





HEWLETT
PACKARD

""" HP 8562A/B SPECTRUM ANALYZER

Copyright © Hewlett-Packard Company, 1986
- 1212 Valley House Drive
Rohnert Park, California 94928-4999 US.A.

Manual Part Number: 08562-90003
Microfiche Part Number: 08562-90012 &



Introduction .. ... ..o

Chapter 1: Mdkm;, a Basic Measurement

Chapter 2: Introducing Menus and Softkeys .
Callbratc Using Sottkeys ... ... .. o
Demodulate and Listen with Sottkevs o S

Chapter 3: Getting Acquainted with the Front Panel .

Chapter 4: Pertorming Common Measurements with the

HI> 8502A B O
Procedure 1: Third-Order Intermodulation Distortion
What is Intermodulation Distortion?
The Functions Used
Measurement Overview . . . )
Stepping Through the Mcasuremmt .
Procedure 2: Harmonic Distortion
Why Mmsure Harmonic Distortion? . ..
The Functions Used o
"Fast Measurement” Overview ... .
Making Fast Harmonic Measurements
Getting the Most Accurate Harmonic Distortion
Measurements . ... o
Percent of Harmonic Distortion
Chapter 3: Remote Operation ... ..
Cunnutmg the Analyzer to the Computu
Setting the Address. .. ... ...
How to Program Common Spectrum Anal\ zer
Functions ... ... ... ...
Developing a Slmplc I’mgram .......
Reading Marker Frequency and Amplxtud( o
Summary .. ...
Chapter o: Hlustratmg I’rogrammmg Techmquc
with an Automated Measurement .. ... .
Percent ot Harmonic Distortion ... ..
Harmonic Distortion Program . .
Program Annotation . ..
Appendix A: Programming Commar\ds and
Menu Reterences ... ... ... .. o
Appendix B: Resolution Bandw 1dth ......
Appendix C: Amplitude Modulation .
Appendix D: Frequency Modulation . ..
Appendix E: Pulsed RF ... ... . o
Appendix F: External Mixing . ... ... ..
Glossary ot Spectrum Analyzer Functions

ISS N RS TN SS TN SV I 8]
[0 R e e O

.

ro
~N

W o
&3



Congratulations on your purchase of the Hewlett-Packard
8562A/B Portable Spectrum Analyzer. The HP 8562A /B Spectrum
Analyzer is a powerful, general-purpose measurement tool that is
easy to use and makes quick, accurate measurements. Basic mea-
surements require only a few steps, and you will find that as you
learn more about the instrument, you will be able to make sophisti-
cated measurements almost as easily.

This Pocket Reterence Guide explains how to get the most from
your spectrum analyzer. Using a “hands on” approach, it introduces
the basic spectrum analyzer functions, then leads you through
several simple procedures that demonstrate some general-purpose
measurement techniques. It also includes programming tips (with
examples) tor automating your measurements. In addition to
describing instrument operation, this booklet also documents sott-
key menus and HP-IB commands, making it a convenient reference
tool for both manual and automated measurements.

Other HP 8562A/B manuals provide additional operating,
programming, and service information:

HP 8562A/B Operating and Programming Manual,
part number 08562-90001

HP 8562A /B Quick Reference Guide,
part number 08562-90006

HP 8562A /B Installation and Support Manual,
part number 08562-90007

HP 8562A /B Technical Reterence Manual,
part number 08562-90009



This chapter introduces you to basic spectrum analyrer opera-
tion, Basic measurements simply involve tuning the instrument to
place a signal on the screen, then measuring the frequency and
amplitude of the signal.

We can measure an input signal in four steps, using only four
functions:

1. Set the center frequency
2. Set the frequency span
3. Set the amplitude

4. Activate the marker

As an example, we will measure the 300 MHz calibration signal.
First, switch on the spectrum analyzer (for maximum accuracy, if
the analyzer has just been plugged into an electrical vutlet, allow
for a 5-minute warmup). Next, connect the CAL OU'T output to
the RF INPUT and complete the four steps as described below.

1. Set the Center Frequency:

rcxxi ! This activates the center frequency

function, indicated by CENTER appearing in the active func-
tion block on the left side of the display (see h&uw 1 1). To set
the center frequency to 300 MHz, use the keys in the DATA sec-
tion of the tront panel: press -@@m These
data keys let you select the exact numeric value of the active func-
tion, which, in this case, is the center frequency. The step keys
and knob also let you select function values.

Active ; . : - i ) : : { 1
Function I . J —4
Block g ., b

EroE Sl Uz SEAr. L .. OMHZ
ebsw i e SHw LM r Tl e

Fig.1.1. Center frequency set to 300 M.,
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2. Set the Frequency Span:

. . Note that SPAN is now displayed in the active
function block, identifying it as the currently active function.
To reduce the frequency span — for example, to 20 MHz — either
key in @or use the STEP key to “step
down” to this value. (Like data keys, step keys can also be used
to change the numeric value of the active function.) The result-
ing display is shown in Figure 1.2. Note that the resolution and
video bandwidths are coupled to the span; thus, they automati-
cally adjust to appropriate values for a given span. Sweeptime
is also a coupled function.

ATTEN 104g8

SPAN 20D. COMHZ
SwFP SOme

CENTER 300. OOMH=Z
ROW 3ICTRH=T VBW 300kHZ

Fig.1.2. Frequency span reduced to 20 MHz.

Note: The low band of the spectrum analyzer ranges from 1 kHz
to 2.9 GHz. The upper band ranges from 2.75 GHz to 22 GHz. The
frequency span cannot be set to overlap both bands at the same time.
For example, to sweep a range from 2.0 GHz to 3.5 GHz, use the
low band to sweep from 2.0 GHz to 2.9 GHz and use the upper band
to sweep from 2.75 GHz to 3.5 GHz.

3. Set the Amplitude:
Generally, placing the signal peak at the reference level provides

the best measurement accuracy. To adjust the signal peak to the
reference level (Figure 1.3), press E_ % then key in

@ or use either the step keys or the knob. Using

the knob is the easiest way of fine tuning the signal peak to the
reference level, which is at the top of the screen.
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Fig.1.3. Signal peak set to reterence level.

4. Activate the Marker:

Press , located in the MARKER section ot the fron: panel.
This places a marker at the center of the trace {in this case, at
the peak of the signal) and completes the measuremont. The
marker reads both the frequency and the amplitude, anid it dis-
plays these values in the active tunction block. In thi- ¢ ase, the
marker reads 300.00 MHz and —12.67 dBm, as show 1 in Figure
1.4.

Srat
LBO0, OO rres
12 &7 nBm

t . . . i

CF o ie A Y

Fig.1.4. Marker reads out frequency and amplitu:de

Many measurements require only these tour steps.
To return the instrument to its initial power-on state,

press { PRESET |.



CHAPTYR 2
INTRODUCING MENUS AN SOFTKEYS

While executing the measurement in Chapter 1, you may have
noticed that when you pressed dedicated front-panel keys, menus
of additional functions appeared along the right-hand side of the
display. These keys are not needed to make most simple measure-
ments. To make more advanced measurements, begin as you did
for simple measurements: select the appropriate front-panel key.
This key causes a menu of related, more extensive functions to
appear. Use these softkeys to complete the measurement.

Single, dedicated keys for simple measurements, along with
menus of additional functions for more complex measurements,
simplify the human interface. There are no shift keys, and the total

- number of buttons on the front panel is reduced. The result is a spec-
trum analyzer that is friendly to first-time users, yet flexible enough
for experienced operators making sophisticated measurements.

Most front panel keys activate menus. For example,

. This calls up the menu of related frequency
functions shown in Figure 2.1. Note on the menu the function
labeled CENTER. CENTER also appears in the active function
block, indicating that it is the active frequency function and can
now be changed using the data controls.

oL

Softkeys
Mernu

Fig.2.1. Menu and softkeys. Press a softkey to activate a function
on the menu.



To activate a ditterent frequency function — inthis case. thestart
frequency — press the softkey to the right of START. START now
appears in the active function block, indicating its currently active
status. On the bottom of some menus a softkey labeled NMORE gives
access to additional, related softkeys. At the top of the menu a menu
title names the front-panel key pressed to obtain the current menu.
To activate other frequency functions, press the appropriate soft-
keys. To select a different menu, press another front panel key.

Now, to become more familiar with sottkevs and to liarn refer-
ence level calibration, we focus on the tollowing examyles.

CALIBRATE USING SOFTKEYS

Note: {f the spectrum analyzer has just been plugged ino an elec-
trical outlet, allow for a 5-minute warmup betore calit-ration,

The spectrum analyzer reference level calibration fonction is
stored under the softkey REFIVLCALinthe | “jmenu.
To calibrate the instrument, first set the trequency, span ind ampli-
tude; then activate the calibration softkev. This sequenc« i described
in the tollowing two steps.

1. Set the Frequency, Span, and Amplitude
Connect the CAL QUT output to the RF INPUT. =t the center
trequency to 300 MHz, the span to 20 MHz, and th¢ amplitude
to —10dBm. {See Figure 2.2. To review setting these iunctions,
refer to Chapter 1.1

L i I ! ; . PR

CEMTER BSU. LMz A
RBwW ILU~z kw4 bes -

tJ

Fig.2.2. Frequency, span, and amplitude set for ca! bration.
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2.

Activate REF LVL CAL:

Note the menu on the right side of the display, which was called
up when you pressed &, «UIi} 1 3. The last function on this
menu, labeled MORE, prov1c es access to additional amplitude
functions; press the softkey next to MORE to call up these func-
tions. The first function on this new list, labeled REF LVL CAL,
allows you to calibrate the instrument. Press REF LVL CAL to
activate the function. To calibrate the spectrum analyzer, use the
knob on the front panel and adjust the peak of the signal to the
reference level, as shown in Figure 2.3. Note the number that
appears in the active function block. This number, which ranges
from —255 to 255, is a relative figure indicating how much
amplitude correction was required to calibrate the spectrum
analyzer. The number is usually around 0. If the amplitude cor-
rection is at either end of the range, or if it cannot be adjusted
to within this range, consult the Installation and Support Man-
ual. To store the value, press the softkey STORE REF LVL.

ATTEN 10v@a
RL -10. DoBm 1oa8 s

CENTER 300. OOMH=z SPAN 20. OOMH=z
REBW 300X VEw BO0CkHz SwP SOme

Fig.2.3. Signal peak calibrated to the reference level.

Recalibrating the reference level is usually necessary only when

the ambient temperature changes more than 10°C. Because the
HP 8562A /B continually monitors and reduces any IF errors, execut-
ing the IF calibration is seldom necessary.
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DEMODULATE AND LISTEN WITH SOFTKEYS
The functions listed in the menu under the | DEMOD | key allow

you to quickly demodulate and hear signal informaticn displayed

on the spectrum analyzer. Simply place a marker on . signal of

interest, activate AM or FM demodulation, then listen. Refer to the

3-step procedure below,

1. Connect an antenna to the spectrum analyzer inpui. Sclect a fre-
quency range on the spectrum analyzer, such as t}w range for
FM radio broadcasts (76 MHz - 108 MHz"). Press

and the softkey START, then key in - - m Press the
softkey STOP and key in (T J((0_J((8_J(MHz J(sc Figure 2.4).

Fig.2.4. Spectrum analyzer tuned to sweep the FM bhand.

%]

. Press to view the menu of demodulaticn functions.
Activate a marker by pressing the softkey PEAK ST ARCH to
place a marker on the highest-amplitude signal r by pressing ...
MARKER NORMAL to move the marker to a sign.l of interest
(see Figure 2.5). Press the AM DEMOD or FM DEMOD softkey
for the desired demodulation (FM DEMOD for this ¢x.ample) and
to hear the audio information. Adjust the volume using the keys
in the upper right-hand corner of the analyzer.

*88 MHz to 108 MHz in the US.A.



ATTen 10a8 MKR -20 &7a8m
P OuHm 10a8 . Sa 93IMHzZ
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START A6 . 00MHZ STOP 108 OOMMZ
AW 300krz VBw 300wHZX SwP SO0ma

Fig.2.5. Marker placed on a signal to be demodulated.

3. Press the softkey MORE to view additional demodulation soft-
keys. The function DEMOD TIME sets the length of time that
the spectrum analyzer will pause at the marker. The default value
is one second. If desired, the time may be adjusted using the data
keys.

Now that you are familiar with softkeys, you may want to try
more of them. First, however, acquaint yourself with the groups of
front-panel keys on the spectrum analyzer and with the display
annotation. Chapter 3 briefly describes these. Later, in Chapter 4,
we will use additional softkey functions to make measurements.



The following paragraphs briefly describe the group~ ot front-
panel keys on the spectrum analyzer as shown in Figure 3.1. More
detailed intormation for each function is available in the Operat-
ing and Programming Manual.

Fig.3.1. Groups of front-panel keys.

1. FREQUENCY, SPAN, and AMPLITUDE are the tundamental
functions for most measurements.

2. INSTRUMENT STATE functions generally atfect the <t.re of the
entire spectrum analyzer, not just of a single function. -

3. VOL tunctions control the volume of the speaker in the spectrum
analyzer.

4. MARKER functions, to describe a few, read vut trequercies and
amplitudes along a spectrum analyzer trace: allow vou "o make
relative measurements; automatically locate the highe-t ampli-
tude signal on a trace; and automatically track a «ignal.

5. CONTROL tunctions allow vou to adjust the resolution and
video bandwidths, the sweeptime, and the display, andtovary
other functions that control spectrum analyzer measurement
capabilities.

6. DATA keys, STED keys, and the knob allow you te change the
numeric value of an active function. The HOLD ke ire ezes the
active tunction and holds it at a set value unti] the funczion key
is pressed again. Hold also clears the softkey menu trom the
display.
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Figure 3.2 illustrates the display annotation.

Menu Title
Attenuation dB Division Marker and Menu
Reference  arten 1o0ao . M 1o 1 .
Level —Fi,, 71 0. DAa8m N 300. OQMH,I FRE
. ‘ J . { l i i e
Active e B P
Special 550 ) T S S
Functions * \ B
‘ i
Center s
or Start i
Frequency I ’ o
~CENTER 3AGC. SGOMHT SRPAN 20, UUMK =z «
X REW FOO=HzZ VBw 3CCkHz SwP SOme
Resotution ' ' '
Bandwidth Video ‘  Sweeptime  Frequency Span
Bandwidth or Stop Frequency

Fig.3.2. Spectrum analyzer display annotation.

“Sometimes unexpected operation can occur because you have tor-
gotten to turn off special operating modes that were previously acti-
vated. For example, if signal track is not turned off, it will keep
returning a signal to center-screen. As a reminder, any currently
active special modes are displayed in a vertical line as follows:

T = Trigger mode set to line, video, or external
Detector mode set to sample, negative, or positive
= Single sweep active

= Frequency offset active

= External frequency reference active
Reference offset active

Automatic IF adjust off

Signal track active

= Trace math active

Positive external bias on

= Negative external bias on

i

 + ZR>»RIXmMmnT
Il
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Now that you have seen how the spectrum analvzer cperates, we
will move ahead and pertorm two common but import.iat spectrum
analyzer measurements, third-order intermodulation dotertionand . e
total harmonic distartion. These two measurements e a variety
of spectrum analyzer functions. Practicing these measure ents will
retine vour operating skills and increase vour undertonding of
what cach tunction does. You will then be able to appi t+ ese func-
tions to yvour own measurements.,

PROCEDURE 1: THIRD-ORDER INTERMODULATTON
DISTORTION

What is Intermodulation Distortion?

In crowded communication systems, signal intertererce of one
device with another is a common problem. For example, two-tone,
third-order intermodulation is often a problem in narrova band sys-
tems. When two signals (F) and For are present in a <o~tem, they
can mix with the second harmenics generated (2F; (¢ 2F.1 and
create third-order intermodulation distortion produc: .. wwhich are
located close to the original signals at 2F- - F-and 2F | fsee Fig-
ure 4.1.1. Higher order intermodulation distortion car also occur,
These distortion products are generated by such svster - cmponents
as amplitiers and mixers.

Fundamental
Third-Order
Product
Fifth-Crder
Product
3F.-2F, 2F,-F, F. F, 2F,-F, 3F,-2F.

Fig 4.1, Two input signals and resulting intermodulat:n istortion
products.



The Functions Used

The procedure below describes how to measure third-order inter-
modulation distortion. It shows how to tune two signals onto the
spectrum analyzer display and demonstrates setting the resolution
bandwidth, mixer level, and reference level. It also incorporates
several marker functions.

Measurement Overview

Brietly, to measure third-order intermodulation distortion, tune
the spectrum analyzer frequency so that the two source signals
appear on the spectrum analyzer display, making sure to use a fre-
quency span wide enough to include the third-order distortion
products. Next, select the spectrum analyzer resolution bandwidth,
mixer level, and reference level. Finally, using the delta marker
mode, measure the distortion products relative to the test tones. This
measurement procedure is described more specifically in the fol-
lowing five steps.

Stepping Through the Measurement

To test a device tor third-order intermodulation, connect the
equipment as shown in Figure 4.2. This example uses two sources
set to 20 MHz and to 21 MHz. Other source frequencies, of course,
may be substituted, but maintain a frequency separation of approx-
imately 1 MHz to best follow this example. The low-pass tilters are
not required if this procedure is used only to practice using the
instrument.

Spectrum Anatyzer

Low-Pass
Filter

Signal 20 MHz »
Source 1

Low-Pass
Filter

; Device
Signal 21 MHz
Source 2 . % | Under [—

Test

Directional
Coupler

Fig.4.2. Third-order intermodulation test setup.
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AT EN 30aB
FL 7 3cem 1008/

||

CENTER 20 S 10Miqz sran 5 Lraiaeaz
RBw 3Gk -z CEW 3 s Gwe = me

Fig 4.5 Intermodulation distortion measured in dBc “larker
sequence here is PEAK SEARCH, NEXT PR LMIGHT. :
Marker threshold set to --70 dB.

o. You may want to store the measurement intormation fo- tuture
use. The tunctions {SAVE Jand [RECALL J allow veu o store
data tor later viewing. The SCREEN TITLE tunction .dlews you
to create a title on the screen and a label tor the | RECALL Tmenu.
To create make a title, press and the sottkes~ MORE
and SCREEN TITLE. Next. use the sottkeys trom the SUREEN
TITLE menu and the knob (to choose the lettersi to create atitle.
The title appears in the upper right corner of the groticale and
can be one or two rows of o characters cach fsee Tisire .ol

Press the sotthey TITLE DONE when the title is congpicte.

- o oree S F 13

AT PN P

=

N EoroTE 4 o L ineer

W 4 erer CEe Ak Wi e

Fig.4.0. Display with title.
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7. To save the instrument state, press { SAVE )and the sottkey

SAVE STATE; then press a softkey to enter the instrument state
data into whichever register (0 - 9) vou select. The first sixteen
characters of the title are used to label the register on the
menu. To view this menu, press and the
softkey RECALL STATE (see Figure 4.7). If a stored state has not
been titled, the menu reads STATE followed by the register num-

ber chosen.
ATTEr 309B MR —S0 OCcas
RL —7 AaBm 10a8 1 C17MHZ RECA, L
T | Fiisg empeEn |
. xSTgs:Tng J THIRD UH
k__r R il e A
L R S e R SES
! I ' . S1ATH 1
I S T b B
" ' aT'* o T sty
F - ;
BSOS
STare 4

NEXT
STATES

. [ .
CENTER 20 S10M~z SPAN S . QDOMHz
HBwW 30wz B AUk bz SwWP Soma

Fig. 4.7. [ RECALL ) menu.

PROCEDURE 2: HARMONIC DISTORTION

Why Measure Harmonic Distortion?

Most transmitting devices and signal sources contain ha rmonics.
Measuring the harmonic content of such sources is trequently
required. In tact, measuring harmonic distortion is one of the most
common uses of a spectrum analyzer. Harmonic distortion can be
checked very quickly using the measurement routine described
below, which measures harmonic amplitudes relative to the source
frequency.

The Functions Used

The harmonic distortion measurement below employs an impor-
tant set of spectrum analyzer operating skills: setting the trequency
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span using start and stop trequencies; setting the video bandwidth;
and making relative measurements using two markers. Also demon-
strated are how to set a signal to the center frequency usinu a marker
and how to set the trequency step size to the value of the center
trequency.

‘Fast Measurement” Overview

There are two common ways to measure harmonic A tortion
using a spectrum analyzer. The tollowing procedure illin-frates the
faster method, which permits simultancous display ol the tun-
damentals and its harmonics. A second procedure is alse 2iven, and
although it is somwhat lengthier to pertorm, it provides a better
measurement of harmonics closer to the noise tloor.

To quickly measure harmonic distortion, tirst set the <nectrum
analvzer start frequency to a value slightly less than that ot the
source Hundamentaly trequency and set the stop trecuency to a
value just greater than that ot the last harmonic you wish o meas-
ure. Nexl, place a marker on the peak of the tundamental. Acti-
vate a second marker using the tunction NEXT PEAK and - hove the
marker along the trace. This allows you to measure the irequen-
cies and amplitudes of the harmonies relative to the fundamental.

The example below measures the harmonic content o the 300
MHy calibration signal. It desired. you may use another wource, but
be sure to adjust the spectrum analyzer start and stop 1requencies
to accommodate the source frequency and its harmon-o

Making Fast Harmonic Measurements

Connect the signal source to the spectrum analyzer input and
complete the tollowing steps. Start tfrom o prese! ~iate e,

press { PRESET | 1.

1. For measuring the 300 MHz tundamental and its tir st iwo har-
monics, set the start trequency to 270 Mz and the stop fre-
quency to 1000 MHz. This displays the fundamenta] - equency
and the second and third harmonics, as shownin Fiyuie 4.8. To
improve visibility, smooth the video bandwidth press
and the softkey VIDEQ BW: then use the STEP [ 1 Jkey as

desired.




ATTEN 1048
RL Dgem 1SaB

START 270. UMHZ
=

Bw 1. OMH=Z - EW UL

Fig.4.8. Input signal and harmonics.

2. For greatest measurement accuracy, raise the peak of the fun-

damental to the reference level by pressing W

MKR — ], and then the softkey MKR — REF LVL. To
measure the difference between the fundamental and a harmonic,
activate a second marker by pressing the front-panel key
{ PEAK SEARCH ] and the softkeys MARKER DELTA and NEXT
PK RIGHT. This places the second marker on the peak of the
second harmonic, as shown in Figure 4.9. The difference in
amplitude between the fundamental and second harmonic shown
in the tigure is approximately —35dB, or 1.8% harmonic dis-
tortion (see Figure 4.10). To measure the third harmonic, press
NEXT PK RIGHT again. The marker in this example reads
approximately —37 dB, or 1.5% distortion. Continue reading
amplitudes and comparing them to Figure 4.10 for each addi-
tional harmonic you wish to measure.

Another easy way of determining percent of distortion is to
change the units to VOLTS: press L j and the softkeys
MORE, UNITS, and VOLTS. The marker readout automatically
switches to voltage units. To determine percent of distortion, use
the ratio given by the marker and move the decimal point of this
value two places to the right.
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Fig.4.90. Harmonic distortion measured in dBo Narker toreshold
et to —70 dB.

50 I
50 5 ®
40 B

30 -

Harmonic Amphtude «n dBci

0.1 o 100 100
Percent of Distartion

Fig.4.10. Percent ot distortion vs, harmonic ampai e,

3. You may want to plot the display tor hard-copy docuin ntation.
To do this, simply connect a graphics plotter wuch as an
HI* 7440A ColorPro) to the analvzer via HI-IB. Set the plotter
address to 3. On the spectrum analyzer, press [DISPLAY and
PLOT MENU to view available plot tunctions. Press T OT ALL
to transter the entire display contents to the plotter. {her plot-
ter tunctions allow you to select certain traces or s ot the
displav tor plotting. The PLOT ORG tunction lets v o choose
plotter reterence points to correlate to the displav D= or to
the display graticule (GRAT),
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Getting the Most Accurate Harmonic Distortion Measurements

An alternate method for measuring harmonics is described below.
This method is somewhat lengthier, but because each signal is meas-
ured in a narrower span and resolution bandwidth, the signal-to-
noise ratio is improved, making the results more accurate.

1. Using the present setup, clear the markers from the screen: press

[ OFF . To measure the fundamental, press ‘
Move the fundamental to the center frequency; press
and the softkey SIG TRK ON. Reduce the fre-
quency span to 15 MHz by pressing 8 @

The signal track function allows you to quickly “zoom” to a nar-
rower span without losing the signal from the screen. After the
span is reduced, turn off the signal track function. Next, set the
center frequency step size to 300 MHz by pressing [MKR — ]
and MKR — CF STED. The resulting display should resemble
Figure 4.11.

&l EEERREETE R Lied AL Atz

TEILTE S U Darres SR 1% 0DMHZ
BT EEN TR B Loniik oz BwP Sums

Fig.4.11. Input signal displayed in a 15 MHz span.
2. To measure the second harmomc _press MARKER DELTA,

analyzer center frequency to the second harmonic, Adjust the
harmonic to the reference level. This displays the amplitude of
the second harmonic as shown in Figure 4.12. The difference
between the second harmonic and the fundamental can be con-
verted to a percentage of distortion using Figure 4.10. Again,
units can be changed to VOLTS in order to read the voltage ratio
of the two signals.
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BeEdm Ltz LIRS PR 3 e

Fig.4.12. Second harmonic displayed in db

For each additional harmonic you wish to measure < ply press

the key and adjust the reterence level.

Percent of Harmonic Distortion

Measuring the total percent of harmonic distortion «t a signal
is also pertormed trequently. For this measurement, the amplitude
of each harmonic must be measured in linear units ¢c g, volts)
instead of dBc. (To display amplitude units in vaolts, press
» and the sottkeys MORE, UNITS, and V(3 TS.) The
amplitude values of these signals are used in the equation below
to compute total harmonic distortion.

Percent ot distortion =

VA + (A + (A + (A" % I
Ay

n

Where A} = the amplitude of the fundamental
trequency, in volts
A, = the amplitude of the second harmonic in volts
A; = the amplitude of the third harmonic, i1 volts
A, = the amplitude ot the fourth harmonic, :n volts
A, = the amplitude of the n harmonic, in voits

22



If the signal amplitudes are measured carefully, as in the previous
example, this procedure measures percent-of-harmonic distortion
very accurately. However, such calculations make manual opera-
tion tedious. Therefore, a complete program that automatically
measures percent-of-total harmonic distortion is included in Chap-
ter 6.

Good Work! You now know how to use many common spectrum
analyzer functions. You also know several important techniques for
making accurate measurements. To help you locate specific func-
tions, Appendix A contains menu trees that depict each menu as
it appears on the spectrum analyzer display and from each
associated front-panel key. To provide more information about
individual functions, the Glossary of Spectrum Analyzer Functions
contains brief descriptions of the functions available from each
front-panel key and its related menu. For detailed descriptions of
all functions, refer to the Operating and Programming Manual.

Since you are now expert at manual operation, you may want
to learn about remote operation. Chapter 5 describes how to turn
manual measurement procedures into programs.
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This chapter is an introductory guide to programming the
HD’ 8562A  B. It begins with instructions on how to set the analyzer
address and execute commands remotely, then introdues you to
using variables and numeric formats in a program. From ‘hese sim-
ple concepts it develops a program that illustrates impor-ant spec-
trum analyzer programming techniques: how to control the
spectrum analyzer sweep: how to use markers to set . ~iinal to the
reference level; and how to query the analyzer tor ampiitude and
trequency values of an active marker, read the values, and enter
them into variables. Programming examples are given throughout
the section. While the programs and programming exaimy-les in this
chapter are written in HP BASIC 4.0 using HI” 9000 Series 300 Com-
puters, other versions of BASIC, and any computer that complies
with the Institute of Electrical and Electronic Engineer~ [EEE-488)
standards, may be used. Important reference informaticn ' spectrum
analvzer commands, status registers, etc.) is tound in the Appen-
dixes. To best understand this section, general knowledge ot the
BASIC language is required.

CONNECTING THE ANALYZER TO THE COMI'T TR

Figure 5.1 illustrates how to connect a computer tha complies
with IEEE-488 standards to the spectrum analyzer iWhen the
analvzer is operated remotely, a single softkev (RMT 107 1 appears
on the display and allows vou to return to local mode

Fig.5.1 HIP 8502A B connected to an HI’ 2000 Seiics 300 com-
puter.
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SETTING THE ADDRESS

The spectrum analyzer address is displayed in the active func-
tion block (see Figure 5.2). To read the address, press [PRESET }
and the softkey HP-IB ADDR. To change the address, use the data
keys to enter the desired number, then terminate the entry with

ENTER]. For example, to set the address to 18, press { PRESET }
HP-IB ADDR ENTER).

ATTEN 310aB
AL occam 10am/

0 0 D S R
Lo L
PP Sl aien A R I O R R O
| N
Ll | ‘ | A
| e
i

Fig.5.2. Address displayed on the screen.

HOW TO PROGRAM COMMON SPECTRUM
ANALYZER FUNCTIONS

Nearly all manual functions on the spectrum analyzer have cor-
responding programming commands. For example, the commands
CF and SP activate center frequency and frequency span, respec-
tively. The following example illustrates how to set the center fre-
quency to 300 MHz and the frequency span to 20 MHz.

Example 1
1 DUTFUT 718:; "CF I0D0MHZ:
20 QUTEUT 7183 "G 20MHZ ¢

In the program lines above, “OUTPUT" is a BASIC command that
designates the computer as the “talker” on the bus. "OUTPUT" is
also used to direct command strings to the spectrum analyzer (at
address 18); these spectrum analyzer commands are contained in
quotation marks. For example, executing line 10 sets the spectrum
analyzer center frequency to 300 MHz.
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Note the quotation marks that contain the spectrum analyzer
commands in each line and the semicolon at the end of cach line.
All spectrum analyzer commands must be contained within quo-
tation marks. The semicolons appearing in the examples a:bove con-
form to [EEE-728, which recommends placing semicolons :n between
spectrum analyzer commands and at the end of a line. Thi~ makes
programs easier to read and prevents the spectrum analvzer from
misinterpreting commands.

Programming with numerical constants is the casiest way to con-
trol the spectrum analyzer remotely. However, for all but the sim-
plest of programs, variables provide greater measurement flesibility.
Variables allow you to set the center frequency and <pan using
values that vou have selected, as in the following exariple.

Example 2
S Brae Moo
i QUTELT 18 LIS TG e s "CF Mg ig "MHZ o
BTN DHIRTOAT 7 hed USTNG "Ry "SF sy “MHS

This programming technique allows you to change the coater fre-
quency and span by changing the values of variables A :1:d B, Also,
by using variables, you can enter numeric values via the ¢ -mputer
keyboard. Note that the variables are not actual spectrury .inalyzer
commands; thus they are not placed within the quotatine marks.

In the example above, the USING statement creates  format (K}
for the data. In this case, the format uses 15 characicre to send
numeric values. Formats, though not required, ensure accurate
transfer of data by allowing you to control the resolution of the data
sent. However, using 15 characters to transfer numbers -u: h as 300
and 20 does not provide the best control over a data tr.in-ter. The
following example illustrates a more concise tormat.

Example 3

10
0

T IMAGE K ,3D.DD,¥

40 OUTFUT 718 USING TJO:"CF",A,"MHZI:"
Ho DUTFUT 718 USING Z03 "SF", R, "MMZ: "~

In the example above, the IMAGE statement (K, 512121 K) cre-
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ates a format for the data. In this case the format allows two charac-
ter strings {each represented by the letter K} and a numeric variable
consisting of up to five significant digits plus two decimal places
(represented by 5D.DD). Not only does this format save time, but
an IMAGE statement can be reused in other parts of the program.
Simply use the line number on which the IMAGE statement appears,
as in lines 40 and S0.

The format SD.DD provides numeric accuracy to within 10 kHz.
To increase the resolution — for example to 100 Hz — increase the
number of decimal places to four (5D.4D).

The order in which you set spectrum analyzer functions is also
important; the following checklist shows the best order in which
to activate these functions.

® Set the center frequency and span or set the start and stop
frequencies.

¢ Set the input attenuation.

¢ Set the resolution and video bandwidths and the sweeptime.
(As a general rule, these functions can be left in auto mode and
set by the spectrum analyzer.)

® Set the reference level.

* Activate markers.

DEVELOPING A SIMPLE PROGRAM

The best way to begin automating a measurement procedure is
to first perform it manually. This allows you to select the exact func-
tions you will want to use in your program. Choosing the right func-
tions beforehand usually reduces program de-bugging. By now you
should be familiar with making a basic measurement (i.e., setting
the frequency, span, reference level, and marker), so we will use
these functions to create a programming example.

The first spectrum analyzer commands to use in a program are
those that execute an instrument preset (programming command
IP) and activate the single sweep mode (programming command
SNGLS). The instrument preset sets the spectrum analyzer to a
known condition from which to begin your setup. Single sweep
mode gives you explicit control of spectrum analyzer sweeps and
of the input and output of data.

Example 4

Lis QUTHUT 7185 "IF: SNGLS: "
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Next, select spectrum analyzer measurement setting- or this
example, we can use the program segment from the previous ~ection.

Example 5

10 CUTPUT 718:"IF;SNGLS: "

DO A=7300

30 RB=20

40 IMAGE K,SD.DD, kK

S0 QUTPUT 718 USING 403 "CF",A, "MHZ; "
Lo OQUTFUT 718 USING 40;"SF",B,"MHZ; "

Atter the settings have been programmed, execute a take sweep
command (TS). This ensures that, tor the entire sweep, the inalyzer
tunctions are set to the values selected and that any measurements
on the trace will be made with these settings. If the single wwveep and
take sweep commands were not included, the spectrur cnalyzer
might transter data betore completing a full sweep. As a result, part
of the trace data may not be valid, since it might have been taken
from previous settings. Under these conditions, it would be hard
to know if the measurement data were valid. The preferred method
is shown below.

Example o

10

20

0 =)

400 IMAGE k., 5D.DD.K

50 QUTFUT 718 USING 40;"CF",A, "MHZ;"

6O QUTFUT 718 USING 40;"SP",B, "MHZ: TS5 "

At this point in the program, we can be sure that 4!l measure-
ments will be made in reference to the selected settings

As with manual measurements, reading the signal aniolitude at
the reterence level provides the best measurement accuracy. Once
asignal is present, a convenient method for setting the reterence level
uses the "marker to reference level” function. Atter .« marker has
been activated, the marker to reference level function can set the
reference level to the value of the marker. This function is particu-
larly usetul tor setting the reterence level to the value of the highest
point on a trace. The peak search tunction 'MKPK [l finds the
highest point on a trace and places a marker on it. T he marker to
reference level function (IMKRL) sets the reference level to the value
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of this point. To read the marker values, take another sweep, then
“re-peak” the marker. This marker command routine is illustrated
in line 70 of the programming example below.

Example 7
10 QUTRPUT 718; "IF;SNGLS; "
20 =700
30 B=20
40 IMAGE +,5D.DD, &
50 OUTFUT 718 USING 403 "CF",A,"MHZ:"
60 OUTFUT 718 USING 40;"SF",H,"MHZ;TS;"
70 DUTFUT 718:; "MEFK HIZMKRL; TSiMEFK HI "

Note the placement of the TS command in line 70. Using TS
ensures that the spectrum analyzer makes a complete sweep with
the new settings before executing any additional commands that
follow TS.

Reading Marker Frequency and Amplitude

Now that you have set up the spectrum analyzer to find the
marker values, the next logical step is to read marker information
from the spectrum analyzer and enter it into variables. The follow-
ing example, which continues from the last, shows how to find the
amplitude and frequency values of a marker and enter them into

variables.

Example 8
10 QUTFUT 7183 "IF;SNGLS:"
20 A=T00

0 B=20

40 IMAGE k,SD.DD.k

50 OUTPUT 718 USING 40;"CF”,A, "MHZ;"

60 OQUTPUT 718 USING 40;"SF”,B, "MHZ;TS;: "
70 OUTPUT 7183 “MEFK RI;MKRL; TS:iMKFE HWIg®
80 QUTFUT 7183 "MEAT"

Q0 ENTER 718;:;Amplitude .

100 DUTPUT 718; "MKF "

110 ENTER 718:Frequency

120 PRINT "MAREER AMFLITUDE = ",Amplitude
130 FRINT “MARKER FREQUENCY = “,Frequency
140 END

The question marks in lines 80 and 100 query the spectrum
analyzer for the amplitude and frequency of the marker. The
ENTER statement designates the spectrum analyzer as the talker
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so it can send information over to the computer, which becomes
the listener. The spectrum analyzer can then output these values
into variables and into the computer. Lines 90 and 110 enter these
values into the variables Amplitude and Frequency; line< 120 and
130 print the values on the computer screen. Ot course. the varia-
bles can be used later in the program. Most spectrum analveer com-
mands can be queried in order to return values.

The marker values are returned to the computer in the K7 tor-
mat. To sclect another format for the results (such as the tormat in
Line 101, simply insert tormatting statements on lines <0 .ind 110,
similar to those on Lines 50 and 60.

SUMNMARY
The programming tips discussed in this chapter are hivhlighted
below,

e First. pertorm the measurement manually, keeping track of the
tunction sequence.

e Exccute an instrument preset and single sweep betoe setting

other spectrum analvzer functions.

Use variables tor function values.

Format data.

Activate tunctions in a logical order.

After setting the analyzer tunctions, execute a take v eep com-

mand betore reading data.

o To read marker values after setting or changing ~pectrum
analvzer tunctions, first take a sweep, then reactivaie .« marker,

i

These pragramming techniques also appear in the cornyiete, fully
annotated program that measures percent-of-total harmonic dis-
tortion. This program is focated in Chapter o.
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The harmonic distortion program presented here illustrates how
to program the spectrum analyzer. Many of the programming sug-
gestions discussed in Chapter 5 have been incorporated into this pro-
gram, which is fully annotated with line-by-line explanations.

PERCENT OF HARMONIC DISTORTION

Measuring percent-of-total harmonic distortion is tedious when
performed manually: it involves tuning to the tundamental and to
each harmonic of interest, noting the amplitude ot each signal, con-
verting these amplitudes to linear units (volts), and calculating the
result from a tormula. The following program measures percent-
of-total harmonic distortion automatically, quickly, and accurately.

The program operates in the following manner. The program
prompts you to connect a source to the spectrum analyzer and enter
the source frequency. It sets the spectrum analyzer center frequency
to the value of the source, or fundamental, frequency and sets other
analyzer functions for optimum measurement accuracy. [t meas-
ures and records the amplitude of the fundamental, then measures
and records the amplitude of the second, third, and fourth har-
monics. These values are then used to compute percent-of-harmonic
distortion. The percent-of-harmonic distortion results, plus har-
monic amplitudes in dBc, are displayed on the computer.

HARMONIC DISTORTION PROGRAM

"4 f1le:CISTCATICN ... rev date: BE®S{8 ... asuthor: <« o

1

2 CPTIGN BASE 1

3 ASSIGN @5a TO 71§

4 DiM Harmt2:4,

5 Ciear_screens=C4RE: J55 14 CHRSI 7S

3 e

i QUTPUT kBOitClaar_screen$;

I PRINT TABXY(22 ,40; veee BARMONIC DISTCRTION sesa

el SRINT TABXY(1S,7 !¢ CONNECT SGURCE "G SPECTRUM ANALYIER INPULT, THEN®
13 PRINT TABXY(!S 8:; "ENTER FREQUENCY OF FUNIEMENTAL IN Mdz ... 7"
i PRINT TABXY(!8 193} READY 11 = press ENTER CRETURN). . LT
1 INPUT Fund

13 CUTPUT KBD;Clear_screen$:

18 e

15 QUTPUT R@Sa1“IP;TS4ML -42 DB:iAUNITS s

13 JUTPUT 8Sa;"CF "sFurd: "MZ:"

7 QUTPUT @%a173P "{Funds/18:"M2;T7S"

g QUTPUT RSa1"MXTRATK ONiSP1BBKITS;"

13 CUTPUT @8Sa; "MKTRACK JFF{SNGLS:"
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2 CUTPUT B5a) "TSiMKP ~1;"

UATRUT BSaq MhSS MMCF"

JUTPLT 854, TS iMKPR HI; "

CUTPUY ®Sa; "MKRLTSiRL7"

FHTER 8SaiRef_level

TUTPUT BSaq AT MANGMKPK ALiMKA?

INTER ®Sa:First

FCR Number=2 TO 4§
JUTFUT 83857 2F LR T5iMEPK RIG"
QUTPLT BGa:"MEAL TSiMKPK R MKAT"
ENTER R25a:Harwiu~mber

FJT @5atRL (Fef_ievel: v

NEAT Mumter

amgers ]

Sum_sqr=tan_sao tdarm. Kurber . 2

ST Rgm

Ty waveww HARMONIZ UISTOR (0N seencs
FUNIAMENTAL '

i FREQUE = Funes T Mle”

A ; = 1@l ITiFiost . L& 0 gBm”
43 ¢ SECOND = 7 ITeLGT HarmiZ i i oede
13 i1 THIRD = BY Harwiliocioec i d8c
B : iT FDURTH = Farmid 137 4Be
; B K UPERZENT R
BN I

N -

PROGRAM ANNOTATION

Line 2. Specity the lower bound of the program arrav. s 1.
Line 3: Assign the spectrum analyzer address path (7131 1o @Sa.

Line 4: Create the array "Harm” to store amplitude viitues of the
second, third, and fourth harmonics.

Line 5: Assign string variable "Clear__screen” to perform the com-
puter kevboard tunction Clear Screen.

Lines 7-13: Clear the computer screen, then print the measurement
instructions on the computer screen and wait tor the usor entry.

Line 15: Preset the instrument and take a sweep in order to start
from a known state. Set the mixer level to —310 dB tor maximum
distortion-tree dynamic range tor this type of measuremuoent. Select
the amplitude units as volts, since voltage values are e for per-
cent of harmonic distortion calculations.



Lines 16-17: Set the center frequency to the fundamental frequency
and reduce the span to 10% of center frequency.

Lines 18-19: Activate the marker-track function to ensure that the
signal remains on the screen while the span is set. Deactivate marker
track and set the spectrum analyzer to single sweep mode for syn-
chronous control of the sweep.

Lines 20-26: Measure the frequency of the fundamental and set the
center frequency step size to this value. This allows you to step up
the center frequency to the next harmonic. Find the value of the
reference level and store it in Ref__level for later use. Set the attenu-
ation to manual in order to “hold” it at a constant level for distortion-
free dynamic range. Peak the marker to measure the fundamental
amplitude and store this value in First.

Lines 27-32: Measure the second, third, and fourth harmonics using
the FOR/NEXT loop.

Lines 28-32: Step up the center frequency to measure a harmonic.
Find the amplitude of the harmonic and set the reference level to
this value for best measurement accuracy. Measure the amplitude
and store it in the appropriate array cell. Set the reference level back
to its original value (stored in Ref__level) and repeat tor the next
harmonic.

Lines 34-35: Return the analyzer to its initial state and return to local
mode.

Lines 37-42: Clear the computer screen. Calculate the percent of har-
monic distortion using the sum of the squares.

Lines 43-51: Print on the computer screen the tundamental fre-
quency and amplitude; the second, third, and fourth harmonics in
dBc; and the percent of distortion.

Line 53: End the program.
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This appendix lists the HDP 8562A /B programming «onimands,
status bytes and messages, and softkey menus. The progprimming
commands are listed in alphabetical order, followed by a biief com-
mand name and (it applicable} the corresponding key. Ao ‘ncluded
are menus and the tront-panel key that activates that menu A cross
reference is also provided, which lists the softheys in alphabetical
order. Next to each sottkey is the tront-pancl key under vwhiose menu
the sottkey is found.

PROGRANNMING COMMANDS

CONINIANTY  NANI KE™
ADTALL fecute Turn-on Adjustments
ADICRT CRT Adjustment Pattern CRT ADIFDPAT BN
ADIE Exeoute [F Adiustments FULL IE AT
AMB Trace A Minus Trace B Al A
ANEBPY Trace A Minus Trace B AL DL -A
[Mus Display Line
ANNOT Annotation On Ottt ANNOT ON Of
ADB Trace A Plus Trace B AR A
Al Input Attenuator ATTEN ON O}
AUNITS Absolute Amplitude Units UNITS
ALTOCTT Auwtocouple ANUCAUTO Functions A
AXB frace A Exchanyge Trace B AEBXNCH B
BLANK Blank Trace BLANK A B 2T KB
B Trace A Minus Display Line B-i-B
CF Center Frequency CENTER ( _,,g
CLRIV Clear Write Trace CLR-WRT A P LWRTB
CNVEOSS Enternal Mixer Conversion foss CONV LA
CONTS Continuous Sweep CONT
DENOD Demaodulation ANTDEMOI O OFF

FNTOENMO D OFF
DEMODAGC Demodulation Automatic
CGain Control

DENODT Demodalation Time DENTOD T

DET Derection Mode DETECTOR WRbs
DL Display Line DT LINE v FF
DONE Done e
LERR Command Error

E1 Elapsed Time ET ADPSED 10

EA Start Frequency START FRE:L

IB Stop Freguency STOIMFREC

FDIAG Frequency Diagnostios FREQ DIAC 0]
FDSP Frequenoy Display FREQ DSP o OFF
FOFESE] Fregueney Otbset FREQ OFF-

FRET Frequeney Reterence 1o M2 INT




FS
FULBAND
GRAT

HD
HNLOCK
HNUNLK
n

IDCF

IDFREQ

r

LG

LN
MBIAS
MINH
MKA
MEKCF
MKD
MKDR
MKF
MKFC
MKFCR

MKMIN
MKN
MKNOISE
MKOFF
MKPK

MKDPX
MKREAD
MKRL
MKSP
MEKSS

MKT

MEKTRACK
ML
MXMH

or
PPz
PLOT
rr
PRESEL

PSTATE
RB
RBR

Full Span

Full Band

Graticule On/Ott

Hold

Harmonic Number Lock
Unlock Harmonic Number
Qutput Identification

Signal Identitication Frequency

to Center Frequency
Signal ldentification to
Frequency Found
Instrument Preset
Logrithmic Display Scale
Linear Display Scale
Mixer Bias
Minimum Trace Hold
Marker Amplitude
Marker to Center Frequency
Marker Delta
Marker Delta Reciprocal
Marker Frequency
Marker Frequency Count
Marker Frequency Count
Resolution
Marker to Minimum
Marker Normal
Marker Noise
Marker Off
Marker Peak Search

Marker Peak Excursion

Marker Readout

Marker to Reference Level

Marker Delta to Span

Marker to Center Frequency
Step Size

Marker Time

Marker Signal Track
Mixer Level
Maximum Hold

Output Display Parameters
Set 1, P2, of Display

Plot Display

Preselector Peak
Preselector Data

Protect State

Resolution Bandwidth

Resolution Bandwidth to
Span Ratio
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FULL SPAN
FULL BAND
GRAT ON OFF
LOCK ON OFF
LOCK ON OFF

SIGID - CF

RECALL PWR ON. PRESET
LOG dB/DIV

LINEAR

BIAS

MARKER — CF
MARKER DELTA
MARKER 1/DELTA

COUNTER ON OFF
COUNTER RES

MARKER NORMAL
MKRNOISE ON OFF

PEAK SEARCH

PEAK SEARCH

PEAK EXCURSN

MARKER — REF VL
MKRA -+ SPAN
MARKER— CF STEP

MARKER 1 'DELTA
(when span > 0Hz)
SIG TRK ON OFF
MAX MXR LVL
MAX HOLD A
MAX HOLD B

PLOT ORG DSP GRAT
PLOT ALL

PRESEL AUTO PEAK
RECALL PRSEL PK
FACTORY PRSEL PK
SAVELOCK ON OFF
RES BW AUTO MAN
RBW:SPAN




RCLS
RCLT
REV

RI.

RIC AL
ROFESET
RQS
SAVES
SAVET
SER
SIGDEL
SIGID
SNGLS
sp
SQUELCH
SRQ

s$

ST

STB
SWPOUT
TOF

TITLE
™
TRA
TRB

VTL

Recall State Register

Recall Trace Register
Output Revision Number
Reterence Level

Reterence Level Calibration
Reterence Level Ottset
Request Service Conditions
Save State

Save Trace

Serial Number

Signal Amplitude Delta
Signal Identity

Single Sweep

Frequency Span

Squelch tor Demodulation
Service Request

Center Frequency Step Size
Sweep Time

Status Byte Query

Sweep Qutput

RECALL STAT]
RECALL TRACE

REFTVI
REF LVL CAL

REF IVL OFFS1

SAVE STATH
SAVE TRAC!

SIGID ON
SINGLE

CESTEP AU

i

SWETIME 7

REAR PANE!

Trace Data Format (Parameter

Units ASCH or Binary:
Titie Entry
Trigger Mode
Trace A Data Input Qutput
Trace B Data Input:Qutput
Take Sweep
Video Average
Video Bandwidth
Video Bandwidth Resolution
Bandwidth Ratio
View Trace
Volume

STATUS REGISTER

hs
NUMBER

3

!

SCREEN T

VID AVG O O

VIDEO BW A

VHW:RBW

VIEW ALV
VOLUME, {

Video Trigger Level VIDEO
DECIMAL |  ANALYZER
EQUIVALENT STATE DESCRIPTION
128 ;. NOT USED
64 ROS ‘ NOY USED
32 ERRCH PRESENT SET WHEN ERRUIR REGISTER
CONTAINS AN | RACR
6 ‘ COMMAND COMPLETE SET WHEN COMMAND
i EXECUTION 1S SOMPLETED
8 | NOT USED
q ‘ END OF SWEEF SET WHEN SWEEF 15 COMPLT
F MESSAGE SET WHEN THE UNCAL (UNC,

MESSAGE APPEAAS ON TRE
TRIGGER IS AL TIVATED

1

kL
HEES

Table A.1. Spectrum Analyzer Status Byte
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(VAN

) MAN

F

€D

ZITPUT

O MAN
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ATTEN
RN MAN

REF : vl
QFESET

MAK MXR
LEVEL

B
ADLLST 53

LNTS

39

TN OFF

AN TIRR
£QTATF




PEAK
SEARCH

'Active when SPAN > OHz

40




{Single marker
actel

(Two markers
-
actiel

'Active when SPAN > OMz
214" changes to 171" when SPAN = OHz
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whes SAVE TRACE tumihions ate activaieg. STATE s repaacec wiih TRACH
For sidtes and fraces sioted ron titled displays "STATE  THACE and numbers
arereplaced w th 1ru tust 1h chasaciers of the Dlle

42



RECALL

} RECAGL

STaTe

[ aecatt

RECALL
STATE

RECALL
G TR A

RECALL
TOIRE

[ atcn |
RECALL
FRAORS

FRED

DIAGNSE

THT AT,
PATTERN

LLAPSED
TIME

PACTORY
PRSEL PKES

RECR{
PHSFL PR

"When RECALL “TRACE" functions are activated "STATE" 15 replaced with ‘TRACE *
For states and traces slored from titled displays, "STATE,” “TRACE.” anc¢ numbers
are replaced with the hrst 16 characlers of the title
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PRESET

DEMOD

Beans MARKER 0674 wher fwe mackees ase artice w0 CFNTER BRED whes BAY




----------

mnwmmummwmwmm

45

AUTO
COUPLE

........ con

]




DISPLAY

ey

[

F

AU Sl b,

W40 O T b ot

ARV R RN,

"For ouldenr use Mmax:mum ntensity 15 255 Forindnor use keep infensity aro.f 55
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3 DR BTN,

'TRACE A returns to TRACE A MENU
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G

GRAT ON O] DISPLAY

H

FHIB ADDRESS PRESEY

AT ON O
IE ARSI

INTEN | O-PLAY

t

[LAST SPAN LOCK HARMUINIK

[AST STATE PRESET LOCK ON OF

RECALL 1O FREQ ‘
TN TRIGGER 1OG dB DIV [,
FINT AR : o]

M

MAIN ROPTER RECALL MARKER 1 DITTA QR

MARKER DFL LA FREQ COUNT MAX HOLD A | TRAC
MKR — MAX HOLD I | TRECE ]
Con ] MAX MXR LEVEL

=]

EAK SEARCH
COMARKER NORMA] MAX NOL VI AVES

FREQ COUNT MKRNOISE ON OF

o
m
=
o
o

peAr SEARCH
MKR A +CF (KR —
VARRIR -t MKR & -CFSTED MK =)
PEAK SEARCH] ~ MKR 4 -SIA™ imR—)
VARKER -CESTED [MKR = MKR T A () THKR —

MARKER -REF IV MKR T A CH TR (MRR =

I = ng
ES ==
bl ||
i Ll

N
NEGATIVE BIAS EXT NEXT PEAK LLFT [PEAK _SEARCH
NEC PEAR DETECTOR [ TRACE NEXT PEAK RIGHT  [PEAK SEARCH
NEXT I'EAK NORMAL DFUECTOR [ TRACE |
FREQ COUNT
PEAK SEARCH
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OFFSET ROLLER RECALL )

P

PEAK EXCURSN [PEAK SEARCH] ~ PLOT TRACE A DISPLAY |
PEAK SEARCH DEMOD } PLOT TRACE B DISPLAY )
FREQCOUNT)  POSITIVE BIAS

(MKR =] POS PEAK DETECTOR [ TRACE }

PEAK THRSHLD P PRESEL AUTO PK INT
PLOT ORG DSP GRAT || DISPLAY | PRESEL MAN AD)j INT J
PLOTTER MENU PWR ON STATE {(SAVE )
R
RBW:SPAN (AUTO COUPLE)  RECALL TO TR A RECALL |
REALIGNLO & IF [ DISPLAY ) RECALL TO TR B REGALL: |
REAR PNL OUTPUT [ SWEEP_ REF LVL TITTIE ]
RECALL ERRORS { RECALL } REF LVL CAL ;
RECALL PRSEL PK [ RECALL. | REF LVL. OFFSET
RECALLPWR ON  |PRESET | RES BW
RECALL STATE {"RECALL ] RES BW AUTO MAN  ((BW
s
SAMPLE DETECTOR  [[TRACE ) SINGLE { SWEEP |
SAMPLER FREQ [ RECALL )
SAMPLER HARMONIC [_RECALL | SPACE (DISPLAY. |
SAVELOCK ON OFF  (SAVE) SPAN WIDTH -SPANE:
SAVE PRSEL PK (savE) SQUELCH (DEMOD §
SAVE STATE {(SAVE } SQUELCH ON OFF [ DEMOD }
SAVE TRACE A [(SAVE | START FREQ :
SAVE TRACE B SAVE ] STOP FREQ
SCREEN TITLE [ DISPLAY } SWEEP TIME
SELECT CHAR (_DISPLAY_]

----- SIG ID AT MKR m- SWP TIME AUTO MAN BT
SIG ID ON OFF )-
SIGID—CF (et JCIN
SIGNAL IDENT {EXT

we SIG TRK ON OFF {.ON

PEAK SEARCH
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T

10 Mz INT EXT TRACE A TRACE
THRESHLD DISPLAY TRACE B [_"3ACE )

THRESHLD ON OFF - [ DISPLAY TRANSFER ROLLER [ RECALL
TITLE DONE DISPLAY

u

UNITS UNITS AUTO MAN

v

VBRIV AUTOCOUPLE]  VIEW A |_'RACE
VIDEO AVG ON OFF VIEW B [
VIDEQ TRIGGER VOLTS ]
VIDEO BLY VOLUME ('EMOD
VIDEO BW AUTO MAN (o) (e
W

WATTS

v4

0 PV IO WD {WEEP

ZEROY SPAN




APPENDIX B
RESOLUTION BANDWIDTH

Signal resolution is determined by the Intermediate Frequency
(IF) tilter bandwidth. The spectrum analyzer traces the shape of its
IF filter as it tunes past a signal. Thus, if two equal-amplitude sig-
nals are close enough in frequency, the filter shapes can fall on top
of one another and appear as a single response. If two signals are
not equal in amplitude but are still close together, the smaller sig-
nal can be hidden under the response of the larger one.

The resolution bandwidth function (RES BW) selects the
appropriate IF bandwidth for a measurement. (Hewlett-Packard
specities resolution bandwidth as the 3-dB bandwidth of a
synchronously-tuned filter.) The following guidelines can help you
determine the appropriate resolution bandwidth to choose.

INPUT SIGNALS OF EQUAL AMPLITUDE

Generally, to resolve two signals of equal amplitude, the resolu-
tion bandwidth must be less than or equal to the frequency sepa-
ration of the two signals. For example, to resolve two signals of equal
amplitude with a frequency separation of 1 kHz, a resolution band-
width of T kHz or less should be used (see Fig. B.1). Further, to
resolve two signals with a frequency separation of 2 kHz, a 1 kHz
resolution bandwidth again must be used (see Figure B.2). Since the
spectrum analyzer uses bandwidthsina 1, 3, 10 sequence, the next
larger filter, 3 kHz, would exceed the 2 kHz separation and thus
would not resolve the signals.

Keep in mind that phase noise can also affect resolution.
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Fig.B.1. 1 kHz resolution bandwidth resolves signals 117z apart.
(Video bandwidth used to smooth trace.)

B P e 4

Fig.B.2. I kHz resolution bandwidth resolves signals 7 <1z apart.
(Video bandwidth used to smooth trace.)

INPUT SIGNALS OF UNEQUAL AMPLITUDE

To resolve two signals of unequal amplitude, the resolut;on band-
width must also be less than or equal to the frequency ~«paration
of the two signals. However, in this case the largest resohi:tion band-
width that will resolve the two unequal signals is derermined
primarily by the shape factor of the IF filter, rather thar i the 3-dB
bandwidth. (Shape tactor is defined as the ratio of the 5-:B band-
width to the 60-dB bandwidth of the IF tilter, as in Figuire B.3. The
IF tilters in this spectrum analyzer have shape tactors ot 15 1 or bet-
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ter.) Therefore, to resolve two signals of unequal amplitude, the half-
bandwidth of a filter at the point equal to the amplitude separation
of the two signals must be less than the frequency separation of the
two signals.

inB PO
| “h_k
60 dB / 3-dB 1\\
/,f’ Bandwidth
' Ay
e 60-08 !
Bandwidth

Hart
Bandwidth
Fig.B.3. Shape factor equals 60 dB bandwidth divided by 3 dB
bandwidth.,

For example, consider resolving a third-order intermodulation
distortion product with a frequency separation of 700 kHz and an
amplitude separation of 60 dB. Using a 100 kHz filter with a typi-
cal shape factor of 12:1, the filter will have a 60-dB bandwidth of
1.2 MHz and a half-bandwidth value of 600 kHz. This half-
bandwidth is narrower than the frequency separation, so the two
input signals will be resolved (see Fig B.4). However, using a 300
kHz filter, the 60-dB bandwidth is 3.6 MHz and the half-bandwidth
value is 1.8 MHz. Since this half bandwidth is wider than the fre-
quency separation, the signals most likely would not be resolved
(see Fig. B.5).

55




“AaTTEN L 08 P 1e e

i - -
i
t ' N
b mmr -
CENTER AsMET mooan - ran
B T A T - woriz Swr =

Fig.B.4. 100 kH7 bandwidth resolves input «ignal and distortion
product.

‘wariler, joae

s e e
A B
4
; R
| - ‘
. . -
|
[
[- + - + + . ' .
L B T B
CEMTER ih amomieer - .
. -

Fiz.B.5. 300 kHz bandwidth is too wide to resolo signals.

Note: Spectrum analyzer sweeptime is inverselv properts. nal to the
square of the resolution bandwidth. So, it the resoluticn andwidth
is reduced by atactor of ten, the sweeptime is increas i by afactor
ot 100. For fastest measurement times, use the widewt -esolution
bandwidth that still permits resolution ot all desire.t < inals.
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APPENDIX C
AMPLITUDE MODULATION

This appendix provides general amplitude modulation informa-
tion. Figure C.1 illustrates an amplitude-modulated signal as seen
on a spectrum analyzer display. Note the carrier signal. To deter-
mine its frequency, simply press | PEAK SEARCH:}. Additional
modulation information can be easily determined from the carrier
signal and a sideband. For example, the difference between the car-
rier frequency and the sideband frequency can be found by press-
ingi PEAK SEARCH }, MARKER DELTA, and NEXT PEAK. The
markers read the frequency difference between the two signals,
which is equal to the modulating frequency. The marker also reads
the difference in amplitude. This difference in amplitude between
the two signals can be used to determine percent of modulation (refer
to Fig. C.2).

Carrier
ATTEN 10aB Paul sl 30 ooa8
RL QOoBm 10aB/ —3a . 2Kz
I 7 1 T " 1
Modulating | | R l | R J
Frequency . | . || |
P |
l

' . - M L 1 1
W*“WM’“ [ i . “"‘fm\‘l
CTENTEA 1070 D1V OMeZ SPAMN SO0 Okkz

nBW 3 CkHz VAW 300rs Swe 2 Nseo

Fig.C.1. An amplitude-modulated signal.

Note: Unequal amplitudes of the lower and upper sidebands indi-
cate incidental FM on the input signal. Incidental FM can reduce
the accuracy of percent-of-modulation measurements.
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Fig C.2. Percent of modulation vs. sideband amiplirude.

The tollowing equation also determines percent of modil-ion using
amplitude units in volts:

Where As = sideband amplitude, in vl

Ac = carrier amplitude, in voil,
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This appendix contains general information about frequency
modulation, as well as a procedure for calculating FM deviation
using a spectrum analyzer.

Figures D.1, D.2, and D.3 illustrate a frequency-modulated sig-
nal as it appears on a spectrum analyzer. Figure D.4 contains Bes-
sel functions for determining modulation index. (Tables D.1 and
D.2 also contain modulation index numbers for carrier nulls and
tirst sideband nulls.)

Carrier
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Sideband

Lo ol )

f oy Sl |
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B P P
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HVEBIW 30042

SFPAlN 500 OwHz
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Fig.D.1. An FM-modulated signal.

A = Modulating Frequency
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Fig.D.2. FM signal with carrier at a null.
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ORDER OF MODULATION
INDEX

SO0 s WwN =

(n -6) iwmv ©sin 6)

Table 2.1, Carrier nulls and modulation indexes.

ORDER OF FIRST | MODULATION
SIDEBAND NULL INDEX

l 383
7.02
10.17
] 1332
16 47
} 19.62

LN

Table D.2. Sideband nulls and modulation indexes.

For sinusoidal modulation where either the modulation trequency
or the FM deviation can be varied, the spectrum analyzer can be
used to accurately set up a modulation index corresponding to a
bessel null. The following example illustrates how to verify the FM
deviation accuracy of a signal generator with FM capability. We will
use a carrier frequency of 100 MHz and test for FM deviation
accuracy at a 25 kHz rate using the modulation index for the first
carrier null (2.401). Figure D.5 illustrates how to setup the equip-
ment for this measurement,

Spectrum Analyzer

.
\ Signal
Source )
L '
Ph i
Audio | ) 80 MHz
| Generator | 10 412 ktz @

. 1V Peak

Fig. D.5. FM deviation test setup.
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Beginning with the spectrum analyzer in a preset state, connect
the source to the spectrum analyzer input. Set the siurce to
100 MHz. Set the center frequency of the spectrum analvzer to
100 MHz and the span to 45 kHz. Knowing that the de-'re 1 devia-
tion is 25 kHz, and choosing the modulation index of the tirst car-
rier null, calculate the modulating frequency as tollons

25 kHz = 2,401 = 10412 kH»

Set the modulation rate on the signal generator to 10 512 kHz,
[t the signal venerator doesn’t have an accurate internal anidio source,
use an external audio source. You can use the delta couint mode of
the HI” 8562A B to accurately set the audio source freguency as fol-
lows: activate the counter function, then use the delta connt mode
to read the ditterence between two sideband peaks (see Piyure D.6).
Now adjust the trequency deviation for a maximum nul! ot the car-
rier. Calculate the FM deviation by multiplying the modiaton index
ftrom Table 12,11 by the modulation rate:

il

10,412 kHz x 2.401 25 kHz deviation

L ENURERTE} oL 1 =5 aB
T R PR Liiirs 10 39 wiiz

1

[ R RS ULEIREY [N

X IR LT
R A L e s crdvs 1 O rez Sk SCOme

Fig. Do, Markers show modulating trequen.

Note: Incidental AM from a source signal can cause the srequency
null to shitt, resulting in errors to the procedure above incidental
AM is very low for most RF signal generators, but «.un be signifi-
cant in microwave signal generators. Nonsymetrical <ulefobes indi-
cate the presence of incidental AM. In such cases, the bee technique
tor measuring FM is to downconvert and use a Modulet o Analyvzer
such as the HP 8901A/B.



This appendix contains information on pulsed-RF and illustrates
several procedures for measuring characteristics of a pulsed-RF sig-
nal. The procedures explain how to measure center frequency, pulse
width, and pulse repetition frequency.

PULSE MODE

Pulsed RF measurements are generally made in the “pulse” mode.
To set the spectrum analyzer for pulse-mode measurements, begin
by setting the video bandwidth to 3 MHz and activate the positive
peak detector (press [ TRACE ], MORE, DETECTOR MODES,
and DETECTOR POS PEAK). Select the center trequency, then
adjust the span until the center lobe and at least one pair of side lobes
appear on the display (see Figure E.1). Increase the sweeptime (i.e.,
the sweep becomes slower) until the display fills in and becomes
a solid line. See Figure E.2. If this line does not fill in, the instru-
ment is not in pulse mode, in which case the following procedures
tor sidelobe ratio, pulse width, and peak pulse power do not apply.
For further reference, consult Hewlett-Packard Application Note
150-2, entitled Pulsed RF.

Fig.E.1. Main lobe and side lobes.
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To measure the sidelobe ratio, with the marker still 1t e center
trequency o the main lobe, press the sottkeys MAR® T DELTA
and NEXT PFAK 1see Figure .41 The ditterence betweeny i ampli-
tude of the main fobe and the side lobe is the sidelot atio.
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The pulse width is also easy to identify. The pulse width is the
reciprocal of the frequency ditference between two envelope peaks.
To determine this difference, continuing from the last procedure,
press the softkeys MARKER DELTA, MORE, and NEXT PEAK;
then press , and MARKER 1/DELTA. The pulse width is equal
to the time value displayed on the spectrum analyzer screen, as in
Figure E.5. For best pulse-width accuracy, measure the distance
between two adjacent lobe nulls, by manually adjusting the marker
positions. If desired, first reduce the resolution bandwidth tor
sharper nulls.

i
|
{

CFRNTER O AT 10 G OMHZ
ARSI R P T TR wWE L Osec

Fig.E.4. Markers show sidelobe ratio.
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Fig.E.5. Markers show pulse width.
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PULSE REPETITION FREQUENCY (PRF)

Pulse repetition interval (PRI} is the spacing in time between any
two adjacent pulse responses, shown in Figure EJ1. L'sing the
MARKER |/DELTA function, PRI can easily be invert: 1 to read
PRF instead. To measure PRI, set the span to 0 Hz and adicst ampli-
tude of the main lobe to the reterence level. Set the amplitude scale
to linear and readjust the signal so that it is on screen. Nent decrease
the sweeptime {i.c., the sweep becomes taster! until the Jdisplay
resembles Figure E 6. Select the SINGLE trigger mode. Fin.iliy, press
and the sottkeys MARKER DELTA, MOKE, and
NEXT RIGHT or NEXT LEFT. The difference displayed betv een the
two markers is equal to the pulse repetition interval. Simply
press and MARKER 1/DELTA for the PRE as showr in Fig-

ure E.o.

FTT \L: i
C e INPNE an
sj i
} {M»——J
FJ*J* i
1} i
CENTER 2 TOOO0DCGHz SErLD ez
BBW 100Kz WUBW 3 Mee s MW Cma

Fig.E.6. Spectral line separation equals PRI, MARKER | DELTA
tunction reads PRF.

PEAK PULSE POWER AND DESENSITIZATION

Now that you know the main-lobe amplitude, the putse width,
and can casily note the spectrum analyzer resolution bandwidth,
the peak pulse power can be derived trom a relatively simple
equation:

Peak Pulse Power = Mainlobe Amplitude - 20 1oy T, - BW,
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Where T,; = pulse width, in seconds

BW,; = impulse bandwidth, in Hertz
= 1.5 - resolution bandwidth used
to measure pulse width.

Note: While measuring the main-lobe amplitude, change the spec-
trum analyzer attenuation and check that the main lobe amplitude
does not change. If it changes by more than 1 dB, the analyzer is
in compression and the RF attenuation must be increased. For car-
rier frequencies above 2.7 GHz, be sure to peak the preselector to
accurately measure the main-lobe amplitude.

The difference between the peak pulse power and the main-lobe
amplitude is called pulse desensitization.

The term “pulse desensitization” can be somewhat misleading,
because pulsed signals do not reduce spectrum analyzer sensitiv-
ity. Rather, apparent desensitization occurs because the power of
a pulsed CW carrier is distributed over a number of spectral com-
ponents (i.e., the carrier and sidebands). As a result, each spectral
component contains only a fraction of the total power. For a com-
plete discussion of pulse desensitization, refer to Application Note
150-2 (literature number 5952-1039) or Appendix A of Application
Note 330-1 (literature number 5954-2705).

YEOD Trard Ave. Ban Lovsnas, CA 458D
{510} 278-2528 (800) 352-2900 {213 216-8377
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The trequency range of the HP? 8562A B can be extended
using external harmonic mixers. This appendix explain- b w to con-
nect external mixers to the spectrum analyvzer and hows 1o use its
automatic signal identitication tunctions.

=

EQUIPNMENT SETUP
Figure E 1 illustrates how to connect an external harienic mixer
to the spectrum analyzer,

Caution: The spectrum analyzer LO output is + 1o dlii. Be sure
yvour mixer can accommaodate this power level betors - nnecting
it to the analyzer.

Spectrum Analyzer Spectium Analyze

x bl
e
J Diplexe
& ‘ Mixer T M
R - [ —
! Signal Sigial
: Source ‘[ Sour.e
R —
1ai b

Fig.F. 1. External mixer setup (a) without bias: (b with bias.

Be sure to connect the mixer to the spectrum ar | zer using
Hewlett-Packard SMA-type cables, part number 5064 - 1:8. 1o not
overtighten the cables.

To select a trequency above 22 GHz, pross ‘o oset the
analyzer to external mixer mode, then enter the desired trequency
directly using the center frequency function. Note in Table EL1 how-
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ever, that some frequencies overlap and fall into two bands. Using
the above method to select a frequency in an overlapping area will
set the analyzer to one of the two bands, but it may not be the band
you desire. To be sure the desired band is selected, refer to Table
F.1 and select a desired frequency band, then use the FULL BAND
function to enter this band. Press and the softkey FULL
BAND, then press the STEP [ 1_] key until the letter following FULL
BAND corresponds to the chosen frequency band. The HARM
LOCK function “locks” the spectrum analyzer in that band, ensur-
ing that the spectrum analyzer sweeps only the chosen band.

FREQUENCY FREQUENCY ‘ MIXING CONVERSION
BAND RANGE (GHz) [HARMONIC LOSS

L R A P S AR el o)

Table F.1. External mixer frequency ranges.

CONVERSION LOSS

Table F.1 lists default conversion loss values that are stored in the
analyzer for each frequency band. These values approximate the
values for HP 11970 Series Mixers. Other conversion-loss values may
be entered into the spectrum analyzer with the AVERAGE CNV
LOSS function. To activate this function, press and the
softkeys AMPTD CORRECT and AVERAGE CNV LOSS; then
enter the appropriate conversion-loss value. On HP 11970 Series
Mixers, these values are charted on the mixer.

SIGNAL IDENTIFICATION

The [F output of a harmonic mixer contains many mixer products
(LO = source, 2LO =* source, 3LO = source. . .nLQO = source).
As a result, within a single harmonic band, a single input signal
can produce many responses, only one of which is valid. These
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responses come in pairs, where the members of the valic pair are
spaced 621.4 MHz apart (see Figure F.2) and the right- most mem-
ber of the pair is the correct response (for this analyzer, the eft mem-
ber ot a pair is not valid).

CL 22. Sa® MKR —38. SSdB8m
mL -28. OdBm R 1BoB .~ aSa. 33GH- o -
1| 16214 MHz
| B T
) A .
Ty 14 JE s
P L 4 : B
stamt a@. @oore | stoe oo. secee
-mBw 1. BMrdm ~-vBw 1@ ~SwhP LD
Fig.F.2. Signal responses produced by a 30 GHz signe” 10 U band.

The frequency shift method of identitying valid sign.il- employs
the spectrum analyzer tunction SIG IID ON OFFE To act vate this
function, press (_EXT ] and the softkeys SIGNALIDI ' and SIG
ID ON OFF. Any signal not produced by the currently wvli-cted har-
monic will be shitted horizontally on alternate sweey~ i-ee Figure
F.3). The correct signal that has been produced by the ~clicted har-
monic will be shitted in a vertical direction only, as ir I gure F.4.
To ensure accuracy, limit the trequency span to a 1ma<imum of
20 MHz.

Co 3U. cua
R_ —30. UaBm 10dB -

CENTER 41. ®@134GHz= SPAN 10Q. OMHx
RBW 1. OMH=x “VBW 3. OkHz SwP 1DCme

Fig.F.3. Response for invalid signals.
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Fig .F.4. Response for valid signals.

There is also a function for identifying signals in wide frequency
spans. This function, SIG ID AT MKR, employs a harmonic search
method of signal identification. SIG ID AT MKR automatically
determines the proper frequency of a signal and displays its value
on the spectrum analyzer. To activate SIG ID AT MKR, place a
marker on a signal and press , the softkey SIGNAL IDENT,
and the softkey SIG ID AT MKR.
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BIAS

The HI? 11970 Series Mixers mentioned in the section ibove do
not require bias. Mixers requiring bias™ can also be usedd vith the
HP 8502A B. Bias gives these mixers minimum converaion loss;
however, bias must be adjusted tor every measurement macie. Mixers
requiring bias are connected as shown in Figure .2 twith v er bias
supplied via the IF line). To measure a signal, access o band as
described above. To activate the bias, press and 'he sottkey
BIAS: then press the sottkey corresponding to the bic jolarity
{positive or negative) that your mixer requires, Use the | aob on
the spectrum analyzer to adjust the bias and to peak the <. nal for
maximum amplitude. Finally, activate the signal identitication
method vou desire. On most mixers, the optimum bias +.11es with
trequency, so the bias should be adjusted Far every signas oe asured.

Warning: The open-circuit bias voltage can be as great o £3.5V
through a source resistance of 300 ohms. Such voltage Tewels may
appear when recalling an instrument state in which an cctive bias
has been stored.

Note: The bias value that appears on the spectrum anal.v: display
is expressed in terms of short-circuit current (ie . the amews tof cur-
rent that would tlow it the IF line were shorted to g0 di. The
actual amount of current Hlowing into the miver will 1o iess,

"HE 11517A Series Harmonic Mixers and Tektronix and FoichenAid
Mixers. tor example.




GLOSSARY OF SPECTRUM ANALYZER FUNCTIONS

This summary briefly describes the spectrum analyzer functions
available from each front-panel key and its related menu. If you
would like more information about these functions, refer to the
HP 8562A/B Operating and Programming Manual.

activates the reference level function and calls the
amphtud menu to the display. Other functions on this menu allow
you to manually select the input attenuation; set the display scale
for 1, 2, 5, or 10 dB per division; and set the amplitude scaling to
log or linear. Functions are also available that set the mixer level,
initiate IF adjustments, offset the reference level, and select the units
for amplitude values.

jallows the spectrum analyzer to automatically
Select the appropriate values for all functions that have an "AUTO”
mode. Additional functions display and set the coupling ratio
between video bandwidth and resolution bandwidth, or between
frequency span and resolution bandwidth, and also set the input
mixer level.

i BANDWIDTHj calls up a menu of functions that allow you to
select resolution and video bandwidths or allow the spectrum
analyzer to select them automatically. Additional functions include
video averaging and selecting the number of video-averaged sweeps.

£ DEMOD j calls up a menu of functions that demodulate AM and
FM signals, activate markers, select demodulation time, and con-
trol the speaker volume.

tDISPLAY | functions provide a display line, a threshold, plotter
functions for plotting a display on an external plotter, and display
controls for writing titles on a display. Additional functions allow
vou to vary display intensity and to focus or turn the display
graticule and annotation on or off.

i:EXT ] (See Appendix F or the Operating and Programming
Manual).
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FREQ COUNT J activates a marker and reads the frequency with

counter accuracy or, if two markers are active and on the screen,
reads the frequency difterence between the two signals. Additional
functions on the counter menu allow vou to select the counter reso-
lution, activate markers, and tind the highest or next-hi;:hest ampli-
tudes on a trace.

iziijactivates the center frequency tunction and dis-
plays the menu of related frequency softkey functions. These func-
tions set the start and stop frequencies, set the center-trequency step
increments, and ottset the frequency by a value that v choose.
A tunction allowing an external 10 MHz reference is alwo available.

tunctions on this menu allow you to peak the preselector
tracking manually or automatically, and activate manual or auto-
matic signal identitication.

Like [ ON ). (MKR = Jactivates a marker that reauls cmplitude
and frequency (or time) and calls a marker menu te the display.
Some ot the functions trom this menu find the highest cmplitude
on a trace, set the reference level to the marker amplitudle, set the
center trequency to the marker frequency or set the center rrequency
step-size to the marker trequency.

_MKR OFF Jturns ott all markers and softkev annatation,
activates a marker that reads the amplitude and trequency

or, it the frequency span is zero, the amplitude and relitive time
ot a point on a trace. { ON ] also calls a marker menu to the dis-
play. Other marker functions on this menu give the amplitude and
frequency (or time) diffcrences between two markers take the
reciprocal of this difference, and enable tracking of a ~ivnal on the
display.

MODULE j (See the Operating and Programming Manuad).
PEAK SEARCH ] places a marker on the highest amplitude of a

trace and reads the amplitude and frequency. Marker functions
available from the PEAK SEARCH menu are similar to the func-
tions of the menu. The PEAK SEARCH menu also in-
cludes a tunction that searches for the next hizhest point on a trace
and displays the ditference in frequency between thi- next-highest
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point and the previous one. Functions that determine peak excur-
sion and peak threshold are also included.

PRESET ] sets the instrument to a predefined state, allow you to
adjust the L.O. and L.E, and check or change the HP-IB address.

RECALL | allows you to recall to the display previously saved

states, traces, and preselector data. Several service functions are
also included; refer to the Service Manual.

_SAVE Jallows you to save an instrument state with a label in

one of ten registers, make the instrument “power up” in the current
state, save a single trace and a label in one of eight registers, or save
preselector peak data.

5 | activates the span width function and calls the span menu
to the display. Additional span functions on the menu select the full
band or “largest” span for the current center frequency, or toggle
between the current frequency span and the previously selected
span. Zero span allows you to view a signal in reference to time.

[ SWEEP ] allows you to adjust the sweeptime or allow the spec-
trum analyzer to automatically select an appropriate sweeptime.
Additional functions send the sweep ramp or sweep voltage to the
sweep output on the rear panel.

Two [ TRACE ) displays, A and B, are available. For the active

trace, functions clear the trace and write a new one, blank the trace,
and allow you to view the trace. Functions to perform math oper-
ations using both traces are also available. Additionally, detector
modes (normal, sample, positive peak, and negative peak) are found
here.

TRIGGER ] provides functions that allow triggering from line,

video, or external sources. Trigger functions may activate single or
continuous sweeps. The trigger function defaults to FREE RUN
mode.

VOLUME j controls speaker volume (no menu).
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H-

Harmonie distortion, 12, 17-23
computing percent of, 22
measurement accuracy, 19
measurement procedure, 18-22
most accurate values, 21
as a percentage, 19
as a percentage in volts, 19
program annotation, 32-33
program description, 31
skills used to measure, 17
test setup, 18
and video bandwidth, 18

HARM LOCK. #9

HOLD. 10

-

Input signals,
and resolution bandwidth, 53-56
INSTRUMENT STATE, 10

Intensity, 46

LO output, 68
Low band high band overlap, 3

M-

MARKER DELTA, 14. i5
MARKER 1 DELTA, 65, 66
Marker functions, 10
Markers, 4
MARKER DELTA, 14, 15
MARKER 1/DELTA, 65, 66
MARKER NORMAL, 8
MKR —~ CF STEP, 21
MKR — REF LVL, 14, ]9
PEAK SEARCH, 14,15
readout, 4

Measurements,
automated, 27
common, 12
harmonic distortion, 17
third-order intermodulation
distortion, 12
Measurement accuracy,
method for obtaining, 3, 14
i
MKR ="REF LVL, 14, |0
Menu, 5
Menu title, 6
MKR - CFSTED 21
MKR — REFIVL, 14, 19
Modulating trequency, 57, 50
MORE. 6, @

-O-

(ON). 40

OUTPUT statement, 25

p-

Peak pulse power, 66-67

, 14, 15, 40
Percent of modulation, 57.58
PLOT ALL, 20
PLOT ORG, 20
Plots, 20
Program development, 27
of a basic measurement, 27
initial commands, 27
Programming. See Remote operation
Programming commands,
list of, 34-36
Pulse desensitization, 67
Pulsed RF, 63-67
center trequency, 64
and compression, 67
peak pulse power, 66
pulse desensitization, 67
pulse mode, 63
pulse repetition frequency (PRF), 66
pulse repetition interval (PRI, 66
pulse width, 65
sidelobe ratio, 64
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Dulse mode. 63 Signal track tunction. 21

Pulse repetition trequency (PRFY, 6o Signal-to-noise ratio. 21
Pulse repetition interval (RIY, 60 Simple measurements anc | t-panel
Pulse width, €3 keys, S
Softkey. 5
Softkeys,
applications, &
-R- cross reference, 49-52

1743 SPAN, 10

REFIVL CAL. ©
Remote operation, 24-30
connections via HI-IB

Special operating maodes, 15
Status registers, 3o

STED Rey 3

developing a program,

ENTER statement, 29 STED heys, 3,30
tormats, 2o START. 8
initial commands, 27 STOP 38

and measarement accuracy. 28 45
order of tunctions. 27 Sweeptime, 3 o
OQUTIUT statement, 25

programming

punctuation requirements, 20 .
reading data, 29 -I-
rch‘an*mvn\sllnr 24 Take sweep TS 28, 29
setting the adidress,
<imple technigues of. 25
spectrum analyzer queries, 29-30
summary. 30
take sweep command, 28, 29

Third-order intermoduiat e
distortion, 12-15. 55
components cenerating. |
frequency Span requin ts, 14
measuremen: prl\( L'({U" T
UsIng DUMeTi constants, 26 cesolution b ndwidth
using variahles, 2o
Resolution bandwidth, 53-50
halt-bandwodth, 53

requirements. 14
and equal arplitude o
n sources, 14
shape tacter, 53-55 i
) test setup, Lo
and signals ot equal amplitude, 53 . X
1 cipnals of unegual amplitude, 54 types of tun- tions Lo
ami iund \ equal I .5 Titles, 1o
and sweeptime, S0 m ~
Y
and third-order intermodulation

45

A

Video handwidth, 18
Volume
adjustment ot 8

Saving an irstrument state, 17
Screen bitles. See Titles
Setting the address,
Shapetactor 54

Sidelobe ratio. o4 W
Signal identitication, 69-71
trequency shift muthod, 70 Warmup, 2
harmonic searc h method. 71
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