazeband
signil a high-frequency boost before applying it to the modulater. This is called pre-emphasis. The
boost is a simple 6 dB per octave with the 3 dB corner specified by a time constant; for example, 75
us Cwhich corresponds to a 3 dB corner of 2,12 kHz) for commercial broadeast FM. IF desired, the
demodulated FM can be de-emphasized to equalize the signal ot the modulation output and at the
dizplay.
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Table 1—1. Specifications (1 of T

SPECIFICATIONS degeribe the instrument’s warranted performance.
SUPPLEMENTAL CHARACTERISTICS (shown in Helies) are intended to provide information useful in applying the

instrument by giving typical, but nen-warranied performance parameters.

Frequency Modulation

RATES*:
20 Hz 1o 10 kHz, 150 kHz =f, <10 MHz.
20 Hz to 200 kHz, 10 MHz =1, 1300 MHz.

DEMODULATED OUTPUT DISTORTION™:

THD Fraquency Renge Ralae Daviglions
0 % 150 ieklz 400 kHz 20 hz-T0 kHT <T0#HT

. DETECTORS: +peak, —peok, =peak/Z, peak hold,

DI.:E.:‘]’]UNS': bl o average (rms sinewove calibrated|, rme.
max i .
400 KHn s maximuam, 10 MHz SF, €1300 M. STEREOQ SEPARATION (50 Hz to 15 kiz): >47 db.
ACCURACY'2E: Amplitude Modulation
FM Agzurscy | Frequency Aange Rades Dervintioas RATES:
2% of rading 20 Hz 1o 10 kHz, 150 kHz =f_ <10 MHz.
ol et ol ol e ) o e 20 Hz 1o 100 kHz, 10 MHz 5f. 1300 MHz
DEPTH: to 89%.
=1% of mading Z
-1 digit 10 MHz-1300 MHz | 50 Hz-100 ikiz | 400 kHIpe ACCURACY 22,
% 0 om0 | 10 M- 1300 Wi | 20 Ha-200 kit | <400 K AM Mscmacy | Fromsess) asps Puiss Depthe
X = 2% of reath
For rms detector edd = 5% of reading 1 digh | 1s0u-10MEz | OH-10kHE | S%-99%
DEMODULATED OUTPUT DISTORTION®":
+3R OIS | ygpppr0Mi | 20H-t0WHE | W 86%
THD Freguency Range Pnles Devialions =1 digit
<01% | 400kHz-10MH: | 20ee-1DkHr | <10k . “!’ ‘:‘:{“"’“ 0 MHz-1300 MHz | SOHI-S0kHr | 5h-ge
<04% | 10MHe-1300 M | 20Hz-100 kHe <100 kHz o iy
& 1 ~
AM REJECTION (50 Hz to 3 kHz BW)- e IEMu-n0ckee | HEORIY S
AM Rejection | Freguency Fange Rales AM Dlapiis For rms detector add +3% of reading.
TNESS*S;
OHIpEh | ey g3 M | A00MZOrT kM [ =50% L
deviation Flamses Freguency Range Raies Depits
RESIDUAL FM (50 Hz to 3 kHz BW): <6 Hz . al =0.3% o ;
1300 MHz, decreasing linearly with frequency to reading = 1 it 10 MHz-1300 MHz | 90 Hi-10KHz | 20%-BO%
<1 Hz,p, for 100 MHz and below,
DEMODULATED OUTPUT DISTORTIOMN:
S’upp]gmen[ﬂ_’ Gﬁﬂm:[erjgficsr {I:I.Eﬂ? THD for Eﬁﬂl}:cl depth.
MAXIMUM FM DEVIATION, RESOLUTION, AND <0.6% THD for <05% depth.
MAXIMUM DEMODULATED QUTPUT SENSITIVITY FM REJECTION (50 Hz o 3 kHz BWP:
ACROSS AN OPEN CIRCUIT (6005 oulput [mpﬁﬂdﬂt\!‘}d.' FM Rejection | Frequency Range Rales EM Devialions
MazimiaT <02% AM 250 kHT-10MHE | 400 Hz or 1 4Hz <5 kHz
Marioum i
Demodulated Cutpud Dirimbions {1
Raaciution ‘Sanaitvity o, <02% KM | 10 MWe-1300 MHZ | 400 Hzor 1 kHz | <50kHE,
100 Hz L.O0T mVHE AF pagk 240 kHE RESIDUAL AM (50 Hz to 3 kHz BW): <0.00% .
10 M1 Af ml/HE .ﬁF;_I:.:d;:I?sHT: :l.lhbflq:hl; pxceed for stated sccumcy: 30 Hz 1o 40 kHr mies wila mms
1HI 1.3 mV iz AFpauy <4 KHZ Epank resichuals must be acesunted for in peak meadings
0.1 HE ¥Far posk measusrements only: AM mcurllcy may be II'!B-CI.;d g} disrar-
E: i Eed by 1B imE Fecaiver. In the worsl cad siastinm
s tactcr only) R, SFymat e o Rl e AR f raading for aach 0.1% f disariion

Resolution is incrensed one digh with 750 ps
de-emphosis and predisplay on.

The demodulated output signal present al the
Modulotion Oul/Audio In connector is increasad in
amplitude by o factor of 10 with 750 ps de-emphasis.

A p|ainess is 1be variation in indicated AN depth for cosstant depibh on
Input sigaal

% For optimusm Matness. cabiles should be fermanated with their chatacte:
iwllc impsdence

¥ Bk nof 1o exceed; 20 kHE rales and 40 kM2 peai deviatinns with 750 =
de-pmphasis Bilier

T with 730 aé de-emphesis anid pre-display “efl.” dislomiion & nol spec
fisd for moduleticn owipals >4V peak. This cendiion can coeur neat
maximur deviation for & measarmend rangs, af mies <2 ki




Maodel 89024

General Information

Table I=1, Specificavions (2 of 7)

Amplitude Modulation, continued

Supplementel Characteristics:

DETECTORS: +penk, —peak. +peak/2, prok hold,
avers g (rms sinewave colibrated], pms.

MAXIMUM DEPTH, RESOLUTION, AND MAXIMUM

BEMOBDULATEDR QUTPUT SENSITIVITY ACROSS AN

OPEN CIRCUIT (80051 peiput impedance )

Maximum
et Demedulatad Dutput Dapthe
P Sevigitivity
1 0.0 v/ parcant AMpgas=40.0%
QO7T% 07 V/peveant AM iy <40.0%
0.00T% :
{rms desecror eriy) 0.1 ¥/ pevcant Az =3 0%
Phase Modulation
RATES:

200 Hz to 10 kHz, 150 kHz =1, <10 MHz,

200 Hz to 20 kHe, 10 MHz =f =1300 MHz
ACCURACY™

=4% of reading «1 digit, 150 kHz =f, <10 MHz,

= 3% of reading =1 digit. 10 MHz <f. <1300 MHz,

For rms detector add 3% of reading.
DEMODULATED OUTPUT DISTORTION: <0,1% THI.

AM REJECTION [for 50% AM at 1 kHz rate)®:

<0.03 radians peak {30 Hz (o 3 kHz BW1L
MAXIMUM DEVIATION, RESOLUTION, AND
MAXIMUM DEMODULATED OUTPUT SENSITIVITY
ACROSS AN OPEN CIRCUIT (6000 output impedance]

150 kHESE <10 MHz

Paak Fhiase Daviation {Aadians]

ik . Ak 0k 20W
Medulason Aane (HE)]

*¥a3 Bebachar orby
S ke Mamoiuion

Supplemental Characteristics:

MODULATION RATES: usahie from 20 Hz 1o 100 kHz
with degraded performance.

DETECTORS: +peak, —peak, = peak/2, peok hold,
avercge [rms sinewave calibrated], rms.

P prak residuals must be accusnied for in ik rwnilinge

* op aptimiie Matees; sxhlas dvold L tarmimaked seith thelr characies-

Istle ispidnke

B AR ar Akday warm-up.

Modulation Reference
AMCALIBREATOR DEPTH AND ACCURACY: 33.33%,

depth nominal, internally calibrated to an accuracy of
0. 1%.

FM CALIBREATOR DEVIATION AND ACCURACY:
34 kHz , deviation nominal, internally calibratad to
an accuracy of £0,1%.

Supplemental Characteristics:
CARRIER FREQUENCY: 10.1 MHz.
MODULATION RATE: 10 kHz.
OUTPUT LEVEL: —25 dBm.

Frequency Counter

EANGE: 150 kHz 1o 1300 MHz.

SENSITIVITY:
12 mV, ., (—25 dBm), 150 kHz ={, =650 MHz.
2zmV _ (—20 dBm), 650 MHz <f. <1300 MHz.

MAXIMUM RESOLUTION: 1 Hz
ACCURACY:
+reference aocouracy =3 counts of least-significant
digit, { <100 MHz.
+reference accuracy =3 counts of least-significant
digit or 30 Hz , whichever is larger, f 2100 MHz.

Supplemenial Charocteristics:

MODES: Frequency and Frequency Ercor [displays the
difference between the frequency entered via the
kevboord and the actoal RF input frequency),

SENSITIVITY IN MANUAL TUNING MODE:

Approximata frequency must be entered from
kevboord. 0.22 mV_ (63 dBm}.

Using the RF amplifier and the IF amplifiers, sensitiv.
ity can be increased to approximalely —100 dBm.

Internal Time Base Reference

FREQUENCY: 10 MHz.
AGING RATE: <1 % 10-% /month.
=1 = 10°* /day {Optiocn D0Z)®,

Supplemental Characteristics:

INTERNAL REFERENCE ACCURACY: Overull
aguracy is o function of time base calibeation, aging
rofe, lamperature effects, line vollage sffects and
short-term stability.

Standard Oypien 002
Aging Rate <7 W 100 me. <12 19 gy
Tamparature Efacra <2 w070 <2 -1
Line Vinliage Effacts
{+5%, —10% Line Yaitage <1 w18 < w1010
Change|
s Siahl - <1 % 10 for
L 1 ape average
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General Information

Model 8902A

Table 1—1. Specifivarions (3 af 7)

RF Power

The HF BO0ZA Messuring Receiver, with HF 11722A Sen-
sor Modula, parforms BF power measurements from —20
dBm (10 W) b =30 dBm (1% a1 frequencies from 100 kHz
1o 2.6 GHz. The HP 8802 A can ha used with the HF 117924
Spnsor Module and any of the HP B460 series Power
Sonsors [HP 8481A /1B 1H /24 /2B 2H/3A /dh /5ASBA)
to make power measurements from —70 dBm {10 pW) to
+44 dBm [25W] at frequencies from 100 kHz fo 50 GHz.
The HP 8480 Series Sensors also work with the HP 435A,
HF 4364 and HF 4384 Power Meters, Linless otherwise
specifled, the specifications shown below refer 1o the
HP 80024 onlv. A detailed explanation of how the uncer-
talnty specifications provided below affact the absolute
powes measuremenl acewracy of the HP BOOZA is pro-
vided in Application Note G4-1.

RF POWER RESOLUTION:
0.01% of full scale in watts or volis mode.
0.01 dB in dBm or dB,_;,, moda,

LINEARITY (includes sensor non-linearity): RF range
linsasity +RF range-to-range change error.

RF RANGE LINEARITY [using Recorder Qutput)'™:
+0.02 dB. RF ranges 2 theough &.
+ 0103 di, RF range 1.
Using front-panal display add +1 count of

least-significant digit.

RF RANGE-TO-RANGE CHANGE ERROR (using

Recorder Oufputk =002 4B /BF rangs change from
reference range. Using front-panal display add 1
count of least-significant digit.

INPUT SWR: <1.15, using HF 117224 Sensor Modula.

ZERO SET [digital settability of zerol: s0.07% of full
scala on lowest range. Decrease by a factor of 10 for
mach higher range.

Supplemental Characteristics:

ZERD DRIFT OF METER: +0.03% of full scale/"C on
Jawest renge. Dacrease by o foctor of 10 for each higher
i e

NOISE {of constant temperature, peak change over any
1-minute interval for the HP 11722A Sensor Module
and HP 8481A/18)1H/2A /2B/2H/3A5A/BA Sensors):

0.4% of full scale on renge 1 (lowest rongal.

0.13% of full scale on range 2.

0.013% of full scals on range 3.

0,001 3% of full scale on rangs 4.

0.0001 3% of full scale on range 5.

For HP 84844 Sensor multiply noise by 5 on all ranges.
ZERG DRIFT OF SENSORS [1 hour, at constanf
temperaiure after 24-hour warm-upj:

+0.1% of full scale on lowest range for HP 117224

Spnsor Module and HP 8481 A/1B/1H/2A/2B/2H/
JA/SA/GA Sengors.
= 2,0% of full scale on lowest range for HP 84844 Sansor.
Decrense by o factor of 10 for exch higher ronge.

1-22

AF POWER RANGES OF HP 89024 MEASURING
RECEIVER WITH HF 117224 SENSOR MODULE:
—20 dBm to =10 dBm [10 W Lo 100 LW, range 1.
— 10 dBm to o dBm (100 gW to 1 mW, ronge 2.
0 dBm to +10 dBm (1 mW to 18 mW), range 3.
+10dBm to +20 dim (10 mW de 100 mW), range 4.
+20dBm to 30 dBm (100 mW to TW], range 3,
RESPONSE TIME [0 to 99% of reading):
< 1 seconds, rPonge 1.
<1 second, range 2.
<100 milliseconds, ronges 3 throogh 5,
DISPLAYED UNITS: Watts, dBm, dB_,. - %1, VOIS,
my, p¥, dB V, dB mV, dB uV.
INTERNAL NON-VOLATILE CAL FACTOR TABLES
fuser modifioble using special functions):

Maximum Number of Cal Foctor/Frequency Entries:

Table #1 (primaryj: 16 pairs plus Refarence Col
Factor.

Table #2 (frequency offset): 22 poirs plus
Referance Col Faclor.
Maximum Allowed Frequency Entry: 200 GHz
Frequency Entry Resolution: 50 kHz.
Col Factor Range: 40 to 120%.
Cal Factor Resolution: (.1%,

Power Reference
POWER OUTPUT: 1.00 mW. Factory set to =0,7%,
traceable to the 1.5, Natlonal Bureau of Standards.

ACCURACY: =1.2% worst case (=0.9% ras] for one year
{0 1o 55°C)

Supplemental Characteristics:

FREQUENCY: 50 MHz nominal.
SWH: 1.05 nominal.
FRONT PANEL CONNECTOR: Type-N fomale.

Tuned RF Level

POWER RANGE: —127 dBm Lo 0 dBm, using [F
gynchronous detector (200 Hz BW].
—100 dBm to 0 dBm, using 1 average detector
(30 kHz BW1
FREQUENCY RANGE: 2,5 MHz to 1308 MHz.
DISPLAYED RESOLUTION:
4 digits in walls ar volts mode,
0.01 dB or 0.001 dB in dBm or dB_, . mode.

B HP 2004 Fundaniesial BF Power measumitsénl wnits are watle
¥urther inlessal processing is done an this number o display all other
umite.

W whan usicg HF B2B4A Sonsor the neése specification may mask the
lisaarlty specification asd bocoms the prdominant error, When opsa-
ting @n (he top AF power rage, sdd the powar ssnine lincarity percant-
agns Found is the power sansor apacifications.

1 The HP 89024 fundamental Tuned BF Level messuremanl anils am
wvolts, Fucther intarnal propessing is doee on this nomber to display &l
cdler anils



Model 89024

Cieneral Information

Table 1—1. Specificarions (§ of 7)

Tuned RF Level, continued

RELATIVE MEASUREMENT ACCURACY (al constant
temperature and aflter RF range calibralion is
completed]'?; Detector linearity + [F ranga-to-rangs error
+ RF range-to-range artor + frequency drift ermor +
noiss error + 1 digit.
DETECTOR LINEARITY:
For IF Synchronous Detector:
+0.007 dB/dR change, bul nol more than
=0.02 dB,;/10 dB change.
Typically < =0.004 dB/dB change and
<001 dBA0 B chonge
For IF Average Detector (0°C bo £35°C):
+0.013 dB/dB change, but not more than
=0.04 dB 10 dB change.
Typically <+0.008 dB/dB change ard
<=0.02 dB/0 dB change.
IF RANGE-T(O-RANGE ERROR (see Tuned RF Level
range plot)'?;
+0.02 dB /1F range change, [F ranges 1 through 5,
+{.05 dB /IF range change, [F ranges 6 and 7.
RF RANGE-TO-RANGE ERROR:
+1.04 dB/RF range change [Tuned RF Laveal only).
+0.08 dBRF range change, RF Power o Tuned RE
Level.
FREQUENCY DRIFT ERROR: =0.05 dB/kHz frequency
drift feom center of IF [using IF svachronous deteciar],

NOISE ERROR: 0,18 dB for levels <—120dBm, or for
lewels <£—110 dBm if Speclal Function 1.9 s selected.

INPUT SWR:
<1.18, at HF ag02A RF input, BF range 1 and 2.
<1.40, al HP 8902A EF input, KF range 3,
<1.3%, al HP 11722A RF input, BF range 1 and 2.
<1.50, at HP 11722A RF inpul, RBF range 3.
<1.33, at HP 11722A RF Input, RF range 3 with Spacial
Funclion 1.9.

Supplemental Characteristics:

ABSOLUTE LEVEL MEASUREMENT ACCURACY AT
LOW LEVELS [al constant lemperature and after BF
range colibrotion is completed )3
Absolute fevel magsurement occuracy is a function of
the RF Power and Tuned RF Level measuremen! ooy
rocy, Product Note B802A-1 explains how both of these
maasurements affect absolute level measuremeni accu-
racy. For a sotirce with en output 5WE of 1.7 and level
af =110 elBm the bypicel alwolite level measurement
aceuracy is 0.46 dB res ond 1,02 dB wors! casa.
IF FREQUENCY: 455 kHx.
ACQUISITION TIME: <4 saconds. =Z—110 dBm.
<10 geconds, =2<127 dBm.
RESPONSE TIME (responding to changes in level of an

aequired sigrall: <2 seconds, 2—110 dBm.
<5 spconds, =—127 dBm.

DISPLAYED UNITS: Wabls, B, dB_ % volts,
mV, gV, dB V, dB mV. dB sV,

Tunud AF Levsl Ranges [IF Synchromus Delecior

[ T e |
& [ T
[ rpmrene | | ||
ke
#
@
Far e
i
Tuned AF Lewe Aanges [IF Avemge Duleclor)

T

R T T T R TR T T T T =T AT gy
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(5]
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Floditie Wistsursrsr Uncartainty (8]
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Tealing a 1 d8/5ME Alldfsilor

s
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W The HP BB0ZA Fundamsental Tunad HF Level meapuroment wnits are
Wh"s. Furiber intemal peocissing is done on this number (o display all
othar units.

2 Typed RF Lewel npcuarecy, will b affacted by ressdaal FMoof 16e
soaroe-under-tesl IF fhe residunl FMgesr @5 200 Hz measured avar s
a0 seceE] poricd ima A kHz BW, Tuned BF Level measuremenie should
b made osing the [F avenge datector (80 kHx BW) by using Special
Funciion 4.4, The Tuned BF Level measuramant sonsitivity when using
ihe IF average delecior ls — 200 d8me

e Rangus b &ncl ¥ (ape Taned BF Leved mogn plots] are unly used in
aitnmatic operslinn for Tuned RF Lavel mussuremnints below appensi-
mately =110 dlim for the IF synshronoes detecear, and balow appensi-
matoly ~H5 dBm. for the IF average detectar
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General Information Model 89024
Table f—1. Specifications (3 of 7)

Carrier Noise (Options 030-037) Noise Bandwidth Correction Accuracy (stored in
FREQUENCY RANGE: 10 MHz ta 1300 MHz. non-volatile memory): +0.2 dB.
CARRIER POWER RANGE: +30dBm to —20 dBm; ’
12.5 kHz, 25 kHz and 30 kHz filters, Supplemental Characteristics:
+30 dBm 15 10 dBam; carrier noise filler. ADJACENT/ALTERNATE CHANNEL FILTERS:
DYNAMIC RANGE: 115 dB. & dB Filter Bandwidth:

o : 8.5 kHz, 12.5 kHz adiocent-channel filler.
CARRIER REJECTION [temp. =35°C): >890 dB; for offsels of 16.0 kHz, 25 kHz adjacent-channel filter,

ot laast 1 channe} spacing ar 5 kHz, whichever Ls greater. 30.0 kM=, 30 kHz [cellular radial alternate-
RELATIVE MEASUREMENT ACCURACY: =05 dB; channel filter.

E:Lg'lf:;ff_‘_"ﬂi k!"l"‘B fﬁz”::':g‘: ;:':i:&[";;'::m TYPICAL NOISE FLOOR: —150 d8c/Hz, 0 dBm carrier
: = ! s power level. For System noise performaonce add LO
CARRIER NOISE FILTER: i
Filter Nolse Bandwidth: 2.5 kHz nominal.

25 Kz Fier Shape
E5 ki Filne i and CEPT Spacilication

=10

Asjection (58}
B 8 & & &8 & & &

A-4-F Q3 4 & 0010 W s

Fnlatve Freguancy (kHzl FRemtive Froquancy {kHz)

30.0 kHz Fillar Shape Carrier Hpige Filter Shape

Pisnction (6}
€ 2 kb 4 3

&

-~

e R R T T E T
Aalstus Freguency (kM2

=24,




Modlel BI0ZA Ceneral Information

Table 1=1. Spectfications (5 af 7)

Increased Power Measurement
Accuracy (Option 050

POWER RANGE: =120 (00 dBm
FREQUENCY RANGE: 2.5 MHz to 1300 MHz
MEASUREMENT ACCURACYM.1,

Meassmmenl Rangs ALEUrBey
Absalute (Using | 0dBm to = 0,005 dB /10 dB step
an HF 137224 =100 dBm =0.1200dB £ 1 digil
Sansor Module]

=100.00t dHm 10 | =0.050 48,1048 step
—120.000 dBm 0120 dB = 1 digit

pdBm 1o +0,005 dB /10 dB slep
=100 dBm =005 dB ¢ 1 digit
Eelative
—100.001 dBm 1o | 0050 dB/10 4B step
1200004 dBm =S dB = 1 digh
Suncard wa. dption (150 Mesusnen ncertaiy
3
.28 i
;'j - 38 — DUT source i [ oBn
e T
5 -im
3 -

Hagtren Mis ur e
=

o W W W 4 W W T 80 W M
Litng! p2l=1

{5ee Tuned RF Level for other specifications. )

Supplemental Characteristics:
MEASUREMENT TIME: 10 fo 30 seconds.

" Qptian 030 specifications are warranted when using @ Howlen-Fackanl
iymiligsized doerew with less than 300 Hr pesk residosl FM measured in
& 3kHz posl-datecticn ndwidth over 3 30 second perind

" accuracy spiclilcatbans do not inelude mismatch ancyriaingy

rec 2ALRT




Model 89024

Creneral Infarmation

Table I—1. Specifications (ol 7)

Audio Frequency Counter

FREQUENCY RANGE: 20 Hz to 250 kHz (usable 1o
600 kHz)

MAXIMUM EXTERNAL INPUT VOLTAGE: 3V,

ACCURACY [for demodulated signals)*™

Aczuracy Fraquancy | Modulafen [Peak|
AM =10%
=3 courtls of Ieas!-sgnificant dait
=irtema! Ratarenc 2 >1kHr FM =10 kHr
@ 20 1 5 racians
=
Bopi ik %1 kha F:'IHB-T 1[:-u|:|
= 1.0 kHz
Intarne Aeler=nce Ancura
i 24 N 1.5 rac
15%=AM<10%
=02 Hz A5 kHz=FM
+ Intamal Reterence Accusacy =3 ikz <10 kHz
{3 kHz bow-pas iler inseried) 015 radian=aM
<1.h-radians
ACCURACY (for external signals) ™
Actursty Frequency Liewal
=3 cowts of least-significant dig SIgE BT
= imterna! Arelgrenne Arcumcy =1 M¥irg
=002 Hz
i
=Internal Aeterences Accuracy i bbinllind].)

Supplemental Charocteristics:

DISPLAYED RESOLUTION: 6 digils

MEASUREMENT RATE: 2 readings per second.

COUNTING TECHNIQUE: Reciprooal swith internal
10 MHz time hase,

AU INPUT IMPEDANCE: 100 kit norminal

Audio RMS Level
FREQUEMNCY RANGE: 50 Hz 1o 40 kHz
VOLTAGE RANGE: 100 mY to 3V
ACCURACY: = 4.0% of reading,

Supplemental Characteristics:

FULL RANGE DNSPLAY: 30000 40000

AC CONVERTER: True-rms responding for signels with
crest focior of £

MEASUREMENT RATE: 2 readings per second.
AUDNG INPUT IMPEDANCE: 100 L1 sioeminal,

Audio Distortion

FUNDAMENTAL FREQUENCIES: 400 Hz = 5% and
1 kHz =5%

MAXIMUM EXTERNAL INPUT VOLTAGE: 3V

T

DISPLAY RANGE: 0.01% to 100.0% (—B0.00 A8 1o oD dB ).
MSPLAYED RESOLUTIOMN: 0.01% or 001 di.
ACCURACY: =1 dB of reading.
SENSITIVITY:

Modulation: (.15 kHz peak FM. 1.5% peak Altor

0.6 radian peak ¢M,

External: 100 mV_
RESIDUAL NOISE AND DISTORTION:

0.3% [—50 dB|. temperaiure <4070,

Supplemental Charocteristics:

MEASUREMENT 3 dB BANDWIDTH: 20 He to 50 kHz
DETECTION: Trug rms,

MEASUREMENT RATE: 1 reading per secand,
AUINO INPUT IMPEDANCE: 100 k2 nominal.

Audio Filters

DE-EMPHASIS FILTERS: 25 s, 50 g5, 75 ws. @gnd 750 s
De-emphasis fillers are singla-pola. low-pass fillers
with 3 dB frequencias oft 6366 Ha for 25 us. 5183 He
Tor 50 w8, 2122 He for 75 s and 212 He Tor 750 us.

50 He HIGH-PASS FILTER (2 pole):

Flatmess: ©1%% at rates =200 Hz
iy Hz HIGH-PASS FILTER (2 pole]
Flatness: <1% al rates =1 kHz.

1 kHz LOW-PASS FILTER (5 pole):
Flatness: <1% al rates =1 kHz.

15 kHz LOW-PASS FILTER (5 polek
Flatness: <1 % af rates =10 kHz.

>20 kHz LOW-PASS FILTER (9 poale Bossel}™
Flalness: <1% at rates =10 kHz

Supplemental Characteristics:
DE-EMPHASIS FILTER TIME CONSTANT
ACCURACY: =%

HIGH-PASS AND LOW-PASS FILTER 3 dB CUTOFF
FREQUENCY ACCURACY: 23%.

>20 kHz LOW PASS FILTER 3d8 CUTOFF
FREQUENCY: 100 kHz2 naminal

OVERSHONT ON SQUARE WAVE MODULATION™:
<j4,

Wil tha Jow-pess and high-pass podin fillers used to sabllize e
quency readings

7 Por demodulsied sigrals. ihe recidual noiss g
must b sccoumtad for in diiarion neds

20H2 low. pass Dllee ba entemsdesd Turomimmonm overshoo woas
sipuai® wavn modalalsm




General Information

Made] 89024

Table §—{, Spevificatiens (7 ol 7]

RF Input
FREQUENCY RANGE: 150 ki le to 1300 MHz
OPERATING LEVEL:

Mliptmigm Mammum
Operating Lavel Operaling Level i A g
i T ¥ (W)
12 m¥_, (=25 dim) St SR 130 kH-H50 MH?
22 m¥,.., | =20 diim] ET Vi wﬁﬂ;: G50 MHz- 1300 MHz

Supplemental Characleristics:
TUNING:

Normal Mode: Automalic and manucl frequency

Bnlry.
Trock Mode: Avlomotic and manual fregueency entrr.
=10 MHe
Acquisition Time [oulamatic operation);
~1.5 seconds

INPUT IMPEDANCE: 504 nominal.
MAXIMUM SAFE DCINPLT LEVEL: 5V

General Specifications
TEMPERATURE: Operating: 050 10 557C
Storage: — 555 o 755

REMOTE OPERATION: HP-IB: 31l fupctinns except the
line switch are remoiely controllable

HP-1B COMPATIBILITY [defined in IEEE 486-1978)
SH1. AH1,Ts, TED L3, LEO, SR1, RE1, PPO. DC1. BT,
20 E,

EMI: Conducied and radiated Inlerferance is within the
reguirerments of VDE 0871 {Level B), and CISFR
publication 11

POWER: 104, 120, 220, or 240% [+5%, —10%} 48 Hx:
200 VA maximurm.

WEIGHT: MWelL 236 kg {32 b |; Shipging 31 .4 kg {69 1b].

DIMENSIONS: 190 mm. F = 426 mm. W x 551 rom, [
{7.5" X 16.8" = 21,77}

HPSYSTEM [ MODULE SIZE: 1770 1 = 1 MW = 4878 [},
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HP 8902A Rear Panel Inputs/Outputs

Supplemental Characieristics:

FM OUTPUT: 10 kG impedance. —8Y o 8V info on apen
circuit: ~BV/MHZ, de coupled. 16 kHz bandwidih [ong
palel.

AM OUTPUT: 10 k22 impedance, =4V to 0V into an apen
circuil, ~8 m V% de coupled, 16 kHz bandwidih fone
polel.

RECORDER OLTPUT: DC woltage proporticnal to the
measured resulls, 1 kit impedance, 0¥ 1o 4Y for eoch
resolution range info an open clrouil.

IF OUTPUT: 500 impedance, 150 kHzto 2.5 MHz,

— 27 dAm 1o =3 dBm,

10 Mz REFERENCE QUTPUT: 500 impedonce, TTL
fevels [0V to = 2.2V intoan open circuill Availoble oniy
with Cpdion 002 1% 10-*day internal reference.

10 MNz REFERENCE INPLIT'™ > 50002 impedonce.
0.5V b ek, ML et fevel.

LO INPUT [Option 003): S0 impedonce. =127 MHAz
1301.5 MHz, 0 dBm nominal

RF SWITCH REMOTE CONTROL U TPUT: Provides
putput signols necessary lo remadaly control eiffer on
HP 333118/C Oplien @11 aran HP BFE1A BF switch,

FREQUENCY OFFSET MODE HEMOTE CONTR(,

CLITPUT: TTL high output if in frequency offest mode
tapeciol Function 27,1 or &7.3) with an exlesnal LD
freguancy =0, TTL low outpul for all sther mses:

18 Fatnrnal relarence docuracy affers accaracy ol all miesursesis




Maodel 89024

Table 1—2. Recompended Tesi Egqueipment (1 of 4)

Creneral Information

Instrumest
Typa

Critical Specifications

Suggested
Mo

AMFM Tast
Source

Carrier Frequency: within rangs 10 to 1300 MHz
Crutput Level: =—20 dBm
FM Devation: 400 kMz pegk maximum
FM Distortion:
<—72 dB at 12.5 MHz carrier with 125 kHz deviation and <10 kHz
rate
= -T2 g8 at 400 MHz carrier and 400 kHz deviation at <100 kHz
rate
FM Flatness:
40,19 from 20 Hz to 100 kHz rates
), 255 10 200 kHzZ rates
CW Residual FM: <3 Hz rms in 8 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 Dapth: 5% 10 995
AM Distortion:
<—66 dB at <50%: AM at 20 Hz to 100 kHz rates
<—B0 dB at <05% AM at 20 Hz o 100 kHz rates
AM Flatness
=+ 1% from 50 Hz to 50 kHz
+0.25% from 20 Hz to 100 kHz
Inaidantal $M: <0008 rad pesk at 12.8 MHz with 50% AM at a1
EHz rate in a 50 Hz to 3 kHz bandwidth
Rasiduwal AM: <0.071% rms in 8 50 Hz to 3 kHz pancowidth
AM Linearity:
4001% gt <B5%: AM
40 2% gt <00% AR

HFP 117154

PAT

Attenuator,
3dB
(2 required)

Frequency: 30 MHz
SWH Maximum: 1.2
{Used as atternate seuiprent.)

HP 84014
Optian 03

Artenuatar,
& dB

Frequercy Aange 0.15 to 1300 MHz
BWAR Maximum: 1.2
Attenuation Accuracy. 0.4 dB

HP B4O1A
Optan 06

Analyzer

Furdamarntal Frequency Range 20 Hz to 100 kHz
Digtartion Range: =70 dB minimum

Distortion Accuracy: £2 dB

Low-Pass Fillers: 30 and BO kHz

Cacillgtor Level: 3V maximum into GO0
Osaillatar Detortion: <70 dB

Oscillator Freguency Accuracy. £2%

HP Ba03E

PAT

*C=0pergtor's Chacks, P=Performance Tests; A=Adjustments, T=Troubleshooting
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General Informatinn Model BI0ZA
Table I-2. Recommended Test Equipment (2 of 4)
Instrumant Suggested
Critical Specifications Use*
Type P Mode!
Audio Freguency Ranga: 20 Hz to 400 kHz HP 33360 PAT
Synthasizer | Output Level: +16 dBm [5001) maximum Optian D05
Frequency Accuracy: =0.1%
Atenuator Accuracy: £0.1 dB from 0 to 20 4B
Lewval Flatness:
+0.07 dB from 20 Hz to 200 kHz
Distortion: j—50 dB from 20 Hz to 200 kHz
Computing HP-IB compatibility as dafined by IEEE Std 488 and the idantical HP 3825A and C.RT
Controller ANSI Sid MC1.1: SH1, AHT, T2, TED, L2, LED, SRA, PPO, DCO, HF 980344 and
DTO, and C1, 2,3, 4. 5. HP 982134 or
HP 858 Option 007
Digital DC Range: 0 to 50V HP 34554 PAT
Multimatar DC Accuracy: £0.01% at 1V
AC Range: 0 to 100V
AC Accuracy: £0.01% at 2v and 2 kHz
Ohms Range: 0 to 1 MO
Ohms Accuracy: +1%
Drividiar Divider Ratio: 10:1 HP 100804 AT
Prabe Input Impadanca: 1 M1
(2 required) Input Capacitence: {10 pF
Extandar Mo substitution is recommanded. HP 085%01-60174 AT
Cabla
Fregquency Accuracy: =0.1 ppm recommended Housge Standard &
Standard
Dscilloscopa Bandwidth: lass than 3 dB down 0 to 100 MHz HP 17404 CAT
Sansitivity: 5 mV par division minimum
Inpart Impedance: 10 M1 and 5001
Triggaring: External and Infarnal
Piston Accuracy: +(0.005 dB/10 dB + 0.03 dB} at 30 MHz Eaton Type 32 P
Attanuator {Used as alternate egquipment.)
‘C=0perator's Checks; P=Performance Tests: A=Adjustments; T=Troublashooting
1-28 rep. 01 MARSS




Model 39024

Gieneral Information

Table 1—2. Recommended Test Lguipmeni (3 af 4]

Instrument Y Suggested 3
Type Critical Specifications Modal Use
Pawer Mater | Power Range 1 mw HF 4328 P.A
Transfer Accuracy (input=to —outputy 0.2%
Therrmistar SWR: 1.05. 50 MHz HP 47BA-HT5"" or
Mowant Accuracy: 0.5% at S50 MHz HP 47 88-HTG™ "
Powear Powees Qurtput: 1,00 mW, factory set to 20.7%, NBS calibrated HP 4354
Reference Accuracy: H1.2% worst case +0.0% rss) Tor one year; 01o 50° C Option KD5
Powar Supply | Output Range: 0 10 25 Vdc HP 62154 T
Range Calibration Functions: outputs oorrespanding to power displays of HF 116834 AT
Calibretor 10 Y, 100 oW, 1 mW_ 10 mW. and 100 mW
Calibration Uncertainty: £0.28%% in all ranges
RF Frequency Range: 0 to 2 GHz HF 853594 and AT
Spectrum Imput Level +£10 dBm maximum HF 182T
Analyzer Displey Mangs B0 B8
Bensar Compatibe with HP BI02A HP 117224 PAT
Module Input SWHR
=13, 2t AF Input, AF Ranges 1 and 2
<1.5, at AF Input. RF Range 3
<1.3, at AF Inpuf, AF Range 3 with Measuring Receiver's
Epecial Functicn 1.9
Barvice Mo substitition recommended HPF 08@01-602687 T
Rooessory
Kit
" CaOparslars Checks: PaParfoimance Tests, A=Aduastments; T=Troubkehoting
" HP 47BA-HTS musl be calibrated a the Nalional Bureau of Slandards (NS5 for fhis acouracy
""" HP ATEHTE includes HP standarde lab callbration 1o £0 58% at 50 MHz [fisceabie fe NBE)
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General [nfermation

Table 1=2. Recommended Test Eguiprment (4 af 41

tlodel 35024

Instrurment ! Suggested
! ficat! =
T Critical Spet ons Madel Use |
Segnature External Sount Range 10 15 MHz HP 50054 T
Anglyzer Because the signatures dacumented are ufigue i 8 given signature
analyzer, no substitution is recommended
Stap Step Accuracy: =001 dB between 10 and 20 dB at 50 MHz HP 3550 P
Artenuator Qotion J2i
i
SWR Frequency Ramge 150 kHz to 1300 MHz Wiltron GOMED P I
Bridge Impedance: 500
Dir gctivity: =40 dB
Connectors: Type-N
“CaOparator s Checks: PeParformance Tests. A=Agustments: T=Trounlasmooting




Mindel BH0EA

Table 1-8. Recommended Test Accesories

General Information

Accessory Type®

Recommended Part

Adapter (Type N Male to BNC Femake conneslors)
Capacitor, 820 pF

IC Extender Clip, 16 Pin

Resistor, 0000711% 1 /4w

Resistor, 12100071% 1/4W

Resistor, 21500711% 1/4W

Resistor, 46400119% 14W

Tea {Coaxial, BNC, one Male and two Femake connactors)
S0ILoad (Male, BNC, coaxial)

Adjustmaent Tool

HP 12500087
HP 0160-3538
HP 1400-0734
HP 0757-0D422
HP OF57-0274
HF DESE-00B4
HP DEDE-3155
HP 1250-0781
HP 1 260-0207
HF 8710-0772

*Accessonies listed in this table are only 1hose nof already contained in the Saervice Accessory Kit HP 08301-50287
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