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BN 1. Introduction e s

The 33014 Modulation Analyzer is a calibrated receiver
that combines several RF measurement capahilities in
one mstrument, It measures modulation (AM, FM, G},
frequency, and power automatically, with all major
functions requiring onh a single keustroke. Once the
hunction is selected, the 33014 automatically tunes to the
input signal, selects the appropriate range, makes the
measurement, and displays the resull, Accuracy for AM
and FM is 1% of reading for most rates and depths, or
deviations. Lew internal noise and high separation
between AM and FM demodulators make possible
meastrement of small amounts of residual or incidental
modulation. Several front panel keys put the analyzer in
special measurement modes. For example, the FM de-
ernphasis PRE-DISPLAY mode greatly simplifies
measuring flatness of pre-emphasized FM transmitters:
the PEAK HOLD mode captures modulation transients

for broadeast monitoring, and the percent and dB ratio
micles provide flexible display formats, These features
and capabdities make the B3ILA ideal for deranding
appiications such as signal generator calibeation and
transmitter festing

This application note contains information for making
full use of the analyzer's capabifities. It inchudes step-by-
step procedures for calibrating signal generators,
measurng WVCO Enearity, and testing FM transmitters
(section 2, brief theory of operation (section 3);
descriptions and uses of the special functions (section 4);
theory and operation of the optional calibratars {section
5); and remote HP-IB! operation with various Hewlett-
Packard controllers (section 6).

1 HP-8B s Hewlett Packards implarrentation of [EEE Standard 488.




BN 2. Applications

The performance and features of the Modulation Ana-
hzer make it a versatile RF measurement tool As a
bench instrument used with an audio oscillator the B901A
performs most mobile radio transmitter tests in several
keystrokes. The percent and dB relative ratio modes
provide flexible display formiats, These features along with
standard de-emphasis and audio filkers simphfy many
measurements that are presently tedious. For exarmple,
flatness of pre-emphesized FM transmitters can be
maasured directly in dB by merely sweeping audio
frequency into the transmitter microphone input. Besides
ease of use, unprecedented accuracy and the internal
calibratos apticn make the 300LA ideal for calibrating
signal generators. High AM and FM separation and a low
reoase local oscillator make the 8900A useful as a general
purpose lab instrument for incidental and residual
maddulation measurements and in characterizing crystal
oscillators. Orther applications include 1C testing,
broadcast monitoring, and testing [LS transmitters. This
section describes several major applications of the B3014
Modulation Analyzey,

Mobile Radio Transmitter Testing

[ the design of the Modulation Analyzer careful
attention was qwen to festing requirements of mebile
transmitters. Three of the most mporiant measurements
cammonhy made are

Power output

Frequency error

Modulation limiting
These measurements are impartant because they have a
direct bearing on the transmitfer's operating range and
because of government regulations. The 89014 measures
power, frequency, and modulation with single kevstrokes.
Besides these basic measurement capabilities, the
Modulation Analyzer contains the appropriate FM de-
emphasis filters, post deleclion measurement bandwidth
ffters, and detectors required for performing almost all of
the standard mobile transmitter tests as specified in ELA
Standards RS-1528 and RS:3824, and CEPT
Recommendation TRA17 Annex [, 1T, and I, The 83014
meets the vast majority of fransmmitter testing
requirements when used with an audio source to provide
test tones for the transmitter microphone input. In tables
2-1 through 2-4 the B301A test capabilities are compared
with the most widely accepted industry standards.

Table 2-1. FM mobile transmitier tests per CEPT
Recommendation TR/ 17 Annex [, [, and 111

T
Can BS01A
Tast Teat? Cammenls
Frequency g3
Tolerance
Garrrigr Powar \GH Reguires a power
attenuator for levefs
=1 wat
Adjacant Ghanngl o
Power
Conducted Spurious Mo
Emission
Maximurm Yoz
Parmissinle
Frequency Deviation |
Transmitier ¥os
Modutator Limiting |
Characterisiic | |
Freguency Deviatian fes The BIOTA dB ralio
Raduction Tor mocde providas dirsct |
Madulation display of maasuremant
Friequancy = 3 kHz resulls accarding Lo
tha speacification.
Madulator [ An acoustic transducer
Sensitivity, Including i% required
tha Microphane
Transmitter Audio Yirs
Frequency Respanse
Audin Frequency Yers Requires a gisiortion
Harmomic Distortian anglyzer connecten 1o
the MDD ATION
| DUTPUT
Feesiciual Transmmitier Yeg: |
Madulation | [

Table 2-2. AM transmitter tests per ELA RS- 2824
Can BOMA I i

Tezd Tasl? | Commantg

Carrier Dutpul Power Y= Requiras a power
attenuator for [evels
=1 watl

Condugted Spuriaus Limite H90A can measure

Emissions carrier harmonics to
approximately —50 g
{or minkmum absolute
lewels of 50 dBm)

Aazdiated Spurious Mo

Emissigns

fudio Frequency eg Requires & distartion

Harmonic Distortion amalyrer.

Audia Frequency g

Regponse

Hum and Noise e

Lewel

Transmitter fes

Fraguancy Slability

Transmitter Mo Renuires a spectrum

Madulation analyzer.

Spectrum




Table 2-3. FM mobile transmitter tests per E1A RS-1528

Can B900A
Test Tast? [Comments

Carrier Power Yo Reguires a power
attenwator for levels
=1 watl

Conducted Spurious No

Emission

Radiated Spuriaus Na

Emission

Aadia Freguency fag Requires a distortion

Harmpnic Dastartion analyzer connected 1o
MODULATHIN (UTPLT
of B80A

Audin Frequency LLH]

Aesponse

FM Hum anid Neige Yes

Modulation Limiting

Insantanenus Yes

Steady State Yz

Carrier Frequency Yes. Ea01A measures fre-

S1ahikity quency ta 10 Hz
resobution. External test
chambers must provide
varying temperature
and humidity.

AM Hum & Noise feg

Transmitler Mo Requires a spectrem

Sideband Spectrum analyzer

Carrier Sitack Time Renquires a storage
oscilloscope cannecied
to B&diA IF OUTPUT

Table 2-4. Sinale sideband (SSB) transmitter tasts
per E1A RS 474

Can BOMA
Test Tesi? Comments

Feak Envelope Yes REQuires powear

Powar Quiput altenualor lor levels

{Twn Tore) = | watt

Conducted Spurigus Limitled BEOTA can measure

Emissions carries harmoaics o
approximatety —50 dBc
{or minimum absalute
bevels o ~50 dBm)

Radiated Spurious Mo

Emissians

Audio Frequency Yes

Fiesponsa

Fraquency Stabalily Yes

Imermodulation Ho Requires a specirum

Distortion anakyzer.

Common Transmitter Tests
with the 8901A

With the 8901A most transmatter tests require only a
few keystrokes, Several features e PEAR HOLD and
PRE-DISPLAY really smpliify measurernents that are
presently difficult or tedious to perform. The percent and
dB ratio modes allow the 85%01A to display measurement
results in the units that are most often used, For
example, FM hum and noise can be displayed in dB
down from a user-entered reference deviation. The
following procedures show how to perform the most
comrmon fransmitter tests with the 89014 Some of the
examples shown are for FM transmitters. However, the
BO01A warks equally well with AM or $M transmitters.

Power

The B901A measures power in watts in RF level mode.
Semetines <Bm B preferred 1o watts, Since 0 dBmis 1
millrwatt the keystrokes to display power in dBm are

slolojafo

The BO01A measures power for imputs up to 1 watt (=30
dBm), and s refav protected for overloads up to 25 watls.
The error message “E06" is displayed when an overload
occurs. Normal operation resumes after any key is
pressed and the overload condition 1s no longer present.

Frequency Error

The Analvzer measures the transmilter Freguency in
frequency mode. In normal operation the B301A
automatically adgusts. the counter resolution as a function
of nput frequency to obtain a display rate of 3.6
readings/second. This constant display rate can be
overtidden with special functions in favar of better
resolution. For masimum resolution (10 Hz) use the 7.1
special function. The keystrokes are

ojsjolo

Special functions are described further in sections 4 and
. The B901A can also display frequency error. The
keystrokes to measure the frequency envor of a 464.55
MHz transmétter are

UEPWLUEOBUE

The display indicates the frequency error. Frequency
error can also be displaved m parts per million {ppm)
using percent ratio mode. After the previous kevstrokes
enter 0.1 times the frequency input in MHz (46.455 for
this example) and press the percent ratio key.




Microphone Sensitivity

Microphane sensitivity is the audio level at the
tranamitter rricrophone nput that produces standard test
modulation on the transmitter output. Standard test
muodulation is defined as a 1 kHz rate and 30% depth for
AM transmitters or 3 kHz peak deviation for FM mobile
trangmitters. For an FM transmitter the keystrokes are

alolo

The audio level is adjusted untl the B201A ndicates
standard modulation {Figure 2-1). This audio level is

used as the reference microphone input for several of the
following tests.

Incidental AM

Incidental AM i the amount of AM modulation
produced when the transmitter is frequency modulated
to standard test deviation. Incidental AM = measured by
pressing the AM key,

Andio Distortion

Transmitter audio distortion is measured with the
equipment setup of Figure 2.1 with a distortion analyzer
connected to the 8901A MODULATION OUTPUT. The
audio source level should be adjusted to produce
standard test modulation. The recowered modulation is
available at the MODULATION OUTPUT. Most FM
fransmitters employ pre-emphasis which boosts the lewvel
of high frequency audic signals at the microphone input.
FM receivers low pass filter the recovered audio with de-
emphasis to réproduce the original microphone mput
signal. The BO01A has four de-emphasis networks
including 25 g5 for Dolby FM broadcast, 50 6 for
Europesn FM broadcast, 75 us for LS. FM broadcast,
arvd 750 ps for mobide radio transmitters. When selected
these de-emphasis networks low-pass filter the
MODULATION QOUTPUT signal. The appropriate
network should always be used when measuring FM
franemitter distortion.

Audio Flatness

Transmitter audio flatness is the change in modulation
as the frequency of the microphone audio input signal is
varied. For FM transmitters the change in madularion is
measured with respect to the appropriate pre-emphasis
characteristic. FM mobile transmitter Aatress is normallk
measured (per ELA Standard RS-152B) by monitoring the

audio input kevel required to produce 30% rated deviation
as the audio source frequency is varied from 300 Hz to 3
kHz. This procedure & tme consunming since it requires
level adiustment at each frequency. The 8301A features a
spercial de-emphasis mode called PRE-DISPLAY which
greathy smplifies measuring FM flatness, FRE-DISPLAY
mewde pesitions the de-emphasis network before the
maxdulation measurernent detectors and the B304
performs as a standard receiver for measuring flatness
drectly (Figure 2.2). Furthermore, in dB ratio mode the
analzer displays the response in dB relatve 1o a desired
reference rate {usually 1 kHz). The 8%01A measures FM
mobile transmitter audio flatness with the following
procedure:

1. Press

) PEaEs
D
2 Set the audio source 1o 1 kHz and adiust the leuel to
procuce 20% rated deviation,
Mote; 20% is used rather than 30% to avoid possible
audio limiting problerms near 3 kHz rates.
3. Press

MLDISLAY TR a8

i [0

4. Wary the audio frequency befween 300 Hz and 3 kHz.
The 39014 indicates the transmitter audio frequency
response in db,

Modulation Limating

Modulation Imiting is a measure of the abiliby of the
audio brmaters to prevent the trarsmitter from
overmodul ating and disrupting commurucation o rrearby
channals. Both instantancous and steady state limiting
are measurements of interest. The BH01A features a
special detector mode called PEAK HOLD that areatly
simplifies measuring instantaneous imiting, In PEAK
HOLD musde the peak detector decay tme constant is
areatly increased and the deplay s updated only by
larger measurement resulls. PEAK HOLD &5 usable with
either the PEAK + or FEAK — detectors and m AM, FM,
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Figure 2-1. Transmitter test setup.

Figure 2-2. 89014 PRE-DNSPLAY de-emphasis meode.




or $M mode, The BI0LA measures instantanenus bmiting
of FM mobile transmitters with the foflowing procedure:

L. Press

() 6

and adjust for standard test deviation.
2 Press

PLAR 1CLD

=)

and suddenly increase and decrease the audio level 20
dB. Repeat the transient several times 1o ensure that the
B901A captures the largest transient. The display
indicates the mstantanecus limiting in kHz.

3. Steady state limiting can also be measured. With the
andic level increased 20 dB press either PEAK + or
PEAK ~. This takes the BI01A sut of PEAK HOLD
mode.

Before the XA, the most common method of
measuring instantaneous modulation limiting was using &
calibrated storage oscllescope technigue with a
modulation meter demodulated cutput. The scope
method takes longer to set up, provides limited accuracy,
and cannot be automated.

Residual Modulation (Hum and Noise)

Residual modulation is a measure of the hum and noise
of the unmodulated transmitter. The R901A has an
average responding detector that is helpful in making
noise measurerments. The AVG detector s average
responding but rms smewave calbrated, It is used when
measuring residual modulation because average or s
reading of noise is more appropriate than peak
measurements. Residual FM is often measured in a 300
Hz to 3 kHz bandwidth. To make this measurement the
audio source is removed from the microphone input and
the followang keystrokes made:

QRojolo)
The display indicates the residual FM, For FM mobile
transmitters hum and noise = defined as the ratio af the
autput of a standard receiver with de-emphasss when the
transmitter is modilated and unmodulated, Hum and
noise is usually expressed in dB referenced to 3 kHz peak
deviation. This can be displaved directly with the B901A
using the dB ratio mode. The 750 us filter attenuates a 1
kHz signal by 13.66 dB (a factor of 0.2076). Also, since
the aversae detector is used the rms value

of the reference deviation is used. For standard

modulation the ratio reference is B0 (30 % 12 %
0.2076 = 0.440) and the keystrokes are

s i LAY .l_“.-l L] ol
DLWOwdWUWL
The display now indicates FM hum and noise in dB
ralative to 3 kHz peak deviation. The 50 Hz high-pass
filter i= also recormmended for this measurement. The
H01A residual FM i low enough (<28 He @ 1300 MHz in
a 50 Hz to 3 kHz bandwidth decreasing hnearly with RF
frequency) that it can measure directly the hum and
noize of most transmitters. Section 4 contamns typical
curves of the 89014 residual FM.

Automatic Transmitter
Testing

The Modulation Analyzer is fully programmable and
HP-IB operation s standard, All of the common tests just
deseribed (except distortion) can be automated with the
Modulation Analyzer, a programmable audio source,
desktop computer, and plotter (Figure 2-3), An example
program using this equipment periorms a comprehensive
characterization of the transmitter automatically. Figure
.4 shows a sample cutput. The program takes
approximately 4 minutes o run—21% minutes o label the
fitkes and graphs, and 1% minutes o perform the
measurements. A ksting and description of the program
included in section 6.

MooULAT M
ANALYTER

-
MIHORHONE

PHPUT

Figure 2-3. Automated FM transmitier testing




Signal Generator Calibration

Signal Generator calibration is another major
application of the BO0LA Modulation Analveer, The 80014
is ideally suited for testing signal generators because it is
the electrical dual of a signal generator; signal generators
are calibrated transmitters and the Modulation Analuzer
is a calibrated recenver. The cutstanding accuracy aned
low noise of the B901A enable it to test the modulation
performance characteristics of the finest signal
generators. This accuracy is easily verified with the
opticnal calibraters which are essentially a secondary
medulation standard. Because the 89014 makes
modulation measurements directly it substantially
reduces the amounl of test equipment required to
perfiorm modulation calibration (Tahle 2.5, Calibration
time 15 also significanth) reduced because many
adjustments on ather instruments are efiminated. Table
2-6 compares the time required to calibrate the modulation
af the HP 86408 Sigral Generator with and without the
BS0LA. The test fimes listed include time to read,
perform, and record the results for each procedure,
Although the tests were performed on an 85408 Signal
Generator, they are tepical for many other signal
generators, Lsing the BX01A the measurernents are made
six times fastey than present lechriques, saving over four
hours. Also, to keep test times within reason, measure-
ments made in the comentional way are often imited to
ondy a few RF frequencies. In contrast, the 84014 in auto.
track mode can continuously measure modulation s the
generator under fast is tuned through octave bands.
Hence, tests made with the 89014 are much more
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Figure 24, Examnple owipur of transrmitter test program

thorough, vet they are performed in much less time. In
summary, the 3%01A s a valuable toal for aryone testing,
repairing, or calibrating signal generators. The test
procecdures on pages 8 to 10 compare clder methods
and #M1A methods for several 85408

performance tests,

Table 2-5. 86408 Signal generator modulation
calibration equipment comparison

With 88014

Wilhout B2OIA
BE54B Spectrum Analyzer

BOMA Modulation Analyzar

33364 Audeo Synthesizer BE4OE Relerance Signal
Qistartion Analyzer Generalor
7154 AMFM Test Source BADSA Yector Vo ltmeter
34554 Digital Vollsneter 53270 Frequency Counter
IN08 Funclion Ganaratar
1804 Dscilloscops
3314 Distartion Anaiyzer

34904, Digital Voltmater

E51A Test Dscillator

34004 Voltmeter

3304 Frequency
Discriminatar

AESA Amplilier

3550 Step AMenualon

BE71A Crystal Datecior

423A Crysial Detector

Asgaried tiers. loads,
and mixer

|

Table 2-6, 36408 Signal generator modulation
calibration time comparison

I

Test Time
s wilh | without cesbaicun
Ba0IA | BO0NA
AM Tesls

AM Accuracy | a0

Hezidial AM 2 15

AN Distortion 5 15 Requeres distortion
armalyzer

AM Banchwidih 5 15

AN Sensitivity 2 15 Renuires audu synihesuer

Incidental FM z L]

FM Tastz

FM Accuracy 3 30

Residual Fid 2 15

FA# Distotnon 3| 1% | Requires distorton
analyrer

FM Bandwidth 10 an Requirez cali brating A901A
wilh the HP 117154 AMFIK
Test Source and audia
synthesizer il rates =200
KHE are tested

FM Zemsitivily e 15 Requeires andio synthegizer

Incidental AM 2 15

Tital Time 4 min | 5 hours
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MADC S ATHIN AMALT ZEN
BEIN SIGMAL GEMERATOR

TIME: 3 minutes with 8501 A.

PROCEDURE: To measure indicated AM accuracy,
connect the 89014 to the 86408 Signal Generator. Using
the internal 836408 audic oscillator at 400 Hz and 1 kHz
rates, set various AM depths on the 85408 meter and
read accuracy on the B%I1A by entering the same depth
on the keyboard and pressing the % ratio key. For
example, with the signal generator AM depth sef to 306,
key in

e %
alajoio
The BO0LA nowe displays the accuracy in percent.

P ADDITIONAL CAPABILITY
Variable RF Frequency Using Track Mode
Additional time: 3 minutes.
| The 890lA can also measure modulaton fatness
| (usually measured in dB) as RF frequency 1=
continualush varied using track mode, Set the 8630
audio oecillator o 1 kHz or greater and key n

olsjojolo

Now vany the RF frequency. The 8901A tracks the
changing RF signal and displays modulation
sensitivity in dB as carrier frequency varies,

AM Accuracy

SAECTAUM ANALYEER

| EALBASTED
STEF ATTER.

ﬂzl

1@

TEET GBCILLATOR
HGITAL W{ILTMETER

SIGHAL CENERATOR

b

| -
TIE

TIME: 30 minutes without 8901A.
PROCEDURE: Connect the equipment as shown, [se
the spectTum analyzer as a single-frequency receiver by
adjusting the analyzer to zero frequency span, linear
mode, and peaking the signal using the fine frequency
tune, Mext, calibrate the spectrum analyzer detector so
that it can be used to measure AM depth. With the step
atteruator set at ) dB adjust the reference level until the
verfical output i —500mY dc. Then set 20 4B of
atteruation and measure the vertical output Ve
Calculate the detector offset Vg using

Udc + 5'3 '

Valiimy) = e

Reset the step attenuator to O dB and adjust the refer-
ence level to —282.8 i\ + Vg The detector is now
calibrated and % AM depth is 1 the defector ac voltage
inm\,

Mote: The spectrum analyzer must be periodically
readjusted because of drift.
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MTERIL AT AMALYZER
BEAR FUINA L (EREHATOH

TIME: 3 minutes with 8901A.

PROCEDURE: To measure indicated FM accuracy,
connect the 8901A to the 86408, Using the mternal 86408
audio oscllatar at 400 Hz and 1 kHz set various FM
deviations. Check the 86408 meter accuracy with the
BOILA, by entering the same deviation on the S9014
keyboard and pressing the % ratio key. For example,
adiust the FM deviation to 5 kHz using the B640B meter
and key in

Blclcloo)
The BS0A now displays the accuracy in percent.

_ ADDITIONAL CAPABILITY
Variable Audic Hates
Additional time: 3 minutes.

This samse test can be performed at any audio rate
by simphy changng the frequency of the BA40E

internal audio oscillator or using an external source

and the EXT FM mide.

Variable RF Frequency

Additional time: 3 mimutes.

Using track mode, FM modulation flatness is also
easily measured (sarme kewstroles as AM
Accuracy).

FM Accuracv

MEFERERGE

BIGRAL GEMNERATOR

SPRCTHLIM AMALYZER

Eijﬂ

LiOkAL DERZRATON
[UkCIER TEET)

WXER

DR TAL WOLTMETESR FREDBUERCY DMINTER

TEE

TIME: 30 minutes without 8201A.

PROCEDURE: The B&40B FM accuracy is measured
using the carrier (Bessel) null technique, Apply an
external 2079 kHz signal to the FM mput, Adust the
madulating signal amplitude for a first order carrier null
5 kHz deviation s now set. Determine the panal meter
accuracy by comparing the meter mdication to the 5 kHz
peak deviation. The reference generator and mixer
corvert the signal to the range of the spectrum analyzer.
Test various carrier frequencies by re-setting both 8640Bs.
This tests only ane deviation (5 kHz) at one rate (2.079
kHz) and does not check at specifed 400 Hz and 1 kHz
rates.

Mote: Measurement accuracy using the Bessel null
technique is sensifive to incidental AM and FM distortion
since either of these causes the null to shiff and degrades
BCCLUCACY,
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HODULATION ANALYZER
EG40R BINAAL GENERATOR

TIME: 2 minutes with 8901A,
20 Hz to 15 kHz Bandwidth

PROCEDURE: Connect the B901A to the 86408 and set
the 86408 AM off and FM to AC with the vernier fully
clockwise. Measure residual FM by pressing

WERCAL

The display now indicates the ressdual FM.

ADDITIONAL CAPABILITY
2 300 Hz to 3 kHz Bandwidth
i Addmonal time: 1 minute.

Resicdual FM for the 86408 i also specified for a
measurement bandwidth of 300 Hz to 3 kHz. This
measurerment is accomplshed with the B9OLA by
keving in

o L]

J

10

REFLRBNCE
FiGNAL GENERATOR

FREOUENDY

(R HEMIPA TR 4048

HRPLIFIER

o

SIGHAL GENERATOR
LI ® TEETI

ol | T —

TIME: 15 minutes withowt 59014,
M0 Hz to 15 kHz Bandwidth

FROCEDIURE: Connect the equipment as shown. Tiurn
the 86408 AM off, FM to AC (vernier fully CW). Set the
reference B6408 100 kHz lower in frequency than the
generator under test. Calibrate the frequency
discriminator for 1 wolt output for a full scale meter
deflection, Measure residual FM using the RMS wolt-
meter ((L5mYrms/1 He residual FM).

MNaote: This procedure does not measure the 300 Hz to 3
kHz specihcation,




In addifion to calibration of modulation the BRILA is
also quite useful in checking proper operation of other
generator parameters, Here are some examples.

Frequency Accuracy

The 89014 measures and displays frequency or
frequency error. Ratio mode along with FRECY ERROR
mode allows frequency error to be displaved in parts per
million (ppm). For example, o the signal generator is set
to 00,0 MHz, press:

;| & ¥ e W - o .

Diojo8kBanio

R L S LT R LT
SELEET T ISR Y FRESLIEN

FRLEOLCNCY ERAH 7 ppm
[NROA HCOL

EF Level Functional Check
The signal generator output level can be checked from
+30 dBm to —20 dBm wsing RF LEVEL mode as follows:

oelco)s

CARFLE Y FOWER B dEn

WhRiiais v TrikE 1
AT ZER T HEE H

Tupical accuracy is + 1 dB (Figure 4-17, section 4], If the
analyzer = manually tuned as above the RE level can be
checked to —50 dBm using TUNED RF LEVEL mode
with typical accuracy = 2 dB (+ 3 dB for frequencies
=300 MHz].

General R&D Use

Since the BH01A is basically a calibrated receiver,
another major apphcation ¥ general use as a bench
instrurnent in BF design. Here are some examples.

Oscillator Characterization

Violtage-controlled oscillator (WCO) fnearity s often
measured by measurng frequency as do input voltage &
varied. The 8%0LA can be used in frequency made along
with a vamable dc source to measure WCO linearity
{Fiqure 2.5}, Another commen VOO measurernent is
differential nonlinearity, Cifferential nonlinearity is a plot
of YCO modulation sensitiity [AEAV) as a lunction of
control input voltage (V). This plot is the derivative of the
W linearity transfer characteristic. Since changes in
the slope of the VOO transfer characteristic are readily
apparent in a modulation sensitivity cure, the plot gives
wseful information concerning WCO linearity. [deally,
VCO modulation sensitivity is constant, resilting i a
horzontal lne when plotted over the frequency range of
the WCO.,

The B901A has a special tuning mode called track
rrcle that simplifies measuring modulation sensitivity. In
track mode the B301A fracks the changing VCO

frequency while still measuring FM. The benefit is that
the #901A provides excellent modulation sensil ity ouver
a wide range of input frequency. Previousl FM
discrirninators were used in place of the 89014, The YCO
signal was then heterodyned to the operating frequency
af the dicriminator, Because of the narrow operating
range of most discriminators, this technigue required
frequent readjustrnent. The 89014 measures modulation
sansitivity &8 shown in Figure 2-5 as follows:

1. With the B901A set to measure frequency, adiust the
function generator de off-set until the WCO is in the
micidie of the frequency range of interest.

2. Stimulate the WCO wath a fixed-frequency sinewave
{=10 kHz) of small amplitude and put the #0114 in FM
rmode wsing the 300 Hz high-pass, 15 kHz low-pass
filter, track maode, and the average detector by
pressing

i) FEiwe ke Y Awi
a0
A AL
3. Establich a relative reference using either the % or dB
ratio key.
4. Mary the de offset until the VCO has covered the full
frequency range of interest.
The 890014 displays the refative chanoe in modulation
senailivity as the deo control valtage is varied, The
recorder output on the rear can be used with an %y
recorder to produce a hard copy. The recorder output
provides a dc voltage proportional to the peak
demodulated voliage. Note that the recorder output does
not give results in dB smee the &R display is caloulated in
software.

A real time display of modulation sensitivity can also be
obxained using the track mode of the B901A. This real
tine linearity displas: capability permits oscillater
designers to evaluate circuit changes quickly and
accurately. The procedure is very similar to the previous
one except that a second lunction generator is required.
Adqust the de offset of function senerator #1 unil the
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Figure 2-5. Voltage controfied oscillator characterization




VOO frequency 1 in-the middle of the frequency range of
interest (Figure 2-6), Then set function generator #1 oa
1 Hz sinewave and adust the amplitude for the desired
WO input voltage swing. Use this signal to calibrate the
¥ input of the oscilloscope. Function generator #2

chould be set to a W) kHz sinewave, Adjust the amplitude
to produce a reference FM deviation. Then, with the
E01A set up as before, gradually merease the frequency
of generator i1 to about 50 Hz. For best results an
oscilloscope with variable persistence is recommended.
The 8901A can track continuously over octave bands.
The hand Emits and other information regarding track
mode are discussed further in section 4. The oscilloscope
display in Figure 27 shows the FM modulation sensitivity
of a VOO being swept from 265 to 285 MHz at 2 50 Hz
rate. The horizontal scale is 2 MHz/dudsion and the
vertical scale is 20 kHz/division.

Receiver Design

Another example of general purpose use of the 89014
is in the design of receivers. Because he Modulation
Analyzer is a calibrated receiver it can simulate portions
of pratotype receivers. This is very useful in isclating
problems. Take for example an FM recener. If the audio
output e distorted when an KF signal is applied at the
antenna input, there is a question of whach element may
be causing the problem. The B901A can monitor the
signals at the points indicated bay the arrows in Figure 2.8
to isolate the problem. At each pomt, the residual noise,
AM conterit, FM content, signal leved, and frequency is
checked, Digtortion can also be monitored with a
distortion anahizer connected to the MODULATION
OUTPUT. Thus, any element that causes AM to FM
corversion, additional noise, or addtional distortion =
isolated.

Extending the 5901A Freguency Range

The frequency range of the 8901A Modulation
Analyzer is 150 kHz to 1300 MHz, This range can be
extended bigher using a spectrum analyzer as a fived
tuned receiver and connecting the spectrum analyzer IF
autput to the Modulation Anahzer RF input. The
spectrum analyzer should be in the linear detector mode
and in zero span with a 3 MHz resalution bandwidth.
This frequency Lranslation technique permmits the B90LA
to make accurate modulation measurements on AM,
FM, and &M gignals above 1300 MHz. Because the
BA0LA has very low noise, the measurement of residual
FM is usually limited by the phase noise characteristic of
the spectrum analyzer local oscllators. Cther
performance such as incidental AM or FM
measurements may alsa be affected.

Another method of extending the frequency range s to
use a mixer and local oscillator to dewnsconwert the
signal to be measured into the frequency range of the
HOOLA. The best performance results if the frequency
input to the 89014 is between 10 MHz and 100 MHz.
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8901A Block Diagram
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B 3. Theory of Operation ey

The BIOLA Modulation Analyzer i most aasily
visualized a5 a calirated, superheteradune recener. Like
a receiver, it converts the incoming signal to a ficed
intermediate frequency (IF) which & then demaodulated
and appropristely filtered, However, unlike mnst
receivers, the Madulation Analyzer has no tuned RE
amplification and the recovered modulation is measured
and displayed rather than applied to an audio amplifier
and speaker. A discussion of the signal flow in the 89014
Tolienws, (Refer to block diagram. )

Input

The signal at the RF input is sensed by the input diode
detector. If the signal level exceeds one watt, the ouver
power relay opens immediately to protect the input
circuits, For signal levels less than 1W the programmabie
attenuator sets the optimum level info the mixer. When
RF level is being measured, the microprocessor
determines the input power from the BF detectar voltage
and dlisplays the result on the front panel, For samals
abowve 10 MHz, the 5.25 MHz high-pass filter can be
inserted 1o eliminate any extraneous signals, such as AM
broadcast signals, that might otherwise pass through to
the [F,

Intermediate Frequency (IF)

The miker and local cseillatar (LOY convert the sagrial
to the interrmediate frequency (IF). The IF is normally 1.5
MHz for signals above 10 MHz and 455 kHz for signals
between 2.5 and 10 MHz, but the user has the option af
selectng the 455 kHz IF above 10 MHz. Selecting the 455
kHz IF increases selectivity but modulation rates and FM
deviations are restricted. For signals below 2.5 MHz the
input passes directly through the miser without
frequency conversion. The IF level is detected to make
sure there & sufficient signal for the modulation
medsurement elected The IF detector is also used for
making tuned RF level measurements and for automatic
tuning. The IF signal is buffered and available at a
connectar on the back panel.

AM and FM Demodulators

The AM demodulator detects the instantaneous amph-
tude of the IF signal and separates the detected sxgnal
mto its a¢ and de components. The do component
controls an ALC amplifier preceding the AM detector i

mainten & constant average signal level to the detector,
The ac component is the recovered amphitude
modulation.

The first stage of the FM dernodulator & the Brdter
which amplifies and limits the IF signal, removing any
AM. The FM discriminator demodulates all angle
modulation. Phase modulation & recoversd by integrating
the demodulated FM in the audio circuitey,

The limiter output can be counted by the internal
couriter Lo measure the IF frequency. In frequency mode
the analyzer measures the input sigral frequency by
counting the LO and IF and displaving the difference
between the two, Because of the large limiter gain it is
possible to reasure the frequency of wery lenw-level inpul
signals.

Audio Filters

The post-detection bandwidth of the recovered
modulation is determined by the high-pass and low-pass
fiters, These audso filters are independently selectable,

De-emphasis

After fittering, the modulation signal passes through the
de-emphasis block, This block is by-passed for AM
signals. M & recovered by mtearating the signal from
the FM discriminator. For EM signals, either no de-
emphasis or any one of four standard netwarks may he
selected. These are single-pole, low-pass filters that
attenuate high modulation rates, The de-emphasized
rnodulstion is available at the front panel MODULATION
OUTPUT, With PRE-DISPLAY mode off, the analyzer
measures and displays absoliste FM dewvation. With PRE
DISPLAY a6, the deviation displayved is scaled by one of
the de-emphasis filters ta simulate the audio output of an
FM receiver,

Detectors

After de-emphasis the modulation signal passes
throush an inverting or non-inverting arrplifer and i
converted to a do level by either the average or peak
detector. The ampiifiers allow the pealt detectar to
measure either the positive or negative peak of the
madulation waveform. The de voltrmeter measures the
output from whichever detector is selected and the front
panel displays the corresponding modulation. In PEAK
HOLD mode the peak detector decay time constant is
greathy increased and the front panel reading & updated
only in the upwards direction.



Local Oscillator

The Jocal oscillator (L0 mixes with the input signal
and converts it to the IF. The BH01A has three modes for
tuning the LO frequency: manual keyboard entry,
automatic track tuning, and automatic low-mose tuning,
In manual mode the microprocessor adusts the LO 1.5
MHz higher than the entered frequency (455 kHz for
frequencies <210 MHz). Because the B901A employs
fundamental mixing, the receive frequency is settable
over the full frequency range of 150 kHz to 1300 MHz. In
autarmatic track mode the analyzer frequency locks to
the input signal, The LO tracks as the input signal
frequency varies to maintain a constant [F. Normal
operation uses the automatic low-noise tuning mode
which phase locks the LO to a low noise, voltage-
controlled crystad oscillator (WVCXO). For both automatic
modes the 8901A tunes to the input signal if the second
and third harmonics are <—10 dBe, all other signals are
=—=30 dBe, and AM and FM are within specified limits.
Track mode is discussed further in section 4, A
discussion of automatic low noise tuming follows.
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Automatic tuning 5 a two step process, First the input
signal frequency is determined. Then the microprocessor
adjusts the WCXO's and the 320:651 MHz VWCO is phase-
locked to the VCXO's, The 8301A searches for the input
signal by sweeping the LO downward from 13015 MHz in
octaves until a signal is detected in the [F. Then the LO s
moued to check whether the signal is a second or third
harmonic. Mext the LO and [F are counted to determine
the input signal frequency. Then the microprocessor unes
the 320651 MHz VCO close to the desired frequency.
The 320:651 MHz VOO s then phaselocked 1o a
harmanic of the 2 MHz signal from the VCOXO's and the
divide number of the LO output is set. The
microprocessor fine tunes the YCXOs to achieve the
correct LO frequency. The result is a stable, low noise, LO
signal for down-converting the nput signal.

The low noise of the 2 MHz signal used to phase-lock
the VCO is achieved by uging two MCXO' which tune in
opposite directions as the control voltage varies, This
method allows the use of high Q escillators with limited
tuning ranges. The result is a spectrally pure 2 MHz signal
of higher quality than would be possible using a single 2
MHz VCXHO,




Bl 4. Performance and Operation |l

Frequency Measurement

The 8901A measures input frequency automatically
from 180 kHz to 1300 MHz for levels between 22midrms
and TVrms (12myrms o 7Wrms o input frequencies
=650 MHz). The mternal conbguration of the Modulation
Analyzer in frequency mode is shown in Figure 4-1. The
input frequency is measured by first counting the local
oacillator and then the [F frequency. The input frequency
Fin is calculated by Fi = Flo — Fif. The accuracy s
equal to the reference accuracy £ 3 counts, (Reference
aging is <71 x WH8/manth, <1 x 10-%/day optional.)

In automatic mode the count time of the LO and the
display resolution are adjusted by the microprocessor (o
produce approximately 3.6 readings,'secand, Resolution
& 10 Hz for Fir =18.5 MHz, 100 Hz for Fi, =325 MHz,
and 1 kHz for Fip =385 MHz, Special function 7.1
provides mereased resclution of 10 Hz for Fip= 1000 MHz
and 100 Hz for Fin 21000 MHz. Sometimes decreased
resolution s desired when digit flickering becomes
annoying and fine resolution @ not mportant. Special
function 7.2 sets the display resolution to 1 kHz for all
input frequencies. Table &1 summarizes these resolution
modes.

Example: To obtain masimum resolution
when counting a 500 MHz signal, execute the
fallowing keystrokes;

FEiu

olojajojo

Example: To return the %014 o auto resolution mode
clear the 7.1 special function by pressing either the green
AUTOMATIC OPERATION key or executing

olajolo

High Sensitivity (0.22 mV) Count Mode
Keving in the approximate frequency of the desired
signal {within * 50 kHz) manually tunes the 8901A and
improves the counter sensitivity. If ervor E01 (signal out
of IF range) is disabled with the 8.1 special function the
fraquency may be entered within + 1 MHz of the desired
signal. In this mode the Modulation Analyzer typically
counts signals over a 90 dB dynarmic range from (.22
mi/rms to TWrms (—60 to +30 dBm). The high sensitivity

"
IFuT AMP L]
ATTEMGLTOR  winga FiLTER LidaTERS

DifLAY

CCRNTER
COMTROLLER
Figure 4-1. Input frequency measurement block diagram.
Table 4-1. 8901A frequency resclution modes 3w T T
Specil Readings/ é e ,‘__”-‘A
Wode | Function Resolution z — | -
Auie 70 10 Hz, Fin <185 MHz =3B ; Ln e 1 =
100 Hz, I=m <325 MHz =316 B o =
1 kHz, Fip =325 MHE >36 E
High 7t 10 Hz, Fyry <1000 MHz - | Bk [ 311l oA, |
Besolution 100 H, JFm = 1000 MHz =1 ] 20 40 & [ w00 e
Low 732 1 kHz, foe all Fiy =5 T
Resnlufion
* Thelirst readsng may Lake up to 2 secands (ypicalty 1 3 becavse Figure &2, Typical BA1A counter sensitivity
e B4 muast tume o the input sagnal when manually tuned




#s due to the large IF gain, and the wide dynamic ramnge
results from 50 dB of attersation automatically adiusted
by the microprocessar. I the mput signal keuel is too low
to count the 8%01LA displays a singe zero. Figure 4-2
shewes typical performance in the high sensitioity count
mide.

Example: To count a 0.5 m\ signal near 450.52 MHz,
key in

olololosisla

Moate: It is ol necessary to set the frequency within 50
kHz. Automatic operation is resumed by pressing the
green AUTOMATIC OPERATION key.

Amplitude Modulation
Measurement

In AM made the 89014 automatically measures
percent depthowith accuracy of 1% of reading = 1 count
to depths up to %% The internal configuration of the
Modulation Analvzer in AM mode is shown in Figure 4.3,
The analyzer measures AM as the ratio of the
demodulated audio signal level to the average tuned
carnier level, The ALC hoop within the demodulator holds

the carrier level Eqyg constant 50 that the percent AM i
proportional to the ampllude of dermodulated audic
autput, This output is filtered, detected, and displaved as
% AM. The 89004 measures Eyaw or Emin depending on
whiether the PEAK+ or PEAK— detector is selected
{Fiqure 4-4), The peak positive mg- or negative m—
percent AM is then computed and displayed using the
formulas in Table §-2

When the AMG detector is selected, the demodulated
audio signal amplitide Ve 16 measured with an averaoe
responding detector that is rms calibrated for a sinewave.
The percent AM displaved is computed using the formula
in Table 4-2. Notice that for & sinusoidual modulation

Table 4-2. Internal 83014 ampltudse modulation formulas.

Detestor Percenl Medulation Formula
Ermax — E
FEAK + My = —mx allrg.!{fl}ﬂ
Ewg
Eavg — Emin
PEAK - e 1
Fa'g
| ¥ims
AVE m = =00
| Eavg
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Figure 4-4. RF carrier modulated with 500% AM.

Figure 4-5. RF carrier modulated with 130% AM.



signal the percent AM displayed using the PEAK detector
i 141 times that using the AVG detector since Emax —
Eavg = V2 Vims.

Measuring AM Depths Greater than 100%

Often it is desired to measure percent AM for depths
greater than 100%. Peak positive depths greater than
100% ocour whenever the peak Emay 18 greaster than
twice the average Jevel Eg,q (Figure 4-5). The B301A
measures peak positive AM depth to greater than 300
with typical accuracy better than 3% of reading.

For AM depths greater than 1006 the RF carrier may
be pinched off for a portion of the negative half cucle of
the modulating waveform. The theoretical limit from
Table 4-2 for negative AM depth, m—, is 100 because
Emin = 0when the carrier is pinched off. The BR0LA
displays very dlose to 100 with the PEAK— detector
selected. The Modulation Analyzer may lose “lock™ on
the input signal in automatic operation because the
carrier level is pinched off. Fortunately, this problem is
easily cuercormne using the manual tune mode by pressing
the MHz key while the analyzer is properly tuned to the
mput signal. If the 89014 is not already tuned to the input
signal, key in the frequency of the input signal. For
example, if the frequency is 30.1 MHz the keystrokes
required are

olojajole

It may also be necessary to override errors with
Blaio

AM Flatness

AM flatness is very mportant n testing instrurment
landing systemn (ILS) tvansmitters, Figure 4-6 shows the
tupical AM flatness for low modulation rates. Between 90
Hz and 150 He rates the variation in flatness is bepically
better than (.03%. For best flatness and repeatability it's
helpful to average 10 readings. The slow peak detector
tire constant (special function 5.1) is also recommended.

Frequency Modulation
Measurement

In FM mode the 89014 automatically measures the
deviation te 1% accuracy for rates 20 Hz to 100 kHz.
Frgure 4-7 shows the internal confiquration of the 89014
in FM mode. The analyzer displays the peak deviation
from the average carrier frequency in kHz. The peal
detectors allow either the positive or neaative peal
deviation to be measured.

Carrier Shift

When the modulating signal applied to an FM
transmitter contains a non-zero do component it cauges a
shift in the average carrier frequency. Carrier shift can be
measured with the B%1A by measuring the transmitter
frequency with and without the modulation signal applied.
The difference represents the frequency shift from the
unmadulated carrier. Ancther way to measure carrier
shift is to manually enter the unmodulated carrier
frequency. Then the BMLA displays the carrier shift of
the modulated signal in frequency error mode. This
difference can alsn be added (o the peak deviation
displayed to obtan the peak frequency deviation from the
unmodulated carrier.

Residoal FM

Low residual FM is one of the key contributions of the
BO01A. Figures 4-8 and 4-9 show the residual FM of the:
H901A for various post detection bandwidths. Nate that
the residual FM is significantly reduced when the 15 kHz
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Figure 4-6. Tupical AM flainess when averaging 10 readings
{20 to 80% AM depth.
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and 3 kHz low-pass filters are used to restrict the
measurement bandwidth. High-pass filters have liftle
effect on the internal BH0LA ressdual FM. The average
responding detector (rms sinewave calibrated) 15 wsed to
obtain the data in Figure 4-8 because the rms value of the
residual noise is generally more desirable than the peak
value,

For mobile transmitters residual FM 15 often expressed
as hum and noige referred to a 1 kHz rate and a3 kHz

peak deviation. Figure 410 shows the tupical 89014 hum
and noise. The analyzer settings were FM mode, 750 ps
pre-display de-emphasis, auerage detector, and dB ratio
made with a ratio reference of 0,440 (section 2 describes
howe tor malke hum and notse measurements in greater
detail). Best hum and noise performance is achiewed
using the 50 Hz high-pass filter. For best hum and noise
perforrmance for high frequencies, the HP 86624
Synthesized Signal Generator can be used as a local
oscillator,

Frequency-Shifit Keving

Frequency-shift keying (FSK) & & popular digital
modulation format used with FM transmitters. The 89014
contains a special post detection filter for accurately
measuring FSK modulation. The =20 kHz filter &5 a nine
pole Bessel low-pass filter. It minimizes overshoot on
squarewave modulation tepically to less than 1%

Figure 4-11is an oscillograph of the 89014 MODULA-
TION QUTPLUT for an RF test signal modulated by a 10
kHz sguarewave to 5.0 kHz peak deviation. The ringing
i5 due to the audio circuitry of the 89014, The peak
detector catches the peak of the ringing and mdicates
.61 kHz peak deviation. In Figure 4-12 the ringing is
eliminated wsing the =20 kHz lovw-pass filter and the
B901A indicates the peak deviation correctly as 5.0 kHz.
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Figure 4-9. B901A residual FM (50 Hz to 3 kHz BW).

Figure 4-11, Derrodulated 10 kHz FSK somal wathout =20
kHz low pass filker
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Steren Separation

The BHILA accurately recovers FM stereo modudation
for making measurements such as stereo separation
{Figure 4-13), The left and right channels of stereo FM
broadrast signals can be obtained by connecting a steren
decoder to the modulation output, Figure § 14 shows
tupical BOOLA steren separation as sudio rate is varied

Accounting for Peak Residuals

To realize the maxmmum accuracy o the 89014 when
making peak modulation measurements it is necessany o
account for peak noise residuals. With the input RF sigral
modulated the 390148 measures the peak of the signal
plus nose {5+ Nipl. The nolss peak BNpj; = measured
by tuming off the modulating signal to the signal
generator or transmitter under test. Unforiunately, the
true peak cannot be computed directhy by
subtracting from (S + N)pk. The effect of the noise
contribution Myl on the total signal (S + Mgl measured
by the peakt detector varnies with the wawveform shape and
signal-to-nise ratio {5 + Mipl/Mpj; of the modulating
signal, For the special case of the calibrator catput, the
ED01A automatically compensates for the peak residual
and the weighted residual peak modulation can be
displayed using the 12.1 or 13.1 special functions for FM
or AM. This is not possiole for other input signals since
the modulating wassaform is arbiteasy.

For sirsoidal modulation the nomograph in Figure
4-15 can be used to subtract the spropriate percentage of
roige Mol to abtain the troe peak of . Tha folowing
procedure and example dlustrate the use of the
nomegraph.

1. Set up the measurement and read the (S + Njpj; from
the display. This may be noigy so aaude the correct
reading visually. [ any low pass filters are on, leae
therm on for the remainder of this procedure.

2. Freeze the modulaton range using the 9.0 special
fusnction.

3 Tum ofl the modilating signal and measiire the
awverage noise Mg using the average detector,

4. Measure the peak nose Mg, with the peak detector,

Figure 4-13, Demodidated 15 kHz FM stereo et sgnal

5 Compute (5 + Nipl /Mol and Nl and use the
momograph to calculate the Wmt% of Npi
to subtract from (S + Nipk.

6 Compute the true peak, Spk, using the formula
Sple = {5 + Nipl = (NE{Npk)
Example: The following example shows how the pro-

cedure might be used to precisely measure AM depth of
a signal generator set to 30% AM.

1, The peak modulation using the 15 kHz low pass filter
= messured,

DId
2. The modulation range i lrozen by pressing
alolo

3 The modulation s turmed off and the noise =
mieasured:

Result: 30 15%

g Result: 0.02%
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Figure 4-14, Typical 83014 stereo separation,
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4, “To simplify computing the ratio Npk Mayg. ratio mode
= uged:

= FEAKY

=) &

NF*:."NuI,-g 15 3.

Flesult: 3000%

5. The noise peak MNpk i measured:

£

= Result: 0106%

& (S + Nlpk is comnputed to b B{2.5 since
Npk
() = s0es
0,06
and the percentage N% to be subtyacted from Npk &
ohiained from the nemograph (Figure 415

Result: N% = 15%

7. Therefore, the trise peak is 30.14%, not 0 15%.

= 30015 — (0. 15H0.06)
= 3014

RF Level Measurement

The 89014 messures peak broadband RF power aver
the range 0 ta +30 dBm (1 mW to 1W). The nternal
configuration of the Modulation Analyzer in RF LEVEL
rinde is shown n Figure 416, A diode detector senses
the broadhend RF power at the mput. The internal
volimeter measures the defector output and the
microprocesser converts the result to watts. Since the

diode is a peak detector, the BI01A measures peak
envelope power (PEF) and may be used to measure
single sideband transmitter power. A plot of typical level
accuracy as a function of RF input frequency i shown in
Figure 417,

Reverse Power Protection

Sirce the 89014 is often connected fo transmitters
gither directly or through an atteruator, the possibiity of
accidental apphcation of too much power B quite real. To
quard against damage to the B301A a diode detector
continuoushy monitors input signal levels, If the input level
exceeds 1 watt {(+30 dBm) the power protect relay
autoratically opens. The input protection is
conservatively rated at 25 watts; however, the relay
typically withatands overloads up to 100 watts. When an
input overload oocurs the display mdicates fhe ermar
message "EOS". Marmal instrument operation resumes
after any key & pressed and the cverload condition is no
lorwer present. In remote operation the analyzer requests
service if desired, The remvote operation section containg
am example which illustrates recovering from efvors in the
gvent of an overload condition.

Tuned RF Level Measurement

In the TUNMED RF LEVEL mode the Modulation
Analyzer measures the peak BF level in the [F section for
RF input levels in tha range 10 aW to 1 W {50 to +30
dBmj). The mternal configuration in TUNEDR RF LEVEL
made & shown in Figure 418
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Figure 4-16 RF level measurement Bock diagram.

Figure 4-17. Tymical 83014 BF level accuracy.

wEuT IKPLIT
ATTEMUATOR iR IF R

IF BaRCwinTH  IF FEAR
EILYER DETECTOA

WOLTMETER & (3PLEY

——

T P




The measurement bandwidth & determined by the [F
filter bandwadth. Either the 455 kHz filier or the 1.5 MHz
filter may be selected using special functions 3.1 or 3.2,
respectively. Figure 4-19 shows the portion of the
spectrum ta which the 89014 responds for each of the
two possible IF bandwidths. Nate that since the 89014
doesn't have tuned RF amplification, no image rejection
is provided, However, many usefl selective RF level
measurements can be made in the presence af other
undesired signals. In particular, for signals separated by
mcre than 200 kHz, RF level can often be measured
independently using the 455 kHz [F filter.

Measuring Carrier Harmonics

Tuned RF level mode & most usehul in making relative
power measurernents. Typically, the BA0LA can measure
carrier harmenics 1o —50 dBg or a minimum absolute
level of =50 dBm, with + 2 dB acecuracy (* 3 dB for
frequencies =300 MHz),
Example: Measure the Znd harmonic of a 100 MHz
transmitter (or signal generator at 100 MHz, =10 dBm).

Execute the following:
1. Select TUNED RF LEVEL mode.

TuRED
B LEVEL

2. Select 455 kHz IF.

ojajalo

3. Desable automatic evror display,

ojejofo

4. Manually tune the analyzer to the transmitter
frequency.

ojojole

5. Manually tune the analyzer 100 kHz lower, This
positions the signal at the 3 dB point of the 455 kHz [F
hiter and minimizes the effect of local ascillator related
spurious products m the [F.

alofolele

6. Establish the carrier reference. The display now reads
e

. Tune 100 kHz below the second harmwonic. Note that
the: mcrement value need not be repeated because it
remaing constant untl changed.

F iy I.F' i i
2|Iﬂ|.u| ».l HJI

The display now indicates the 2nd harmonic level in

dBe.

-

IF Level Mode

In [F level mode, the 89014 monitors the do output of
the AM detector after the automatic gain control
amiplifier (AGC) and diplays it as a percent of the
optimum level (Figure 4-20). Normally, in automatic
operation the anabyzer displays either 100%, indicating
sufficient signal strength to quarantee accurate
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Figure 4-19. Typical 85014 [F banduwidth charactenstics
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mndulation measurements, or two dashes mdicatmg that
the analyzer cannot autormatically tune to the input
gignal, However, if the analyzer is manually tuned the [F
level can drop below 100%. A display of less than 100%
mieans that the AGC amplifier has reached maximum
gam (about 14 dB) and it still cannot provide the optimum
signal lewvel.

High Sensitivity FM Measuremenis

Certain applcations such as off-the-air FM monitoring,
recuire higher sensitivity than the —25 dBm the B301A
provides in automatic aperation, For these applications
meaningful FM measurements 10 —50 dBm are possible
by rnanuially nuning the BX014 and disabling error E03
{mpul circuits underdriven) with the 8.2 special function.
The [F level can be used as a figure of merit for judging
the validity of these measuremenis.

High Sensitivity AM Measuremenis
AM measurements can also be made to approximatehy
40 dBm. However, because AM measurements are pro
portional ta {IF Level %/100, the AM displayed changes
as the [F level drops below 1005, The following
procedura corrects for this:

1. Manually tune the B90LA to the desired frequency. For
gxample, if the frequency s 35,3 MHz, the keyvstrokes

G808

2. Disable error E03 with

olajojo

&, Measure the IF level and establish a ratio reference by
heving

clofe

Lr:.'u
4. Select AM mode and scale measurements by the IF
leuel reference.

slajalalo

The 11. special function re-enters & RATIO mode with
the previous reference. This is necessary because RATIO
is dizabled when the measurement mode changes from IF
Level to AM, The analyzer now displays AM depth
correctly in percent. This procedure must be repeated if
the input level changes.

AM Measurements Relative to the
Unmodulated Carrier

The IF level mode may also be used with the AGC
disabled to make AM measurements relative to the
unmodulated carrier. The procedure is:

1. With the carrier unmodulated disable the AGC and
establish an [F level reference

glojojajalals

LEVEL

2, Tum on the amplitude modubation and key i

OO0

The anakzer now displays AM depth in percent
relative to the unmaodulated carrier. This procedure must
be repeated if the input level chanoes because the AGC
leveling is defeated.

Track Mode

Track mode is enabled using the 4.1 special function. In
this mode the B%01A automatically tunes o the input
signal. However, it does not lock to the voeltage controlled
crystal oscillators (WMCEOs) as in aufomatic operation,
Instead it frequently locks to the input signal as shown in
Figure 4-21. The FM discriminator output is used 28 an
error signal to adust the local oscillator frequency. Thus,
the BX1A stays tuned as the input signal frequency
VTS,

Track mode & wseful 1 applications where the input
frequency is changing. One application s messuring
modulation flatness of signal generators as center
frequency is varied. Another apphication s measuring
modulation sensitivity (linearity) of voltage-controlled
ascillatars (VCOs). A small amplitude sinewsave (=10
kHz) &5 combined with a low frequency sinewawve (<60

IREIT P 1 BARDE TR
ATTIMUATON RIMEN IF KW FELTER

RGO NS BN DETECTOR

VOLTMETER & DI LAY
i e
LA l'_-lirf_n' [

Figure 4-20. IF level measurement block diagram
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Hz) of larger ampitude and applied 1o the control input of
the VCCX The amall sinewave prochsces a reference FM
deviation whale the other vanes the VCO center
frequency. Track mode allows the 8901A to continue
measuring FM while tracking the WCO. The 89%01A can
track WCOs in real ime over a much greater fraquency
range than has heen possible before. VICO) linearity
testing is covered in more detail in section 2.

AM measurements are essentially unaffected in track
mode. However, for best FM measurement results several
recommendations should be followed. First, the
modulation rate should be 1 kHz or greater. This s
because the track loop attenuates low rate FM as it tracks
the input signal. FM accuracy is typically degraded 1% at 1
kHz and progressively less as rate increases. At a 10 kHz
rate there is essentially no degradation due to the track
loop. Second, the average responding detector is
recommended in track mode, The average detector is less
serwitive than the peak detectors o undesired FM
deviation transients. Such transients are caused by
discontmuities in the rate of change of the input sigral
frequency. For example, # the frequency tuning knob of a
signal generator is turned in a jerky motion, large apparent
peak deviations can result, The average detector smooths
out these transients. Third, the residual FM degrades
shightly in track mode typically to 12 10 20 Hz ina 3 kHz
handwidth for input frequencies less than £60 MHz. Much
of the increase is due 1o 80 Hz line effects in the track
lesope. These line effects can be snificanthy reduced by
selecting the 300 Hz high-pass filter. Residual FM i
typically 3 to 11 Hz {300 Hz to 3 kHz bancheidih) for
frequencies up to 650 MHz. Finally, auto-track should be
used within the frequency bands listed in Table 4-3. The
reason is that at the band limits frequency lock 5 broken
and the search and lock cucle & repeated. Retuning can
take as long as two seconds, Consequently, if the input
frequency is changing rapidly, the 29014 may not be able
to retune, The lowest frequency al which track mode can
be used is 10 MHz

Table 4-3. BH01A Continuous track mode bands.

Lewer Band Uppear Band
Edge [MHz) Edge [MHz)
i 1848
i85 2
385 T84
785 161.2
1585 30
3185 G405
6385 1300
Table 4-4. BHILA IF and input fltera.
IF Frequency It Speci#! Functian
| MHz) Pass m Cade
Automatic IF Out 30 5PCL
Treguency sehaction 0455 (it d18mMCL
15 Out a2 SPCL
0455 Ini A3 SPCL
15 In 34 SPCL

IF Filter Characteristics

The &900A has two [F filkers. One = 200 kHz wide (3
dB pointsh centered at 455 kHz and the other is 3 MHz
wide with a 1.5 MHz center requency. Figures 422 and
4-23 show the typical transfer characteristics of the [F
filters. In automatic operation the 1.5 MHz filter i
selected for input frequencies below 2.5 MHz or above 10
MHz, and the 455 kHz filter 15 selected for mputs
between 2.5 and 10 MHz. Either Rler may be selected
rnantally using the special functions in Table 44
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Figure 4-Z1. Track mode block diagram,
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Figure 4-23. 1.5 MHz IF fiter characteristic
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In addition to the IF fiters, a 5.25 MHz high-pass input
filter can be selected. Because the input mixer does not
reject bow frequency signals, extranecus signals such as
AM broadcast pickup could affect measurements. These
undesired low frequency signals can be rejected using the
high-pass filter for measurements being made aboue 10
MHz,

Audio Filter Characteristics
measuremnent bandwidth of the signals appbed 1o the
peak or average detectors, The 50 and 300 Hz high-pass
filters are useful in fitering out hum and low frequency
neise. The 3 kHz and 15 lkHz Jow-pass filters reduce the
effects of high frequency nose and are especially useful in
making residual AM or FM messurements. The high-pass
filters are two-poles and the low-pass filters are fue-poles,
This ensures sharp cutoffs yet allows testing at a 1 kHz
rate ta remain essentially unaffected, The =20 kHz low-
pass filter is a nine-pole Bessel filter designed for
minimum overshoat (Fnging) on square wave modulation

such as frequency shift keying (FSK). The transfer
characteristics shown in Figures 424 through 4-28 were
obtained using the A%01A in ratio mode while varying the
modulation rate,
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Figure 4-26. Tupical 3 kHz kow-pass filter response.
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Figure 4-24. Typical 50 Hz heghepass filter response

Figure 4-27, Typacal 15 kHz low-pass fiter resporss,
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Figure 4-25. Typical 300 Hz hagh-pass response.
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Peak Hold Detecior

FEAK HOLD may be selected with either the positive
{FEAK +) or negative (PEAK —) peak detector, I this
mnde the peak detector decay time constant s greatly
increased and the displaved modulation & updated only in
an increasing direction, Peak hold & ideal for detecting
short modulation transients. For fast single transients less
than 1 ms duration the peak hold detector captures
approximately 90% of the true peale If the transient is
vepeated affer 10 ms the peak hold detector captures 90%
of the new difference or 99% of the true peak, Therefore,
it & recommended that the peak-generating process be
repeated several times where possible.

Special Function Operation

Most measurements with the B90LA require only a
single keystroke. There B no need to tune, adist levels,
or select the appropriate range because the
microprocessor determines the optimum instrument
settings automatically, However, in some applications it is
desmable to override the automatic selection. Special
functions prosade manual control of nstrument functions.
There are elght groups of commonly used nstrument
control special functions (see Table 4-5). Special function
mades are accessed by entering the appropriate codse
{prefix, decimal point, suffix) and then pressing the SPCL
kew. Pressing the SPCL key without entering a number
causes the analyzer to shift to an eight digit status
display. The digit position & the special function prefix
and the displayed number is the suffix comesponding to
the desired instrument settma. For example, if the
rnocdulation ramge i manually set to the 400 kHz FM
rarae with the 2.3 special function, the status display
shows a three in the second digit (Figure 4-29). The
special display contains zeroes for the functions in
automatic selection. The user can select anmy combination
of manual or sutomatic operation. Pressing the SPCL
kiey twice without entenng a number causes the dsplay
to show the current instrument settings, meluding
settings which have been automatically set by the
MICTOPTOCESE0r.

Besides providing manual control, special functions are
used to set upper or lower Imits, enable sernce requests,
verify accuracy of other 8901A"s not fitted with the
calibrator option, and to troubleshoot the 89014 if &
failure oocurs.,

The 14.2 special function sets the upper fmit to the
current ratio reference. For example, to establish 75 kHz
#5 the upper deviation mit when the analyzer 15 in FM
mode the keystrokes are

wlololololalalo

SUFFIXES
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Figure 4-29. 8901M special function status display.

Table 3-5. 3%11A manual consrol special funcrions.

Fanedion Code Description
Inpud Atteruation 10 | Aulomabc selection
11 | 008 input astenustion
12 10 dB input atlenuation
13 | X oB input attenuation
14 | 30 dEinput attenuation
15 | 40.0E input attenuation
16 | 50d8 input attenuation
Modulation Range 20 | Auwtomatic selaction
Al Fu i)
(%) [kHz} {rad)
21 =4) = 404 = 4
2.2 =10 = 40 < 4 = 40
23 =100 =400 <a0" =400
“with 780us de-emphasis
and pre-display
IF Frequency and Al | Automatic IF selecticn; Input
Inpui High-Pass Filter high-pass filter aut
| IF Input High-
IMHz) Pass Filter
31 [.455 Oust
32 | 15 Out
33 0455 In
34 15 In
Tuine Made 4.0 Aubamatic uning; how
naige LO
41 Autamatic funing; frack
muode
42 Manual luning wvia
keybaard entry
Audio Peak 50 Fast peak detector
Deteciar Time 51 Slow peak detector
Constant
AM ALC Response B0 Show AM ALC responsa
B Fast AM ALC response
B2 AM ALG ol
Frequency 1.0 Automatic seleclion
Resolution ik 10 Hz resalutian (=1 GHz)
12 1000 Hz resaluton
Erroer Disable B.o Butamatic selection
B.1 EOT desabled
B2 EC2 and ED3 dizahled
| &3 EQn. BOZ, & E03 tisabied
Bd EM disabled
85 | E01 and B dizabled
BE E02. EO3, & E04 desabled
BT E01 throwgh E04 disabled
e EM hrawgh E04 enabled




Then, whenever the FM deviation exceeds 75 kHz the
limit light turms on. The hmit function is most useful when
used along with the 22 speqal function which generates a
sorvice reguest when the limit is reached. These two
gpecial functions enable the anakzer to become a remote
madulation monitor. The most commonly used special
functions are described in Table -3 and on the 82014
pullout information card. The green automatic operation
key clears special functions with prefix numbers 1
through 8, 9, 15, and 21




B 5. Calibrator Operation and Theory |}

Introduction two carrier levels, VA and VB (Figure 5-2). The output
One of the unique festures and contributions of the signal uaed to calibrate the modulation analyzer is
B901A is the AM and FM calibrator option. The task of dynamically generated by closing modulator A and
verifying and calibrating the Modulation Analyzer is switching modulator B on and off with the shaped square
lrmidable since the basic accuracy specification i + 1% wawve drive signal (Figure 52b). The A and B signals are
of reading. Precise AM sianals are difficult to aenerate smmmmthgmmmF@
and the Bessel null techrique which is often used to 52c and 53, The shaping prevents the demochlation
generate known FM deviations accurately & time circuitry from ringing when the CALIBRATION
COMSUMING, requires extra test equipment (signal OUTPUT is measured.

generator, audic source, frequency counter, and
spectrum anah/zer) and provides insulficient accuracy
{=1%}, for cabibrating the 8901A. These difficulties are
owvercome by the intemnal calibrators. They provide a 10

MHz, 10 kHz rate signal with either a nominal AM depth o A
of 33.3% or 33 kHz peak FM deviation, The calibeation . =T
output signal is generated by switching between two RE AURFER CRTHIT

lewels for AM or betveen two reguencies for FM. These ®

two levels (or frequencies) are measured statically with I

high accuracy using the internal voltreter (or counter). ]

The calibrator modulation is then caleulated from thesa i o]
measurenents. The exact % AM (or peak FM deviation) _J"U'L_M_._.; —
generated can be displayed using the 12.0 {13.0) special |
function. The indicated modulation is accurate fo & 0.1% i I WA ACEE SR I
of reading. Thus, high accuracy is achieved by statically

i ses) of the

Eﬁﬁ ﬁ%ﬁmﬁéﬂ;ﬁmmmlj NArTCa |'l Figure 51. AM calibeator block diagram.
switching between the same lovels (freguencies).

With the calibrator signal connected 1o the 85014 RF
imput the accuracy of the Modulation Analyzer is
measured directly and displayed in % For example,

100, 12% reans the B901A is reading 0.12% high. At o
recommended calibration cycles (1 year) the 89014 is : u ‘ ||||
adjstad to read 100%. The calibeation factor can be WMWHWHHW

incorporated in subsequent modulation measurements

|
|
|
16k EHAREE |

]

usirg special functions to achieve typical accuracy of Mha- WOCUATIR o Wit AT
+ (L6% of veading. The calibrator output may also be i |
used to calibrate other Modulation Analyzers not fitted
with the calibrator option. Thus, users buying several
B901A's need not include the calibrators in every unil to gty e
heep themn maintamed. 14}

&b Ty

A =

AM Calibrator l’l ” :

Generating the AM Calibralor Signal
The 10 MHz signal is applied to two identical
modulators (A and B) which are isolated by buffer
amplifiers. (Figure 513, When the CALIBRATION key is Figure 52, Forming the AM calibrator signal,

pressed the Modulation Analyzer statically measures the




Calculating AM Calibraior Depih
AM depth is defined by':

Emax —E
e s ey

Euvﬂ Eewg

E Exni
o B iy TR

{5-1)
where m+ and m— are the positive and negative peak
muochalation depths and Ernay. Ernin. and Eqyg are the
maximum, minimum, and average carter levels as shown
i Figure 5-4. The 89014 and most other modulation
meters maasure AM depth uung eguations 51,

The average modulation m is given by:
M4+ Th—

m= = (52)

If the modulation waveform & symmetrical as in Fig, 53
or 54, then

E + Emmi
Eanvg = M (5-3)
Substituting Egs. 51 and 53 into 5-2 yelds:
— Emaxe = Emin o 11, i54)
Emax T Emin

Equation 51 is an alternate definition of AM that i
often used, particularky when AM is measured with
ascilloscopes, Equation 5-4 is used to calculate the
calibrator AM depth since Eyiy and Eppay are determined
to high accuracy statically. Ern s measured with
rmodulator & closed and modulator B open. This is Vi
shown in Fiaure 523 Next, VB i measured with
modulator A open and modulator B closed. Erqay is
chtamed by adding Va and V.

Emax=Va+VR {5-5)

IFraderick £ Terman, Ekrtronic end Rado Engneenrg, MoGeaw Hil
Booh Coy, loasth edition, page 513

Bacause YV is very nearly equal to Vg, the RF
detector and veltmeter are operated cver a very narrow
range when Va and VB are measured separately, The
result i excellent Brearity. This lineariy would not be
possible if Emay were measured directly. However, this
does Tequire that the relative phase shift between the
A path {consisting of madulator A and buffer &) and the B
path {corsisting of modulator B and buffer B} be minimal
for Eq. 55 to be valid. Tupically, the relative phase shift s
leas than two degreas, The actual phase shift can be
verified easily using an HF 84068 Vector Voltmeter, For
phase shifts this small, the error introduced in Eg. 5-51s
negligible. Substituting V4 for Emin and Va + VB o
Emax in Eq. 54 vields:

i A
2VA VR

This result can be displayed with the 13,0 special
funiction. Notice that if W = VR then m = 33.33 from Eq.
56 However, this technigue does not require that Wa,
equal VR since both lewels are measured. Thus, the
calculated modulation mey differ from 33.33 by several
percent but the accuracy remains + &.1% of reading.

X 100 (56

Comparing Measured with Calculated
AM Depih

Wher the CALIBRATION OUTPUT i connected to
the: RF input, the BI01A measures the positive (m+) and
negative (m—) AM depth. This intermediate result can be
displayed using the 13.2 special function and selecting
either PEAK + or PEAK, = If the 10 kHz signal drrving
modulator B iz perfectly syrnmetrical, then ms = m—=
m. The B901A does not depend on this, however, since
drift may couse & small amount of asymmetry fo ooour.
Asymmetry causes the average carrier level to shift,
and changes bath mis and m—. Since the calculared
madulation, m, is a function of Emax and Emin only, it 5
unaffected by asymmetry, The ervar due to asymmetry

Eprax

Epun -,

a2

Figure 5-3. AM calibrator wavetorm

Figure 5-4. RF carrier modulxted with 5% AM.



when comparng the measured AM depth my and m— to
the calculated depth m is eliminated using the relation:

- m++ Imi—

3

The negative peak, m—, is gven twice the weighting of
m+ in Eq. 57 because the corrective action of the
automatic gain control (AGC) in the AM detectar in
response bo a shift in average carrier level changes the
i level (and m—) only half as ruch as the
mazimurm level {and me). The measured AM depth, m, is
automatically determined from Eq. 57 when the 89014
performs self-calibration. When one 89014 i calibrated
with another, m is caleulated manually as outhned in the
calbration procedure i this section,

The onby significant difference between the calculated
AM depth from Eq. 56 and the measured value from Eq.
57 ather than the error due to being cut of calibration is
due to the effect of residual noise. To correct for this
nose, the BALA measures the peak residual AM of the
calibrator’s unmodulated output and corrects the result
with the appropriate weighting factor. The weighted
residual AM can be displayed using the 131 special
function. {Secticn 4 describes accounting for peak
residuals further. ) The AM cal factor displaved is the
average measured AM depth corrected for noise effects
divided by the caleulated calibratar AM depth expressed
mn percent.

(37}
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Figure 5-5. FM calibrator block diagram

S

Figure 5-6, FM calibeator rnodulabion waveloem.

FM Calibrator

Generating the FM Calibrator Signal
and Calculating Deviation

The FM calitrator is very analogous to the AM
calibrator. The same 10 MHz source i switched betwaen
two discrete frequencies by a shaped squarewave to
provide approsimately 33 kHz of peak FM deviation
(Figure 5-5). When the calibrator button is pressed, the
WO input is driven to the high frequency peak Ij,, and
the frequency is measured by the internal counter. Then
the WCO & driven to the low frequency peak ] and the
frequency is counted again. The average peak deviation
ﬂ'.fp‘:_lgkaug i5 calculated by:

_fh—f

avg o
This value can be displayed using the 12.0 special
furction. The calibrator sinal used to venfy the 83014
accuracy is switched at a 10 kHz rate (Figure 56). The
shaping prevents the demodulation circuitry from ringing
when the CALIBRATION OUTPUT s measured.

Ldpeak (58)

Comparing Measured with Calculated
FM Deviation
The 89H1A measures peak deviation a2 the dfference
between the peak and the average carrier frequency. The
equations for positive and negative peak deviation are
ﬂ.fp+ =fp= faﬂ.lg
(5-9)
ﬂ.{p-- s ;H"u'g o h

When the calibration output s connected to the RE input,
the 89014 automatically measures Hfgtand Afp-. These
measurements can also be displaved using the 12,2 epecial
function and selecting either PEAK+ or PEAK—, Next, the
HOOLA determines average measured peak

deviation using

M w-"'ﬂip— iy = f +f,a|,|5_!!:|
Apeakayg = i 5 e’ 3

{510}

Eq. 510 shows that any shifts in the average frequency,
fang, due to asymimstry m the modulation wavelorm are
eliminated by calibrating using the average peak
deviation. The average peak deviation is computed
sutomatically except when one Modulation Anahzer is
used to verify the accuracy of anather, In this case,
-'_".Ep.gakauS is calculated manually as mdicated in the
calibration procedure in this section.

The only significant difference between the calculated
peak deviation and the average measured peak deviation

just described other than the error due to being out of

calitration, is due to the effect of residual noise, To
correct for this noise the B0LA measures the peak
residual deviation of the calibrater’s unmaodulated autput

3



and corrects the result with the appropriate weighting
{actor, The weighted residual deviation can be dhaplayed
with special function 12,1, The FM calibeation factor
displayed is the average measured peak deviation
comrected for noise efects divided by the truse calculated
peak deviation. This is all performed autematically if the
F01A has the calibrator option installed

Verifving Accuracy

\arnfying the accuracy of the §90LA & a smple two
step procedure:
1. Connect the CALIBRATION CGUTPUT to the

RF inpuz.

2. To automatically perforrm AM or FM accuracy
werification, press

LT

oo

(i

When the CALBRATION button is pressed the 3014
calcufates the calibrator modulation. MNext, the analyzer
turns off all high-pass, low-pass, and de-emphasis fiters,
Then it tunes to the cafibrator signal and messures the
modulation. After approximately 2 seconds the 89014
displays a number close to 100%. Most of this time 5
spent aueraging readings to reduce noise effects. The
niumber is the calibration factor which représents the
mieazured modulation expressed as a perceniage of the
cafbrator modulation. For examgle, if after performing
the chlibeation procedure the display indicates 100,12%,
this means that the 89014 reads 0.12% high. Since
spechied accuracy is = 1% of reading, the calibration
factor displaved should ahvays be within 99.0% and
1101.07% between calibration cycles.

Calibrator Special Functions
Some ol the infermediate results performed during cali-

bration are availbble 25 specal unctions. Table 51

surnmarizes the special hunctions related to the

caliteators. The AM (FM) calibration factor displayed is

related to the 14 (12) special functions by:

_ 113.2 reading — 131 reading)

AM Cal F = X100
! {13.0 reading)
{5:11)
_ {122 reading — 12.1 reading)
M Ca Factor = 12,0 reading) ¥ 100%
5-12)

a2

Verifving the Accuracv of a
Second 8901A
Using the calibrator special functions described abowe,
ome BOOLA equioped with calibrators (Option 010) may be
used o verify the accuracy of a second 89014
The AM calibration procedure is:
1, Connect the CALIBRATION OUTPUT of Modulation
Analyzer A to the RF mput of Modulation Anaheer B
(Fagure 57).

2. Heyin

DYUWW
to Modulation Analvzer A and note the reading. This

it the calibrator AM depth.
3, Hey in

ololajolo

1o bath instruments and note the displaved reading of
anabyzer B. This is the peak residual AM of the cali
brator's unmodulated output messured with anahszer
B. (If display fitter makes it difficult to read the display,
key in 5.1 SPCL)

4. Key in

UYUaU
tr bath instruments noting the reading on the display

of andyzer B. This is the peak AM depth of the
calibratar measured with Maodulation Analyzer B,

MADILATION MODULATION
ANALYZER ANALYIER
q 5
CALINAATION RF ifFIT
OUTRLUT

Figure 5-7. Verifying the accuracy of a seoond BH01A




5, Un Modulation Analyzer B, press FEAK—. Nole the
reading on the display of Modulation Analyzer B. If the
difference betusaen the readings of steps § and 5is <3
in the least significant digit, use the reading from step
3. If the difference between the two readings 1s =3 in
the beast significant digit, compute the average as
follows:

13.2 reading =

{reading of step 4) + 2x(reading of step 5} (513
3

For FM, i the difference s > 3 counts, compute the

average a5

12.2 reading =

(reading of step 4) + (reading of step 5)
2

& Compute the AM Cal Factor of Modulation Analyeer
B using the AM Cal formula:

(13.2 reading — 13.1 m&ding:lx

1514}

al Factor = 100
i 13.0 reading
{515)
The procedure for FM is identical except the 12,
special function prefix 15 used whenever the 13, i
used above.
Table 5-1. Calibration special functions.
Special Functien Code

Funetion I ™
Display compubed peak 13.0 SPCL 12.0°5FCL
maduiaton (calibrator)
Display weighled 13.1 5PCL 121 5PEL
demnadidated paak residual
madidalon
Display demoduiated 13.2 S5PCL 12.2 5PCL
peak modufation
Disable Cal Factor 16.0 5PCL 17 0 5PCL
Enable Cal Faclar 16.1 5PCL 171 SPCL
Riad Cal Factor | 1625POL 17.2 BPEL

e —_—

Improving Accuracy Using the
Calibration Factor

Special functions allow the calibration factoss to be
incorporated m modulation measurements for improved
accuracy. The BI01A modulation accuracy B + 1% of
reading for mast rates, depths, and deviations ewen
thoush the calibrator & accurate to 0.1% of reading. This
& because the calibrator verifies accuracy at a single rate
and for one AM depth or FM deviation, The £ 1% of
reading specification includes the effects of flainess and
Tinearity with rate and modulation and also erwironmental
effects. The environmental effects are mostly
termperature related and can be removed by verifying the
accuracy at the operating ternperature and using the
calibration factors in subseguent measurements, Keving
in special functions 16.1 and 17,1 causes all subseguent
readings 1o be corrected using the AM or FM calibration
factors (Table 5-1). For example, if the AM cabibration
factor is 100, 12 &l readings are scaled by 100/100.12
before displeying the result. With the calibration factors
enabled typical accuracy is + 0.6% of reading = 1 digit,



BN 6. Remote Operation N

The 89014 Modulation Anabyzer s fully programmable. Table &1. Allwable address codes.
All front panel functions, except the line switch, can be B PP
controlled using HP-IB. In addition, all special functions Addvast |-Addras | - Delined
are programmable vielding increased measurement Charscier | Charactar | Equivaient
flexibdity and sevviceability, This section is an overview of
programming the 82014, In addition to addressing,
program codes, and data message formate, specific
examples are gven using various HP mstrument
conteollersincluding QRICA, 08354, 08458, T, and HP 1000
computers. [nstrument submoutines are guen and an
example program to test FM mobile fransmitters using a
9825 Desktop Computer & included.

:
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Displaving and Setting the
Address

Thee B901A listen and talk sddresses are preset to the
ASCI symbols “." and "N". This corresponds to a decimal
equivalent of 14, The 5 bit binary representation of the
address is displaved on the front panel by keying in
ZL5PCL (Fieire 6-1). If the HP-IB interface board s not
mstalled or all seven switches are set to 1, the display
reads out 11111110 and HF-IB operation is disabled.

The address is easily modified by shding the top cover
back and adusting the bimary switches (Figure &2). The
display is updated immediately for any change in the
address switches. The TALK ONLY (TOIN) and LISTEN
ONLY (LOM) bits should bath be set to zero for nomal
{addressable) HP-IB operation, Table 61 lisis the
allowable address codes = o
"Wis rBEl'.'Ir'p‘ preset address

= 21 i ihe 98034A HP-1B interface preset address.
Therafors, the B90MA should not be 3&f 1o M, _1

WD OE |~ e | R S | -

Sl EeS L ADOT | OTE~ | R~ ammD | oo
|

<

S BEPEIRS F_T_ Ty FORCCTCN SO D B Py _f

=k DD D e s || ek ek ek | R O | s O D S
D=0 == 0| - 0—-= 0 = 0ul| oD apgaD| saass| e =

swpo|aswoo|csoo|lwcwbs|wuos|wswoolacaa|lsaas
EEE NARE HHEE|ESETF 5288 |20 ca|wawma |un—o

e | e s e ] s | i i | DO

[ Er——

IV
AN AR AT
I

VP TALE DALY |LOMI 15 SET, B IF KO, ==
A 0F LESTEN OHLY o 85T, B IF WO
1 IF SAGIEBET, 01F hOT

Figure é1. Remaote address display.

Figure &2. F001A address setting.



Program Codes

The program code set for the 8201A i given in Table &
2. The programming forrmat consists of a program code
prefix and a single digit argument. The prefix codes are
single alphanumerTic characters which are underlined in
light grew an the front pane for quick reference,

The program codes for automatic and manual
operation are two alphanumeric characters. The
increment, decrernent, and manisal frequency input
furictions are suffix codes. A numernical argumsent must
precede the suffix code. For example, the command
siring to set the B01A input frequency to 454.5 MHz is
454, 5ME”, Special functions can be programmed using
the codes from Table &3 and the suffix “SP". For
example, the command string for 10 Hz counter
resolution is “7.1S5P",

Code Simplifications and
Conventions

The B901A ignoves: spaces ! " # 5% & ()Y /'
{commas), carriage returns (CR), and line feeds (LF).
As a convenience, all lower case alpha characters are
treated as upper case, and the letter “0F & treated the
game a5 zero, The Modulation Analyzer always outputs
and displays E24 (bus code ervor) if it receives: @B G 1
JNQUWY{I]—"{:}"WDEL

Table &6-2. F2014 program code sel.

Program Cods
Meaperemend
AM M1
FM M2
oM M3
AF Level Ma
Frequency M5
IF Level 33
Tured AF Level 54
Frequency Error 55
High-Pess Filters
ort HO
50 Hz H1
300 Hz HZ2
Low-Pass Filtare
o Lo
3 kHz L1
15 kHz L2
=20 kHz L3
FM De-emphazis
De-emphasis and Pre-tisplay O PO
Pre-display On [l
25 us P2
as
750 ] P&
Dedecior
Prak = il
Peak - L2
Peak Hold M
Average D4
Ratln
1]
k] 1]
dB R2
Triggar
uE:‘e& fun 0
Hald m
Immediate T2
Trigger with Setiling 13
Automatie Dperation Al
el Opesation
MHz Input Frequency MZ
Hz Input Freguency HZ
Increment (tkHz) KU
ir Hz HU
Decrement {£kHz| Ky
L Hz| HD
SPCL P
SPEL SPCL 55
Clear v 8
Callbraber
Off Lo
n ;1




Table &3. B001LA specinl Funchon code sel. Function Cade Deseription
Function Cade Descriplion FM Calibrator 120 | Display computed peak
(Optinn 010} FM deiation
Enjul Atlemuation 1.0 hudamatic selection 121 | Mesplay demadulated peak
1 [ A8 input attenaation resadual FM deviation
12 [ 10 dB i nput attenuation 122 | Dsplay demadulated peak
1.3 20 dB inpul atteruation FM deviation
14 30 dB ingu attensiakion
15 A0 dB input attenuation AM Calibeator 130 | Display computed peak
16 50 dB ingut atteruaticn {Dgtinn 04900 AM depih
131 | Display demadulaied peak
Madulation Range 20 Autamatic selection rasidual AM deplh
AN FM =M 132 | Desplay demadulated
%l {kHz) frad} peak AM depth
21 =40 < 4 <04 < 4 Set Lirmt 14.0 | Clear Limits; torn off
22 =100 = 40 47 = 40 LIMIT annunciatar
23 <100 <400 <d40° =4l 141 | Setlawer limil ba
“wilth 7505 de-emphasis RATIO reference
pre-display 4.2 | Set upper limit to
RATH) reference
IF Frequency and 30 | Awtomatic IF selection; ingut 143 | Hestore bower limit
Enpul High-Pass Filter high-pass filter gul 144 | FAestore upper lamat
IF Input High- 145 | Aead bwer limil
MHz) Pass Filter 148 | Read upper limit
147 | Read fowaer fimit
21 D455 Out measuremen] code
32 15 Dt 148 | Read upper limit
33 455 In measuremen! code
34 15 In =
Tieme Base Dven 15.0 | Display E12 if indernal
Tung Mode 40 Automatic funing; {Dption DO relerence auven ig cold
Ioow noise L0
41 | Automatic funing; AM Calibration 160 | Dizsabie AM calibration factar
Track mode [Dptian 0101 16.1 | Enablz AM calibration factar
4.2 | Manual tuning via 16,2 | Wead AM calibratan 1acior
keyboard eniry {0l ot emabied)
Audia Peak Detector 50 Fast paak defector FM Calibration 7.0 | Disabde FM calibration factor
Teme Gonstan 51 Slow peak detecion (Gptian 010) 171 | Enable FM calibration facior
72 | Aead FM calihrathon factoe
AM ALC Response (] Slow AM ALC response il if not enabbed)
B9 | FastAM ALC respance
62 [ AM ALC off Tone Burst Recelver | 1BMN | Conbgures the Modulation
Aralyzer a5 a lone burst
Frequency Resolutian | 7.0 Automatic selection recerver where 3 setilmg
(A 10 Hr resoiution (1=1GHz) firne is inserted belween
72 | 1000 Hz resolutson deiecting a carreer and
turming on MODULATHON
Error Disable 80 | Autemalicsebection OUTPUT
a1 E01 disabled MM is thal time from 1
8.2 | E02and E0G disabled through 93 ms, Il NN =0,
B3 E01, EM2, & E0Y disabled the delay is 39 ms.
B4 | E04disabled
b5 ECH and ED4 disabled HP-I8 Address 210 | Displays HP-IB acdress m
iR EOZ. E0G, & E04 disabled form AAAAATLS
87 | EDVthrough EQ4 disabied AAAAA i5 the binary
aa EQT through E04 enabled afdress T = 1 means falk
anly L = 1 means lislen
Hold Settings 1] Hulds ranges. tuneng and anly. 5 =1 meant service
error modes at present request issued,
geltings, disables automatic
fienctions Service Requesi 224 | Enables a condition o cause
a3 Servica raquast bo b=
IF Frequency 100 | Measures IF signal Frequency essied. NN is the sum ol any
Measuremant cambinabion of the walphies
candilions below,
Re-nter RATIO 11.0° | Re-enter % RATIO 1 Data ready
wiih Previcus 1107 | Re-enier df RATIO 2 HP-B evror
Reforence 1.2 | Read RATIO reference 4 Instrument e
113 | Make RATIO referonce B Upper limit reached
megativi 16 Lower limil reached

Instrument powers wp
tha 222 state.




Programming Order
Considerations

Order & impartant when programming the 8201A, The
code "AU" places the B201A in automatic operation and
clears all special functions with prefix numbers 1 through
&,9, 15, and 21. Therefore, any desired special functions
should be after “ALI" in the program code sequence.
Because measurement cycles are abways executed mmme-
diately after a trigger command is recened, trigger
commands should akyays be [ast in a programming
sequence. The code “PU° not only turns off pre-display
minde bt also all de-emphasis. Consequently, de-
emphasis filter codes should be after pre-display on "P1"
ar off “P07. Peak hold mode works with either the
positive or negative peak detector, Pressing either FEAK
+ or PEAK — or changing measurement maodes (e.g., AM
to FM) in local operation takes the 89%01A out of peak
hald mode, Pressing PEAK HOLD after PEAK + or
PEAK — turns on peak hold mode. Remote operation is
the same as local operation. Therelore, peak hold mode
“D3" must be programmed after selecting PEAK + or
PEAK — The following rules should ahways be followed:

1. Ay desired special functions should be after “ALI",
2. De-emnphasis filters code should be after selecting pre-
display on or off,

3. PEAK HOLD should be after selecting PEAK + or
PEAK - and after changing measurement modes,

4, Trigger commands should be last.

An easy way fo remember rules # and 3 is that the argu-
menis must be in ascending order. For example, the
program sequence 1o set positive peak hold s “TI0E".
The following examples carify the use of these rules.

Example: A typical code sequence (o set up the
modulation analyzer for an mstantaneous FM modulation

limating measurement is:

controller lalk o
B01A listen "‘” ME. 220 In

Automatic uperahon
(clears special Iunchurm

fix 40 kHz deviation range
{prevents autoranging)

50 Hz high-pass flter
Turn off pre-display mode and de-ernphasis
peak + detector and peak hold

PO DID3 T3
T [T

trigger with setting time

Example: Select the 750 us de-emphasis filter and PRE-
DISPLAY on:

contraller talk

BS0IA listen PIPE

Example: Select the ¥5 ps de-emphasis filter and PRE-
DISPLAY off:
contraller tallk
ROOIA listen

Example: Select the FEAK
PEAK HOLD mode:

controller tallk
BOOLA listen

“POPY

— detector and turn off

Triggered Operation

The 89014 has a full complement of triggered modes of
operation (Table &-4). The 89014 executes measuremsni
evcles continuoushy in free run mode (T0) as it does in
local, In hold mode (T1) the 89014 does not output to the
display or o the bus. The trigger immediate command
(T2) causes the 8901A to make cne measurement cycle
and wait o be read. Trigger with settling time {T3) causes
the BHILA to execule one measuremneant oJcle after
delaving fo allow internal circuits to settle. In both trigger
immaediate and trigger with settfing modes the analyzer
enters hold mode after the reading is output to the
contraller.

Trigger with setting (T3} & recommended for most
appheations, It provides a valid resding in the shortest
time and eliminates the need to perform software checks
for proper settling. The subroutines and examples in this
section all use trigger with settling. Ancther advantage of
trigger with settling mode & in debugging programs. The
29014 display holds the reading after it is output to the
controlier. Thus it is easy to check that program variables
are assigned proper values as the program is stepped
through, The CLEAR ey is another debugging aid.
Whenever CLEAR is pressed dunng remote operafion,
the 89014 executes a measurerment cycle. This is useful
for identifying tirming problems in swstems. For example,
when the 3901A is triggered under program control, the
input signal might not be settled ar present due 1o system
switching transients, Pressing CLEAR after a few seconds
and nioting the change in the new reading & a quick way
to check for timing probdems.

Table &-4. B901A tnigger modes.

Trigger Mada I- HP-I8 Code
Fres Aun 0
Hald T
Immadiaie T2
Trigger wilh Sullllluj T3




Output Data Message Format
The Modulation Anabyzer outputs readings ina 15 e

format (Figure &3). The output message is in
expaneitial forrme It begins with a + of — sign and ends
with a carriage return (CR) and line feed (LF). Datais
always cutput in fundamental units: Hz, watts, radians, %
or dB. Error messages indicated on the display can also
be read remotely. The error output format is
+AO000NNE+D2CRLE where NN & the error number.
When an error occurs, the mstrument error {ININ) s
obtained by addressing the BOOLA to talle, subtracting 9
W* rom the reading returned, and dividing by 100, The
operating information pullout card lists all the error
codes,
Example: Display reads: 96921346 MHz

Data output; +9921346E+0ICRLF
Example: Display reack: 34,92 kHz

Data ourput: +00003492E+01CRLF
Example: [n the 98254 example program Figure
&4, execution branches fo the error trapping subroutine
“trap” if an error occurs. The “frap”™ subroutme
determines the error number and prints a diagnostic
message if either E96 ar E06 occurs. When no input
signal is sensed by the 8901A, the display indicates two
dashes and E96 is aulpul 1o the bus. E06 ocours il the
input poer protect relay is ripped by an input overkosd,

Service Request and Status
Heporting

The B901A can request service via the interface SRC)
for fve conditions. These conditions are

1. Data ready

2. Invahd programming code errar
3. Instrument error

4. Upper limit reached

5. Lower limit reached

When addressed to talk during a serial poll, the 390LA
sends the status byte as shown in Figure 6-5. The
operator has control over which conditions cause the
BO01A to reques! service using special function 22X Ta
enable an SRCkgenerating condition, use the Z2.X special
function with argument X equal to the sum of the bit
values for the desired service request condition. The bits
in the status byte can be set to one only if they are
enahlec. The ualid programming code is an exception
An invalid program code always generates a service
request even if an atternpt is made to mask it off. The
EO01A powers up in the 22.2 state. Bit & {SRQ) is set true
whenever any of the other status bits are set All bits
remain set untll the status byte is vead, Bits 5 and 7 are
always 0.

Bin Bil Value Fumietices
a 1 Diata Ready
AL L 1 2 Bues Code Erear
“"'”"“’*" | 2 4 Instrument Erros
N non000n0nnnoong 3 8 Upper il Faached
hﬂtl‘!. MEASURLD WALLE B 40ITS | 5 B e 4 16 Lower Limit Meached
-1 ALWATYSLETTERE - SIGM 4 5 2 ]
B B ] Service Reouest
I3 128 ]
Figure 6-3. 50014 culput message format, Figure 65, FXA status byle
0: "Error traoping examole":
1:
v R ) et remafe enahle
Jsowth T14,"MYITO" Trigger an AM measurement
41 “error could occur®: Tha B301A will display E06 if an overioad accurs
5: Emt jred 714 .K Read Bo0tA
G: if A=%9e9;cll ‘krap’;gto "Continue" Branch to “rap” If an error has sceurred
70 prt "AW depth= "oAn AT 1 ne eszor. print measuremeant rased
8: "Continue":
9: stp Stop
1o
115 “traph: Subrowtine 1o determing errod number
12: I;J\—EE‘}]-IIEI{I-*E Disterming error code (E)
13: if B=95;prt "Ho input signal”;ret Print error message if B3 occurs
14: if E=6;prt "Input power®,"protect relay", "open"—Printerrormessage if EO6 oocurs
15; ret Return

Figure 64, BO1A error trappmsg example,




Example: Enable the B91A fo generate a service
request when data is ready or lower limit is reached. The
argument is 16 + 1= 17, and the special function 1s 22.17.
This could be programmed using the general form:
controller tall .
BO01A listen } Y22 1ISP"

or specifically with the 9825A:  wth T14, “22.17SP",
or the SH354 or DBASE/T:
QUTPUT 714 USING “K™ “22.175P"

Example: Using the equipment shown (Figure &46),
the example subprogram “limit” (Figure 67) interrupts the
main progam and prinds the FM deviation with the 98254
strip printer whenever the source peak FM deviation is less
than 60 kHz or greater than 70 kHz.

Figure 6-6. Example service request sefup,

Programming Execution Time

The reading rate in remote operation is determined by
two parameters: the rate at which data can be input to
the 89014 via the HP-IB interface, and the time required
for the B%01A to execule a measurement oycle and output
the measurement result. Because the 89014 accepts data
at & 273 bytes/second rate, data transfer is normally a
small fraction of the total program run-time. Execution
time is almost completely 4 function of internal hardware
sattling times. Table 6-5 lists typical execution times for
various measurement functions and triager modes. RE
level is the fastest mode for the B901A to return the first
reading, This is because RF kevel is a broadband
measurement and does not require the B001A to tune.
The remaining functions (AM, FM, &M, and frequency}
all require the BO01A to tune to the input signal before
measurements can be made, The times to return the first
reading given in Table &5 vany with input frequency,
modulation rate, and modulation deviation or depth.
These times assume that the B901A is not already tuned.
Once tuned, the time to suitch between any of the tuned
functions is typically less than one second. When several
measurement modes are Used in succession, Table &5
sugmests that the optirium sequence is RF level,
frequency, AM, FM, and @M. Using the audio
measurement bandwidth filters also results in faster
readings . Particularly helpful is the 50 Hz high-pass flter
i AM and FM modes and the 15 kHz low-pass filter in
FM Made for deviations less than 4 kHz.

“Service reguest exampla":

B =

eem 7

Set remote enable trpe

onl T2 1imleM
wtb 714 ,"M2TO70RL14.25P™

as sm

Branch to “Nmit” when an inrterrept ocours
Pul B304 in FM maoda, sed Tower limit 0o 60 kHz deviation
Set upper limil to 70 kHz, furn off ratic mode

: wth 714 ,“60R114.1SPRO"

iowth Tl4 ,"232. 245F"

Sel B01A interrupl mask fos wpper or fower limit

eir 7

for I=1 to 1000
dsp "I=YL1

Enabile interrupts

next [
gto -3

L - = B N PO SR

| B BN

T ]

Y3 "limit s rdalT14) 5

Dummy masn program

Serlitl poll 84014, read status byte into 5

14: if bit(3,5)=0 and bit(4,5)=0;icet

Check stalus byte for upper oF lower limit
Raad FM deviation

15: Emt ;red 714D

l6: prt "Dewv=",D*1a-3%, " kHz"

Print resulis

17 81t 7

Re-anable interrupis
Heturn to main program

18: 1ret

Figure 6-7, B301A service request example.




Free run trigger mode provides the fastest reading rate
while trigger with setthng provides the most consistent
readings. [n trigger with settling mode the reading rate
varies with medulation rate, depth, or deviation, and can
be improved as above using audio filters where possible.

Device Subroutines

When using an instrument in remote operation it is
helpful to develop a set of device subroutines to control
the main furctioms of the mstrument, These subroutines
eliminate the need to remember specific instrument
program codes and greatly simplify writing application
programs. A comprehenswe set of device subroutmes is
included an pages 42-46 for the 98254, 98354, 98458,T,
and HP-1000 controlers. Making use of these subroutines
requires the ROMs and mterface cards histed in Table 6-6.

It = also necessary to assign the proper value to the
subroutine variable which represents the 8901A address.
Table &7 shows how to assign the address variable,
assuming the BO01A address is 14 and the 9805344 select
code i5 7.

The general calling syntax in the subroutines descrip-
thore 1% given for the 98254 only, The calling suntax for the
other controllers is very similar. Table 6-8 shows example
calling statemnents for the audio filter subroutine, Fit.
Matice that in the HP-1000 FORTRAN subroutines, the
address varable IDLL must abweys appear first in the
calling statement,

Table 5. Typical 89H01A measurement rales.

Beadings/Second Alter First Reading
Measuremenl | Time o Autatune sd
Mode | Return First Reading Tiaoi Bl
|Sacands) Free With
Aun Immediate | Seftling
L 14125 5.8 P18 (15t 2.0
FM 1625 L3 181031 (14022
M 1625 58 T.Ubﬁ3ﬂ|ﬂﬂtu?1
RF Level 040 5.4 43 25
Freguency
resalution
aulo 06 36 28 1.5
10 Hz DEwmda 10275 08wz | 05m12
1kHz L] 5.0 31 ]

Table & 6. Hardware required lor 830LA dewice subroutines,

Cosirolier Hardware Reguired

Sean 863324 110 ROM

QR432A (50 ROM

et QBM0A Siring and Advanced Programming AOM
981134 General and Extended | /0 ROM*®
B8034A HP-IB Intnrface Card

880344 HP-1B interlace Card

G5BT BBA12A 110 ROM (86458, 3845T7) o
[BE45A, BA45S)
980344 HP-1B Interface Card

HP-100H SAT08 HP-18 Interiace Card

* The 982144 pr S8216A ROM can be substituted for the 38234 ROM

Table 6-7. Example BR0LA address varisble assignment.

Coniroller Variable ¥ams Assignment Statamen
SHRGA Ma dev “Ma”, T4
GEIGA, Ma COM Ma
M5BT Ma=TH
HP- 1000 10U IDLU = 14
Table 8. Example call staternenis,
Contredler Call Staterment
98254 ol FI {ay, a3
98354, 984581 T CALL Fif g, agl
HP-u000 CALL FLT (DLW, a4, agl

41




Am

AM Depth

iescription: This subroutine measures AM depth.

alling Syntax: ol 'Am’ (a7)
| —will contain measured AM depth, in %.

§25A Example: Measure AM depth
1"Am’ (M)
rtCAME = M

:omments: This subroutine assumes that the
o filters and detector are already set as desired.
he detector and filters can be set using the *Det”
ad “Flt” subroutines.

asting:
HZ5A

* "am'

¢ Emt ;wrt YMa' "M1T1";red "Ma"',ml
: ret

291 14

2354 0845B/T

OO SUR-hmik)

10 COo Ma

20 OUTPOT Ma BSIdec "R"®;MM1Ta"
10 EATER Math

40 SUBEHD

1P-1000

SUBRCUTINE AM{IDLU, DEFTH)
WEITE (IDLU,10

L] FCRMET " M1T3" )
REAL{IDLU,*) DEPTH
RETUEN
END

12

Cnt

Freguency Count

Description: This subroutine sets the modulation
analvzer to frequency mode, triggers it, and retums the
measured frequency.

Calling Syntax; cll 'Cnt’ {ag)
a1—will contaim measured frequency in Hz.

9825A Example: Make a frequency measurement;

cll 'Cnt™ (F}
prt “Freq =", F*le-6, “MH=z"

Comments: This subroutine uses 10 Hz resolution. In
automatic low-noise tuning mode the 820LA takes sever
readings to return the correct frequency when it
must fune to the input signal. The error occurs
because the local escillator is not fully settled by the firs|
reading. To overcome this problem this subroutine uses
track mode alter tuning. This ensures that the frequenc
measured in “Cnt” is fully settled and correct. “Cnt”
returns the #9014 to automatic low-noise funing mode
before execution returns to the main program, This is
only necessang when 10 Hz resolution s requested. 1f 10
Hz resclution is adequate, the command string "M5T3"
provides a faster count,

Listing:
LT

I5c "tnks

16: Emk ;wpt "H.-_‘l"..'HG!-.'J?.".E]"-‘-.JEFT?';
rad "Ha', pl

17 wrt "Ma®, "AU s if {pl-9e9) /100=10;
wet "Maf MEiRerag s UMal el

lB: ret

it b

93354, 9BASB,/T

210 SUB CntlF)

220  CCOH Ha

30 OUTEUT Ma DSIfG MRY™;:"M5A07.15P4.1SPT
240 EMTER Ma;F

250 OUTPUT Ma USLRG "R"p"Au"

260 IF {F=0E%) /L00<>E0 THEN SUBEXIT

70 oUTPURiMa USTHG "Bt

280 ENTER Ma;F

230 SUBEWS

HP- 100

SUERJDTINE CHT{IDLU, FREQ)
DOUBLE PRECTSTON FREQ
WRITE{IDLT, 10}

10 FORMAT("MEALT, 15P4, 15PT3Y)
BEAD ( TOLU*) FREQ
WRETE{IDLU,L1]

L1 FORMAT (" ALI™ )
1P (FREQ-9 E9}%NE.10.9) GO TG 29
WEITE(IDLU, 12}

L2 FOREAT (" TI" )
READ { IDLO , * P FEED
99 FETUERN




Dem

De-emphasis Filters

Description: This subroutine sets the EM de-emphasis
filters of the Modulation Analyzer,

Calling Syntax: il Tern' (a1, agh

a)—set to desired de-emphasis, in s,

ag—Il ag is non-zero the de-emphasis fiters are placerd
before the measurement detector {pre-display). If ag is
set 10 zero the modulation output is still de-emphasized

but after the FM deviation is measured and displayed.

9825A Example: Set the 750 us de-ernphasis filter but
do not use the PRE-DISPLAY mode

cll 'Dem’ (750, 0)

Comments: Pre-display mode is mast helpful in mea-
suring flathess of FM transmitters with pre-emphasis, If
no de-emphasis is desired, set a1 to zero. For the 98254
sontroller a2 may be omitted rather than setting it equal
o e,

Listing:
8254

Iz “Damnfe
br plepl;if p>=750 ; L00- g
Dz Emb "B £l D, BT T D
wet "Ma™, p2W0, o025+ tpls=15)
e et
22157

B35A 98458, T

40 ZUB Dem|{D,Fre)

S0 COM Ma

&l Dee=p

10 IF Det>=75%) THEH Det=]104

80 IMAGE 2("P™,D)

90 QUTRUT Ma O3I1NG 1803
Bred:D, Dat a5+ [Detyr=35]

10 SUEEND

P-1000
SUBROUTINE DEM({IDLU,IDIS,I0EN)
J=0
L=0

1IE(IDIS.NE.6) J=1
IF (INEM.EQ.T50) InEN=100
IF (IDEM.GT, 0] L=IDEM/25+]
WRITE(EBLG, 101 J,L

) FCRMAT{"E" ,11,"p", 11}
BETURN
END

Det

Measurement Detectors

Description: This subreutine selects the rheasLrEent
detector of the Modulation Analyzer,

Calling Syntax: cll 'Deat’ a, a2
a1—determines which detector & to be ysed,

Dedecier a]
PEAK + 1
PEAK - %
AVG ]

a2 —If a2 i non-zero the Modulation Analvzer is placed
in the FEAK HOLD made. If =t o #ero, PEAK HOLD
mrde is not used.

9YSZ5A Example: Set the Modulation Analyzer to the
PEAK + mode with FEAK HOLD off:

ell'Det” (1, 0)

Comments: The average detectar i recominended
fer residual noise modulation measurements. Peak hold
mode is useful in measuring mstantanesus modulation
transients, Peak hold mode is turned off when the
BRILA changes measurement modes e.g., AM 1o FM)
Therefore, the 89014 must already be in the desirad
measurement mode (Le,, by acall to "Am™ or "Fm")
before “Det” is used to set peak hold mode.

Listing:
9RISA

T34 ®pagn.

13: EmE "D" JEL .0, iwit "Ma®,pl: if pigo:
wth "Ma®, rp3"

I rat

+30313

98354, SBI5B/T

8a SUB Oet(Detector, Pkhold)

91 COoM Mg

100 IMAGE "O".D

110 OOTPOT Ma UsSIng 100 ;: Detectot

120 IF Fkhold<:d THES OUTPHT M3 USING BERchhye
130  BUBEHND

HP 1000

SUBFCUTINE DET (IDLU, IDET,TH]

WELITE {1DLU,10) IDET

IFIIH.NE. 0} WRITE {IpLU,10) 32
14 FORMAT [*0" , T1}

RETUEN

ERD
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Flt

Audio Filters

Description: This subrouting sete the high and low-pass
filters that deterrnine the measuremert bandwidth of the

Modulation Analyzer.

Calling Syntax: cll FIt' (a1, ag)
a1 —set to desired high-pass filter, in Hz.
ap—set 1o desired low-pass filter, m kHz.

9825A Example: Set the Modulation Analyzer measure.

ment bandwidth to 300 Hz to 15 kHaz:
oIl 'Fit* (300, 15)

Comments: I no high-pass filker is desired, set a1 to 0.

Similarly, # no low-pass filter is desired, set a2 tol e, to

bt all the filters off, use . ..
cll ‘B {0.0) .. )

Listing:
QRISA

15: "P1t":

161 Lle‘JI:I'I*[]}1‘-‘"3’.]]+El3:(|'_.‘|2>D:I+:pL'.)3'|+
(p2>15)+pd

17: fmt ay® fY.0, LY EL Orurk "Ma® pl;pd

181 ek

20419

9835A.9845B/T

10 5UB Fle(H,L)

I CoM Ma

0 Hp=[HrD}+(HZ50)

#0  Lp={L:0]+[L>3)+{Lx13)

5y IMAGE "H®,D,"'L",D

£0  OUTPOT Ma OSIHG 50iHp.Lp

70 SUBEND

HP-1000
SUBROUTIKE FLT (IDLU,HP.LF}
TH=0
1L=4

IF [KE.GT.0)  TH=1

IF(HP .GT.50F IH=2

oo g P R P |

IF(LE.GT. 3} 1L=2

IF{LPF.GT.15) I1L=1

WRITE(IDLU,10) IH,IL
10 FORMAT ("H" ,I1,"L": 11}

RETURH

END

Fm

FM Deviation
Description: This subroutine measures FM deviatiorn

Calling Symtax: cll Fm’ (a1)
a1—will contain measured deviation, in Ha.

9525A Example: Measure FM deviation ([} using th
PEAK — detectar:

all 'Dat’ (2, 0)
el Frn' (D)

Comments: Belore this subroutine 18 called, the aud
filters, de-emphasis filters, and detectors should be sg
desired using the “FIt”, “Dem”, and "Det” subroutine

Lisding:
CRZEA

l9: "Fm"a

a0s fpt iwrt "mat UMITA" jred "Ma" pl
2¥zrek

* 24844

9E3IA, 98458/ T

450 SUB FmiD}

460 COM Ma

470 OUTEUT Ma USING i e P
480 ENTER MarD

490 SUBEND

HP-1000

SUBRCUTINE FMiIDLO,DEV)
WRITE(1DLD,10)
10 FORMAT ("MIT3")
READ{IDLD,* ) DBEV
RETURY
ENMD




Mif

Modulation Analvzer Receive Frequency

Description: This subrautine takes the Modulation
Anakyzer out of the autotuning mode and sets the receive
frequency in the manual tune mode. This configures the
instrument as a fixed tuned receiver.

Calling Syntax: cll "M {a3)
a1—eat 1o desired frequency, in MHz.

95254 Example: Set the Modulation Analyzer receive
frequency o 132.1 MHz.
cll "MtF {132.1)

Comments: Mormally, the anabyzer can be operated in
autatune mode. This subroutine is recommended only
when undesmed RF signals are present.

To return the Modulation Analzer (o the autotune
mode, use; cll ™ (0).

Listing:
QRZ5A

255 "MLE™:

26z if pl=f:wtb "Ma","d.0sp";cet
27: Emt EY10.5,"MZ"swet "Ma" iplreet
19597

03354, 98458, T
320 BUB MEE(F]
330 L COM. Ma

340 IF F»0 THEM GOTO 370

I50 0 DUTPUT Ma USIHG "K":" 4. 068"
360 SUBEXIT

370, IMAGE L0D0.30,"HZ"

380, QUTRUT Ma OSING 370:F

190 SUBEHD

HP-1000

SUEROUTINE WIF [IDLU,EREQ)
DOUBLE PRECISION FRED

If [FREQ.LT.1E-3) GO TO 20
WRITE (10LU,10) FREQ

14 FORMAT [FL1D, 5, "ME"}
EETURH

20 WRITE (IDLU, 301

20 FORMAT (® 4.058" )
RETUEN
END

Pep

Peak Envelope Power

Description: This subroutine measures the peak enve-
lope power using the diode detector of the Modulation
Analyzer.

Calling Svntax: cll Pep' (21)
a1—will comtain the measured BF level, in watts.

98254 Example: Measure the BF lewvel (P).

cll Pep’ (P}
prt “Power =", P, “watts"

Comments: To save testing time {=1.5s), this subroutime
should be called at the heginning or end of a transmatter
test sequence because the analyzer must retune after
makirg RF Level measurements.

Listing:
ABI5A

223 "Pep":

23: fmt pwrt "Ma"™, "M4aTi"ired "Ha",pl
idr et

o 5 -

98354 S845B/ T

270 SUB PeplP]

ZED . COM Ma

260 OUTPUT Ma USIKG "g")"MdT1"
300 ENTER Ma;P

310 SUBEND

HP-1000

SUBROUTINE PEF (IDLU , FWR]
WRITE({IDLU,10]

1o FORMAT [" M4TIA")
READ{IDLI, ") PWE
RETURN
EWD



Pm

Phase Deviation

Description: This subroutine measures transmitter
phase deviation using the Modulation Analuzer.

Calling Syntax: cll Pm' (a])
a)—uwill contain measured deviation, in radians.

98254 Example: Measure M deviation (D) &t a 1 kHz
rate using the PEAK detector:

el P (D)
prt “phase dev =", D*180/r, "Degrees”

Comments: Before this subroutine is called, the auda
filters and detectors should be set as desired using the
"Fit™ and "Dret™ subroutines.

Because the 8501A recovers phase modulation by
integrating the recovered FM, low frequency noise can
cause significant display bouncing. Therefore using the 50
Hz or 300 Hz high-pass filter in &M mode is highly
recommended. If no high-pass filters are specified the
89014 defaults to the 50 Hz high-pass filler when it enters
&M mode. When the 50 Hz high-pass filter i turned on
by default it & also turned off when the 89014 leaves 4
made. The subroutine retums the measured phase
deviation i radians (a1). To corvert a) to degrees (D,
use the folloving formula:

o=

Listing:
QRZ50,

28: "Pm":

29: fmt ;wrEt "Ma","M3ITA":rced "HMa®,pl
30: et

* 30764

9R35A, 98458/ T

500 SUB Pm(R)

510 COM Ma

520 OUTPUT Ma USING “E":"H3TI"
530 ENTER Ma; R

540 SUBEKD

HP-1000

SUBROUTINE FM|IDLU,RAD}
WRITE [IDLU, 100

10 FORMAT (" M3T3")
READ [IDLU,* | RAD
RETUEN
END

Example Program

The example prograrm which follows ises the B901A
application subroutines to automaticathy test an FM
mohbile transmitter. Figure 6-8 shows the equipment
setup. An HF 33254 Synthesizer is used as a
programmable audio source to simulate voice signals at
the micraphone input, The transmitter output =
attenuated to the operating level of the BS01A. The 89014
makes the transmitter measurements using the
apphcation subroutines. The program generates o
plats: The first shows the transmitter pre-emphasis curve.
Pre-emphais is the increase in FM deviation of the
transmitter output as audio frequency is increased, For
FM mobile transmitters the pre-emphasis 1 specified at 6
dB/octave between 300 Hz and 3 kHz. The second plot
shows transmitter flatness which i the devialion from the
ideal pre-emphasis curve. The program fakes
approximately 4 minutes to ran: 212 minutes to label the
titless and graphs, and 1% minutes to perform the
measurements [Figure 69). The program also provides
an alternata autput using the 98254 thermal strip printer
(Figure 6-10). The aternale version takes about 45

seconds to run

Figure 6-8. Automatic transmatter test equipment setup.
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Figqure 6-5. Sample output of example application program.

Figure 610, Sample alternate output of example program,
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Example Program

0:

=4 ma

(=00 . R I P N R

: "8901A Device subroutines”®: R

t Cet

s wrk "Ma","BUT:if (pl=9e9)/100=10:wrt "Ma","T3";red "Ma",pl

: pl+pl;if p0»=750;100+p0
: Emt "PY,f1.0,"P", E1l.0;wrt "Ma",p2{§0,p0/ 254+ (p0a=25)

: Fmit :wrt "Ma® "M2T3™;red "Ma";pl

: ré&t -

"aN 286-1 FM Mobile test program"™:

i Aev "3325" 717, "Ma", 714 Assign address variabies
: gta "scare" Branch to “stari” label

"Thic":time 5000irem F;&li Trelr 7 1
fmt ;wrt "Ma® ,"CLAU7.1SPDLHOLOPOCOROMZ™ 51 5 sacond timeout, initialize
wee "31326" "FOIFRIEH-56DB"iretc Audin source and B304

"3325A Device subroutines™:
Hagft: fmr “PRULEL4GTERY jwrk "3325%,plicet Audio frequency (At) and
PREI™: fmk "AM", .2, "DBY":;wrt "33257,.pl: retI_ lewel (Al subroutines

"Am" :
fmt rwrt "Ma®,"™MITi":red "Ma",pl

"Onte:
fmt :wrt "Ma™,"MSAU7.1SP4.15PT3";red "Ma",pl

ret
"Dem" 3

et
“Dett: = BOA device subroutings
Emt "D", f1.0, :wEit "Ma",pl;if p2#0;wth "Ma',"D3"
ret

Lot o

fpl>0)4 (pl>50)«p3; (p2:0)+{p2>3)+(p2>13}+pd

FmE "HY L0 Rl Dewetr " Mat  pd Sad

ret

IlFm":

rekt
"PEP":
Emt ;wrk "Ma","MATI";red "Ma",pl

"Pmslim"s F& maddation limiting subrouling
cll TAf1T ({p2} Sel starting audic source level
fmt ;wrt "Ma","M2";wait 500 Select FM mosa and settia for SH0ms
e 1 e T il e - Select PEAK HOLD and PEAK +

r okl CAFLT (p2420)scll TRELT(p2) iell BE1T (p24+20) ————— Increase audio level X df twica

wot ' "Ma®, "T3" jred “Ha'pl Trigger and read instantaneons peak deviation
cll “Det’ (1) ;cll "Em {pd4) Select PEAK + defectos and read steady-state deviation

: el)l CAELC (p2) Feset starting auden level

ret

"Fmsens'": FM Microphone sansitivily subrauting
if p%=0;3000+p5 —— Defauilt to 3 kHz desired FM deviation
c11 TAff Ip2irell TAE1T{p4):cll TF1ES(0,15);cll Fm (pb)] i pdrpl

: pl+20log(p5/pbli-pl Caiculate next audio lewel

if abs{pb-pSi<hirat — RAeturn it measwred deviation is within 30 Hz of desired
if pl»25 or pl<-56;prt "“fmgens failed*";ret
c11 TAfYT (pl)iell CFmiipe)rgto -3 St new audio level and measure FIM deviation

"axisg":ofs pl,p2

:plt p3,0;plt p4,0,-1l;plt Q,p5;ple O,pé,-1

for I=-int{abs(pi/p7))1*p7 to pd by p7
1f I#05plt L,—-B:plt Aol e J, Subrouting to draw axes

:ohexk 1

for I=-int{abs(p5/pB))1*p8 to po by pd
if T#0:plt —.6,liplt .6,1,-1




6l:
62z
63z
G4
651
661
671
Gl
69

dls
e
T3:
T4
T5:
6+
17
78:
193
BO:
Bl
az:
33
34
a5:
86
B73
BBz
B9:
B0
9l
B
93:
94 :
b L
96 :
371
98 :

100:
101:
102z
L03;
104
105
106
107
108:
109:
110:
11Xz
1123
113
114+
115:
116:
g
Ll8:
119:
L20:

i = A S T 0 B BT L T B A B

nexkt I
afs =pl,=pdiret

"label":ofs pl,.p2iceiz 2 ‘L

X and Y axis kabel subrouting

plt pi,pd,1l:1bl ASicsiz 2,2,.1,90
plt p5,p6,1;1bl Bsjcsiz 2:ofs —pl.-pZ:retI

"eEaret:
dim A5[20],B5[20],A[20,3],85110] ‘l
ent "Ie a 9B72A plotter connected",C8

Start of maln program

A=k aperator If 3 SET24 plofter
|5 coenacted. Press “confimue”

Lf posicap(C$),"8"}=0;g9t0 “"setup”
&6fg 1;16+c0;gto “cont"

"setup":

"Assign plotter address":dev "gE7Z",705
psc TO05;pelr;peny lrwrt "9872%,"VSZ0" ]:

dszp "Setting up plot. Standby . . .*®

scl 0,100,0,100

lar yes It “a” or “no” i entered
flag 1 is set and the thermal strip

prenter hecomes the oulir device

Agaign plodter address, sebect pen #1,

and sat writing speed 16 20em /s

Scabe paper in X and Y from 0 1o 100

celz. 5,2,.1,0

Select large character size

plt 5,85,1;cplt 1,0;1bl1 "FM Mobile";cplt —10,-1;1bl “Transmitter™

cplt =10,=171bl "Model XYEZ"

Prind titles

csiz 2:plt 12,49,1;1bl "Transmitter Tests" f

plt 12.:48;plt 28,48,-1I;pit 30,48;:plt 37,48,=1
plt 5,40,1:;1bl "Power="

Plt 5,35,1;161 "Fregquepncy="
plt 5,30,1:1bl "Freg. Ecror="
plt 5;25,1r1bl "Mic. BeEns.="

Uinderlime previous title

plt §5,15,1;1b]l "Residual FM="

plt 5,20,1;1b1 “Mod. Limitinq="J
plt 5:10,1;1bl "Incidental AM="

Print 1es1 headings

"Hate{kHz)}"~A&: "FPre-emphasia{dB) "+~B3

Asslgin X and Y axis Labels

cll “axie’ (60,87,0,36,-27,8,17.5,3)

Draw ®xes for upper plot

¢ll "label " {60,87,10,-35,-6.5,—-21)
plt 59.96,1l:eplt -2,0;c8i7 1,1,1;1b1 "-rﬁ'"1

== Labed axes for upper plod

plt 59;86,.5,1l:ecplt -1,0;1b1 "o"
pit 59,71.5,1ycplt =3,0:1b) "-10" I
plt 60,60,1;cplt —1,-1.2;1b1 ", 1" 1

Label Y-axis fic marks

Labsl X-axie tic marks

plE 8560 1raplt —. 5, 1. =161 “10*"

"Flatness{dl) "-B5

Reassign Y-axis |abei

cll “axig™160,33,0,36,-18,7,17.5,3)

Draw axes for lower plot

cll “label”(80,33,10,-30,=6,-17)
pLt -58,38;l;epkt =2 ,0;c8iz 1;1,1;1bl "1-2“1
plt 59,32.5,1;eplt -1,0;1b1l "O"

Labet axes for lower plot

plt 59,26.5,1:cplt -2,0;1bl "-2" f
PLt 59.20.5,1;cplt —2,0:1bY "-4"

ple 60.5,7;1;c8iz 1,1,5,9051b1 *. 316"

e B - WA o e S 5 L Bt e W R o R SRS
"set plotker max. speed (36emfe)Mewrt "OE7IY RS 3T
"Use pen #4":pené 4

"Pogition pen in upper right cormer":plt 100,100,1

Labef ¥-axis tic marks

Label ¥-axis fic marks

"cont®:;dsp "Connect next transmitter”;stp
cil FEpltSrello tAEES ()

"hesign XMTR frequency in variable & (in MHz)":
132+h

if- flgl=0;9to +4

fmt 2/, 30, e Wl 3%, "Model  XYE";wrt 0

Display promps and wait lar

operaind ko conrech e transmither

Frint test heading an the
sirip prenter if flag 1 s set
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Example Program (continued)

1214
d Bl 2
s
1247
125¢
126
127:
128+
129:
130z
13
132:
2
134:
B o
136:
A o
138:=
139
140z
141:
142:
I43:
144z
145z
146 :
1847
148 :
i449:
150:
e B
182z
Loy
15
5 B
156z
157¢%
158:
Y55
160:
16l:
1621
&3y
164 :
1653
16 :
167
16E:
169
170+
171:
i gri 4
13
174:
175 ¢
176
)
178:
179 :
1817:
181:

it Gag e U2/ A%, "IMTR Tests" .2/ iwtt 0

cll ‘Pep {F)

"Compensate reading for 30db Pad (P*1led)":

if £lgl:fmt "Power=" ,./,5x,£f5.1," watta" , /iwrt 0, P*ledigta +3 Measure powar
plt 29,40 7fxd 1:1b1 P2led,; " watks"

cll 'Cht’ (F);F=hA*leb+E Megsure frequancy
1f flgl=0;:;gto +3

fmt “Freguency=" ./ ,2%,.£10.5," MHz",/:wrt T0,F*le-g
fmt "Freq, error=",/,.8%,£5.0," Hz", jwrt r), Ejgcto +5
plt 2935 T fxd hrlhl Erless, ™ MHz"

plt 29 A0 J7Exd Grlbl E, " Hz"

Print frequency
and freguency errmr

"Uge -7 d4Bm for starting Mic. sens.' escimace®: Measurs microphane sensiiviby
cll 'Pmsens'fbﬁ,l,F,—".’:l;13&0-{,05!:11"[.,*‘[,:‘2“-54' & corvert 8Bm [5001) 10 my
if Flgl:fmk "Mic. Senge” /9y, f4.0," my",fiwrt 2,8:gt0 43 = Output resilf

pEE 20 s T e YL 8, Yy
ol 19 FmSlim DM Magsure instantaneous madulation limiting
if flglsfmt "Mod: Limiting=",/, 7%,£5.2,;" kHz",frwrt r0,D*le-3;0to +3
plt 29.20,;1;fxd 2:1b]l D*lesh; = kb=" Output result
Hoek Aaudic source to min lewel : 1
cll "Afl {=56):0ll  "AFE"(100) ! Measure residual FM
ell 'Plt'{a0d,;3);ell "Dek’(4);cll ‘Fm 41::]‘]'
fpt swrt "Ma',"T3I%"ired "Ma", R Take additional raading 10 ensure proper seting
if flgl:fmt "Residual =Nt sgns Ed o0l BN lrwet i RigEo £3 Dt pid resul
plt 29,15,1;fxd 0;1bl H," Hz"
cI CAREE ST el SRS MY Feset auitin source tn microphone sensitivity sefting
ell "Plt’[(50;3);ell ‘Der {1y rcll TAmT(A) Measure incidental A
if flglifmt "Incidental AM=",/,;9%,f5.2," 2", 3/;wrt cO/h;gte "fin" Dutput
pkt 29,10} fxd 2;Ibl A" A" Aesult
"Measure reference data Eﬂiﬁt5"=
ell ‘Flt’(0,15)3cll ‘Dem (0);cll "Fmsens'(R,1,F,M-9,1000) —— Measure preemphasis
all “pem [(750;1);ell “Fm”(B)
"Set up logarithmic avdic sweep": | i ;

: = : - N = pate loq increment (V] far an 18 point
c2+T; 60U L8+ N (U/T) " (L)W p TAV-T swes from 200 Hz 1o 6 k2
"Flot pre-emphasis curve™:
ofs 60,87:¢ll “Dem’ (0} Offset pen. bt off PAE-DIS LAY
far I=1 to N+l
PR [T, 1 seY] “AEE (A[FLAL)) Increment and store audio frequency
ell “Fm {A[I,21) 1
2010o0g (A1 ,21/1000)+X;1f X<-l6;ato +2 i a0

o grmakize measured deviation in dB (X)

ﬁ;;t1§Q(HlI'l]f‘IJtL?'S'l'E = I and plet if X is greater than <16
pen;ofs -6, -87 Lidt pan. clear pen olfsed
"plot flatness™:
ofs 60,33 k=Tcll TEOLY Set new pen olfsst and TSles PRE-DISPLAY mode
1f AT I e=315 19 +3 - Skip ta next paint il Irequency is less than 315 Hz
o TR O e O O B B o S R
plt log(A[T,1)/.325)*356,201og{A [1,31/8)%3 ————"Grale measurenent in plother units and phot
if A[I+1+1,1F<3.16:9t0 =3 Inerement to next paint if frequancy is lnss than 3.6 kKHE
pent ;ofs -60,-33;ple 100,100, 1 —————Put pen away. position pen hotder in upper fighl cormer
"Ein":dsp “done" $s5Lp
end




Bus Commands

Table 69 fists the [EEE 488 bus commands to which
the BYLA responds. Hewlett-Packard mstrumsent
controfiers automatically use these commands making
them transparent to the programmer.

Talblle 69, Bus cormnands to which the BII1A responds.

Funetinn Command Fesponsa
Devica conirol Address Talk BOH A aulputs measurement result and remains i local or remate.
Listan BMMA goes to remole and listens for data
Unaddress UINT Untali It tabking B801A is unaddressed
UNL Unligten HHNA ceases ta listen to data.
Chaar OCL Device Clear Sots BB0MA 1o aulomatic operation, réquenty measurement made
SOC Selective Device Clear and frigger 1o free run
Remote REN Remate Enabée BN remalns (n local until first addeessed 1o listen.
GTL o 1o local BNHA returns to local confrol, alf instrument lunclions and settings
AEN Remate Disable are unchanged,
Loeal Lockout LLD Local Lockout Disables all front paned keys
Trigger GET Group Execile Trigger 53014 makes # seltled measurement {same as program code T3k
Inlarrupl Aequite Service | 580 Service Request RO A requests service when saryice request mask condilsons ocour
Betug Status Byl SPE Serial Pedl Enable Suts serial poll mode and laiches ROS in BS01A
LPD Serial Pall Disabie Terminates serial poll moda.
Hbart Abort IFC Interface Clear BOIA ceases to talk or fisten
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