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1 Learning to Operate
the HP 8902A

‘

This Basic Operation and Application Guide is designed to provide
The Eﬂ‘Sf “FEF a quick and easy way to leam to operate the HP 8902A Measuring
Receiver, Chapfer 1 will provide you with all the information you need
to use the HP 8902A's basic measurement capabilities: RF Frequency,
Modulation, Audio, RF Power, and RF Level. The subsequent reference
chapters (2 through 4) are devoted to the spedal functions and features
that enable you to extend the operation of the HP 89024, We strongly
recommend that you first familiarize yourself with Chapter 1 befare
referring to the reference chapters. Once you are comfortable with the basic
operation of the instrument, it will be easier for you to understand and
implement the many additional features that the HP 89024 has to offer,

The HP 8902A Solution The hands-on approach in this chapter demonstrates the extreme
versatility of the HP 8902A. Placing the HP 8902A on your bench
actually puts the capabilities of several instruments at your fingertips.
Many of the measurement capabilities of the following products are
included in the HP 89024,

* RF Frequency Counter, to 1 Hz resalution ...............[(1-5)
# Modulation Analyzer, AM, FM, and M ................(1-9)
* Audio Analyzer, frequency, distortion, and level ...,....(1-15)
¢ RF Power Meter, as accurate a8 the best ................[(1-18)

RF Level Meter, unprecedented accuracy to —127 dBm . {1-21)

The HF 8902A combines many of the capabilities required for calibration,
troubleshooting, and design into a single instrument. In addition, the

HF 8902A’s many special function capabilities enable you to adapt

its measurements to the demands of a wide range of test conditions,




The Setup

The HP 8902A

The HP 117224

Diagrai 1-1, Setup for Learning Basic Operation

To get ready to learn bo use the HP 89024, connect the HP' B902A, an
HF 11722A Sensor Module, and a signal generator together as shown
in Diagram 1-1

If you are unpacking a new HP B902A you will want to refer to the
installation suggestions provided in Appendix A,

The procedures in this guide are written for use with an HP 117224
Sensor Module, There are many power sensors that can be used
with the HP 89024 as well. If you are using & power sensor

(rather than a Sensor Module), refer to your HP 89024 Operation
and Calibration Mamual for information on which power sensors
can be used and how to operate them with the HP 83024,

The Calibration Data

Omnee the HP 89024 is up and running, you will need to first determiine
if the calibration data for the Sensor Module you are using has been
stored in the HP 8902A. Appendix B contains a procedure for determining
whether the correct calibration data has been entered into the HP 89024,
{Refer to Appendix B if you are not certain that the calibration data for
the Sensor Module you are using has been entered into the HP BI0DZA )



The Signal Generator

And You

Nota

The procedures in this guide are best performed using a signal generator
that generates a single, stable RF signal that is tunable in 1 MHz

steps from at least 100 MHz to 200 MHz. The signal generator should
also have AM, FM and (if available) #M capability at a 1 kHz rate,

If you are now sitting comfortably in front of your HP 89024, you are ready
te begin. Start on the next page and follow the step-by-step guide to
learning to operate the HF B9%2A, You will seon discover how the

HP E202A can increase both the ease and speed of many of

Your measurements.

If yivii plan o selectively refer to portions of Chapter 1, rather
than perform all of the procedurss in sequence, we recommend
thiat you complete the procedures in the Frequency Counter
portion af this chapter firsé. The Frequency Counfer portion
cortains an tntroduction to the tuming and reset capabilities
that are important to all of the HP 89024°s measurenments.
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1. Take a look at the HP 8902A’s Front Panel. Notice that label
brackets have been placed over each key group to help you quickly find the
function desired,

2. Note the gold and blue keys. These kevs will enable you to select the
“shifted” functions, As this guide will demonstrate, the shifted functions are
selected by pressing the gold or blue key and then the desired function key ‘

3. Switch the HP 8%02A from STBY to ON. Notice that as the HP B902A powers
up, it performs a self-test that includes tuming on all front panel lights,

The Display The HP 89024 keeps you informed of its operating status by the dashes and
error codes it places in its display,

Interpreting the Dashes

4, Adjust your signal generator to —40 dBm. This causes the HP 89024
to place two dashes in its display. Two dashes indicate that the level of
the input signal is too low for the instrument to detect in its curent
measurement mode.

3. Set the signal generator to 0.0 dBm. Once the HP 89024 detects an
Input signal not input signal, it removes the two dashes from its display. Sometimes you
sangad will see the HP 8902A replace the two dashes with four dashes. Four
dashes indicate that the instrument is involved in internally setting up the
HF 83024 setting up measurement. [f the HF 8902A displays four dashes for more than a few
measurament seconds, the instrument may be having difficulty tuning to an unstable
input signal. {The HP BR02A's Track Mode tuning, described later in

this chapter, is typically a good chodce for tuning to unstable signals.)

-

Interpreting Error Codes

— - 6. Press the CALIBRATE key, (See the adjacent instrument diagram for the
= key location.) The HF 89024 will display Ermor 21 to inform you that you
have attempted to select an operating condition that is not compatible u
with the measurement you are making, Error codes like this will keep

vou informed of both operator errors and input signal problems. The
referenice chapbers (2, 3, and 4) list the error codes that can be encountered
for each measurement along with recommended recovery actions.
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When your signal source testing requires an accurate BF frequency counter,
the HP B902A is a convenient solution. The HP B902A makes it easy
to tune to and measure the frequency of complex modulated aignals.

Lf you haven't setup your HF B902A, Sensor Module, and signal generator as
shown in Diagram 1-1 {page 1-2) you will need to do so in order o pecform

the following procedures,

Adjust Your Signal Generator

RF Feequiency ... ofoioie o 100 MMz
Frequency Increment ............. 1 MHz
Amplibade oo i i D 0D dBm
Modulation ..........cooniaian..OH

Measuring
RF Frequency

1 Hz Resolution
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Press the FREQ key and the green AUTOMATIC OPERATION key

on the HP 89024, That's all it takes to configure the HP 89024 as

an RF counter. Motice that the HP 8%02A automatically funes to and
displays the frequency of the input signal {approximately 100 MHz: the
absolute value depends on the acouracy of your signal generabor and
the accuracy of the HF 8902A"s time base reference.) Note also that
AUTO TUNING (the green LED on the front panel) is on. This LED
lets you know that the instrument is in its automatic tuning maode

To increase the HFP B902A's display resolution o 1 Hz, key in

74 SPCL * by pressing the digit keys 7 # 4 and the SPCL key (see the
adjacent instrument diagram for key locations). If you enter & wrong
digit, simply press the CLEAR key and begin again, Mote that the SPCL
key remains lit to show that a spedial function has been manually set

* 1f the HF 8902 A displays Emror I3 when you enter 7.4 SPCL, it is not equipped

to pr:nndr | Hz counter resclution, Enter 7,1 SPCL instead to selec 10 Hz
dizplay resolution.




=6 Frequency Counter ”

Measurement Ranges That's all it takes to make an accurate frequency count on a stable signal
throughout the following ranges:

150 kHz 1o 650 MHz | +30 to —25 dBm

650 MHz to 1300 MHz | 430 to —20 dBm

cmmg a Proper tuning is the key to making successful EF Frequency as well as other
tuned measurements with the HF 89024, The opfimum tuning mode for
mﬂlﬂg Mode your measurement will depend on the characteristics of the input signal.

automatically tune to the new input signal. (Mote that four dashes are

3. Adjust vour signal generator to 110 MHz, The HP 89024 should ’
placed in the display while the HP BR02A is tuning to the input signal.)

Manual Tuning Mode 4. Key 110 MHz into the HP 8902A by pressing the digit keys 11 0 and
the MHz key. Note thet AUTO TUNING (the green LED) Is now off. By

| [onooann | E=m keying in an KF frequency and pressing the MHz key, you have selected
T P T the instrument’s Manual Tuning mode. The HP 8902A’s tuning is now set
i FASI00 5 BEER S | at 110 MHE. g
B &% Seokoo mEUER e The Manual Tuning mede can also be selected by pressing the MHz key by

itself. When you press the MHz key without keyving in a frequency value,
the HI' 8902A's tuning is set at the frequency currently being displayed.

5. Adjust your signal generator to 112 MHz, The HP 89024 will display
an Error 011 to let you know that the inpat signal is no longer within the
tuning range of the frequency (110 MHz) that the instrument was manually
set to,

Auto Tuning Mode 6. Press the Blue Shift key and the AUTO TUNING (TRACK MODE)

key. You have placed the instrument back in its Auto Tuning mode.
(Motice that the AUTO TUNING, green LED is on again.) The HP 89024
15 mow tuned to the frequency of the input signal, (The Auto Tuning
mode is the right choice when measuring a single, stable input signal.)

Track Mode 7. Press the TRACK MODE key. In Track Mode, the HP BHI2A is locked to the
input signal.




&. Increment your signal generator from 112 MHz to 100 MHz in 1 MHz
steps. The HP BR02A is now able to track the input signal as it changes
frequency., {Track Mode is the right choice when you are measuring a drifting
of noisy signal )

1 Singe. stable signai

| Auto Tuning

Tuned 1o frequancy of Input signal

Multiple, stable signals

Manusl Tuning

Tuning sat at manually tured Ireguancy

Single, drifty or noisy | Auto Tuning Tuning locked to input signal
| signal = 10 MHz Track Mode
Mulﬂpla, drifty or neisy | Manual Tuning | Tuning locked to input signal
| signals = 10 MHz Track Mode
Manual Tuning | Tuning set at manually tuned fraguency

Frequency Error

Measuring

The HP 8902A makes checking RF frequency error a simple
two-step process, Adjust your signal generator to 100 MHz.

1. Key 100 MHz into the HP S902A to manually tune it to the frequency

of your signal generator (100 MHz).
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Press the gold § key, and then the FREQ ERROR (FREQ) key
{both keys should remain Lit). The HP 89024 is now displaying
the frequency difference {in kHz) between the manually tuned
frequency (100 MHz} and the actual output frequency of your signal
generator. (Note that the instrument displays a negative difference

when the input frequency is less than the HP B902A%s manual
setting and a positive difference when the input frequency is greater.)

Remember

input signal.

Manual tuning is aliways the right choice when measuring Frequency
Error because it establishes a known frequency reference. Also, the
Frequency Error measurement should only be made on a stable

That's all it takes to make Frequency Error measurements with

the HF 8902A.

10 Hz Resolution 3.

To display 10 Hz counter resolution, enter 7.1 5PCL by pressing

the digit keys 7 « 1 and the SPCL key. Mote that the SPCL key
remains lit to indicate that a spedal function has been Invoked,
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Reset

Auvtomatic Operation 4.

Instrument Preset 5.

E To Learn More...

The HP 89024 provides you with two ways to returm its operating
functions te their automatic opesating condition, The following procedures
demonstrate the bwo reset functions,

Fress the grean AUTOMATIC OPERATION key. You have placed
the instrument back in its Auto Tuning mede (green LED on) and
you have disabled Special Fanction 7.1 (SPCL key no longer lit).
Pressing the AUTOMATIC OPERATION key ressts Special Functions
1 through 10 to their Automatic Operation condition and retums
the instrument ko its Auto Tuning mode (not the best choice for
Frequency Ermor measurements, remember). Mote that the instrument
is still in the Frequency Error measurement mode (gold S key lif},

Mow press the Blue Shift key and then the green INSTR PRESET
(AUTOMATIC OPERATION) key, Mote that the instrument is reset to
the Frequency measurement mode (gold S key off), INSTR PRESET
resets the entire instrument to its power-op default condition,

1. Selects Auta Tuning
Moda,

2. Resets special funclions AN CAUSE AN erTor
1 through 10 1o i condition.
conaition.
Resets ail operating Sets ail ope
Tuncticns. functions to their definad
powast-up aondition,

Chapter I in this guide provides reference information about the

RF Frequency and Frequency Error measurements and the HP 8902A°s
tuning capabilities. Refer to Chapter 2 when you want to find out
more about:

* Tuning Modes - Further information about the HP 89024%s
tuning maodes.

» Extending Operation - The special operating capabilities that
enable you to adapt the RF Frequency and Frequency Error
measurements to the specific conditions of your input signal.

= Help - Solutions to setup or operating problems encountered
when making RF Frequency or Frequency Error measurements,

Refer to Chapter 5 for examples of RF Frequency messurement applications,

"




Modulation
Analyzer

The HP 8902A offers complete modulation analyzer capability to
meet your Ab. FM and &M measuroment needs, Even difficult

measurements such as signal-to-noise and incidental AM and FM
can pe made with ease and superb accuracy using the HP 89024,

Set up your HP #9024, Sensor Module, and signal generator as shown
in Diagram 1-1.

Adjust Your Signal Generator

RF Frequency ........o 0o 100 MHz
ATpIREdE. .o iieias i e eees B0 dBm
Mlodulation: <oy a s e aes e e i
Paplly: oo e e T
Rate .. - P i s i iy

Mgasun'-ng AM 1. Press the AM key, the green AUTOMATIC OPERATION key, and the
PEAK- detector key. The instrutnent should display an AM index of
approximately 50%. Notice that the instrument is in the Auto Tuning
maode (green AUTO TUNING LED on). The HP 8902A automatically
found and tuned to the modulated RF signal. (The Auto Tuning mode is
a good choice for making most modulation and audic measurernents.)

L Key in 100 MHz by pressing the digit keys 1 00 and the MHz
key. The instrument is now manually tuned to the frequency of the
input signal (green LED off). (Manual Tuning is a good choice when
measuring modulation in the presence of multiple RF input signals.)




1=10 Modulation Analyzer
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Selecting a Detactor The HF 89024 provides six detector functions for measuring your
modulation and audio signals,

Peak Datector

3. Press the PEAK— key. Switching between the Peak4 and Peak~ detector
allows you to check modulation symmetry.

4. Press both the PEAK+ and PEAK— keys at the same time. Pressing
both detector keys at the same time allows you to display the average
value of the positive and negative peak readings. (PEAK +/2).

5. Press the PEAK+ key and then the PEAK HOLD key. The Peak Hold
detector captures and holds the peak modulation level detected by the
Peak+ or Peak— detector,

&, Increase the modulation depth of the signal generator to 75%
and then reduce it back to 50%. Notice that the HP 89024
continues to display the maximum modulation level. The Peak
Hold detector is idzal for detecting short mo<dulation transients,

Average Detector

7. Mow press the AVG key to select the average-responding detector,
You have selected an average responding detector that is calibrated to
read the rms value of a sinewave. The HP 89024 showld be displaying
approximately 35% AM with the signal generator set at 509 AM,

RMS Detector

f. Press the Blue Shift key and then the RMS (AVG) key (the red LED
below the RMS key will come onk. You have now selected a true-REMS
detector. The Average detector and the RMS detector are good choices
when measuring noise or residual modulation where the rms value is
generally more desirable than the peak value. The true-EMS detector
can be used to measure modulation rates up to 40 kHz and provides
one mare digit of resolution than the Average Detector. The true-RMS
detector is alsp a good choice for measuring fon-sinusoidal signals.

AM Measurement Simply select AM and any of the above detector functions to make A
Rﬂnﬂus measurements within the following ranges:

150 kHz 1o 0.999999 MHz 20 Hz 1o 10 kHz

10 MHz 1o 1300 MHz 20 Hz to 100 kHz
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Measuring FM

Measuri
FPre-Emphasized F

Inserting Audio Filters

s

Turn off AM on the signal generator and turn on 25 kHz of FM
deviation at a 1 kHz rate.

Press the FM key, the green AUTOMATIC OPERATION key, and the
PEAK+ detector key. The HF 8902A should display a reading of about
25 kHz. Motice that in the upper right comer of the instrument the
yellow FM MODULATION OUTPUT LED is lit, This indicates that the
demodulated FM signal is available at the front-panel MODULATION
OUTPUT /AUDIO INFUT port. {Contecting another audio analyzer

to this port will enable you to make audio measurements on the
demodulated signal while monitoring modulation with the HP 89024 )

To accomodate your pre-emphasized P signals, the HF 59024 i equipped
with four saparate de-emphasis filters. (Each FM DE-EMPHASIS key is
labeled with a time constant corresponding ta the 3 dB corper frequency of
that de-emphasic flter,)

Press the 768 FM DE-EMPHASIS key (if the PRE-DISPLAY key is not lit,
press it too). The display now shows the level of the demedulated signal
after it has been de-emphasized, (The de-emphasized FM signal is now
available at the front-panel MODULATION OUTPUT /AUDIC TNPUT port.)

. Press the PRE-DISPLAY key again to turn Pre-Display off.

Motice that the display now shows the level of the demodulated
FM signal before it is de-emphasized. The demodulated signal is
now being applied to the de-emphasis filter after it is measured
by the HP B902A. (The de-emphasized signal is still present at
the MODULATION OUTPUT /AUDIO INPUT port, howewvear.)

Press the T5us key again to turn off the FM De-emphasis
function. Repeat step 3 to select any of the four de-emphasis filters.

To remove undesired signals such as harmonics, noise, and spurs
from the demodulated signal, insert the selectable high-pass and low-
pass audio filters when making modulation or audie measerements.
To minimize overshoot from square-wave modulation, such as
frequency shift keying (FSK), select the =20 kHz Bessel Filter.

. Press the 300 Hz key and the 3 kHz key to sct a typical measurement

bandwidth of 300 Hz fo 3 kHz. Diagram 1-2 shows the typical frequency
response of each audio Alter,
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7. Press the 300 Hz key and the 3 kHz key again to remowve

these filters.
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Diggram 1-2. The typical frequency response of each Audio Filter

FM Measurement That's all it takes to make FM measurements and select audio filters through-
Ranges out the following ranges:

150 kHz o 9.99909 MHz 20 Hz to 10 kHz 40 kHz peak

10 MHz to 1300 MHz 20 Hzto 200 kHz | 400 kHz peak
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sSLrf 1. Turn off the FM on the signal generator and select 10 radians phase
Mea ng M modulation at the rate of 1 kHz. (If your signal generator does not have

M capability, set modulation to FM, 10 kHz deviation at a 1 kHz rate)

In Radians 2. Press the OM key, the green AUTOMATIC OPERATION key, and
e S5 the PEAK-+ detector key. The HI' 89024 should display a reading
w+= |  ioog | ==m of about 10 radians. Notice that the yellow $M MODULATION

B ot i CQUTPUT LED is now Lit to indicate that the demodulated S0 slgnal
. s

graec U g is available at the MODULATION OUTPUT /AUDIC INPUT port,
B8 & ieass o 0oan gl {An audio measurement device, such as an oscilloscope, can be

connected to this port for monitoring the demodulated audio signal.)

In Degrees 3. Key in 1.745 and then press the RATIO key. The HP 89024 is
now displaylng the phase deviation in degrees, (If the display is
reading in dB, press the LOG/LIN key o get %. The instrament
should display approximately 570 degrees for 10 radians of $M.)

+M Measurement Select the #M measurement mode to simplify your phase modulation
Ranges  measurements throughout the following ranges:

150 kHz to B.990898 MMz | 200 Mz to 10 KHz

10 MHz 1o 1300 MHz 200 Hz to 20 kHz

150 KHE £ £, < 10 MHz

ok

0 400 ook
WODULATIOR RATE (Hz)

FEAN FRASE DEMATIONS [Fadisre)
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To Learn More... Chapter 3 in this guide provides additional information about the
@ maodulation measurements, Refer to Chapter 3 when you want te find

out more abot:

« Calibration - The procedune to calibrate your AM and
Fil measurements,

» Extending Operation - The special operating capahilities that enahle
you to adapt the Modulation measurements to the specific conditions of
your input signal.

+ Help - Solutions to setup and operating problems encountered when
making modulation mmeasurenents.

Refer to Chapter 5 for examples of modulation measurement applications,
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Audio Analyzer

The HP 89024 enables you to measure your audio signal sources as well
as your RF signal sources, Use the HF 8902A to make audio frequency;
distortion, and level measurements.

Set up vour HP 8%02A, Sensor Module, and signal generator as shown
in [Hagram 1-1,

Adjust Your Signal Generator

RF Frequency .......ocoeeeiaee0 100 MH2
Amplibode ... ...... [0 dBm
Modalation .t e e as s i
Depth .. ..ocncaciteciidiiian i a0
Hate : Rt P e L T

Measu”'-ng The HP BI02A enables you te accurately count the frequency of the

internally-demodulated audio signal or of an external audic signal
Audio Frequency . .neced to the MODULATION OUTPUT/AUDIO INPUT port

Demodulated Audio 1. Press the AM key and then the green AUTOMATIC OPERATION key.
Entering the AM measurement mode first, selects the AM demodulator for
measuring the AM input signal. The HP B#02A uses the last demodulator
selected before entering an audio measurement mode to make its audio
measurements. (Notice that the yellow AM MODULATEON OUTPUT LED
is lit, When you are making audio measurements, the MODULATION
QUTPUT LEDs will show you which demodulator is selected.)
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L Press the gold § key and then AUDIO FREQ (AM) key (both
keys should remain itk The HP 890ZA is mow displaying
the frequency of the demodulated audio signal [approsimately
1 kHz), The demodulated audio signal is alse available at the
front-pane] MODULATION OUTPUT/AUDIO INPUT part,

3. Press the AUDIO INPUT key (key lit) ko convert the MODULATION
OUTPUT port to an AUDIO INPUT port. The HP 89%02A is now abla
to make its audio measurements on an external audio signal source
connected to the AUDIO INFUT port. Press the AUDIO INFUT

key agaln o conivert the port back to a modulatien output and

continue measuring the intemally demcdulated audio signal.

T

That's all it takes to measure internally-demodulated or external audio

Meaasurement ges frequencies throughout the following ranges:
20 Hz to 250 kiz :
(usable 1o 600 kHz) . "
Use the HP B902A to measure distortion on either a 400 Hz or a 1 kHz
wdi ﬂs?ﬂ-ﬂlfjﬂﬂ signal. Distortion measurements can be made on either the internally
Audio Distortion demodulated signal or on an extermal audio slgnal conmected to the
AUDIC INPUT port.
; o 1. Press the gold § key and the AUDIO DISTN (FM) key (both kevs
L il S FL_EE | =B should remain lif). The instrument is now displaying the measured
g:gﬁ [ =L =at] ggggﬁr w distortion of the 1 kHz demodulated signal. Notice that in the display,
4"'! A 1 the 1 kHz annunciatar is lit, The true-RMS detector is used to make
SEOEoD o En il i
this measurement.
2. Press the Blue Shift key and the 400 Hz DISTN [PEAK—) key (the 400 Hz
annunciator should be lit in the display), The nstrument is now ready
to measure the distortion level of & 400 Hz signal.
Audio Distortion That's all it takes to measure audio distortion throughout the following
Measurement Ranges — measurement ranges:

0.01% (~80.0 4B to
100.0% (0,00 dB)

400 Hz and 1 kHz 3 Vs
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Audio Level
Measurement Ranges

E To Learn More...

Audio Analyzer 1-17

The HF 8902A is able to measure the rms voltage level of external
audio signals applied directly to the AUDIO INPUT port. (Audio level
measurements cannot be made on internally demodulated signals.)

« When you need to measure audio level, connect an audio source

to the AUDIO INPUT port,

» Key in 30.0 SPCL. The instrument will display the rms voltage level

of the input signal, (Press the Blue Shift key and the voltage urit
keys uV (4), mV (5), or Volts (8) fo select the desired voltage units.)

- Press any measurement function key to exit the Audio Level

measurement mode.

That's all it takes to measure audio level throughout the following ranges:

50 Hz to 40 kHz

100 mV 1o 3y

Chapier 3 in this guide provides additional information about the HP 59024
Audio measurement capabilities, Refer o Chapter 3 when you want to know
more about;

» Extending Operation - The Special operating capabilities that enable
¥ou to adapt the Audio meassrements to the spedific conditions of your
input signal,

= Help - Solutions to sefup and operating problems encountered when
making Audio measurements,

Refer to Chapter § for examples of Audio measurement applications,
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RF Power Meter
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The HF 8%02A provides you with the capability and accuracy of the
best power meters, With a single keystroke, the HP 8902A autoranges
to the input signal, measures its power, compensates for power
sensor flamess, and displays the results in the units of your choice.

Adjust Your Signal Generator

L oy RN e it 100 MHz
AmpHRIEE .. occo o tatesram i OB
Modulation ... oiiailis O

RF Power
Calibration

Error 15

Note

Like all power meters, the HF 82024 must first be calibrated. An
internal RF Power Calibrator enables you bo calibrate the Sensor
Module and the HF 8902A°s Power Meter to an internal 50 MHz,
1.00 mW reference signal. The tollowing calibration procedure must
ke performed only one time to calibrate your Sensor Module, This
means you do not need to perform this procedure again as fong

as you are using the same Sensor Module, To ensure the highest
possible measurement accuracy, allow the HF 89024 to warm up for
af least thirty minutes before performing the calibration procedure,

. Press the RF POWER key on your HF 8302A.

If the HP B902A is displaying Error 15. it has not yet been configured
to make RF Power measurements. {Refer to Appendiz B and perform the
Calibration Factor [':nfry ]'.!mn:edun:- biFare Eai.ng on with this prucr'dur:'.}

The calibration factors for the Sensor Module you are using must be
stored in the HP 8902A in order for it to make calibrated, aulomatic
RF Powwer measurements, If you are nol certain that the correct

calibration factors are stored in the instrament, refer to Appendix B.
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1. Connect the HP 11722A Sensor Module to the RF FOWER

OUTPUT port on the HP 88024, This part outputs the 1.00 mW
reference signal, (Disregard Error 11 when it is displayed.)

» Press the ZERO key. Wait approximately 8 seconds for the zeroed

sensor reading to be displayed briefly. The HF 89024 is corTecting
for any de offset error inherent within the measurement system,

Remember

gbace HEO0ON o DREE ¥
[ = o]

o =
B 4 i000dac o GOS0 g

As a good rule of thumb, press the ZERO key approximately
every 10 minutes when making RE Power or Tuned RE Lepel
measurements to compensate for any changes in the ambient
operating conditions. The zeroing process is most effective
if the ZERQ key is pressed with the HP 117224 Sensor
Module connected to the signal source being measured.
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- Press the CALIBRATE key. Wait for a stable, calibrated reference reading

to be displayed. The HP 8902A is creating a correction factor that
enables the instrument to equate its power measurement reading to the
1.0 mW reference.

. Press the Blue Shift key and then the SAVE CAL (CALIBRATE) key.

This stores the calibrated reference in the instruments non-volatile MOy,

- Press the CALIBRATE key again. This turns off the calibrator. You have

completed the calibration procedure.

- Connect the Sensor Module to the signal generator. The HP 89024 s

now calibrated to make accurate power measurements with the Sensor
Module you are using. From now on, you need only repeat step 2 to
maintain RF Power calibration.

Measuring
RF Power

Press the RF POWER key. The instrument should read approximately
1000 —06W (1000 pW) with the signal generator set to 0.0 dBm.

2. Press the LOG/LIN key to toggle the display reading between

3

logarithmic (dBmb and linear (watts) units, The instrusment alsa converts
measurement readings to voltage units when you select the Blue Shift key
and a voltage units key such as uV (4), mV (5), or V (6L Press the Blue
Shift key and then the WATTS (8} key to exit the voltage units mode.

Adjust the frequency of the signal generator to 119 MHz,

Manual Tuning

Key the new output frequency of the signal generator into the
HP B902A by pressing the digit keys 11 9 and then the MHz

key. The P 83024 must be set to the same frequency as the input
signal to enable the instrument to select the correct calibration factor,
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RF Power
Measurement Ranges

To Learn More...

>

Auto Tuning

5. You can also allow the HP R902A to automatically tune to the new
input frequency, by pressing the FREQ key, the Blus Shift key,
and the AUTO TUNING (TRACK MODE) key. After the HP 83024
displays the new input frequency, press the MHZ key and then
the RF POWER key to re-enter the RF Fower measarement mode.

If the frequency of the input signal changes, alusays change the
frequency sctting of the HP 80024 as weil.

6. To verlfy that the frequency seiting of the HF 89024 is the same
as the frequency of the signal generator, press the Blue Shift key
and then the DISP FREQ (kHz 1) key. You can use this method to
check frequency tuning when in any of the measusement modis.

From now on, simply select RF Power to make accurate, calibrated RF Power
measurerments throughout the following ranges using an HP 117224
Sensor Module:

100 kHz to 2.8 GH2 —D0 4B (10 W)
HF 117224 (]
430 dBm {1 W)

Chapter 4 in this guide provides information about the HP HOOZA's
additional capabilities when in the RF Power mode, Refer to Chagter 4 when
you want to find out more about:

« Calibration - The RF Power calibration technique.

» Extending Operation - The special operating capabilities that enable
you to adapt the RF Power measurement o the specific conditions of
vour input signal.

# Help - Solutions to setup or operating problems when making RF
Power measurements,

Refer to Chapter 5 for examples of RF Power measurement applications.

n
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The HF BR02A offers unprecedented low-level measurement capability,
Select the Tuned RE Lavel measorement to make precise. narrowband

EF level measurements down to =127 dBm. The Tuned RF Level
measurement is an excellent cholee for performing low-level accuracy tests.

Set up your HP B902A, Sensor Module, and signal generator az shown
im Dragram 1-1

Adjust Your Signal Generator

RF Prequency .... vearerrreney 119 MHz
Arnp|'ih.:de ....................... 0.0 dBm
Amplitude Increment vers LD B
it CE| Y i (B}

mned HF Leue, To make accurate low-leved measurememits down to =127 dBm,

the HF 8%02A uses a preciss, IF signal sabstitution technique. This
Calibration technique creates three KF measurement ranges within the full

measurement range of the tuned RF Level measurement (i to <127 dBm).

Tuned RF Level calibration involves the creation of a calibration

factor for each of the three ranges ai the tuned frequency, The

following simple procedure coeates these calibration factors, (More

information about the calibration technique is provided in Chiapler 4.)

1. Press the FREQ key and then fhe green AUTOMATIC OPERATION key
on the HF 890ZA. This tunes the HF 32024 to the input signal. When the

— x HP 8%02A displays the input frequency, press the MHZ key (to select Manual
= - Tuning), the gold 3 key, and then the TUNED RF LEVEL (RF POWER) key.
{Beth the gold S key and the TUNED RF LEVEL key should remain it You
may sev the HP 8202A place six dashes in its display prioe to displaying

the messurement reading. The instrument displays six dashes only when

m the TEFL measurement mode, Six dashes indicate that the HP 89024
18 searching for an Input signal at the frequency that it has been tuned to.
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S risoo0n | = 2. Press the Blue 5hift key and the DISPLAY FREQ (kHz i) key to check
i e that the HP 8202A is tuned to the output frequency of the signal

1o [somonn E%E: generator (119 MHz). If it is not, manually tune it by keying
0"8s ] P in 118 MHz. (Manual Tuning is the right choice for TRFL measurements.)

% Both the RECAL and the UNCAL annunciators should be lit in
the display.The UNCAL annunclator indicates that the displayed
reading is not yet calibrated, The RECAL annunciator indicates
that calibration is possible at the current input signal level. {If the
HP 8902A has already been calibrated at 119 MHz, the anmincatoers
will not be lit. You can enter 38.8 SPCL to clear the calibration factors
for 119 MHz so that vou can continue with this demonstration.)

Range 1 4. Press the CALIBRATE key. After the instrument completes the calibration
process, both annunciators will go out, You have jus: calibrated Range 1
] ] == | =i (0 to —40 dBm), (Mo further calibration is required to accurately measure
gggg_g atenn EEE%‘T impuat levels within this range.)
] —_
B b (o - 2000 [

Note It 1g very dmportant thet the level of Hhe tnput signal remain ﬁ .'
@ stable during the calitration process (while the CALIBRATE key fs [in. !

5. Press the LOG/LIN key to select either linear (Watts) or logarithmic
[dBmb units.

6. Decrement the signal generator level in 10 dB steps down 1o
—40 dBm, Note that neither the RECAL or UNCAL annunciator is
Lit until you get to —40 dBm. This means that each of the displayed
readings down to ~40 dBm is a fully calibrated measurement.

7. At —40 dBm, the instrument displays the RECAL annunciator
again. The RECAL annunclator indicates that the HF 8%02A needs
to be recalibrated now in order to make accurate level measurements
within its next RF measurement range {approximately —40 fo —B0 dBm),
Mode that the UNCAL annunciator is not displayed, This means
that the displayed reading iz still a I'u].'l}r calibrated measurement.

Range 2 8 Press the CALIBRATE key. After the instrument completes the TRFL
calibration, the RECAL annunciator will go out. You have now calibrated
Range 2 {—40 to —80 dBm).

9. Continue decrementing the signal generator to —80 dBm. The
RECAL anrunciator will be digplayed again,

Range 3 10. Press the CALIBRATE key again to calibrate Range 3. The
instrument is now calibrated o make level measurements (at
119 MHz) over its entire measurement range (0 to =127 dBm).

¥ou can now adjust the output lewvel of the signal generator to any level
between O and —127 dBm and no further calibration will be needed to
measure the 119 MHz signal.
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The following information is provided to help you quickly complete vour
Ti H' eﬂﬂ'?f;ﬁ:g Tuned RF Level measurements.

wng Frequency Achieving the accuracy of the Tuned EF Level (THFL) measurement
requires that the calibration procedure be repeated at each
frequency to be measured, The following chart will help you
remamber the key skeps to parforming TRFL measurements.

1. St the lavel of your The threa RF measuramant ranges must bo
signal sourse to botwean | calibrated saquantially Deginning with
0and —20 aBm the firet range
{0 dBm |s optimum}. PR 1= g s e e - OB
Range 2 .. ... .. —d0 dBm
PANGE S oo vionss s —B0 oBm
2 Tune the HF 53024 to | Manually: Key In the frequency and press ihe
the freguancy of your " MHz key. or
mEasuramant
3 Press tha CALIBRATE mhmmwmﬂw{;mwm
uﬁ&mm mwuu:-hwﬂwtdw mﬂ}:
[while the CALIBRATE key s lif).

RECAL UNCAL The UNCAL anmunciator indicates that the curnently displayed measurement
is uncalibrated, The HP B902A displays the UNCAL anpunciator when a
change in the frequency or level of the input signal requires the instrument
to use an RF measurement range that is not yot calibrated. The RECAL
annunclator is displaved when the input signal Is at a level where it can
be used o calibrate the next (uncalibrated), RF measurement range. The
following chart will help you to quickly interpret these annunciaten.

Mo action s required unkess the AECAL
or UNCAL annunciator is i
! Prass the CALIBRATE key 10 calibrate
calibrated, and caibration of the the next AF measuremant range.
neAt messuremment range is possite. -

oM ON | The displayed messuramant is Prass the CALIBRATE kay to calbrate the
uncalibratad, but calibration is AF maasurament range you ane in,
possiie.

OFF ol The displayed measurement is Perform steps 1 through 3 in the chart
uncalibratad, but calibration is Bbava bo ealibrate each AF range. (Mot
nat poasible &t the currant the range calbration kevals spacified in
input leval. wlap 1 under “Considerations”.)
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Tuned RF Level
Measurement Ranges

To Learn More...

>

That's all it takes to make accurate Tuned RF Level measurements
throughout the following frequency and level ranges usingan HP 117224
Sensor Module:

2.5 MHZ 1o 1300 MHz 0 gBm to —127 dBm

Chapter 4 in this guide provides additional information about the TREL
measurement and the extended capabilities that will help you adapt the
measurement to your needs, Refer to Chapter 4 when you want to find out
more about:

¢ Calibration - Understanding the TRFL calibration technigue,

» Extending Operation - The special operating capabilities that enable
you to adapt the TRFL measurement to the specific conditions of your
input gignal.

» Help - Solutions to setup and operating problems encountersd when
making TRFL measurements.

Refer to Chapter 5 for examples of Tuned RF Level measurement
applicatons,
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Special Function gooo
Operation | -

u g p eceser

Most meagurements made with the HIF S902A T-h‘.allirl" |1r||:,r a i:l;'}'l.'frnﬁ:r'
o Invoke. Thera is no need to adjust levels, or select ranges becaase
the HIP 8202A's |'|'.i|'r:1pr|:-¢|:5-‘|,1:r determines the -:1p'.i1'nl.:|rn inmsirament
settings automatically. However, in some applications it is desirable

to override the antomatic selaction 5p(n._-i.;.| funchons prm.':ldvr you

with manual controd of iInstrument operation, selection of additional
measurement modes, and the ability to extend measurement ranges.
The HP §202A°s specal functions are described in the following chart.

' Codes Application
To axtand nairurment 1te 10 | These specal functons enable you to select and adpuest specific
operaton portong of circuitry within s HF BB02A. Lise theéss spacial

functiona bo adapt tha inatrumant's cparation 1o the spacial
neads of your application.

T salnct the Instrument’s 11 1o 39 | These special functions extend the measurameant capabilitias
addillonal maasurament of the HP BA0Z2A by providing additional measuremant modes and
capabilibes lumnctions, Usae these special functions 1o make measuréments such as

SIMAD, Audic Level, and LO Freguency. You can alao use them for
getiing limits, setting references. and manipulating cakbration data.
To access sarvice-ralated 40 1o 99 | These special functions assist in servicing the HF BE02A by enabling
oparation information tna instrument to display intermal voltages and frequencies. Uise thasa
special functions o vedly operation of the HP B902ZA.

(Rafer 1o your H2 BRO24 Service Manual for detals on using service
special functions.]

The Special Display Special function modes are selected first by entering the appropriate code
(prefix, decimal point, suffix) and then pressing the SPCL key (lower right
1 1anooo | corner on the fremt panel),

L. Key in 7.2 SPCL. The 5PCL key remains it to indicate that a special
function has been invoked.,
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The Special
Function Information
Pull-Out Card

L Now press the SPCL key alone, Pressing the SPCL key without entering

a mumber causes the HP 890724 1o display which special functions {1-10%
have been set. If you Ppreviously entered the 7.2 spevial function, a 2 should
now appear in the seventh display digit position. The display shows a zero
in each of the other display positions to indicate that these special functions
are still set to their automatic (default) operating condition, Use this capa-
bility to review or verify the special function settings that you have selected.

Press the SPCL key again, Fressing the SPCL key twice without
entering a number causes the instrument 1o display the special function
setting (1-10) actually being used, (Note that a 2 still appears in the
seventh display digit position.) The other digits represent the settings
autornatically selected for the measurement mode the HP 89024 1%
currently in. Use this capability when you are interested in knowing what
settings the instrument is eurrently using ko make its measuremenis,

Fress the CLEAR key to exit the special function display
and return to the previously selected measurement mode.

The Special Function Information pull-cut card enables an experienced
user to quickly access special function operating information. A black
diagram on the card shows which pertions of the drevitry are contralled
by special functions 1-10. A table of operating conditions for each
special function (1-10) is provided below the block diagram. Special
functions 11-39 are listed above the blodk diagram along with a brief
description of their function, (Refer to the measurement referénce
chapters (2 through 4) and the applications chapter {5} to find out how
special functions can help you expand your measurement capabilities.)

Errors, Dashes
and Other Help

The HF 89024 Measuring Receiver keeps you informed of its operating
status by placing error and dash codes in its display. The Cperating
Information pull-out card enables ¥ou to quickly access a brief description
of each code. The measurement reference chapters (2 through 4)

in this guide provide a listing of the errors and problem conditions

for each of the measurement modes, Each code listing includes a
description and recommended recovery action. (Refer to reference
chapters (2 through 4) for help in solving your measurement problems.)

Congratulations

You are now Familiar with each of the basic measurcment capabilities of
the HP 89024, From now on, you can rely on the HP 89024 for making
your frequency, modulation, audio, power, and level measurements.

The rest of this guide will enable you to expand and extend the

HP B902A's measurement capabilities gven further. If the scope of

your applications goes bevond the contenis of this guide, refer to

the HP 8902A Operating and Calibration Manual for further details,




More about RF Frequency and
Frequency Error Measurements

In This Chapter

The Directory

This chapter introduces the HP B302A's special operating capabilities
that enablé you to tailor its RF Frequency and Frequency Error
measurements to your specific test conditions. (To use these special
capabilities effectively. you should first become familiar with the
basic operating capabilities and measurernent ranges described in
Chapter 1 for the BF Frequency and Frequency Error measuréments, )

This chapter enables you to reference directly to the information you
are interested in, The information is organized into three subject areas.

s Tuning Modes - Refer here for further understanding of the
HP 8902A's tuning modes.

+ Extending Operation - Refer here for the spedal operating
capabilities that enable you to adapt the HP B902A to the specific
conditions of your input signal,

« Help - Refer here for help in selving setup or operating problems
encountered in KF Frequency or Frequency Error measurements.

Use the directory diagram below to quickly locate the subject you are
interested in. A lnok-up table is located on the first page of each subject
area, Llse the look-up table to reference to the topics included for

that subject.

RF FREQUENCY
AND

FREQUENCY
ERROR

TUNING
MODES

EXTENDING
OPERATION
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Tuning Mades

Tuning Modes

Auto Tuning

» Hotw the Auto Turing Mode operates  Auto Tuning (2-2)

= How the Manual Tuning Mode

Manual Tuning {2-4)
» How Track Mode operates........... Track Mode (2-4)

Auto tuning allows the HP 88024 fo antomatically find and tune to the
imput signal. It is automatically selected on Power-Up, or when the
AUTOMATIC OPERATION or INSTR PRESET key is pressed. Auto Tuning
mede is also selected by pressing the Blue Shift key and then the AUTO
TUNING key.

Whaen the HP 89024 enters the Auto Tuning mode, it first checks for an
input signal below 2.5 MHz. If no signal is detected below 2.5 MHz, the
instrument then begins sweeping its local oscillator (LO) from 1300 MH=z
down to 2.5 MHz. The LO continues sweeping until a different frequency,
created by the mixing of the LO and the RF input signal, appears within
the IF pazsband. If no signal is detected after multiple sweeps, the
instrument places two dashes in its display while it continues to sweep.

When a signal does appear within the IF passband, the instrument performs
& series of tests to determine whether the signal it has found is the
gppropriate signal to tune to. This testing enables the HF 39024 o At
Tune to the fundamental in harmonically-rich spectrams o 1o a carmier

with high-depth AM. Onee the instrument determines that it i= tuned to

the correct frequency, the HP B902A% LO is locked o an internal crystal
oscillator to ensure high-stability, low-noise measurenvents. If the input
signal changes after the L has been locked to the crystal oecillator in Auto
Tuning mode, the LG automatically begins the sweep search again. Auto
Tuning mode is a good choice when measuring a single, stable input signal.

Keep in mind that certain input signal condittons can make it dificult
for the HP B902A to Aute Tune. The Manual Tuning mode & a good
choice when these conditions exist. For a listing of these conditions,
refer to Tahle 2-1. Input Conditions that may Require Manual Tuning.
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Table 2-1, Input Conditions That May Require Manual Tuning.

*dBe = dacibels refarenced to the carrier lavel.
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Manual Tuning The Manual Tuning mode allows you to set the HF 89024 muning
at a desired frequency. This ia done by keving in the desired
frequency and then pressing the MHz key. The manual tuning
mode can also be entered by pressing the MHz key by itself, This
locks the instrument at the frequency it is currently tuned to.

In Manual Tuning mode, the HP $902A loral oscllator (LOY) is locked
to the HP 8902A's internal crystal oscillator whether an input signal is
present or not. Onee the LO |s locked to the erystal oscillator in Manual
Tuning meode, tuning does not change unless a new fraquency i keyed
in and the MHz key is pressed, or tuning is incremented up or down
using one of the ncement keys, fkHz or JkH2. (Set an increment by
keying in the desired increment vilue and pressing one of the increment
keys, The instrument will increment by the keyed-in value each time
one of the increment keys is pressed.) Press the AUTO TUNING key or
the AUTOMATIC OPERATION key to exit the Manual Tuning mode.

Manual Tuning is a good choice when measuring an input signal
whose amplitude is less than —25 dBm or unstable, or where
multiple RBF signals are present, If the input signal is drifty,
however, it may be necessary 1o select the Track Mode function

Track Mode The Track Mode function enables the HP 8%02A to track drifting input
signals from 10 MHz to 1300 MHz. Track mode can be selected with either
Auto Tuning or Manual Tuning by pressing the TRACK MODE key. (A
drifting signal will cause the HP 89024 to place four dashes in its display
when Auto Tuning is selected or Error 01 when the instrument is
manually tuned.)

In Teack Mode the Local Oscillatar (LO) is locked to the input signal,
The instrument remains locked to the signal throughout each of the
LO's tuning oetaves. When an input frequency change causes the Lo

ta cross into & new octave, lock may be broken, If the instrument is

in Aute Tuning Track Made, the HP BU2A will relock to the input
signal, If the instrument is in Manual Tuning Track Mode, the L0 will
return to the manually tuned setting after lock is broken, The octave
howundaries oecur at 2.5, 5, 10, 20, 40, 80, 160, 320, 640, and 1280 MHz-

Track Mode is the right cholce when measuring drifty input signals.
However, certain operating limitations aze present when using Track Mode.
These himitations are listed below:

« Mot allowed below 10 MHz

« Mot allowed with 455 kHz IF

+ Raises residual FM level

+ Attenuates lowe-rate FM on input signal {use for FM rates =1 kHz only)




Extending
Operation

Increasing Selectivity

Extending Operation 2=5

» How fo tune to the input signal
twhen other RF signals or harmonics

-Hmhntmhnmﬂmm
frequemey . ...........................  Changing Frequency (2-6)

o How to tune fo g nodsy dnpat signal.  Nolsy Signal (2-6)
= How to track a drifty input sigral .. Dritly Signal (2-7)

» How to measure the frequency of '
;m:wmrmm:,...,, Frequency Overrange (2-7)

» How to measure the frequency of
input signals below 150 kHz ..._.... Frequency Underrange (2-7)

Amplitude

-mwmmmiwmm _ :
belowr <30 dBm. ;... ...ooiiiaiine. .. Increasing Sensitivity (2-7)

-mwmmn;mtwm .
amplitude is very unstable.......... Unstable Signal (2-8)

The HP 8902A"s Auto Tunming mode is able to automatically find and tune to
the fundamental in a harmonically-rich spectrum as long as the fundamental
is at least 10 dB above the level of the second and third harmonics. The

HF BO02A will also auto tune to the input signal if it is at least 30 dB above
all non-harmonically-related RF signals. Tf, however, your input signal does
not meet these criteria, the HP 8902A may have difficulty auto tuning to the
desired input signal. If the instrument does not display the frequency of the
desired input signal, manually tune the HP 8902A to the input frequency by
keying in the frequency of the input signal and then pressing the MHz key.

To minimize the possibility of unwanted low-frequency, harmaonic,

or spurious signals entering the IF passband, a high-pass RF filter and
bandpass IF filters can be selected. Table 2-2 shows the possible Alter
combination selections.



Changing Frequency

Noisy Signal

ouT
ouT 200 kHE BW QuT 455 kHz 31 SPCL
2.5 MHz
ouT i Pase ouT 1.5 MHz J2°8PCL
in 200 kHz BW ouT 455 kHz 3.3 SPCL
2.5 MHz :
IN Low-Fass ouT 1.5 MHz 34 5PCL
ouT 200 kHz BW IN 455 kHz 4.5 SPCL
2.5 MHz
auT Lerw-Pass 1N 455 kHz 26 SPCL
IN 200 kHz BW 1N 455 kHz 3.7 5PCL
2.5 MHz H
I e IN 455 kHz 38 SPCL

Although the HP 89024 is not designed for swept measurement
applications, its Auto Tuning mode does enable it to automatically search
for the input signal after the frequency of the input signal is changed. The
inatrument will place four dashes in its display while it is searching for the
input signal.

Image Signals

If the frequency of the signal is increased by an increment equal to

twice the IF signal frequency (for example, 2 x 1.5 MHz), the image
'Frrq_ulnq.' weill appear within the [F pamhund. 1F the Lw‘i'h:‘l'ni.nﬁ :.'pl}l.'\d

of the input signal is too fast, the HF 89024 will not detect a change

in the input frequency and will continue to erroncously display the
previous frequency. If you suspect that this has happened, press the Blue
Bhift key and then the AUTO TUNING key after the input frequency

has changed. This causes the HP 8902A to retune to the input signal.

[ncreasing measuremsent selectivity by selecting the narrow-band 30 kHz
IF filter can reduce the possibility of image signals appearing in the

IF passband (refer to Increasing Sefectivity in this chapter for filter
selection information), (For details on the capabilities and limitations

of Auto Tuning mode operation, refer to Aufo Tuning in thiz chapter.)

Excessive noise or low-rate (below 20 Hz), high-deviation (greater than
400 kHz) FM on the carrier signal can make it difficult for the HP B302A
to auto fume to the carrier. If you know that your input signal is naoisy, or if
the HP §902A indicates it ia having difficulty setting up the measurement
by continuously displaying four dashes, manually tune the HP 89024

to the frequeéncy of the input signal. Simply key in the frequency of

the imput signal and then press the MHZ key. If the HP 8902A does

not display a measurement reading, press the TRACK MODE key.




Drifty Signal

Frequency Overrange

Frequency Underrange

Increasing Sensitivity

Extsnding Operation 27

A drifty or nodsy input signal can cause the instrument to continuously
display four dashes (Auto Tuning mode) or display Error 01 (Manual Tuning
mode), Fress the TRACK MODE key o select the wide-IF-bandwidth

track mode function. Track Mode can be selected with either the Auto

or Manual tuning modes. Note that the Track Mode function reduces

the low frequency response of modulation measurements and increases

the level of residual modulation, (For details on the capabilities and
limitations of Track Mode operation, refer to Track Mode in this chapter,)

Thete are three techniques for extending the HF 8902A's frequency
range above 1300 MHz internal harmonic mixing, external local
oscillator and mixer down-conversion, and down-conversion with

a spectrum analyzer. All three technigues extend the measurement
capabilities of the HP 89024 to microwave frequencies, (Refer to
Chapter § for measurement examples using these tuning techniques.)

If the input frequency i below the HP B902A's frequency measurement
range, the nstrument will display Error 10. The specified low frequency
limit of the RF Frequency measurement is 150 kHz. However, you

can extend this measurement range to 20 Hz by simply salecting the
Audio Counter, Connect your signal source to the MODULATION
OUTPUT /AUDIO INPUT port and press the AUDIO INPUT Ley (key
should remain lit), Press the gold 8 key and the AUDIO FREQ key. The
Audio Counter will accurately count input signals from 20 Hz to 250 kHz.

Twe dashes or 0 MHz in the display indicates that the level of the input
signal is below the HI' B902As present measurement range, However, the
HP B902A°s special function capabilities enable you to make RF Frequency
and Frequency Error measurements on input signals down to =100 dBm.

The spedal function codes and their regpective ranges are shown in
Diagram 2-1. Keep in mind that these spedal functions add gain n the

RF and IF paths. If the input signal level exceeds the designated range for
the spedal functon you select {as shown in Disgram 2-1) the instrument
may overrange and display Error 02, Therefore, if you do not know the
output level of your source, simply sequence down through the special
function range settings until Error 02 is replaced by a measurement reading,




Unstable Signal

INPUT SiGNAL LEVEL {dBm}

Manual Tuning 1.7 SPCL, 9.8 SPCL, 3.5 SPCL

) | |

25 40 L] 1000 1300
INPUT FRECQUENCY (MHz)

[Diagram 2-1. Typical Frequency Measurement Ranges

Tf you are measuring an nput signal whose RF level does not remain
above —20 dBm to —25 dBm, (for example, a low level signal with
high-depth AM or a signal that is being pulsed on and off). select the
Manual Tuning mode by keying in the frequency of your input signal and
prassing the MHz key. In Manual Tuning mode, the instrument will remain
locked at the manually tuned frequency after the input signal is tumed off.




No Sensor Module

HP-IB

Time Base

Halp 2-9

using o Seasor Module. . ..o Ne Sensor Module (2-9)
-E’m.hmhﬂwmm
HECESHPERNENER -\ o e vvererannenrnreis HPIB {2.9)

« How to connect an external time base Time Base (2-9)
Measurement
* How to interpret an error code, dashes

or questionable measurement ... Solving Measurement
Problems (2-10)

A Sensor Module is not required for making RF Frequency or
Frequency Error measurements, To make measurements without a
Sensor Module, simply connect a 500} cable and Type-N adapter from
the HP 8902A's INFUT port to the output of your signal source,

The HP 89024 enables you to fully automate your measurements, Refer
ta your HP 89024 Operation and Calibration Manual for setup and

programming information.

A time base input is provided on the rear panel of the HP 8902A. This
input allows you to connect the HP F902A to an external 10 MHz
time base. The time base circuitry within the HP 89024 automatically
switches to the external time base and turns off lts tme base output
when an external time base of sufficient amplitude (0.5 Vpp) is applied
at the input. To verify that an external time base is being used, key

in 15.1 SPCL. The instrument will display a 1 if the external time
base i# being used or a 0 if the internal time base is being used.
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LSolving Measurement The HPF B902A has heen designed to feed back information about its
Problams operating status, When the HF 8%02A detects that the input signal or
operating conditions are preventing it from making accurate, reliable
measurement, it alerts you by placing an error or dash code in its display.

The circumstances that can cause the HP 88024 to display an ermor code are
classified into one of two categories:
» Input Problem, caused by input signal conditions, or

= Operating Froblem, caused by the selection of incompatible
operating functions.

Certain errors are caused only by an inpuet problem, other errors are caused
only by an operating problem, and some errors can be caused by either.

The errors that can be caused only by an input problem and the ervors that
can be caused only by an operating problem are listed in the chart below.

If your instrument is displaying one of these ervors, proceed directly to
Table 2-3. RF Frequency and Frequency Error, Error Codes, and take the
recovery action recommended,

12, 20 thrw 25,
a0, or 32

If you did not find your error listed in the chart or if your instrument is
displaying dashes or a questionable measurement, continue with the
following procedure.

1. Press the green AUTOMATIC OPERATION key. This cancels all
function settings that can cause the HP 89024 to display an error code.

2. Compare the operating status of your HF 89024 affer pressing the
AUTOMATIC OPERATION key with the following condition descriptions.
After you have identified the description that best describes your
instrument's condition, take the action recommended for that condition.
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Same Error

No Error

MNew Error

Remember
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inpuit signal,

If the error or reading remains the same after the AUTOMATIC OPERATION
key has been pressed, the error is being caused by an input problem. Look
up the error code in Table 2-3 and take the action recommended for

“Input Problem”.

If the error goes away after the AUTOMATIC OPERATION key has been
pressed, the error was caused by an operating problem, Look up the ermor
code in Table 2-3 and take the action recommended for

“Operating Problem”,

If the error is réplaced by a different ermor or dash code after the AUTO-
MATIC OPERATION kev has been pressed, the original error was being
caused by a combined input problem and operating problem. Look up the
emror code displayed by the instrumnent after the AUTOMATIC OPERATION
key was pressed. Take the action necommended for “Input Problem”.

Because af the wide variety of input sigmals and the operating
flexibility of the HP 8902A, it is not possible to list all

recovery actions for each error code. After using the table to
deternring the cause of the problem, you may discover other error
recovery procedures that are better suited to your

application.

Table 2-3. RF Frequency and Frequency Error, Error Codes (1 of 2)

Input signal level out of measuroment range.
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Tabie I-3. RF Frequency and Frequency Error, Error Codes (2 of 2)

_Frequancy of input signal 15 not within

Ingicates intarnal time basa ocven
cold (Option BO2 instrumants- ;

IF livel not within its measurement range.

Seeced S = oy
mmmmmﬁm&ﬂ

Inappropriate AF attenuation or gain setting.

IF gain’ }
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3 More about Modulation and
Audio Measuremenis

is Cha This chapter introduces the HF F902A% speclal operating capabilities that
In This Ftﬂ‘r enable you lo adapt Is modulation and audio measurements Lo vour specific
test conditions, (To use these special capabilities effectively, you should
first become familiar with the basic operating capabilities and measurement
ranges described in Chapier 1 for the Modulation and Audio measurements.)

This chapter enables you to reference directly fo the information vou
are interested in. The information is crganired into three subject areas.

# Calibration - Eefer here for the procedure to calibrate vour AM and
FM measuremenis,

+ Extending Operation - Refer here for the special operating capabilities
that eriable vou to adapt the HP BO02A to mest the specfic conditions
of your nput signal,

# Help - REefer here for heip in solving setup or operating
problems encountered in Modulation or Audio measurements.

The Directory Use the directory diagram below to quickly locate the subject you are
irterested fn. A lock-up table i3 located on the At page of each subject
area, Use the look-up table to relerence to the topics included for
that subject.







a-2 Calibration

Calibration

AM and FM Calibration

Note

The HIP BHIZA meets its specified AM and FM measurement
accuracy without needing any additional calibration other than the
recommended procedure pesformed annually o re-calibrate the entire
instrument. The following calibration procedure allows you to further
enhance the accuracy of your AM and FM measurements, however,

By making comparative measurements against a knewn modulation
level {provided by the AM/TM CALIBRATION cutput por),

the instrument creates a calibration factor that can be used to
minimize measuremeant error. Cnes the calibration factor has baen
created, you have control over when it is used by the instrument,
{There iz not a calibration procedure for the &M measurement.)

The following chart lists the special function codes for enabling, disabling,
or displayving the calibration factor, After you have enabled the calibration
factor, the HP 32024 will antomatically apply it to ts AM or

FM measurements.

17.0 SPCL
17.1 BPCL
172 SPCL

T ensure Hhe highest possible measurement accuracy, allow the
HF 59024 to warm up at {east thirty minetes before perforning
the calibration procedure. Also, to ensure that the measurement
circutiry i3 fully settled, allow the HP 8902A to update the
calibration factor at least three tines before completing the
calibration procedure. (The calibration foctor is updated
#pproximatcfy every 17 seconds wiile the Calibrator is on)




1. Connect the HF 117224 Sensor Module {or a 50 ohm cable
and Type-M adapter) from the INFUT 50 port to the AM/FM
CALIBRATION output port (lower left corner on front panel).

21, Press the AM or FM key to select the measuresment you wish
5 to calibrate. You will need to repeat this entire procedure twice
if you wigh to calibrate both your AM and FM measurements.

3. Press the CALIBRATE key to turn om the Calibrator. Wait for the
Calibration Factor to be displayed. The calibration factor will be
displayed as a percentage, This percentage indicates the relatbonship
berween the HP B302A's moasurement and the actual output of
the Calibrator. [For example, a calibration factor of 1007 indicates
that the measured valoe & exactly the same as the calibrator ocutput
value. Likewize, @ calibration factor af 100.17% indicates that the
HP B92A is rmeasuring - 17% above the Calibrator's actual cuatput.)

Remember While the HI* 8802A is in the Calibration mode (Calibrator key fif), the
calibration factor is stored in the instrument’'s non-volatile memory
m each time it is updated fapprovimately every 17 secondsh. To ensare

that the measirement circuitry is fully settled, allow the fnstrament
to wpdate the calibration factor st least three tivves before proceeding.

4. Press the Blue Shift key and then the SAVE CAL key (only
when in the Calibration mode) to enable the calibration factor
(the same as entering 16.1 or 17.1 SPCL when not in the
Calibration mode). Wait for the calibration factor to be displaped.

5. Press the CALIBRATE key to turn off the Calibrator. The calibration
procedure k= complete, You can now connect the HP 89024 to
wour signal source and ke ascured that vou are making the most
accurate modulation measurements possible with the HP 89024,
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Extending
Operation
|
-Hmhmhmremmm#to
the carrier .. Ciiiiceeiiieis.  Check Tuning (3-4) |
« How to tune to the carrier when
ather Rl‘a?pu!a or harmonics
are present. vivioos Incraasing Sslectivity (3-5)
o flowe to retune to o wew fpat
L o A Changing Frequency (3-5)
» Hour to tume fo & woisy carrier ... .. Noisy Carrier (36]
o How to track u drifty carrier ... Drifly Carrier {3-5)
* Hoawr to measure modulation on a m
carrier abore 1300 MHz ............. Frequency Overrange (3-6)
o How to measure modilation on a
carrier beloww 150 KHz . . ............. Frequency Underrange (3-6)
Agﬂ_ tude
& Hour to tene o a carrier below
—30dBm ... ........coooviieceino. Increasing Sensitivily (3-T)
s How to tune to @ carrier whose
amplitude is very unstable .......... Unstable Carrier {3-7)

Check Tuning For most applications, the HP 8902A% Auto Tuning mode enables the
instrument to antomatically tune to the input signal, (Auto Tuning mode
is the right cholee for measuring modulation on a single, stable carrier.)
The HP 8902A will inform you that it is having difficulty uning by
placing dashes, error codes, or a very inaccurate reading in its display.
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You can check what frequency the HP 89024 is currently tuned to at any
time during the measurement by pressing the Blue Shift key and then the
DISPLAY FREQ (fkHz) key. A way to ensure that the instrument is tuned to
the desired frequency is to manually tune it by keying in the input frequency
and then pressing the MHZ key. (If you are interested in details on how

the instrument operates In its Manual Tuning mode, refer to Chapter 2.)

Increasing Selectivity The selectivity of your modulation and audio measurements above 10 MHz
can be increased by selecting the 455 kHz IF. Key in 3.1 SPCL to select the
455 kHz IF with a 200 kHz bandwidth, or key in 3.7 SPCL to select 455 kHz
IF with maximum selectivity of 30 kHz. (Note that the 455 kHz IF should
only be selected for measuring modulation rates below 10 kHz ) To further
increase the selectivity of your measurement, select low-pass, high-pass,
or bandpass audio filtering using the Audlo Filter keys on the front panel.

The HP 89024 Auto Tuning mede is able to automatically find and
tune to the fundamental in a harmonically-rich spectrum as long as

the fundamental is at least 10 dB abowve the level of the second and
third harmonics. The HP §902A will also auto tune to the carrier if the
carrier is at least 30 dB above all non-harmonically related RF signals. If,
however, your input signal does not meet these criteria, the HP 89024
may have difficulty auto tuning to the carrler. If the HP B2024A unes

to a signal other than the carrier, it will cause the instrument to display
modulation and audio readings for that signal rather than the carmer.

To check what RF frequency the HF B902A is actually tuned to, press
the FREQ key. If the instrument does not display the correct carrier

frequency, manually tune the HP B902A to the carrier frequency; key
in the frequency of the carter and then press the MHz key. (Refer 1o
Chapter 2 for details on the Auto Tuning and Manual Tuning modes.)

Chang[ng Frequency Although the HP 8%024 is not designed for swept measdrement
applications, its Auto Tuning mode does enable it to automatically search

for the carrer signal when carrier frequency is changed. (For details on the
capabilities and limitations of Auto Tuning mode operation, refer to
Chapter 2.)
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Moisy Carrier

Drifty Carrier

Frequency Overrange

Frequency Underrange

Excessive noise or low-rate ibelow 20 Hz), high-deviation (greater
than 4(0 kHz) FM on the carmiér !.ip'nl can make i difficult far

the HF 88024 to aute tune to the carrier. If you know that your
carrier is neisy, o if the HP B002A indicates it 1s having diffieulty
setting up the measurement by continuously displaying four dashes,
manually e the HP 82024 to the carrier frequency. Simply key

in the frequency of the carrler and then press the MHz key. [f the

HP B902A does not display a measurement reading, press the TRACK
MODE kev. (Refer to Chapler 2 if vou are interested in details on how
the instrument operates in Manual Tuning mode and Track mode.)

The HF 8902A s able to track drifting or noisy. KF signals without sacrificing
measurement bandwidth or level sensitivity. A crifting input signal can
cause the instrument to continuously display four dashes (Auto

mede) or display Error 01 {Manual Tuning mode). Press the TRACK MODE
key to sedect the wide IF-bamdwiddth track mode function. Track Mode can

be selected with either the Auto or Manual tuning modes. Note that the
Track Mode function reduces the low frequency response of modulation
measurements and increases the level of residual modulation. (For details on
the capabilities and limitations of Track Mode operation, refer to Chapier 2.}

There are three techniques for extending the HF 89%02A's frequency

range above 1300 Mz internal harmonic miving, external local

oscillator and mixer down-conversion, and down-conversion with a
spectrum analyzer, All three techniques extend the AM, FM, and ®h
measurement capabilities of the HP B202A to microwave frequencies, Refer
to Chapter 5 for measurement examples using thess tuning technigues,

The specibed low frequency limit of the HP B902A is 150 kHz
However, you can extend this measurement range to below 50 kHz. The
procedure is simple. First, manually tune the FP 8202A to 100 MHz
and override Error 01 by keying in 8.1 SPCL. This enables the input
signal to pass directly through the input mixer without frequency
conversion. Next, suppress IF feedthrough by selecting the 3 kHz or

15 kHz low-pass filter. The analyfer is now ready to make modulation
mieasunemenis. If vou wish to display the carrier frequency. key in 34,0
SPCL {press the AM key to return to the AM measurement mode).

"y




Increasing Sensitivity

Unstable Carrier
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Two dashes or 0 MHz in the display indicates that the leve] at the
input signal is below the HP 3902A's present measurement range.
However, the HP BR02A's special function capabalities enable you fo make
modulation and audio measurements on carrier signale down to =75 dBm.

The special function codes and their respective ranges are shown in
Diagram 3-1, (Keep i mind that these speclal functions add gain in
the KF and [F paths, Enabling them for an input signal that exceeds the
designated range for that special function (as shown in Diagram 3-1)
may cause the instrument to everrange and display Error 02.) If

you do not know the output level of your source, sequence through
the ranges until the HI' 83024 displays a

nt reading.

INPUT FREQUENGY [WMHI)

Diggram 3-1. Typical Modualation and Aundio Measurement Eanges

1f you are measuming madulation on a carmier signal whose RF level does
not remain above —20 to —25 dBm (for example, a carrier that is being
pulsed on and off}. select the Manual Tuning mode by keying in the
frequency of your carrier gignal and then pressing the MEE key. In Manual
Tuning mode, the instrument will remain locked at the frequency of

the carrier after the carrier s turned off, (For details on the instrument’s
operation when in the Manual Tuning mode, refer to Chapter 2.)
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No Sensor Module

HP-IB

Time Base

Solving Measurement
FProblems

Setup

& How to measure modulation or audio
without using ¢ Sensor Module.... .. No Sensor Module (3-8)

audic Measurements oo HP-I8 (3-8)

o How to connect an external Hme base  Time Base (3-8)

Measurement
= How to interpret an error code, dashes, )
or questionable measurement ... Solving Measurement
Problems {3-8)

A Sensor Module Is not required for making modulation or
audio measurements. To make measurements without a Sensor
Module, simply connect a 50 11 cable and Type-N adapter from
the HP #9024%s [NPUT port to the output of your signal source,

The HF B902A enables you to fully automate your medulation
and audio measurements. Refer to your HP B302A Operation and
Calibration Manual for set-up and programming information,

A time base input is provided on the rear panel of the HP 8902A. This
input allows you to connect the HP 89024 to an external 10 MH2
time base. The time base crcnitry within the HP 83024 autematically
switches to the external time base and tums off the Hme baze output
wher an external time base of sufficient amplitude (0.5 Vpp) is applied
at the input. To verify that an external Hme base is being used, key

in 15.1 SPCL, The instrument will display a 1 if the external time
base is being used or a 0 if the internal time base is being used.

The HFP #9024 has been designed to feed back information about ita
operating status. When the HP B302A detects that the input signal or
operating conditions are preventing it from making an accurate, reliable
measuremnent, it alerts you by placing an error or dash code in its display,



Same Error

No Errar

The circumstances that can cause the HP B92A to display an error code are
classified into one of bwo categories:

» Input Problem, caused by input signal conditions, or
« Operating Problem, caused by the selection of incompatible operating
functions.

Certain errars are caused only by an imprt problem, other errors are caused
cily by an operating problem, and seme arrors can be caused by wither.

The errors that can be caused only Fy an isput problem and the errors that
can be caused only by or aperating problem are listed in the chart below.

If your instrument is displaying one of these errors, proceed directly to
Table 3-1. Modulation and Audio Error Codes and take the recovery
action recommended,

If you did not find your error listed in the chart, or if your instrument is
digplaying dashes of a guestionable measurement, perform the
following procedure.

1. Press the gresn AUTOMATIC OPERATION key. This cancels all

function settings that can cause the HP 89024 to display an error code,

L Compare the operating status of your HP 8%02A after pressing the

AUTOMATIC OPERATION key with the following list of conditions.
After you have identified the description that best describes your
instrument’s condition, take the action recommended for that condition,

If the error or reading remains the same after the AUTOMATIC OPERATION
key has been pressed, the error is being caused by an Input problem.

Look up the error code in Tabbe 3-1 and take the action recommended for
“Input Problem”.

If the error goes away after the AUTOMATIC QPERATION key has
been pressed, the error was caused by an operating problem. Look
up the errar code in Table 3-1 and take the action recommended for
“Operating Problem”.
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New Error

1. Measurarmant is

If the error is replaced by a different error or dash code after the
AUTOMATIC OPERATION key has been pressed, the original error was
being caused by a combined input problemn and operating problem.

Look up the error code displayed by the instrument after the

AUTOMATIC OPERATION key was pressed. Take the action recommended

for “Input Problem”.

Because of the wide variety of input sigwals and the operating
flexibility of the HP 89024, it is not possible to list all

recovery actions for each ervor code. After using the table to
determine the cause of the problem, you may discover other error
recovery procedures that are better suited to your application.

Takle 3=1 Modulation and Audio Error Codes (1 of 3}

Racheck oparating

High AM depth {>85%) on low-lavel carrer.

ineccurata. 1. Check tuning moda.
2, Measurement is slightly Inaccurate. Rafar to increasing conditions baing used.
Check madulation
BoAUrca.
2 l::;ack Calibration
In nal level below measurement range. Incraasa inp il Decrease RF
iin : hawel or Im attenuation, Refer
Measurement sensitiityy to mr:ruwrrg_
Rafer to lncreasing Sensitivity (3-7).
Sensitivity [I ﬂ.
| nstrument has detected an input signal Manually Re-check aparating
s attempling to set up measurament. nput lwmr fi conditions baing used.
Continuous dis indscates instrument s
having difficulty tuning to the input signal.
1F:lgmlwitlianpuumﬁd1:m::trtmrad¢wﬂ mrmﬂm nal Prmﬂésmﬁl?
to guaranise measurarment acouracy (due or decrease AM. | o8 fl
to mg]‘m! &1 Reter to increasing lnd
Sensifivity (3-7). prﬁblam parsists,

e,




Table 3-1 Modulation and Audlo Error Codes (2 of 3)




Table 3-1 Modulation and Audio Error Codes (3 of 3)

M1
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More about RF Power and
Tuned RF Level Measurements

In this Chapter

Tha Directory

This chapter introduces the HP 8902A's special operating capabilities
that enable you b ad,,u]:lt it= RF Power and Tuned BF Level {TRFL)
Measurements to your specific test conditions, (To use these

special capabilities effectively, you should first become familiar

with the basic operating capabilities and measurement ranges
described in Chapier 1 for the RF Power and TRFL measurements.)

This ¢hapter enables you to reference directly to the Infermation you
are interested in. The information is organized into three subject areas,

« Calibration - Refer here for information about the BF Power and
TRFL ealibration technique.

+ Extending Operation - Refer here for the special operating capabilitics
that enable you o adapt the HI 8902A to meet the spedific conditions
of your inpat signal.

* Help - Refer there for help in sclving setup or operating
problems encountered in RF Power or TRFL measurements.

Use the directory diagram below to quickly locate the subject vou are
interested in, A look-up table Is Jocated on the first page of each subject
area. Use the lock-up table to reference to the topics included for

that subject.

RF POWER —
AND TRFL

EXTENDING
OPERATION
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Calibration

AF Power Calibration

TRFL Calibration

» Hoar to suaintain RF Power calibration RF Power Calfbration (3-2)

& More about the TRFL calibration

s The acewracy of TREL measurements  TRFL Accuracy (4-5)

The RF Power calibration procedure is shown in Chapeer 1 of this
guide, Omee the procedure has been completed it does not need to be
repeated again unless you change Sensor Modules or the calibration
factors for the Sensor Module you are using change {due to repair

ar recalibration of the Sensor Module). (If the Sengor Module or

the calibration factors are changed, you will need to complete the
calibration factor entry procedure provided in Appendiz B before
proceeding with the calibration procedure shown in Chaper 1)

To Maintain Accuracy

To maintain calibration accuracy, it is necessary to pericdically press the
ZEROD key (approximately once every ten minutes while making RF Power
measurements is recommended and each tme you connect the sensor to

a different output port). Pressing the ZERO key enatles the HE BH2A

to compensate for any inherent, de-offset error in the measurement
system caused by changes in the ambient operating termnperature.

Tuning

¥ou may remember that in Chapler 1 you were told that the HP 83024
should be tuned to the frequency of the input signal when making RF
Power measurements, Even though the RF Power measirement 13 not

a tuned measurernent, the instrument uses the frequency setiing to
determine the appropriate calibration factor to select from the table of
power sensor calibration factors stered in ity memory. (If a calibration factor
is not stored for the specific frequency being measured, the HF 39024
derives a calibration factor by linear interpolation between the closest cal
factors in the storage table on both sides of the measurement frequency. )

The TRFL calibration procedure i= described in Chapter 1. Table 4-1 will
help you remember the key steps o calibrating your TRFL measuremnents.
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Table 4-1. Tuned RF Level Calibration Procedure

7. Sel tha level of your | The thiee AF measurement ranges must be

signal source fo between | calibrated sequentially beginning with Rangs 1.

0 &nd —20 dBm N - IF Detector

10 dBm Is optimum), A Synenhroncus
1 0 dBm 0 dBm
2 —40 ¢Bm —15 dBm
3 —80 dBm —50 dBm

2. Tune the HPF B902A to the] Manually: Kay in tha frequancy and prass the
fraquancy of your signal | MHZ kay, or
sourge. Automatically: Prass tha FREQ kay and salact
Autn Tuning. After the fréquency & displayed,
press e MHz key to selact Manual

Tuning and then re-enter the TRFL
BASLFEMENT Mide.

3. Press the CALIBRATE The RECAL annunciator will cnly appaar
key each tima the threa tirmas for sach fregquency (once for
RECAL annuncintor lights) sach measurament rarge). Remembaer

nat to change tha input signal lavel during

calibration (while the CALIBRATE key ig lit).

The IF Synchronous Detector

The calibration procediine described in Chapter T enables you to make TRFL
measurements using the HP 89024°s IF Synchronous detector, The IF
Synchronous detector makes a very narrow band (200 Hz) power
measurement and provides the greatest TRFL measuremnent sensitivity
{—127 dBm). (The IF Synchronous detector is the default selection for the
HP 89024.)

The IF Average Defector

A second detector is also available for making TRFL measurements.
This detéctor is the IF Average detector and it is selected by keying in
4.4 SPCL. After vou have selected the [F Average detector, perform the
procedure shown in Tablke 4-1 1o callbrated your TRFL measurements,

The measurement bandwidth of the [F Average detector s set by

a 30 kHz IF filter. {A 200 kHz IF filter can also be selected, refer

tn Increasing Sefectivity in this chapter for details). The mcreased
measurement bandwidth of the TF Average detector reduces lis
measurement sensitivity tor less than that of the IF Synchronous detector.
([Magram 4-1 shows & comparison of the measurement ranges for

the IF Synchronous detector and the [F Average detector.] Key in

4.0 SPCL when you wish to reselect the [F Synchronous detector.




Remember

=

Diagritn 4-1. The Measurement Ranges for the IF Synchronais
and IF Average Detectors

The Calibration Technigue

You may remember, that in the TREL calibration procedure in

Chapter 1 you were instructed to adjust the input signal to specific

levels (0, —40, and —80 dBm ). Mote in Diagram 4-1 that each of the
specified levels is within the overlap (calibration) reglon between two RF
measurement ranges for the IF Synchronoas detector, When vou adjusted
the input signal to each of these lewels the RECAL annunciator in the
display was it and you were instructed to press the CALIBRATE key.

Range 1

When you pressed the CALIBRATE key to calibrate Range 1, the HP 89024
maasured the level of the input signal twice. Once osing its RF Power
meter circuitry and once using the iF Synchronous detector and the

Range 1 circuit configuration, By comparing the two measurements, the

HP 32024 created a TRFL calibration factor for Range 1 that equated

the Range 1 measurement to the calibrated RF Power measurement. This
TRFL calibration factor transferred the absohute accuracy of the BF Power
measurement o all Range 1 TRFL measurements made at that frequency.

This donble measurement technigue makes it very mportant
that the level of the inpui sigwal remain stable throughout
the calibration process (while the CALIBRATE key is [i#),

~ 1

L |
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TRFL Accuracy

Relative TRFL Measurements

The RF Power measurement-to-Range 1 transfer uncertainty is £0.06 dB,

This transfer uncertainty can be eliminated by using the HP 89024
SET REF mode to make refative power measurements, When the SET
REF key is pressed, the HP 8902A establishes the current level of the
input signal as the 0 dB-reference for Range 1. The SET REF mode

enables the HIP B902A to measure relative level changes of linear devices,

such as attenuators, directly and accurately. (Refer to Chapier 5 for an
example of how the SET REF mode is used for attermator testing.)

Ranges 2 and 3

Thwe double measurement calibration technique is also used to transfer

measurement accuracy from Range 1 to Kange 2 and from Range 2 to

Range 3. The Range 1 to Range 2 and Range 2 to Range 3 bransfer
uncertainty 15 +0,04 dB.

IF Ranges

[n addition to the operating changes that occur within the HP 89024

to produce the three RF measirement ranges, there are also operating
changes that occur within each of the three RF measurement ranges.
Thess changes occur as 10 dB amplifiers in the IF path are switched in,
and as the selected IF detector is stepped over its 15 dB measurement
range. Because the amplifiers and IF detector are very linear, the typical
range-to-range error for the amplifiers is less than +0.02 dB per change,
and detector linearity uncertainty (for the [F Synchronous detector) is
less than +£0.02 dB over each RF measurement range (1 through 3).

Although calculating precise measurement uncertainty for a TRFL
measurement can invalve severdl uncertainty factors, Graph 4-1
demonstrates that even for worst case the total TRFL measurement
uncertainty 15 minimal

"" .
Absoiube accuracy whan
1esting HP BE408
g ' [warst cass)
g Absolute mr ‘whan
g tosting HP 85408 |
s Aeative ]
l]'ﬂll]‘ | Fr 1 ]
+11 0 -20 i) —Bd -8 =10 120
RF LEVEL [aBm)

'ASE = Ract Sum of the Squares

Graph 4-1. Tuned RF Level Measurement Accuracy.
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Tuning

Increasing Selectivity

Both the RF Power and TEFL calibration technigues reguire that the

HP 3%02A s tuned to the frequency of the Input stgnal. As shown In

Chagter I, there are two ways o turee to the input signal. IF vou know the
frequency of your Input signal, the most direct way to tune |5 by keying

in the frequency of the input signal and then pressing the MHz key, If vou
do not know the input frequency, set the inpul signal level (o between

F and —20r dBm, then press the FREQ key, the Blue Shift key, and the AUTO
TUNING key on the HP 83024, When the HF 8202A displays the frequency
of the input signal, press the MHz key to select Manual Tuning, and then
re-enter the TRFL measurement mode and proceed with your measurement.

To minimize the possibility of unwanted low frequency and spurdous signals
entering the passband of the TRFL measurement, a high-pass RF filter and
bandpass IF hlter can be selacted. {Table 4-2 shows the filter configurations
possible for the TRFL measurement.) Bemember that when using the

IF Average detector, the IF filtars determine measurement bandwidth. (Ba
sure to select the desired Alters before performing the TRFL calibration.)

Tabie 4-1. Filter Configurations

;'T T
ouT 200 kHz BW DT 3.1 SPCL
1N _ 200 kHz BW oUT 3.3 5PCL
ouT 00 kHz BW [ 55 BPCL
out a’-:-ﬂl iN 36 5POL
IN 200 kHz BW_ IN 8.7 BPOL
w (2% w | e




Measureaments

Noisy Signal

You can quickly rapeat TRFL measurements at various frequencies using
the HP 8202A’s eight storage registers. After you have completed the
TRFL calibration procedure at a given frequency. set the level of the

nput signal to between O and =20 dBm (so that the HI' B902A s in
measurement Range 1), Then press the Blue Shift key, the STORE (7) key
and a digit key (1-8} to store the instrument's complete operating condition
including calibration data into one of the Instrument’s storage registers.

All of the HP B902A’s current operating conditions including calibration
data will be retained in the selected storage register through power down.
Whenever you wigh to repeat the TRFL measurement at the given stoned
frequency, select the appropriate register by pressing the Blue shift key,
the REGALL (B}, key and the appropriate digit key. The instrument will
restore all of its operating conditions to the configuration that edsted
when the storage register was selected, This means the instrument is once
again configured to make TRFL measurement al the previously calibrated
frequency. (Keep in mind that calibration s not source dependent; that is,
once the HP S%02A has been calibrated at a given frequency it can be used
to measura your other signal sources sat at the same frequency as wall.)

If the input signal is noisy, unstable, or has greater than 100 Hz FM,

the narrow-band IF Synchionous detector may have difficulty

Incked to the input signal, The insteument will indicate that the input
signal is not stable enough for the [F Synchronous detector to tune o

by continuously displaying six dashes, or by alternating six dashes then
four dashes in s display, To measure the TRFL of noisy signals, select
the wider-band IF Average detector by keying in 4.4 BPCL After the IF
Average detector is selected, the calibration procedure is the same as for
the [F Synchronous detector {as shown in Callbration in this chapter). (Note
that the IF Average detector must be selected prior to calibrating Range 1.)
The measurement bandwidih of the IF Average detector is determined by
the [F filter selected (refer to increasing Sefectivity for filter information).

For added noise correction when using the IF Average detecior to

measure low-level signals, key in 31.1 SPCL* when you select the IF
Average detector (that is prior to calibrating Range 1), (This function
should only be u=ed when a Sensor Module i being used with the

HF 89024.) This function causes the instrument to create an additional
calibration factor for Range 3 (—60 to —100 dBm) which it uses to
compensate for any resicdual noise inherent within the measurement system.

The noise correction function (31.1) 1s mamtained through instrument
power down. To turn off noise correction, key in 31.0 SPCL.

* This capability is available on instruments serial prefised 25334 and above.
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Drifty Signal

Frequency Overrange

Frequency Underrange

Low-Level Signal

Input Impedance

If the input signal is drifting, the IF Synchronous detector may have
difficulty remaining locked to the input signal. The instrument will indicate
that it is having difficulty by placing six dashes or Error 01 in its display.

The wider measurement bandwidth of the IF Average detector
makes it more tolerant of signal drift. Press the green AUTOMATIC
OPERATION key and then key in 4.4 SPCL to select the IF
Average detector for vour TRFL measurements, (Mote that the
Track Mode function Is not available for TRFL messurements.)

There are three techniques for extending the HP 89024 frequency
range above 1300 MHz; internal harmonic mixing, external local
ascillator and mixer down conversion, and down-conversion with

a spectrum analyzer. All three technigues extend the measurement
capabilities of the HF 82024 to microwave frequencies. Refer to
Chapter 5 for measursment examples using these tuning techniques.

The spedified low frequency limit of the TRFL measurement is 2.5 MHz,
However, you can extend this measurement range 1o approximately 900 kHz;
the procedure is simple, Connect your signal source to the HP B90ZA

and adjust the source level b between 0 and 20 dBm: Press the Blue

Shift key and the INSTR PRESET key on the HI* %024, Manually tune

the HF §302A o 5 MHz When Error 01 is displayed, select the TRFL
measurement. Manually tune the HF 83024 to the frequency of the input
signal. When the signal level is display, proceed with TRFL calibration.

To measure the TRFL of a signal source that can mot be set to a level
bebween 0 and —20 dBm, simply use a second signal source whose level
can be set between (0 and —20 dBm to perform the calibration procedure.
Connect the HP B302A to the second slgnal source and adjust the signal
source frequency to the frequency of the signal to be tested. After vou have
completed the calibration procedure uslng the second source, reconnect

the HI' BSZA to the signal source to be tested and measure its TRFL.

To improve the SWR characteristics of your TRFL measurements, an
internal, fixed 10 dB pad can be inserted at the INPUT of the HF 89024,
Inserting this pad enables the HF B#2A to maintain a constant input
impedance over its entire measurement range. Key in 1.9 SPCL to

Inzert the fixed 10 dB pad. (Note that the SPCL key does not remain

lit.) The instrument continues o operate in its Automatic Operation
mode except that the 10 dB pad is now always inserted. (Mote that
Spedal Function 1.9 decreases the sensitivity of Range 3 by 10 dB.)
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Changing
Sensor

Setup

= How to change to another Sensor
A o e o g e e e Changing Sensor
Modules (4-10)

= How to measure RF Power or TRFL
without using a Power Sensor .......  No Power Sensor (4-11)

& How to automate your RF Power or
TREL mensurements .ooooirns HP-18 (4-12)

« How to connect an external time base Time Base (4-12)

Measurement
= Which measurement to choose for your
application ._...__.................. RF Power vs TRFL {4-12)
* How to interpret an error code, dashes
or guestionable measurement ... .. Solving Measurement
Problems (4-13)
Long Term

If you are replacing the Sensor Module with another Sensor Module,
refer to Appendiz B in this guide for the procedure for entering the
calibration data for the new Sensor Module into the HP 89024,
Short Term

If you are only using the new Sensor Module temporarily, you can

manually enter the appropriate cal factor for each RF Power measurement.

(Refer to your HP 8902A Operation and Calibration Manual for
the procedure and congiderations for manually entering cal factors.)
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Interchangeably

If you plan to use two sensors interchangeably, a second storage
table is available in the HF 8902A’s non-volatile memory. This table
is designed to be used in the instrument’s Frequency Offset Mode,
(In this mode an external local escillator (LOY, a microwave down-
converter, and a mixer are typically used to extend the frequency
range of the HP 8902A, Refer to your HP 8%02A Operation and
Calibration Manual for details on using the Frequency Offset Mode.)

By specifying an offeet frequency of zero, the Frequency Offset table can
also be accessed for measurements when an external LO is not being
used. Simply key in 27.3 SPCL and then 0 MHz (the fOFS annunciator
will light in the display). The instrument is now ready to store the
calibration factors (up to 22) for the second Sensor Module in the
Fraquency Offset table using the entry procedure shown in Appendix 8.

Cnice the cal factors have been stored, key in 27.0 SPCL when you wish to
exit the Frequency Offset Mode and use the first Sensor Module, To re-enter
the Frequency Offset Mode and use the second Sensor Module, key in

27.1 SPCL.

No Power Sensor AF Level (uncalibrated)

To make an uncalibrated RF powor measurement without a power
sensor, connect a 3081 cable and Type-N connector from the HP 89024A%
INPUT port to the output of your signal source, Press the RF POWER
key. The HP B202A will make an uncalibrated broadband power
measurement using its RF Peak detector, (Mote that the HF 82024
lights the SPCL key rather than the RF POWER key when it is using
the uncalibrated RF Peak detector te measure power.) Although the
accuracy Of this measurement is significantly lower than a calibrated
power measurement made using a power sensor, It can be useful as

a means of determining if there is any input signal present at the

HF B302A% input. If a Sensor Module is connected to the HF B902A,
the RF Peak detector can be selected by keying in 35.0 SPCL.

Tuned Level (uncalibrated)

To make an uncalibrated Tuned Level measurement {either with a Sensor
Module connected o the HF 83024 or with a BNC cable and Type-M
connector connected at the INPUT port) tune the HP 89024 to the
frequency of the input signal and key in 36.0 SPCL, The HP R902A will
make an uncalibrated Peak Taned Level measurement. Although the
accuracy of this measurement is significantly lower than a calibrated TRFL
measurement, it can be useful for measuring input signals that are drifting,
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HP-18

Time Base

RF Power vs TRFL

TRFL (calibrated)

The relative power measurement mode (SET REF) allows you to
make calibrated TRFL measurements without using a power sensor.
An example of this measurement technique is provided in Chapter &

The HP 8002A esnables you by FLLI.I:J’ automate your BF Power and
TRFL measuréments. Refer to your HP B902A Operation and
Calibration Manual for set up and programming information.

A time base input is provided on the rear panel of the HP 8902A. This
input allows you to connect the HP 3902A to an external 10 MHz

time base reference. The time base circuitry within the HP 8902A
automatically switches to the external time base and turns off its time
base output when an external time base of sufficiant amplitude (0.5 Vpp)
is applied at the input. To verify that an external time base is being
used, key in 15.1 SPCL. The instrument will display a 1 if the external
time base is being used or a 0 if the internal time base is being used.

Bandwidth

The fundamental difference between the RF Power and TRFL measurement
is their measurement bandwidth. The measurement bandwidth for the RF
Power measurement is set by the bandwidth of the power semsor being
used, For instance, the measuremant bandwidth of the power sensor

psed m the HP 11722A Sensor Moduale 15 4 GH:. thersfore the BFE Power
measurement bandwidth of the HP B2A i 4 CHz when used with the
HP 11722A. Select the RF Power measurement when you wigh to meature
total power of all modulation, sidebands, harmonics, and spurious on the
signal (as you would using an HP 436A or HF 438A type power meter).

The measurement bandwidth of the TRFL measurement is much narmower
than that of the RF Power measurement. When the IF Synchronous detectos
Is wsed to make a TRFL measurement, measurement bandwidth is 200 Hz.

When the IF Average detector is selected, measurement bandwidth is
determined by the bandwidth of the IF filter being used (30 kHz or

200 kHz). (The 30 kHz filter is automatically chosen by the instrument
when the IF Average detector is selected; refer to Increasing Sefectivity
in thiz chapter for filter selection information.) The [F Average detector
measures the total power of the signals and noise present within the [F
filter passband. Select the TRFL measurement mode when you want to
make calibrated tuned level measurements of disorete input signals.
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Solving Measurement
Prablems

Sensitivity

The mest apparent difference between the TREL measarement and

the RF Power measurement is the incréased measurement sensitivity
offered by the TRFL measurement. Since sensitivity is directly related to
measurement bandwidth, TREFL measurements using the IF Synchronous
detector offer the greatesi measurement sensitivity (—127 dBm), When
vou select the [F Average detector for your TRFL measurements,
measurement sensithvity ks determined by the Bandwidth of the selected
IF filter. That is, the 30 kHz IF filter offers § dB greater sensitivity

than the 200 kHz IF Blter. (The IF Average detector offers —100 dBm
megsuremnent sensitivity with the automatically selected 30 kHz filter.)

Like other BF power meters, the sensitivity of the HP 8%02A"s RF Power
measurement is determined by the dynamic range of the power sensor
being used, The dynamic range of the HP 117224 Sensor Module, for
instance, is —20 to +30 dBm. Using other sensors, the sensitivity of

the HP B902A's RF Power measurernent can be éxtend from —70 1o

400 dBm. (Refer to your HF %024 Operation and Calibration Manual
for Information on which power sensors can be used with the HP B902A.)

The HF 8902A has been designed to feedback information about its
eperating status. When the HF 89024 detects that the input signal
or operating conditions are preventing it from making an accurate,
reliable measurement, it alerts you by placing an error ot dash

code in its display. The drcumstances that can cause the HP BR02A
to display an error code are classified into one of two categories:

# Input Problem - caused by input signal conditions, or
» Operating Problem - caused by the selection of incompatible
operating functions,
Certain ercors are caused only by an inpat problem, other emors are caused
oniy by an operating problem, and some ervors can be caused by efther.

The errors that can be caused cwly by an fnpuf problem and the errors that
can be caused only by an operating problem are listed in the following chart.

If your instrument is disptaving one of these errors, proceed directly 1o
Tabir 4-3. RF Power and TRFL Error Codes and take the recovery

action recommended.
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Same Error

No Error

New Error

Remeamber

[f you did not find wour crror listed in the chart, or if vour instrument is
displaying dashes or a questionable measurement, perform the
following procedure,

Fress the green AUTOMATIC OPERATION key. This cancebs all
function settings that can cause the HP 89024 to display an error code,

Compare the operating status of your HP 8%02A after pressing

the AUTOMATIC OPERATION key with the conditions described
below. After you have identified the description that best fits your
instrument’s conditiom, take the action recommended for that condition,

If the error or reading remains the same after the AUTOMATIC OPERA-
TION key has been pressed, the error Is bebng caused by an input problem,
Look up the efror code i Table 4-2 and take the action recommended for
"['npl,ﬁ' Prohlem™

If the error goes away after the AUTOMATIC OPERATION key has
been pressed, the error was caused by an operating problem. Look
up the error code in Table 4-2 and take the action recommended for
“Operating Problem”,

If thee error is replaced by a differert error or dash code after the AUTO-
MATIC OPERATION key has been pressed, the original error was being
caused by a combined input problem and operating preblem. Look up the
error code displayed by the instrument affer the AUTOMATIC OPERATION
key was pressed. Take the scton recommended for “lnput Problem®,

Becavse of the wide variety of input signals and the operating
fexibility of the HP 8902A, it is not possible to [ist all
recovery actions for sach ervor code. After using the table to
determing the cause of the problem, you may discover other
recovery procedures that are better suited to your application,
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Table 4-3. RF Power and TRFL Error Codes (1 of 2
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Measurement Examples

In This Chapter

The Directory

This chapter contains examples of measurement applications using
the HP 89024, The intent of this chapter is to demonstrate the
flexdbility of the HF 8902A's measurement capability, (To perform
the measurements, an understanding of the HP 8902A’s basic
operating capebilities as described in Chapter 1 iz necessary.)

This chapter enables you to reference directly to the measurements you
are interested in. The examples are organized into the three measurerment
EIOUPS.

* RF Frequency and Frequency Error measurements

# Modulation and Audio measurements

+ RF Power and Tuned BF Level (TEFL) measurements

Use the directory diagram below to quickly locate the measurement you
are interested in. A look-up table is located on the first page of cach
measurement group, Use the look-up table to reference to the examples
provided for that group,

RF FREQUENCY
AND

FREQUEMNCY
ERROR

MEASUREMENT
EXAMPLES

MODULATION
AND AUDIO




5-2 RF Frequency and Fraguency Errar

RF Frequency
o rogueney [Prmstvies el
Error
rdumﬂwmmﬁqw : -

-Awmmwmmm :
frequency respouse of an RF device . Output Flatness (5-3)

o A way Lo guickly measure
sultf chamnel tramemitters ... Multl channel Testing (5-3)

+Awhmfmmym:mry
in parts-per-million (PPM) ... ..... Freguency Error (PPM) (5-8)

* A tway to measure signals above
HHM&H@M uﬂnur.r
L0 mizer .., vas ieioien.. Frequency Offsel Mode (5-4)

Low-Level Frequency  Here is a convienlen: way to measure the frequency stability of low-level
signals, below —60 dBm (remember that the Manual Tuning mode provides
measurement sensitivity to —80 dBem). You may remember that in Chaper 2
the special furtion codes wene given for setting up the instrument for low-
level RF frequency measurements. This procedure allovws the instrument
to automatically select the appropriate special function settings for you.

1. Set the signal source to the desired output frequency and
connect it to the HP 89024, Adjust the output level of the source
to between 0 and —20 dBm. (If the source under test cannct
be adjusted to between 0 and — 20 dBm, use a second eource
that can be adjusted to perform the TRFL measurement firse.)

2. Manuaily tune the HP 3902A to the frequency of the input signal and
then select the TRFL measurement. In the TRFL mode, the instrument
automatically selects the appropriate measurement range settings for low-
level measurements.

3. Decrease the input signal to the level at which you wish to make
the frequency measurement. I is not necessary o calibrate the TRFL
measurement if you are only interested in making an BF frequency
measuremeant.

4, When the HP 8902A displays the input signal level at which you wish
to measure frequency accuracy, press the RANGE HOLD key on the
HF BMZA,

5. Select the Frequency measurement on the HP 8002A, (If you wish
to check frequency erroe, select the Frequency Error measurement )
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Output Flatness The following procedure demonsirates a way to wse the HP B20ZA
to characterize the frequency response of RE devices. This technigue
ervables yena by .a:ru.rtlrl}' chardchene l;lul'put flatriess From
10D kHz to 3.6 GHz at levels between —20 and 430 dBm,

Connect the HF 8%02A and Sensor Module to the output of your
RF signal source. Adjust the source to the frequency at which you wish to
eatnblish the reference level.

2, Select the RF Frequency measurement and press the green AUTOMATIC
OPERATION key on the HP 8%02A.

3. When the HF 8902A displays the frequency of the input signal,
select RF Power on the HP 8%02A. The previous frequency
measuremnent enables the instrument to automatically select the
cormect calibration facior for its power messurement, {Uu the
LOG/LIN key if you wish to toggle bebween Watts and dBm unis.)
4. Press the RATIO key. This establishes the curment measurement level as the
reference level.

5. Change the frequency of the signal source, and re-select the RF
Frequency measurement on the HP 8902A,

6, When the HP 8902A displays the input frequency, select RF Power.

7. Press the Blue Shift key and then the PREVIOUS RATIO (RATIO) key
to reference this measurement to the reference level previously set in
sbep &

Repeat steps 5, 6 and 7 to check oatput flatness across the outpat
frequency range of your device,

Multi-channe! Testing Use the HP B902A to quickly measure an evenly spaced multi-charine]
transmitter {such as a. CH mdio),

L. Adjust the transmitter to its first (lowest) channel and connect its ontput
to the HP BR2A.

Z Select the desired measurement on the HP 8%02A and manually
tune it to the frequency of the transmitter's first channel. [f the
HIP 892A displays Error 01 (IF Frequency net centered), key in
8.1 5PCL to disable the wrror 50 you can read the measurement.

3 Key an increment value into the HF 8%02A equal to the channel spacing
of the transmitter and then press (| kHz key. (For example, press the digt
keys 25 and then the ff KHz key to increment in 23 kHz steps.) From now
on just press the  kHz key each time you want to increment wp by 25 kHz

4. Adjust the transmitter to its next channel, The HP 8902A will display

ithe measured value for the next channel. (Press the Blue Shift key and the
i DISPLAY FREQ key if wou wikh to check the HP 8902A's tune setting,)

5 Contaue o adjust the transmitier and then increment the HP §902A o
check each of the remaining channels.
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Frequency Error (PPM) The HP 8902A's Ratio Mode allows you to verify frequency accuracy
specifications given in parts-per-million.

1. Connect the HP 89024 to the output of your signal source, and manually
tune the HF 62024 o the expected output frequency of the source.

2. Select Frequency Error on the HF 8%02A. To increase display resolution to
10 Hz, kE}- in 7.1 SPCL.

3. Key one-tenth the manually tuned input frequency value (from step 1)
into the HP 8902A and then press the RATIO key. (For example, if the
manually tuned frequency was 179.0 MHz, you would key in 17.9 and then
press the AATIO key.)

4. The HF 8902A is now displaylng frequency error in parts-per-million.

Frequency Offset Mode This procedure demonstrates how the HP B%02A% Frequency
Offset Mode allows you to measure input signals above 1300 MHz
wsing an external oscillator and mixer. (This is one of three
technigues available for extending the BF frequency range of
the HF B902A, The other two are also shown in this chapter.)
Diagram 5-1 shows the setup for this down-conversion technique.

Dingram 5-1. Setup for Frequency Down Conversion

1. Set the signal source to the desired frequency at an amplitude
of about —5 dBm, (The optimum level will depend on the mixer
being vsed; select a kevel that will prevent mixer compresslon.)

3, Set the external LO to equal the output frequency of the signal
source plus 120,53 MHz. (For instance, if the signal source frequency
was 1.5 GHz, the LO should'be set to 2630.53 MHz2.) This positions
the HP 8902A's internal [F in the center of a tuning octave.

3, Set the output level of the external LO to +8 dBm.

4. Press the AUTOMATIC OPERATION key and then key in 27.3 SPCL,
the external LD frequency, and the MHZ key on the HF B90ZA. If
woin make a mistake, press the CLEAR key and re-enter the keystrokes.
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5 Manually tune the HF 8902A to the expected frequency of the signal
source by keying in the source frequency and then pressing the MHz key.
The Manual Tuning Mode is always the right choice for this measurement
technigue.

6, Now select the desired measurement on the HF 89024, If you are making
RF Power or Tuned BF Level measarements, the calibration factors for the
Sensor Maodule that you are using need to be stoved in the Frequency Offset
cal factor storage table. Refer to Appendiz B for the storage procedure,

7. When you want lo exit the Frequency Offset Mode, key in 27.0 SPCL.
If you wish to re-enter the Frequency Offset Mode and maintain
the same external LO frequency set in step 4, key in 27.1 SPCL.

Modulation
and Audio
« A way to measure FM bursts .. Tone Burst FM (5-5)

® An easy way tﬂmtﬁnﬂnﬂi‘
modulation of a transmitter ... ... Residual Medulation (5-6)

® A way to measure SINAD on
ﬁﬂt dio M'.:-..}: ..... R e mM
» A quick way to measnre signal-to-noise Signal-to-Notse (5-7)

A way to use the Ratio Mode o check _
‘modulation fatness ............. .. Modulation Flainess (5-8)

Tone Burst FM  This procedure enables you to configure the HP 82024 as a
Tone Burst receiver by setting a time delay between when the
HP BO02A senses an RF signal at its INPUT and when it enables
the output at the MODULATION OUTPUT/AUDIO INPUT port.

1. Connect your transmitter (modulated source) to the HF 53024 INPUT.
Connect an audio counser to the MODULATION OUTPUT/AUDIO INFUT

port.
2. Press the FM key on the HP 83024,

3, Select a detector, and if desired, Audio Filters, and an FM De-Emphasis
flter.

4. Key on the transmitter. Allow the HP 89024 to range and tune automatically.
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5. Press the RANGE HOLD key to hold all ranges and funing.
6. Key in 18.NN SPCL to set the time delay. Whera NN squals the

Residual Modulation

250

i H

RESDUAL P (He gugh
g

desired delay in milliseconds (from 1 to 99 (For instance, if a Sms
delay 34 desired, enter 18.6 SPCL, if a 50me delay is desleed, enter
18,50 SPCL.) The spedial function value will remain n the display

. Key on the transmitter. The audic counter should display

the modulation rate present at the end of the delay period.

Residual modulation & a measure of the hum and noise of the unmedolated
transmitter. For FM mohbile transmitters, hum and noise i3 defined

a5 the ratie of the output of a standard receiver with de-emphasis

when the transmitber 15 modulared and then unmodulated, (Hum and

nodae i3 usnally mepressed in dB referenced to 3 kHz peak deviation.)

. Connect your transmitler to the HP 83024 and torn off FM modulation.

. Press the 50 Hz HP flter key. The 50 Hz high-pass filter i recommended
for this measurement. The HP 89024’ residual FM is low enough
that it can measure the hurmn and noise of most fEansmitters directly.
Diagram 5-2 shows the typical residual FM characteristics for the HP 89024

3. Press the PRE-DISPLAY key and then the T50is key, The T30us

filter attenuates a 1 kHz signal by 13.66 dB {a factor of 0.2076).
. Press the FM key on the HP 8%02A to measure residual FM.

. Press the Biue Shift key and the RMS (AVG) key. This selects the true
EMS detector.

. Key [n .44 and then the RATIO key. For standard modulation, the
ratio reference is 0.440 (that i, 3.0 X 1/3 X D076 = 0.440)

7. Use the LOG/LIN key to select dB units. The display now

incicates FM hium and noise in dB relalive to 3 kHz peak deviation
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[hagram 5-2. Typical HP 8902A Residual FM Characteristics
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SINAD The HF B%02A allows you lo make SINAD measurements (al 1 kHz or
400 Hz) on the internally demodulefed awdio signal or on an external audie
signal applied w the MODULATION OUTPUT/AUDIO INPUT port.

Demodulated Audic
1. Connect your modulated signal source to the HP 8%02A% INPUT port.
2. Select the appropriate modulation mode (AM, FM or &ML

3 Key in 29.0 SPCL, the Blue Shift key, and then the 1 kHz
DISTN (PEAK+) or 400 Hz DISTN (PEAK-) key. An annunciator
in the display indicates which frequency is being measured.
4, Use the LOG/LIN key if you wish to toggle between % and dB unils.
5. Press the appropriate Audio Filter keys to set the deaired
measurement bandwidth for the internally demodulated audio signal.
External Audio

&, Connect your andio source to the MODULATION OUTPUT fAUDIO
INPUT port on the HF 83024,

7. Press the AUDIO INPUT key (key should remain lith

B. Perform steps 3 and 4 above to measure the SINAD of the external
audio signal.

Signal-to-Noise The HF BR0ZA's Ratic Mode makes if easy to make relative measurements
sunch it ﬂﬂna]m:-'nl:x'm.- on AN transmitters or hbum and nokse on
M tran=mitters.
1. Connect your signal source to the INFUT port on the HF B300A and turn
the modulation off.

2. Select the appropriate modulation measurement on the HP 89024, (AM,
or FM) and the RMS detector.

3. Press the RATIO key to establish the unmodulated input signal as the
reference measuremaent,

4. Presa the LOG/LIN key if you wish to loggle between % and dB units.

. Turn on the modulation at the modulation source. The HIP 82024 will
compaite and display the signal-to-notse ratio.

("1}
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Modulation Flainess

54 Down-Conversion

The HP BO02A's Ratio Made makes it easy to make relative measurements
such as modulation flatness.

1. Connect your modulated source to the HP 8902ZA% INPUT.

2, Select the appropriate modulation messurement on the HP 89024,
1AM, FM, or BM).

3. Key in a reference modulation and press the RATIO key. (For instance,
press 3 and then the RATIO key to establish a reference of 3% AM depth,
or 3 kHz FM deviation,) Or, simply press the RATIO key by itself to
establish the signal present at the HP 89024 INFUT as the reference.

i. Press the LOG/LIN key if you wish to toggle between % and dB units.

5. Vary the modulation rate of your source across the andio
spectrum. The HP 89024 will display medulation fatness as
the change in measured modulation relative to the reference.

The measurement range of the HF B902A can be extended above
1300 MHz for modulation and audio frequency measurernents by
using a spectrum analyzer as a fixed-tuned receiver, (This & cne
of thrae techniques available for extending the RF frequency range
of the HP 314, The other two are also shown in this chapter.)

1. Connect the signal source, spectrum analyzer and HF 8502A as
shown above.

2, Tune the spectrum analyzer to the oulput frequency of the signal source.
Set the spectnam analyzer in its zero span mode with linear detection, and
geliect a resolution bandwidth that is wide enough to pass the input signal
(e.g- 3 MHz).

3. Adjust the spectrum analyzer fine frequency control to peak the signal
on the spectrum analyzer display.

4 Tune the HP 8902A to the IF output frequency of the spectrum
analyzer and select the desired modulation or audio measurement.
{Wote that residual FM measurements will generally. be limited by the
phase noise characterlstics of the spectrum analyzer’s local oscillator.)
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RF Power
and TRFL
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Measuremeant

-Amhmihﬁ?ﬂﬁ‘!’mﬂfar - ! -

A ey fo mnwnﬂk
that can wot be adjusted
to between 0 and —20 dBm ... Low-Level Signals (5-10)
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qmmmﬁum-...........-.. Harmoniz Mixing [5-11)

This messurement technique will enable you i measure the relative
level change of devices, such as attenuators, dinectly and accurately.

Diingram 5-3. Attenuator Measurement Setup

1. Tune the signal source to the desired frequency.

2. Set the level of the output signal from the device under test to 0 dBm
and connect it to the HP 8902A.

3. When the HF 8902A displays the Input signal frequency. press the MHz
key, the gold 5 key, and then the Tuned AF Level key on the HP B90ZA.
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RF Powar and TRFL

Low-Level Signals

4. After the measurement has settled, press the Blue Shift key

and the SET REF (ZEROQ) key. This establishes the current
input level as the 0 dB reference for the TRFL measurement.
Mote that the RECAL and UNCAL annunciators are now off,

Press the LOG/LIN key if you wish to toggle between %% and dB.

Begin stepping down the output level of the device under test by
increments of 10 dB or less. Press the CALIBRATE key vach time the
RECAL annunclator ls displayed.

. When you want to exit the relative measurement mode, key in 26.0

SPCL. Key in 26.1 SPCL if you wish to re-onter the relative measurement
mode and continue to use the previoushy established (¢ dB reference.

This procedure will enable you to measure low-level signals that can
not be adjusted to between 0 and —20 dBm (such as spurs) down to
—110 dBm; even in the presence of larger signals as close as 2 MHz
This example also demonstrates how the Store and Recall functions
help you quickly repeat TRFL measurements at various frequencies,

. Connect the HP 8902A to a signal generator and adjust its

output io 0 dBm at the frequency of the spurious signal.

. Manually tune the HP B%2A to the input signal and perform the

TRFL calibration. Performing TRFL calibration is actually optional.
If you do not perform the calibration, the HP 89024 will make
uncalibrated measurements with approximately &+ 1.5 dB accuracy.

. When the TRFL calibration is complete, return the signal generator level

to between 0 and —20 dBm.

. Press the Blue Shift key, the STORE (7) key, and the 1 digit key. This

stores the current frequency setting and calibration data in register 1,
Repeat steps 1 through 3 at the frequency of each spar to be tested
(up to eight), (If you wish to check more than eight frequencies, use
an external controller and the 38N special functions to ereate a TRFL
calibration factor data base and the 33N spedal functions to re-enter
the calitration factors as they are needed to check each frequency.}

. Connect the HP 8902A to the spor source, and press the Blue Shift key,

the RECALL (8) key and the 1 digit key. This causes the instrument to
rerall the frequency setting and TRFL calibration data stored in register 1
The HP 89024 now automatically ranges to and displays the level of the
spur. Press the LOG/LIN key if you wish to toggle between Wattz and
dBm units,
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Noisy Source

Harmonic Mixing
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Diageraen 5-4 shows how to set-up TRFL measurements for an
extremnely noisy signal source; Using this setup, signal lewvels with
many MHz of residual FM deviation can be measurad o —100 dBm.

Iiagrom 5-4. Setup for Measuring the TRFL of an Extremely
MNoisy Source.

The only requirement on the signal source is that it have an awdliary
output, The auxilliary cutput is down-comverted and substitutes as the
local oscillator (LOY for the HP 8901A. With this setup, the same nasidual
Fid, dirift, or instablilty present at the signal source outpat i= also present
on the LO input to the HP BS02A. This enables the IF Synchronous
detector in the HP B902A to sutomatically irack the nolsy inpul signal.

In mormal operation, the HF 8902A uses the fundamental mixing of
its internal local cscillator (LO) to make measurements to 1300 MHz.
Yous can exténd the measurement range to 2.1 GHz by using
harmonic mixing of the internal LY, (Because harmonic mixing
produces higher conversion loss, measurement sensitivity beging to
degrade above 1300 MHz to — 105 dBm at 2.1 GGHz.) This i one

of three technigues avallable for extending the EF frequency range
of the HP B%2A The other bwo are also shown in this chapter,

Connect the HP 8902 A to the signal source and set the source level

to between 0 and —20 dBm. Disregard Ervor 10 if it is displayed.

Press the Blue Shift key, the INSTR PRESET key, the gold 5 key, and the
TUMED RF LEVEL key.

Key in 3.6 SPCL to select the narrow-band 455 kHz IF filter.

Prass the Blue Shift key and the DISABLE ERROR (RANGE
HOLD) key to disable Error 01 if it remains in the display.

Manually tune the HF $902A to a frequency equal to 0.30333 MHz
iesa than one third of the signal to be measured, (For example,

by fune -t a 2100 MHz signal, manually tune the HP BRIZA to
6096867 MHz: (2100/3) - 030333 MH: = G9.0967 MH:)

Decrease the level of the input signal and perform the TRFL calibration.
Press the LOG/LIN key if you wish to toggle between Watts and dBm units.,
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Installation

Unpack Your
HP B8902A

Inapect the shipping container for damage. [f the shipping contalner ix
damaged or the cushloning material inside is stressed, keep them until
you have checked the shipment for completeness and proper operation.

If components are missing from your shipmens, oe if there ia
mechanical damage or defact, notify the nearest Hewlbetl-Packard
office. I the shipping container or cushioning material shows
signs of stress, natify the carmer as well as the Hewlett-Fackard
nffice. Keep the shipping materlals for inspection by the camies.

Connect Power

I you ave not sure of the power or fuse requiremenis for your instrument,
refer to Section 1 of the HF #9024 Operation and Calilration Manual for
further information.

Connect
the Sensor

Connect the Sensor Module to the SENSOR and INFUT ports. (Refer to
Appengiz B in this goide for information on configuring the HP §802A to
operate with your Senscr Module,)

Turn On
Instrument

If you are operating this instrument in extreme environmental conditions,
refer o Section 2 of the HP 8902A Operation and Calibration Manual for
specific operating limitations.




Calibration Factors

What to Do

The calibration data for the Sensor Module you are using must be entered
into the HP 89024 before it can make calibrated RF Power measurements.
To determine the appropriate action to take, find the description below
that best deseribes your cireumatances and take the action recommended,

Descriptions

New HP B902A
{Option 021, E02, or
E04) or HP 83025

No Cal Factors
Entered (Error 15)

Sensor or Cal
Factors Changed

Not Certain If Correct
Cal Factors Entered

Microwave
Sensor Module

If your HP #9024 and Sensor Module were erdered together as an Option
071, E02, ED4, or as part of a system, the calibeation factors for the

Sengor Module have already been entered into the HP 39024, [You can
return to Clapter 1 to begin making measurements with the HP 89024.)

If the HP 89024 digplays Ervor 15 when you press the RF Power key,
o cal factors have been entered. Perform the Enfry Procedure now.

1f you are changing sensor modules or if the cal factars for your Semsor
Modube have changed {due to repair or calibration), perform the Extry
Procedure o enter the new cal factors.

[f you are ot certain that the cal factors in the HP R902A match the cal
factoms of the Sensor Module you are using, perform the Verification
Procedure pravided In this section. If the cal [actors in the instrument do not
emazch those Hated on the label of your Sensor Module, perform the Entry
Procedure.

If you ase entering calibration data for @ miceowave Sensor Module,
such as the HP 117924, key in 27.1 SPCL to enter the Fequency Offset
Mode ane then perform the Entry Procedure. (When you get o step 7,
enter the calibration data directly from the Sensor Module's label.)
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1. Find the Reférence Calibration Factor on the label of your Sensor
.Eﬂf.rf chedure Module (REF CAL FAC), Record that value in the space provided in step &
of this procedura.

2. Find the Calibration Factors listed on the Sensor Moduale label (CAL
FACTOR %) Record each value in the appropriate space provided in step 7
of this procedure.

3, Connect the Sensor Module to your HP 8M2A and press the Blue Shift
key and then the green AUTOMATIC OFERATION key on the front panel
of the HI* BRIZA.

4. Key in 378 SPCL (press the 37.9 digit keys and then the SPCL
key, lower right corner). This clears the HP 8002A% non-volatile,
cal factar storage table In case it contained any incorrect data.

5. Press the ARF POWER key. The instrument will display Error
15, (Error 15 will go away once the calibration dala is entered.)

Enter Reference &6 Keyin373SPCL, | the Blue Shift key, and then the MHz
Cal Factor key,

Remembear Press the CLEAR key if you miskey a digit, If you suspect that you
have entered wrong data, complete the Entry Procedure and then
w perform the Verification Frocedure fo check the stored data, The Error

Correction Procedurss tedll enable you to change any incorrect dita,

Enter Frequency/Cal 7. Enter the frequencies and cal factors using the key sequence
Factor ,pz-l,g[m (Entry Code, Frequency, then Cal Factor%) shown in the lable
below. Repeat the procedure far each frequency/cal factor pair listed

37 .3 8PCL a M= Bilue key, MHz
7.3 8PCL 2 R Bliua key, MHz
- 1 L Ll
- 3 L L
L] 10 L .
- a0 . .
- 100 . -
- 300 . .
- 1000 . - -
- 2600 . .
8. Press the green AUTOMATIC OPERATION key to reset the . I
instrument to normal operation. You have completed the cal factor

Entry Procedure, The following Verification Procedure will enable
you to werify that the data in the cal factor storage table is comect, |
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Verification 1. Press the green AUTOMATIC OPERATION key and then the
P du RF POWER key. If the HP 8902 A displays Ervor 15, there is no
roceaure calibration data stored in the nstrument; perform the Entry Procedure.

Verify Reference 2. Key in 37.5 SPCL, the Blue Shift key, and then the MHE key. If the
Cal Factor displayed Reference Cal Factor does not match the Reference Cal Factor
(REF CAL FAC) on your sensor module, perform stop 1 and step & in the
Entry Procedure.

Verify Frequency/Cal 3. Repeai the key sequence shown below to display each frequency
Factor Pairs and Cal Factor stored in the HP 8%2A's non-volatlle memory.
Chedck each frequency and cal factor pair against those listed on your
sensce module. (If you want to review the cal factor storage table more
than onece, enter 37.5 SPCL to return to the beginning of the table.)

Blus ey, {kHz
4. Press the green AUTOMATIC ORERATION key to resel the instrument
to normal operation. You have completed the verification procedures,
You will not need to repeat the Enfry Procedicee again unless ypou

use the HP #9024 with another Sensor Module or change the
cal factors for this Sensor Module (due to repair or recalibration).

Error Correction
Procedures
Cal Factor

[f the frequency is correct but the cal factor is not, perform step 7
in the Enfry Procedure for that frequency and enter its correct cal
factor only. (The HP 8302A will place the new entry in the comect
position in the table and remove the incorrect eal factor.) (For
example, if an incorrect cal factor value was entered for 10 MHz
sou would correct it by entering 37.3 SPCL, 10 MHz, the correct
cal factor value, Blue Shift key, MHz, The HF 82024 automatically
positions the new cal factor in the 10 MHz posldon In the table.)

Frequency = I an incorrect frequency is stored in the table, remove the
incorrect frequency by performing step 7 of the entry procedure
using the incarrect frequency and entering (b as the cal factor.

Botfr » If vou need to add both a frequency and its cal factor to the storage table,
perform the entry procedure (step 7) for the correct frequency and cal factor,
(The HP B902A will place the new entry in the correct position in the table.)
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