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GENERAL INFORMATION INITIAL LINE POWER ON AND CALIBRATION

GENERAL INFORMATION

This chapter describes the HP 85688 Spectrum Analyzer’s general performance characteristics, hardware, and the

initial furn on procedure.

HP 8568B SPECTRUM ANALYZER

Connect interconnection cables as shown:

REAR PANEL CONNECTIONS

Manual Operation
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INITIAL LINE POWER ON AND CALIBRATION GENERAL INFORMATION

INITIAL POWER ON AND CALIBRATION

CAUTION

Before connecting the line power cords, make sure the appropriate line voltage and
line fuse have been selected for both the RF and Display sections of the analyzer. For
complete information on line voltage and fuse selection, refer to the HP 85688 Opera-
tor's Handbook. For information on line power cords for a specific country, contact the
nearest Hewlett-Packard office.

After making the AC power line connections, the STANDBY lights of both the RF and Display section should be
on. As long as the instrument is operating (LINE ON} or in STANDBY, the accuracy specifications of the internal
frequency standard will be met. After a cold start, such as on-receipt of instrument, the analyzer requires 24 hours
to stabilize prior to meeting specified performance.

Upon LINE ON, the instrument will perform an automatic internal instrument check. lf one or both of the red
instrument check lights {INST CHECK | and II} remain on after this brief check routine, refer to the chart below to
localize the problem.

LED On Problem Solution
I Digital Storage failure in 85662A Check bus interconnect cable (85662-60094)
1 Interface Failure Check bus interconnect cable {85662-60094)

and check if A12 board is connected tightly

Check if A15is connected tightly in 85660B

&1 Controller (A15) and that contacts are clean.

Manual Calibrator Signal Adjustment

To meet specified frequency and amplitude accuracy, periodically perform this calibration procedure and the error
correction routine below.

1. With LINE power ON, press (mf) .
2. Connect CAL OUTPUT to SIGNAL INPUT 2.

2 Manual Operation



GENERAL. INFORMATION SIGNAL INPUTS

: CIR
3. Press )
-1 SREQUENCY - i
SPAN Y
Q@@ @} > Or press
LOG (E8) @ ) |
4.  Adjust AMPTD CAL for MKR amplitude of —10.00 dBm.
5. Press @
;"" Hz |
ﬁ@ 0 Jl & > or press
=000

SCALELOG [‘j@ y

6. Maximize response with FREQ ZERQ adjustment.

Error Correction Routine

A 1 minute internal error correction routine minimizes errors caused by changes in IF gain, resolution band-
. . : F|
width, input attenuator or scale changes. To start the routine press KEY FUNCTION L -

A readout “CORR’D” appears in the CRT display on completion of this routine.

If “Adjust FREQ ZERO and AMPTD CAL” appears in the display, repeat the manual calibration before running the
error correction routine again.

Chapter 11, [»] KEY FUNCTIONS, discusses the details of this error correction routine.

SIGNALINPUTS

FREQ ZERQ

@

SIGNAL INPUT AND CALIBRATION CONTROLS

Manual Operation 3



SIGNAL INPUTS GENERAL INFORMATION

Either of the RF signal inputs can be selected:
INPUT 1: 100 Hzto 1500 MHz, dc coupled, BNC fused 5062.
INPUT 2: 100 kHz to 1500 MHz, ac coupled, Type N 5042.

Isolation between inputs is >90 dB.

CAUTION

Excessive signal INPUT power will damage the input RF attenuator and the input
mixer. The spectrum analyzer total input power must not exceed the vaiues listed:

INPUT Maximum dc Maximum RF
+30 dBm
1 +0OV (1 watt
+ 30 dBm
2 + 50V (1 watt

Probe Power

The probe power jack supplies power for high impedance 1:1 active probes, such as the HP 1121A 500 MHz AC
Probe, or for 50-ohm preamplifiers, such as the HP 10855A. The voltage outputs are + 15V, and — 12.6V with a
maximum current of 150 mA.

CAUTION

Active probes or amplifiers should not be used on RF Input 1, the dc coupled input,
unless their output is specified ac only.

4 Manual Operafion




GENERAL INFORMATION

FRONT PANEL OVERVIEW

FRONT PANEL OVERVIEW

NTEMBITY

wocus
2 @

FAEGTERD

STANDNY

Control Groups

CRT DISPLAY:
TRACE:

REFERENCE LINE:
SCALE:

KEY FUNCTION:
SWEEP and TRIGGER:
SIGNAL INPUT:
DATA/FUNCTION:
CAL OUTPUT:

10 MARKER:

11 COUPLED FUNCTION:

W=l W=

12 INSTRUMENT STATE:

13 LINE ON/STANDBY:
14 RECORDER/PLOTTER
FUNCTIONS:

Signal response and analyzer settings

Control of signal response display

Measurernent and display aids

Selects logarithmic or linear amplitude scale

Access to special functions

Selects trace update trigger

100 Hz to 1500 MHz

Fundamental analyzer control

Calibration signal

Movable bright dot markers for direct frequency and amplitude readout
Maintenance of absolute amplitude and frequency calibration by automati-
cally selecting certain analyzer control settings

Local, remote and preset control settings. Saving and recalling control set-
tings.

Powers instrument and performs instrument check

Conirols output to recorder or HP-IB controlled plotter

Manual Operation 5



CRT DISPLAY GENERAL INFORMATION
CHT DISPLAY
The analyzer’s CRT display presents the signal response trace and all pertinent measurement data. The active

function area names the function under DATA control and shows the function values as they are changed. All the
information necessary to scale and reference the graticule is provided.

Active function readout: MARKER
function under current frequency
User display DATA control amplitude
annotation /
YOLE? MESSAGE ON THIS LINE... MR 112,178 M
Reference _ REF .0 dBm AFTEN 16 o Zi.50 B
fevel 7
/ﬁ 4B/ W /
Amplitude TRACE A
scale T
MARKER 1 4 -TRACE B
112} 178 Mz R ,7"
—4..80 m ; “. ’_/"/
; ‘_A 4—"/ //
1 A B / Internally
jf | / - generated
' graticule
Center e o 1% ; S Rt L
frequency BRI Lol il ks i SRR Bt Bl Frequency
{ L~
\\ ! - span
CRENTER 115.22 MHz SPAN .74 MHz
RES BW 100 kHz VBW 30 ki SWP 30 meec
Resolution Video Sweeptime
bandwidth bandwidth

6 Manual Operation



GENERAL INFORMATION PLOTTER QUTPUT
PLOTTER OUTPUT

The trace data, graticule, and annotation on the analyzer screen can be sent directly via HP-IB to a Hewiett-
Packard plotter (such as the HP 7245A/B, 72404, 74704, or 9872C) by pressing the LOWER LEFT key on the
analyzer front panel.

REAR PANEL OUTPUTS

21.4 MHz IF Qutput
IF Input/Output
Video Input/Output
Recorder Cutputs
External Trigger
Frequency Reference - Display Outputs

HP-1B

1st L.O Qutput
Connector

Display Outputs

Display outputs allow all the CRT information to be displayed on an auxiliary CRT display such as the HP 1310A
Large Screen Display.

Display Outputs Output

<75 nsec rise times. 1V full deflection.

<30 nsec rise time. Intensity: — IV blank, 0 to
1V intensity modulation.

TTL level >2.4V for blanking. Compatible with
most oscilloscopes. '

Manual Operation 7



REAR PANEL OUTPUTS

Recorder Qutputs

GENERAL INFORMATION

The recorder outputs allow the x-y plot of trace data with x-y plotters using positive penlift coils or TTL peniift
input. The front panel keys enable outputs for the calibration of x-y plotter veference points:

RECORDER
LOWER  UPPER

RECORDER Quiputs
when keys or HP-IB

Recorder LEFT RIGHT commands are enabled
Quiputs
Lower Upper
I_.eft Right
A voltage proportional to the horizontal sweep of ov 10V
the CRT trace that ranges from OV for the left left right
edge and to + 10V for the right edge.
Detected video output (before A-D conversion) ov +1V
proportional to vertical deflection of the CRT tower upper
trace. Output increases 100 mV/div from 0 to
1V,
A blanking output, 15V, occurs during CRT +15V + 15V
retrace; otherwise output is low at 0V (pen
down}.

1st LO Quiput

The 1st LO output allows the use of external mixers to expand the frequency range of the analyzer.

1st LO Output

Output

ISTLO OUT

2 3.7 GHz, > +4 dBm; 508 output impedance.

21.4 MHz IF Output

21.4 MHz IF Output

2%1.4 MHz
IF OUTPUT

A D02, 21.4 MHz IF output related to the RF in-
put to the analyzer.

In log scales, the IF ouiput is logarithmically
related to the RF input signal; in near, the out-
put is linearly related.

The output is nominally — 20 dBm for a signal at
the reference level.

The analyzer’s resolution bandwidth setting con-
trols the bandwidth. The input attenuator and IF
step gain positions control the amplitude.

8  Manual Operation



GENERAL INFORMATION

HP-IB Input Output Connector

REAR PANEL OUTPUTS

The Hewlett Packard Interface Bus allows remote operation of the analyzer as well as input and output of mea-

surement data. See Section I of this manual.

Frequency Reference Input/Output

To lock the spectrum analyzer to an external frequency reference, set the FREQ REFERENCE 10 MHz switch to
EXT Analyzer phase noise performance may be degraded when an external frequency reference is used. o lock
another spectrum analyzer to the spectrum analyzer internal frequency reference, set the FREQ REFERENCE 10

MHz switch to INT.

Frequency Reference
Input/Output

Input/Output

_.* IN— EXT

OUT— INT

External Frequency Reference Requirements:

Frequency: 10 MHz + 50 MHz
Power: Oto 10 dBm
Input Impedance: 500

Internal Frequency Reference Characteristics:

Frequency: 10.000 MHz
Power: 0 dBm nominal
Output Impedance: 500

IF and Video Connectors

The IF and Video connectors allow the 85650A Quasi-Peak Adapter to be used with the analyzer for EMI

measurements.

NOTE

When the Quasi-Peak Adapter is disconnected from the analyzer, make sure the IF INP
connector connects to the [F OUT connector with one short BNC cable, and VIDEO
INP connector connects to the VIDEQ OUT connector with the other short BNC cable.
Failure to connect the BNC cables will result in a loss of signal.

Manual Cperation
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REAR PANEL OUTPUTS GENERAL INFORMATION

IF and Video Connectors Input

21.4 MHz input. Input is nominally —11 dBm
IFINP {with spectrum analyzer input attenuator set to
10 dB}. 50 input impedance.

VIDEQ INP 0—2V  139Q input impedance.

IF and Video Connectors Qutput

21.4 MHz output. Output is nominally —11
IF OUT dBm (with spectrum analyzer input attenuator
set to 10 dB). 500 output impedance.

VIDEC OUT 0—2V.  OQutput impedance <10 k{2.

External Sweep Trigger Input

The External Sweep Trigger input allows the analyzer’s internal sweep source to be friggered by an external
voliage.

External Sweep Trigger

Input
Inpui apy

Must be >2 .4V {10V max). 1 k2 nominal input
impedance.

10- Manual Operatien



GETTING STARTED FRONT PANEL CONCEPT

Chinpler 1
GETTING STARTED

RAL DESCRIPTION

This chapter provides an overview of the use and capability of the Hewlett Packard 8568B Spectrum Analyzer.
Chapters 2 through 12 provide details on each aspect of operation.

FRONT PANEL COMCEPT

The front panel keys control functions such as center frequency, frequency span, reference level, resolution band-
width, and sweep time. Any function can be selected by pressing its key, and can then be changed by using the
DATA control knob, step keys, or number/units keyboard. For example, to specify center frequency press
, then change the value, as read out on the CRT, with any or all of the DATA controls:

@ Continuous coarse and fine tune
(—‘ (@] Change in steps

882 Sot the value exactly
HWE S

The analyzer’s CRT display presents the signal response frace and aii pertinent measurement data.

FUNCTION/DATA CONTROLS

The front panel controls are grouped by function. Most measurements can be made from the FUNCTION/DATA
control group. The other groups add to the measurement efficiency, convenience, and capability.

The FUNCTION and DATA controls can be used to e e B
measure the frequency and amplitude of a signai such
as the one shown.

CENTER $09.3 M-z SPAN BU.D Rt
RES BN 1 MRz VB 380 kHz WP A meoc

Manual Operation 11



FUNCTION/DATA CONTROLS

First, move the signal to the center of the display with

“The readout gives the signal frequency. (The DATA

step keys or number/units keys could also have been
used.}

For better frequency resolution, narrow the frequency

span with *“%S {_{}j S

Now bring the signal peak to the reference level with

The reference level readout is the signal’s power level.

12 Manual Operation
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10 di/

CENTER S00.¢ M-z

Gy FEF_.D_dBm

18 4B/

CENTER

f’ﬂ REF —20.6 dBm

18 4B/

REF .0 d8m

GETTING STARTED

N‘ih—"“"——_

SPAN 58.8 MHx
SHP 38 maec

RES BW 100 wHz

SPAN 12,0 My
SWE? IO modc

CENTER 5@0.1 Mtz
FES BW 100 ki,

SPAN 10,0 MHr
SWPP 30 mzac



GETTING STARTED STARTING FROM FULL SPAN

STARTING FROM FULL SPAN

A convenient place to start a new measurement is with a full 1500 MHz frequency span. A single key, ] \
presets all the analyzer functions to give you a 0 Hz to 1500 MHz display with a 0 dBm reference level.

) hp PEE G dom ATTEN 10 oB

For example, after measurements in a narrow fre- 1 ans

quency span... {\
sea |0 UL
1.0B MHp

)

L
L

*

+

CENTER 235.08 Mz SPAN Y. 08 by
Rifs B 10 Rz YBW 1@ kidx SWP 39 meac
wrar B PEE .9 dBw ATTEN 1 oB
4 . -
allows you to view the entire 1500 MHz span for 10 4
selection of the next signal to investigate. -
;
START © Hz HTOF 1500 Mg
RES BW 3 MHz VBN I Mz SWP 30 moar

DIRECT SIGNAL FREQUERCY AND AMPLITUDE READOUT

Signal frequencies and amplitudes, as well as differences, can be read out directly with the MARKER and DATA
controls, without changing center frequency or reference level.

Manual Operation 13



DIRECT SIGNAL FREQUENCY AND AMPLITUDE READOUT GETTING STARTED

. . o}
Activate the marker with MARKER [} Use the by REE 2.0 i aviin 1o 33,0 Mo
DATA knob to position the marker. The ampli- 1 ear 2
tude and frequency are read out continuously. ”
MARKER j \ I
33.P MH
=5.P2 dzm'! ]
L
By
i A
IR /
CENTER 5% MHx SPAN 100 MMz
RES BW 1 M VBW I8¢ kmz SWP 3@ moac
KR A 21.8 Mz
. . "’ﬂ REF ~2.0 dbm ATTEN 1§ of ~22. 40 4B
To measure the differences between this signal and 10 B i
any other on the display, press |_*  and use to H
move the second marker. The amplitude and fre- ; .
quency differences are read out continuously. TARER Bj' J
—22. 40 :l_' | —
o | :
f | ;
f
RIEE| )
CENTER 5% MHz SPAN 108 Mz
RES Bw 1 Mz VAW 302 kHz GWF 38 mssc

%é‘}"ﬁ’“@ﬁ@ﬁﬁ@ DEISPLAY CALIBRATION

Unless you specifically override the analyzer's COUPLED FUNCTION state, the analyzer maintains absolute
amplitude and frequency calibration during your measurements, Changes of frequency span automatically call for
‘resolution bandwidths, video bandwidths, and sweep times that keep the amplitude calibrated while maximizing
the trace sweep rate. You can take manual control over any of these functions with the COUPLED FUNCTION

and DATA controls.

For example, for higher signal resolving capability, the anaiyzers resolution bandwidth can be narrowed using the
COUPLED FUNCTION (% ].

14 Manual Operation



GETTING STARTED

A signal with 40 kHz sidebands is viewed in a 2 MHz
span. The sidebands are not visible, because of the 30
kHz resolution bandwidth.

Reduce the ref,gl_gﬁon bandwidth without changing
the span with (%] (O] . (The DATA knob () or
number/units keyboard could also have been used.)

hp  FEF_.0 dBn

AUTOMATIC DISPLAY CALIBRATION

ATTEN 19 48

i@ ofy/

| CENTER

16.p2

MHz

I
=]

b
I ot

CENTER 10.00 Mz

SPAN 2.00 MHz

RES BW 38 kbix VBW 30 kHz SKP 3N meac

ATTEN 100 dB

hp REF .2 dBs

10 9RS

19 *kHz

e S
. A —

CTENTER i10.88 Mdz
AES BY 10

SPAN 2,00 MHx
kHz VW 8 kHz SWP 75 maaa

The sweep time is increased automatically to compensate for the narrower resolution bandwidth. If the sweeptime
were in the manual mode, the display could become uncalibrated.

Press (%] @J .

The display uncalibrated message appears in the dis-
play.

hp PEF_ B oo

ATYENM 16 o8

18 48/

LENTER 18.988 M

AR LA,
3
SWEEPT L
ID msec fl\
H
e 2.BBE e
REG B 1@ hidg wis I@ hidr S B8 moee
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AUTOMATIC MEASUREMENTS GETTING STARTED

AUTOMATIC MEASUREMENTS
Just as the front panel keys cail functions and change their values, simple programming codes from a computing

controller can control the spectrum analyzer for automatic measurement through the Hewlett Packard Interface

Bus (HP-IB). HP’s implementation of [EEE Standard 488 and identical ANSI Standard MC1.1 “Digital interface
for programmable instrumentation.”

Detailed information on remote operation is the subject of Section Il of this manual.

16  Manual Operafion



DATA DATA CONTROLS
Chapter 2
LATA
GEMERAL DESCRIPTION

DATA controls are used to change function values for functions such as center frequency, start frequency, resolu-
fion bandwidth,or marker position.

OATA FUNCTION BATA

DATA CONTROLS

The DATA controls are clustered about the FUNCTION keys that “call up” or activate the most frequently used
spectrumn analyzer contro! functions: center frequency, frequency span {or start/stop frequency), and reference
level. The other functions that accept DATA control are shown below:

FRONT PANEL FUNCTIONS USING DATA CONTROLS
To the left of the FUNCTION keys are the DATA knob () and the DATA STEP keys (|2 | which are
used to make incremental changes to the activated function. To the right of the FUNCTION keys is the DATA
number/units keyboard which aliows changes to an exact value.

Manuai Operation 17



DATA ENTRY READOUT DATA

The DATA controls change the activated function in a manner prescribed by that function. For example, center
frequency can be changed continuously with the DATA knob , or in steps proportional to the frequency span
with the DATA STEP keys L @ or set exactly with the DATA number/units keyboard. Resolution band-
width, which can be set only to dascrete values can still be changed with any of the DATA controls. The DATA
knob © and DATA STEP keys {} 7| \{} advance the setting from one bandwidth to the next. A number/
units keyboard entry that does not coincide w Wl’ih an allowable bandwidth selects the nearest bandwidth.

DATA entries are read from the CRT display as they are changed.

I?,U REF .8 dBm ATTEN 16 dB

ig 48/

Active

funetion — CENTER
114 MHz

O U |

DATA
entry

~

CENTER 114 Mz HPAN 100 MHz
RES BW 1 MHz VBY 300 kriz w30 mesc

~{ ,> B A :?

A function can be deactivated by pressing . The active function readout is blanked and the ENABLED light
goes out, indicating that no DATA entry can be made. Pressing a function key re-enables the DATA controls.

The DATA knob allows the continuous change of center frequency, frequency span (or start/stop frequen-
cies), reference level, and the positions of the marker, display line, and threshold. It can also change function
values that are stepped in-predefined increments.

Clockwise rotation of the DATA knob increases the function value. For continuous changes, the knob’s sensitivity is
determined by the measurement range and the speed at which the knob is turned. For example, when the center
frequency is activated, rotating the DATA knob increases the value of the center frequency by one horizontal
division of span per one quarter turn.

18 Manual Operation



DATA DATA STEP KEYS

The DATA STEP keys allow rapid increase ( _____ | or decrease || of the active function value. The step size is
dependent either upon the analyzer’s measurements range, on a preset amount, or, for those parameters with
fixed values, the next value in a sequence. Examples: Activate center frequency and <5>) increase the center

frequency value by an amount equal to one division of the frequency span {one tenth of the frequency span). If

! .
the center frequency step size (s has been preset, 431 increases the center frequency by that preset amount. I
Y slep size L) el

frequency span were activated, f_{}ﬁi would change the span to the next lower value in predetermined sequence.

Activate resolution bandwidth and @ selects the next widest bandwidth.
’

Each press results in a single step.

DATA NUMBER/UMITS KEYBOARD 3

The DATA number/units keyboard {or DATA keyboard) allows exact value entries to center frequency, frequency

span (or start/stop frequency), reference level, log scale, marker positions, display line, threshold, and the COUP-
LED FUNCTIONS.

An activated parameter is changed by entering the number (with the CRT display providing a readout), then
selecting the appropriate units key. The value is not changed (entered) until the units key is pressed.

The number portion of the entry may include a decimal, { " | . ¥ it does not, the decimal is understood at the end
of the number. Corrections fo number entries are made with [ g | , which erases the last digit for each press.

Example: With center frequency activated, @ @ 8 @ o | | s @ f?:’i"..'

sets the center frequency to 1.250 GHz.

i the units key is pressed without a number entry, 1 is entered {except in zero frequency spanj.

MNegative DATA Enfry
Negative entries from the number units keyboard can be made for power and frequency, but not time and voltage.

Negative power entries can be made using ~# | The “--dBm” key can enter —dBm, —dBmV, or ~-dBuV. For
example, in reference leve!, with the dBmV units, an entry of @ M| enters — 50 dBmV.

zac

Negative frequency entries can be made using (s} [rom )
as a prefix to the frequency entry. For example, to enter a negative start frequency, press ESRES @
@ @ . This enters the frequency value as — 100 MHz.

sac

Not all functions accept negative entries (the sign is ignored).

Manual Operation 19



MULTIPLE DATA CHANGES DATA

MULTIPLE DATA CHANGES

A tfunction, once activated, may be changed as often as necessary (see Chapter 3, FUNCTION).

Functions are not always activated to change their value. Sometimes they are activated just to read out an existing

value, For example, start and stop frequency may be activated simply to allow the left and right display reference
frequencies to be read out as start/stop frequencies.

20  Manual Operation



FUNCTION GENERAL DESCRIPTION

Chapter 3
FUNCTIOM

GENERAL DESCRIPTION

This chapter describes the use of FUNCTION and DATA controls for establishing the desired amplitude and
frequency display.

The FUNCTION group allows changes to the most used spectrum analyzer functions: center frequency, frequency
span, and reference level. An alternate method of setting the frequency scale is provided with the start and stop
frequency functions.

FUNCTION !

The changing value is read out from the display at the active function area and at the display position dedicated to
that FUNCTION.

Reference — RgF .0 dBm AYTEN 18 dB
level } o8/
Ampiitude /
scale \
Active function — ER / \
and value '

CENTER 5%5.3 Wz ’ SPAN 30.0 bz
RES BW 1 MHzZ VBW 388 kHzx SWe 30 mseé\
Center frequency Frequency span
or start frequency or stop frequency
FUNCTION VALUE READOUTS
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DISPLAY CALIBRATION FUNCTION

%‘« Frequency Span ——————————j
Reference
i gBEF_14.1 dBm _ ATTEN 10 dB
lavel
1@ dis
START / \
30.5 MHE / \ D
Amplitude 3 / 3 Frequency
START .5 MHz STOR BA. 5 M
RES BW 1 M- VBY 383 kHz S 3% meac
Start Center frequency Stop
frequency frequency

CRT GRATICULE SCALING WITH FUNCTION READOUTS

DESPLAY CALIBRATION

With changes to the displayed frequency range, the spectrum analyzer changes resolution bandwidth, video
bandwidth, and sweep time to maintain absolute amplitude and frequency calibration if the COUPLED FUNC-
TIONs are set to automatic. The examples in this chapter assume this condition. See Chapter 8, COUPLED

FUNCTION for additional information on amplitude and frequency calibration.

.

FREQUENCY DISPLAY RANGE

The frequency range of the horizontal axis can be entered using either of two FUNCTION modes:

Fneuﬂsuc'
#R ¥ SFAN
EQUENT and
"
FREQ FREQ
and

When a function from either mode is activated, only the function values of that mode will be displayed. Switching
from one mode to the other with no DATA entry makes no change to the displayed frequency spectrum.

CENTER FREQUENCY

CENTER
(DATA entry) changes the center frequency. Center frequency will remain activated (i.e., capable of
being changed) until (s ], or another function requiring DATA entry is activated.

22 Manual Operation



FUNCTION CENTER FREQUENCY

Measurement and Readout Range

Center frequencies from 0 Hz to 1500 MHz can be entered.

hp REE_.8 d8n ATTEN 18 4B

62.7 MHz is the frequency at the center of the display 10
graticule,

CENTER §2.7 Mz GPAN 56,8 Max
BES BW I Mz VEW 300 kHgz SWP 30 muge

The number of significant digits in the readout depends on the frequency span selected. The narrower the span,
the more significant digits.

The number of center frequency readout digifs to the right of the decimal are as follows:

Frequency Span
Center 10 Hz 1.00 kHz 10.0 kHz 104 kHz 1.00 MHz 10.G MHz 100 MHz
Freguency fo 999 Hz 10 9.99 kHz t099.9kHz | to999kHz t09.99MHz | t099.9MHz | to 1500 MHz
OHz '
t 999 Hy 0 0 G 0 0 0 0
1.0G0 kHz
10.999.999 kHz 3 2 1 0 0 0 0
or 1.000000 MHz to
1499.999999 MHz 6 5 4 3 2 1 0
DATA Entry
[ Coner ] Changes the center frequency by about one-half the total frequency span each full

turn.

cewren ) @ O Changes the center frequency by one-tenth of the frequency span, Le., by one
FREQUENCY | division. COUPLED FUNCTION can be used to change this step size.

S Allows direct center frequency entry. The analyzer accepts a center frequency
Eﬁﬁffm entry of up to 9 digits for frequencies less than 1000 MHz and 10 digits for fre-
guencies of 1000 MHz to 1500 MHz. Even though the readout may show a fewer
number of digits {(due to wide frequency span), as the span is narrowed, the full
entry will be read out. Abbreviated readouts are not rounded.
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FUNCTION

SIGNAL TRACK — AUTOMATIC FREQUENCY CONTROL

Only after a center frequency entry has been made will points along the trace reflect the spectrum change. For
example, if the center frequency is changed when a slow sweep is in the middle of the graticule, signal responses
on the left-hand side bear no relation to the new center frequency until the sweep passes through them.

SIGNAL TRACK - AUTOMATIC FREQUENCY CONTROL

The center frequency can be locked to a specific signal using the MARKER function (33 . Chapter 6 discusses the

procedure and examples.

FREQUENCY SPAN
@ (DATA entry) changes the total display frequency range symmetrically about the center frequency.

Frequency span is read from the display.

NOTE

Frequency span readout refers to the total display frequency range. Divide by 10 to

determine frequency span per division.

Measurement and Readout Range
Frequency span can be varied from 100 Hz to 1500 MHz. Three significant digits are displayed for frequency

spans up to 1000 MHz and four digits for spans of 1000 MHz to 1500 MHz.

hyr  FER_ @ dBm AYTTEM 10 dB
10 98/

SPAN \

119] Mz

i
!
!
|
i
!
!
]
;
H
]

SPAM 119 ez
SHP 30 moec

CENTER B9 Mz
RES BW 1 bz YBYW 380 kH:
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FLUNCTION ZERO FREQUENCY SPAN — FIXED TUNED RECEIVER OPERATION

DATA Eniry
mf%?_cj Changes the frequency span by about a factor of 2 for each half turn.
m‘iﬁw;lﬂiiicv - : s
L smn "V Changes the frequency span to the nextvalueina 1, 2, 5, 10 sequence.
mcovencr | e Enters an exact value up to three or four digits, depending on span.
SPAR i
e/ BEE8 Additional digits will be deleted without rounding.

Example of [ ) (o)

Once a signal response is placed at the center of the display frequency range, the signal’s frequency can be read
from center frequency. Reduction of the frequency span wilt increase the frequency readout resolution.

A signal lower than the center frequency can be
) CENTER T B g DT Lomale I
brought to the center with | meaveser | O] () O Rl
using C{}i as a coarse fune, then fine tuning with ﬁ‘ N et
o . J" 1 - : 1
A e
o ‘ww; vl

“ﬂ REF .0 4Bm ATTEN 1D o8
Narrowing the frequency span increases the center 10 B
frequency resolution. \ ™
J— ) P N
Freougher | L [ |y CENTER / \
ERINIEI il

CENTER 186.7285 Mz SPAN 500 hHz
RES BW 10 kHz VRN 18 kHz SUP 3¢ meec

ZERO FREQUENCY SPAN — FIXED TUNED RECEIVER OPERATION

The spectrum analyzer can operate as a receiver fixed tuned to the center frequency. Modulation waveforms can
be displayed in the time domain with calibrated sweep time.

To fix tune the spectrum analyzer press @;‘m n [ %] and tune to the desired frequency with Li,fé’ﬁ?,fc,\'

sear ) soe
(DATA entry) -
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ZERCQ FREQUENCY SPAN — FIXED TUNED RECEIVER OPERATION FUNCTION

The horizontal display axis becomes calibrated in time. The following functions establish a clear display of the video
waveform:

TRIGGER/LEVEL Stabilizes the waveform trace on the display by triggering on the modulation enve-

(@} lope.

Voltage amplitude calibration.

COUPLED Adjusts the full sweep time. Sweep fimes down fo 1 usec full scale are avallable in
FUNCTIONS zero span. Signal responses for sweep times <20 msec are not digitally stored.
@E'"’;ﬂ and Select according to signal bandwidth.

Each of the COUPLED FUNCTION values remain at their current values when zero span is activated.

Measurement and Readout Range

An example shows the readout: hp REF 80.18 oy ATTEN 10 dB

L INEAR
Press to activate zero span.
Press | iy @ ‘ = then fine tune
oo R k2 14 p--—l fu——i rnn-! f'—! »——1 ’f'_

with for optimum frace.

The analyzer is fixed tuned to 110 MHz. The time
domain display shows a modulation waveform at 2
msec/ division.

CENTER 118.008302 MHz SPAN @ Hz
RES BW .3 Mz VBH 3 Mz SHP 28 meec

NOTE

The sweep time readout refers to the full 10 division display sweep time. Divide by 10
to determine sweep time per division.
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FUNCTION START AND STOP FREQUENCY

In the time domain, sweep time range is 1 psec to 10 msecina 1, 2, 5, 10 sequence, and 20 msec to 1500 sec in a
1,1.5,2,3,5,7.5, 10 sequence.

DATA ENTRY CENTER FREQUENCY CHANGE
one revolution 6 x (resolution bandwidth)
@ or @ 1 x (resolution bandwidth}

lEs!

START ANMD STOP FREQUENC

A specified frequency range can be displayed by using
(DATA entry) to set left graticule frequency.
(DATA entry) to set right graticule frequency.

Start and stop are mutually exclusive with the center frequency and frequency span active functions. Activating
either start or stop causes both to read out in place of center frequency and frequency span.

Measurement and Readout Range

can be varied from — 850 MHz to 1500 MHz, although entries less than 1700 MHz below stop frequency
will effect the readout.

can be varied from 000 to 2500 MHz, although entries 1700 MHz above the start frequency will effect the

START
readout.

The number of readout digits depends upon the frequency span. Narrower frequency ranges add digits to the
readout.

<Tant e hp REE 20,0 dBe  ATTEN 10 68
The key sequence | e 8 ] |-l 10 ams
STOP -1 H
@ @ e ) [#)
S TOR
gives this readout. 108L 2 Mz
}
1
START 88.8 MHz STEE? 1838.03 M4x
RES BW 100 kHz VBW 30 kHz SWP 38 msacz
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REFERENCE LEVEL FUNCTION

The rules governing the number of significant readout digits are the same as for | Sitem,

DATA Entry

Both start and stop frequencies can be entered from any of the DATA controls.

e Changes the start or stop frequency. The amount of change per turn is a
constant percentage of the frequency span.

TN
(—Bﬂi
3%

STARY

Changes the frequency by one tenth of the total frequency span.

.....

<
D

START
FREQ

assw Exact start or stop frequencies can be entered. The number of digits read out
HaeE depends upon the frequency span.

5109

N

2 o}
i
o
I
Fr-

REFERENCE LEVEL

{REFERENCE |
L_sfmfwj (DATA entry} changes the absolute amplitude level of the top graticule line. The amplitude scale ~that
is, the number of amplitude units per division — is entered from the SCALE control group or [

Signal responses below the top graticule are measured by bringing the response to the reference level with
recrnnce ) (DATA entry).
A

NOTE

In logarithmic 10 dB per division scaling, the top 9 divisions are calibrated.

The maximum reference level value is dependent on the input attenuator setting. Levels to the input mixer that
could cause gain compression are displayed off the top of the reference level graticule. The maximum reference

level limit can be extended with KEY FUNCTION (] | allowing a maximum reference level of +60.0
dBm. See Chapter 11 for details concerning reference level ranges.
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FUNCTION REFERENCE LEVEL

CAUTION

Even with the reference level set to + 60 dBm, the total input power should not exceed
+30 dBm.

Measurement and Readout Range

The reference level can be changed from +30 dBm to —89.9 dBm in 0.1 dB steps. The readout shows one
significant digit to the right of the decimal.

RF attenuator:  10dB {g”d;ﬁ Si1.2 g ATIEN 10 98 B
Reference level: ~11.2dBm / \
REF| LEVEL } \
=11L 2 dBm / \
‘ L1
/

RES BW 308 kHz vBW 188 hHz SWP 30 musc

Reference level dBm units are selected with (i8] dBmV, dBuV, and volts referred to the analyzer’s input impe-
dance can be selected with KEY (7] FUNCTIONS. The absolute power of the reference level remains constant
when units are changed.

Full amplitude readout units information can be found in Chapter 11, ("] KEY FUNCTIONS, under AMPLI-
TUDE UNITS SELECTION.

DATA Entry

P In logarithmic scale, the changes are in 0.1 dB steps: in linear scale, the
e changes are made to the least significant digit.

In logarithmic scale, changes the reference level in steps according to dB/
division scale. In linear scale, changes the reference levelin 1 dB steps.

e S e
REFERENCE r | ‘G‘E
LEVEG il

Allows entry of exact reference levels. Digits entered beyond the displayed
number of digits are deleted.

\
L.
~

REFERERCE =
LEvEL I3
&
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REFERENCE LEVEL FUNCTION
Example

A signal's power level is measured by setting the reference level equal to the signal level.

"’,"’ BEF —10.0 dJBm ATTEN 1@ dB

The signal level is roughly — 35 dBm.

10 48/

LENTER 94,5 MHyx SPAN 20.3 MHz
RES BYW 380 &bz YBW 100 hig SWP 38 moec

!J.ﬁ REY 3% .3 dBm ATTEN 1¢ doB
Change the reference level to the signal with 10 s

(o) (O] (0

The signail level measured is — 35.3 dBm.

/
i
|

CENTER 84.8 MHz SPAN 20,3 MHz
RES BW 300 kHz VBIW 188 aHz SHP 30 .meac

hg FEF_3.841 o ATTEN 10 48

For voltage amplitude units, press 18 anr |-
D
=) (=]
The corresponding level is 3.841 mV. EWIRn
CENTER 84.6 Mz TEPAN 20.3 Mz
RARES BW 3806 kHz VBW 18 RHz SH* 3¢ msox
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FUNCTION FREQUENCY AND AMPLITUDE OFFSETS
FREQUENCY AND AMPLITUDE OFFSETS

The display readout (HP-IB readout of frequency and amplitude can be offset by values entered through (]
KEY FUNCTIONS. The offset values are read out on the display. Frequency offset is entered with

V)
[owr] [coae 0 (DATA entry).

Frequency offset may be used, for example, to provide a baseband frequency display scale for a signal that has
been converted up or down.

Amplitude offset is entered with
Z

(DATA entry).

External attenuation or gain in series with the analyzer RF input can be compensated for by offsetting the analyzer
reference level. This calibrates the analyzer reference level readings to the input of the external attenuator or
amptifier.

More details and examples are in Chapter 11, KEY FUNCTIONS, under FREQUENCY AND AMPLI-
TUDE OFFSET.
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CRT DISPLAY ADJUSTMENT OF THE DISPLAY

Chapter 4
CRT DISPLAY

GENERAL DESCRIPTION
This chapter describes the CRT display adjustments, readouts, and graphics.

ADJUSTMENT OF THE DISPLAY

Adjustments for intensity, focus, and alignment affect all the lines and characters on the display simultaneously.

CRT Display and Adjustments

INTENSITY

Controls intensity for all the CRT writing

A screwdriver adjustment for focusing all the CRT writing. Focusing any one element on the CRT
@ focuses all the writing.

A screwdriver adjustment for tiliing all the displayed CRT information.

DISPLAY SECTION LINE POWER

caosr A Tamp that indicates the power condition of the Spectrum Analyzer Display section as dictated by
Q@ the setting of the LINE power switch on the HP 85680B RF section.

CRT DISPLAY OVERVIEW

The cathode ray tube of the Spectrum Analyzer Display section displays:

active function name and value

graticule

traces of the signal response

values that calibrate the frequency, time, and amplitude axes

values for the spectrum analyzer receiver parameters, that is, COUPLED FUNCTIONS

operator originated labels and graphics

@ @ @ ® & &

Active Function

The function that has been activated for DATA entry is read out in the graticule area shown.
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CRT DISPLAY OVERVIEW

Activating a function immediately writes ifs name in
the active function area along with its present value.

The following summarizes the names and readout for-
mats for front-panel-controlled active functions.

CRT DISPLAY

hp FEF_.8 dBw ATTEN 318 dB

2 dB/

461L 0 Mz

P, ]
S .
I —
T

CrNTER “Fééswm:m iz VBH 30 kHz w’?;“ 18.0 sz
Functi Examples of Active Funcii Examples of Active
unction Function Readout urction Function Readout
FUNCTION COUPLED FUNCTION
P CENTER = RES BW
= 750 MHz = 3 MHz
@ SPAN ) VIDEO BW
i 1500 MHz = 3 MHz
START & SWEEP TIME
= OHz = 20 msec
STOP [ ) RF ATTEN
. 1500 MHz 10dB
REFERENCE REF LEVEL @ CF' STEP
L .0dBm = 150 MHz
MARKER
ER
= hg?é{ }lsz REFERENCE LINE
19.8dB — DISPL.AY LINE
MARKERmA = ~#5.0dBm
) 20.0 MHz () THRESHOLD
-12.4dB -90.0dBm
MARKER ZOOM
(e 20.5 MHz
-32.8dBm SCALE
LOG
COUNTER
= 19.998 MHz 10dB/
—12.0dBm
COUNTER A
20.000 MHz KEY FUNCTION
~.2dB {See (=] KEY FUNCTIONS,
B COUNTER ZOOM Chapter 11.)
(o] 20.000 MHz
—.2dBm
MARKER (o) . . .
[ | deactivates any active function (except for
M _1 4564:2;4&?1 Hz) (=] E), blanking the active parameter readout.
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CRT DISPLAY CRT DISPLAY OVERVIEW
Graticule

The display graticule is an infernally generated 10-division by 10-division rectangle for referencing frequency, time,
and amplitude measurements. Double markings at the left, right, and bottom designate the center axes.

< x i
..ir
The graticuie
aspect ratio
yix =113
Center line — ¢ i Y
X
4
Center line

The graticule can be blanked from the display with KEY FUNCTION m and restored with [#w ] .,

For CRT photography, the graticule can be intensified independent of the annotation and trace by pressing the
following sequence:

=, (2] (1) (5] (e]) (&
=0 (0 (o) (5] (E)
)]0 (E

For more intensity, repeat the last two number entries, 1163 Hz and 2115 Hz. returns the graticule to
normal.

Traces

Three separate traces, A, B, and C, can be written onto the display. Each trace consists of 1000 separate straight-
line elements drawn between 1001 fixed points across the CRT. X and Y axis coordinates designate the particular
points between which the elements are drawn. Terms used to describe trace composition are defined as follows:

Point A “point” in the context of this manual is a fixed location on the CRT display. There are
1,001 points along the X {horizontal} axis of the CRT graticule, numbered from 0 on the far left
graticule line to 1000 on the far right graticule line. Similarly, there are 1,001 points along the Y
(vertical) axis of the CRT graticule, numbered from 0 on the bottom graticule line to 1000 on the top
graticule fine. An additional 22 points of overrange available above the top graticule line provide the
Y axis with a total of 1,023 points.

Display Unit  One display unit is the distance between two poinis {see above) along an XorY
axis. The distance along the X axis between the far left graticule line and the far right graticule line is
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CRT DISPLAY OVERVIEW CRT DISPLAY

1000 display units. The Y axis length between the bottom graticule line and the top graticule line is
also 1000 display units. Although the Y axis can be extended another 22 display units above the top
graticule line, the extended area is not calibrated.

X, Y coordinates to a particular point on the display are given in display units relative to X, Y
coordinates 0,0 at the junction of the far left and bottom graticule ines.

Element An element is a distinct portion of the trace drawn on the CRT. It comprises a point and
the visible straight line drawn to it from the preceding point. An element drawn parallel with a vertical
or horizontal graticule line is one diplay unit long. An element drawn at an angle to the graticule lines

is longer, its actual length depending on the angle.

Vector A vector is identical with an element, except that it can be either vigible or blanked.

NOTE

When the analyzer is operated manually (i.e., with its front-panel controls), the display
size remains constant and the above definitions are fully applicable. When it is operated
remotely with a controller, however, three additional larger display sizes are available
through the display-size programming commands. For these larger-than-normal dis-
play sizes, the lower left reference coordinates and the upper right trace limit expand
beyond the CRT's outer graticule lines. For further information on remotely-controlled
(i.e., programmed) display sizes, refer to commands D1, D2, and D3 under Program-
ming Commands in Section I of this manual.

Point of Point of
X, ¥ seordinates é X, v coordinates
0, 10060 g, Overrange = 22 pointsm 1060, 1000

2

) L%

¥ axis

1,001 points or
000 display units 3 axis

-1

% -q'ﬁ : - -
E & - ] E
JO 6 &
sE] 4 - B
£z \ £
- o
ga B e
SELL N\ g3
= & ey
25 =8
vl SRR AR
Point of f Graticule center Point of
X, y coordinates X, v coordinates X, ¥ coordinates
3,0 500, 500 1000, 0

TRACE DISPLAY TERMS

36  Manual Operation



CRT DISPLAY CRT DISPLAY OVERVIEW

Locations of Permanent Readouts

The vertical and horizontal graticule axes are scaled by these readouts:

hﬂ BEF ~F,4 difm ATTEN 18 dit
18 oB/ \i ﬁ
/ Reference
Vertical | — level
scale \
Center fraquency A Frequency span
{or start freq.} ] {or stop freq.)
-
CENTER 451.9 MMz SPAN 10.0 MHz
RES 8W 108 WHz VBH 38 kHx SHRP 30 mesc

The COUPLED FUNCTIONS that describe the swept receiver characteristics of the spectrum analyzer are:

hp FEF -0 dBw ATTEN 10 48

7 B T

T
1o dB/ \ RF attenuation

N i

CENTER 87 M2 SPAN 12@ Mriz
RES BW 1 MHZ YBW 1?0 (2257 WP 30 (levc
Resolution Video Ful scale
bandwidth bandwidth sweep time

To blank all the character readouts, press KEY FUNCTION (=] 0. To restore, press ] p.
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CRT DISPLAY OVERVIEW

CRT DISPLAY
Other Readouts
Marker amplitude and
Title {see KEY FUNCTION) frequency (see MARKER)
A;CEEF...lbcdqf'...123-,./“... MKR 194.&04 MHz
hp R 100 dim  ATTEN 10 o 218.70 dBwm
Detection 10 48/
Mode "~ sawis n
albiald Amplitude and/or
) — / \ MEAS UNCAL 1— frequency scales
Amplitude - T uncalibrated
offset ~55.5 |
{see [we | KEY P [ 1
FUNCTION) / 3 ! i‘
Digplay lina
Threshold ., AMM \\WMMM
tavel ~-95,2
dBm
CENTER 194.75 Mpix T 140.000298 M-y BPAN 1.008 MHz
BES BN 12 kHz VBW 10 kHz SHIT 28 mesc

Frequency offset

{see [ = |KEY FUNCTION}

A number of other special function readouts can be activated.
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TRACE IDENTHFICATION

TRACE

Chapter 5
TRACE

GENERAL DESCRIPTION

This chapter describes the use of the TRACE functions for writing, storing, and manipulating frace data. '

TRACE CONTROLS

Yrace G
MGR 115,495 Mz
hp FET 233 ditm ATTEN 10 dB ~12.70 dim
10 48/ :
" " ;“,‘/ !\ |~Trace A
Trace B I : &% |
AN HIR NIRRT
- gt ;
NER
SRR
A

i e

SPAN 5.00 MHe
SHT 38 meer

CENTER 115.48 Mz
RES Bl 102 kHz VBW 3% kHz

TRACEIDENTIFICATION
Traces are differentiated by intensity. Trace A is bright, trace B is of medium intensity, and trace C has the least

intensity. [ w} and allow positive identification.
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TRACE MODES

TRACE MODES

TRACE

Four mutually exclusive functions or modes for trace A and trace B determine the manner in which the traces are
displayed. Indicator lights by the keys show the current modes.

WRITE MODES (sweeping):

STORE MODES (not sweeping):

Trace Memory

i Displays the input signal response in trace selected.
o Displays and holds the maximum responses of the input signal in trace
selected.
[wew ) Stores the current frace and displays it on the CRT display.
[ ] ‘Stores the current trace and blanks it from the CRT display.

An understanding of the TRACE modes requires a familiarity with the analyzer trace memory and trace data

transfer functions.

Display traces are not written onto the CRT directly from the spectrum analyzer’s IF section. Instead, the analog
signal response is converted to digital information and stored in one trace memory. This information can then be
transferred fo the CRT display. The way in which the information is displayed depends upon the TRACE mode

selected.

Analyzer
Video Response

RF
laput

Ergitized
Analyzer
Response

Sactions Digital

L

Data Updated at

Sweeptime

Rate

TRACE MODES DETERMINE HOW DATA IS ENTERED INTO
AND DISPLAYED FROM TRACE MEMORIES

CRT Display

Data Displayed at

Refresh ~ >

Rate

The analyzer’s response is transferved into the trace memory at the sweep rate of the analyzer {that is, in accord-
ance with the sweep time setting). The trace memory is written onto the CRT display at a refresh rate of about 50
Hz, which is rapid enough to prevent flickering of the trace on the CRT. Trace intensities remain constant as
analyzer sweep times are changed.
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TRACE TRACE MODES

NOTE

It is important to understand the difference between sweep and refresh.

Sweep refers to the spectrum analyzer sweeping from a start frequency to a
stop frequency and storing measured amplitude data info a trace
memory.

Refresh  refers to the transfer of display memory data to the CRT display

Write Modes

For the write modes, the analyzer signal response is written into trace memory during the sweep and the memory
contents are displayed on the CRT.
(520 A(B) Sets all the values in the trace memory A(B) to zero when first activated {bottom line graticule),
then displays the signal response.
(#%] A(B) Latest signal response is written into the trace A(B} memory only at the horizontal positions where
the response is greater than the stored response.
When both (4] A and (%%] B modes are selected, the analyzer writes into (sweeps) A and B
alternately.

STORE Modes

In the STORE modes, no updating of the trace memory is made. The current memory data is saved.
(ve ] A(B) The trace A(B) data are displayed on the CRT (refresh is enabled).
(ww] A(B) The trace A(B) data are not displayed on the CRT (refresh is disabled).

Example

With TRACE modes, signals can be observed as the analyzer sweeps. Signals can also be stored for comparison,
erased, or monitored for frequency drift.

hﬁ REF .G dim ATTEN 16 dB
Center and zoom in on a 20 MHz signal: 18 dBs
Press [ fme D @
e || 2 ]} O 1) \
(2] (o) ®) b
Since (2 has set [W#f] A and B, only A is ‘ I\
displayed. F / \
/ Y
CEMTER 20.0 Mz SPAN 29.0 Wz
RES BW 2088 hHe VBYW 108 kb2 SiP 20 moso
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TRACE MODES

This response can be stored:

TRACE
hp REF .9 dBim
Press (v A,

ATTEN 1@ <8
19 dB&/

S
e g
Lermmrmpr

b |
]
o1
el

N
CENTER 20.0 MHz BIAN 2 ﬁ- [~-2F]
RES BW 300 hHx YBW 108 kHz S 30 moeo
hp PEE_;@ dom ATTEN 10 dB
Write the same signal with B and change its position 10 ser
relative to trace A: B
Press [5]B. I
. 1
CEMTER [
FREQUE KCY 1 \ 4
N
an
f \\ R
/X
CEMTER 15.9 MHz EAN 20.8 M-z
RES BW 350 hMz VEW 186 kHo 5% 30 meco
Blank trace A;

Press [mm] A

hP REF .G diw ATTEN 1@ 4B
I8 dBs
This trace can be recalled with [+ A as long as !
(S Aor [ |Als not used first. o
iR
"\
I
¥, B
} ¥
j & i T
CENTER 15.8 Mz
RES B 308 kHy VBR 188 kHe
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TRACE

To display the drift of a signal, press (% ] A. (Simu-

late frequency drift with @E@ 3

TRACE EXCHANGE

TRACE EXCHANGE
Trace B sweeping Trace A
bp FEE_.G dBn ATTEN 18 4B
12 s
Ll 7
/ |
[l \
/ \
|1 \
{ \\ \
s J \\ ! ) \k‘ e o
A LE.0. 1010 L8 ik
CENTER 22.7 Mz SPAN 20,8 Mz

RES Bw 360 kHe vBW 188 kHz v S I8 mosc

sze | exchanges traces A and B, changing their relative intensities and storage memory locations, and enables A
and B { v . For example, in the trace display above, the modes and display appear.

Trace 8 Trace A
Ciear Write Max-Hold
hp REF .8 dBm ATTEN 18 48 /
16 9/ / /
il

L L

CENTER 22.7 MHz WPAN 2.8 MHy
RES BR 388 hHz VER 100 kMx ¢ Sk 38 mesc

i‘!ﬂ REF .3 dBm ATTEN 1@ 48

18 dbs

et ||\ ol
L1

CENYTER 22.7 M-z GPAN 28.8 MMz

BW 300 kMz VBW 180 kHz SWP 30 mese
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TRACE C MODES TRACE
TRACE CMODES

A third trace, C, can be used to store a signal response. Trace C is not swept from the analyzer IF section as are
traces A and B, but is input using a trace B info C function (B = C} or a B and C exchange function (B = C}.

Access to the trace C modes is through KEY FUNCTION [ s | . The modes are:

View C: (=] j Displays trace C.
Blank C:  [»»]k Blanks trace C from CRT display.

B C: (=] 1 Writes trace B into trace C. Trace A and B modes are not changed. If trace C is not dis-
played, it remains undisplayed.
B=C: [s1 i Exchanges traces B and C. If trace B is displayed before the exchange, trace C is now

displayed. If trace B is not displayed before the exchange, trace C is not displayed.

TRACE ARITHMETIC

TRACE arithmetic aliows one trace to be modified by another trace or a display line position.

A—B [~ Trace B amplitude {measured in divisions from the bottom graticule) is subtracted from frace A
and the result written into trace A from sweep to sweep. Trace B is placed or kept in a STORE
made,

A—B [ ] Turns [vo4 off,

5 Subtracts the amplitude of the display line from trace B and writes the result into trace B. Trace Bis
placed or kept in v | . Details on display line are in Chapter 7, REFERENCE LINE.

Examplie

Trace arithmetic with the display line can be used to correct for the frequency response characteristics (flatness) of a
swept measurement system typified by this setup:

Sweeping Source
Spectrum Analyzer

Device
..} Under
"4 Test

where the device under test is to be characterized for insertion loss over a specific frequency range.
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TRACE

The analyzer and source are set to the proper ampli-
tude level and frequency span with the source output
connected directly to the analyzer input.

(% | B, sweep source, then [ ]B.

The display line is activated and set below the source/
analyzer response.

DL () & -

The difference between the display line (in display
units) and the source/analyzer response is stored in

trace B with :

Negative values of the & ] line would be stored even
though not displayed.

TRACE ARITHMETIC

vEBY 188 kHz

STOP 3.0 bMix
B 3G meoe

STOF G@.§ WHz
S 20 mesc

STOP 66,8 Mie
SR 30 mees
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TRACE PRIORITY TRACE

Now the device under test is connected between hp FEL3.D dBw  ATTEM 10 9
A . 1 4B/

source and analyzer, and its response is corrected for

source flatness uncertainty by using [ | A [

~
START 42.8 M-z STOM 60,0 MHe
RES BW 300 kiMz viw 102 nHz 547 3¢ mosc

TRACE PRIORITY

Functions that act upon a trace always act upon the highest priority trace. Priority is defined by the trace modes as
follows:

Highest priority GerlAor (A

=)Bor (%2B

(r=]A
(= ]B

view C

En
Lowest priority B
blank C

Marker functions, for example, use trace priority to decide which trace to mark. See Chapter 6.
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MARKER GENERAL DESCRIPTION

Chapter 6

GENERAL DESCRIPTION

This chapter describes the use of the MARKER and DATA controls for faster and more accurate measurements.
Markers can be displayed only on TRACE A and TRACE B.

Two types of functions make up the MARKER group: MARKER MODEs, which enable or disable markers and
their related functions; and MARKER ENTRY functions which allow the scaling of the display frequency and
amplitude using marker information.

Markers are bright spots which lie directly on the display trace. The horizontal position of an activated marker is
controlled by the DATA controls. The marker can be positioned at a specific frequency with the DATA number/
units keyboard.

Readout of marker amplitude and frequency appears in the upper right of the display outside the graticule. When
a MARKER MODE is active, its amplitude and frequency readout also appears in the active function area of the
graticule.

MARKER %

ENTRY

PEAK
SEARCH

B

MKR

MKR/D
STP S1ZE

i];

MXR -+
REF LYL

8

MARKER CONTROLS
. MR A I08.5 MHx
hp PEE_.R dBm ATTEN 10 dB 43,90 o8
18 OB/
308 S M-z
-432L 8

Liaid ETEY 749 M
FES BW 3 MHz VBW 388 hiz SR 3T myer

MARKER READOUT LOCATIONS

START 50
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MARKER OVERVIEW MARKER

FUNCTION:
@ Direct readout of the amplitude and frequency of a point along the trace.
® Direct readout of amplitude and frequency differences between points on the trace. (2]
® [xpansion of the span about a specific frequency. (200w )
@ Placing a single marker at the highest response. L
# Counter accuracy frequency measurements, [@
@ Direct noise level readout. (s ] M
@ Analysis of stored traces. MARKER with [[we |
& Amplitude and frequency display scaling. ENTRY [*%7)

e [ MRk
SEP SIE REF LV

An activated marker mode can be deactivated by activating another function, such as display line, or by DATA
wu | This does not erase the marker itself nor the upper right display readout. If the marker mode is reactivated,
DATA control and active function readout will continue from its last position.

If a marker mode is deactivated by a function {other than MARKER ENTRY) where a value change of the new
function resuits in a rescaling of the amplitude or frequency axes, the marker will not stay on the trace. Reactivating
the marker will start it at the display center.

disables any marker mode, including (&) and {3}, and blanks the marker readout from the CRT display.
DATA controls are disabled if the marker was active.

responses that are nonperiodic or unstable.

The markers are placed on a viewed trace according to the priority defined in Chapter 5, TRACE PRIORITY.

o] activates a single marker at the center of the display on the trace of highest priority. Trace priority is defined in
Chapter 5. The marker does not activate on the TRACE modes [ A, [aun| B, view C, or blank C.

Measurement and Readout Range

The number of significant digits to the right of the decimal in the marker frequency readout is the same as for center
frequency readout.
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SINGLE MARKER-NORMAL

MARKER
DATA Entry
Moves the marker continucusly along the trace at about 5 horizontal divi-
sions each full turn. The marker moves in display unit increments.
(] ’Z}“ﬁ ) Moves the marker along the trace one tenth of the totai width per step. .{_,\}
LJ ) moves marker to the right.
gona Places the marker at the frequency entered. An out-of-range entry results in
sees placement of the marker at a graticule edge.
Example

Reading frequencies and amplitudes of signals is greatly simplified using MARKER {isswa] |

MR 30%. 282 SHx
REF .0 dBw ATTEN 1D dB .48 di

b
For a given display, activate the single marker with o
waen | then tune the marker with to position it at ﬂ
the signal peak. 1 \
HMaRKER

3p5] 282| Mz !1 \
The frequency and amplitude is read out in two dis-- =910, dpm \ : / \
play areas. B \

GTART 383,78 MHz STOP 305,78 MHz
S BW 32 kMg VB 38 &Hz P 32 moec

KR 304,420 My

hp FEE_.a dsm ATTEN 10 &8 ~30.58 dBm
To read the left-hand signal's parameters move the ey
marker to the signal peak with .
The signal's amplitude and frequency is read out R e /\

directly. =38, 60 ”9—'&«1\\ - } \\
- \

i e B

START 3G3.7@ MHz STOE 305 .78 Wz
FES BW 30 RHz VBW 32 Mz SP 30 wmesc
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DIFFERENTIAL MARKERS-A

DIFFERENTIAL MARKERS - A

MARKER

s | activates a second marker at the position of a single marker already on the trace. (If no single marker has
been activated, [ & | places two markers at the center of the display.) The first marker’s position is fixed. The

second marker’s position is under DATA control.

The display readout shows the difference in frequency and amplitude.

Example

Measuring the differences between two signals on the
same display.

First set the marker on one of the signal peaks with

set
o) -

Activate | & | and move the second marker to the
other signal peak with and read their differences
directly.

Fractional Differences

hp FEF 10,8 dfm

ATTEN 18 dB

MR 909,32 MHz
=20, 40 dBm

10 o8

| MARKER

3909 32 Mz
=20, 40 HBMm

/

/

I\

i

B o B

CENTER 312.8 Mz
RES BY 300 RHz

hp FEE_LD b

VBN 189 kMx

ATTEN i2 <B

SPAN 20,0 MHz
ST 30 meoc

MR & 7.87 Mz
-34.60 4

10 46/

MARKER

7.87 Mg -

—~34. 62 HB

\

\

MJ

R

CENTER 312.8 Medr
. MES BW 380 KMz

VEW 190 wkH»

SPAN 28.08 MHx
547 30 meoc

When the reference level is calibrated in voltage, marker | 2 | amplitudes are given as a fraction, the voltage ratio

of two levels.

With fogarithmic ampiitude scale and the reference level in voltage, the fraction is based on the equation:

fraction = 10
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MARKER

DIFFERENTIAL MARKERS — A

Since this equation vields the harmonic distortion caused by a single harmonic, its distortion contribution can be

read directly from the display.
Example

Setup [ @ | on the peaks of a fundamental (left} and
its harmonic {right).

MKR A 308.0 MHz

'f‘F REF Ba0.1 my ATTEN 30 48 8108 X
io 4B/
MARKER
308L0 MHz
L2190 X
TH
308.6
pv
START 28 Mz STOP 803 MHx
RES BW 3 MHz VBW 1 M-z SHP 3B mEee

With the display referenced and scaled as shown, the readout “.0100X” designates the fractional harmonic con-

tent. Percent is calculated as 100X (.0100) = 1.0%.

With a finear amplitude scale and a reference level calibrated in voltage, the fractional amplitude readout is the

simple linear ratio of the two markers.

Example

To measure % AM modulation from a spectral display, calibrate the display with the reference level in voltage and

the amplitude scale in voltage.

Place the single marker on the carrier peak, Fuonn
, and the second marker on one of the sideband
peaks, [ 2 | . The fractional amplitude readout
gives one-half the modulation index .283.

% AM = 100x 2x .28 = 56%

MR A 3,01 kM2

"’F REF 21.60 mv ATTEN 18 dB L2EE X
© LINEAR
MARKER
-3.01 kHz
L2880 X
(NI
CENTER 70.8829 MHz B SPAN 20.0 kHx
RES BW 83 Hz - VBW 380 Kz SWP 1.8 . seoe’
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DIFFERENTIAL MARKERS - A MARKER

Measurement and Readout Range

The [_a | function formats the amplitude readout according to reference level units and scale.

Reference SCALE SCALE
Level Units Logarithmic Linear
- dBm
dBmV Amplitude in dB Amplitude in dB
dBuvV
Amplitude ratio
Voltage — 4B dtference ) Ratio of marker amplitudes
10 20

AMPLITUDE READOUT FORMAT FOR MARKER [ & |

span measured.

The amplitude readout in dB has a resolution of £.01 dB for linear scale. The resolution for logarithmic scale

depends on the LOG (& value:

LOGSCALE

4B PER DIV RESOLUTION
10 +0.14dB
5 +0.05dB
2 +0.02 dB
1 +0.01dB

DATA Entry

The minimum incremental change for [ 2 | frequency is 0.1% of the frequency span.

@ One full turn moves the active marker about one tenth of the horizontal
span.
8 @ <> One step moves the marker one tenth of the horizontal span.

Positive enfry places marker higher in frequency than the stationary marker,
negative entry places marker lower in frequency. Larger entries than allowa-
ble place the marker on the adjacent graticule border.

- ERED
(o) Eoue Negative frequencies can be entered using a [#r] [ | prefix as the minus
e wsng g q

sign. For example, to set a [ s | span of 10 MHz with the second marker
positioned to the left of the first, press
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MARKER MARKER ZOOM
MARKER ZO0M
(wm ] activates a single marker on the trace of highest priority (see TRACE PRIORITY, Chapter 5).

In (=] | the DATA knob and STEP keys change the values of different functions.
Pgositions Marker

Changes FREQUENCY SPAN
[@J [_{}J and sets CENTER FREQUENCY

equal to MARKER frequency

DATA Control Use for [

The marker can be moved along the trace with the DATA knob , and the frequency span can be changed
about the marker with DATA step |{}j and ;G- . Each step also sefs center frequency equal to the marker
frequency. o -

MKR 85.6 M-z

by REE 8 dBm ATTEN 10 4B . ~21,80 dim|
10 dB/ ‘

MARKER Z£00M: ‘

85.6 Mk - \

~211. 80 HBm

START 1 STOP 11% Mz

bt
RES BW 1 Wiz vay 300 kM TP 3D mesc

Measurement and Readout Range
The measurement and readout range for marker zoom is the same as marker o]

Better frequency count resolution and automatic recentering of a signal are additional zoom features when & is
activated.

DATA Entry
o) . Moves the marker continuously along the trace. Rate is dependent on speed
e @ of rotation. The marker moves in display unit increments.
() [ Q} Changes the frequency span to the next value in the sequence and sets the
[{}J center frequency equal to the marker frequency.
ssas Places the marker at the frequency entered. An out-of-range entry places
HH the marker at a graticule border.
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MARKER ZOOM

Example

MARKER

In wide frequency spans, it is often necessary to expand a portion of the frequency span about a specific signal in

order to resolve modulation sidebands or track frequency drift.

From an full span, select a signal using the

marker with (7o | :

To center the marker and signal and expand the fre-

quency span in one step, press [{}]
S

Bl

. . . oy ()
Expanding twice more with [~ [} shows that the
marker requires recentering on the signal.

54  Manual Operation

bR 258 MHz

h'” REF .0 dBm ATTEN 19 4B =7.:i0 dBm
10 «B/
L

MARKER M

250§ Mitz

~7A. 00 Jdem

}

START @ Hx STOP 1508 bx

RES BY 3 Mrix VBW 1 Mz SWP 30 meos

. MKR 252 MHz

f’f’ REF . dBm . ATTEN 19 dR —35.58 dbm
1@ dB/

MARKER _E)

252] Mz
=35 .smwé# 4

START -248 MH2

STLF 750 M-z

RES BW 3 MHz VEW 1 MMz SWF 30 mese
R 253. 1 Mz
hP REF . & dBm ATTEN 10 48 =57.20 dBm
18 g

OOM

Hz

ARKER
53l 1 M
T 2O HEm

[ B

START 157 Mz
RES

B I MHz VEBW 1 Mz

TUSTUP 357 Mdx
S¥F 30 medc



MARKER

Recenter with .

AUTOMATIC ZOOM

MKI? 2581 Mz
hp  PEE_.B dBm ATTEN 18_dB -6.60 dgm
12 ¢8/

&ARQER Fracg
igs.l v
B8 dBm

I

START 157 MH2
RE

STOP 397 M-
3R BW 3 MHz VBY 1 Mz WP 30 meoc

MKR 259890 MHz
- f'ﬂ REF .D d8m ATTEN i dB ~7.00 dBm
Continue using @ {and recentering the marker on

10 dBs
the signal when necessary) until the desired resolution
is achieved.

MARKER PO / \
259, 8907 MHz / \
~7 . B0 dBm A A

START 237.3% M

- STOF 262.38 Mz
AES BW 180 kHr VEW 39 kHz S 30 meag

AUTOMATIC ZOOM

The analyzer can automatically zoom in on a signal specified by a marker. The desired frequency span is received
from the DATA number/ units keyboard.

To use the automatic zoom function:
Use  [somun to identify the signal to be zoomed in on.
Press {faa Eﬂ:ﬁ%@ and enter the desired span with the DATA number/units keyboard.

When the units key is pressed, the zooming process begins.

Example

A single carrier needs to be examined in a 200 kHz span fo see the sidebands.
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PEAK SEARCH

MARKER
M 92Q Mz
' . hp FEFE_.0 dBwm ATTEN 18 48 ~33.08 dBm
"""" Place a marker on the carrier with [ . gy
Press [sat] [ "o |.
MARKER
20| Mz g
~33, 00 HEm
ETART 8 Rz STOP 1508 Wx
RES 8% 3 KHz YER 1 Mz S 28 mpoc
hp  FEF .9 d4Bm ATTEN 10 dB " 991.32??3 :‘;
Enter the span. 1o dbr g T
L
kH; . i
Press 0|0 &-\'j and auto zoom will be
completed. SPAN
. 200 kHz

T

U T
WwEwALE V]

PEAK SEARCH

Peak search places a single marker at the highest trace position of the highest priority trace. The active function is
not changed.

Example

\see] positions the marker at the peak of the highest signal response.

fyp  FEF .9 dBm ATTEN 12 4 e
In a narrow span, the marker may be placed at the w T - L5 e
signal peak.
CENITER )
225|. 4768 MHE

g
S
I

[ B

Al A

[ |

i 5
CENTER 22%.4790 M SPAK 58,8 Wz
FES BR 1 kHx VBH I kHz S 280 eoec
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MARKER MARKER ENTRY

Press [;;;’?EJ hp REF .0 dBm ATTEN 10 8 MR 23, TS
1@ dBs i T
CENTER # ]
225L 4738P Mg / \

CENTER 22%.4790 My SPAN 5D .0 Az
B I kHz VBH 1 kivz SHP 3 weoc

Note that the marker seeks the maximum trace response, no matter what the cause of the response. A larger
signal, or the local oscillator feedthrough, would also have attracted the marker.

%] [#%] , and marker [ » | into span. Immediately set the corresponding FUNCTION value equal to the
readoui of the active marker or markers:

ENTRY RESULT .
CERYER
@ O marker frequency iNn{o | earouency
. SYART
() (2] marker [ 2 | frequency into % or / ,
ER marker amplitude into

u KR /0

el immediately records the smgle or the differential marker frequency in COUPLED FUNCTION ] for use
with DATA (& (&

O
A marker entry can be made any time a marker is on the trace. ([} [ 2 ] with only one marker displayed takes
0 Hz as the lowest frequency.) The active function is not changed.

Example
One of the fastest, most convenient ways to bring a signal to the center of the display is by using {7 .

MR 265.8 MHx

. . . N . hp RET_.E dBm ATTEN 18 4B .48 dBm
Activate a single marker and bring it to the desired .y
signal: uomll
MARKER
26% Mz ﬂ

'\"-34. AQ _HEBm

I Sy

START 108 Mk STOP 200 MHxp
FES BW 3 MMz VBW I MMz S 3C mooc
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MARKER ENTRY MARKER

MK 255.0 MHa

Change the center frequency to the marker frequency. hp REE_0 dn ATTEN 3% dB “38.3¢ 4B

HER =
! 18 en/

| MARKER
264,08 Mz
~34. 30 HBm

#a-1 also works if start/stop frequencies are read out.

START 164 M-z STOP 384 hair
RES BW 3 My VER 1 MMz THP 28 mesc

Example

One way to tune to a particular portion of a spectrum being displayed is to use the A = span function.

MR 300 Mex
hﬂ REF & dBm ATTEN 10 4B ~77 .18 d4Bm
Activate the single marker and place it at either end of 10 dpv
the desired frequency span with © .
MARKER
3C0
m??.ﬁdBm
L o L ik ol e e
START Hz : STOR 1580 Mz
RES BW 3 Mz VBN 18§ kHz SHP AR mess
MKH 4 =235 Mz
hp FEF_.2 dBn ATTEN 16 B t.00 o8
Activate the second marker and place it at the other oy
end of the span with [ a | :
| MARKER

L

—235
1.99

| ol e e e " "
START €@ Hx STOP 158¢ MAZ
RES BW 3 M-z YEW 198 kip WP 38 msoc
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MARKER MARKER ENTRY

MR 176.2 MME

hﬂ REF .0 dBm ATTEN 18 <B =77 .48 4Bm
Set the start and stop frequencies equal to the left and 10 a8/
.. 0
right marker frequencies with (s} (s }.
MARKER
Marker [w] is activated. A A

IO S s

. Wit Ao
. ettt e
START S8 Meix ST 294 My
RES BW 3 M-z vBH 100 kHx 5P 32 meoc

A —> span works the same with start/stop frequency readout. Note that the markers can be placed at either end of
the span.

Example

Here is a technique for viewing a fundamental and its harmonics (or any evenly spaced portions of the spectrum)
with high resolution.

Narrow the span about the fundamental as necessary bp REE_.3 dBm  ATTEN 10 e M 250- 00050 o
with (2o ] | centering the carrier. 18 a8/ \
f y : : el ] \
Set the center frequency step size with - Wiw
R e SITARWA

Now enable center frequency. With each (<> , suc- ; V
cessive harmonics are displayed. i . f v

bl AW

_H ; L

CEMTER 250 ,0000 Mz SPAN 20,8 kHx
AES BW 300 Hr YBY 308 Hz S 1.2 soc

—
-4,
T

)
T
R
Lo i
______ AAIERYRT i
s o ol O B e e Y e s e el B e s e
SECOND HARMONIC THIRD HARMONIC FOURTH HARMONIC

Similar stepping can be accomplished using marker { 2 ] into step size for intermodulation products, or for other
evenly spaced signals such as communication channels.
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SIGNAL TRACK —~ AUTOMATIC FREQUENCY CONTROL. MARKER
SIGNAL TRACK — AUTOMATIC FREQUENCY CONTROL

The analyzer is capable of automatically maintaining a drifting signal at the center of the display. To operate a signal

tracking,
Press [ww)  and place the marker on the signal to be tracked with i
Press (%2 to initiate the tracking. The light above the key indicates tracking. (Press again to turn off.)

As the signal drifts, the center frequency automatically changes to bring the signal and marker to the center of the
display.

MARKER [ o ], any other MARKER mode, or the instrument preset turns the tracking function off.

Example
. . . . A, REF .@ d8m ATTEN 10 48
The upper sideband of a transmitter is to be monitored o™
as the carrier frequency is tuned.
i i — @ GENTER
Locate the sideband with ~ {somen] . : SRR ]
CENTER 101.000 M-z SPAN 208 kiHz
RES BW I kHz VHA 1 kHz S 750 mooc
MR 160.97828 Mz
h!; REF .8 dBm ATTEN 13 ¢B ~36. 80 dim
The upper carrier sideband is tracked with [33%] | then 10
zoomed in with WF} @ o ] s
\—SP:EWW i msec
MARKER
133, 87828 Mz
~36., 80 HBm '
7 |
LENTER 108. 9782 Mz SEAN 10.@ hix
RES aW 100 Hz vEW 19@ Hz SWP 3.0 sec

As the carrier frequency is changed, the sideband response will remain in the center of the display. Both the center
frequency and marker frequency read out in the sideband’s frequency.

A combination of (3] and [_s ] allows the “real time” signal frequency drift to be read on the display.
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MARKER _ FREQUENCY COUNT

Frequency count allows a number of measurements beyond the standard capability of the standard marker
modes. Each is used with one of the three active marker modes, [wm=) , [ s ], or [=w] and each uses the DATA
controls in the same manmner.

counts the frequency of signals with great precision and accuracy, even if the marker is not positioned at the
signal peak.

When is on, and the active marker is placed on a signal response such that the marker is >20 dB out of the
noise or the intersections of two signal responses and in the top 6 divisions of the graticule, the signal’s frequency is
read out directly. (&%) works only for frequency spans of 500 MHz and below.

CNTR 54¢.27 MHz
hp FeE_.8 dBm ATTEN 12 dB —46.8¢ dBwm

10 dB/

ECEINTER r\
54@,27 sz/ \

CENTER 548.5 Mz SPAN S0.0 WHx
RES W 1 M2 VBW 308 kHz S 30 mesc

If the marker is not in the top 6 divisions, the display readout “CNTR” in the top right-hand marker area blinks,
indicating the reading may be in error.

NOTE

The amplitude readout is for the absolute marker position and not the signal peak.

The marker mode combinations with { & | are:

Readout
+ - Signal frequency and marker amplitude.
Frequency between the signal at the first marker, whose frequency has been
ol o+ [l stored, and the second marker’s counted signal frequency. Amplitude
between marker positions.
- e Signal frequency and marker amplitude. Causes automatic recentering to
+ (] exact signal frequency on each successive reduction of span with
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FREQUENCY COUNT MARKER

Measurement and Readout Range

The measurement and readout range for frequency count is the same as the associated marker modes: normal,
differential, and zoom. Counter resolution to 1 Hz is available using the KEY FUNCTION [« ] (&) . See
Chapter 11.

DATA Entry

See MARKER [we] (s ] and .
Example
Counted frequency differences between stable signals can be measured.

Activate the frequency counter in a 400 MHz span M .0 dBm ATTEN 12 4B INTR 197,93 Wz

hp ~12.88 dBm
P

and position the marker with E:%{E , 10 o8

197183 M-z
121887 HBm

CENTER 227 Mz SPAN AQQ Mrix
FES BW 3 MHx VBW 100 hHz WP 30 meas
LNTR A ~12.80 MHx
hﬂ REF .0 dBm ATTEN 12 48 —2Q .48 off
To count the difference between the signal and its 10 4 i
neighbor, place the marker on one signal with ; h
then activate marker differential and count the next ‘
. COLINT ry 1
Slgﬂak. -12l 89 - f
~29L 40} 4B
Press [ a ] :
2 “ e "FLO J
CENTER 227 Mrix- ) SPAN 40D MHx
RES BW 3 MHx VEW 188 kHz SWi? 30 meac

Note that the difference is not the difference between two current counter readings, but between one stored
counter reading and the current counter reading.
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MARKER NOISE LEVEL MEASUREMENT

NOISE LEVEL MEASUREMENT

When noise level is activated and the marker is placed in the noise, the rms noise level is read out normalized to a
1 Hz noise power bandwidth.

M h REF .0 dBm ATTEN 18 o8 o MxR ;;.BG Mz
i ! . b ~178.10 dBm (1 Hz)
Noise level enabled: 7

15 s

SAM,

L
Noise level disabled: [sw ] [orr |

MARKER PR
27 .80 MHz
—120.10! dBm: (3 H2)

START 8.0 ™Mz STOR 860 Mz
HES BW 1 Mz VBW 388 kHz SWE 3 muer .

The noise level measurement readout is cotrected for the analyzer’s log amplifier response and detector response.
The value is also normalized to a 1 Hz bandwidth.

Measurement and Readout Range

Noise level measures noise accurately down to 10 dB above the specirum analyzer's noise level. The readout
resolution is in steps of £0.1 dB.

DATA Entry

See MARKER , L8] ang || | .

Example

In a communication system, the baseband noise level as well as signal to noise ratio measurements are required.

Select a frequency in the baseband spectrum clear of
signals with a single marker,

MKR 63.08 MHzx

o by FEF .2 dBm ATTEN 10 B ~134.00 dBm (1 Mz}
Press ["“"W- . 10 a8/
SaML L
R
[ HE MH» h
—-T .08 dBm} (1 Mz)
i |
L Ll
STAHT 20.0 MHz T STOP 80,0 M

RES BW 00 ki VBW 108 hHz S 30 meoc

Manual Operation 63



NOISE LEVEL MEASUREMENT MARKER

M
Read the noise at the marker by pressing (s} [row] .

The noise at 64 MHz is — 134 dBm in a 1 Hz bandwidth. This corresponds to — 134 dBm + 36 dB/4 kHz =
— 98 dBm in 4 kHz voice channel bandwidth.

Signal to noise measurements require the measurement of the noise level, as in the example above, and the
measurement of the absolute signal level. *

MKR S6.42 Mriz

hF REF .0 digm ATTEN & dBb ~32.00 dBw
Measure the power level of the adjacent signal. To ‘e aBs '
turn the noise level off, press [ ] [or | and read the .
power level. (eR
S56LH2 Mz n
~3bi20 HBm
The signal to noise ratio referenced to 4 kHz band- | H }
width is — 32 dBm — (- 98 dBm) = 66 dB. ] [ \ \
BTART 20.6 M-z ' STOF H8.& Mdx
RES BW 300 kiy VEBW 10¢ kHz SWP 30 meoe
. desired BW
"Normalization to a desired bandwidth uses the equation 10 log, ( WSS“}";“%%—‘"” )
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SCALE AND REFERENCE LINE SCALE

- Chapter 7
SCALE AND REFERENCE LINE

GENERAL DESCRIPTION

This chapter describes the use of SCALE and REFERENCE LINE control groups for setting the amplitude scale,
and for making amplitude level measurements more conveniently.

. REFERENCELINE 28

BISPLAY LINE

THRESHOLD

S5CALE

SCALE keys allow the scaling of the vertical graticule divisions in logarithmic or linear units without changing the
reference level value.
LOG

(DATA entry) scales the amplitude to 1 dB, 2 dB, 5 dB, or 10 dB per division.

If [%5%) is pressed when the scale is linear, 10 dB per division is automatically entered. The subsequent (DATA), if
any, then replaces the automatic 10 dB/div.

LOG

Gwe - £N 10 4B
yy REF ~23.8 dBm  ATT!
Press @ Y
L 2305
5 dbB/s
CENTER 453.0 Max SPAN 10,0 MHz
AES BW 180 &Mz Vs 38 hHz SHP 3D mees
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SCALE SCALE AND REFERENCE LINE

1IN

(] immediately scales the amplitude proportional to input voltage. The top graticule remains the reference
level, the bottom graticule becomes zero voltage. Reference level, and all other amplitudes, are read out in
voltage. However, other units may be selected. See AMPLITUDE UNITS SELLECTION, Chapter 11.

It (%) is pressed when the scale is linear, 10 dB per division is automatically enfered.

LiN

h AFF 4.785% mv ATTEN 10 dB
Press C] l"&_}um

JIVEWIN

CENTER 453,08 MHx SPAN 108.0 M-z
RES BW 108 &H2 VBW 30 kHxz WP 39 moec

In LINEAR, a specific voltage per division scale can be set by entering a voltage reference level value. For
example, to set the scale to 3 mV/division, key in 30 mV reference level. {(Voltage entries are rounded to the
nearest 0.1 dB, so the 30 mV entry becomes 30.16 mV, which equals — 17.4 dBm.)

DATA Entry

Changes scale in allowabie increments (1, 2, 5, or 10 dB per division).

[m FHH Enables direct scale selection of allowed values. Other entries are rounded
=2 Bees to an adjacent value.

LIN
No DATA entry will be accepted with the linear SCALE selection key, C].

Example

It is convenient to observe AM sidebands in linear as well as logarithmic scales for analysis of both modulation
percentages and distortion products.
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SCALE AND REFERENCE LINE

Modulated AM signal displayed in the 10 dB /division
scale shows the carrier, its sidebands, and distortion
products,

by FEF 68,1 dim

10 4B/

ATTEN i@ dB

SCALE

CENTER 451.382 Wiz

RES BW 3 kHz

Linear scaling enables observation of the sidebands proportional fo the carrier.

LIN -

Press Q .

As in the MARKER (2] example, Chapter 6, a
direct readout of the percent modulation can be
made.

The fractional readout is one-half the modulation
index (only one sideband is measured}.

% AM = 2(.25) x 100 = 50%.

Note that the carrier signal need not be placed at the
reference level for an index ratio measurement.

LOG
Change to a logarithmic scale with and change

The sidebands are 12 dB down from the carrier, veri-
fying the earlier measurement results.

hp REF 9809 4V

L INS AR

VBYW 3 kHz

ATTEN 1D 4B

SPAN 200 kM
SHP 108 mese

MKR A 18,7 kHx
2250 %

]

MARKER

~18L7 khHz
250 X

I

VIV

CENTER 451,382 MMz

iy

RS BY 3 kHz

VBN 3 kHz

R —EB.1 dBm ATTEN 18 dB

SPAN 200 WHx
S (80 meec

MAR A —18.5 RHx
=12.00 di

MARKER

~18.% kHz
~12. 88 BB

CENTER 451.382 M-z

RES BW 3 Wiz

VBW 3 krx

SEAN PO ki
SWF 100 maec
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REFERENCE LINE SCALE AND REFERENCE LINE
MR A -168.8 kHz

FEF BR.OQ WY ATTEN 10 45 SQZ40 X

Harmonic distortion of the modulating signal can be i
measured as in MARKER (2 ] , Chapter 6. 5 - ]
i
, | ]
The modulation frequency is 18.8 kHz and the distor- ARk | l
tion caused by the second harmonic is 2.4% (read out 1818 Kh 1 fl 1 ] |
as .024X). | \ | i ]
A+t
L
I
anm
i |
il L
N s B 3 e VBW 3 kHz s 100 moen

The reference line functions DISPLAY LINE (DL) and THRESHOLD (TH) place horizontal reference lines on the

display. Their levels are read out.

DISPLAY LINE uses:

measure signal levels with direct readout,

establish a standard for go/no-go test comparisons.

@
eliminate or reduce amplitude errors caused by system frequency response uncertainty with TRACE arith-

&

@
mefic.

THRESHOLD provides:

® a base line clipper whose level is read out.

DISFLAY LINE

Display line (oee) (DATA entry) places a horizontal reference line at any level on the graticule. The line’s ampli-
tude, in reference level units, is read out on the left-hand side of the CRT display.

i REE D EBm .. AT JU— ,T e e s o

19 487

o'
~21 .6
dBm

"""" STOR 300 Mz
SWi 30 meec

START 10 MHI

RE% Bl 3 MHz VBW 300 wkz
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SCALE AND REFERENCE LINE DISPLAY LINE

The dispiay line can be positioned anywhere within the graticule. When activated after LINE power ON or [oveit) ,
the display line is placed 4.5 divisions down from the reference level.

Display line erases the line and readout from the{;QRT display but does not reset the last position. If the
display line is activated again before LINE power ON or oresh , it returns to its last position.

Display line position is always accessible for HP-IB and TRACE (3] | even if never activated. See Chapter 5,
TRACE ARITHMETIC.

The display line readout has the same number of significant digits as reference level.

DATA Entry
e Moves the line about two divisions for each full turn. The line moves in
(e display unit increments.
@ @J Moves the Ine ane tenth of the total amplitude scale per step.
(o) EHH Positions the line to the exact entry level. Entry may be in mV, uV, +dBm,
aaEs +dBmV, or +dBuV, depending upon which units are selected.
Example

When the amplitude of 2 number of signals in the same span require a quick readout, the display line can be used.

by PEE -10.8 dBm  ATTEN 10 dB

Activate the display line with .

RL-I-: g

With @ , place the line through the peak of a signal

and read out #s absolute amplitude level. o -7 o e

—-24.9
- VO M S R T ) M| E R R .

START @ #x STOF 800 MHz
RES BW 3 Mz vBW 388 hHz SHP 30 mesc

Moving the display line to each signal reads out its peak amplitude.
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THRESHOLD SCALE AND REFERENCE LINE

THRESHOLD

Threshold (DATA entry) moves a lower boundary to the trace, similar to a base line clipper on direct writing

CRT spectrum analyzers. The boundary’s absolute amplitude level, in reference level units, is read out on the
lower left-hand side of the CRT display.

hﬁ REF =18 .8 dBm ATTEN 10 dB

10 i/
THRESHDE D
—76. 4 dbm
T
-5, 4
dBm
START 8 wz STLFF BE Mz
RES BW 3 Mydir YBW 1 MHz SWF 30 meac

The threshold can be positioned anywhere within the graticule. It operates on TRACE ED , (] ,or =] for

TRACES A, B, and C simultaneously. When activated after LINE power ON or , the threshold is placed 1
division from the bottom graticule.

The threshold level does not influence the trace memory, that is, the threshold level is not a lower boundary for
trace information stored and output from the trace memories through the HP-IB. TH (=~ ) removes the threshold

boundary and readout from the CRT display, but does not reset the position. If threshold is activated again before
LINE power ON or , it resumes at its last level.

The threshold readout has the same number of significant digits as reference level.

DATA Entry
Moves the THRESHOLD about two divisions per rotation. The line moves
(o] display uni increments.
[w1ea) {i% L{—}] Moves the THRESHOLD one tenth of the total amplitude scale per step.
szgn Positions the THRESHOLD to the exact entry level. Entry may be in mV,
(o] eena puV, =dBm, +dBmV, or +dBuV, depending upon units selected.
Example

The threshold can be used as a go/no-go test limit.
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SCALE AND REFERENCE LINE

A series of signals can be tested for a specific threshold
level by placing the threshold at the test level.

Press THRESHOLD (™) { 5 | (s (2] (&)

Only those signals > - 55.2 dBm are displayed.

THRESHOLD -

HEF .3 dBm ATTEN 18 4B

fipr
10 4B/

STARY 20 M-y
RES BW 3 MHz

STOP Bd M-y

YBW 302 kHz BWP 3] mmec

hy PEF_D dbm ATTEN 10 4B
S

1 el
THRE S o] i
—95.2 dBm

TH

-55.2 |

di3m

I~
START 2@ Mz
RES BH 3 Max

STOP BOO Mg

VBW 330 kHz SW* 30 msec
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COUPLED FUNCTION GENERAL DESCRIPTION

Chapter 8
COUPLED FUNCTION

GENERAL DESCRIPTION

This chapter describes the COUPLED FUNCTION group and its use in various measurements. The COUPLED
FUNCTIONS control the receiver characteristics of the spectrum analyzer.

The values of the COUPLED FUNCTION are automatically selected by the analyzer to keep absolute amplitude
and frequency calibration as frequency span and reference level are changed. * The functions are all coupled with

LINE power ON, (eeie , or when their individual is activated. couples alf functions but and (58 |

Couples
Function
: COUPLED FURCTION #iiuensammmmy
OFF
MANUAL | MANUAL © MANUAL MANLAL MANUAL MANUAL
Q@ @ 2@ @ 1,3 Light
zes N vioeo 1 [ sweee )], Hfcrstee i
[" {LBW ]J {{ o Ult TiME Ju MTEM]JZ SIZE ]J _ON
Uncouples l
Funetion

Center Fraquency
Step Size

AF Agtenuation

Sweeptimé, full scale

Video Bandwidth

Resolution Bandwidth

For each COUPLED FUNCTION:

AUTO
; Sets the function to the preset value dictated by the analyzer's current state. The function is

coupled.

. L

-

N
g

L

Function value does not change with instrument state. DATA entry changes value. The MANUAL

ATO

light turns on and stays on until the function is placed in X2 once again.

In most cases the functions change values to maintain amplitude calibration when one or more of the others
are manually set. If the amplitude or frequency becomes uncalibrated, “MEAS UNCAL” appears in the right-hand
side of the graticule.

*Center frequency step size does not affect amplitude or frequency calibration.
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DATA ENTRY FOR COUPLED FUNCTIONS COUPLED FUNCTION

Select
Coupled elects
Function

] 3 dB resolution bandwidth {IF filter) which largely determines the ability of the analyzer to resolve
signals close together in freqguency.

. 3dB bandwidth of the post detection low pass filter that averages noise appearing on the trace.

kil The total time for the analyzer to sweep through the displayed frequency span or display a
detected signal in zero frequency span.

The setting of the input RF attenuator which controls signal level at the input mixer.
e () [
() Selects center frequency change for each DATA 1) 1% when L% ] ig activated,

DATAENTRY FOR COUPLED FUNCTIONS

S
Discrete values are entered for @ , (] . (e ) , and . The DATA entry from DATA and @E [{E

selects these values sequentially from the current value. A keyboard DATA entry that is not exactly equal fo an

allowable value selects an adjacent value, For example, @ @ @ selects 30 kMz bandwidth, the
next higher IF bandwidth.

RESOLUTION BANDWIDTH

(DATA entry) sets bandwidth selection to MANUAL and changes the analyzer’s IF bandwidth. The band-
widths that can be selected are 10 Hz, 30 Hz, 100 Hz, 300 Hz, 1 kHz, 3 kHz, 10 kHz, 30 kHz, 100 kiHz, 300 kHHz,
1 MHz, and 3 MHz.

REF .0 dbm ATTEN 310 df

hp
1e 48

RES: BW
300 kHz

RN ket S §
A

STOR 482.1 MHz
VBW 180 kHz SWP 30 medc

Example

A measurement requiring manual resolution bandwidth selection is the zero span {time domain) observation of
- modulation waveforms. An example can be found in Chapter 3, ZERO FREQUENCY SPAN — FIXED TUNED
RECEIVER OPERATION.

Another use of manual resolution bandwidth is for better sensitivity over a given frequency span.
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COUPLED FUNCTION

The low-level intermodulation products of two signals
spaced 100 MHz apart need to be measured. With the

functions coupled, the analyzer noise may mask these
distortion producis.

Reduction of the noise level by 10 dB {increased sensi-

tivity) is achieved by decreasing the bandwidth by a
factor of 10.

A

(THRESHOLD has been activated to clarify the dis-
play.}

| EENTER 256 M

VIDEO BANDWIDTH

fye WP 30,0 $Bn  ATTEN 1C 48

10 4B

CENTER 280 Mz SWPAN 44T Wiz
RES BW 3 MHz VBR 1 Mz St 30 maec

by FEF_38.2 ¢Bm  ATTEN 10 dB

10 4B/

RES. BW
39 hkH=z

H
-840
dBm

SPAN 447 MHz

RES BW 30 kHz VW 38 Az WP 1.9 ses

The sweep time automatically slows to maintain absolute amplitude calibration if 5 5 coupled.

VIDEO BANDWIDTH

(DATA entry) sets the video bandwidth selection to manual and changes the analyzer’s post detection filter
bandwidth. The bandwidths that can be selected are 1 Hz, 3 Hz, 10 Hz, 30 Hz, 100 Hz, 300 Hz, 1 kHz, 3 kHz, 10

kHz, 30 kHz, 100 kHz, 300 ktz, 1 MHz, and 3 MHz,

f,P REFE .8 dBm ATTEMN 10 4B

10 4B/

lVID'—"D B

1 kkiz

START 204,29 MHr
HES Bw 100 WHz

STOP 209.29 Mz
WP 158 msec
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VIDEO BANDWIDTH COUPLED FUNCTION

Example

Signal responses near the noise level of the analyzer are visually masked by the noise. The video filter can be
narrowed to smooth this noise.

!’,!! F#Q!:m_:“tf?m ATTEN 10 4B
A low level signal at this center frequency can just be 15 aas
discerned from the noise. —
viDED 8w
3P KMz

CENTER 207 .0 M-x : SHAN S0.0 M-z
FES Bl I MHx VEBW 388 kHz SAP 30 meec
’ hp REF .0 dBm ATTEN 18 dB B
Narrowing the video bandwidth clarifies the signal and 10 48
affows its amplitude measurement.
e s S e -
wipEo |} : i i VIDED B
Press (&) (&) (O] ) 1) Qe
CENTER 287.8 Mz SPAN 50.0 MM
RES BW I MHrz VBHW 3 kHz SR 50 mese

The sweep time increases to maintain amplitude calibration.

NOTE

The video bandwidth must be set wider or equal o the resolution bandwidth when
measuring impulse noise levels.
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COUPLED FUNCTION SWEEP TIME
Video Averaging

Narrowing the video filter requires a slower sweep time to keep amplitude calibration, since the narrower filter must
have sufficient time to respond to each signal response. Video averaging is an internal routine which digitally
averages a number of sweeps, allowing a more instantaneous display of spectral changes due to center frequency,
frequency span or reference level changes. See Chapter 11.

SWEEP TIME

SWEEP
THAE

(DATA entry) sets the sweep time selection to manual and changes the rate at which the analyzer sweeps the
displayed frequency or time span.

The sweep times that can be selected are:

SWEEP TIME SEQUENCE
FREQUENCY SPAN 1,1.5,2,3,5,
=100 20 msec to 1500 sec 56 2110
1 psec to 10 msec 1,2,5,and 10
ZERO FREQUENCY 15235
SPAN ,2.5,2,3,9,
20 msec to 1500 sec 55 and 10
f,'" REF .2 4Bm ATTEN 10 dB
k1
{E-swamﬂvgl
30 msac

Example

To identify signals quickly in a very narrow frequency span {where the resolution bandwidth would be narrow), the
sweep time can be temporarily reduced (e.g., speed up sweep rate).

Manual Operation 77



INPUT ATTENUATION COUPLED FUNCTION

hyp FEF 730.0 dBm  ATYEN 10 dB

A frequency span of 10 kHz has selected resolutions
and video bandwidths of 100 Hz, and a sweep time of
3 seconds.

1% 4B/

SFA
19,

oL

i

CENTER 757.7819 Mdz SERN 38,0 hHx
RES BW 100 Hz YBW 18Q Kz S8 3.0 sec

hy REF -30.0 9B ATTEN 10 d8

To quickly see signals present in the span, press &3 16 ams | S
and {{}? several times. When the sweep completes

[

its span,/coupie sweep time again with (wo]

SWEEDT 1M
00| meek

Note that the DISPL UNCAL message appears auto- “
matically, as the faster sweep time causes some distor- :
tion of the spectral response.

I S, o

AVWM/L“\-.N‘J \W mi"’"‘f"&

LENTER 737, FR180 Wy gt R LN T
RES BW 120 Mz VBW 108 Hz SWE 300 muee

INPUT ATTENUATION
o). {DATA entry) sets the attenuation function to MANUAL and changes the analyzer’s RF input attenuation.

The levels of attenuation that can be selected are 10 dB to 70 dB in 10 dB steps, or 0 dB under special conditions.
Generally, the reference level does not change with attenuator settings.

hp FEE 0 4B ‘_IATTEN 10 aa

19 dB/
BFE ATTEN
12 4B

1]

~74.4

dbm

START & HMa STOP 1508 MHx
RES BW 3 MHz VBW 1 Mz BWF 3D masc
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COUPLED FUNCTION INPUT ATTENUATION

When the RF input attenuator function is coupled (AUTO), the value selected makes sure the level at the input
mixer is less than — 10 dBm {the 1 dB compression point) for on-screen signals. For example, if the reference level
is + 28 dBm, the input attenuator is set to 40 dB: +28 dBm — 40 dB = — 12 dBm at the mixer.

The input mixer level can be changed to ensure maximum dynamic range. See INPUT MIXER LEVEL, Chapter
11.

CAUTION

Greater than + 30 dBm total input power will damage the input attenuator. Input
powers greater than + 13 dBm at the input mixer will be reduced by an internal limiter.

Zero Aftenuation

As a precaution to protect the spectrum analyzer’s input mixer, 0 dB RF attenuation can be selected from the
number/ units keyboard only by pressing @ .

Reference Levels < — 100 dBm and > + 30 dBm

Reference levels < — 100 dBm or between + 30 dBm and +60 dBm can be called when the reference level

extended range is activated. Low reference level limits depend on resolution bandwidth and scale.
{
Press [ to extend the reference level range.

See Chapter 3, FUNCTION | "net” |, and Chapter 11, (=} KEY FUNCTIONS.
Determining Distortion Products

If the total power to the analyzer is overloading the input mixer, distortion products of input signals can be
displayed as input signals. The RF attenuator is used to determine which signals, if any, are internally generated
distortion products.

ﬁ'P REF —18.0 dim ATTEN 12 o8
Example ey |

The two main signals shown are producing intermod-
ulation products because the analyzer’s input mixer is
overioaded.

CENTER 110.414 Mz SPAN 180 WHz
FES BW 1 wHz YBY 100 Mz P 3.8 see
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CENTER FREQUENCY STEP SIZE COUPLED FUNCTION

To determine whether these intermodulation products AL ARLE

are generated by the analyzer, first save the spectrum i
LERR- 1
displayed in B with (] B [ ] B,

|

CENTER 118,414 Mz SHAN 100 th
RES BW 1 hHz VB 100 Hr SWE 3.8 eaec

hﬁ REF —10.0 dBm ATTEN 20 42

Increase the RF attenuation by 10 dB. Press 1o car

. {If the reference level changes, it is necessary to
return it to its original value.)

R ATTEN
20 HB

\
\
\
\
\

VAL

CENTER 3110.414 Mz SPAM 189 kM2
RES BW 1 hHx VBW 194 Hz SWP 3.4 sec

Since some of the signal responses decrease as the attenuation increases (by comparing the response in A with the
stored trace in B), distortion products are caused by an overloaded input mixer. The high level signals causing the
overload conditions must be attenuated to eliminate this condition.

CENTER FREQUENCY STEP SIZE

MANUAL, [,;j;‘j::m {} and {"7 {:hanges center frequency by the step size value stored in the register.

frequency steps are 10% of the frequency span, even through the CF step size register contains another value.

Entry Value &3 State
step size (o (4] FULL _
SPAN or LINE power ON 100 MHz coupled {AUTO)
e (DATA entry) DATA entry value uncoupled (MANUAL)
MARKER 4] marker frequency readout uncoupled (MANUAL)
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COUPLED FUNCTION CENTER FREQUENCY STEP SIZE

The step size can be varied from 0 Hz to 1500 MHz to a resolution equal of 1 Hz. It is displayed with the same
resolution as center frequency.

hpp PEE .0 shm ATTEN 12 4B

i B/

CFE_BTEP
120§ M-z

STAMT @ He STUR 1508 Mz
RES BW 3 Mz VBW 380 kHz SHP 20 mesc

When the center frequency is activated with step size in MANUAL, the active function readout includes both the
center frequency and the step size value.

hp REF .0 dBm ATTEN 12 ¢B
13 48/
fceniER
101} MHz
STRF 27 iyl
i
81wz HPAM 1500 Mz
RES Ba 3 MHz VBW 388 kHz SHP 38 muec
DATA Entry
CF STE? ! N 3 b -]
e Changes the step size in display unit increments.
P ™y . .
R ENAV4ILe) Changes the step size in steps equal to one tenth of the frequency span.
) gae Selects a specific step size to a resolution equal to the current center fre-
L guency readout.
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CENTER FREQUENCY STEP SIZE COUPLED FUNCTION
Example

Surveillance of a wide frequency span sometimes requires high resolution. One fast way to achieve this is to take .

the span in sequential pieces using a tailored center frequency step. This example looks from O Hz to 1500 MHz in
50 MHz spans.

hp FEF .0 <Bm ATTEN 12 oB
First, set a span and start frequency. For a span of 50 sa ms |

MHz press ‘*‘:,,”f,‘;ﬂ @ . Set the center \
frequency to 25 MHz with m?!@ @ @ %EMI;ESH

L

CENTER 28.0 Mdz SPAN $Q.0 MHz
FiES BW 1 Mg VBW 308 kHz WP 30 meec

e hp REF .0 dBm ATTEN 10 dB
Set the step size to 50 MHe, @ @ , 0 <

and reactivate center frequency with . \
CENTER \
225l 0 Mz / \
STER 5.9 iMHz

o A
CENTER 2285.0 Mdr SPAN $0.8 MHz
AES BW 1 Mz VBW 308 sHz GRP 38 moec

Now each @ sets the center frequency to the next 50 MHz span for a span-by-span surveillance of the
spectrum. (Center frequency = 25 MHz, 75 MHz, 125 MHz, etc.) Center frequency step size can also be defined
by the marker. See the MARKER ENTRY portion of Chapter 6.
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SWEEP AND TRIGGER SWEEP

Chapter 9
SWEEP AND TRIGGER

GENERAL DESCRIPTION

This chapter describes the use of SWEEP and TRIGGER control functions.

SWEEP controls enable:

(e ] continuous, or repetitive sweeping (sweep time =20 msec).
e 4 single sweep, which will repeat only on demand (sweep time = 20 msec).

TRIGGER controls select the function that begins a sweep:

(3] assoon as possible,
w | Hine voltage passes through zero on a positive swing,
an external signal voltage passes through ~ 1.5V on a positive swing.
the level of a detected RF envelope reaches up to the level on the CRT display determined by the

LEVEL knob.

o
»
=]

Ssmavisey SWEEP BN

SWEEP AND TRIGGER CONTROLS

SWEEP

The spectrum analyzer frequency sweep (sweep times =20 msec}, once triggered, continues at a uniform rate
from the start frequency to the stop frequency unless new data enfries are made to the analyzer from the front
panel or the HP-IB. With faster sweeps, for example, changes to center frequency appear continuous. With long
sweep times, a change in center frequency noticeably suspends the sweep while the analyzer updates its state and
readout, then the sweep continues from where it was, tracing out the new spectrum.
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SWEEP SWEEP AND TRIGGER

The SWEEP light indicates a sweep is in progress. The light is out between sweeps, during data entry and during

3 gating. (The light is out for sweep times =10 msec.)

After a sweep, the next sweep is initiated only i:

@ continuous sweep mode is selected or a single sweep demand is made,

@ the trigger conditions are met,

@ data is not entered continuously from the front panel DATA conirols or the HP-IB.

Continuous Sweep

(=] enables the continuous sweep mode. Provided the trigger and data entry conditions are met, one sweep
follows another as soon as triggered. Pressing [on ) initiates a new sweep,

Single Sweep

{#=]  enables the single sweep mode, Fach time (] i pressed (including when the SWEEP mode is changed
from continuous), one sweep is initiated, provided the trigger and data entry conditions are met. A sweep in
progress is terminated and restarted upon i

Zero Frequency Span Sweep

In zero frequency span, sweep times from 1 usec to 10 msec are also available. In these sweep times the SWEEP

(=] and are disabled. The video signal response is not digitally stored {frace modes also disabled), but
multiplexed directly onto the display along with the graticule and readouts. The graticule and readouts are
refreshed following each fast sweep.

To avoid flicker of the display when external or video triggers are less frequent than once every 25 msec, the
analyzer triggers internally. If only an external or video trigger is required, press

X
L disables “auto” external trigger feature
v

G| ooy ‘ ; i
or [ [} disables “auto” video trigger feature

NOTE

For zero frequency span sweep times =10 msec and (] x or (o] y, the CRT

display graticule and readout depend on ftriggering. If no trigger is present, the CRT
display is blank.
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SWEEP AND TRIGGER

TRIGGER
TRIGGER

The analyzer sweep s triggered in one of four selectable modes.
& [ allows the next sweep to start as soon as possible after the last sweep.

& L[ ailows the next sweep to start when the line voltage passes through zero, going positive.
& (= allows the next sweep to start when an external voltage level passes through =21 .5V, going positive.
The external trigger signal level must be between OV and + 5V,

/.

G000
o¥cRoNc]
loleRo}

!
H

EXTERNAL TRIGGER
" INPUT 5V MAX,

EXTERNAL TRIGGER INPUT

@ . allows the next sweep to start if the detected RF envelope voltage rises to a level set by the LEVEL

knob. The LEVEL corresponds to detected levels displayed on the CRT between the bottorn graticule {full
CCW) and the top graticule {full CW),

An RF envelope can trigger the sweep only if it is capable of being traced on the CRT display —that is, if the
resolution bandwidth and video bandwidth are wide enough to pass the modulation waveform of an input signal.

hp REF 167 .6 mV ATTEN 18 o
Example

i INEAR /N F
A zero span display of this video waveform will trigger

for all LEVEL knob settings. %gg: ' / \11\ / \\ : /
- R

- I I
/ / /

\/ \/ \J

CENTER 236, 3234082 MHz

SPAN © Hx
RS B 1 M-z VBW 1 Mz SHF B0 peev
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TRIGGER SWEEP AND TRIGGER

If the video signal lowers on the display, the LEVEL hp FRTZILA Y ATTEN 20 06
"""" must be set towards the minus side. L

. SWEEPT 1Mz

SQ@ psec
NIRVIRT VIRV
Vo LA \\

\/ \/ \/
CENTER 286.3234083 MH: SPAN D Hz
RES BW 1 M- VBMW 1 Mdx BHP B8 ueec

If the level does not cause a trigger within 25 msec, the sweep is triggered anyway to ensure a display. Note that
this is true only for sweep times <10 msec.
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INSTRUMENT STATE ' FULL SPAN INSTRUMENT PRESET

Chapter 10
INSTRUMENT STATE

GENERAL DESCRIPTION

This chapter describes the INSTRUMENT STATE keys. Each key allows access to or activation of a specific set of
functions and their values. Some of the sets are built in to the analyzer and some are user defined.

wniess  INSTRUMENT STATE  Bsvsvasmsss
: : FULL SPAN

Instrument states that can be selected:

FULL SPAN
(ovear) A full 0 Hz to 1500 MHz span with coupled operation and all the functions set to known states and

values.

FULL SPAN
A full 0 Hz to 1500 MHz span with a minimum of other front pane! functions changed.

o | @ Saves the complete set of current front panel function states and values for later recall. Registers 1
through 6 are available for storage.

@ Recalls the complete instrument state saved in the register called.

o Calls for front panel control after the analyzer has been placed in a remote state by an HP-IB
controller.

FULL SPAN INSTRUMENT PRESET

provides a convenient starting point for making most measurements. It calls for a full 1500 MHz span,
coupled functions, and a O dBm reference level, to name a few. LINE power ON automatically calls for an

instrument preset.

The states that are set include all the functions and values of
& front panel functions,
and @ (™) KEY FUNCTIONS,
and @ functions accessible only by the HP-IB.
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FULL SPAN INSTRUMENT PRESET INSTRUMENT STATE
Front Panel Preset

(%35 enables all the front panel functions designated by keys with white leftering. It saves a trace response in
TRACER, butnotin Aor C,

B8 -UNCTIONS ACTIVATED WITH

To be precise:

SIGNAL INPUT: Input 2 selected 100 kHz— 1.5 GHz
FUNCTION: Start Frequency O Hz
Stop Frequency 1500 Mz
Reference Level 0 dBm
DATA: Hold
COUPLED FUNCTION:  Allsetto (*] | which corresponds to the following values:
Resclution Bandwidth 3 MHz
Video Bandwidth 1 MHz
Sweep time 20 msec full scale
Attenuator 10 dB, coupled to maintain <— 10 dBm
at input mixer
Center Frequency Step Size 100 MHz entered in register
TRACE: A Clear-Write
B Blanked but information in memory
saved
A-B Off
MARKER: Off

%?;%T;;;T STATE States are saved, including the current state. See below.

SCALE: Logarithmic, 10 dB/division
REFERENCE LINE: Display line off 5.5 divisions up
Threshold off 1.0 divisions up
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INSTRUMENT STATE FULLSPAN O 1.5 GHz

SWEEP: Continuous

TRIGGER: Free run

INSTR CHECK: An internal instrument check routine is run. If a failure is detected, one or both
INSTR CHECK LEDs remain lit.

KEY FUNCTION: Normal

(=} FUNCTIONS: Al (] functions are disabled. For example, all titling is erased after an instru-

ment preset. Chapter 11, B KEY FUNCTIONS, discusses the implications of
activating instrument preset during @ FUNCTION use.
I the key is activated {shift light on), (wétt) unshifts the key. This is equivalent to

pressing @ .
HP-IB FUNCTIONS: “D1” Display size normal
“EM” Erase trace C memory
“0H3" Output format ASCII absolute
“PD" Pen down
“DA” Display address set to 3072

Graphic information or control language written into the analyzer memory by HP-
IB functions such as graph {GR}, plot (PA), label (LB), or display write (DW} is
erased unless stored in frace memory B. Instrument preset also rewrites ali the
display graticule and character readouts into the appropriate section of the display
Memory.

FULL SPAN - 1.5 GHz

(] immediately sets the COUPLED FUNCTIONs (%] , (%) and %) 0 automatic, the start frequency to O
Hz, and the stop frequency to 1500 MHz. The other front panel functions, (=] KEY FUNCTIONS or HP-1B only
states, are not changed.

SAVING AND RECALLING INSTRUMENT STAVES

sme | (DATA keyboard entry) and (DATA keyboard entry) save and recall complete sets of user defined
front panel function values. The DATA entry from the keyboard names the register that stores the instrument state.

Six registers, through , can be saved and recailed. Only another (s ) can erase a saved register. The
registers contain the last instrument states received, even with a loss of line power (power failure). The registers are
maintained with an internal battery supply for about 30 days after a line power failure.

is a special recall function which recalls the instrument state prior to the last instrument preset or single
function value change, whichever has most recently occurred. It aids in recovering from inadvertent entries.

The current instrument state, if the POWER switch is turned to STANDBY {or if there is a short-term loss of ac line
power), can be recovered at POWER ON if (] tis activated previous to a power loss,

Some U] KEY FUNCTION values or states cannot be saved. Neither can information in the display memories,
such as a title or trace.
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SAVING AND RECALLING INSTRUMENT STATES INSTRUMENT STATE

The @ register is a buffer for instrument state transter under remote operation. The and a states are
for calibration signal adjustments.

Example

When a test sequence is used over and over, the instrument states can be set up in the registers prior to testing for
recall during the procedure.

hﬂ REF 223.6 mV ATTEN 18 4B
Keying in a specific state: LINEAR

TSR
§PRESEY
l CEHTER i1
FREQUENCY “:::‘ | SAVE: REG ]
?REQUENCY
SPAR

{}‘
RN

LIN () SCALE
Then save with [_?:if] ngﬁt
CHENTER 89,008 M-z SPAN 20% Wiz
RES BIW I kHZ YE¥W 1 kb SHF 7%0 mees
hF REF didm AYTTEN 10 4B

Press . ' 18 '

START & Mz STOR 1800 M4z
- RES BW 3 MHx VW I MMz S 3§ mece

REF 223.8 wmv ATTEN 10 48

hy
And recall the last state with @ . Once the Linean

state has been recalled, any function can be used for
more detailed measurements.
RECKALL ) REGE 1
Note that in this case, the state could also have been —
recalled with .
CENTER 08.200 MHix . SPAN 209 WMz
AES BW 1 kHgz VEBW 1 kHz SuP 758 moac
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INSTRUMENT STATE LOCAL OPERATION

_ LOCAL OPERATION

| enables front panel control after an HP-IB remote LISTEN command has been executed. An HP-IB local

lockout will disable until an HP-IR REN false command is executed, or the LINE power switch is set to
STANDBY then back to ON.

Indicates instrument has been addressed
through HP-IB.

Indicates instrument is in remote  ~—
operation.
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(sl KEY FUNCTIONS GENERAL DESCRIPTION

Chapter 11
() KEY FUNCTIONS

GENERAL DESCRIPTION

This chapter describes access and use of the KEY FUNCTIONS.

Shift functions supplement a front panel function or provide unique measurement capabilities. The functions
are not named on the front panel but are coded by the blue characters beside the keys. For example, the

frequency offset function is designated by the code vz On the front panel, the code y; is found in the FUNCTION
section: ¥ :

The shift functions are activated by pressing (=] and then the front panel key with the appropriate blue code. A

complete summary of shift FUNCTIONS is on the facing page. There is an index to all shift functions at the end of
this chapter.

Example

Activate the shift function V {frequency offset) with:
Press [ | shift light on

Vv
Press shift light off and offset function activated

The shift light can always be tumed off with (wss] | which returns the front panel keys to their designated function.
mws!  does not disable the selected shift function {except for title) .

DATA Entry

An active shift function value is read out and identified in the active function area of the display, the same as any
other function using DATA entry. Once the data has been entered, any other function can be activated. The shift
function retains its last value until (&5 or the LINE power switch is set to STANDBY.

DATA entries to shift functions are made only from the number /units keyboard. The ENABLED light rerains off
even though data may be entered.

Data is entered (that is, changes the instrument state) only when a units key is pressed. If the entry has no units (an

address, for example), use the (?D key as the terminator. See Chapter 12 of this manual for further information
about the terminator key.
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FURCTION SUMMARY
Amplitude Display Marker
Amplitude offset Z Annotation blanked ) Counter resolution =
Units:  dBm A Annotation on p Continue sweep from ;
dBmV B Display correction data W marker
dBuV C  CRT beam off g  Enter A—span O
voltage D CRT beam on h Noise level on M
Extended reference level I Graticule blanked m  Noise level off L
range Graticule on n Stop single sweep at marker  u
Negative entry - Title E
Preamp gain, input 1 < Trace
Preamp gain, input 2 > Error Correction A+ B ~A ¢
Execute routine W Detection:
Diagnostics Use correction data X normal 2
Count pilot IF at marker K Do not use correction data % positive peak b
Count signal IF at marker Q  Display correction data W negative peak d
Count VTO at marker N sampling e
Disable step gain q Frequency Trace C:
Frequency diagnostic on R Counter resolution = blank trace C k
[nhibit phase lock flags v Frequency offset Vv BaC i
Manual DACS control J Negative enfry - . B~=C ]
Measure sweeptime F view trace C j
Second LO auto 5 Video averaging on G
Second LO shift down T _ General - Video averaging off H
Second LO shift up U HP-IB Service request ¥ ]
Display correction data w Enter HP~I'B address P ‘Trlgger»Zero Span
- Power on in last state f (& JWithout 25 msec «
Instrument State Digplay Address z triggering
Save registers locked { Display Write § [weee | Without 25 msec
Save registers unlocked } Max mixer input level . triggering y

ALPHABETICAL KEY CODE SUMMARY

A Amplitude in dBm U Second LO shift up o Annotation blanked
B Amplitude in dBmV V  Frequency offset p Annotation on
C Amplitude in dBuV W Execute error correction g Disable step gain
D Amplitude in voltage routine r HP-IB service request
E Tite X Use correction data t Continue sweep from marker
F Measure sweep time Y Do not use correction data u  Stop single sweep at marker
G Video averaging on Z Amplitude offset v Inhibit phase lock flags
H Video averaging off a Normal detection w Display correction data
[ Extended reference level b Positive peak detection X without 25 msec
range c A+B—~A. triggering
J  Manual DACS controf d Negative peak detection y [ jwithout 25 msec
K Count pilot IF at marker e Sample detection triggering
L Noise level off f Power on in last state z Display address
M Noise level on g CRT beam off — Negative entry
N Count VTO at marker h CRT beam on = Counter resolution
O Enter A — span i BaC { Save registers locked
P Set HP-IB address i Viewtrace C ) Save registers, unlocked
Q Count signal IFF at marker k Blanktrace C < Preamp gain, input 1
R Frequency diagnostic on | B=C > Preamp gain, input 2
S Second LO auto m  Graticule blanked | Display write
T Second LO shift down n Graticule on ,  Max mixer input level
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NEGATIVE DATA KEYBOARD ENTRY

Entering negative data from the DATA keyboard requires the use of a negative symbol prefix on the number entry,

Negative entry: . =

For example, to enter a negative 100 MHz offset frequency:

V
Press to activate frequency offset
Press o @! o l@& to enter a negative frequency.

‘Not all values can be entered with a negative prefix. For example, a negative entry to a voltage reference level
enters the positive value.

Negative entries in dB can be made with the — dBm units key or the negative prefix with the +dBm units key. If
both negative prefix and are used, the value is entered as positive.

FREQUENCY AND AMPLITUDE OFFSET

The CRT display amplitude and frequency read\(])ut can be offset. Entering an offset does not affect the trace.

Frequency offset: (DATA keyboard entry)
Z .
Amplitude offset: [ ] (DATA keyboard entry)

Offset entries are added to all the frequency or amplitude readouts on the CRT display, including marker, display
line, threshold, start frequency, and stop frequency.

Function

To eliminate an offset, activate the offset and enter zero. 3] also sets the offsets to zero. Offsets are stored with

the [ ] functions for recall with . When an offset is entered, #ts value is displayed on the CRT.

hﬂ R 15,2 dBm ATTEN I 4B

i 9B

FFSET
=-15.2

eRER OFFSET
27 . PeGOBD Mbz

g
START 27 MHx imT 27. 200000 DHI’ STOR 1527 M-z
RES 8W 3 MHz z SHI? 38 moec

DATA entry from the keyboard can be in Hz, kHz, MHz, or GHz for frequency offset and in dB, —dB, mV, or
@V for amplitude offset. The amplitude offset readout is always in dB. An amplitude offset entry in voltage is
converied to dB offset,
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The offset range for frequency is —99.999999990 GHz to +99.999995999G GHz in 1 Hz steps. The amplitude
offset range is greater than =100 dB in 0.1 dB steps. Least significant digits are rounded for frequency offset
eniries and dropped for amplitude offset entries.

Example
An 102.6 MHz up converter with 12.7 dB attenuation is placed between a signal source and the spectrum

analyzer. The offsets can be set so that the CRT display shows the trace referenced to the signal as input to the
converter.

hp RER 127 aBe  ATTEN 10 68
Ampilitude offset is entered as a positive value to com- 10 < '

pensate (offset) the loss of the converter.

BFSET
12.7
4B

Z
P oo { mesemence | [ 7 | [ 2] REE! L\L OFFSET
ress J LEVEL * Uan | 12.7 42 :

Note that the original REF LEVEL of 0 dBm is now I
changed to 12.7 dBm also. ) l 1

]

]

CENTER 172.600 M5z SPAN 188 wHx
RES BW 1 hHz vHW 1 hdx SWP 300 meec
. hF HEr 12.7 dBm ATTEN 18 4B

Frequency offset is entered as & negative value since 1a <ar
the input frequency to the converter is lower than the
output. P

FRER CFESET
~-1GR.6ORROA | MHzZ

v
Press {swr] | racamner | [o07] f(\
=100 (=) I
Bl L e
sl oL

CENTER 7G.R08 MHz OFFHET--102 . GE008E Mz SPAN 188 Whx
RS BW @ kHz VBW 1 kix SWP 380 medc

SR E———

INPUT MIXER LEVEL

As the reference level is changed, the coupled input attenuator is changed to keep the power levels of on-screen
signals below — 10 dBm at the input mixer. (The input mixer level is the input signal level minus the attenuator
setting.) This input mixer level can be changed in 10 dB steps by pressing

(o) (5] (DATA keyboard entry)

An input mixer level of — 50 dBm ensures that the analyzer has best dynamic range, as long as the input signal’s
total power level is below the analyzer’s reference level. Alfso see Appendix D.

Instrument preset resets the input mixer level to — 10 dBrm.
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PREAMPLIFIER GAIN

Similar to the amplitude offset functions, the preamplifier gain function allows a positive or negative amplitude
offset to all the amplitude readouts. The offsets are subfracted from the amplitude readouts so that the displayed
amplitudes represent the power levels at the input of the preamplifier. Each signal input can be offset by different
amounts.

Preampgain,input 11 [wn] «(DATAkeyboard entry)
' The < key is beside Input 1, and the
Preamp gain, input 2: (o] > (DATA keyboard entry) > key is beside the Input 2.

The offset is not read out on the CRT. Instrument preset resets the gains to 0 dB.

AMPLITUDE UNITS SELECTION

Shift key codes A through D each select a particular amplitude unit for the reference level scale, marker, display
line, and threshold readouts. An amplitude units change does not affect the absolute power level calibration.

SHIFT KEY AMPLITUDE
FUNCTION UNITS
A or [mm) dBm
(=] B dBmV
[wn] C dBuV

@ D voltage
The keys for these functions are located in the COUPLED FUNCTION group.

EXTEND REFERENCE LEVEL RANGE

Normally the reference level can be set from —89.9 dBm to + 30.0 dBm in coupled operation. The limits of the
range can be extended to a maximum of — 139.9 dBm and +60.0 dBm.

A |

Press [swr] [wm].

The lower limit of reference level depends on resolution bandwidth, scale, and attenuation.

Minimum reference fevel

Scal Resolution with extended reference jevel

cale Bandwidth

16 4B attenuation O dB attenuation

log =1 kHz —-129.9dBm ~139.9 dBm

log =3 kHz ~109.9 dBm ~119.9 dBm
linear <1 kHz - 109.9 dBm —119 9 dBm
linear =3 kHz - 89.9 dBm ~99 G dBm

When the reference level is set at a minimum, the level may change if either scale or resolution bandwidth is
changed. The extended range is disabled with instrument preset,
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COUNTER RESOLUTION

When (8] is activated, the frequency of the signal marked by the active marker is counted. For more details, see
MARKER (4] , Chapter 6. In this mode, the resolution of the count is the same as the center frequency readout.
To increase the resolution, =

press [sn] (DATA keyboard entry)
For spans =2 MHz, the data entry sets the least frequency digit to be counted. For example:

DATA entry Readout for 100 MH:z
100 kHz 100.0 MHz

10 kHz 100.00 MHz

1kHz 100.000 MHz

160 Mz 100.0000 MHz

10 Hz 100.00000 MHz

1Hz 10G.000000 MHz

Counter resolution can be set between 1 Hz and 100 kHz. The resolution of the counter frequency will remain
fixed until changed with a counter resolution data entry or until %% is used. The counter resolution cannot be
stored with [ s ] .

Values entered other than decade numbers, such as 25 Hz and 326 kHz, will be rounded to the next legal value.
For example, a counter resolution data entry of 25 Hz will be entered as 10 Hz, and 326 kHz will become 100 kHz
resolution.

MARKER SWEEPS

When a marker is displayed, the sweep can be made to stop at the active marker and to continue from the active

marker. The front panel continuous sweep function is suspended, but the sweep frigger and data conditions must
stili be met. See Chapter 9, SWEEP AND TRIGGER.

Stop Sweep at Marker, TALK after Marker

To stop the sweep at the marker,

press MARKER [wws) and

press (| q.

A marker must be activated to enter this sweep function.

Each time a sweep is triggered, it stops at the marker, even if the marker has been moved. A marker being moved
when the sweep passes may not stop the sweep.

To disable the stop sweep at marker functions,

press MARKER or [win] .

In remote operation, the analyzer will not TALK until the trace sweep stops at the marker. TALK is suspended by
keeping the HP-IB Data-Valid line not true until the marker is placed.

Continue Sweep from Marker

To start the sweep at the active marker, it is first necessary to activate the stop-sweep-at-marker function above.
Then
oress |t

Each time { s ] tis pressed, the sweep will start at the active marker, continue through a fulf sweep back to the
same marker, and stop.
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GRATICULE AND ANNOTATION ON/OFF

The graticule and character readouts can be selectively blanked with key functions. This is valuable when alternative

graphics are drawn on the CRT through the HP-IB.

Graticule
Biank: press m
. On: ress [ 1
Annotation P

Blank: press [» ] o
On: press [s ] p

Display with annotation {characters} and graticule
blanked.

Display blanking does not affect HP-IB input/output of instrument function values or trace information.

CHT BEAM ON/OFE

The CRT beam power supply can be turned off to avoid unnecessary wear on the CRT if the analyzer is operated

unattended. Reducing intensity or blanking the trace does not reduce wear.

Beam off: press [»n] g
Beamon: press [ h
CRT beam power does not affect HP-IB input/output of instrument function values or trace information.

DISPLAY CORRECTION DATA AND SPECIAL MESSAGES

The correction data generated from the error correction routine can be displayed.

Display correction data: press [~ | w {lower case)
Do not display correction data: press [y

The readout is detailed in this chapter under ERROR CORRECTION ROUTINE.

The instrument operating special messages can be displayed by disrupting the analyzer’s operation.
Display warning messages: press s | v (by inhibiting phase lock fiag)

S

H : . 10sTR |
Do not display special messages: press s
h,’? REF .0 dBm ATTEN 18 4B
=83 HB
10 4B/ | .26 J =14 [Hx
.58 —12 [Hx
ey ~12 [He
. Ak o -3 iz
L AL 30y
-l 31§ F=
.68 d ASQ (Hx
54 3.789 &Hz
L&l i L1l 2
3 dE ~15 {509 WHz
.42 di %5, GOC nhiyg
- 57
28 df

e e
© Dllzn
L la 3
-
-.e2
~. 14
T.u_ﬁ
START @ Hz STOR 1500 M-z
RES 8W 3 Mz VBM 1 M- SHP 28 meec

BOTH CORRECTION DATA AND SPECIAL MESSAGES DISPLAYED
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TITLE

The user can write a message in the top CRT display line. When the title is activated, the front panel blue
characters, number keyboard numbers, decimal, backspace, and space can be typed onto the top line starting at
the left of the display. The full width of the display can be used; however, marker readout may interfere with the
last 16 characters of the title.

Activate title:
Enter text

To end a title:

A title will remain on the display uniil the title function is activated again, [#&n] is pressed, or an instrument state is

recalled with .

() E (shift light on)

[ JKEY FUNCTIONS

abedefghijklmnopgrstuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ

JHE& = () ><
0123456789, [space]

press (shift light off}

HSTR |

To erase a title without changing the instrurment state, end the title function if still active, then

A+ B—A

A + B~ A enables the restoration of the original trace A after a {»s-+ has been activated. A + B —A is executed

press |se | c.

—

When executed, [+ is turned off and the amplitude in trace B is added to the amplitude in trace A (in display

units). The result is then written into trace A.

Additional A + B~ A executions will each add another trace B response to the cumulative trace A.

TRACE DETECTION MODES

One of four detection techniques can be selected for displaying frace information.

Mode Access Use
normal ) or [ a Most measurements
Noise Level measurements
. Zero frequency span waveforms for sweep times
sample wir | @

2 20 msec
Video averaging

positive peak

negative peak

Diagnostic aids for servicing
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Positive
. Pagk
Detection

Negative Track AD CRT
VIDEO >—®—\> Peak () s and Converter Memary Display

Signal Detection Hold

ki

Sample

During a sweep, cnly a specified amount of time is available for writing data into each of the 1001 trace memory
addresses. In two of these time periods, the positive and negative peak detectors obtain the maximum and
minimum IF signal excursions, respectively, and store these values in alfernate trace memory addresses. This
technique alfows a graphic presentation of noise on the CRT display.

Mormal Mode

In normal mode, a detection algorithm selectively chooses between the positive and negative peak values to be
displayed. The choice is made dependent upon the type of VIDEO signal present.

Data from the positive peak detector (signal maximums) will always be displayed in the odd addresses frace
memoties (1, 3, ...1001}. If, within the time period following the storage of a value in an odd address memory,
there is no change in VIDEQ signal level, the positive peak detector value will also be stored in the even address. In
other words, the even addressed memory will also contain positive peak detection data if the signal during that
time period is monotonic. Negative peak detector data (VIDEO signal minimurn) will be stored in the even
addressed trace memory if the signal has a point of inflection during the time period.

‘Normal mode is selected with instrument preset.
Sample Mode
In the sample mode, the instantaneous signal value of the final analog-to-digital conversion for the time period is
placed in memory. (As sweep fime increases, many analog-to-digital conversions occur in each time period, but
only the final, single value can be stored.)
Sample mode is selected automatically for video averaging and noise level.

Positive and Negative Peak Modes

Positive and negative peak modes store signal maximums and minimums, respectively, in all trace memories.
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(o] %1
Readout

Here, the same signal response is displayed with each trace detection mode.

i REF_.B dBm ATTEN 1@ o8 hp PEE_.0 dbm ATTEN 18 oB
19 dRs 18 43/
SAMPLE
A o
[
i
ff \
START 32 Mrix STOE 232 MHz START 32 MHz STOF 232 Mz
RES BW 3 M2 VBW 1 MHz SWFP 30 mesc RiEs 8w 3 MHz VBW 1 MMy SWFP 30 meac
NORMAL SAMPLE
-‘TP REF .D dBm ATTEN 192 &B hP REF .& dBm ATTEN 18 dB
ia 4B/ 16 dBs
POS PR NEG P
i
| i
1
R 1
e L e
START 322 MHzx STOP 232 My START 32 MHz . STOP 2328 Mz
FES BW 3 MH2 VBW 1 Mz SWP 30 meac RES BwW 3 M-z VEBW 1 My TP 3D meece
POSITIVE PEAK NEGATIVE PEAK
TRACE C

A third trace memory is available for the storage and display of trace information. Only the storage modes {view

and blank) can be used.

View C: j
Blank C:  [sn) k

These are anaiogous to the TRACE A and B modes discussed in Chapter 5.

Trace C cannot be written into directly from the analyzer except when video averaging is used.

Trace informaf(ion from B can be transferreld 1o C. To transfer from TRACE B 1o TRACE C, use
B-=C: =3
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(=] KEY FUNCTIONS
The sweep will be suspended, the trace in memory B will be read and written into trace C from left to right in about
20 msec. Trace C is viewed. Sweeping will then resume from where it was suspended. The trace information in B

is not changed.

To exchange traces B and C,
B = C: i swiry i

The trace information in B and C is interchanged point for point from left to right in about 20 msec. If trace B was

not displayed, it remains undisplayed. If trace C was not displayed, it remains undisplayed.

To store TRACE A into frace C, the trace A data must first be transferred into trace B:

press s 1 | {which also erases last trace C)
orpress (s3] (o) i fwhich also saves last trace C in B)

Example
Comparisons of up to three different signal traces can be made simultaneously using traces A, B, and C. In this
example, the modulation level of a signal will be changed for each trace. To start, clear the display with (=] A,

ATTEN 18 4B

REF 13,1 dBm

(] B, and [k,
fip
1Q 4B/ [‘
i

The signal with the desired level of modulation will be

stored in frace C:
. |
Nl
|

Press [se] B and allow one sweep.
o

Race SN

\ i

ISR B R

AT TR
1 o
| T

Press { | | which writes the trace from B inte C.

- f%k
- ﬁ;‘ﬁ.‘_‘
=

START 143.6432 Mix STOP 143.6932 Mz
RES 8 1 kMx VEBR 1 kkiz SWP 300 meac
X hF REF -13.1 4Bm ATTEN 18 dB
Change the modulation level, allow one sweep, and 1o B A

/
!

L

f i

/

store in B with [« | B.

v

i
BYOP 143.8932 My
SHF 30 meoc

START 143.65432 Mz
RES Bw 1 kHx VW 1 kMz
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h’” RER -13.1 dBm ATTEN 12 ¢
Change the modulation level again and store in A, 1c das

press (i) A, allow one sweep, and press [wv | A,
The three traces are differentiated by intensity,

&t i SRP [ Rt

{.. =1 T Tt

-
START 143.6432 Mz STOF 143.6932 MHz
RES BW 1 b VEW 1 kHz SW? 300 moec

VIDED AVERAGING

Video averaging is a trace display routine that averages frace responses from sweep to sweep without requiring a
narrow video bandwidth. {Averaging with the video bandwidth is discussed in Chapter 8, COUPLED FUNCTION

{ vioko

(%] ). Both video averaging and reducing video bandwidth are primarily used to improve the analyzer's ability to
measure low level signals by smoothing the noise response.

To activate vid(e;o averaging (and sample detection mode},
press [ (%] (DATA keyboard entry)
H

To disable video averaging, press [=w ] [’

CAUTION

Video averaging may result in an uncalibrated amplitude display when

frequency span
Resolution Bandwidth > 1000

Readout in the active function display is “VID AVG 100 The number represents the maximum number of
samples (or sweeps} for complete averaging. The DATA entry can be used to change the maximum sample
number in integers from 0 to 32767. A unity sample limit allows direct writing of analyzer response into Trace C
(see Trace C below}. A 100 sample limit is selected upon instrument preset. The higher the sample limit, the more

smoothing possivle. Averaging with high sample limits can provide more smoothing than the 1 Hz video band-
width,

During video averaging, the current sample being taken is read out at the left of the display.

The advantage of video averaging over narrowing the video filter is the ability of the user to see changes made to
the amplitude or frequency scaling of the display while smoothing the noise response. For example, when a 100
Hz video bandwidth is used with a 200 kHz frequency span, the sweep time is 2 seconds. With this sweep time
almost a full sweep has to pass before any center frequency change can be seen on the trace. If video averaging is
used instead of the narrow video bandwidth, any change to center frequency will be seen immediately, even
though full averaging will take roughly 6 seconds. (Any change to control settings such as CENTER FRE-
QUENCY, FREQUENCY SPAN, etc., will cause the video averaging process to be restarted.)
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Example
To display very low level signal responses, very narrow resolution and video bandwidths are required. The accom-

panying increase in sweep time can make measurements cumbersome. Video averaging allows the display of low
level signals without the long sweep fime.

hy RES =131 dBn  ATTEN 19 o8

Viewing a low level signal with a video bandwidth of 1 war ||| T
Hz requires a 150 second sweep.
VIDED B
I HpE
——3
L i
START 143.56432 Mz STOP 143.6832 Mz
RES BW 1 hhx VBW 1 Hz SWP 150 sa
. . X hﬂ RE.F_ lz‘:I dBm ATTEN 10 oB
Disable the narrow resclution and video filters by 1o aBr
pressing the (2o key (abO\ée (%21 and start video savpe [
averaging by pressing ooy [ - -
108
Now the low leve!l signals begin to show gquickly.
Changes to the frequency range or amplitude scale vie avob
will restart the sampling to show the signals quickly, ‘2
without having to wait 150 seconds. In fact, the video
averaging shown took 42 x 300 msec = 12.6 sec,
plus the internal computation time, 42 x 100 msec = A 5 -
4.2 sec, for a total of 16.8 sec. A SR L S b ek
START 143.5432 MHz STOE 143.6932 M-z
RES BW 1 &Mz VBW 1 kHgz SHEP 300 msec

Video Averaging Algorithm

The averaging of each amplitude point depends upon the number of samples already taken and last average
ampiitude.

e n—=1  __ 1

Vr;:_n"”“x Y -1 'f"n“yn

where v, latest average amplitude value in display units
n  current sampie number

U 1 last average amplitude in trace memory {TRACE A or B)
v new amplitude entry from analyzer (Trace C)

The new amplitude value, yp,, is weighted more heavily by the last average amplitude Yy _ 1 than the new
amplitude entry, yy,.
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When n equals the limit set (e.g. 100, the preset limit}, the last average amplitude is gradually replaced with new
data. Thus, the average will follow a slowly changing signal response, particularly if the sample limit is small,

Trace C

Video averaging requires the use of trace memory C. When video averaging is activated, the input signal response
is written into trace C, the averaging algorithm is applied to these amplitudes and the results written into TRACE A.
Thus, two traces are displayed: the input signal in C and the averaged signalin A.

Trace C may be blanked without affecting the operation of video averaging.

Press [=r ] k

Trace C may be written info as traces A and B if a video average sample limit of one is selected.

G
Press () () [ 1] (£
If either trace A or B is in a write trace mode, the analyzer response will also be written into trace C.

EAXTERNAL AND VIDED TRIGGER

The front panel { & | and [we ] frigger modes automaticaily keep the display refreshed in zero frequency spans for
sweep times less than 20 msec. To eliminate the auwtomatic refresh feature:

X
For external triggering, press ["‘_E} [[or ]

v
For video triggering, press [ oo |
LOCKING SAVE REGISTERS

After saving instrument states in one or more of the six registers, 1 through 6, the registers can be secured from
being written over and destroyed. The recall function is not affected.

(.
Lock: [ [me]
)
Unlocked: or [

When locked, an attempt to [ ] will write “SAVE LOCKED” on the CRT and no DATA entry can be made.
ERROR CORRECTION ROUTINE

A built-in analyzer routine measures and records the amplitude and frequency error factors due to a number of
parameters, then corrects the display for them. The routine takes about 1%/ minutes to run. When complete,
instrument preset will be called and the correction factors applied.

Connect CAL OUT to SIGNAL INPUT 2.

Execute the routine:  [=] W

Use comrection factors:  [m] X

Do not use cotrection factors:  [wer] Y

Display correction factors: [se] w

If “ADJUST FREQ ZERQ” appears on the CRT, manual calibration adjustment is necessary before the routine can
be successtully run. See GENERAL INFORMATION for the manual calibration procedure.

The correction factors are saved using an internal battery supply for about a 30-day period after line power failure.
If the battery supply should be exhausted, all the values will be set to zero.
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Indicates that the routine has been run and the display

is corrected,

REF .Q dBm

wlx 2z

ATTEM 18 dB

hp
1& dB/

CENTER 144.1 Mx

RES BYW 180 kMyz

SPAN 10,8 MMz

VBW 328 kRx SWit 38 moac

Correction can be turned on or off using [ = ] X and 7 after the routine has been successfully completed.

For more information on accuracy, see the HP 8568B Spectrum Analyzer Data Sheet.

The readout of the correction factors is as follows:

LOG and LIN scale, BW = 100 kHz
2nd local oscillator frequency shift
30 dB gain
20 dBgain
10 dB gain

Line (top to boittom) Parameter Correction Values Displayed
1 LOG and LIN scale, BW <100 kHz Amplitude
2 RESBW = 10Hz Both
3 30 Hz
4 100 Hz Amplitude (dB)
5 300 Hz
6 ikHz and
7 3 kHz
3 10 kHo Frequency {Hz)
9 30 kHz
10 100 kHz
11 300 kHz
i2 1 MHz
13 3 MHz
14
15
16
17

LIN operation only

50 dB step gain errors
40 dB
30dB
20dB
10 dB
0dB
~10dB
-20dB

offset error 2 dB/ LOG
offset error 5 dB/ LOG
offset error 10 dB/ LOG

Ampiitude
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_______ | FUNCTION Index
All the shift functions are listed below. {DATA) indicates the functions that use a number and unit entry.
DISABLE
CODE CODE PAGE gg Eeam off E 99
ORKEY ean on 99
G_ENERAL * Display correction data w 99
DTsplay Aéfiress (DATA) z . Frequency diagnostic on R *
Display Write (DATA) | Graticule blanked m 99
HP-IB service request 3 : Graticule on n 99
HP-IB address (DATA) P ) Title E 100
Power on in last state f 89
Max. mixer input level , 96 TRACE
A+B—A ¢ 100
FREQUENCY AND AMPELITUDE Detecfion Modes:
Amplitude offset zZ 95 normal a 100
Amplitude units selection positive peak b 100
dBm A 97 negative peak d 100
dBmV B 97 Sample e 100
dBuvV C 97 Trace C
voltage D 97 blank C k 102
Extended reference level I 97 B=( i 103
range (DATA) B—-C ] 102
Frequency offset (DATA) v 95 view C j 102
Input mixer level ; 96 Video averaging on G 104
gegatwe enﬁr% (DA’EA)DAT - 95 Video averaging off H 104
reamp gain, [nput I { Al < 97
Preamp gain, Input 2 (DATA)] > g7 TB%EGGER, ZERO SPAN, SWEEPS};@O msec
= without 25 msec trigger X L™ 106
?ARKER | os {we | without 25 msec trigger v v} 106
ounter resolution s = :
Continue sweep from t MARKER 98 INSTRUMENT STATE
marker ED Save Registers locked ( 106
Enter A = Span O 57 Save Registers unlocked } 106
Noise Level on M 63
Noise Level off L. 63 ERROR CORRECT!ON
Stop single sweep at marker, u  MARKER 98 Execute Routine W 106
TALK after marker [_;:;j Use data (dlsplay COITeCth) X 106
— Do not use data {display Y 106
DISPLAY not corrected)
Annotation blanked o 99 Dispiay correction data w 106
Annotation on D 59 on CRT
DIAGNOSTIC AIDS
To aid in servicing the spectrum analyzer, there are a are listed here. Their operation and use are covered in
number of diagnostic shift functions. These functions the HP 8568B Service Manual.
CODE CODE CODE
Count pilat [F at marker - K Inhibit phase lock flags v Second LO auto S
Count signal IF at marker QQ  Disable step gain q  Second LO shift down T
Count VTO at marker N  Manual DACS control J  Second LO shift up U
Frequency diagnostic on R Scan time measure r

" See Section 1] of this manual.
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USER DEFINED KEYS ENTERING A COMMAND STRING

Chapter 12

Us EFINE

KEYS

GENERAL DESCRIPTION

This chapter describes the procedure for defining a numeric key(s) to allow the storage and execution of command

strings. The procedure for remote storage and execution of command strings is contained in Section Il of this
mantal,

ENTERING A COMMAND STRING

The title mode must be activated to enter a command string. When the title mode is activated, the front panel blue

characters, numeric keys, decimal, backspace, and space can be entered onto the top line starting at the upper left
cormer of the display. The full width of the display can be used (58 characters total}.

Activate title: (] £ {shift light on)
Enter command string: CF20MZSP2ZMZSTEOMS (up to 58 characters)
o e
center frequency = 20 MHz scan time = .50 msec
frequency span = 2 MHz
To end a command string: (soman}  (shift light off}
KEY DEFINITION

After a command string is entered into the title block, it is stored under a defined numeric key(s}:

Press: 3 {shift light on}
Select any numeric key(s}) -
(0 — 999): 10 (shift light off)
Terminate by pressing: ’L’.‘J}
‘\_T:..'..E
NOTE

The ,::"I key must be pressed to terminate the key definition procedure. If it is not, the
command string will not be stored under the numeric key(s).
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USER DEFINED KEYS

EXECUTING ASOFT KEY
EXECUTING A SOFT KEY
After a command string is stored under a numeric key(s}, it can be executed.
Press: (o] (shift light on)
Enter defined numeric
key(s): 10 (shift light off)
Terminate by pressing: ;Ef‘ ;
NOTE

=2l
The | 2, | key must be pressed to terminate this execution procedure. If it is not, the

command string will not be executed.
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PLOTTEROUTPUT EXECUTING PLOTTER OUTPUT

Chapter 13
PLOTTER OUTPUT
GENERAL DESCRIPTION

This chapter describes the procedure for executing the PLOTTER OUTPUT function, and provides information
for preventing problems that may arise while atternpting to execute if. '

EXECUTING PLOTTER OUTPUT

Connect an HP plotter via HP-IB to the spectrum analyzer:

CoEEG Qoo nd
coom@ 0O G5

Set the HP-IB address on the plotter to address 5:

ADDRESS

If the address switch on the plotter cannot be located, refer to the plotter’s operation manual.
LOWER
LEFT

Press the lower left recorder key to execute the PLOTTER QUTPUT function.

The function plots everything that is displayed on the CRT. If desired, traces A, B, and C, the annotation and the
graticule can be individually blanked from the CRT using front-pane! functions (refer to Chapters 5 and 11).
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PLOTTER PENS PLOTTER OUTRUT

You can also blank the HP logo from the display To do this from a computer, execute;

OUTPUT 718; “DA 3174, DW 38;3R8;”

Or, to execute it from the front panel, press:

LOWER
LEFT ; "
ca . v
sHiIFT | ‘Heae

LIPPER

RIGHT [ "
() (&) (&) (o) (&)

PLOTTER PENS

Traces A, B, and C, and the annotation and graticule are individually plotted with four different pens, provided
there are four pen locations in the plotter. Pens 1, 2, and 4 plot traces A, B, and C, respectively, and pen 3 plots
the annotation and graticule. For a two-pen plotter, pens 1 and 2 take the place of pens 3 and 4, respectively.

NOTE

There are certain types of equipment that prevent the PLOTTER OUTPUT function
from being executed correctly. They are discussed in the next two sections.

CONTROLLER

The analyzer should not be connected via HP-IB to an active controlier while attempting to execute the PLOTTER
OUTPUT function from the front panel. This is because the analyzer will abort any attempts to execute the
function from the front panel when an active controller is on the bus.

PLOTTER

The 7245A/B, 72404, 9872C, and 7550 Graphics Plotters work readily for executing the PLOTTER OQUTPUT
function. However, the HP 7570A, 7585, 7470A, and 7475A plotters require special operating instructions. The
HP 7570 and 7585 plotters work only in EMULATE MODE. For more information on EMULATE MODE, refer to
the plotter’s operating manual. On the HP 7470A plotter, set the US/A4 rocker switch to the US position. For the
HP 7475 plotter, the US/MET and A4/A3 rocker switches must be set to the US and A4 positions.
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Section Il
Programming

FUNCTIONAL INDEX
PROGRAMMING COMMANDS
PROGRAMMING NOTES







This section describes remote operation of the spectrum analyzer.
The Functional Index contains all the remote commands arranged by functions.
The Programming Command section describes operation of the commands, which are listed in alphabetical order.
The appendices at the end of this section contain useful information:
Appendix A describes the contents of the spectrum analyzer display memory.
Appendix B contains programming techniques for custom graphics.
Appendix C lists the learn string contents.
Appendix D describes the service request commands and their use.
Appendix E describes some differences of operation between the HP 8568A and HP 8568B.

Appendix F lists new HP 85688 commands and original HP 8568A commands that function identically.
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REMOTE OPERATION OVERVIEW

The standard HP 85688 Spectrum Analyzer with an HP-IB controlier allows:
Remote operation of the analyzer front panel functions, including the shift key functions.

Output of any analyzer function value or frace amplitude. See individual commands, including OL. See
Appendix C.

Input of special CRT display labels and graphics. See TRGRPH, LB, GR, TEXT, KSE, and DSPLY com-
mands,

Interrupt of controller soft key functions. See KEYDEFE, KEYEXC, FUNCDEF, IF, KSC, and REPEAT com-
mands.

Creation of custom language using flow-of-control commands. See FUNCDEF IF and REPEAT commands.

Creation of user-defined variables. See VARDEF command.

Change Front Panel Functions

To set the center frequency to 258.7 MHz and the span to 10 MHz:

OUTFUT 7 183"IF; CF 258.7MZ;

controélerTALK-j_ I .
select HP-IB
analyzer address

instrument preset

{ i
1'!'!

1OMZ5 "

activale center freqguency
optional spaces inserted for ciarity*
set center frequency value
activate frequency span
set frequency span value

[ i
10.p Mok / \
[
[\
[ 1\
J 1\
A

RES BW 100 Mz VEW 30 WHx SHP 20 musc
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Qutput Value or Amplitude

To return the center frequency to the controlier as variable F first activate center frequency.

1‘7{) FEF .0 <8m ATTEN 1@ a4 T
18 o/ l

TENITEE A

2587 MHz \

i b

CENTER 258.7 MHz SPAN 10,9 Mz
RES BW 108 kM2 VBN 38 iHz SWP 29 meos

Then enable the output of the active parameter.

OQUTRUT 7183 "CF7y "

Cutput Active Parameter I

ENTER 718:F
controller LISTEN mmmmmmed "I'
select HP-18
analyzer address
store frequency (Hz) inF

Input CRT Labels and Graphics

OUTFUT 718 "DTEEMy PP ESO,QESLHCEntE? frequency® CF3°

defines label terminator -1 T
clears trace C memory T
Pen up

Pict absolute vector to:

X position

i s

required delimiter

v position
The following ASCH characters are a label
Text

Label terminator
Reactivates center fraguency
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REF .8 dBm ATTEN 18 dB

fipr v
10 ens

CEMTER i&
25817 Mpz

CENTER 58,7 MHz SPAN 10,0 MAax
RES BW 100 nHz VBW 30 hiHx TP 20 meszc

HP.IB Controlier

Any HP-IB compatible controller can be used to operate the HP 8568B. The overall system measurement speed
and capability depends, to a large extent, on the computing, storage, and interrupt capabilities of the controller.

The HP Series 200 Desktop Computers, HP Models 16, 26, and 36, are the computing controfiers used in this
manual.

Addressing the Spectrum Analyzer

Communications between instruments on the HP-IB require that addresses be assigned to each instrument, The
analyzer address appears on the CRT display when the LINE power is turned from STANDBY to ON.

“’F REF .8 dBim ATTEN 18 4B

10 aBs

START @ Hz BTOP 1580 M-z
RES BW 3 Mer VEW 1 Mz SHP 20 meow

Fe ‘; ;‘ 1

“HP-iB .ADI\"-L‘S:Ji 2 R, ;*‘EB“'l
| LISTEN m——— =T . N
: TALK : : read {TALK)/write (LISTEN) ;
i H
L W devicecode i

Address Readout
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Two formats are available for addressing an HP-IB instrument or device. One command format uses separate
addresses for TALKING (“R”) and LISTEN {“2"). The other uses only a device code (“187) to designate the
recipient of the command.

In all examples, the preset addresses of the HP computing controller is HP-IB SELECT CODE 7"

QUTEUT 7 1d; analyzer command

T T 85688 device code, LISTEN
HP-1B 10 Select code

CONTROLLER TALK

ENTER 7 1835 controller variable

T T 8568R device code, TALK
. HP-IB 11O Select code

CONTROLLER LISTEN

The read/write address of the HP 85688 can be changed from the front panel or via HP-IB by using the shift
function P

P "
Pressing ‘sets the address to 18.
P "
To set the address to 8, press .

From the controller, the address can be set via HP-1B:

OUTFUT 7185 "kKSF &

codefosm___j_ _i' ‘
address terminator

As long as the analyzer internal battery has power, the analyzer address remains unchanged. (Battery lasts one
year.)

In addition to these features, an internal switch can be set which changes the default address at Power Up.

Call your nearest HP service office for more information.
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Remote/Local Operation

If the controller has addressed the analyzer to TALK or LISTEN, the ADRS'D light will be on. When the analyzer is
addressed with an HP-IB device command, the analyzer will go to remote, and the REM light will also go on.

Remote operation generally prevents front panel control of the analyzer except by those functions that are not
programmable: LINE power, calibration and display adjustments, and video trigger vernier.

Return to front panel, or local, control by pressing , or by executing a local device command from the controller
such as

LOCAL 718,

CAUTION

An HP-IB transmission may be disrupted if the analyzer LINE power is cycled. An
analyzer should be connected to an operating HP-IB only with POWER ON.

Similar HP-IB disruption may result from pressing when the HP-IB is active. Thus,
a local lockout is recommended during HP 8568B automatic operation.

Shift Function Codes

Programming a shift function requires a code sequence similar to the manual procedure for activating a shift
function; that is, press , then press the key with the function’s code (the front panel blue character).

For example, to select the video averaging shift function, blue code G, execute

CRITEUT 718y "KS06G;
HP-18 Data Command --——-—-:__—

activates snift

activates video averaging

About half of the shift key function codes require ASCII lower case letters or symbols.
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Data Entry Via HP-IB

A data entry through the HP-IB must meet the same requirements as a front panel DATA entry. It must have a
number (value) and a message that terminates the entry, signaling the analyzer to assign the function value.

The number code within the quote field must be a string of (ASCII} decimal numbers plus an optional decimal
point. It may be preceded by a minus or plus sign. If the decimal is not included in the entry, a decimal point is
assumed to be at the end of the number. Either fixed or floating point notation may be used to make number
entries. For example, the entries “12.3E6", “12.3e6”, and “12300000” each enter the same number. Exercise
caution when using the “E” exponent format, since several marker command mnemonics also begin with E.

The number of significant digits accepted and stored by the analyzer is dependent upon which function is active.
For example, an entry of 10 significant digits for center frequency can be stored in the analyzer’s center frequency

register.

i no number is entered, a “1” is assumed.

Terminating the Data Entry

The units code is the most common data entry terminator. It sets the value units and enters the function value.

Unit Codes
Frequency Code Power Code Voltage Code Time Code
Hz HZ dBm DM mV MV sec SC
kHz KZ — dBm - DM Y UV msec Ms
MH:z MZ dB DB psec Us
GHz GZ

Some ASCII codes also can be used to terminate a data entry.

ASCH Codes Which Terminate a Numeric Data Entry

Decimal Equivalent

Symbol MName (ASCI)
, comma 44
CR carriage refurn 13
LF line feed 10
; semi-colon 59
ETX end of text 3
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These non-unit code terminators originate in the controller’s language.

A terminated entry without a units code defaults to the fundamental units for the function activated. The default
units of power depend upon the amplitude readout units selected.

Default Units

Frequency Hz

Power dBm, dBmV, dBuV, or dB
Voltage volts

Time seconds

Front-Panel Data Entry During Remote Control

Data may also be entered from the front panel when the analyzer is in remote conirol. This is done by following the
analyzer command with the secondary keyword, EP. The syntax diagrams show which comands can be followed
by EP. EP pauses program operation until data is entered from the front panel and terminated with one of the units
keys listed in the Units Code table. Program operation then resumes. EP is especially useful when it is part of a
programming routine that is stored in a soft key.

Custom Soft key Functions

The spectrum analyzer has soft keys that can be loaded into up to 16K byies of memory, with or without a
controller. These soft keys remain in nonvolatife memory for the lfe of the internal battery, which lasts for one year.

The functions of the soft keys are defined with the KEYDEF command. The original contents of a soft key are
erased when the key is defined a second time with the KEYDEF command, or when the DISPOSE cormmand is
executed.

The soft keys can be executed four ways. To execute a soft key remotely, execute the KEYEXC command, or
define the soft key as part of a user-defined function. Then, whenever the function name is encountered, the soft
key is executed. (See FUNCDEF command.) Soft keys can also be nested inside another soft key. Thus, executing
one key actuaily can cause the execution of several keys.

To manually execute a soft key from the front panel, press , the key number, and then press :
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FUNCTIONAL INDEX

FREGUERNCY CONTROL

CF Specifies center frequency

cs Couples step size
*FA Specifies start frequency
*FB Specifies stop frequency

FOFFSET  Specifies frequency offset

F$ Specifies full frequency span as defined by instrument
K8V Specifies frequency offset

KS= Specifies resolution of freguency counter
MKFCR Specifies resolution of frequency counter
Sk Specifies frequency span

88 Specifies center frequency step size

INSTRUMENT STATE CONTROL

1P
KS(

KS)

RC
RCLS
SAVES
SV
USTATE

Sets instrument parameters to preset values

F.ocks save registers

Unlocks save registers

Recalls previously saved state

Recalis previously saved state

Saves current state of the analyzer in the specified register
Saves current state of analyzer in specified register
Configures or returns configuration of user-defined states:
ONEOS, ONSWP, TRMATH, VARDEFE, FUNCDEF,
TRDEF

AMPLITUDE CONTROGL

AT Specifies input attenuation
AUNITS Specifies amplitude units for input, output and display
*CA Couples inpuf attenuation
E4 Moves active marker (o reference level
*KSA Selects dBm as amplitude units
KSB Selects dBmV as amplitude units
KSC Selects dBuV as amplitude units
KSD Selects voltage as amplitude units
KSi Extends reference level range
KSw Performs amplitude error correction routine
KSX Incorporates correction data in amplitude readouts
KSY Does not incorporate correction data in amplitude readouts
KsZ Specifies reference level offset
KSq Decouples IF gain and input attenuation
KSw Displays correction data
KS, Sers mixer level
LG Selects log scale
LN Selects linear scale
MKRL Moves active marker to reference level
ML Specifies mixer level
RL Specifies reference level
ROFFSET  Specifies reference level offset
BANDWIDTH CONTROL
*CR Couples resolution bandwidth
*CV Coupiles video bandwidth
RE Specifies resofution bandwidth
VB Specifies video bandwidth
vao Specifies coupling ratio of video bandwidth and resolution

pandwidth

*Selected with instrument preset {(1P)
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SWEEP AND TRIGGER CONTROL

*CONTS Selects continuous sweep mode
*CT Couples sweep time
KSF Measures sweep tine
KSt Continues sweep from marker
KSu Stops sweep at active marker
K&x Sets external trigger (eliminates auto-refresh)
KSy Sets video trigger (eliminates auto-refresh)
ST Specifies sweep time
SNGLS Selects single sweep mode
*S1 Selects continuous sweep mode
82 Sefects singie sweep mode
TM Selects trigger mode: free run, video, line, external
TS Takes a sweep
*T1 Sets trigger mode to free run
T2 Sets trigger mode to line
T3 Sets trigger mode to external
T4 Sets trigger mode to video
MARKER CONTROL
E1 Moves active marker to maximum signal detected
E2 Moves marker freguency into center frequency
E3 Moves marker or delta frequency into step size
E4 Moves active marker to reference level
KSL Turns off average noise level marker
KSM Returns average value at marker, normalized to { Hz band-
width
KSO Moves marker delta frequency into span
KSt Continues sweep from marker
KSu Stops sweep at active marker
KS= Specifies resolution of marker frequency counter
K$§{92} Enters DL, TH, M2, M3 in display units
MA Returns marker amplitude
*MC@ Turns off marker frequency count
MClL Turns on marker frequency count
MF Returns marker frequency
MKA Specifies amplitude of active marker
MEKACT Specifies active marker: 1,2, 3, 0r4
MKCF Enters rmarker frequency into center frequency
MKCONT  Continues sweep from marker
MKD Moves delta marker to specified frequency
MKF Specifies frequency of active marker
MKFC Counts marker frequency for greater resolution (See
MKFCR}
MKFCR Specifies resolution of marker frequency counter
MKMIN Moves active marker to minimum signat detected
MKN Maves active marker to specified frequency or center screen
MEKNOISE  Returns average vatue at marker, normalized to | Hz band-
width
MKOFF Turns all markers, or the active marker off
MKP Specifies marker position horizontally, in display units
MKPAUSE Pauses sweep at marker for duration of specified delay time
(in seconds)
MKPK Moves active marker to maximum signal detected, or to
adjacent signal peaks
*MKPX Specifies minimum excursion for peak identification. Preset
value is 6 dB
MKBREAD  Specifies marker readout mode
MKRL Moves active marker to reference level
- MKSP Moves marker delta frequency into span
MKSS Moves marker frequency to center frequency step size
MKSTOP  Stops sweep at active marker

*Selected with instrument preset {(§P)
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MKTRACE

Moves active marker to corresponding position on another
specified trace

MKTRACK Turns marker signal track on or off
MKTYPE Sets marker type
*MTH Turns off marker signal track
MT1 Turns on marker signal track
*M1 Turns off active marker
M2 ‘Turns on active marker and moves it to center screen
i3 Turns on delta marker
M4 Turns on marker zoom
COUPLING CONTROL
*CA Couples input attenuation
*CR Couples resolution bandwidth
*CS Couples step size
*CT Couples sweep time
*CV Couples video bandwidth
*YBO Specifies coupling ratio of video bandwidth and resolution

bandwidth

RE INPUT CONTROL

I Enables left RF input

*12 Enables right RF input

BISPLAY CONTROL

*ANNOT Turns annotation on or off. Preset condition is on.
AUNITS Specifies amplitude units for input, output, and display
DL Specifies display line level in dBm
DLE Turns display line on and off

*GRAT Turns graticule on or off. Preset condition is on.
KSg Turns off CRT beam

*KSh Turns on CRT beam
KSm Turns off graticule

*KSn Turns on graticule
KSo Turns off annotation

*KSp Turns on anpotation

*LG Selects log scale
LN Selects linear scale

L@ Turns off display line
TH Specifies display threshold value
THE Turns threshold on or off

“T6 Turns off threshold
TRGRPH  Dimensions and graphs a trace

READING AND WRITING

DISPLAY MEMORY

Specifies display address

Writes to display {binary) and advances address by 1.
Reads display and advances address by 1

Displays the value of a variable on the analyzer screen
Defines a character for iabel termination

Writes to display and advances address by 1

Sets display to normal size

Sets display to fuli CRT size

Sets display 10 expanded size

Erases trace C memory

*Selected with instrument preset ([P}
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GR
*HD

8
KSE
KSi39}
K${125}
K${127}
LB

oP

Graphs specified v values on CRT

Holds or disables data entry and blanks active function CRT
readout

Inputs trace B in binary units

Sets title mode

Writes to display memory in fast binary

Writes to display memory in binary

Prepares analyzer to accept binary display write commands
Writes specified characters on CRT

Returns lower left and upper right vertices of display win-
dow

Draws vectors to specified x and v positions

Turns on beam to view vector

Draws vector from iast absoluie position

Skips to next dispiay page

Turns off beam, blanking vector

Skips to next control instruction

Writes text string to screen at current pen location

TRACE PROCESSING

KSG
*KSH

KSc

KSi

KSi

TRMATH

VAVG

Clear-writes trace A

Max holds trace A

Stores and views {race A

Stores and blanks trace A

Clear-writes trace B

Max holds trace B

Stores and views trace B

Stores and blanks frace B

Stores and blanks specified trace register
Clear-writes specified trace register
Stores and views trace C

Stores and blanks trace C

Writes to display memory in fast binary
Reads display in binary units

Writes to display memory in binary units
Qutputs every nth value of trace

Moves source (o the destination

Max holds the specified trace register
Quitputs trace A

Qutputs trace B

Turas specified trace on or off, but continues taking infor-
mation

Views specified trace register

A Binto A

(A — B}y + DL into A
A + Binto A
Exchanges A and B
B~ DLintoB

B - DLinto B

Binto C

Exchanges Band C

A — Boff

A — Binto A

Exchanges A and B

Turns on video averaging

Turns off video averaging

A+ Binto A

Exchanges Band C

Binto C

Executes trace math or user-operator commands at end of
sweep

Turns video averaging on or off

*Selected wizh instrument prese: (1P
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OTHER TRACE FUNCTIONS

AUNITS Specifies amplitude units for input, output, and display

COMPRESS  Compresses trace source to fit trace destination

CONCAT Concatenates operands and sends new trace to destina-
tion

DET Specifies input detector type

FFT Performs a forward fast fourier transform

*KSa Selects normat detection

KSh Selects position peak detection

KSd Selects negative peak detection

KSe Selects sample detection

MEAN Returns trace mean

ONEOS Executes specified command(s) at end of sweep

CNSWP Executes specified command(s} at start of sweep

PDA Returns probability density of amplitude

PDF Returns probability density of frequency

PEAKS Returns number of peak signals

PWRBW Returns bandwidth of specified percent of total power

RMS Returns RMS value of trace in display units

SMOOTH Smooths trace over specified number of points

STDEV Returns standard deviation of trace ampiitude in display
units

SUM Returns sum of trace element amplitudes in display units

SUMSQR Squares trace element amplitudes and returns their sum

TRDEF Defines user-defined trace name and length

TRGRPH Dimensions and graphs a trace

TRPRST Sets trace operations to preset values

TRSTAT Returns current trace operations

TWNDOW Formats trace information for fast fourier analysis (FFT)

YARIANCE Returns amplitude variance of trace
USER-DEFINED CORMMANDS

*DiSPOSE Frees memory previously allocated by user-defined func-
tions. Instrument preset disposes ONEOS, ONSWE, and
TRMATH functions,
FUNCDEF Assigns specified program to function label

KEYDEF Assigns function label or command list to softkey
number (See FUNCDEF)

KEYEXC Executes specified softkey

MEM Returns amount of allocatable memory available for
user-defined commands

ONEQS Executes specified command(s) at end of sweep

QONSWP Executes specified command(s) at start of sweep

TRDEF Defines user-defined trace

TRMATH Executes specified trace math or user-operator com-
mands at end of sweep

USTATE Configures or returns configuration of user-defined
state: ONEOS, ONSWPF, TRMATH, VARDEF, FUNC-
DEF, TRDEF

*VARDEF Defines variable name and assigns real value to it. Preset

reassigns initial value to variable identifier.

PROGRAM FLOW CONTROL

IF Compares two specified operands. If condition is true, exe-
cutes commands unti} next ELSE or ENDIF statements are
countered

THEN No-operation function

ELSE Delimits alternate condition of IF command

ENDIF Delimits end of IF command

REPEAT Delimits the top of the REPEAT UNTIL looping construct

*Setected with instrument preset (IP)
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UNTIL

Compares two specified operands. If condition is true, com-
mands are executed following this command. If condition is
false operands are executed following the previous REPEAT
command.

MATH FUNCTICNS

ADD
AVG
CONCAT

CTA
CTi

DIy
EXP

LOG

L
MOV
MPY
XM
SQR
suB
XCH

Operand 1 + operand 2 into destination

Operand 1s averaged inte destination

Concatenates two operands and sends new trace to destina-
tion

Caonverts operand values from display units to vertical
measurement units

Converts operand values from vertical measurement
units to display units

Operand |/ operand 2 into destination

Operand is divided by specified scaling factor before being
raised as a power of 10

LOG of operand is taken and multiplied by specified scaling
factor

Minimum between operands is stored in destination
Source is moved to destination

Operand I x operand 2 intc destination

Maximum between operands is stored in destination
Square root of operand is stored in destination

Operand 1 — coperand 2 inte destination

Contents of the two destinations are exchanged

Operations on specific traces (A, B, and C) can be found in the Trace Math sec-

tion.

HIFORMATION AND SERVICE

BIAGHNOSTICS COMMANDS

BRD Reads data word at analyzer's internal input/output bus

BWR Writes data word {0 analyzer’s internal input/ocutput bus

ERR Returns results of processor test

D Returns the HP model number of analyzer used (HP 8566B
or HP 8368B)

KSF Measures sweep time

KSJ Allows manual control of DAC

KSK Counts pilot {F at marker

KSN Counts voltage-controlled oscillator at marker

KSQ Counts signal [F

KSR Turns frequency diagnostics on

*KES Second L.O frequency is determined automaticaily

KST Shifts second LO down

Ksu Shifts second LO up

KS§ Recovers last instrument state at power on

KSq De-couples IF gain and input attenuation

KSr Sets service request 102

KSt Continues sweep from marker

KSu Stops sweep at active marker

KSv Inhibits phase lock

KSw Displays correction data

KS= Specifies resolution of frequency counter

KS> Specifies preamp gain for signal input

KS< Specifies preamp gain for signal input 2

MBRD Reads specified number of bytes starting at specified address
and returns to controller

MBWR Writes specified block data field into analyzer’s memory
starting at specified address

MRD Reads two-byte word starting at specified analyzer memory

address and returns word to controller

*Selected with instrument preset (1P}
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MRDB Reads 8-bit byte contained m specified address and returns
byte to controller
MWR Writes two-byte word to specified analyzer memory address
MWRB Writes one-byte message 1o specified analyzer memory
address
REY Returns analyzer revision number
RQS Returns decimal weighting of status byte bits which are
enabled during service reguest
CUTPUT FORMAT CONTROL
DR Reads display and increments address
DSPLY Displays value of variable on analyzer screen
EE Enables front panel number entry
KsJ Allows manual control of DAC
KSP Sets HP-IB address
KS{91} Returns amplitude error
KS{123} Reads display in binary units
KS{126} Returns every nth value of trace
LL Provides lower left x-v recorder output voltage at rear panel
MA Returns marker amplitude
*MDS Specifies measurement data size to byte or word. Preset con-
dition is word.
MDu Returns values of CRT baseline and reference level
MF Returns marker frequency
CA Returns active function
oL Returns learn string
CT Returns display annotation
Gi Selects output format as integers (ASCII) representing dis-
play units or display memory instruction words
02 Selects output format as two &-bit bytes
*Q3 Selects outpul format as real numbers (ASC1D) in Hz, volts,
dBm, or seconds
Q4 Setects output format as one 8-bit byte
TA Qutputs trace A
TB OQutputs trace B
*TDF Selects trace data output format as O1, 02, 03, 04, A-block
data field, or I-block data field. Preset format is O3.
UR Provides upper right x-y recorder output voltage at rear
panel
SYNCHRONIZATION
DONE Sends message to controiler after preceding commands are
execured
T8 Takes a sweep
SERVICE REQUEST
‘KSr Allows service request 102
RQS Returns decimal weighting of status byte bits which are
enabied during service request
Ri Resets service request 140
R2 Aliows service request 140 and 104
*R3 Allows service request 140 and 110
Réd Allows service request 140 and 102
SRQ Sets service request is operand bits are altowed by RQS

SRQ COMMAND BIT DEFINITION
162 R4 1 units key pressed
62 @ K5{43} i freguency limit exceeded
104 R2 2 end of sweep
1o R} 3 hardware brokep
120 RQS 4 command complets - input
bufler empty
140 all s itlegal command
1xx 6 universal HP-1B service

*Selected with instrument preser (1P)
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PLOTTER QOUTPUT

LL
PLOT

Pix
Ply
P2x
P2y
UR

Provides lower left x-y recorder output voltage at rear panel
Plots CRT Scaling points, P and P2 must be specified and
must be compatible with plotter.

Represents first x-axis scaling point to be specified in PLOT
command -

Represents first y-axis scaling point to be specified in PLOT
command

Represents second x-axis scaling point to be specified in
PLOT command

Represents second y-axis scaling point to be specified in
PLOT command

Provides apper right x-y recorder output voltage at rear
panel

MEMORY INFORMATION

*Ew Erases trace C memory
KSz Sets display storage address
KS| Writes to display storage
MEM Returns amount of allocatable memory available for user-
defined commands, in bytes
TRACKING MESATOR APPLICATION
*KSS Second LO freguency is determined automatically
KST Shifts second LO down (necessary for HP 8444A-039
operation in spans <1 MHz)
KSU Shifts second L.O up
OPFERATOR ENTRY
EE Enables front panel data number entry
EXK Enables DATA knob
EP Enables manual entry into specified command
*HD Holds or disables data entry and blanks active function CRT
readout
KS Shifts front panel keys

*Selected with instrument preset (1P)



PROGRAMMING COMMANDS

All the commands in this section are immediately executed.

Command syniax is represented pictorially. All characters enclosed by a rounded envelope must be entered
exactly as shown.

Words enclosed by a rectangular box are names of items also used in the command statement. These items are
described in the table below, and are also described in the tables below the syntax diagrams for each command.
Statement elements are connected by lines. Each line can be followed in only one direction, as indicated by the
arrow at the end of the line. Any combination of statement elements that can be generated by following the lines in
the proper direction is syntactically correct. An element is optional if there is a path around it. Optional items
usually have default values. The table or text following the diagram specifies the default value that is used when an
optional item is not included in a statement.

In the diagrams, narrow ovals surround command names. Circles and wide ovals surround secondary keywords,
or special numbers and characters.

Command Statement Elements Enclosed in Rectangular Boxes

A-Block Data Field Absolute block data field consisting of #, A, Length, and Command List.

Average Count Integer representing counter value.
Default value is current counter value.

Average Length Integer representing maximum number of sweeps executed for computing aver-
age.

Carriage Return Asserts carriage return. (ASCIl code 13.)

Character Represents text displayed on screen. {(ASCII codes 32 through 126

Command List Alphanumeric character comprising any spectrum analyzer command. {ASCII

characters @ through 25b.)

Data Bytes 8-bit bytes representing command list.

Display Address Integer signifying 1 of 1008 elements (display units} of trace A, B, or C.
Trace A comprises addresses @ through 1023.

Trace B comprises addresses 1024 through 2047.
Trace C comprises addresses 3072 through 4095,

ETX Marks end of text. {ASCll code 3.)
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Function Label
I-Block Data Field
Key Number
Length

Line Feed
Local

Marker Number

Measurement-Variable
Identifier

Number of Points
PiXand P1Y
P2ZX and PZY

Heal

String Delimiter
Terminator

Trace Element

Trace Label

Trace Length

User-Defined
Identifier

18  Programming

User-defined label declared in FUNCDEF statement.
Alpha character of 2 to 12 characters: AA through ZZ and “__" (ASCII character
95). Recommend “__" as second character.

Indefinite block data field consisting of #, |, Command List, and END.

Integer {fJ to 999) representing number of user-defined key declared in KEYDEF
statement.

Two 8-bit bytes specifying length of command list in A-Block Data Field, in 8-bit
bytes. The most significant byte is first: MSB LSB.

Asserts line feed. (ASCIl code 10.)
Returns spectrum analyzer to local control. Controller dependent.
Integer (1, 2, 3, or 4) specifying 1 of 4 markers.

Alpha characters representing instrument identifiers, such as CF or MA.

Integer representing number of points for running average in SMOOTH com-
mand.

Integer representing plotter-dependent values that specify lower-left plotter
dimension.

Integer representing plotter-dependent values that specify upper-right plotter
dirmension.

The range of real numbers is —1.797 693 134 862 315 E+ 308 through
~2.225 (73 858 507 202 E-308, 8, and +2.225 073 858 507 202 E-308
through + 1.797 693 134 862 315E + 308.

8% &/ = @ \ ~ (ASCIl characters 33, 34, 36, 37, 38, 39, 47, 58, 61,
64, 92, 126, respectively}.

Character defined with DT command that marks end of text. (ASCI codes
& - 205), :

Any element {point) of trace A, B, or C, or a user-defined trace.

User-defined label declared in TRDEF statement.
Alpha character of 2 to 12 characters: AA through ZZ and “__" (ASCH character
95}. Recommend “__" as second character.

Integer determining number of elements {display units or points) in user-defined
trace array, declared in TRDEF statement,
Range is 1 to 1008. Defauitis 1001.

User-defined label declared in VARDEF statement.
Alpha character of 2 to 12 characters: AA through ZZ and “__" {ASCII character
95}. Recommend “__" as second character.



Variable identifier

X Peosition

Y Position

User-Defined Identifier declared in VARDEF statement.
Alpha character of 2 to 12 characters: AA through ZZ and “__" (ASCII character
95). Recommend “__" as second character.

oy

Measurement-Variable Identifier

Alpha characters representing instrument identifiers:

AT FB, KS>, MA, RL, VB, CE KS<, ME SP, DA, KSZ, OA, ST, DL, RB, TH,
FA, KSP, LG, KS=

Trace Element

Integer value, in display units, that shifts trace position to right of specified Dis-
play Address. (See TRGRPH.)

Integer value, in display units, that shifts trace position above specified Display
Address. (See TRGRPH.)
Alphanumeric character comprising any spectrum analyzer command.
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Secondary Keywords Enclosed in Circles

ALL all

AMP amplitude

AVG average detection

B 8-bit byte

PR decibel (unit)

DBM absoiute decibe! milliwatt (unit)
DBMV decibel millivokt

DBUV decibel microvolt

DELTA delta

DM absolute decibel milliwatt {unit)

DN decreases the parameter one step size
EP pauses program operation for data entry from front panel
EQ equal

EXT external

FFT fast fourier transform (MKREAD command only)
FIXED fixed

FREE free run

FRQ frequency

GE greater than or equal

GT greater than

GZ gigahertz (unit)

Hi highest

HZ hertz

IST inverse sweep time

KZ kilohertz (unit)

LE less than or equal

LINE line, as in power fine

LT less than

MS millisecond {unit)

MV millivolts {unit)

MZ megahertz {unit)

NE not equal to

NEG negative peak detection

NH next highest

NL next left

NR next right

NEM normal Rosentell detection

OA output active. Returns the value of the associated parameter.
OFF turn function off
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ON
PER
PK-PIT
PK-AVG
POS
PSN
sC
SMP
SWT
TRA
TRB
TRC
up

93Y

Us

VID

turn function on

period

peak-to-peak average detection
peak minus average detection
positive peak detection
posttion

seconds (unit)

sample detection

sweep fime

trace A

trace B

trace C

increases the parameter one step size

microvolts (unit)
microseconds {unit)
volts {unit}

video

2-byte word

returns a query response containing the value or state of the associated parameter
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ADD

Add
A~ DESTINATION —~ ~ QPERAND 1 —~ ~ QPERAND 2 —
5D OO O
trace irace irace
lzbel fabel fabel
., variable variable |_] |l Vvariable
identifier 1 ldentifier identifier |1
Lo BUmeric | led nUmMeric ]
data field data field
ftem Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined AA-ZZ and
label declared in TRDEF statement. 2-12 characters required.
VARIABLE Alpha character. User-defined AA-ZZ and
IDENTIFIER identifier declared in VARDEF 2-12 characters required.
staternent.
or
Alpha character. Measurement-
variable identifier, such as
CF or MA.
Trace element, such as TRA
NUMERIC DATA Real
FIELD

The ADD command adds the operands, point by point, and sends the sum to the destination.
operand 1 + operand 2 — destination

The operands and destination may be different lengths. The trace operands (TRA, TRB, TRC, and trace label)
range from 1 to 1008 elements in length. A variable identifier or numeric data field is 1 element long. When
operands differ in length, the last element of the shorter operand is repeated for the addition process. When the
operands are longer than the destination, they are truncated to fit.
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The following program demeonstrates the ADD command.

10
20
30
40
50
60
70
80
20

OUTPUT 718;“SNGLE;”

OUTPUT 718, “VARDEF COUNT,0: VARDEF SCORE,;”
QUTPUT 718;"FUNCDEF C__LOE""”

OUTPUT 718;“REPEAT T8;”

QUTPUT 718;“ADD COUNT,COUNT, 1;”

OUTPUT 718;“UNTIL COUNT,EQ,3;"""

OUTPUT 718,“REPEAT;”

CUTPUT 718,“C_LOB;"

OUTPUT 718,;“ADD S8CORE,5CORE, 1;”

100 OUTPUT 718;“UNTIL BCORE, EQ,4;”

{Continued) ADE:

The operands and results of trace math are truncated if they are not within certain limits. If operating on traces A,
B, or C, resuits must be within 1023. If operating on user-defined traces, results must be within 32767,
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AMB

A-B—A
(C2)

0

The AMB command subtracts trace B from trace A, point by point, and sends the difference to trace A.

A-B—A
The functions of the command AMB, the command C2, and front panel key are identical.

See C1 and C2. Also refer to Chapter 5 in Section L

OUTPUT 718;“AMB;”
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AMBEPL

A-B +display line —~A
'S

The AMBPL command subtracts trace B from trace A, point by point, adds the display line value to the difference,
and sends the result to frace A, as demonstrated in the program below.

A — B + display line — A

10 QUTPUT 718;“IP;8NGLS;TS;AS3;”
20 OUTPUT 718;“RL -50DM;T3,B3,”
30 QUTPUT718;“DL-70;”

40 OUTPUT 718;“AMBPL;”

50 LOCALT718

860 END
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ANNOT

Annotation

The ANNOT command turns the annotation on or off.

QUTPUT 718;“ANNOT ON,;”

When queried ({?), ANNOT returns the annotation state: on or off. The state is followed by carriage-return/line-
feed (ASCll codes 13, 10). The end-or-identity state (EQI} is asserted with line feed.

(See KSo and KSp.)
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APB

A+B—A
(KSc)

-0

The APB command adds trace A and trace B, point by point, and sends the result to trace A. Thus, APB can
restore the original trace after an A-minus-B function (AMB) is executed.

A+B—A

To successfully add all trace elements, place trace A in VIEW or BLANK display mode before executing APB. The
sample program below has both traces in STORE mode.

1C¢ ASSIGN @SaTO 718

20 OUTPUT @Sa;“IP,”

30 OUTPUT @8a,“CF1LO0MZ;SPEMZ;"”
40 OUTPUT @Ba;"A3;"

50 OUTPUT @8a;"B1,CF100MZ;"

80 OUTPUT @Sa;"B3;”

70 QUTPUT @Ba;" APB;”

80 END
Line 20: Presets the instrument.
Line 30 Sets frace A to 100 MHz center frequency with 2 MHz frequency span.
Line 40: Views trace A. '
Line 50 Selects trace B and sets center frequency to 200 MHz.
Line 60: Views trace B.
Line 70: Combines the amplitude of trace B with trace A and displays this combination as trace A.

c
The functions of the APB and KS¢ commands and the front panel keys are identical .
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AT

Attenuation

199114

The AT command specifies the RF input attenuation from f to 70 dB, in 10 dB steps.

The input attenuator is coupled to the reference level. This coupling keeps the mixer input level at or below a
threshold, when a continuous wave signal is displayed on the spectrum analyzer screen with its peak at the refer-
ence level. Instrument preset (IP) sets the threshoid value to — 10 dBm. (See KS, and ML}

The AT command allows less than the threshold value at the mixer input. Executing CA (couple attenuator) resets
the attenuation value so that a continuous wave signal displayed at the reference level yields —10 dBm (or the
specified threshold value) at the mixer input.

When the attenuation is changed with the AT command, the reference level does not change. Likewise, when the
reference level is changed with the RL. command, the input attenuation changes to maintain a constant signal level

on screern.

The following program lines illustrate proper syntax:

16 OUTPUT 718;“ AT 60,”
20 OUTPUT 718;“AT UR;”

Line 10: Sets attenuation fo 60 dB.
Line 20: Sets aftenuation to 70 dB.

When queried (OA or ?), AT returns the attenuation value as a real number, followed by a carriage-return/line-
feed (ASCII codes 13, 10). The end-or-identify state {EQI) is asserted with line feed.

Refer to Chapter 8 in Section |
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AUNTT

R00e

ﬁw@_,

AUNITS

Amplitude Units

The AUNITS command sets the amplitude readouts (reference level, marker, display lfine, and threshold) to the

specified units, {See KSA, KSB, KSC, and KSD.)
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AV

Average
o DESTINATION -~ = QPERAND —\
AN N average S .
IO C) A O e O e ) e B
*; AR -
trace trace
label | label
variabie vafiabie
identifier | ™ identifier
numersic
ldats field |
ftem Description/Default Range Hestriction
TRACE LABEL Alpha character. User-defined AA-ZZ and __
label declared in TRDEF statement. 2-12 characters required.
VARIABLE Alpha character. User-defined AA-ZZ and ___
IDENTIFIER identifier declared in VARDEF 2-12 characters required.
statement.
Alpha character. Measurement-
variable identifier, such as
CF or MA.
Trace element, such as TRA
NUMERIC DATA Real
FIELD
AVERAGE COUNT Selects counter value. Default is
current counter value.

The AVG command averages the operand and the destination according to the following algorithm.

Average = (average count — 1) - {destination/average count)

3G Programming
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{Continued) AV

The average counter may be set to 1 with the CLAVG command.

10 OUTPUT 718;“SNGLS3;AL;TS;RL; -80;B1;TS;”
20 ForlI=1TO1l00

30 OUTPUT 718;"AVG TRB,TRA,1E1OQ”

40 NEXTI

50 EXD
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AXE

Exchange A and B
(EX)

0

The AXB command exchanges trace A and B, point by point.
The functions of the AXB and EX commands are identical. (Refer to Chapter 5 in Section 1.)

CUTPUT 718;,“AXEB;"

Only trace information in display addresses 1 through 1001 and 1025 through 2025 is exchanged.
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Al

Clear-Write A
0

The Al command enables the clear-write mode, which continously displays any signals present at the spectrum
analyzer input.

QUTPUT 718;“Al1;”

The A1 command initially clears trace A, setting ali trace A elements to a zero amplitude level. The sweep trigger
then signals the start of the sweep, and trace A is continuously updated as the sweep progresses.

- ANALOG DiSPLAY 1o
- MEMORY
BETECTOR DIGITAL [ ADDRESSES [ ngﬁ"{”
CONVERTER | WAITE/| 1-1001 REFRESH

In addition, subsequent sweeps send new amplitude information to display memory addresses 1 through 1001.
A1l also writes instruction word 1040* into address @. Therefore, any information stored in memory address § is
always lost whenever Al is executed.

If you have used address @ for a graphics program  or label, you may wish to save the contents of address @ before

executing Al. For additional information, refer to Appendix A. The functions of the Al command and front panel
key are identical. (See CLRW and B1.}

"

1040 is a2 machine instruction word that causes the analyzer to set address 1 through 1023 to zero, and draw trace A.
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Maximum Hold A

Cre (0

The A2 command updates each trace element with the maximum level detected, while the trace is active and
displayed. The functions of the MXMH and A2 commands, and front panel b”“ key are identical.

HUD

ANALOG DISPLAY To
v IDEO 10 AMPL 1 TUDE MEMORY
DETECTOR [ DIGITAL [ 21 COMPARATOR [ ] ADDRESSES [ o™ D%gEIAY
CONVERTER | WRITE/ 1-1001 | REFRESH
STORE i r
O 50

CLOSED |F RESPONSE
AMPL I TUDE > STORED AMPL ITUDE
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View A

()

The A3 command displays frace A and stops the sweep. Thus, trace A is not updated.

VIDED AN%OG YA 10
- | MEMORY
DETEGTOR Di@|TAL nan ADDRESSES | o= _ CAT
CONVERTER fWAITE/| 1-1001 | AEFRESH DISPLAY
STORE

When A3 is executed, the contents of trace are stored in display memory addresses 1 through 1001. A3 writes
instruction word 1040* into address @. Therefore, any information stored in memory address @ is always lost
whenever A3 is executed.

If you have used address I for a graphics program or label, you may wish to save its contents before executing
A3,

d
For additional information, refer to Appendix A. The functions of the A3 command and front panel key are
identical. {See B3, VIEW, and TRSTAT)

OUTPUT;“AS&;”

w

1040 is a machine instruction word that causes the analyzer to set addresses 1 through 1023 to zero, and draws trace A,
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Ad

Blank A

Cr (5

The A4 command bianks trace A and stops the sweep,; the frace is not updated.

AN#LOG DIESPLAY 10
VIDEG | | 0 MEMORY
DETEGTOR DIGITAL [ °1 ADDRESSES [ ¥ o D[gglA\’
CONVERTER | WRITE/ | 1-1001 NO
STORE REFRESH

When A4 is executed, the contents of trace A are stored in display memory addresses 1 through 1001, A4 writes
instruction word 1072" into address #). Therefore, any information stored in address @ is lost when A4 is executed.

If you have used address @ for a graphics program or label, you may wish to save its contents before executing
A4,

e
For additional information, refer to Appendix A. The functions of the A4 command and front panel key are
identical. (See BLANK, B4, and TRSTAT.)

OUTPUT 718;“A4;”

¥

1072 is a machine instruction word that sets addresses 1 through 1023 fo zero, and then skips to the next page of memory.
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BL

B-Display Line =B
(BML)

a0

The BL command subtracts the display line from trace B and sends the difference to trace B.
B — display line — B

The functions of the BlL. and BML commands, and the front panel key are identical. (Refer to Chapter 7 in
Section 1)

The following program demonstrates the BL command.

10 QUTPUT 718;"IF;A4;83,”
20 OUTPUT 718;“DL -85DM;”
30 OUTPUT718,“BL;TS;BL)”
40 END
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BLARNK

Blank

The BLANK command bianks frace A, B, or C and stops the sweep; the frace is not updated.

Trace A and C are discussed below. For detailed information about trace B, see B4 in this section.

ANALOG DISPLAY o
YIDED 0 MEMORY
DETEGTOR | | DIGITAL [°"1 appResses |~ o=  OfT
GONVERTER | WRITE/ | 1-100 1
STORE OR REFRESH
1025-2025
OR
3073-4073

When BLANK TRA is executed, the contenis of race A are stored in display mermory addresses 1 through 1023,
Address @ is reserved for the instruction word 1072 . Similarly, when BLANK TRB is executed, trace C contents
are stored in addresses 3073 through 4095. Again, address 3072 is reserved for instruction word 1072% . There-
fore, any information stored in address @ is lost when BLANK TRA, is executed. Likewise, the contents of address
3072 are lost when BLLANK TRC is executed.

If you have used address @ or 3072 for a graphics program or label, you may wish to save their contents before
executing BLANK.,

OUTPUT 718;“BLANK TRA;”

For additional information, refer to Appendix A. {See A4, B4, KSk, and TRSTAT)

*

1072 is a machine instruction word that sets addresses 1 through 1623 (BLANK TRA) or 3073 through 4095 {(BLANK TRC) to zero,
and then skips fo the next page memory.
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SML

B-display line =B

()

The BML command subtracts the display line from trace B, point by point, and sends the difference to trace B.
BML - display — B

The functions of the BML and BL commands, and the front panel key are identical. (Refer to Chapter 5 in
Section 1.)

The following program demonstrates the BML. command.

10 OUTPUT 718;“IP;A4;88;"
20 OQUTPUT 718;"DL -88DM;”
30 OUTPUT 718;“B1,T8;BML;”
40 END
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BRD

Bus Read
ANALYZER
INTERNAL
F/Q BUS
— ADDRESS —~
380 ((sr JoLinteser ] )
Item Description/Default Range Restriction
INTEGER ASCIl decimal number
representing analyzer internal
[/0 bus address.

The BRD command reads a two-byte word at the internal input/output bus of the spectrum analyzer, at the
indicated address. BRD is a service diagnostic function only.
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BTC

Transfer Bto C
KST)

e 0

The BTC command transfers trace B to frace C.

Note that trace C is not a swept, active function. Therefore, transfer trace information to trace C as follows:

1. Select single sweep mode (S2}.

b

Select desired analyzer settings.
3. Take one complete sweep (TS},
4. Transfer data.

This procedure ensures that the current settings of the analyzer are reflected in the transferred data.

10 OUTPUT 718;“IP,TS;SNGLS;AS;”
20 OUTPUT 718;"B1,CF R0MZ;TS;B4,”
30 OUTPUT 718;“BTC, K8}

31 I1OCAL718

40 END

When transferring trace data from one trace to another, only the trace information from 1001 display memory
addresses is transferred out of the total 1024 available display memory addresses. Information in address 1024
and addresses 2026 through 2047 is not transferred. (Addresses 2026 through 2047 are usually used for custom

graphics.)

]
The functions of the BTC and KSi commands and the front panel keys are identical.
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Bus Write Word

ANALYZER
INTERNAL
1/0 BUS

~— ADDRESS —~ ~MESSAGE ~

ftem Description/Default Range Restriction

INTEGER ASCI] decimal number
representing analyzer internal
1/O bus address.

INTEGER ASCII decimal number
representing two-byte word.

The BWE command writes a two-byte word to the spectrum analyzer infernal input/output bus, at the indicated
address. BWR is a service diagnostic command.
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BAC

Exchange B and C
(KS§)

BXC .

The BXC command exchanges traces C and B, point by point.

Note that trace C is not a swept, active function. Therefore, exchange traces C and B as follows:
1. Select single sweep mode (SNGLS).

2.  Select desived analyzer settings.
3. Take one complete sweep (TS).

4, Exchange data.

This procedure ensures that the current settings of the analyzer are reflected in the transferred data.

When transferring data from one trace to another, only amplitude information is exchanged, located in display
memory addresses 1025 through 2025 and 2049 through 3049,

The functions of the BXC and KSi commands are identical.
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B1

Clear-Write B1

o ()

The B command enables the clear-write mode, which continuously displays any signals present at the spectrum
analyzer input.

OUTPUT 718;“BL;”

The B1 command initially clears trace B, setting all trace B elements to a zero amplitude level. The sweep trigger
then signals the start of the sweep, and trace B is continuously updated as the sweep progresses.

ANALOG DISPLAY 1o

VIDEO 0 MEMORY

DETECTOR [ DIGITAL |71 ADDRESSES [0 D,g?;”
CONVERTER | WRITE/ | 1026-2025 | REFRESH

In addition, subsequent sweeps send new amplitude information to display memory addresses 1025 through
2025. B1 writes the instruction word 1048” to address 1024, Therefore, any information stored in memory
address 1024 is always lost when B1 is executed.

If you have used address 1024 for a graphics program  or label, you may wish to save its contents before executing
Bi.

g
For additional information, refer to Appendix A. The functions of the B1 command and front panel key are
identical, (See CLRW and Al.)

%

1048 is 2 machine instruction word that sets addresses 1025 through 2047 to zero, and draws trace B dimly.

44 Programming



o ()

o

i

Maximum Hold B

The B2 command updates each trace B element with the maximum level detected, while the trace is active and

displayed.

OUTPUT 718,"B&,”

See MXMH.

VIDEOQ

DETECTOR | |

ANALOG
T0
DIGITAL
CONVERTER

70
Gt CRT

REFRESH DISPLAY

DISPLAY
AMPL | TUDE MEMORY
@1 COMPARATOR [ ™| ADDRESSES
WRITE/ 10252026
STORE
[ . b
CLOSED |F RESPONSE

AMPLITUDE > STORED AMPLITUDE
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B3

View B

The B3 command displays trace B and stops the sweep. Thus, the trace is not updated.

OUTPUT 718,“B3;”

When B3 is executed, the contents of trace B are stored in display memory addresses 1025 through 2025. B3
writes the instruction word 1048 to address 1024. Therefore, any information stored in address 1024 is lost when

B3 is executed.

VIDEQ

DETECTOR |

ANALOG
10
DIGITAL
CONVERTER

—(

WAITE/

DISPLAY
MEMORY
ADDRESSES
1026-2025

10
—G-s0—e  CRT

REFRESH DISPLAY

STORE

If you have used address 1024 for a graphics program or label, you may wish to save its contents before executing

B3.

]

For additional information, refer to Appendix A. The functions of the B3 command and front panel key are
identical. {See VIEW, A3, KSj, and TRSTAT)

*
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B4

Blank

()

The B4 command blanks trace B and stops the sweep; the trace is not updated.

ANALOG DISPLAY 10
VIDEQ TQ MEMORY
DETECTOR | ] DI1GITAL o1 \ppRESSES | O ooy
CONVERTER !g%;g! 1025-2025 NO

When B4 is executed, the contents of trace B are stored in display memory addresses 1025 through 2025. B4
writes the instruction word 1072 to address 1024. Therefore, any information stored in address 1024 is lost when
B4 is executed.

If you have used address 1024 for a graphics program  or label, you may wish to save its contents before executing
B4.

k
For additional information, refer to Appendix A. The functions of the B4 command and front panel key are
identical. (See BLANK, A4, KSk, and TRSTAT)

OUTPUT 718;“B4;"”

*

1072 is a machine instruction word that sets addresses 1025 through 2047, and then skips to the nesxt page of memory.
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€A

Couple Attenuation

During normal operation, the spectrum analyzer is coupled to the reference level. This coupling keeps the mixer
input level at or below a threshold, when a continuous wave signal is displaved on the spectrum analyzer screen so
that its peak is at the reference level.

The CA command sets the threshold to — 10 dBm {or a value specified by KS or ML}, The counterpart to the CA
command, the AT command, allows levels less than the threshold value at the mixer input.

OUTPUT 718,“CA;"

d
The functions of the CA command and the front panel key are identical.
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CF

Center Frequency

o (L)

The CF command specifies the value of the center frequency, performing the same function as the front panel
key. (Refer to Chapter 3 in Section 1)

When queried (OA or ?}, CF returns the center frequency value as a real number, followed by carriage-return/line-
feed (ASCH codes 13, 10). The end-or-identity state (EOI) is asserted with line feed.

The following program returns a center frequency value of 350 MHz. The program displays the center frequency
on the controller screen.

1 QUTPUT718;“IR;01;”

10 OUTPUT 718;“CF 2300MZ;”
20 OUTPUT718.,“CFUR"

30 OQUTPUT?718;“CF?”

40 ENTER 718N

50 PRINTN

66 END
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CLRAVG

Clear Average

The CLRAVG command sets the average counter to 1. The average counter is active during execution of the AVG
command.

OUTPUT 718;“CLRAVE;”

50  Programming



CLRW

Clear/Write

The CLRW command enables the clear-write mode, which continuously displays any signals present at the
spectrum analyzer input.

The CLRW command operates on either trace A or trace B. Trace A is discussed below. For detailed information
about the clear-write mode and trace B, see B1 in this section.

The CLRW command initially clears frace A, setting all trace A elements to a zero ampiitude level. The sweep
trigger then signals the start of the sweep, and trace A is continuously updated as the sweep progresses.

) ANALOG DISPLAY To
I DEO MEMORY
DETEGTOR |1 DIGITAL |77°7% ] ADDRESSES [ oo™ DlgggAY
CONVERTER | WRITE/ | 1-1001 | REFRESH
STORE OR
1025-2025

In addition, subsequent sweeps send new amplitude information to display memory addresses 1 through 1023.
Address @ is reserved for the instruction word, 1040 . Therefore, any information stored in memory address @ is
always lost when CLRW is executed.

If you have used address §f for a graphics program or label, you may wish to save its contents before executing
CLRW.

QUTPUT 718;“CLRW TRA;”

For additional information, refer to Appendix A. The functions of the CLRW command and front panel key
are identical. (See Bl and Al.)

a

1040 is a machine instruction word that causes the analyzer to set addresses 1 through 1023 to zero, and draw trace A.
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Compress
COMPRESS|ON
~ DESTINATION -~ ~ SOURCE —~ »— ALGOR|THM —~
‘ _trace trace
@ "1 label () Iabel"'@" @ ‘"’@
NEG
Hem Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label in AA-Z7 and ___
TRDEF staternent. 2-12 characters required.

The COMPRESS command compresses the source trace to fit the destination trace, according to the compression
algorithm, and ratio of source and destination trace sizes.

The source trace must be longer than the destination trace. The ratio of source frace length to destination trace
length, in display units, equals K.

source trace length / destination trace length = K

number of points in interval = K

COMPRESS divides the source frace into intervals, and computes a compressed value for each interval. The
compressed values become the amplitude values for all of the points in the destination trace. For example, if the
source trace is 1000 points long, and the destination frace is 100 points long, K equals 10. COMPRESS divides
the source trace into 100 intervals of 10 points each, and computes a compressed value for each interval. The 10
points are operated on by the compression algorithm, and the compressed value for the first intervai becomes the
amplitude of the first point in the destination trace. The 99 remaining compressed values determine the amplitude
of the last 99 points of the destination trace.
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{Continued) COMPRESS

The compression algorithms determine how the compressed values are computed.
Specifying AVG {average) computes the average value of the points in the interval as the compressed value.
Specifying POS (positive) selects the highest point in the interval as the compressed value.
Specifying NEG (negative) selects the lowest point in the interval as the compressed value.

Specifying NRM (normal) computes the compressed value of the interval using the Rosenfell algorithm,
which chooses between negative and positive peak values.

Specifying PK-PIT {peak-pit) computes the greatest peak-to-peak deviation within the interval as the com-
pressed value.

Specifying PK-AVG {peak average) selects the difference of the peak and average value of the interval as the
compressed value.

Specifying SMP (sample) selects the last point in the interval as the compressed value.

The program below compresses a fuli sweep to one-fifth its size. The resuit is moved to trace A for display.

14 OQUTPUT 718,“DISPOSE ALL;IP,AL;EM;88;T5;"
21 OUTPUT 718,“TRDEF NEW__A,200;”

22 OUTPUT 718,;“FUNCDEF C__E 1"

24 OUTPUT 718;“83,T8;”

26 OUTPUT 718;“COMPRESS NEW... A, TRA AVG”
27 OUTPUT 718;"MOV TRA,NEW__A;"

28 OUTPUT 718;"L”

31 OUTPUT?718;“C_.B"

35 END
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CONCAT

Concatenate

~~ DESTINATION —~ ~ QPERAND 1 —~ ~ QPERAND £ —
| trace VR trace YN trace ,
CONCAT sP iabel ./ fabel \_/ label O
TAB)

~
TRC - —n@h——w

TRB

i
9

¢

ftem Description/Default Range Restriction
TRACE LABEL Alpha character, User-defined label AA-ZZ and
declared in TRDEF statement, 2-12 characters required.

The CONCAT command concatenates the operands and sends the new trace array to the destination.

The size of the destination varies from 1 to 1008 elements. Traces A, B, and C each contain 1001 elements. If
necessary, use the COMPRESS command to reduce the length of the operands. Otherwise, the concatenated
arrays may not fit in the destination, and trace information is lost.

10 OUTPUT 718;“IP;88;B1;TS8;B3;RL -30DM;T3;A3;"
20 !

30 OUTPUT 718,“TRDEF XXX, 800,”

40 OUTPUT 718;"COMPRESS XXX TRA,AVG;"”
BG i

60 OQUTPUT 718;"EX,”

70 OUTPUT 718,“TRDEF Z2ZZ,500;”

80 OUTPUT 718,;“COMPRESS ZZZ,TRA ,AVG;”
90 i

100 OUTPUT 718;“B3;”

110 OUTPUT 718;*CONCAT TRB, XXX, ZZZ;"
120 ¢

130 END
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CONTS

Continuous Sweep

ST

CONTS ' o

The CONTS command sets the analyzer to continuous sweep mode. In the continuous sweep mode, the analyzer
continues to sweep {sweep times =20 ms) at a uniform rate from the start frequency fo the stop frequency, unless
new data entries are made from the front panel or via HP-IB. If the frigger and data entry conditions are met, the
sweep is continuous.

The sweep light indicates that a sweep is in progress. The light is out between sweeps, during data entry, and for
sweep times <10 ms.

OUTPUT 718:“CONTS;”

The functions of the CONTS and S1 commands, and front panel key are identical.

1
Ut
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Ci

Couple Resolution Bandwidth

Ca ()

The CR command couples the resolution bandwidth with the video bandwidth and sweep time. The counterpart

to the CR command, the RB command, breaks coupling. Use CR to reestablish coupling after RB has been
executed.

OUTPUT 718;“CR;"

A
The functions of the CR command and the front panel key are identical.
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{;~

£

Couple Step Size

C o (o)

The CS command couples the center frequency step size to the span width, so that step size equals 10 percent of
the span width, or one major graticule division. The counterpart to the CS command, the S§ command, breaks
coupling. Use CS to reestablish coupling after S5 has been executed.

OQUTPUT 718;“CE;”

E
The functions of the CS command and the front panel key are identical.
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T

Couple Sweep Time

Coa ()

The CT command couples the sweep time with the resolution and video bandwidths. The counterpart to the CT
command, the ST command, breaks coupling. Use CT to reestablish coupling after ST has been executed.

OUTPUT 718;+CT;”

¢
The functions of the CT command and the front panel key are identical.

58 Programming



CTA

CTA

Convert to Absolute Units

~ DESTINATION —~ — QPERAND ~

o . varlabie variable .
identifier f jdentifier '

[tem Description/Default Range Restriction
VARIABLE Alpha character. User-defined AA-ZZand __,
IDENTIFIER identifier declared in VARDEF 2-12 characters required.
statement.
Alpha character. Measurement-
variable identifier representing
ampiitude value, such as MKA.
NUMERIC Real
DATA FIELD

The CTA command converts the operand values from display units to the current absolute amplitude units.
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T

Convert to Display Units

CT™

o~ DESTENATION —~ o~ QPERAND ~

N i variabie [
fdeatifier

variable .
tdentifier '

item Description/Default Range Kestriction
VARIABLE Alpha character. User-defined AA-ZZ and ___
IDENTIFIER identifier declared in VARDEF 2-12 characters required.
statement.
Alpha character. Measurement-
variable identifier representing
amnplitude value, such as MKA.
NUMERIC Real
DATAFIELD

The CTM command converts the operand values to vertical display units.

OUTPUT 718;“VARDEF XXX, 1; CTM XXX, 12; DSPL XXX,13.5;”
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(LY

Couple Video Bandwidth
()

The CV command couples the video bandwidth with the resolution bandwidth and sweep time. The counterpart
to the CV command, the VB command, breaks coupling. Use CV to reestablish coupling after VB has been
executed.

OUTPUT 718,“CV,”

B
The functions of the CV command and the front panel key are identical.
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The C1 command turns off the A-minus-B mode.
oUTPUT 718.Cl,”

The functions of the C1 command and the front panel key, located above the key, are identical. {Refer
to Chapter 5 in Section [. Also see AMB and C2.)
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C2

A-DB—A
(AMB)

Ce ()

The C2 command subtracts irace B from trace A, point by poini, and sends the difference to frace A.
A-B—A
QUTPUT 718;“C&;"

The A-minus-B mode is turned off with the C1 command. The function of C2 is identical with that of the
command AMB, and the front panel key. (Refer to Chapter 5 in Section I.)
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DA

Display Address
~DISPLAY MEMORY —
ADDRESS

(on)

p%
Item Description/Default Range Restriction
INTEGER Represents analyzer display memory { — 4095

address.

The DA command selects a specified display memory address to be the initial current {in-use) register. The display
address register can then be accessed and advanced one address at a ime with the DW DD, and DR commands.
Refer to Appendix B for additional information on the DA command.

A typical use of the DA command is shown in the sample program below.

16 OUTPUT ¥V18;“0L,DA1024;"
20 FORI=1T085

30 OUTPUT 718;"“DAOA"

40 ENTER 718A

50 OUTPUT 718;"“DR;”

60 ENTERTY1&W

70 OUTPUT 718AW

8¢ NEXTI
9C END
Line 10: Addresses the analyzer, formats the output in decimal display units, and selects the first address to
be read.
Line 20-80: Reads and prints five successive display program addresses and their contents. The address is
automatically advanced one address for each DR execution.
Line 30: Activates the output of each display address,
Line 50: Activates the output of each current display address.

Each display address contains twelve bits of information.
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D

Display Write Binary
ftem Description/Default Range Restriction

INTEGER Represents 16-bit binary byte that is @} — 4095
fransmitted as two 8-bit bytes.

The DD command writes two 8-bit bytes into the current or specified {with DA command) display memory
address, and advances the address selection to the next higher address. If the DD command is followed by more
than one pair of bytes, DD loads the pairs into consecutive display addresses. The display address is always
advanced after a number is loaded into an address. {Each display address contains twelve bits.)

The bytes represent data or a display instruction.

Use the DD command in conjunction with the DR and DA commands to draw on the spectrum analyzer CRT. The
functions of the DD and DW commands are identical, except that the controller must send instructions or data in
binary form instead of decimal form. This difference is illustrated in the program below. The program tells the
analyzer, in four different ways, to dim trace A. The number 1048 is an instruction word that means “dim trace”

10 OUTPUT 718;“A1;82;18;”

20 QUTPUT718;“DA 0; DW 1048;"

B0 PAUSE

40 OUTPUT 718;“Al;88;T8;”

BO OUTPUT 718 USING “# X, W”;“DA @;DD";1048
80 PAUSE

70 OUTPUT 718;“Al1;58:8,T8;,"

80 OUTPUT V18 USING “#,X,B,B";“DA 1,DD” 4,24
80 PAUSE

100 OUTPUT 718;A1;88;T5;”

110 A$=CHR$(4)&CHR$(R4)

120 OUTPUT 718 USING “#,K”;“DA O DD” A%

130 END

Lines 10, 40, 70, 100:  Sweeps trace and displays trace A once.

Line 20: Transmits instruction word 1048, in decimal form, to display address 0.

Line 50: Suppresses carriage-return/line-feed (#), transmits instruction word 1048 as one word
(W for word, or 16 bits).

Line &0: Suppresses carriage-return/line-feed {#), transmits instruction word 1048 as two 8-bit
bytes (B,B for byte,byte).

Line 110: Declares A4 equal to CHR$(4) plus CHR$(24).

Line 120: Transmits instruction word 1048, as A$.
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235 {Continued)

Refer to Appendix B for additional information about instruction words and display programming. The Consoli-
dated Coding table in Appendix B is especially useful.

66  Programming



Input Detector

DET

POO®

$

The DET command selects the kind of spectrum analyzer input detection: normal, sample, positive peak, or
negative peak.

Normal (NRM) enables the Rosenfell detection algorithm that selectively chooses between positive and negative
peak values. The IP command (instrument preset) also activates normal detection.

Sample (SMP) displays the instantaneous signal value detected at the analog-to-digital converter output. Video
averaging and a noise-level marker, when active, also activate sample detection. (See MKNOISE, VAVG, or KSe .}

Positive peak detection (POS) displays the maximum signal value detected during the conversion period.

Negative peak detection (NEG) displays the minimum signal value detected during the conversion period. The
prograrm line below selects the negative peak detection.

OUTPUT 718;“DET NEG,”

When queried (?), DET returns the detection type to the controller (NRM, SMP, NEG, or POS} followed by
carriage-return/line-feed (ASCI codes 13, 10). The line feed asserts the end-or-identify state (EOI).
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DISPOSE

Dispose
~—~ QPERAND —
i variable
igentifier
_ function .
2N\ labe! O
key
number o

ftem Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined AA ZZand

label declared in TRDEF 2-12 characiers required.

statement.
VARIABLE Alpha character. User-defined AA-ZZ and __
IDENTIFIER identifier declared in 2-12 characters required.

VARDEF statement.

Alpha character. Measurement-

variable identifier, such as

CF or MA.

Trace element, such as TRA [10}
FUNCTION Alpha character. User-defined AA-ZZ and __
IDENTIFIER label declared in FUNCDEF 2-12 characters required.

statement.
KEY NUMBER Integer representing number of #—999

user-defined key declared in

KEYDEF statement.

The DISPOSE command clears any operand listed above. DISPOSE ALL clears all operands. The program line
below disposes all command lists declared with a TRMATH command.

OUTPUT 718;“DISPOSE TRMATH,”
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(Continued} DISPOSE

If the analyzer remains locked up —that is, it does not respond to remote commands but does respond to front
panel commands — and interface clear {shift reset) does not free up the analyzer, then execute the following lines:

Send 7; LISTEN CMD 18
Clear 718

This forces DISPOSE ALL.
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Divide
o~ DESTINATION ~ OPERAND 1 ~_ ~ OPERAND 2 ~
- @ OO @O
R,
{race irace trace
tabel tabel label
variabtle .| variable | variable | |
ideniifier identifier identifier
nemeric numeric
l data fietd [ ™1 data field ™

ftem Description/Default Range Restriction
TRACELABEL Alpha character. User-defined AA-ZZ and __

label declared in TRDEF 2-12 characters required.

statement.
VARIABLE Alpha character. User-defined AA-ZZ and __
IDENTIFIER identifier declared in 2-12 characters required.

VARDEF statement.

Alpha character. Measurement-

variable identifier, such as

CFor MA.

Trace element, such as TRA [10]
NUMERIC Real
DATAFIELD

The DIV command divides operand 1 by operand 2, point by point, and sends the difference to the destination.
operand 1 / operand 2 — destination

The operands and destination may be of different length. The trace operands (TRA, TRB, TRC, and trace label)
range from 1 to 1008 elements in length. A variable identifier or numeric data field is 1 element long. When
operands are of different lengths, the last element of the shorter operand is repeated for operations with the
remaining elements of the longer element. When the operands are longer than the destination, they are truncated
to fit.
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(Continued) DEY

The operands and results of trace math are truncated if they are not within certain limits. if operating on traces A,
B, or C, resuits must be within 1023. If operating on user-defined traces, results must be within 32,767.
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M3

Display Line
SO O
item Description/Default Range Restriction
VARIABLE Alpha character. User-defined AA-ZZ and __
identifier declared in VARDEF 2-12 characters required.
staternent.

Alpha character, Measurement-
vartable identifier, such as
CFor MA,

Trace element, such as TRA [10]

The DL command defines a display line level and displays i on the CRT. The level is in dBm and can be used in
arithmetic functions, such as DIV or MXM.

The functions of the DL command and the front panel reference level key are identical. The dispiay line also
can be turned on or off by the DLE and L& commands.

The following program lines compare a display line level of — 10 dBm to the largest signal detected. If the display
line level is greater than the signal level, the display line is lowered.

10 OUTPUT 718;“IP;DL -1O0DM,; TS, MEPK;MA QA"
20 ENTER 718N

30 OQUTPUT 718;“IF DL,GT.N THEN DL DN ENDIF;”
40 OQUTPUT 718,50

50 END
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{Continued) 3.

When queried (? or OA), DL returns the display line level as a real number, folowed by carriage-return/line-feed
(ASCH codes 13, 10). The end-or-identify state (EOI) is asserted with line feed. {See DLE.)
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DLE

Display Line Enable

DLE

The DILLE command enables or disables the display line.

m n
. The function of this command is similar to that of the DL and L@ commands, and the display line and
keys on the front panel.

When queried (?), DLE returns the display line state, ON or OFF, followed by carriage-return/line-feed (ASCII
codes 13, 10). The line feed asserts the end-or-identify state (EOI).

10 OUTPUT?18;“IFDLE 2)”
20 ENTER 718;A%
30 PRINT 718:A%

Since [P deactivates the display line, the query in the above program returns “OFF” to the controller.
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DONE

Done

5

colmimsatﬁ di DonE e °

ftemn Description/Default Hange Restriction

COMMAND LIST Any spectrum analyzer commands
from this Remote section

The DONE command is a synchronizing function, When DONE follows a command list, it sends the controller a 1
after the command list is executed. The TS command may also be a synchronizing function. If TS precedes the
command fist, list execution begins after the sweep is completed.
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DR

Display Read

C w0

The DR command sends the contents of the current display address to the controller. Thus, the controller “reads”
the contents of the display memory address. Use the DA command to specify the display memory address when
executing DR for the first time. After DR is executed, the display address is automatically advanced to the next
higher address. Thus, the DA command is only needed to specify the first address, because subsequent DR
commands read consecutive addresses.

10 oOUTPUT 718;“DA 501 DR”
20 ENTHR 718A

30 OUTPUT 718;“DA 1525 DR;”
40 ENTER 718;B

80 OUTPUT 718; “DR”

60 ENTER718;C

Line 10; Reads contents of address 501.
Line 30: Reads contents of address 1525,
Line 50: Reads contents of address 1526,

Lines 20, 40, and 60:  Assigns address contents to variables A, B, and C.
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DSPLY

Display

FIELR DECIMAL
—WIHTH — ~~PLACES —

= . variable
DSPLY @ identifier

ftem Description/Default Range Restriction

INTEGER Specifies number of digits
displayed, including sign and
decimal point.

INTEGER Specifies number of digits to Pto9
right of decimal point,
VARIABLE Alpha character. User-defined . AA-ZZand ___
IDENTIFIER identifier declared in VARDEF 2-12 characters required.
statement.

Alpha character. Measurement-
variable identifier, such as

CF or MA.

Trace element, such as TRA [10]

The DSPLY command displays the value of a variable anywhere on the spectrum analyzer display.
Field width specifies the number of digits displayed, including sign and decimal point. Places to the right of the
decimal point are limited by decimal places. For example, the number 123.45 has a field of 7, and 2 decimal

places.

Use the DA, PU, PD, and PA commands to position the variable on the screen.

Programming 77



(M)

Define Terminator

BT terminator
ftem Description/Default Range Restriction
TERMINATOR Marks end of text. ASCH codes @ — 255

The DT command defines any character as a title or label terminator. (Refer to the 1.B command.)

In the sample program below, the @ symbol is defined as a terminator by the DT command immediately preced-
ing it. In line 30, @ separates the command string “RL -50DM” from the title string “CAL OUT 2ND HAR-
MONIC.” Without the @ symbol, “RL -50DM” would be written on the analyzer’'s CRT as part of the title instead of
being executed as a command by the analyzer.

10
20
30
40

OUTPUT 718;“DT@”

OUTPUT 718,“CF 200MZ”

OUTPUT 718;"“KSE CAL OUT 2ND HARMONIC@RL -50DM”
END
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[AhY

Display Write
ICTE O
ltem Description/Default Range Restriction
INTEGER integers representing display #4095
mernory values or instruction
words.

The DW command sends a decimal number from the controller to the current or specified {with the DA com-
mand) display memory address, and advances the address selection to the next higher address. If the DW
command is followed by more than one number, they are all loaded into consecutive display addresses. The
display address is always advanced by one after a number is loaded into an address. (Each display address
contains 12 bits. See DA}

The decimal number represents data, or is an ASCl representation of a display instruction.

Use the DW command in conjunction with the DR and DA commands to draw on the spectrum analyzer CRT,
when the O3 or O1 output format is active. Refer to Appendix B for additional information about display memory
instructions and display programming. The Consolidated Coding table and Data Word Summary in Appendix B
are especially useful.

The program line below contains an instruction word, 1026, followed by data, 500 and 600. The DW command
writes the numbers 1026, 500, and 600 into display addresses 1024, 1025, and 1026, respectively. The DA
command specifies 1024 as the first address.

OUTPUT 718;“DA 1024; DW 1026,500,600;”

The instruction word (1026) causes the analyzer to draw a vector from the current position to the X-Y coordinates
500,600. (See Chapter 4 in Section | for a description of display unit coordinates.}
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12T Display Size Normal

{372 Display Size Full CRT

133 Display Size Expand

Display size commands D1, D2, and D3 set the display size for CRT graphics. BEX is a fourth display size that can
only be accessed by a display control instruction: graph, label, or vector mode. 256 (big expand) must be added to

the control word, i.e., graph {1024 + 256). Once a code is selected, it remains in effect until changed.

also the origin. The upper right-hand corner is the {1000,1000} point.

- Positions on the CRT display are referenced in display units as x, some horizontal position, and vy, some vertical
position. The coordinates (x,y) represent distance from the lower left-hand corner of the graticule (0,0}, which is

B
o
[
=
- £ d| les—CRTBEZEL
AA 4.
A
SIZE  (0,0) AA B C D E
D1 AA {0.0) * (1000,1000) (1023,1023) {500,500)
D2 A {120,73) (1023,1023) {1005,957) (785,978) (562,515)
D3 A (81,49) {689,689) (676,645} (690,658) (379,347)
Display size 4 cannot be accessed by the command code D4 .
bex AA 0.0 * (671,671} (686,686) {336,336)
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(Continued) D1, D2, D3

Display size 4 can only be accessed by a display control instruction such as graph, label, or vector mode. Big
expand (256) must be added to the word selected (i.e., labelis 1025 + 256).

A display program word can be a value from @ to 4095. The value is stored as a 12-bit binary word. The bits define
the type of word. Graphic representations used are defined as follows:

Most Significant Bit Least Signiticant Bit
(MSB) (LB} ‘
Decimal
it 11 10 g 8 7 5] 5} 4 3 2 1 0 total:

@ 1O XXX X XXX} 1] 0 e

decimal 2048 1024 512 266 128 &4 32 16 8 4 2 1
value

where x is either a 1 {irue)or a 0 {false).

Changing the display size and beam intensity are controlled by setting various bits along with the confrol instruc-
tions and data words. These functions are called auxiliary functions to the instruction.

1.10 9 8 7 6 5 4 3 2 1 0
auxiliary functions gj1ie: X 18X giX
£ & L
display size beam intensity
big expand (bex)*, + 256 - o dim (dim), +8
expand and shift (exs), +64 bright (brt), +128
clear x position {clx}, + 16
clear x position {(clx): Resets the axis display position to the far left (0, y}.
big expand (bex): Amplifies the x and v CRT beam deflection by a 1.49 factor.
expand and shift {exs}: Amplifies the x and y CRT beam deflection by a 1.13 factor (expand) and shifts
the (0,0) reference point to the lower left of the CRT screen.
dim {dim]: Sets the CRT beam intensity below the normal level.
bright (brt): Sets the CRT beam intensity to the maximum level.

*  Abbreviations within the parentheses are useful as a shorthand notation for writing display programs. They are not programming

codes.
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31, D2, B3 (Continued)

The display size commands combine the size instructions as follows:

Display Cozfé;:;ted Ratio Osigin
Size Instructions to D1 Shifted
D1 none 1.00 no
D2 exs 1.13 yes
D3 bex and exs 1.68 ves
big expand bex 1.49 no

The display size determines the position and number of rows and columns for characters on the CRT display. This
can be an important consideration when labeling graph lines or points.

D1 Display Size

1024
UNITS

32 i
CHARACTER [[{]
LINES

=t
L3}
T
et

¥

1624 UNITS
< 54 CHARACTER SPACES — ¥~

D2 Dispilay Size

124
UNITS

32
CHARACTER - H . 18848
LINES [E LT 1%

1024 UNITS
haad 64 CHARACTER SPACES g
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(Continued) T3 1, [32, D3

Display memory is set up to contain 64 character spaces per line with respect to display size 1. When using the
third and fourth display sizes, a label can only be a maximum of 44 characters. The remaining 20 characters of the
label will be stored in display memory, but will not show up on the CRT display due to the expansion of D3 and
bex. At character space 65, an automatic carriage-return and line-feed will occur, at which point labeling will

continue to be written on the CRT display.

The automatic carriage-return and line-feed occur only when character space 65 is reached. Thus, in the third and
fourth display sizes, the characters from the 44th character space through the 64th character space will not appear
on the CRT display. Therefore, labeling with display size 3 and bex needs appropriate placement of characters

because of the limited number of character spaces for these display sizes.

42 CHARACTER SPACES

D3 Display Size
704
UNITS eseiire ihb : ar*snt:r- bpbEekl RvRlTRh]iE
22 1i1rF ErhpprhEkliels i3
CHARACTER
LINES
704 UNITS
e 44 CHARACTER SPACES -8
Big Expand (bex)
REBENERGEEGERERERREERNACRRROARRASGEARENEDEE
EESEREEEREREEERRARACATEERDORNEECEREECERIRD
EONERERREERAARERNECATREORERRAEERRARECREAE
EUNEREEEREBRNGEECEREERECARRACAEEERRERARARE
ERERRE R EEREREREGEREERRGEUANGaREREREAREERED
EERNERERCIRNEAECOREREOCEEEREtCEARRERAREEUE
1024 RERREEERGOEEEERRERERNRARARERACRERRCERICRCR
o NESEEEESEEEEEENNEENANUEGNEEEEENaARETUEE
| [TeEkl BP Pl EPE] EPREBETpR] SERERR! piwli bl B
BESERSARIA a0 8 BT IBRARBREREEREREREEAT
ERUSEICEIN 8130 d 280 1 0EEEERACA0RREEREEREE
ENAGEEREEERRRANCECREETACREREARRAASCERNERED
21 ERENREREEERERACEEEORNRECRAERUTERRRRER0REE
CHARACTER FNNNRKERCENGERZEDERRCACRCOnEEnAERERED RTRE
Lives  (SENEENEEREEEESEEMEEE NENRREECaREEREREETYE
SEENEEEEREREREARACERCEREGRECEUREOTEECREED
EANBERESBEREESAECERARAAERARCCRRRCHSRSRERNEE
EEIXXIRASERECEGEERARGRARCARIDATR CRGAEEED
HAENENERNEEEREERERRRERCCERANAGRIREERERAEE
SEREREERRERCDECIRRAR R A00ARREERERERERARE
SEEEGRECENEARRCAENATA0CRRaAUCE000aEEECR02E
% 1024 UNITS

|
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1, D2, 3 (Continued)

CUTPUT 718;“D2;”

The above program line selects display size 2 for the CRT display of the analyzer.

a2

30 Ascender Limit

Charaeter Boundary
except for p, |, hand co.

2 —— Base Line
6 =l De dar Limit
i
|
i
g T |
4] 6 12 16
Reference

Distance from Refarences
are in Display Units

Single Character Space

A single character space {see above) has an absolute outside mit of 16 (x) by 32 (y) units in any display size. A
character position is referenced from the lower left corner of each character space. The actual “character bound-
ary” is designated by the ascender and descender limits.

From the center of the character space, x may be changed as many as + 7 units and y by as many as =+ 15 units
before the text begins at the next x and y character. If a plot absolute statement calls a position anywhere in the
character space, the character will be placed within the “character boundary.” If two characters are labeled into the
same character space, they will be superimposed over one another.

Exampie:

To begin labeling text 6 characters up from the bottom and 24 characters from the left {in any display size), the plot
absolute vector values are calculated for the center of the character location as follows:

x = (character spaces) (16) — 8
= (24) (16} — 8 = 376

y = (character spaces) (32) — 16
= (6) (32) — 16 = 176
“PA 376,176 LB <text>”
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{Continued) 131, D2, D3

The first character of fext will be positioned as shown:

0]
04— "o
am
7—.-
i76— B8 L. T X1
5
An—v
3!-—
2
1l1|i!i|fiiil|ll|§li|‘§E§I’|!§]
i 5 1;3 15 2|G 28 Character Spaces
Lower Left Display 152 312 376  Units at Center
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Enabie Entry

Ce ()

The EE command sends values entered by the operator on the analyzer DATA keyboard to the controller. Gener-
ally, the sequence of programmed events is as follows:

1. A program loop prevents the controller from using the entered value until the operator signals that the entry is
complete.

2. The operator makes a DATA entry, which is stored in the analyzer internal data register.
3. The operator signals completion of the entry,.
4. The controller reads the value of the entry and continues to the next program step.

Depending on the type of DATA entry required, one of two different methods is used. The first method does not
require the use of service requests and is used only for entering positive single digits, the second is for entering
positive integers from @ to [16(12)-1].

Method 1: Testing for a non-zero entry,

10 OUTPUT ?18,“EE;”
20 REPEAT

30 OUTPUT 718;“0A;"
40 ENTER 718N

50 UNTIL N>@

60 PRINTERIS7O

70 PRINTN
80 END
Line 10; Allows data to be entered with the analyzer DATA keys and presets the entry to @ {default value).

The OA command transfers this value to the analyzer.
Lines 20 to 50: Forms a program loop that is exited when a single digit entry between 1 and 9 is made.
Line 20: Reads the current value of the DATA keys into the variable N.
Lines 60 to 70: Prints the entered number on a printer whose address in 701,
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{Continued) EE

DATA Entry DATA Entry Cutput

I Stz e e e e e e s P
1 i .k w S S I 1

S By
e b -

PEEOGGE, 0

kit
R i
: B ot

(There is no response to pressing DATA @ J

Method 2: Testing when an entry has been completed, and then exiting the program loop with a service request.

10
<0
30
40
50
60
70
80
90

Line 10:

Line 30;

Line 40:

Line 50:

Line 60:

OUTPUT 718;“R1,R4,BE;"
REPEAT

A = 8POLL{718)
UNTIL BIT (A, 1)>0
OUTPUT 718:“0A;”

ENTER 718;N
PRINTER IS 701
PRINTN

END

Contains an EE command preceded by two service-request format commands. The R1 com-
mand clears the service request modes of the analyzer. The R4 command calls for a service
request if a units key is pressed to signify the completion of an entry.

Reads the serial poll byte and sets it equal to variable A. The first bit of this byte denotes the status
of the service request.

Forms the conditional statement of the program loop (lines 20-40). The BIT statement compares
the first bit of variable A with . If the first bit of variable A is 4, indicating the units key has not been
pressed, the program continues at line 30. if it is 1, indicating a units key has been pressed, the
prograrn continues at line 50.

Transfers the value of the active function to the controller. In this case, the active function contains
the DATA keys entry.

Takes the DATA keys entry and sets i equal to the variable N.

Lines 70 to 80: Prints the value of N on a printer whose address is 701,
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EE {Continued)

Some DATA entries and the corresponding printed outpuis, as executed by this program, are shown in the
following table.

DATA Entry Cutput
@ G L.
@ @- @ @ @ @ (5 LE5458, R
DEEH0ODE
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ki

Enable Knob

Ce ()

The EK command allows data entry with the front panel data knob when the analyzer is under remote control.
The front panel ENABLED indicator lights, indicating the data knob is functional, but other front panel functions
rermain inoperative.

The following program requests the operator to position a marker on a signal that needs further analysis, while the

program is paused.

10
20
30
40
50

The program above is continued by pressing the

OUTPUT 718:*MR&;EK;"

PRINT “USE DATA KNOB TO PLACE MARKER ON SIGNAL. PRESS CONTINUE"”
PAUSE

t Analysis program here

END

CONTINGE

key on the controller keyboard.

Be sure to pause program operation after executing EK. This gives the operator time to turn the data knob.
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IF THEN ERL%E ENDIF

— QPERAND 1 — ~ QPERAND 2 —~
veriable | O@‘ verisple
identifier identifier

]
| numeric J °@__ numeric
data field data figld
l__ colrngnand _/\’ ELSE ) command (" ENDIF
ist list
ftem Description/Default Range Restriction
COMMAND LIST Alphanumeric character, Any spectrum
analyzer command from this section.
VARIABLE Alpha character. User-defined identifier AA-ZZ and _
IDENTIFIER declared in VARDEF statement. 212 characters required.

Alpha character. Measurement-variable
identifter, such as CF or MA.

Trace element, such as TRA[10].

NUMERIC DATA Real
FIELD

The IF-THEN-ELSE-ENDIF commands form a decision and looping construct. They compare operand 1 to
operand 2. If the condition is true, the command list is executed. Otherwise, commands following EL.SE or ENDIF
are executed.

The IF command must be delimited with the ENDIF command.
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(Continued) [F THEN FiSF ENDIF

The following program uses the IF THEN ELSE ENDIF command to place a marker on the largest signal that is
greater than the threshold level.

10 OUTPUT 718;“IP;TH -35DM;”

20 OUTPUT 718;"TS;MKPK HI;MA;”

30 OUTPUT718;“1F MA,GT,TH”

40 OUTPUT 718;"THEN CF 20MZ;”

50 OUTPUT 718;“ELSE CF 100MZ;T5;MKPK HI;”
80 OUTPUT?18;“ENDIF;”

70 END

The program below does not incorporate the ELSE branch of the IF THEN ELSE ENDIF command. The program
lowers any signal positioned about (off) the analyzer screen.

10 OUTPUT 718;“S8;T5EL;, "

20 OUTPUT 718;“IF MA,GT,RL THEN"
30 OUTPUT 718,“REPEAT RL UPTSEL "
40 OUTPUT 718,“UNTIL MA,LE.RL”

80 OUTPUT 718;"ENDIF 81, """

60 END
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St

Erase Trace C Memory
)

The EM command clears display memory addresses 3072 through 4095, which contain instruction words and
amplitude information for trace C. The EM command loads the instruction word 1044 into addresses 3072
through 4095, and then establishes address 3072 as the current (in-use} address, placing this address in the display
address register. (See Appendix A for more information about trace C.)

The EM command is often incorporated in a routine that blanks the spectrum analyzer screen in preparation for
the display of custom graphics. Execute the following program line to blank the analyzer screen;

QUTPUT 718;“EM;BLANK TRA;BLANK TRB; GRAT OFF; KSo; DLE OFF;”

The line above clears trace C memory, and blanks the graticule, characters, display line, and traces A and B.
Though the display can be blanked with the KSg command, which turns off the CRT beam, the above program
line is advantageous. It clears the display faster than KSg. In addition, the contents of traces A and B are saved, the
instrument state is not altered, and the beginning of trace C memory, address 3072, is established as the current
address. '

To reinstate the analyzer display, execute the following program line:

OUTPUT 718;“EM;CLREW TRA;CLRW THB; GRAT ON; KSp;DLE ON;”
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IF THEN ELSE Ef[bE

»~ QPERAND 1 —~ ~ OPERAND 2 ~
variabie @ m variable
identifier u \_/ leeniifief
numeric numseric _
data field @ data field
L command ( ELSE ) cemmand ENDIF
list list
item Description/Default Range Restriction
COMMAND LIST Alphanumeric character. Any spectrum
analyzer command from this section.
VARIABLE Alpha character. User-defined identifier AA-ZZ and __
IDENTIFIER declared in VARDEF statement. 2-— 12 characters required.

Alpha character. Measurement-variable
identifier, such as CF or MA.

Trace element, such as TRA[10].

NUMERIC DATA Real
FIELD

The IF-THEN-ELSE-ENDIF commands form a decision and looping construct. They compare operand 1 to
operand 2. If the condition is true, the command list is executed. Otherwise, commands following ELSE or ENDIF
are executed.

The IF command must be delimited with the ENDIF command.
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IF THEN ELSE EMEME (Continued)

The following program uses the IF THEN ELSE ENDIF command to place a marker on the largest signal that is
greater than the threshold level.

10 OUTPUT 718;“IP,TH -35DM;”

20 OUTPUT 718;“TS;MEPK HI;MA;"”

30  OUTPUT 718;“IF MA,GT,TH"

40 OUTPUT 718;“THEN CF 20MZ;”

80 OUTPUT 718;“ELSE CF 100MZ;TS;MKPK HI;”
60 OUTPUT 718;“ENDIF;”

70 END

The program below does not incorporate the ELSE branch of the IF THEN ELSE ENDIF command. The program
lowers any signal positioned above {off) the analyzer screen.

10 OUTPUT 718;"82;T8;EL; "

20 OUTPUT 718;“If MA,GTRL THEN”

30 OUTPUT 718;“REPEAT RL UP,TS;EL;”
40 OUTPUT 718;“UNTIL MA,LE,RL "

50 OQOUTPUT ?18;ENDIFSL; > ”

60 END
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ERR

Error

ERA

The spectrum analyzer performs a self-test when it is turned on. The ERR command queries the results of the
processor test and returns a list of integer numbers to the controller, followed by carriage-return/line-feed {ASCII
codes 12, 10). The line feed asserts the end-or-identify state {EOI}.

OUTPUT 718;“ERR?;”
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Exchange Aand B
{(AXDB)

C o ()

The EX command exchanges traces A and B, point by point.
OUTPUT 718;“BX;”

The functions of the AXB and EX commands are identical. {Refer to Chapter 5 in Section I.)
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BHP

Exponential

SCALING
~ DESTINATION =~ ~ QPERAND — ~ FACTOR =~
) ' variable .
TaA O ". ! b identifier :
-- @ : TRE ot L nymeric
data fieid
- - TRC e
trace o irace
fabel label
ey variable @] ol vartiable ||
identifier identifier
numeric |
- data field
ftem Description/Default Range Restriction
TRACE LABEL Alpha character, User-defined label declared in AA-—-Z7Zand _
TRDEF statement. 2 12 characters required.
VARIABLE Alpha character, User-defined identifier AA—ZZand _
IDENTIFIER declared in VARDEF statement, 2— 12 characters required.
Alpha character. Measurement-variable
identifier, such as CF or MA.
Trace element, such as TRA[10L.
NUMERIC DATA Real

FIELD

The EXP command processes the operand as follows:
10operand/scalingiactar_, desﬂﬂaﬁon

The operand and scaling factor are shown in the syntax chart above.
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et

Peak Search

C e ()

The E1 command positions the marker at the signal peak. See MKPK.

OUTPUT 718;%E1;"”
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EZ

Marker to Center Frequency
R (MKCF)

Ca )

The E2 command centers the active marker on the analyzer screen, moving the marker to the center frequency.
OUTPUT 718;“ER;”

The functions of the E2 and MKCF commands, and the front panel key are identical.
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Delta Marker Step Size
(MKSS)

50

The E3 command establishes the center frequency step size as the frequency difference between the delta and
active markers. {See M3 or MKD.)

OUTPUT 718;“E3;”

The functions of the MKSS and E3 commands are identical.

100 Programming



Ed4

Marker to Reference Level
(MKRL)

"0

The E4 command moves the active marker 1o the reference level.
QUTPUT 718,14,

The functions of the E4 and MKRL commands, and the front panel key are identical.
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FA

Start Frequency

M

glolele

7Y

@?

The FA command specifies the start frequency value. The function is identical with that of the front panel
key. The program line below illustrates command syntax,

OUTPUT 718;"FA 88MZ;”

When queried (? or OA), FA returns the start frequency value, a real numbey, followed by cartdage-return/line-
feed (ASCI codes 13, 10}. The end-or-identify state (EQOI) is asserted with line feed.
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FB

Stop Frequency

:
@

4O

Q¢

ug

A

17

o

The FB command specifies the stop frequency value. The function is identical with that of the front panel
key. The program below illustrates command syntax. :

OUTPUT 718,;"FB 88MZ;”

When queried (? or OA), FB returns the stop frequency value, a real number, followed by carriage-return/line-
feed {ASCH codes 13, 10). The end-or-identify state (EOI) is asserted with line feed.
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FFT

Fast Fourier Transform

~DESTINATION ~ ~S50URCE —~ —~WINDOW

FET - 5P trace ﬂ trace trace
labet N label : labets

TT:
TY;

ftem Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA-ZZ and _
TRDEF statement. 2— 12 characters required.

Trace length must be 1008,
For window, TRACE LABEL. is also defined
by TWNDOW.

The FFT command performs a forward fast fourier transform on a trace array. The results of the transform contain
logged magnitude components oniy.

The FFT algorithm assumes the source trace array is one period of an infinitely long string of concatenated,
duplicate arrays. Thus, in order to avoid discontinuities when the source trace is concatenated, the beginning and
end elements of the source trace array must gradually diminish to the same amplitude value. If the endpoints of the
original trace array were of different amplitudes, the discontinuities in the resuliing array series would introduce
false frequency components into the fourier transform. This is illusirated in the following figure.
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(Continued) FFT

omomat - ATTIN AT
SAMPLED © ¢ # & o ¢ 8 @
WAVEFORM \l/ : g 10 i
}

ANALYSIS
INFERVAL & # e 8 & @
=SWEEPTIME

SAMPLED

ANALYTIC & o @ Al A - A\ oo o
WAVEFORM W mW ng mw
1 7 1 i 1 7 1
3 & 5 B 3 405 B 3 45 B 3

The TWNDOW command allows the source trace array to be modified so the amplitude of the trace endpoints
gradually diminish to zero.

The TWNDOW command formats trace arrays with one of three buiit-in “window” algorithms: HANNING, UNI-
FORM, and FLATTOP Each simulates a series of equally spaced filters (see figure below). The detected, spectral
line traces the top of the passband while moving from NAf to (N + 1)Af.

UP TO 0,108 FLAT YOP
UNCERTAINTY ‘,"\/

~

Nat (Nrnar
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FFT (Continued)

The amplitude and frequency uncertainty of the FFT display depends on the choice of the window, and the
analyzer sweeptime. Amplitude uncertainty is maximum when the spectral component falls midway between the
filter shapes. Passbands that are flatter in shape, like the FLATTOP filter, contribute less amplitude uncertainty, but
frequency resolution and sensitivity are compromised {see TWNDOW).

Of the three algorithms, the FLATTOP has the least amplitude uncertainty and greatest frequency uncertainty.
Worst-case accuracy is — (.1 dB. Use this passband when transforming periodic signals.

The UNIFORM algorithm has the least frequency uncertainty and greatest amplitude uncertainty. Worst-case
amplitude uncertainty is 3.9 dB and its 3 dB resolution bandwidth is 60% of the HANNING bandwidth. The
UNIFORM algorithm contains no time domain window weighting. Use it for transforming noise signals or tran-
sients that fully decay within one sweeptime period.

The HANNING algorithm is a traditional passband window found in most real time analyzers, It offers a compro-
mise between the FLATTOP and UNIFORM shapes. lts amplitude uncertainty is — 1.5 dB, and its 3 dB band-
width is 40% of the FLATTOP bandwidth.

The FFT results are displayed on the spectrum analyzer in logarithmic scale. For the X dimension, the frequency at
the left side of the graph is 0 Hz, and at the right side is Fmax. Fmax can be calculated using a few simple equations
and the sweeptime of the analyzer.

The sweeptime divided by the number of trace array elements containing amplitude information {in this case,
1000} is equal to the sampling period. The inverse of the sampling period is the sampling rate. The sampling rate
divided by two yields Fmax. For example, let the sweeptime of the analyzer be 20 msec. 20 msec divided by 1000

equals 20 usec, the value of the sampling period. The sampling rate is 1/20 usec. Fmax equals 1,/20 psec divided
by 2, or 25 kHz.

The fourier fransforms of the window functions are shown in the following figure. Use these graphs to estimate
resolution and amplitude uncertainty of a fourier transform display. Each horizontal division of the graphs equals
1/sweeptime or Fmax/500 (which can be calculated from the previous equations), and represents two trace array
elements.
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DECIBELS

DECIBELS

(Continued} FF T

0 T
-10
-20 / \
-30
-40
-50
] -70
@ -80
g -s0
2 -100 It
-110 ZaX
-120 it
-~ 1307 |
- 1407 =
~150
- 160 =
Fmax
500
HANNING FILTER WINDOW
0
~10 /1N
-20 -
- 4015 r
-50
-60
-70
-80
~90 :
~100 o
FMAX UNIFORM FILTER WiNDOW
500
0
10 L ~
-20
-30
~40
~50
-70
-80
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r’\
-110 A a
-120
-130
- 140 e
FMAX FLAT TOP FILTER WINDOW
500
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FFT (Continued)
In summary, keep the following in mind when executing FFT:

Perform fourier transforms on trace A, B, or C, or user-defined traces containing 1008 elements only (FFT
automatically creates a 1008 point array from trace A, B, or C.)

FFT is designed to be used in transforming zero span information into the frequency domain. Performing FFT on a
frequency sweep will result in inaccurate FFT data.

Define a trace window with the TWNDOW command before performing an FFT on a trace.

It is possible to get numbers outside the boundaries of the screen (0 — 1023} after executing an FFT. If the destina-
tion trace is trace A, then the results are automatically clipped. For traces B, C, and user-defined traces, the results
are not automatically clipped. When using these traces, avoid writing in locations outside the boundaries of the
screen,

To get an FFT frequency readout on the FFT trace, use the Marker Read command (MKREAD FFT;}.

The following is an example of an FFT program.

10 OUTPUT 718;"“TRDEF W_INDOW,1008;"
20 OUTPUT 718;"TWNDOW W__INDOWHANNING,”

21

30 OUTPUT 718,;“FFT TRB,TRA,W__INDOW;”

31

40 END
Line 10: A trace array of 1008 points is defined as W__INDOW,
Line 20: The trace array is formatted according to the HANNING algorithm.
Line 30: An FFT is performed on trace A and the results are stored in trace B.
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FOFFSET

Frequency Offset
Item Description/Default Range Restrictions

INTEGER Default is hertz.

The FOFFSET command selects a value that offsets the frequency scale for all absolute frequency readouts, such
as center frequency. Relative values, like span, and delta marker, are not offset.

After execution, the FOFFSET command displays the frequency offset in the active function readout. The offset
value is always displayed beneath the CRT graticule line, as long as the offset is in effect.

The following program returns an offset value of 100 MHz to the controlier and prints it on the controller screen.

10 OUTPUT 718;“FOFFSET 100MZ;FOFFSET?;”
20 ENTERTI8;N

30 PRINTN

40 END

When queried (?), FOFFSET returns the offset value as a real number, followed by carriage-return/line-feed
(ASCII codes 13, 10}. The end-or-identify state (EOI} is asserted with the line feed.
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FORMAT STATEMENTS
01, 02,03, 04

)

The spectrum analyzer outputs must be formatted appropriately for the controller and measurement requirements.
The spectrum analyzer fransmits decimal or binary values, via the Hewlett-Packard Interface Bus (HP-IB), to a
controller or other HP-IB device, such as a printer. The decimal and binary values represent trace information or
instructions.

The format characteristics are summarized in the table below.

Cutput Example of Marker
Analyzer Cutput Format Amplitude. Marker is at — 10 dBm
Command reference level.

Sends frace information only as a decimal value in Hz, 03 —10.00
dB, dBm, volts, or seconds.

Sends trace amplitude and position information, or 01 1001
instruction word as decimal values ranging from @ to
4095:

@ to 1023 represent posiiive, unblanked amplitudes
in display units.

1024 1o 2047 are instruction words {analyzer
machine language].

2048 to 3071 represent positive, blanked amplitudes
in dispiay units,

3072 to 4095 represent negative, blanked
amplitudes in display units.

Sends trace amplit:de and position information, or 02 Q000X XXX KXAKKKKX
instruction word as binary values in two 8-bit bytes, {3 {231}
sending the most significant bit first. The four most values {} to 4095
significant bits are zerces.
Sends frace amplitude information only as binary value 04 KARKKXKX
in one 8-bit byte, composed from the 02 output bytes: (250

000X KK  XKXXXXXKXX 02 values @ to 255 (full scale)

18 /77777

KRXRKKRK 04

110 Programming



{Continued) FORMAT STATEMENTS
03 Format

The O3 format transmits trace amplitude information only, in measurement units: Hz, dBm,dB, volts, or seconds.
The O3 format cannot transmit instruction words.

A carriage-return/line-feed (ASCII codes 13, 10) always follows any data output. The end-or-identify state (EO)
is asserted with line feed.

Instrument preset {IP) automnatically selects the O3 format.
01 Format

The O1 format transmits trace amplitude information as decimal values in display units. {See Chapter 4 in Section
I for a description of display units.)

Trace amplitude values can be positive and unblanked, positive and blanked, or negative and blanked. Positive,
unblanked values {(J to 1023} cover the visible amplitude range on the spectrum analyzer CRT.

Negative trace values (3072 to 4095} usually result from trace arithmetic, and are not displayed because they are
off (below) the screen. Negative values are represented by the 12-bit two's complement of the negative number,
that is, 4096 — |negative value|. For example, a — 300 value is an output of 3796.

4096 — |—300| = 3796
Positive, blanked values (2048 to 3071) are those responses immediately ahead of the updated, sweeping trace.
These values form the blank-ahead marker, and represent the amplitude responses of the previous sweep, plus

2048. Thus, they are off (above) the screen. (See Appendix B.)

The O1 format also fransmits instruction words as decimal values. See the Instruction and Data Word Summary in
Appendix B.

A carriage-return/ ine-feed {ASCH codes 13, 10} always follows any data output in the O1 format. The end-or-
identify state (EQI) is asserted with line feed.

02 Format

The O2 format transmits trace information or instruction words as two 8-bit binary numbers. The most significant
bit is sent first. The four most significant bits are always zeroes.

Most Significant Byte Least Significant Byte
OO00XKXX KRXKKXKXK

Refer to the Consolidated Coding table in Appendix B for instruction word information.
Note that the 02 format sends the same kind of information that the O1 format sends, except that 02 transmits

the information in binary numbers instead of decimal numbers. Also, the end of transmission is not marked by
carriage-return/line-feed (ASCIH codes 13, 10) in the OZ2 format.
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FORMAT STATEMENTS (Continued)

04 Format

The 04 format transmits trace amplitude information only as a binary number. The binary number is one 8-bit byte
composed from the bytes established with the O2 format.

COOOXXXK  XXXXXXXX 0z

11 /77777
KRXRXXKXX 04

The O4 output is the fastest way to transmit trace date from the spectrum analyzer to the HP-IB bus. However, sign
information is lost. Keep this in mind when transmitting delta marker information (MKD). The end of data trans-
mission is not marked by a carriage-return/line-feed.

Format Statements and the HP-IB Bus

The table below shows a transmission sequence on the HP-IB bus for each of the four formats. Each format is
fransmitting the amplifude of a marker positioned at the — 10 dBm reference line.

Format 03 01 02 04
Byte NUM (—} NUM (1) @ (250)
Byte NUM (1) NUM ('¢") (231}

Byte NUM (@) NUM {“0”)

Byte NUM(.) NUM {*17)

Byte NUM (@) 13

Byte NUM (@) 10

Carriage Return 13

Line Feed

(EOI asserted) 10

- Though the spectrum analyzer transmits either binary or digital information on the HE-IB bus, a decimal number is
always returned to the controller display. This is illustrated in the program below, which reads the instruction word
1040 at display address @, the first memory location of trace A. The program reads the instruction word, using
each of the formats, and the DR command.

1 ASSIGN @B8aTO718

& PRINTERIS 701

4  QUTPUT @Sa;“Al1;82;T8S;”

10 OUTPUT @5a;,"DAG 01 DR”

20 ENTER @83a;Drl

30 OUTPUT @Sa;" DA @ OR DR”
40 ENTER @85a USING “# W"™:Dra
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(Continued) FORMAT STATEMENTS

BO OUTPUT @8a;“ DA® O3 DR”
60 ENTER @5a;Dr3

70 OUTPUT @Sa;" DAG Q4 DR”
80 ENTER @8Sa USING “#,B";Dr4
90 PRINT Drl,Dr2,Dr3,Dr4

100 END

Running the program above produces the following responses on the controller display. Note that all the responses
are decimal numbers. Also note that the O3 and 04 formats do not return the correct data. (As mentioned above,

03 and 04 do not fransmit instruction words. }

01 FORMAT response: 1040
02 FORMAT response: 1040
O3 FORMAT response: — 200.8
04 FORMAT response: 4

Controller Formats

The format of the controller must be compatible with the output format of the analyzer.

Analyzer - Lontroller Format

Format

Requirements Example Statement and Analyz-
er Response

01 free field ENTER 718; PK_AMPLITUDE
Response: 1001
03 field size dependent on output, use free ENTER 718; PK_AMPLITUDE
field format Response: — 10.0
Oz binary, read twice for each value ENTER 718 USING *# W~

Response: 1001

04 binary, read once for each value ENTER 718 USING “#,B”
Response: 250

NOTE

The Oin 01, 02, O3, and 04 is the letter O and not the number zero.
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Fs

Full Span

e O

The FS command selects the full frequency span of 0— 1.5 GHz.

OUTPUT 718;7F8;”

The functions of this command and the front-panel function are identical.
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FUNCDEF

Function Define

——mn STRING DATA FIELD mo——

_ | function string commang string .
FUNCDEF tabel delimiter |1 !ist *deiimitw"@’

——————— A=BLOCK DATA FIELD =

()L 'CGEmimsatnd”O“’

g ]~BLOCK DATA FIELD

list

3

ltem Description/Default Range Restriction
COMMAND LIST Any spectrum analyzer commands from this Command list length is
Remote section. imifed to 2015 characters,
including carriage return (CR)
LENGTH Two 8-bit bytes specifying length of command and iine feed (LF}.

list, in 8-bit bytes. The most significant byte is
first: MSB LLSB.

STRING Must match. Marks beginning and end of "$% &' /.= @\"™
DELIMITER command list.

The FUNCDEF command defines a program routine as a function label. After FUNCDEF is executed, the com-
mand list is executed whenever the function label is encountered.

Once the function label is defined, it can be loaded into a softkey which can be executed remotely, or locally from
the front panel.

When queried (?), FUNCDEF returns the command list in an A-block data format.

(See KEYDEF and KEYEXC.)
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Graph
{ an h-—! integer }—4—@
Item Description/Default Range Restriction
INTEGER Represents display memory Y-axis values. #— 4095

The GR command, in the trace modes of operation only, plots MP-IB inputs as graphs on the analyzer CRT. It is
also used with auxiliary function codes to modify the appearance on the CRT of stored trace data (highlighting a
portion of the trace, for example}. Following the GR command, HP-IB inputs in y {amplitude} display units are
entered on the CRT, starting at the far left side of the display. For each y display unit added to the trace, the x
(horizontal) coordinate is automatically advanced one display unit to the right.

Execution of the GR command tells the analyzer to start plotting a graph at the amplitude point indicated by the
next v (amplitude) coordinate received from the HP-IB input. This first amplitude point, y1, appears at the left of
the display; successive points are then plotted, and the lines connecting them are drawn from left to right within the
display area limits. (The display area size is established with display size command D1, D2, or D3, or the bex
programming instruction.)

A sample program using the GR command is shown below.

10 ASBIGN @Sa TO 718;FORMAT ON

20 QUTPUT @SA;“IP,FARCOKZ; FBEMZ;88;GR;"

30 FORN=1T0400

40 OUTPUT @8a;400— (3.5/4)*N

BO NEXTN

60 FORN=401T0 1000

70 OUTPUT @8a;300

80 NEXTN

90 OUTPUT @8a;" K81;T8;K8k;B3;CR;TS;”

100 QUTPUT @8Sa;*“HD;EM;KS8o;DT@;”

110 FORN=1to 11 STEPR

180 OUTPUT @8a; DE;PU;PA BO”;(80*N)— 20;“LB":(L0* N} 1O: @7

130 NEXTN '

140 OUTPUT @Sa;"“B4”

150 OUTPUT @8a USING “K,B,B,X"”;“D3;PU;PA 0,600 LBAB"; 10,13,00T OF SPEC@®”
160 QUTPUT @Sa;“Dé;PA 100,500 LB RADIATED INTERFERENCE, 200kHz— 5MHz@”

170 END

Line 20: ' Initiates the graph mode. The IP insures that the graphing starts at the beginning of trace
C.

Lines 30 to 80: Wrrites test limit values into the trace C memory.

Line 90: Sends graph data to trace B memory and enables A— B—>A. _

Line 200: Clears the active function readout {(HD), prepares trace C for input {EM}, clears the dis-
play annotation (KSo}, and sets the label terminator to @.

Lines 110 to 160: Labels the graticule.
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CRAT

Graticule

GRAT :

The GRAT command tums the graticule on and off.

QUTPUT 718;“GRAT,”
When queried (?), GRAT returns the graticule state: ON or OFF

{See also KSn and KS5m.)
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Hold Data Entry

O

The HD command disables data entry via the front panel DATA keyboard and blanks the active function readout.

OUTPUT 718, HD;”
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Input B

The IB command transmits the contents of an array, located in the controller to trace B memory. Use IB with the
02 format, which formats data in two 8-bit bytes.

The IB command cannot be executed when it is followed by a carriage-return/line-feed. Two examples of termi-
nating the IB command are shown below:

OUTPUT 718;“IB;";

QUTPUT 718 USING “#, k";"IB;"

The program below demonstrates the use of [B.

10
20
30
40
50
60
70
80
90
100
116

Line 30:
Line 40:

ASSIGN @8a TO 718, FORMAT ON

ASBIGN @8a_bin TO 718, FORMAT OFF
INTEGER BR00(1:1001)

QUTPUT @8a; “CFR00MZ B1;A4;RB30KZ;8PRMZ;5:;TS;"
OUTPUT @85a;"02TB”

ENTER @Sa_bin;BR00O(*)

QUTPUT @8a;"“CF100MZ;RB30KEZ;5P1MZ,; TS, ”
PAUSE

OUTPUT @8a,“1IB",;

OUTPUT @5a_bin;BR0G(*)

END

Declares, dimensions, and reserves memory for array B200,

Rlanks trace A and sets the analyzer to 200 MHz center frequency. Selects single sweep mode,

and sweeps trace B.

Lines 50 and

60:

Line 70:
Line 90:
Line 100:

Stores trace B (in binary) in controller array.

Sets analyzer to 100 MHz center frequency. Sweeps trace B with new data.

Prepares analyzer to receive previous trace B data.
Sends trace B data to analyzer.

Programming

119



i3

Identify

The ID command returns the instrument identity to the controller: HP 8568B or HP 8566B.

OUTPUT 718;“ID;”
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£ THEN ELSE ENDIF

~ QPERAND 1 = — OPERAND 2 —~
variable variable .
1 identifier @ identifier THEN
| numeric numeric
data field @ data field
-D@-ﬁ'
L command ELSE command ( END I F ) ( . )
ilst list |
[tem Description/Default Range Restriction
COMMAND LIST Alphanumeric character. Any spectrum
analyzer command from this section.
VARIABLE Alpha character, User-defined identifier AA-ZZ and _
IDENTIFIER declared in VARDEF staternent. 2— 12 characters required.
Alpha character. Measurement-variable
identifier, such as CF or MA.
Trace element, such as TRA[10].
NUMERIC DATA Real
FIELD

The IF-THEN-ELSE-ENDIF commands form a decision and looping construct. They compare operand 1 to
operand 2. If the condition is true, the command list is executed. Otherwise, commands following ELLSE or ENDIF
are executed.

The IF command must be delimited with the ENDIF command.
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1 THEN ELSE ENDIF (Continued)

The following program uses the IF THEN ELSE ENDIF command to place a marker on the largest signal that is
greater than the threshold level.

16 OUTPUT 718;“IP;TH -35DM;”

20 OUTPUT 718;“TS;MKPK HI;MA;"

30 OUTPUT 718;“IF MA.GT,TH”

40 OUTPUT 718;"THEN CF 20MZ,"”

80 OUTPUT 718;"ELSHE CF 100MZ;TS;MKPK HI,"”
80 OUTPUT 718;“ENDIF;”

70 END

The program below does not incorporate the ELSE branch of the [F THEN ELSE ENDIF command. The program
lowers any signal positioned above {off) the analyzer screen.

10 QUTPUT 718,“82,T8;EL;”

20 OUTPUT 718;“IF MA,GTRHL THEN"
30 QUTPUT?18;“REPEAT RL UP,TS;EL,”
40 OUTPUT718;,"UNTIL MA,LE,RL "

B0 OUTPUT718;“ENDIFS81;” 7>

60 END
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The instrument preset command, [P, executes the following commands:

CLRW A (A1)
BLANK B (B4)

CR

CA

CS

CT

OAV)

AMB OFF (C1)

FA

FB

HD

2

AUNITS DBM (KSA)
VAVG OFF (KSH)
DET NRM {KSa)
MKNOISE OFF (KSL)
DET NEM (KSa)
GRAT ON (KSnj)
KSp

LG

MKEC OFF (MCg)
MKTRACK OFF (MT@)
MKOFE (M1)
CONTS (S1)

THE OFF (T0)

TM FREE (T1)

TDE P (03)

DA

D1

PD

R3

MKPZ 6dB

MDS W

DISPOSE ONEOS
DISPOSE ONSWP
DISPOSE TRMATH
MKPAUSE OFF

Clears and writes trace A.
Blanks trace B.

Couples resolution bandwidth.
Couples input attenuation.
Couples step size.

Couples sweep time.

Couptes video bandwidth.
Turns off A-B mode.

Sets start frequency.

Sets top frequency.

Hold

Enables 100 kHz to 1.5 GHz RF input.

Selects dBm amplitude units.
Turns off video averaging.
Selects normal detection mode.
Turns off noise markers.
Selects normal detection mode.
Turns on graticule.

Turns on characfers.
Selects 10dB/DIV log scale.
Turns off marker frequency counter.

Turns off marker tracking.

Turns off markers.

Selects continuous sweep mode.
Turns off threshold.

Selects free run trigger.

Selects O3 output format.

Selects 3072 as the current address.
Selects normal display size.

Puts pen down at current address.
Allows SRQ 110,

MKPX 6 dB minimum exertion for peak identification.
Selects data size of one word, which is two 8-bit bytes.

P

Instrument Preset

Erases command list associated with the end of the sweep. (See ONEOS.)
Erases command list associated with the beginning of the sweep. (See ONSWE)
Erases command list associated with the end of the sweep. {See TRMATH )

Turns off marker pause mode.

In addition, IP re-assigns user-defined variables to their initial values, specified by the VARDEF command.
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i {Continued)
Instrument preset automatically occurs when you turn on the analyzer, and is a good starting point for many
measurement processes, especially when followed by the TS command. (When IP is executed remotely, the

analyzer does not necessarily execute a complete sweep.)

OUTPUT 718;“IP;TS;"
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Input 1

The 11 command enables the 100 Hz to 1500 MHz BF input.
OUTPUT 718,“11;”

{Refer to the introduction in Section I of this manual for more information.)
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Input 2

The 12 command enables the 100 kHz to 1500 MMz RF input.
QUTPUT 718,12,

(Refer to the introduction in Section | of this manual for more information.)
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Y DIEF

Key Define
nu‘:n%yer @—"{ functior Tabel }m@
o 7))
N
ftem Description/Default Range Resiriction
KEY NUMBER Integer i through 999
FUNCTION LABEL Alpha character. User-defined label declared in AA—ZZ and __
FUNCDEF staternent. 2 12 characters required.

The KEYDEF command associates a numbered key with a programming routine, which can be executed remotely
or from the front panel.

The program below stores a routine in key 999. The program, contained in lines 20 through 70, increases the
reference level until the signal peak is below the reference level. The routine is assigned a name with the FUNC-
DEF command, and then assigned to key 999. Note that the program is delimited with single™ quotation marks.

10 QUTPUT 718;,“FUNCDEF ROUTINE,” " 7
20 OUTPUT?18;“88; T8;EL"

30 OUTPUT 718;“IF MA,GT,RLTHEN"

40 OUTPUT 718;“REPEAT RL UR;TS;EL;”
80 QUTPUT 718;“UNTIL MA,LE RL"

60 OUTPUTY18,“ENDIFS1;" """

70 QUTPUT 718;“KEYDEF 989, ROUTINE;”

80 END
Line 10: Assign ROUTINE as the name of the routine in lines 20— 70.
Lines 20 through 70: Execute a peak search. if the marker amplitude is greater than the reference level,
increase the reference level until it is greater than the marker amplitude.
Line 70: Store the routine in the analyzer, and assign it to key 999.

To execute key 999 remotely, use the KEYEXC command:

OUTPUT 718,“KEYEXC 802"
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HKEYIEF (Continued)
To execute key 999 from the front panel, press these front panel keys:

Hx
i
e

Once a key is defined, the routine is saved, even when the analyzer loses power or is preset. Use the DISPOSE
command to clear a user-defined key.

When gueried, KEYDEF returns the command list in a A-block data format. (See DISPOSE, KEYEXC, and
FUNCDEE)

w

When quotation marks are nested, use two quotes (*”} for the inner marks, and one quote () for the outer mark, as shown in lines 10

and 60,
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KEYEXC

Key Execute
(5t e <)
number
item Description/Defauit Range Restriction
KEY NUMBER INTEGER. User-defined key number delcared #10 999
in KEYDEF statement.

The KEYEXC command executes the specified defined key. The program below executes key 2, which contains a
programming routine called M_AIN. The routine consists of several user-defined functions, declared with the
FUNCDEF command, which sweep the analyzer over different frequency ranges.

1  OUTPUT 718;“FUNCDEF M_AIN,* “PRESET;TS;FIRST;TS;SECOND;TS; THIRD;TS;” ”
10 OUTPUT 718;“FUNCDEF PRESET,” “IP;52;" *

20 OUTPUT 718;“FUNCDEF FIRST,”*FA1OOMZ;FB300MZ;" *

30 OUTPUT 718;“FUNCDEF SECOND,” “FASO0MZ;FBYO0MZ;” "

40 OUTPUT 718;"FUNCDEF THIRD," “FABOOMZ; FBLOOOMZ;” *

50 OUTPUT 718;"KEYDEF 2,M_AIN;”

60 END
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KSA

Amplitude in dBm

-0

The KSA command sets the amplitude readouts (reference level, marker, display line, and threshold) to dBm
units.

OUTPUT 718,“KS8A;”
A

The KSA command is identical to manual operation of the front panel (o) keys. (See AUNITS.)
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HSE

Amplitude in dBmV

EeYe

The KSB command sets the amplitude readouts {reference level, marker, display line, and threshold) to dBmV
units.

QUTPUT 718;“K8B;"

B
The KSB command is identical to manual operation of the front panel keys. (See AUNITS )
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KsC

Amplitude in dBuV

-0

The KSC command sets the amplitude readouts (reference level, marker, display line, and threshold) to dBuV
units.

OUTPUT 718;K80,”

C
The KSC command is identical to manual operation of the front panel keys. (See AUNITS.}

132 Programming



KSD

Amplitude in Volts

CO

The KSD command sets the amplitude readouts {reference level, marker, display line, and threshold) to V units.
OQUTPUT 718;'KSD;”

D
The KSD command is identical to manual operation of the front panel keys, (See AUNITS.)

Programming 133



KSE

Title Mode
KSE ——{caaracterH—D{!eaii :ma-@
- - G carfiage |
' return
O line .
' feed
Poe etx
ftem Description/Default Range Restriction
Character Represents text displayed on screen. ASCII codes 32 through 126.
REAL Represents text displayed on screen.
Terminator Character defined in OT command that ASCII codes @ through 255
terminates text.
Carriage Return Terminates text. ASCllcode 13
Line Feed Terminates text. ASCH code 10
etx Terminates text. (End-of-text}

The KSE command activates the title mode. This function writes a message in the top CRT display line.

Any character on the controller keyboard can be written. The full width of the display is available for writing a
maximum of 58 characters. However, the marker readout may interfere with the last sixteen characters of the title.

The message must be ferminated. Terminate the message with one of the following:
A terminator defined with the DT command.
Carriage-return (ASCII 13).

Line-feed (ASCIH 10).
End-of-text command (controller dependent}.
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(Continued) KSE

To erase the message, execute instrument preset (IP) or recall an instrument state with the RCLS or RC command.
The message can also be erased by executing a KSE command that does not contain a message, as in the program

below.

Line 10:
Line 20:
Line 30:
Line 40:

Instrument preset.

Activates the title mode and writes “Adjust Antenna” in the top CRT display line.
Pauses program until CONTINUE is pressed on the HP series 200 controller.

Prints a blank message on the screen; thus blanking the “Adjust Antenna” message.

The HP series 200 computers execute a carriage-return/line-feed whenever the ENTER key is pressed. Thus,
lines 20 and 40 of the program above terminate the message this way. The same program is shown below, but the
KSE command message is terminated with a terminator defined by the DT command.

10
20
30
40
50

QUTPUT ?18,“DT@;"

OUTPUT 718;“K8EAdjust Antenna@;”
PAUSE

OUTPUT 718; “K8E”

END

Line 20 can also be terminated with a carriage-return this way:

20

QUTPUT 718; “KSEAdjust Antenna’;CHR$(13)

E
The functions of the KSE command and the keys are identical.
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Measure Sweep Time

-

The KSF command is a diagnostic aid used for servicing the spectrum analyzer.

The KSF command measures analyzer sweep times up to 1500 seconds. Use KSF to determine if the A22 Sweep
Generator is properly responding to its control settings. KSF displays the sweep generator time.

F
The functions of the KSF cormmand and the keys are identical.
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S0

Video Averaging On

KSG

gverage .
fength !
()-

©

The KSG command enables video averaging. During video averaging, two traces are displayed simultaneoushy.
Trace C contains signal responses as seen at the input detector. Trace A or B contains the same responses digitally
averaged. The digital reduces the noise floor level, but does not affect the sweep time, bandwidth, or any other
analog characteristics of the analyzer.

Before executing KSG, select trace A or B as the active trace (CLRW) and blank the remaining trace.

The active function readout indicates the number of sweeps averaged; the default is 100 unless otherwise speci-
fied. Increasing the number of sweeps averaged increases the amount of averaging.

Use KSG to view low level signals without slowing the sweep time. Video averaging can lower the noise floor more
than a 1 Hz video bandwidth can, if a large number of sweeps is specified for averaging. Video average may also

be used to monitor instrument state changes (such as changing bandwidths or center frequencies) while maintain-
ing a low noise level. (See Chapter 11 in Section |. Also see KSH and VAVG )

OUTPUT 718;"KB8G&;”

G
The functions of the KSG command and the keys are identical.
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KSH

Video Averaging OH

KSH =

The KSH command disables the video averaging function of the analyzer. The KSH command is identical with

- H
manual operation of the keys.

OUTPIT 718;“K8H,;”

(See KSG and VAVG.)
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KSi a U

KT

Reference Level Range (Extended}

The KSI command extends the analyzer reference leve! range to maximum kmits of — 139.9 dBm and +60
dBm. The functions of the KSI command and the keys are identical.

The lower limit of the reference level depends on resolution bandwidth and scale selection, log or linear. When the
reference level is set at minimum, the level may change i either resolution bandwidth or scale selection is changed.
The table below shows the relationship between the scale and/or the resolution bandwidth, and the reference level

range.

The extended reference level range is disabled with an instrument preset (IF)

Minimum reference level

Scal Resolution with extended reference level

cale Bandwidth

10 dB attenuation {0 dB attenuation

log =<1 kHz —129.9dBm ~139.9dBm

log =3 kHz ~1309.9dBm -~ 119.9 dBm
linear =1kHz - 109.9dBm -~ 119.9 dBm
linear >3 kHz - 83 9dBm —99.9dBm
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KSJ

Manual DAC Confrol

s )(se e}

POV

carriage
return

ltem Description/Default Range Restriction
Carriage Return Sets ali DACs to the specified value. ASCllcode 13

Line Feed Sets all DACs to the specified value. ASCI code 10

etx Asserts end of text.

The KSJ command is a diagnostic aid used for servicing the spectrum analyzer.

The KSJ command allows all frequency control DACs to be manually controlled simultaneously from the front
panel using the DATA knob and step keys.

Also, following units keys and numeric keyboard control these corresponding DACs:

GHz sets value of Sweep Attenuator DAC

MHz sets value of YTO Tune DAC

kHz sets value of most significant VTO Tune DAC
Hz sets value of least significant VTO Tune DAC

J
The functions of the KSF command the keys are identical.
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KER

Count Pilot IF at Marker

The KSK command is a diagnostic aid used for servicing the spectrum analyzer.
The KSK command counts and displays the pilot IF frequency at the marker.

K
The functions of the KSK command and the keys are identical.
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KEIL
Marker Noise O#

KSL s

The KSL. command disables the noise level function which displays the RMS noise level at the marker. (See
MKNOISE or KSM.})

KSL does not blank the marker. Use MKOFF or M1 to blank the marker. {Because MKOFF and M2 remove the
marker from the screen, they also disable the noise level mode.)

10 COUTPUT 718; “MKF 50 MZ;”
20 OUTPUT 718,“KSM;”

30 OUTPUT 718;“KSL;”

40 OUTPUT 718;“M1;”

80 END
Line 10: Positions marker at 50 MHz.
Line 20: Selects noise level mode.
Line 30: Turns off noise level mode.
Line 40: Blanks marker.

L
The functions of the KSL. command and keys are identical.
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KSM

Marker Noise On

KSM

The KSM command displays the RMS noise level at the marker. The RMS value is normalized to a 1 Hz band- .
width.

The KSM command averages the amplitude of 32 elements about the location of the marker, in the frequency or
time scale. The average value is converted to the current reference level unit (dBm, dBmV, dBuV or volts).

The noise level function measures accurately to within 10 dB of the analyzer's own internal noise level. The
readout resolution is +—0.1 dB, '

OUTPUT 718;“K8M;"”

M
The functions of the KSM command and the keys are identical. See also MKNOISE and KSO.
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KSH

Count VCO at Marker

KSN ;

The KSN command is a diagnostic aid used for servicing the spectrum analyzer,
The KSN command counts and displays the A11 50 MHz voltage-tuned oscillator (VTO) output frequency.

N
The functions of the KSN command and the keys are identical.
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K5O

Marker Span
(MKSP)

KSO <

The KSO command operates only when the delta marker is on. (See MKD or M3.) When the delta marker is on,
and KSO is executed, the delta marker and active marker specifies start frequency, and the right marker speciftes
stop frequency. If delta marker is off, there is no operation.

OUTPUT 718;“K80;”

The functions of the MKSP and KSO command are identical.

o)
The functions of the KSO command and the E] keys are identical.
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KsP

HP-IB Address
{0
—o—
()
AN
liem Description/Default Range Restriction
Integer @ thru 30

The KSP command enables the user to display or change the current read/write HP-IB address of the analyzer.
The KSP command is identical with manual operation of the front panel keys.

OUTPUT 718;“KSP 15HZ,”
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&0

Count Signal [F

KsG  w{

The KSQ command is a diagnostic aid used for servicing the spectrum analyzer.
The KSQ command counts and displays the IF frequency of the response at the marker.

Q
The functions of the KSQ command and the keys are identical.
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Diagnostics On

w0

The KSR command is a diagnostic aid used for servicing the spectrum analyzer.

The KSR command displays specific internal frequency control parameters in the upper left corner of the CRT
display. These parameters are the programmed values determined by the Controller Assembly, A15.

The following is a sample of what might appear when KSR is executed.

ek

{
2

3

{
(
(
{
(

SO

Line 1:
Line 3:

Line 4:

Line 5:
Line 6:

387

438

439 — 2

39 4 7 ¢
5100000
251400000

Displays the setting of the least significant 50 MHz VTO Tune DAC (A22U6).

Displays the programmed setting of the YTO Tune DAC (A22U4), and the difference between the
programmed setting and the one actually needed to program the center frequency.

Displays N {the harmonic of 20 MHz to which the analyzer center frequency is locked}, M and P
numbers (of the variable modulus frequency divider on A8 249 MHz Phase Lock assembly), and
either a @ or 1 {indicating whether or not the second LO is shifted up 5 MHz in frequency).
Displays the programmed frequency center frequency of the A11 50 MHz VTO output.

Displays the frequency at which the A15 Controller has programmed the pilot third LO {output of
the A7 249 MHz Phase Lock Oscillator} .

R
The functions of the KSR command and the keys are identical.
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K5S

Second L.O Auto

IO

The KSS command is a diagnostic aid used for servicing the spectrum analyzer.

The KSS command forces the 5 MHz Second LO shift control back to automatic, and removes the CRT indica-
fion.

S
The functions of the KSS command and the keys are identical.
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KEST

Second LO Down

-0

The KST command is a diagnostic aid used for servicing the spectrum analyzer.

The KST command forces the 5 MHz Second LO to shift down. Note that spurious responses may appear on the
display when the KST command is in effect.

When using an HP 8444A Tracking Generator, the KST command must be in effect to prevent the second LO
from shifting up, which causes loss of signal.

T
The functions of the KST command and the keys are identical.
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KSU
Second LO Up

-0

The KSU command is a diagnostic aid used for servicing the spectrumn analyzer.

The KSU command forces the 5 MHz Second LO to shift up. Note that spurious responses may appear on the
display when the KSU command is in effect.

U
The functions of the KSU command and the @ keys are identical.
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sy

Frequency Offset

2

®O6

oy

The KSV command selects a value that offsets the frequency scale for all absolute frequency readouts, such as
center frequency. Relative values, like span and delta marker, are not offset.

After execution, the KSV command displays the frequency offset in the active function readout. The offset value is
always displayed beneath the CRT graticule line, as fong as the offset is in effect.

10
20
30
40

OUTPUT 718;“KS8V 100MZ;”
ENTER 718N

PRINT N

END

When queried(?), KSV returns the offset value as a real number, followed by carriage-return/line-feed (ASCH
codes 13, 10). The end-or-identify {(EQI} is asserted with the line feed.

\Y)
The functions of the KSV command and the keys are identical.
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SW

Error Correction Routine

()

The KSW command executes a built-in error correction routine. This routine takes approximately 30 seconds to
run and when completed, the instrument returns to its previous state. The functions of the KSW command and
the front panel w — keys are identical.
-5”01

The error correction routine measures and records the amplitude and frequency error factors with reference to the
100 MHz calibration output (CAL OUT) signal, the 1 MHz resolution bandwidth, the 10 dB input attenuator, and
the step gains. The “CORR’D” message to the left of the graticule indicates the routine has been run and the
display has been corrected. :

Use the error correction routine to ensure data has been corrected to the most recent calibration.

Before executing KSW, recall registers 8 and 9, follow the calibration procedure described in the introduction in
Section L.

10 OUTPUT 718;“RCLS 8;”

20 PAUSE
30 OUTPUT 718;“RCLS 9;”
40 PAUSE

50 OUTPUT 718;"“KSW;”

When the routine is completed, the error correction data can be displayed on the CRT with the KSw (display
correction data) command. (See KSw.)

Accuracy of an amplitude measurement can be improved by taking advantage of the correction data stored in the

analyzer by the KSW command. For additional information on improving the amplitude accuracy, see the KS91
command.
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KSX

Correction Factors On

EYO

The KSX command automatically incorporates the error correction factors into measurements taken by the analyz-
er. The CRT readout values are automatically offset by the error correction value. The functions of the KSX
command and the front panel keys are identical.

The error correction factors are generated by an error correction routine. Use the KSW command to run the
routine. {To view the correction factors, execute KSW.)

For additional information on amplitude accuracy, see KS91, KSW, KSw, and KSY.

OUTPUT 718;“K8X,;"
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K&Y

Correction Factors Off

-0

The KSY command prevents the error correction factors from being used in measurements taken by the analyzer.
The functions of the KSY command and the front panel keys are identical.

OUTPUT 718;“K8Y,”

See KSW, KSw, and KSX.
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KSZ

Reference Level Offset

(ROFFSET)
CERa O O8O
(-
item Description/Default Range Restriction
REAL Default value for units is dBm (DM), +—300dB

The KSZ command offsets all amplitude readouts on the CRT display without affecting the trace. The functions of
the KSZ command and the front panel Z ——— keys are identical.

Once activated, the KSZ command displays the amplitude offset in the active function block. And, as long as the
offset is in effect while doing other functions, the offset is displayed to the left of the graticule.

OUTPUT 718;"KSZ — 13DM;”

The functions of the KSZ and ROFFSET commands are identical.
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Koa

Normal Detection

E 0

The KSa command selects normal input detection for displaying trace information. This enables a detection
algorithm called the Rosenfell detection, which selectively chooses between positive and negative peak values.
The choice depends on the type of video signal present.

OUTPUT 718;“KSa;"”

a
The KSa function and the front panel function are identical. {See DET)
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K&k

Postive-Peak Detection

KSb =

The KSb command selects positive-peak input detection for displaying trace information. During this mode, the
trace elements are updated only when the detected signal level is greater than the previous signal level. {See DET))

OUTPUT 718; “K8b;”

b
The KSb function and the front-panel function are identical.
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HSe

A+B-A
(APB)

KS¢ =

The KSc command adds trace A to trace B, point by point, and sends the result to trace A. Thus, KSc can restore
the original trace after an A — minus— B function (AMB) is executed.

A+B—A
To successfully add all trace elernents, place trace A in VIEW or BLANK display mode before executing KSc.

10 ASSIGN @8aTO 718
20 OUTPUT @SA;“IP;”

30 OUTPUT @Sa;" “CF100MZ;SPEMZ;”
40 OUTPUT @Sa;“A4;”

50 OUTPUT @8a;“B1;CFR00MZ;”

80 OUTPUT @Sa;“B4;"

?0 OUTPUT @Sa;“AB3;B3;"

80 OUTPUT @Sa;“KSe;”

90 EBEND
Line 20: Presets the instrument.
Line 30: Sets trace A to 100 MHz center frequency with 2 MHz frequency span.
Line 40: Blanks trace A.
Line 50: Selects trace B and sets center frequency to 200 MHz.
Line 60: Blanks trace B.
Line 70: Views trace A and trace B.
Line 80: ‘Combines the amplitude of trace B with'trace A and displays this combination as trace A.

The functions of the KSc and APB commands are identical.

¢
The KSc function and the front-panel are identical.
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Kad

Negative-Peak Detection

-0

The KSd command selects negative-peak input detection for displaying trace information. During this mode, the
trace elements are updated only when the detected signal level is less than the previous signal level. (See DET)

d
The functions of the KSd command and the keys are identical.
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USe

Sample Detection

KSe -

The KSe command selects the sample detection modee for displaying trace information. The KSe command is
identical with manual operation of the front panel keys.

In sample mode, the instantaneous signal value of the final analog-to-digital conversion for the sample period is
stored in trace memory. As sweep time increases, many analog-to-digital conversions occur in each period, but

only the final signal value is stored and displayed.

Sample detection mode is automatically selected for video averaging and noise level measurements.

QUTPUT 718;"“KSe;”

The above program line selects the sample detection mode of the analyzer.
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St

Protect Instrument State During Power Loss

K§i

Use the KSf command to recall any instrument configuration in the event of power loss.

If KSf is the last command executed, and the analyzer loses power, the instrument state at the time of power
loss is restored when power returns.

If any spectrum analyzer command is execuied, or any front panel key is pressed after KSf is executed, the
analyzer configuration can not be regained if power is iost.

{
The functions of the KSf command and the keys are identical.
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CRT Beam Off

KSg s B

The KSg command turns off the CRT beam power supply to avoid unnecessary wear of the CRT in cases where
the analyzer is in unattended operation. The KSg command is identical with manual operation of the front panel

g
keys.
The KSg command does not affect HP-IB input/output of instrument function values or trace information.

OUTPUT 718;“KBg;”

The above program line turns the CRT beam power supply off.
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Sk

CRT Beam On

The KSh command turns the CRT beam on and is activated automatically with an instrument preset. The KSh
command is identical with manual operating of the front panel keys.

OUTPUT 718,“KEh;”

The above program line activates the CRT beam power supply of the analyzer.
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MSi

Exchange B and C
BXO)

-0

The KSi command exchanges traces C and B, point by point,

Note trace C is not a swept, active function. Therefore, exchange traces C and B as follows:

1. Select single sweep mode (SNGLS).

2. Select desired analyzer settings.

3. Take one complete sweep (TS).

4. Exchange data.

This procedure ensures that the current settings of the analyzer are reflected in the transferred data.

When transferring data from one frace to another, only amplitude information is exchanged, located in dispiay
memory addresses 1025 through 2025 and 2049 through 3049.

The functions of the KSi and BXC commands are identical,

i
The functions of the KSi command and the keys are identical.
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K5j

View Trace C

T

The KSj command displays trace C. Amplitude information for trace C is contained in display memory addresses
3073 through 4073. The KSj command displays this trace information on the analyzer display.

KS;j also sends the instruction word, 1048, to address 3072. Therefore, any information stored in address 3072 is
lost when KSj is executed. If you have used address 3072 for a graphics program or a label, you may wish to save
its contents before executing KS;.

Trace C is not a swept, active trace, as are fraces A and B. Send data to trace C with these commands:

BTC or K51 fransfers trace B ampiitude information to trace C.
BXC or KSi exchanges trace B and trace C amplitude information.
DW or K5125 sends trace information to trace C.

Transfer frace amplitude information as follows:
1. Select single sweep mode {SNGLS or 52).
2. Select desired analyzer settings.

3. Sweep analyzer (TS).

4. Transfer data.

The program below demonstrates KSj.

10 ASSIGN @SaTO 718

20 OQUTPUT @SA,;“IP;”

30 OUTPUT @8a.“A4;88;"”

40 OUTPUT @8a,;“Bl;CFR00MEZ;8P2MZ;T8;”
80 OQUTPUT @8a“¥8i;”

60 OUTPUT @8a;“B4;”

70 OQUTPUT @8a; “K8i;”

80 END
Line 20: Presets the instrument.
Line 30: Stores and blanks trace A, Selects single sweep mode {S2).
Line 40: Selects trace B. Sets the analyzer to 200 MHz center frequency with a 2 MHz frequency span.

Takes one complete sweep of trace B at the current seftings (TS).
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(Continued) %]

Line 50: Exchanges trace B and trace C. Trace C (containing no trace data) now appears on the display as
trace B. The asterisk {*) in the top right corner of the analyzer does not agree with the current
display.

Line 60: Stores and blanks trace B {containing no trace data and an asterisk in the top right corner).

Line 70: Views frace C.

Commands BTC, KS1, BXC, and KSi manipulate trace amplitude information in display memory addresses
3074 through 4073. They do not manipulate data in the remaining display addresses that are allocated to trace C:
addresses 4073 through 4095, and 3072, These addresses are available, in addition to address 3073 and 4074,

for custom graphics programming or labels. (See Appendix B.)
i

The functions of the KSj command and () keys are identical. (See VIEW and BLANK.}

*

1048 is 2 machine instruction word that sets addresses 3073 through 4073 10 zero and draws the trace dimly.
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15k

Blank Trace C

-0

The KSk command blanks trace C. Amplitude information for trace C is contained in display memory addresses
3073 through 4073. The KSk command blanks trace C but does not alter the information stored in these
addresses.

KSk also sends the instruction word, 1044~ to address 3072. Therefore, any information stored in address 3072
is Jost when KSk is executed. If you have used address 3072 for a graphics program, or label, you may wish to

save its contents before executing KSk.

k
The functions of the KSk command and keys are identical. (See KSj, VIEW, and BLANK )

* 1044 15 a machine instruction word that sets addresses 3073 through 4073 to zero and skips to the next page memory.
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Kl

Transfer Bto C
(BTO)

0

The KSI command transfers trace B to trace C.

Note trace C is not a swept, active function. Therefore, transfer trace information to trace C as follows:
1. Select single sweep mode (52).

2. Select desired analyzer settings.

3. Take cne complete sweep {TS).

4. Transfer data.

This procedure ensures that the current settings of the analyzer are reflected in the transferred data.

10 OUTPUT 718;“IP;T3;8NGLS;AS;”
20 OUTPUT718,“Bl;CF R0MZ,;T5;B4;”
30 OUTPUT 718;“K81;K8j"

31 LOCAL 718

40 END

When transferring trace data from one trace to another, only the trace information from 1001 display memory

addresses is transferred out of the total 1024 available dispiay memory addresses. Information in address 1024
and addresses 2026 through 2047 is not transferred. (Addresses 2026 through 2047 are usually used for custorn

graphics.)

The functions of the KS! and BTC commands are identical.

1
The functions of the KSI command and the keys are identical.
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KSm

Graticule Off

-0

The KSm command bianks the graticule on the analyzer display. The KSm command is identical with manual

operation of the front panel keys.

OUTPUT 718, K8m;"”

See also GRAT.
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Hen

Graticule On

-0

The KSn command turns on the graticule of the analyzer display. The KSn command is identical with manual

operation of the front panel keys.

OUTPUT 718,“KSn;”

See GRAT and KSm.
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KSa

Characters Off

The KSo command blanks the annotation on the analyzer display. The functions of the KSo command and the

front panel keys are identical.

OUTPUT 718;“KS80;”

See ANNOT and KSp.
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K&p

Characters On

-0

The KSp command turns on all annotation on the analyzer display. The functions of the KSp command and the

front panel keys are identical.

OUTPUT 718;“KSp;”

See KSo and ANNOT,
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KSq

Step Gain O#

KS¢

The KSq command is a diagnostic aid used for servicing the spectrum analyzer.

The KSq command uncouples the step gain amplifiers (from attenuator changes) of the IF section (A4A5 Step
Gain and A4A8 Attenuator-Bandwidth Filter)

g
The functions of the KSq command and the key are identical.
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HSr

Service Request 102

KSr i

The KSr command sends service request 102 to the controller, notifying the controller that the operator has
requested service. See Appendix D.

1IN

The functions of the KSr command and the () keys are identical.
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Kot

Marker Continue
(MKCONT)

0

The KSt command takes a sweep, starting at the active marker, continues through a full sweep back to the same
marker, and stops. The functions of the KSt command and the front panel Sweep keys are identical.

A normal marker and the KSu (stop sweep at marker) command must be activated prior to executing the KSt
command. Once the KSt command has been activated, the analyzer remains in single sweep mode. Each time
KSt is initiated again, the sweep starts at the marker and continues through a full sweep until it again stops at the
active marker.

The K5t command remains in effect until a marker off (M1) command or an instrument preset is done.

The KSt command syntax is shown in the sample program line below.

OUTPUT 718;“K8t;"
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B Sy

Marker Stop

KSu = ;

The KSu command stops the sweep at the active marker. (See also MKSTOP)

u
The functions of the KSu command and the keys are identical.
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LAY
Inhibit Phase Lock

Y0

The KSv command is a diagnostic aid used for servicing the spectrum analyzer.

The KSv command permits the analyzer to sweep at normal sweep rates, ignoring any phase-lock flag indications.
The functions of the KSv command and the front panel Trigger keys are identical.

The KSv {inhibit phase-lock flags) command does lock the YIG-tuned oscillator (YTO) to the center frequency, as
in normal operation of the analyzer. Therefore, the displayed frequencies may not be accurate when KSv is in
effect.

v

The functions of the KSv command and the keys are identical.
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LAY

View Correction Data

KSw -

The KSw command displays the correction data of the error correction routine of the analyzer. KSW executes the
correction routine. {See KSW.)) The functions of the KSw command and the front pane] (sn] % (=) keys are
identical.

Correction data can also be transferred to the controller by executing the KSw (display correction routine) com-
mand. The correction data is transferred in sequence as a series of 43 strings using the following program:

10 DIM A$(1:43){80]

20 OUTPUT 718;“KSw;”
30 FORN = 1TO43

40 ENTER 718;A$[IN]

B0 NEXTN
Line 10: Dimensions string array storage (in the controller memory) for correction data.
Line 20: Sends correction data to controller.
Line 30 to 50: Sequentially stores correction data in array.

The content of each string is the error in dB or Hz for a specific control setting relative to a set of standard settings
determined at the factory. Strings 6 through 29 contain the amplitude and frequency errors displayed on CRT lines
6 through 17. Data in strings 1 through 5 correspond to CRT lines 1 through 5, and data in strings 30 through 43
correspond to lines 18 through 31. The errors listed should be within the specification listed on the Error Correc-
tion Routine Table,

For additional information on the error correction routine, see Error Correction Routine in Chapter 11 of Section I.
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KSw (Continued)

Error Correction Table

Parameter Specification
LOG and LIN scale, BW <100 kHz + 1 dB typical
LOG10dB/
LOG 5a¢B/ + {0.5dB — 1 dB reading)
LOG 2d4B/
LOG 1dB/ +(.5dB
RESBW = 3 MHz A +1dB*
1 MH:z *
300 kHz
100 kHz
30 kH:z
10 kHz
3 kHz +0.5dB"
1 kHz
300 Hz
100 Hz
30 Hz
10 Hz J +1dB*
L.OG and LIN scale, BW 2100 kHz + 1 dB typical
Step Gains = A20 }
+0.6dB
A0
§G20-2
5G20-1 } +1.0dB
SGI0
LG20 }
+ 1.0 dB typical
LG1D
RF ATTENUATOR = 20dB 3\
20dB
30dB
40 dB > +0.2 dB typical
50 dB
60 dB
70 dB /

* Specifications for all Resolution Bandwidths are referenced to the 1 MHz
Resolution Bandwidth. The frequency error terms are for exror correction omly.
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HEx

External Trigger

SO0

The KSx command activates the normal external trigger mode, but eliminates the automatic refresh for sweepti-
mes less than 20 msec. {The T3 and TM commands do not inhibit the automatic refresh.) The functions of the
KSx command and the front panel keys are identical.

When the KSx command is executed, the RF input signal is displayed only when the external trigger signal
exceeds the threshold of the trigger level.

OUTPUT 718;“K8x;"
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sy

Video Trigger

-0

The KSy command activates the normal video trigger mode, but eliminates the automatic refresh for sweeptimes
less than 20 msc. {The T4 and TM commands do not inhibit the automatic refresh.) The functions of the KSy
command and the front pane! Trigger keys are identical.

When the KSy command is executed, the RF input signal is displayed only when the video trigger signal, which is
internally triggered off the input signal, exceeds the threshold of the trigger level.

QUTPUT 718;“K8y;"
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WSz

Storage Address

Ksz -r,
. @ o —\)
%_

The KSz command displays the specified display memory address of the analyzer from @ to 4095, ¥ an address is
not specified, the analyzer displays the current address. The functions of the KSz command and the front panel

keys are identical.

The KSz command has the same function as the DA command.

OUTPUT 718;“KSz;”

For additional information on the KSz command, see DA.
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K,

Mixer Level
(ML)

Y

®
©

5

gj

S

The KS, command specifies the maximum signal level that is applied to the input mixer for a signai that is equal to
or below the reference level.

The effective mixer level is equal to the reference level minus the input attenuator setiing. When KS, is activated,
the effective mixer level can be set from — 10 dBm* to —70 dBm in 10 dB steps. Instrument preset {IP) selects
— 10 dBm.

The program line below sets the mixer levelto — 40 dBm.

OQUTPUT 718;“KS, — 40DM;”

As the reference level is changed, the coupled input attenuator autornatically changes to limit the maximum signal
at the mixer input to — 40 dBm for signals less than or equal to the reference level.

The functions of the KS, and ML commands, and the keys are identical. See also AT.

In the extended reference level range, the effective mixer level can be set to # dBm.
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KS =

Marker Frequency Counter Resolution

(MKFC
10 )

QOOOE

bos

ftem Description/Default Range Restriction

REAL Default is ¢ Hz.

The KS = command specifies the number of significant digits in the marker frequency readout, for spans of 2 MHz
or less. Execute MC1 or MKFC before executing KS =,

OUTPUT 718;"MKFCKS= 100HZ;”

The counter resolution can be set between 1 Hz and 100 kHz to obtain the following marker frequency resolutions:

Counter Resolution Readout for 1006 MHz Signal
100 kHz 100.0 MHz
10 kHz 100.00 MH:=
1kHz 100.000 MHz
100 Hz 100.0000 MHz
10 Mz 1606.00000 MHz
1 Hz 160.000000 MHz

Counter resolution values entered in values other than specified above, such as 25 Hz and 326 kHz, are rounded
to the closest power-of-ten value. For example, a counter resolution entry of 25 Hz is entered as 10 Hz.

The resolution of the counter frequency remains fixed until the resolution is changed again or until an instrument
preset (IP).

The functions of the KS= and MKFCR commands, and the front panel keys, are identical, See
MKFC or MC1.
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KS(

Lock Redgisters
Ks{ s G

The KS( command secures the contents of registers one through six. When the registers are secured, the SV and
SAVE commands cannot save more instrument states in the registers, but instead write “SAVE LOCK” on the
analyzer display. To save an instrument state in a locked register, first execute KS) to unlock the registers.

The recall function of the analyzer is not affected by this function.

OUTPUT 718;“KS(;"
{

The functions of the KS{ command and the keys are identical.

The KS( command also protects the contents of any user-defined softkeys when the analyzer is under manual
operation. During manual operation, softkeys are loaded by pressing ithe key. Loading a softkey with new
information erases the original contents of the softkey. If KS( has been exectfed, pressing | # | does not load a
softkey. Thus, existing softkey contents cannot be altered. Execute KS) to unsecure the softkeys.
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KS)

Unilock Registers

Ks) ;

The KS) command unlocks the registers where instrument states are stored with SV and SAVE commands. The
functions of the KS) command and the front panel ) keys are identical.

When the registers are unlocked, new instrument states can be saved in registers one through six. Fach time new
states are stored, the original register contents are erased.

The recall function of the analyzer is not affected by this function.

QUTPUT 718;“K8),”

The KS) command also unlocks user-defined softkeys, which are locked during manual operation only, by the KS(
command.

See KS(.
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KS|

K8l .

The KS| command writes the instruction word or data value into the specified display memory address. The
functions of the KS| command, the front panet | keys, and the DW command are all identical.

The sample program lines below demonstrate how to format the KS| command.

10 OUTPUT 718;“K8hL"
20 OQUTPUT 718,“KS”.CHR$(1R4)
30 OUTPUT 718 USING “K,B";“K8”,184

For additional information on display write, refer to the DW command.
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HE>

Preamp Gain — Input 2

ey

®
A

bos

Use the KS> command when using a preamplifier at the 100 kHz to 1.5 GHz input. The KS> command offsets
the amplitude readouts so the displayed amplitudes represent power levels at the preampiifier input.

The selected gain offset is displayed in the active function readout, and is always displayed above the graticule
(PG) as long as the KS> offset is in effect.

Instrument preset (IP) removes the offset.

OUTPUT 718;“K8> 10"
>

The functions of the KS> command and the front panel - keys are identical.
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Ka<

Preamp Gain — Input 1

Ko< [roat (08 @

bos

Use the KS< command when using a preamplifier at the 100 Hz to 1.5 GHz input. The KS< command offsets the
amplitude readouts so the displayed amplitudes represent power levels at the preamplifier input.

The selected gain offset is displayed in the active function readout, and is always displayed above the graticule
(PG) as long as the KS< offset is in effect.

Instrument preset (IP) removes the offset.

OUTPUT 718;“E8< 10y

The functions of the KS< command and the front panel _1:; keys are identical.
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K539

Wite to Display Memory

ANALYZER
MEMORY
x 7 ADDRESS ~ .~ DATA ~ o~ TEAMINATOR —

C Ks }—( a9 }—1;>| intoger H intsger }—

ftem Description/Default Range Restriction
INTEGER Represents the-analyer display memory 1 to 4095
address. Must be sent to analyzer as two 8-bit
bytes.
INTEGER Represents amplitude data. Each data value @ to 1022
must be sent to analyzer as tow 8-bit bytes. Number of addresses between
starting address and 4095.

K539 is the general purpose command for writing data into the analyzer display memory. Any starting display
address is allowed with KS39. Up to 4096 display memory values can be sent in one operation. Data send with
KS39 must be in 2-byte binary format, 02, and be terminated with a single binary byte value of 32. The number of
bytes sent to the analyzer is limited by the number of addresses between the starting address and address 4095, the
last display memory address. The display address must be sent to the analyzer in the 2-byte binary format.

KS5123 and KS39 are often used together to read and write the contents of display memory The following
program demonstrates this.

10 OPTION BASE 1

20 DIM M$(8)[1024]

30 OUTPUT 718;“02;"

40 Da=0

580 !

60 FORI=1TOS8

70 OUTPUT 718;“DA”;Da;" K8 ;CHR$(123)
80 ENTER 718 USING “#,1024A7;M$(I}

80 Da=Da+512

100 NEXTI

110 !

120 OUTPUT 7¥18;*;A3;B3;M1;L0;KS8m;K80;"
130 QUTPUT 718;“EM;KS1,EM; EX;KS8L,EM;”
140 PRINT “OBSERVE BLANK SCREEN;PRESS CONTINUE"
180 PAUSE

180 1

170 OUTPUT Y18 USING “#.K,B,W,”;“K8",39;0
180 OUTPUT 718 USING “8(X),B”;M$(*);32
180 OUTPUT 718;“;AL;"

200 END
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KE53Y (Continued)

Lines 10 to 100:

Lines 120 to 150:
Line 170:

Line 180:

Line 190:

Sends the content of trace memory to the controller. Refer to the description of the KS123
mnemonic for a complete explanation of these lines.

Erases trace A, B, and C memories and blanks the annotation and graticule.

Sends the KS39 command and the display memory address to the analyzer. The USING
part of the OUTPUT statement formats the controller to send the KS as a compact field,
the 39 as a singie binary byte, and the { {display address}) as a two byte binary word, the #
sign suppresses the trailing CR/LF so it will not be send as part of the display memory
data.

Sends the display memory data contained in array M$ to the analyzer and terminates the
KS39 command with a 32. The USING part of the QUTPUT statement formats the
controiler to end the contents of the array as eight strings and the 32 as a single binary
byte.

Al sets frace A to the clear-write mode. HD clears the active function block of the display,
which contained a display address.

The KS39 command cannot be executed from the front panel.

NOTE

The syntax of the KS39 command is different for the HP 8568A and B analyzers. See
Appendix [ for details.

* This is the decimal ASCIl equivalent and is transmitted to the analyzer as a single 8-bit byte,
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#5591

Read Amplitude Error

(KS}»(MB—»@

KS91 sends an amplitude correction value to the controller. This correction value improves measurement accuracy
when it is subtracted from the amplitude measured by the analyzer.

The analyzer compiles the KS91 correction value from calibration data stored in its memory by the KSW com-
mand, the error correction routine. When the K$91 command is executed, the correction value is compiled from
those parts of the KSW data that apply to the present instrument state. Execute KSW before KS91 to ensure the
correction value is based on recent KSW data. Execute KS91 immediately after making your amplitude measure-
ment to ensure the correction value is based on the right instrument settings.

The KSX {Use Correction Data) command puts the analyzer into a “cotrected” mode. In this mode the analyzer
automatically corrects its measurements with the data collected by the KSW command. The KSX command
makes amplitude corrections by adjusting the IF gain. Because of the inaccuracies inherent in changing the IF gain,
the correction mode established by the KSX command is up to 0.4 dB less accurate than the external mathemati-
cal correction made with the KS91 correction value.

The following program gives a sample readout of the KS91 correction value.

10 OQUTPUT 718;“KSW;”

20 |

30 |  Any amplitude measurement routine
40 !

BO OUTPUT 718 USING “X,B”;“KS8":81

60 ENTER 718;E

7?0 PRINT “AMPLITUDE ERROR IS “;H;” dB”
80 END

The correction value stored in variable E improves the amplitude measurement accuracy when it is subtracted from
the measured amplitude.

The KS91 command cannot be executed from the front panel.

* This is the decimal ASCII equivalent and is transmitted to the analyzer as a single 8-bit byte.
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Ks 124

Read Display Memory

(Ks)*(ws%»—@

The KS123 command sends the contents of display memory to the controller. Thus, the controller “reads” display
memory.

Starting at a designated address, KS123 sends 1001 of the 4096 analyzer display memory values to the control-
ler. The analyzer output format and display memory address must be specified before executing KS123.

Follow the three steps listed below to send any section (up to 1001 addresses long) of display memory.
1. Specify the first display memory address of the section to be read.

2. Format a string or string array in the contfroller to store the exact number of values you need.

3. Terminate the KS123 command with a LOCAL 718 or an OUTPUT statement.

The KS123 command tells the analyzer to “wait” until 1001 memory values are read. If the controller does not
read all 1001 memory values, the program must terminate this “wait” mode with step 3. The sample program
below reads 10 memory values, starting at the center of trace A.

10 OPTION BASE 1
20 INTEGER A(10)
30 |

40 OUTPUT 718 USING “K,B";“01;DA B0 K5”;133
50 ENTER 718;A(*)
60 OUTPUT 718"
70 LOCALT718

80 |

90 FORI=1to 10
100 PRINT A(I)
110 NEXTI

120 END

If KS123 is used with DAL or DA1025, it imitates the TA and TB commands; however, TA and TB are slightly
faster and therefore preferable. The only efficient way to read the entire contents of trace C memory, however, is
with KS123. This is done by executing a DA3073 before the KS5123 command, and dimensioning enough
controller memory for 1001 display values. To read individual values of trace data, use the DR command.

KS5123 can also send all display memory contents (4096 values) to the controller. This is done with a program loop

that advances the display address by one and executes subsequent KS123 commands. The program below is an
example of this application.
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{Continued) K5123

10 OPTION BASE 1
20 DIM M$(B)1024]
30 OUTPUT 718;“08;”

40 Da=0
50

680 FORI=1708

70 OUTPUT 718;“DA":Da;*: K8 ;CHR$(123)
a0 ENTER 718 USING “#,1084A” ; M$(I)

20 Da=Da+518

100 NEXTI
110 !

120 OUTPUT?18;";A3;B3;M1;L0;K8m;KS0;"
120 QUTPUT718;“BEM;K8i;EM:; BX; K81, EM;”
140 PRINT “OBSERVE BLANK SCREEN;PRESS CONTINUE”

180 PAUSE
160 |

170 QUTPUT 718 USING “# K,B,W,”;“KS";539,0
180 QUTPUT 718 USING “8(K),B,K";M$(*);38;“;”
190 OUTPUT 718;“Al1 HD"”

200 END

Line 20:

Line 30:

Line 40:
Line 60:

Line 70:

Line 80:

Line 100:

Lines 120 to 150:
Line 170 to 190:

Dimensions enough memory in M$ to contain all 4096 values of display memory. (8192
bytes or 2 times 4096.)

Sets the analyzer output format to 2-byte binary. The KS39 command used in line 170
requires this format.

Sets the display address variable, Da, equal to the first address.

Defines the program loop. Eight cycles are necessary. The total number of display mem-
ory values {4096) is not evenly divisible by 1001, which is the number of values read by
KS123. The next smallest number by which 4096 is evenly divisible is 512. 4096/512 =
8.

Sets the display address and executes KS123. The 123 must be sent as a single binary
byte.

Enters the display memory data into the string array M$. (1024 or 2 times 512 bytes are
entered.)

Continues the program at line 70. Line 70 readdresses the analyzer, clearing the “wait”
mode. This “wait” mode is a result of using KS 123 to read less than 1001 display mem-
ory values. :

Frases trace A, B, and C memories and blanks the annotation and graticule.

Restores the analyzer display by writing the contents of M4 back into display memory.

The K$123 command cannot be executed from the front panel.

* This is the decimal ASCII equivalent and is transmitted to the analyzer as a single 8-bit byte.
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HS125

Write to Display Memory
%~ DATA ~
C KS },( 125 }"I Iutagef}*{ )
Hem Description/Default Range Restriction
INTEGER Represents amplitude data. Each frace data @— 1022

value must be sent as two 8-bit bytes. Up to
2002 bytes {1001 values) can be sent.

The KS125 command writes data, which is formatted in 2-byte binary, into the analyzer display memory. The
KS125 syntax requires a specified starting address that immediately precedes KS125. Specify the address with the
DA command. Up to 1001 display memory values are written with each execution of KS125.

The following program first uses KS123 to send the contenis of trace B memory 1o the controller array. The
program then writes the contents of the array back to the analyzer trace B memory.

10 OPTION BASE 1

20 INTEGER B_stors{1001}

30 i

40 OQUTPUT 718;“A4;B1;T8;B3;”

80 OUTPUT V18 USING “K,B,#";"08;DA10R4;K5";183
680 ENTER 718 UBING “W”;B_store(*)

7C |

80 OUTPUT718;“,81;A1,BL;”

90 LOCAL718

100 PRINT “CHANGE ANALYZER DISPLAY;PRESS CONTINUE"
110 PAUSE

120 |

130 OUTPUT 718,“B3;”

140 OUTPUT 718;"“DA 1¢24,”

150 OUTPUT 718 USING “K,B,#",“KB";185

160 OUTPUT 718 USING “W”,B_store(™)

170 OUTPUT 718,

180 END
Line 20; Dimensions enocugh memory to store the contents of trace B memory. The INTEGER
staternent automatically dimensions 2 bytes for each element of string B_store (1001
elements).
Lines 40 to 60: Sweeps trace B and then sets it to the view mode. The analyzer is then set to the 2-byte

binary display-units output format. Next, the contents of frace B are read by the controller
and stored in string B_ store.

Lines 80 to 110: Clears trace B, places the analyzer in the LOCAL mode, and tells the operator to change
the analyzer display (trace B display) and continue the program.
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(Continued) K&125

Line 130: Places trace B in the view mode. This is necessary to prevent the analyzer from writing
over the data placed back into trace B by K5125.

Lines 40 to 150: Sets the analyzer display address to 1024 with the DA command and sends the KS§125
command to the analyzer. The “125” in KS125 is sent as a single binary byte.

Line 160: Writes the integer string B_ store, which contains the display memory values for the origi-

nal trace B display, into the analyzer trace B mermory, restoring the original trace B displav.

The K5125 command cannot be executed from the front panel.

* This is the decimal ASCIH equivalent and is transmitted to the analyzer as a single 8-bit byte.
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K5126

Read Every Nth Value
NTH
s 7 VALUE =~
(ks (128 ) integeff’@
ftem Description/Default Range Restriction
INTEGER Represents every Nth value of trace A, B, or C 75— 1022
display memory.

KS126 sends every Nth value in display memory to the controlier. This is useful when more trace data than
required are available. For example, when displaying noise data in zero span, a small number of points can be
sampled and averaged without a significant loss of data. Another example is when the resolution bandwidth is
wide enough relative to the spanwidth so that only minimum display resolution is required.

Before executing the KS126 command, the analyzer output format and starting display memory address must be
specified. All trace memories must be in a store mode (VIEW or BLANK) when they are read by KS126. Immedi-
ately following the command, the variable N must be specified as follows:

N = point interval and is described by the formula N = 1000/(M — 1).
M = the number of points to be read and is described by the formula M
= (1000/N} — 1.

The value of N must be an integer and must be sent to the analyzer as a single binary byte. The resulting value of M
dimensions memory in the controller.

The following program is an example of reading 11 values of trace B with KS126.

10 OFTION BASE 1

20 INTEGER A(11)

30 OUTPUT 718 USING “X,B,K”;“01;DA10R5;K8"; 126, 10¢,"”
40 FORI=1TO1l

50 ENTER 718A(0)

60 PRINT A

70 NEXTI

80 END

The KS126 command cannot be executed from the front panel.

* This is the decimal ASCII equivalent and is transmitted to the analyzer as a single 8-bit byte.
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LB

Label

{ LB }———»{ charscter )—*l resl } -h{ terminator hp@

nm
ltem Description/Default Range Restriction
CHARACTER Represents text displayed on screen. ASCIl codes 32— 126
REAL Represents text displayed on screen.,
TERMINATOR Terminates text. Character defined in DT ASCIl codes §— 255
comrmand.
ETX End of text. ASCIll code 3

The LB command writes text (fabel} on the CRT display with alphanumeric characters specified in the program.
The text characters are each specified by 8 bits in a 12-bit data word which immediately follows the LB cornmand.
{The 4 most significant bits in the data word are set to .) The decimal equivalent of the binary number formed by
the 12-bit data word corresponds to a particular one of the available alphanumeric characters. Decimal numbers @
through 255 and their corresponding characters are shown in the Character Set Table at the end of this command
description.

Characters generated for the LB command are aligned on the CRT in the same manner as typeset characters on a
printed page (that is, in rows and columns). This alignment is important when you are labeling graph lines or
points.

The display size specified by the display size command (D1, D2, D3}, or the “big expand (bex)” instruction,
determines the position of the text on the CRT, the number of rows and columns, and the size of the characters.

A typical use of the L.B command is shown in the sample program below.

10 OUTPUT 718,“IpR;”

&0 OUTPUT 718;“A4;K80;D3;”

S0  OUTPUT ?18;“DT@;”

40 OUTPUT 718;“PU PA 75,680 LB LABEL@:”

50 END
Line 20: Blanks display and selects display size.
Line 30: Establishes a character (@) to terminate label text.
Line 40: Positions start of label text, writes text, and terminates label mode.
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LE (Continued)

When using LB, the end of the text must be terminated. If the text is not terminated, instructions and other text
following the actual label statement are displayed on the CRT. The label mode can be terminated with an ASCII
end-of-text code (decimal code 3), or with a character specified by the DT command. The label terminator
command, DT, suffixed with the character selected as the terminator (see line 30 above), must precede the label.
The terminator character itself must immediately follow the label.

The character codes listed below provide special label functions. Instructions for a particular function are normally
given in the function’s decimal code.

Code* Function™”*

@ null

8 back space {BS)

10 line feed

11 vertical tab (opposite of line feed) (VT)

12 form feed (move beam to @,8) {FMFD)

13 carriage return (CR)

17 blink on {bkon)

18 biink off (bkof)

32 space {SP)

145 skip to next higher block of 16 addresses {sk 16}
146 skip to third higher block of 16 addresses (sk 16}
147 skip to fifth higher block of 16 addresses (sk 64}

* Character codes can be used with both the label instruction code {1025 + } and the LB command.
** Abbreviations within the parenthesis are shorthand notation for writing display programs. They are not pro-
gramming codes.

A blink-on instruction causes the label statement to blink until a subsequent blink-off or end-of-text instruction in
the program is executed.

For the skip-to-next-block instructions, the 4096 addresses in the display memory are hypothetically divided into
256 blocks of 16 addresses each. Execution of a skip instruction causes the program to skip to the first address in
the next higher block of 16 addresses (code 145), to skip over the next two higher blocks to the first address in the’
third higher block {code 146}, or to skip over four blocks to the first address in the fifth higher block (code 147).

For example, if the program is at any address from @ through 15 {the first block of 16 addresses) and a
skip-to-next-16-biock is executed, the program skips to address 16 (the first address in the second block of 16
addresses). Similarly, f the program is at address 84 in the sixth block of 16 addresses, and a skip-to-next-32-biock
is executed, the program skips over two blocks of 16 addresses to address 128 (the first address in the ninth block).
Again, if the program is at address 84 in the sixth block, but the instruction this time is for a skip-to-next-64-block,
the program skips over four blocks to address 160 in the eleventh block of 16 addresses.
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(Continued) 1.5

A sample program using the blink-on and blink-off codes is shown below.

20
30
40
50
60

ABSIGN @8aTO 718

OQUTPUT @8a;“IP;"

OUTPUT @8a;"" A4;K50;D3;”

OUTPUT @Ba; “PU;FA 344,656;LB";CHRE(17);“LABEL";CHR$(18);CHR§(3);
END

For a binary format, Iine 50 can be written as {ollows:

BO

Line 30:
Line 40:
Line 50:

OUTPUT @B8a USING “K,B,K,B,B”,“PU,PA 344,656,LB";17;“LABEL";18.3;

Presets the instrument.
Blank trace A and characters and selects display size 3.
Positions the beginning of the label, blinks the label, and terminates the label.

Character Set

The character set for the label command is the same as the ASCH set. There are 86 additional characters available.
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LE (Continued)

Code | Char | Code | Char | Code | Char | Code | Char | Cede | Char | Code | Char | Code | Char | Code | Char
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LABEL COMMAND CHARACTER SET

Blank codes are either unassigned or character pieces. () indicates display machine language word. See Appendix
B
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LG

Log Scale

EP

QA

Sleltt

Item Description/Default Range Restriction

INTEGER 1,2,5/10

The LG command specifies the vertical graticule divisions as logarithmic units without changing the reference level.
The vertical scale may be specified as 1, 2, 5, or 10 dB per major division. If no value is specified, as shown below,
the logarithmic scale is 10 dB per division.

OUTPUT 718:“LG;”
The functions of the 1..G command, and the front panel key are identical.

When queried (7 or OA}, LG returns the current log scale as a real number, followed by a carriage-return/line-feed
(ASClI codes 13, 10). The end-or-identify state (EOI) is asserted with line feed.
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LE

Lower Left

0

The LL command sends a voltage to the rear panel RECORDER OQUTPUTS. The voltage level remains unti a
different command is executed. Use the L command to calibrate the lower left dimension of a recorder. The LL
command is illustrated in the sample program below.

10 OUTPUT 718;“LL;”
20 PRINT “ALIGN PLOTTER PEN LOWER LEFT CORNER OF PAPER: PRESS CONTINTE.”
30 END

Z
| oy -
The functions of the LL. command and front panel key are identical. {See Introduction in Section L.}
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LN

Linear Scale

C o ()

The LN command scales the amplitude (vertical graticule divisions) proportional to input voltage, without chang-
ing the reference level. The bottom graticule line represents a signal level of zero volts.

The LN command selects V, mV] or uV as the vertical scale, depending on the vertical scale before LN is executed.

Units other than V/DIV, MV/DIV, or uV/DIV can be selected by changing the reference level after executing LN.
For exampie, to set the scale to 3 mV/DIV, specify a reference level of 30 m\V.

OUTPUT 718;“LN; RL 30mWV."”

Note that voltage entries are rounded to the nearest 0.1 dB. Thus, 30 mV becomes 30.16 mV, which equals -17.4
dBm.

LIN
The functions of the LN command and front panel () key are identical. (See also KSB, KSC, and KSD.)
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LA

Logarithm

SCALING
~ DESTINATION ~ -~ OPERAND = -~ FACTOR —~

4 [ variable |

Log @ "\JRA O @ identifier
@ | numefric
data field

¢

trace trace
“ltabel tabel
varisble ] variable
Tidentifier [ identifier
numeric |
"l data field
ltem Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA-ZZ and _
TRDEF statement. 2— 12 characters required.
VARIABLE Alpha character, User-defined identifier AA-ZZ and
IDENTIFIER declared in VARDEF statement. 2— 12 characters required.
Alpha character, Measurement-variable
identifier, such as CF or MA.
Trace element, such as TRA[10].
NUMERIC DATA Real
FIELD

The LOG command modifies the operand:
LOG operand 1 x scaling factor — destination

The operands and destination may be different lengths. The trace operands (TRA, TRB, TRC, and trace label)
range from 1 to 1008 elements in length; a variable identifier or numeric data field is one element long. When
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(Continued} LOG

operands differ in length, the last element of the shorter operand is repeated for processing. When the operands
are longer than the destination, they are fruncated to fit.

CUTPUT718;"“1.0G TRC,TRA 10;”
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1.8
Display Line Off

C o ()

The L@ command disables the display line.

The functions of the L command and the front panel, reference line key are identical. The display line also
can be turned on or off by the DLE and DL commands.

OUTPUT 718, 1.9;"
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MA

Marker Amplitude Qutput

o0

The MA command returns the amplitude level of the active marker to the controller, if the marker is on screen. I
both the delta marker and active marker are on screen, MA returns the amplitude difference between the two
markers. {See MKDELTA and M3.) The ampilitude is also displayed in the upper right-hand corner of the analyzer
display.

The output can be formatted in any of the four output formats. (Refer to FORMAT commands, O1, 02, O3, 04.)
However, do not use output format O4 for marker delta output, because sign information is lost.

A typical use of the MA command is shown in the sample program below.

10 ASSIGN @8aTO 718

20 PRINTERIS 701

30 QUTPUT @8a,;“FA 80MZ; FB 120MZ;"
40 OUTPUT @8a;"M2;EL;”

5O OUTPUT @BSa;"MA;"”

60 ENTHER @83s;A

70 PRINTA

80 END
Line 30: Selects start and stop frequencies.
Line 4{: Activates a normal marker and peak search.
Line 50: Returns the amplitude to the controller.
Line 60: Assigns the amplitude to variable A.
Line 70: Prints the marker amplitude.

An ENTER command must follow each output command, or output data is lost. For example, the following
program assigns only the marker amplitude to variable F and the marker frequency value is lost.

OUTPUT 718;“M¥F;MA,"
OUTPUT 718;FA
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MIBRD

Processor Memory Block Read

ANALYZER NUMBER
MEMORY OF
- ADDRESS o BYTES s

item Description/Default Range Restriction
INTEGER ASCII decimal number representing analyzer
memory address.
INTEGER ASCI decimal number indicating number of
bytes to read.
NUMERIC DATA Real
FIELD

The MBRD command reads an indicated number of bytes, beginning at the specified microprocessor address, and
returns the bytes to the controller.
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- MBWR -

MEBWER

Processor Memory Block Write

s STRING DATA FIELD ——

- string data string ,__
SP integes deiimiter (| bytes [ | deiimiter

o A BLQCK DATA FIELD —my

Item Description/Defauit Range Restriction
STRING Mark beginning and end of command string. "$% & /. =@\
DELIMITER End and beginning delimiter must be identical.
LENGTH Two B-bit bytes specifying length of command

list, in 8-bit bytes. The most significant byte is

first: MSB L.SB.
DATA BYTES 8-bit bytes of data representing command list.
INTEGER ASCII decimal number representing analyzer

memory address.

The MBWR command writes a block message to analyzer memory, starting at specified address.
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MCH

Marker Count Off

The MC@ command disables the marker frequency count mode. (See also MC1 and MKFC )

OUTPUT 718;""MCE;”
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rMCT

Marker Count On

0

The MC1 command counts the marker frequency. Use this command to measure a signal frequency with greater
accuracy. Measurement accuracy is determined by the MKFCR or KS = command.

Before executing MC1, position an active marker 20 dB above the noise floor, or in the upper six major divisions
of the graticule. Otherwise, the measurement may be inaccurate. The message “CNTR” blinks if MC1 is executed
and the active marker is in the lower four divisions.

The functions of the MC1 command and front panel key are identical. (See also MKFC and MC@.)

OUTPUT 718;“MCL;”

Programming 213



MDS

Measurement Data Size

MD§

The MDS command formats binary measurement:

B selects a data size of one 8-bit byte.
W selects a data size of one word, which is two 8-bit bytes.
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ML

Measurement Data Units

Coms {5

The MDU command returns values for the CRT base line and reference level, in display units and measurement
units,

For example, the program below returns the following to the controller:
0 1000 - 110 - 10

This means the vertical scale spans @ to 1000 display units, or 100 dB, and the reference levelis — 10 dBm.

10 OUTPUT 718;“1IP,08;”

20 OUTPUT 718;“RL-10DM;”
100 OUTPUT 718;“MDU?;”
140 ENTER 718;A,B,C,.D

180 PRINT A,B,C,D

160 END
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MEAN

Mean
N trace | /.
5P ST fabed ’\')
TRB
Item Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA—Z7 and _
TRDEF statement. 2— 12 characters required.

The MEAN command returns the mean value of the frace, in display units. Note that the value must be moved
into a variable to be accessed.

OUTPUT 718;*TRDEF TEST; 1008; VARDEF DESTINATION,3;"
OUTPUT 718;“MOV DESTINATION, MEAN TEST,"”
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MEM

Memory

=050

The MEM command returns the amount of unused memory available for user-defined functions. These functicns
include TRDEE, VARDEF, FUNCDEF, ONSWP, ONEOS, and TRMATH.

The MEM command returns the number of available bytes to the controller followed by a carriage-return/line-feed
{ASCII codes 13, 10). The end-or-identify state (EOI) is asserted with line feed.

16 OUTPUT 718;"MEM?;”

2C ENTER 718;How_much_memory
3CG  PRINT How_much_ memory

40 END
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=

Marker Frequency Output

(5

The MF command returns the frequency level of the active marker to the controller, if the marker is on screen. If
both the delta marker and active marker are on screen, MF returns the frequency difference between the two
markers. (See MKDELTA and M3.)

The output can be formatted in any one of the four output formats. (Refer to FORMAT command, O1, 02, O3,
and 04.) However, do not use output format O4 for marker delta output, because sign information is lost.

A typical use of the MF command is shown in the sample program below.

10 ASSIGN @Sato 718

20 PRINTERISTOL

30 OQUTPUT @B8a;" FA 80MZ;FB 120MZ;"
40 OQUTPUT @S8a,"M&Z;HL;”

80 OUTPUT @8a;"MF;”

60 ENTER @8a;A

70 PRINTA

80 END
Line 30: Selects start and stop frequencies.
Line 40: Activates a normal marker and peak search.
Line 50: Returns the frequency to the controller,
Line 60: Assigns the frequency to variable A,
Line 70: Prints the frequency amplitude.

An ENTER command must follow each output command, or output data is lost. For example, the following
program assigns only the marker amplitude to variable F, and the marker frequency value is lost.

OUTPUT 718;“MF;MA;”
OUTFUT 718, KA
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~ DESTINATION ~ ~ OPERAND 1 — -~ QPERAND 2 —~

T O OO

»{TRB

b
]

é
:

trace trace trace
tabet lahel label
variable variable variable
identifier = T identifier [ T identitier
nimeric e humeric
*data tietd [ data field |
item Description/Defauit ' Range Restriciion
TRACE LABEL Alpha character. User-defined label declared in AA—ZZ and _
TRDEF statement. 2—12 characters required.
VARIABLE Alpha character. User-defined identifier AA-ZZ and _
IDENTIFIER declared in VARDEF statement. 212 characters required.

Alpha character. Measurement-variabie
identifier, such as CF or MA.

Trace element, such as TRA{10].

NUMERIC DATA Real
FIELD

The MIN command compares operand 1 and operand 2, point by point, sending the lesser values of each
comparison to the destination.

If one of the operands is a single value, it acts as a threshold, and all values equai to or less than the threshold pass
to the destination.

OUTPUT 718;“MIN TRB,TRC,TRB;”
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MIKA

Marker Amplitude
e ()L H--(0)
ftem Description/Default Range Restriction
REAL Amplitude range of analyzer
screen.

The MKA command specifies the amplitude of the active marker in dBm, when the active marker is the fixed or
amplitude type. (Instrument preset {IP) selects an amplitude marker. See MKTYPLE.)

When queried (?), MKA returns the marker amplitude, a real number, followed by a carriage-return/line-feed
{ASCll codes 13, 10). The end-or-identify state (EQ) is asserted with line feed. '

OUTPUT 718;“MKA -280DM;”
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Marker Active
marker | § /.
O,
ltem Description/Default Range Restriction
MARKER NUMBER Integer. Defauliis 1. 1,2,3,4

The MKACT command establishes the active marker. There can be four different numbered markers, but only one
marker can be active at any time.

A variety of commands listed in this remote section operate on the active marker. Most of them begin with the
letters “MK.”

When MKACT is executed, the display readout indicates the active marker state.

OUTPUT 718;“MEACT 3;”

When queried (?}, MKACT returns the number of the current active marker, followed by carriage-return/line-feed
(ASCII codes 13, 10). The end-or-identify state (EOI) is asserted with line feed.
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MRCE

Marker to Center Frequency
- (£2)

(0

The MKCF command centers the active marker on the analyzer screen, moving the marker to the center frequen-
¢y

OUTPUT ?18;“MECH;”

The functions of the MKCF and E2 cormmands, and the front panel key are identical.
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MRECONT

Marker Continue

MKCONT =

The MKCONT command resumes the sweep after the execution of a MKSTOP command. Execute MKCONT
after MKSTOP

OUTPUT 718,“MKCONT;”
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ML

Marker Delta
(M3)
DELTA MARKER
o FREQUENCY —
i (D H-EHO)
(-
ltem Description/Default Range Restriction
REAL Selects delta marker frequency, Default units is
Hz.

The MKD command computes the frequency and amplitude difference of the active marker and a special marker,
called the delta or differential marker. These values are displayed in the display readout.

Differential value = active marker frequency — delta marker frequency
Differential value = active marker amplitude — delta marker amplitude
If a delta marker is not on screen, MKD places one at the specified frequency, or at the right side of the CRT. If an

active marker is not on screen, MKD positions an active marker at center screen. {The active marker is the number
1 marker, unless otherwise specified with the MKACT command.)

OUTPUT 718;“MED 120MZ;"”

The MKD command function is identical with that of the M3 command, and similar to that of the front panel
key.
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{Continued) MK

When queried(?), MKD returns the frequency difference between the delta and active markers. The frequency
difference is returned as a real number, followed by a carriage-return/line-feed {ASCIH codes 13, 10). The
end-or-identify state (EOI} is asserted with line feed.
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Mkl

Marker Frequency
o=
Item Description/Default Range Restriction
REAL Represents marker frequency. Marker frequency limited to

frequency range of spectrum
analyzer display.

Default value for units is Hz.

The MKF command specifies the frequency value of the active marker.

OUTPUT 718;“MKF 100MZ;”

When queried (?), MKF returns the active marker frequency as a real number followed by a
carriage-return/line-feed {ASCll codes 13, 10). The end-or-identify state (EQI) is asserted with kne feed.
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Ml

Marker Frequency Count

The MKFC command counts the marker frequency. Use this command to measure a signal frequency with greater
accuracy. Measurement accuracy is determined by the MKFCR or KS = command.

Before executing MKFC, position an active marker 20 dB above the noise floor, or in the upper six major divisions
of the graticule. Otherwise, the measurement may be inaccurate. The message “CNTR’ blinks if MKFC is exe-
cuted and the active marker is in the lower four divisions.

The functions of the MKFC command and front panel key are identical. (See also MC1 and MC{.)

QUTPUT 718;*MEFC ON;”
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MRFCRE

Marker Frequency Counter Resolution

(KS =}
G (D @0
(-
ltem Description/Default Range Restriction
REAL Default is @ He.

The MKFCR command specifies the number of significant digits in the marker frequency readout, for spans of 2
MHz or less. Execute MC1 or MKFC before executing MKFCR.

OUTPUT 718;“MKFC MKFCR 100HZ;”

When queried (7}, MKFCR returns the resolution value as a real number followed by a carriage-return/line-feed
{ASCI codes 13, 10). The end-or-identify state (EOI) is asserted with iine feed.

The counter resolution can be set between 1 Hz and 100 kHz to obtain the following marker frequency resolutions:

Counter Resolution Readout for 100 MHz Signal
100 kHz 100.0 MHz
16 kHz 100.00 MHz
1 kHz 100.000 MHz
160 Iz 100.6000 MHz
10Hz 106.00000 MHz
T Hz 130.600000 MHz
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(Continued) MK

Counter resolution values entered in values other than specified above, such as 25 Hz and 326 kHz, are rounded
to the closest power-of-ten value. For example, a counter resolution entry of 25 Hz is entered as 10 Hz.

The resolution of the counter frequency remains fixed until the resolution is changed again or until an instrument
preset (IP).

The functions of the MKFCR and KS = commands are identical. See MKFC or MC1.
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MIKMIN

Marker Minimum

MKMIN > o

The MKMIN command moves the active marker to the minimum value detected.

OUTPUT 718;“MEMIN;”
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MM

Marker Normal
(M2)

MARKER
== FREQUENCY —

&
O

KZ

MZ

DN

91 e

ftem Description/Default Range Restriction

REAL Default value for units is Hz.

The MKN command moves the active marker to the marker frequency. If the active marker is not declared with
MKACT, the active marker number is 1.

OUTPUT 718;“MKN;"

The functions of the MKN and MZ commands are identical.

Programming 231



Marker Noise
(KSM)

MKNQ T SE ;

The MKNOISE command displays the RMS noise level at the marker. The RMS value is normalized to a 1 Hz
bandwidth.

10 OUTPUT 718;“IR;03;"

20 OUTPUT 718;“MKACT 1;”

30 OUTPUT 718;“MKF 1GZ;”

40 OUTPUT 718;“MKNOISE ON;”
50 OUTPUT 718;“MEKNCISE?;”
60 ENTER 718;A%

70 PRINTAS$

80 END

When queried (7}, MKNOISE returns ON or OFF, followed by a carriage-return/line-feed (ASCII codes 13, 10}.
The end-or-identify state (EOI) is asserted with line feed.

The functions of the MKNOISE and KSM commands are identical.
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MKOFF

Marker Off

The MKOFF command turns off either the active or all markers displayed on the CRT. Up to four markers can be
displayed at one time.

QUTPUT 718,"MEKOFE;”
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MKP

Marker Position

Item Description/Default Range Restriction

INTEGER 1to 1001

The MKP command specifies the marker position horizontally, in display units.
The program line below positions the marker at the first major graticule line.
OUTPUT 718;“MKF 100;”

When queried {?), MKP returns the active marker frequency as a real number followed by a carriage-return/line-
feed (ASCII codes 13, 10). The end-or-identify state (EOI) state is asserted with line feed.
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MEPAUSE

Marker Pause
DELAY
~PERIOD —~
MKPAUSE i
ltem Description/Default Range Restriction

REAL Delay time in seconds. 0 1o 1000 seconds.

The MKPAUSE command pauses the sweep at the active marker for the duration of the delay period.

QUTPUT 718;“MKFPAUSE 100;"

When gqueried (?), MKPAUSE returns the value of the delay period as a real number followed by a
carriage-return/line-feed (ASCIl codes 13, 10}. The end-or-identify state (EQI) is asserted with line feed.

To turn pause off, turn off markers.
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MKPK

Marker Peak

MKPK

POOO

The MKPK command positions on the active marker on signal peaks.
QUTPUT 718;“MEKPK NR,”
Executing MKPK HI, or simply MKPK, positions the active marker at the highest signal detected.
If an active marker is onscreen, NH, NR, and NL move the marker accordingly: |
Specifying NH moves the active marker to the next signal peak of lower amplitude.
Specifying NR moves the active marker to the next signal peak of higher frequency.
Specifying NL moves the active marker to the next signal peak of lower frequency.

(See also E1 )
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Marker Peak Excursion

The MKPX command specifies the minimum signal excursion for the analyzer internal signal-identification routine.
The default value is 6 dB. In this case, any signal with an excursion of less than 6 dB on either side is not identified.
If MKPK HI (peak search) were executed on such a signal, the analyzer would not place a marker at the signal

peak.

QUTPUT 718;“MERFPX 8dB;”
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MKREAD

Marker Readout

Cnens (s

PR

:

The MKREAD command selects the type of active trace information displayed by the analyzer marker readout:
marker frequency, period, sweep time, inverse sweep time, or fast fourier transform readout.

When queried (?), MKREAD returns the marker readout type, followed by carriage-return/line-feed {ASCI codes
13, 10). The end-or-identify state (EO)) is asserted with line feed. The program prints “FFT” on the computer
screen,

10 OUTPUT 718;“MEKREAD FFT;”
20 OUTPUT 718;“MEREAD?;”

30 ENTER 718;A%

40 PRINT A%

50 END
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MERL

Marker to Reference [evel
(E4)

The MKRL command moves the active marker to the reference level.

OUTPUT 718,“MKRL;"

The functions of the MKRL. and E4 commands, and the front panel key are identical.
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MIKSP

Marker Span
(KSQO)

"~ MKSP : o

The MKSP command operates only when the deita marker is on. {See MKD or M3.) When the delta marker is on
and MKSP is executed, the delta marker and active marker determine the start and stop frequencies. The left
marker specifies start frequency, and the right marker specifies stop frequency. If marker delta is off, there is no
operation.

OUTPUT 718; MKSP;”

The functions of the MKSP and KSO commands are identical.
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MKSS

Delta Marker Step Size
(E3)

T MKSS .

The MKSS command establishes the center frequency step size as the frequency difference between the delta and
active markers. (See M3 or MKD.)

QUTPUT 718;"“MKSS;”

The functions of the MKSS and E3 commands are identical.
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MKSTOP

Marker Stop
(KSu}

MKSTOP o

The MKSTOP command stops the sweep at the active marker. (See also KSu.)

OUTPUT 718;"MKSTOP,"”
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METRACE

Marker Trace

MKTRACE .

The MKTRACE command moves the active marker to a corresponding position in trace A, B, or C.

OUTPUT 718;“MKTRACE TRB;”
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METRACHK

Marker Track

MKTRACK ¢

The MKTRACK command keeps the active marker at the center of the display. To keep a drifting signal at center
screen, place the active marker at the desired signal before executing MKTRACK. (See MT1 and MT@. Also see

key in Section )

OUTPUT 718;“METRACK CIN;”
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Mk TYPE

Marker Type

MKTYPE

oI

The MKTYPE command specifies the kind of marker.

Specifying MKTYPE AMP allows markers to be positioned according to amplitude, as shown in the line below,
which positions a marker on a signal response at the -3 dBm level.

QUTPUT 718;T8; MKTYPE AMP; MKA-3;"
The program line befow returns the 3-dB bandwidth to the controller.

10 OUTPUT 718;“T8;MKFPK HI; MKD;”
20 QUTPUT 718;"MEKTYPE AMP,MEKA-3;”
30 OUTPUT 718, MXD; MF?”

40 BND

Line 10 executes a sweep, places a reference marker at the signal peak, and enables the delta marker mode.

Line 20 searches for an amplitude that is 3 dB below the reference marker at the signal peak, because the delta
marker mode is active.

The MKD in line 30 establishes the marker that is 3 dB below the peak as the new reference marker. However,
since the amplitude and reference markers cannot occupy the same position, the analyzer searches again for an
amplitude 3 dB below the signal peak and places another marker there. The MF? command returns the frequency

difference between the markers.

Specifying MKTYPE PSN allows markers to be positioned according to a horizontal position in display units. The
program line below positions a marker on the third major graticule.

OUTPUT 718,;“MKTYFPE PSN; MKP 300;”

Specifying MKTYPE FIXED allows a marker to be placed at any fixed point on the CRT.
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Pl

Mixer Level
(KS,)

-
o

The ML command specifies the maximum signal level that is applied to the input mixer for a signal that is equal to
or below the reference level.

The effective mixer level is equal to the reference level minus the input attenuator setting. When ML is activated,

the effective mixer level can be set from — 10 dBm™ to —70 dBm in 10 dB steps. Instrument preset ([P} selects
— 10 dBm.

The program line below sets the mixer level to —40 dBm.

QUTPUT 718;“ML — 40DM;”

As the reference level is changed, the coupied input attenuator automatically changes to limit the maximum signal
at the mixer input to -40 dBm for signals less that or equal to the reference level.

The functions of the ML and KS, commands, and the keys are identical. See also AT.

*

In the extended reference level range, the effective mixer level can be setto 0 dBm.
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MOV

Move

o~ DESTINATION —~ »~ QPERAND —

,,O.

TG
B T

trace trace
label label
variable variable
identifier [© ™ identifier
numerie
™l data tield |
Item Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA—ZZ and _
TRDEF staternent. 2— 12 characters required.
VARIABLE Alipha character. User-defined identifier AA-ZZ and _
IDENTIFIER declared in VARDEF statement. 2— 12 characters required.

Alpha character. Measurement-variable
identifier, such as CF or MA,

Trace element, such as TRA[10].

NUMERIC DATA Real
FIELD

The MOV command moves the operand to the destination.

The operand and destination may be of different length: the trace operands (TRA, TRB, TRC, and trace label}
range from 1 to 1008 elements in length, and a variable identifier or numeric data fieid is 1 element long. When
the operand is longer than the destination, it is truncated to fit. When the operand is shorter than the destination,
the last element is repeated to fill the destination.
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Multiply
~~ DESTINATION —~ — GPERAND 1 ~ » OPERAND 2 —~
OB OO OO
MPY wd SP TRA .
- e/ '
(ron) A .@ .
AN . :
trace traca trace
tabel lshel "l labal
vartable varisghle varisble
M tdentitier [© =1 tdentitier [ ™1 tdentifier [7]
numaric numeric
" dsta fleld[™ 1 dats tisld "
Htem Description/Default Range Restriction
TRACE LABEL Alpha character. User=defined label declared in AA—~—ZZ and _
TRDEF statement. 2— 12 characters required.
VARIABLE Alpha character. User-defined identifier AA-ZZ and _
IDENTIFIER declared in VARDEF statement. 2 12 characters required.,
Alpha character. Measurement-variable
identifier, such as CF or MA.
Trace element, such as TRA[10].
NUMERIC DATA Real
FIELD

The MPY command multiples the operands, point by point, and places the result(s} in the destination.

operand 1 x operand 2 — destination

The operands and destination may be of different length: the trace operands (TRA, TRB, TRC, and trace label)
range from 1 to 1008 elements in length; and a variable identifier or numeric data field is 1 element long. When
operands are of different lengths, the last element of the shorter operand is repeated and multiplied with the
remaining elements of the longer element. When the operands are longer than the destination, they are truncated
to fit.

248 Programming




(Continued) MY

The results and operands of trace math are truncated if they are not within certain limits. If operating on traces A,
B, or C, results must be within 1023. If operating on user-defined traces, results must be within 32,767

OUTPUT 718;“MPY TRA,TRC,TRB;”
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MED

Memory Read Word
ANALYZER
MEMORY
— ADDRESS —~

integer
ftem Description/Default Range Restriction
INTEGER ASCII decimal number representing analyzer Must be even.

memory address.

The MRD command reads two bytes, starting at the indicated spectrum analyzer memory address, and returns the
word to the controller. '
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MRDEH

Memory Réad Byte

ANALYZER
MEMORY
~ADDRESS —

MRDB - o integer

ftem Description/Default Range Restriction

INTEGER ASCII decimal number representing analyzer
memory address.

The MRDB command reads the 8-bit byte at the analyzer memory address, and returns the byte to the controlier,
as ASCII code.
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Marker Track Off

MT@®

The MT® command disables the marker tracking mode. (See MKTRACK and MT1. Also see key in Section
i)

OUTPUT 718;“MT@;"”
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AT

Marker Track On

(0

The MT1 command keeps the active marker at the center of the display. To keep a drifting signal at center screen,
place the active marker at the desired signal before executing MT1. (See MKTRACK and MT@. Also see key
in Section 1)

OUTPUT 718;“MT1;”
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MWR

Memory Write Word
ANALYZER
MEMORY
~— ADDRESS — ~— MESSAGE —
= “ & ef ; nteger o
ltem Description/Default Range Restriction
INTEGER ASCII decimal number representing analyzer Must be even number.
memory address.
INTEGER ASCII decimal number indicating number of
bytes to read.

The MWR command writes a two-byte message to spectrum analyzer memory, starting at the indicated address.
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MWRE

Memory Write Byte
ANALYZER
MEMORY
~— ADDRESS — ~—MESSAGE —

ftem Description/Default Range Bestriction
INTEGER ASCIl decimal number representing analyzer

mermory address.
INTEGER ASCI] decimal number representing one 8-bit

byte.

The MWRB command writes a one-byte message to a memory address in the analyzer.
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Maximum

~—~ DESTINATION —~ ~ OPERAND 1 ~ o QPERAND 2 —~

@_

b1
%4
21

trace trace o trace
iabe! fabel fabel
variable | variable variable |
®lidentitier [ identitier [ ] ™ identifier
numeric led NUmeric ||
™ data field [ data fieid
ftem Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA—ZZ and
TRDEF statement. 2— 12 characters required.
VARIABLE Alpha character. User-defined identifier AA-ZZ and _
IDENTIFIER declared in VARDEF statement, 2— 12 characters required.
Alpha character. Measurermnent-variable
identifier, such as CF or MA.
Trace element, such as TRA[10].
NUMERIC DATA Real
FIELD

The MXM command compares operand 1 and operand 2, point by point, sending the greater value of each
comparison to the destination.

If one of the operands is a single value, it acts as a threshold, and all values equal to or greater than the threshold
pass to the destination.

The operands and destination may be of different length. However, the destination must be as long as the largest
operand. The trace operands (TRA, TRB, and TRC, and trace label) range from 1 to 1008 elements in length,
and a variable identifier or numeric data field is 1 efement long.
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(Continued) MJeii

The operands are truncated if they are not within certain limits. The limit for operands other than trace A, B, or C,
is 32,767,

QUTPUT 718;“MXM TRA,TRC,TRB;"
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MMV

Maximum Hoid

The MXMH command updates each trace element with the maximum level detected, while the trace is active and
displayed. The functions of the MXMH and A2 commands, and front panel key are identical.

VIDEQ

DETECTOR | |

ANALOG
10
RIGITAL
CONVERTER

e el Qe
WRITE/
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A1
Marker Off

C i ()

The M1 command blanks any markers present on the CRT. (See also M2, MKOFE and MKN )

OUTPUT 718;“M1;”
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M2

Marker Normal

(MEKN)
e MARKER FREQUENCY —
(e ()
O%
ftem Description/Default Range Restriction
Real Defauit value for units is Hz.

The M2 command moves the active marker to the marker frequency. If the active marker is not declared with
MKACT, the active marker numberis 1.

OUTPUT 718;“MR2;"

The functions of the M2 and MKN commands are identical.
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PR ]
Lt

il

Delta Marker
(MKD)

DELTA MABKER

————— FREGQUENCY ——

-

o H

gJolele

T

Hem Description/Default Range Restriction

REAL Selects delta marker frequency. Default value
for units is Hz.

The M3 command computes the freguency and amplitude difference of the active marker and a special marker,
called the delta or differential marker. These values are displayed in the display readout.

Differential value = active marker frequency — deita marker frequency

Differential value = active marker amplitude — deka marker amplitude

!

If a delta marker is not on screen, MKD places one at the specified frequency, or at the right side of the CRT. If an
active marker is not on screen, MKD positions an active marker at center screen. (The active marker is the number
1 marker, unless otherwise specified with the MKACT command.)
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13 {Contfinued)

QUTPUT 718;“M3 120ME;”

The M3 command function is identical with that of the MKD command, and similar to that of the front panel
kev.
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P

Marker Zoom

Mz

glolele

P

DN

Q

bos s

The M4 command activates a single marker at center frequency, the DATA knob changes the position of the
marker and the STEP keys change the frequency span and sets the center frequency equal to the marker frequen-
cy. The functions of the M4 command and the front panel Marker Mode key are identical.

Once a single marker is positioned anywhere on the display, executing the M4 command immediately positions
the marker at center frequency.

OUTPUT 718,“M4;”
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QOutput Learn String

O

The OL command transmits information to the controller that describes the state of the analyzer when the OL
command is executed. This information is called the learn string. The learn string can be sent from the controller
memory back to the analyzer to restore the analyzer to its original state.

A list of the learn string contents and coding, and the control settings restored when the learn string is sent to the
analyzer is provided in Appendix C. Note that the trace data and the state of some analyzer functions are not
contained in the learn string.

The learn string requires 80 bytes of storage space. The program below sends the value of the resolution band-
width to the controller.

10 DIM A$[80)

20 PRINTERIS7Y01

30 |

40 OUTPUT 718,“0L;”

50 ENTER 718 USING “B80A";A$
80 Bandwidth = NUM(A${R7,27))
70 PRINT SHIFT (Bandwidth,4)
80 |

80 END

Line 10: Dimensions enough storage to contain the 80-byte learn string.
Lines 40 to 50: Reads and stores the contents of the learn string.
Lines 60 to 70: Prinis the numerical equivalent of bits 4 through 7 of byte 27.

When this program is run, the printer prints the code for the current bandwidth. The instrument state is not
affected. Interpreting the codes of some function values, such as resolution bandwidth, requires additional pro-
gram lines that equate these codes to specific function values.

Use OL command to return the state of most instrument functions to the controller simultaneously. Use a query {?)
to return the state of a single instrument function. Below, a query returns the value of the input attenuation to the
controller.

10 QUTPUT 718;“AT?;)”
20 ENTER 718N
30 END

The OL. command and “?” do not alter the state of the spectrum analyzer, and for this reason, are the best way to
send the states of the analyzer functions to the controller. An analyzer state may be returned to the controller with
“OA”, but this sometimes necessitates changing the analyzer state. For example, the program below changes the
attenuation from the coupled state to the uncoupled state when the attenuation value is queried with OA.

10 OUTPUT 718,“AT; OA;”
20 ENTERTI8N
30 END
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OREOS

On End of Sweep
o STRING DATA FIELD —
string command string .
(MBS 7ol 4o\ imi tor 1781 *‘ldelimiter"@“
o A=BLOCK DATA FIELD ——\
| command
Iist
e | =BLOCK DATA FIELD ———
wf | command |
' fist
OO
item Description/Default Range Restriction
COMMAND LIST Alphanumeric character. Any spectrum
analyzer command from this section,
STRING Mark beginning and end of command string. "SR &=\
DELIMITER End and beginning delimiters must be
identical.
COMMAND LIST Any spectrum analyzer command from this

section, except TS, ONSWP or ONEOS.

LENGTH Two 8-bit bytes specifying length of command
list, in 8-bit bytes. The most significant byte is
first: MSB LSB.

At the end of the sweep, the ONEOS command executes the contents of the data field.

OUTPUT ?18;“ONEQS”“CF 100MZ;” "

When queried (7}, ONEOS returns the command list.
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OMNSWP

On Sweep
= STRING BATA FIELD —rmy
string command string
@D delimiter [71 list “”delimiter“"@*‘“
= A-BLOCK DATA FIELD —
__ .| cammand
g list
e | ~BLOCK DATA FIELD s
d o | command
list
Item Description/Default Range Restriction
COMMAND LIST Alphanumeric character. Any spectrum
analyzer command from this section.
STRING Mark beginning and end of command string. PEB &=\
DELIMITER End and beginning delimiters must be
identical.
COMMAND LIST Any spectrum analyer command from this
section.
LENGTH Two 8-bit bytes specifying length of command
list, ir: 8-bit bytes. The most significant byte is
first: MSB LSB.

At the beginning of the sweep, the ONSWP command executes the command list.

OUTPUT 718;“ONSWP” “CF 100MZ;” " "

When queried (?), ONSWP returns the command list.
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OF

Output Parameter

The OP command returns parameter values, P1 and P2, which represent the dimensions of the lower left, and
upper right analyzer display. The values returned represent X and Y in display units.

A typical response to OP is 0,0,1023,1023;
0, 0, 1023, 1023
/ / \ \
P1X PI1Y P2X P2Y

OQUTPUT 718;“0P?;”
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o7

Output Trace Annotations

o )

The output annotations command sends 32 character-strings, each up to 64 characters long, to the controller.
These character strings contain all the CRT annotations except annotations written with the label command, LB,
the title mode, KSE, or the text command, TEXT, The controller must read all 32 strings to successfully execute
the command. The strings, listed below in the order they are sent, contain the following information:

String Readout

1 “BATTERY”

2 “CORRD”

3 resolution bandwidth
4 video bandwidth

) sweep time

6 attenuation

7 reference level

8 scale

9 trace detection

10 center frequency or start frequency
11 spat or stop frequency
12 reference level offset
13 display line

14 threshold

15 marker frequency

16 marker amplitude

17 frequency offset

18 video averaging

19 title

20 “YTO UNLOCK”

21 “249 UNLOCKR"

22 “275 UNLOCK”

23 “OVEN COLD”

24 “EXTREF”

25 “VTO UNCAL’

26 “YTO ERROR”

27 “MEAS UNCAL""*”
28 frequency diagnostics
29 “2nd L.O, “Q", “Q”
30 “SRQ7

31 center frequency “STEP”
32 active function

The following program stores all the CRT annotations in the string array, AS$:

10 DIM A$(32)[64]
20 PRINTERIS 701
30 !
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40
50
80
70
80
90

OUTPUT 718;“0T”
FORN=1TO38
ENTER 718;A$[N]
NEXTN

|

FORN=1TO32

100 PRINT A$(N)
110 NEXTN
120 END

(Continued) OF

After turning line power on, an OT command and print routine print the following string array contents:

GO ~1 O Ot Wlx OOBND

Allblank lines represent empty strings.

RES BW 3 MHz
VBW 3 MHz
SWP 500 msec
ATTEN 10dB
REF 0.0 dBm
10dB/

START 2.0 GHz
STOP 22.0 GHz

HP-IB ADRS:
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o1, 02, 03, 04

FORMAT STATEMENTS ;

The spectrum analyzer outputs must be formatted appropriately for the controller and measurement requirements.
The spectrum analyzer transmits decimal or binary values, via the Hewlett-Packard Interface Bus (HP-IB), to a
controfler or other HP-IB device, such as a printer. The decimal and binary values represent trace information or
instructions.

The format characteristics are summarized in the table below.

Qutput Example of Marker
Analyzer Cutput Format Amplitude. Marker is at — 10 dBm
Command reference level.

Sends trace information only as a decimal value in Hz, 03 —10.00
dB, dBm, volts, or seconds.

Sends trace amplitude and position information, or ‘ 01 1001
instruction word as decimal values ranging from @ to

4095:

@ to 1023 represent positive, unblanked amplitudes
in display units.

1024 to 2047 are instruction words (analyzer
machine language}.

2048 to 3071 represent positive, blanked amplitudes
in display units,

3072 to 4095 represent negative, blanked
amplitudes in display units.

Sends trace amplitude and position information, or Q2 0000 XX XX RKEKXKXKX
instruction word as binary values in two 8-bit bytes, (3) {231}
sending the most significant bit first. The four most values @ to 4095

significant bits are zeroes.

Sends trace amplitude information only as binary value 04 KERKKRKK
in one 8-bit byte, composed from the O2 output bytes: (250)
OOQ0XKKK KXRXXXXX 02 values @ to 255 (full scale)
11 ///777
1:9.9.9.4.9.9.9.4 04
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(Continued) 131, 02, 0%, O4
03 Format

The O3 format transmits trace amplitude information only, in measure units: Mz, dBm, dB, volts, or seconds. The
03 format cannot transmit instruction words.

A carriage-return/line-feed (ASCll codes 13, 10) always follows any data output. The end-or-identify state (EOI)
is asserted with line feed.

Instrument preset {IP) automatically selects the O3 format.
O1 Format

The O1 format transmits trace amplitude information as decimal values in display units. {See Chapter 4 in Section
[ for a description of display units.}

Trace amplitude values can be positive and unblanked, positive and blanked, or negative and blanked. Positive,
unblanked values (J to 1023) cover the visible amplitude range on the spectrum analyzer CRT.

Negative trace values (3072 to 4095) usually result from trace arithmetic, and are not displayed because they are
off (below} the screen. Negative values are represented by the 12-bit two's complement of the negative number,
that is, 4096~ |negative value|. For example, a — 300 values is an output of 3796.

4096 - |- 300] = 3796
Positive, blanked values {2048 to 3071) are those responses immediately ahead of the updated, sweeping trace.
These values form the blank-ahead marker, and represent the amplitude responses of the previous sweep, plus

2048. Thus, they are off (above} the screen (See Appendix B.)

The O1 format also transmits instruction words as decimal values. See the Instruction and Data Word Summary in
Appendix B.

A carriage-return/line-feed (ASCII codes 13, 10) always follows any data output in the O1 format. The
end-or-identify state (EQI) is asserted with line feed.

02 Format

The O2 format transmits trace information or instruction words as two 8-bit binary numbers. The most significant
bit is sent first. The four most significant bits are always zerces.

Most Significant Byte Least Significant Byte
0000 XXXX .9:9,9.9.0.9.9.¢
Refer to the Consolidated Coding table in Appendix B for instruction word information.
Note that the OZ format sends the same kind of information that the O1 format sends, except that O2 transmits

the information in binary numbers instead of decimal numbers. Also, the end of transmission is not marked by
carriage-return/line-feed {ASCI codes 13, 10) in the O2 format.
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7, 02, 03, 94 (Continued)
04 Format

The O4 format transmits frace amplitude information only as a binary number. The binary number is one 8-bit byte
composed from the bytes established with the O2 format.

0000 XXXX XXXXXXXX 02

11777777
XXXXXXXX 04

The O4 output is the fastest way to transmit trace data from the spectrum analyzer to the HP-IB bus. However, sign
information is lost, Keep this in mind when transmitting delta marker information (MKD}. The end of data trans-
mission is NOT marked by a carriage-return/line-feed.

Format Statements and the HP-IB Bus

The table below shows a transmission sequence on the HP-IB bus for each of the four formats. Each format is
fransmitting the amplitude of a marker positioned at the — 10 dBm reference line.

Format 03 O1 02 04
Byte NUM (—} NUM {“17) {3) (250)
Byte NUM (1) NUM (@) (231)

Byte NUM (#) NUM (“@")

Byte NUM () NUM 17

Byte NUM () 13

Byte NUM @) 10

Carriage Return 13

Line Feed

{(ECI asserted) 10

Though the spectrum analyzer transmits either binary or digital information on the HP-IB bus, a decimal number is
always returned to the controller display. This is illustrated in the program below, which reads the instruction word
1040 at display address §, the first memory location of trace A. The program reads the instruction word, using
each of the formats, and the DR command.

1 ASSIGN @8a TO 718

& PRINTERIS 701

4 OQUTPIY @Ba;AL;B8,TS;”
10 OUTPUT @8a;"DA @01 DR”
20 EBENTER @8Sa;Drl

30 OUTPUT @8a;” DA@OCR DR”
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40
50
80
70
80
90

ENTER @84 USING “# W”:DrR
QUTPUT @8a;” DA @ 03 DR
ENTER @8a;Dr3

OUTPUT @8a;”" DAB 04 DR
ENTER @8Sa USING “#,B”;Dr4
PRINT Drl,Dr2,0r3,Dr4

100 END

(Continued) &1, (32, O3, (4

Running the program above produces the following responses on the controller display. Note that all the responses
are decimal numbers. Also note that the O3 and O4 formats do not return the correct data. (As mentioned above,

03 and 04 do not transmit instruction words.)

ol
02
03
04

FORMAT response: 1040
FORMAT response: 1040
FORMAT response: — 200.8
FOBMAT response: 4

Conirglier Formats

The format of the controller must be compatible with the output format of the analyzer.

Analyzer Format Controller Format
Example Statement and
Requirements Analyzer Response
01 free field ENTER 718; PK_AMPLITUDE
Response: 1001
03 field size dependent on output, use free ENTER 718; PK_AMPLITUDE
field format Response: —10.0
02 binary, read twice for each value ENTER 718 USING “# W
Response: 1001
04 binary, read once for each value ENTER 718 USING “# B”
Response: 250

The O in O1, 02, 03, and 04 is the letter O and not the number zero.
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A

Plot Absolute
~K% POSITION—~  ~Y POSITION
Enteger . lnteger @

N\

./
ftem Description/Default Range Restriciion
INTEGER Represents x,y coordinates of vector B— 1022

endpoint(s}, in display units.

The PA command specifies in display units a vector location on the CRT relative to display reference coordinates
0,0. (See also display size commands D1, D2, and D3.) The vector is drawn on the CRT if the pen-down (PD)
command is in effect. If the pen-up (PU) command is in effect, the vector does not appear of the CRT. A sample
program using the PA command is shown below.

10
20
30
40
50
80

Line 20:
Line 30:

Line 40:

Line 50:

ASSIGN @SaTO 718

OUTPUT @8a;“IP;A4;KSm :KS0;”

OUTPUT @8a; D2 PU;”

OUTPUT @8a;"“PA 700,800;PD 900,500;”
OUTPUT @8a;*900,300,700,300,700,500;"
END

Presets the analyzer and clears the display.

Specifies the full CRT display size. The pen-up command prevents the initial vector (to point
700,500} from being drawn.

Specifies the starting point of the rectangle to be drawn by the program (coordinates 700,500).
The PD {pen-down) command causes a vector to be drawn on the CRT from the starting point
coordinates to the next set of coordinates (900,500} specified in the program.

Plots the remainder of the rectangle on the CRT. The pen-down command remains in effect.
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X A
~ COORDINATE ~ o~ COORDINATE —~

ftem

Description/Default Range Restriction

INTEGER Represents x,y coordinates of vector #—1022

endpoint{s), in display units.

The PD command draws one or more vectors on the analyzer screen. The PA command, piot absolute, may be
used to mark the starting point of the vector.

10
20
30
40
50
60

Line 20:
Line 30:

Line 40:

Line 50:

ASSIGN @Sato 718

OUTPUT @8a; “IP;A4;K8m;XS80;”
OUTFUT @8a; D3, PU;"

OUTPUT @8a; “PA 300, B00;PD 450, 250;”
OUTPUT @8a;150,850,300,500;"

END

Presets the instrument and clears the display.
Specifies the expanded CRT display size. The pen-up command ensures that the initial vector to

point {300,500) is not drawn.

Plot absolute command and the starting point of the triangle. The following pen-down command
draws the vector from {300,500) to (450,250).

Plots the remainder of the triangle on the CRT. The pen-down condition is still in effect.
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A

Probability Distribution in Amplitude

RESOLUTION
~DESTINATION ~ s SOQURCE =\ ~ PARAMETERA ~
; trace Y trace | !
PDA s label [T\ /T Label 3 sAll

T
T

item Description/Default Range Restriction
REAL Default is dBm.
TRACE LABEL Alpha character. User-defined label deciared in AA—ZZ and _

TRDEF staternent. 2— 12 characters required.

The PDA command loads the destination trace according to the pattern of amplitude values in the source trace.
Thus, the destination trace represents the amplitude probability function of the source trace.

The assumption is that the source trace is taken from the display. Hence, the values of the source trace are in dBm
{or dBmV or dBuV) when the display is in the log mode, or in display units when the display is in the linear mode.
The resolution parameter defermines how the screen is divided vertically to create the probability function.

If the display is in the 10 dB/div log mode and the resolution parameter is specified as 5, then the screen is divided
into twenty 5-dB increments. Each value of the source trace is tested in turn and the appropriate element of the
destination trace is incremented by one. For example, if the first point of the source trace is 12 dB below the
reference level (and thus falls in the eighteenth 5-dB increment from the bottom of the screen), then the 18th
element of the destination trace is incremented. Note that the destination trace must have an appropriate number
of points (in this case, 20).

If the display mode is linear, then the resolution parameter divides the screen into increments that are a percentage

“of the total number of display units within the graticule (1000}. For example, if the resolution parameter is 5, the
screen is divided into twenty 50-display-unit increments (5% of 1000 is 50). Otherwise, the procedure is the same
as above.

The data need not be taken from the screen. PDA can be used on an array of calculated data. However, the
resolution parameter must be chosen as if the data were in display units. For example, i the array values vary from
0 to 200, and you wani to divide it into twenty increments (I - 10, 11 - 20, 2130, etc.}, then the resolution
parameter mustbe 1.0 (1.0% of 1000 s 10).
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POF

Probability Distribution in Frequency

~QESTINATION~ .~ SQURCE ~

PDF
ftem Descriptien/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA—ZZ and _
TRDEF statement. 212 characters required.

When the PDF command is executed, elements of the source trace that are above the threshold value cause
cotresponding elements in the destination trace to be increased in amplitude by one display unit. The threshold
value may be specified by the TH command. Otherwise, its default value is nine major divisions below the
reference level,

QUTPUT 718;“TRDEF 8___AMPLE,50;”
QUTPUT 718,"“PDF 5_AMPLE,TRA;"
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Peaks
~DESTINATION ~ ~ SQURCE =~
! trace ._/’\ trace
S¢ Label [T\ /T Labe!
jtem Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA—ZZ and _
TRDEF statement. 2— 12 characters required.

The PEAKS command sorts signal peaks by frequency or amplitude. PEAKS sorts the source trace and sends
sorted results to the destination trace.

10 QUTPUT 718;“1IR;”

20 OUTPUT 718,“TRDEF FREQ;”

30 OUTPUT 718;“T8; MOV FREQ,TRA;"

40 OUTFUT 718;“PEAKS TRC, FREQ,FRE;”
50 END

When sorting by frequency, PEAKS first computes, in display units, the horizontal position of all peaks. These
values are consecutively loaded into the destination trace, the lowest value occupying the first element. Thus,
signal horizontal positions, from low to high, determine the amplitude of the destination trace from left to right. To
obtain results in frequency units, scale the destination trace from display units to frequency units using either the
center frequency and frequency span, or the start and stop frequencies.

When sorting by amplitude, PEAKS first computes the amplitudes of all peaks in the source frace. The horizontal
position corresponding to each signal peak is loaded, in display units, into the destination trace. The horizontal
position corresponding to the signal with the highest amplitude is loaded into the first element of the destination
trace. The horizontal position corresponding to the signal with the second highest amplitude is loaded into the
second element of the destination trace, and so on. lt is in this manner that the horizontal positions corresponding
to signals ranging from the highest amplitude to the lowest amplitude determine, from left to right, the amplitude of
the destination trace.

PEAKS only sorts signals that are above the threshold value; to change the threshold, use the TH command
before PEAKS is executed.

Hf necessary, the last sorted value is repeated to fill remaining elements of the destination trace.
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{Continued) PEAKS

PEAKS also returns the number of signal peaks found. To access this value, execute

ENTER 718;N
PRINTN

after line 40 of the example program.

To access the data in the destination trace once PEAKS is executed, move the indexed trace data into a variable
and display the variable on the screen, or return it to the controller by querying the variable. The following
program example displays the first value of the destination trace, TRC, on the analyzer screen at the analyzer's
current pen location.

10 OUTPUT 718,“VARDEF FIRST,0,”
20 OUTPUT 718;“MOV FIRST,TRCI1L”
30 OUTPUT 718;“DBPLY FIRST 4.5,
40 END

Programming 279



Plot
ftem Description/Default Range Restriction
P1X Plotter-dependent values that specify lower left Plotter dependent
P1Y plotter dimension.
P2X Plotter-dependent values that specify upper - Plotter dependent
P2Y right plotter dimension.

The trace data, graticule, and annotation of the analyzer’s screen can be directly transferred via HP-IB to a Hewlett-
Packard plotter such as the 7245A/B, 7240A, 74704, 9872C, or 7550 using the PLOT command.

Before executing a program, set the HP-IB on the plotter to address 5:

4+1=5
ADDRESS

If the address switch on the plotter cannot be located, refer to the plotter’s operation manual.

When using the PLOT command, the scaling points (P1x, Ply; P2x, P2y) must be specified. These scaling points

specify the x,y coordinates which determine the size of the plot. {For more scaling point information, refer o the
plotter’s operation manual.}

e
PZx,P2y
frm o o e . 4
! |
3 |
] I
| |
| !
b — — — |
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PR

Plot Relative

X Y
~ COORD [NATE -~ ,~ COQRDINATE —

Tnte oo ~(0)
4R
N
Item Description/Default Range Resiriction
INTEGER Represents CRT beam x and y coordinates, in B 1022
display units, relative to the last beam position.

The PR command specifies a plot location on the CRT relative to the last plot point coordinates. Vector coordinate
sets (x,y pairs) following the PR command can be either positive or negative, depending on the direction the
individual vectors are to be drawn. PU (pen-up) and PD (pen-down) commands tell the analyzer to draw or not
draw the vectors on the CRT display.

A typical use of the PR command is shown in the sample program below,

10 ASSIGN @8aTO718

20 OUTPUT @8a;“1P;A4;K8m;KSo;”
30 FOR X =200 T0 600 8STEP 200
40 OUTPUT @8a;"PUPA” X,1,1*X
50 GOSUB Rectangle

60 NEXTX

7O  8TOF

80 Rectangle: |

90 OUTPUT @Sa;“PD PR 300,0,0- 200,— 300,0,0,800"
100 RETURN

110 END

Line 20: Presets the analyzer and clears the display.

Line 40: PA (plot absolute) command defines the starting point for the three rectangles to be drawn on the
CRT display.

Line 90: PD (pen-down} command tells the analyzer to display the vectors drawn in accordance with the
vector coordinates {(x,y pairs} that follow the PR command. Vectors are then drawn to the four
corners of the current rectangle.
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Ps

Skip Page

= ()

The PS command causes the address pointer to skip over the addresses in the remaining portion of the display
memory page in use, and go to the first address at the beginning of the next display memory page. Display control
work 1056 (DW 1056) can be substituted for the PS command.

If PS is executed when the address pointer is at an address in the fourth and last page (Trace C) of display memory,
the pointer skips to address { in page 1. Because the program does not wait for a new refresh cycle® to begin
before executing the next instruction, the skip may cause an increase in trace intensity as new data is written over
the old. Increased trace intensity occurs only when the time span of the program is less than the default refresh
rate. End-of-display control instruction word 1028 in the trace C page normally makes sure a refresh cycle occurs.

A typical use of the PS command is shown in the sample program below.
10  ASSIGN @Sato 718

20 OUTPUT @Sa;“IP; 82; T8; DA100O; P8;”
30 END

In the sample program above, the analyzer is preset (IP), put in the single-sweep mode (S1), instructed to take a
single sweep (TS}, and then, from address 100 (DA100) in display memory page 1 (trace A}, skip over (PS) the

remainder of the page 1 addresses to the first address in display memory page 2 (trace B}.

{See Appendix B.)

*

{Refresh means to update the display from the display memory. Refresh cycles oceur at a rate of approximately 50 Hz.
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Cov ()

The PU command blanks the CRT beam to prevent plot vectors from being displayed on the CRT.

A typical use of the PU command is shown in the sample program below.

10 ASSIGN @B8aTQ 718

20 OUTPUT @8a;“IP; A4; KSm; KSo0;”

30 OUTPUT @Sa;"“DR; PU,”

40 OUTFUT @8a;“PA 700,500 PD 800,500”
80 OUTPUT @8Sa;“900,300,700,300,700,800"
60 END

Line 20: Presets the instrument and clears the display.

Line 30: Specities display size D2 and, with the PU command, instructs the analyzer not to display the
vector to the initial point specified by x,y coordinates 900,500.

Line 40: PA (plot absolute) command establishes the starting point of the rectangle to be drawn on the
CRT. The following PD {pen-down) command instructs the analyzer to display the vector to
coordinates 700,500.

Line 50: Plots and displays the remainder of the rectangle on the CRT.
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PWRBW

Power Bandwidth
FERCENT OF
~TOTAL POWER —~
. . tracs
' 5P fabel [T\ ST s
Item Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA-~ZZ and _
TRDEF statement. 212 characters required.

REAL o 100

The PWRBW command first computes the combined power of all signal responses contained in a frace array. The
command then computes the bandwidth equal to a percentage of the total power, and returns this value to the
controller,

For example, if the percent of total power is specified as 100%, the power bandwidth equals the frequency range
of the CRT display, which is 100 MHz if the frequency span per division is 10 MHz. If 50% is specified, trace
elements are eliminated from either end of the array until the combined power of the remaining signal responses
equals half of the original power computed. The frequency span of these remaining trace elements is the power
bandwidth returned to the controller.

The following example computes the power bandwidth of a trace, and returns 99% of the total power.

10 OUTPUT 718;“VARDEF P__BW.0;”

20 OUTPUT 718;“MOVP__BWFPFWRBW TRA,89.0;”

30 OQUTPUTY18;“DIVP__BWP__BW,I1ES"”

40 OUTPUT 718,;“D&;BM;PU;PA380,1000;”

45 CQUTPUTY18;“TEXT @99% POWER BANDWIDTH = @;DSPLY P__BW,6.53;”
46 OUTPUT 718;“TEXT @ MHZ@;HD,” ‘

50 END
Line 10: Definie a variable, P__BW, to store the power bandwidth.
Line 20: Find the power bandwidth and move it into P_BW.
Line 30 Convert P___BW to MHz.
Line 40: Set display size to D2, erase trace C memory (which sets the display address to 3072},
and set pen position to x = 380, y = 1000.
Lines 45 and 46: Write the results on the analyzer screen.
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Hi

Resolution Bandwidth

®
5

A

@$$$$@@@

The RB command specifies the resolution bandwidth. Available bandwidths are 10 Hz, 30 Hz, 300 Hz, 1 kHz, 3
kHz, 30 kHz, 100 kMz, 300 kHz, 1 MHz, and 3 MHz. The resolution bandwidths, video bandwidths, and sweep
time are normally coupled. Executing RB decouples them. Execute CR to reestablish coupling.

OUTFPUT 718;“RB 1KZ;”

The execution of the RB command, and the key is identical.
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L

Recall Last State

(RCLS)
RG dlgit
ftem Description/Default Range Restriction
DIGIT Specifies analyzer register. 1 through 9

The RC command recalls registers containing a set of instrument states. Registers one through six are reserved for
the user, and contain instrument states (such as front panel configuration) sorted with the SAVES or SV com-
mands.

Register 7 is a special register that contains the instrument state prior to the last instrument preset (IP) or single
function change. Use the contents of register 7 to recover from inadvertent entries:

QUTPUT 718;“RC 7;”
Registers 8 and 9 recall factory-selected control settings for calibration purposes.

The functions of the RCLS and RC commands, and front-panel key are identical. {Also see SAVES or SV)
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RCLS

Recall State Register
(RC)

ltem Description/Defauit Range Restriction

DIGIT Specifies analyzer register. 1 through 9

The RCLS command recalls registers containing a set of instrument states. Registers one through six are reserved
for the user, and contain instrument states (such as front panel configuration) stored with the SAVES or SV
commands.

Register 7 is a special register that contains the instrument state prior to the last instrument preset (IP) or single
function change. Use the contents of register 7 to recover from inadvertent entries:

OUTPUT 718; “RCLS ¥;”
Register 8 and 9 recall factory-selected control settings for calibration purposes.

The functions of the RCLS and RC commands, and front-panel key are identical. (Also see SAVES or SV)
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REPEAT UNTIL

CONDITION
G O Kt s G s s B (o i,
|
L_ NUMER I C ..(:::}. L_ NUMER 1C
DATA FIELD DATA FIELD
ltem Description/Default Range Restriction
VARIABLE Alpha character. User-defined identifier AA-ZZ and
IDENTIFIER ~ declared in VARDEF statement. Do not foliow 2 12 characters required.

identifier with semicolon.
Alpha character. Measurement-variable
identifier, such as CF or MA. Do not follow

identifier with semicolon.

Trace element, such as TRA{10].

NUMERIC DATA Real
FIELD
COMMAND LIST Any commands from this remote section.

REPEAT and UNTIL commands form a looping construct. The command list is repeated until condition is true.

The following program lowers any off-screen signal.

10 OUTPUT 718;“8&TSEL,”

20 OQOUTPUT 718;“IF MA,GT,RL THEN"
30 OUTPUT 718;"REPEATRL UP,TS;EL; "
40 OUTPUT 718;"UNTIL MA LE RL "

50 OUTPUT718;“ENDIF8R;" " "

60 END
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{Continued) BEFIEAT UNTIL

Use the FUNCDEF command to nest a REPEAT UNTIL command within another REPEAT UNTIL looping
construct. The program below defines “C_LOP” as a looping construct in lines 30 through 60. The construct is
then nested into the REPEAT UNTIL command in line 80.

10 OUTPUT 718;"“BNGLS;”

20 OUTPUT 718;"VARDEF COUNT,3; VARDEF SCORE,2;”
30 OUTPUT 718;“FUNCDEFC_LOER" "™

40 OUTPUT 718;“REPEAT TS;”

50 COUTPUT ?18;“ADD COUNT,COUNT,1;”

60 OUTPUT 718;"“UNTIL COUNT.EQ,3;” " "

70 OUTPUT 718;“REPEAT;”

80 OUTPUTY18;“C_LOP”

20 OUTPUT 718,“ADD S8CORE,SCORE,1;”

100 OUTPUT 718;“UNTIL SCORE, EQ.4,”

The program below does not work because the REPEAT UNTIL commands are nested without the use of the
FUNCDEF command.

1¢ OUTPUT 718;“S5NQLS;”

20 OUTPUT 718;“VARDEF COUNT.&,VARDEF SCORE,J;”
30 OUTPUT 718;“REPEAT;”

40 OUTPUT 718;“REPEAT;”

80 OUTPUT 718,“T8;”

60 OQUTPUT 718;“ADD COUNT,COUNT,1;”

70  OUTPUT 718;“UNTIL COUNT,EQ,3;”

80 OUTPUT 718,“ADD SCORE,SCORE,1;”

90 OUTFPUT 718;“UNTIL SCORE,EQ,4;"”

100 END
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REY

Revision

=0

The REV command returns the firmware revision number and HP date code.

OUTPUT 718;“REV,”
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RL

Reference Level

The RL. command specifies the amplitude value of the top CRT graticule line, which is called the reference level.
The reference level can be specified from - 89.9 dBm to + 30 dBm with 0.1 dB resolution.

The reference level and input attenuator are coupled to prevent gain compression. Any signals with peaks at or
below the reference level are not affected by gain compression.

The reference level range can be extended from -~ 129.9 dBm to +60 dBm with the KSI command. When the
reference level range is extended, and the mixer level commands, KSI or ML, are used to change the threshold of

the mixer input to values greater than — 10 dBm, signals on the spectrum analyzer screen may be affected by gain
compression. (See AT and ML)

OUTPUT 718;“RL -10DM;”

The functions of the RL command and the key are identical.
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RS

Root Mean Square

item Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA—ZZand _
TRDEF statement. 2~ 12 characters required.

The RMS command returns the RMS value of the trace, in display units. Note that the value must be moved into a
variable to be accessed.

OUTPUT 718;“VARDEF DESTINATION, @;"
QUTPUT 718;“MOV DESTINATION ,RMS TRC;”
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ROFFSET

Reference Level Offset
(KSZ)

QOO

b

ttem Description/Default Range Restriction

REAL ‘ Default value for units is dBm (DM)., + 300 dB

The ROFFFSET command offsets all amplitude readouts on the CRT display without affecting the trace. The

. Z : :
functions of the ROFFSET command and the front panel keys are identical.

LEVEL

Once activated, the ROFFSET command displays the amplitude offset in the active function block. And, as long as
the offset is in effect while doing other functions, the offset is displayed to the left of the graticule.

Entering a zero with ROFFSET activated eliminates any amplitude offset.

OUTPUT 718,“ROFFSET -12DM;”

The functions of the ROFFSET and KSZ commands are identical.
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SRQ Mask
QS
[tem Description/Default Range Restriction
INTEGER Integer representing a bit mask for service @#-— 255
reguests (SRQ).

The RGQS command seis a bit mask for service requesf,s (SRQ command}.

On execution of a SRQ command, the analyzer logically ANDs the RQS mask with the binary equivalent of the
SRQ operand. When the result of this AND operation is a non-zero number, the analyzer sends a service request
to the HP-IB controlier.

A query for the RQS command returns the RQS operand.

See also SRQ and Appendix D.
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B1

[legal Command SRQ

()

The R1 command deactivates all analyzer service requests (SRQs) except SRQ140, the illegal-command service
request.

See Appendix D for more information on the R1 command.
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End-of-Sweep SRQ

|

The R2 command activates the end-of-sweep and illegal-command service requests.

See Appendix D for more information on the RZ command.
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X

Hardware-Broken SRQ

()

The R3 command activates the hardware-broken and illegal-command service requests.

See Appendix D for more information on the R3 command.
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R4

Units-Key-Pressed SRQ

Co ()

The R4 command activates the units-key-pressed and illegal-command service requests.

See Appendix D for more information on the R4 command.
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S5AVIES

Save State
(V)

NUMERIC DATA
~FLELD —

ltem Description/Default Range Restriction
DIGIT Specifies register for storage of instrument 1—6
states.

The SAVES command saves the current spectrum analyzer state in any of registers one through six. Register
contents are not affected by power loss, but previously saved data is erased when new data is saved in the same
register.

The functions of the SAVES and SV commands, and front-panel @ key are identical.

QUTPUT 718;“5AVES B;”
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SMOOTH

Smooth
SMOOTH SP é;gg? =®«-{nﬂmber af poinis}@
TRC

Item Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA-ZZ and _

TRDEF statement. 2— 12 characters required.
NUMBER OF Integer representing number of points for 1 < number of points < 39
POINTS running average. Must be odd number.

The SMOOTH command smooths the trace according to the number of points specified for the running average.
Increasing the number of points increases smoothing.

OUTPUT 718;“SMOOTH TRA 83"
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SMOLS

Single Sweep

Comars (1)

The SNGLS command sets the analyzer to single sweep mode. Each time single sweep is pressed, one sweep is

initiated if the trigger and data entry conditions are met. The functions of the SNGLS and S2 commands, and
front-panel key are identical.

OUTPUT 718,;“SNGLS;”
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S

Frequency Span

:
®
:
Q
5

$$$;®®®

o

©

The SP command changes the total display frequency range symmetrically about the center frequency. The
frequency span readout displays the total display frequency range. Divide the readout by ten to determine the
frequency span per division.

Specifying @ Hz enables zero span mode, which configures the analyzer as a fixed-tuned receiver.

The functions of the SP command and the front panel key are identical. Thus, if span width is coupled
to the resolution and video bandwidths, the bandwidihs change with the span width to provide a predetermined
level of resolution and noise averaging. Likewise, sweep time changes to maintain a calibrated display, if coupled.
All of these functions are normally coupled, unless RB, VB, or ST have been executed. (See CR, CV, or CT))

OUTPUT 718;“8P 10MZ;”
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SOR

Square Root

~~ DESTINATION — -

ST e [T

SQURCE ——

.y
or oo
o

R
1w

9
9

varieble | ] variable
identifler identifier

¢

real

Item Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared AA-ZZ and .

in TRDEF statement. 2-12 characters required.
VARIABLE IDENTIFIER Alpha character. User-defined label declared AA-ZZ and

in VARDEF statement, 2-12 characters required.

Alpha character. Measurement-variable
identifier, such as CF or MA.

Trace element, such as TRA [10].

The SQR command computes the square root of the source frace amplitude, point-by-point. The results go to the
destination trace.

OUTPUT 718;"8QR TRC,TRB;"
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HRO

Llser-defined SRQ

sna__ =% inteser ()

ltem Description/Default Range Restriction

INTEGER Integer representing a service request. B— 255

The SRQ command sends a service request to the controller when the SRQ operand fits the mask specified with
the RQS command.

On execution of a SRQ command, the analyzer logically ANDs the RQS mask with the binary equivalent of the
SRQ operand. When the result of this AND operation is a non-zero number, the analyzer sends a service request
to the HP-IB controller.

See also RQS and Appendix D,
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5%

Center Frequency Step Size

s (s pefreet.

:
®

-0

bosdbune

Htem Description/Default ' Range Restriction

REAL Defaultis Hz.

The SS command specifies center frequency step size, and is the same function as the key.

QUTPUT 718,88 10MZ;CF UPR,”

The above program line changes center frequency by 10 MHz.
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8T

Sweep Time

C5 DO

:
®
&

bosdogs

The ST command specifies the rate at which the analyzer sweeps the displayed frequency or time span.

The sweep times available are shown below.

SWEEP TIME SEQUENCY

FREQUENCY SPAN 20 ms to 1500 sec continuously
{> = 100 Hz)

ZERO FREQUENCY lusto 10 ms 1,2,5,and 10
SPAN (0 Hz)
20 ms to 1500 sec continuously

OUTPUT 718;“ST 100MS;"

The above program line sets the sweep time of the analyzer to 100 milliseconds.
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5TDEY

Standard Deviation
_ | trace | /.
5P fabel O
Item Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined iabel declared in AA-ZZ and
TRDEF statement. 2— 12 characters required.

The STDEV command returns to the controller the standard deviation of the trace amplitude in display units.

OUTPUT 718;"IP;T8;S8TDEV TRA;”
ENTER 718N

PRINTN

END
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S5

Subtract
-~ DEST[NAITION -~ ~— OPERAND 1 -~ »~ QPERAND 2 —~
@0 OO0
sSuB Sp TRA \ TRA
AN O/
irace trace irace -
fabel tabel tabel
variable variable variable
identitier [* Tl identifier [ ™ identifier [7|
| nhumeric | ol TUmeric ||
data field data flsld
Item Description/Default ' Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA-ZZ and
: TRDEF statement. 2— 12 characters required.
VARIABLE Alpha character. User-defined identifier AA-ZZ and
iDENTIFIER declared in VARDEF statement. 2-- 12 characters required.
Alpha character. Measurement-variable
identifiey, such as CF or MA.
Trace element, such as TRA[10].
NUMERIC DATA Real .
FIELD

The SUB command subtracts operand 2 from operand 1, point by point, and send the difference to the destina-
tion.

operand 1 — operand 2 — destination
The operands and destination may be different lengths. The trace operands (TRA, TRB, TRC, and trace label}
range from 1 to 1008 elements in length. A variabie identifier or numeric data field is one element long. When

operands differ in length, the last element of the shorter operand is repeated for the subtraction process. When the
operands are longer thar the destination, they are fruncated to fit.
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(Continued) U

The results and operands of trace math are truncated if they are not within certain limits. If operating on traces A,
B, or C, results must be within 1023. If operating on user-defined traces, results must be within 32,767,

See TRMATH.

Programming 309



SUM

. trace .
SUM §P fabe! 'O

L X

lem Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declaredin ~ AA-ZZand _
TRDEF statement. 2— 12 characters required.

The SUM command sums the amplitudes of the trace elements, and returns the sum to the controller.

10 OUTPUT 718;“IP; SNGLS; CLRW TRA; TS;”
20 OUTPUT718;“SUMTERA;”

30 ENTERTI18;N

40 PRINTN

50 END
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SUMSOR

Sum Square
trace N
i jahel '"Q
Item Description/Default Hange Restriction
TRACE LABEL Alpha character. User-defined label declared in AA-ZZ and __
TRDEF statement. 2— 12 characters reguired.

The SUMSQR command squares the amplitude of each trace element, and returns the sum of the squares to the
controlier.

10 OQUTPUT718;“IP; SNGLS; CLRW TRA; TS;”
20 OUTPUT 718;"SUMSQR TRA;"”

30 ENTER 718N

40 PRINTN

80 END
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8Y

Save State
(SAVES)
IONrm O
tem Description/Default Range Restriction
DIGIT Specifies register for storage of instrument 1—-6
states.

The SV command saves the current spectrum analyzer state in any of registers one through six. Register contents
are not affected by power loss, but previously saved data is erased when new data is saved in the same register.

The functions of the SAVES and SV command, and front panel key are identical.

OUTPUT 718;“8V 5;”
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1Y

Skip to Next Control Instruction

Co o)

The skip-to-next-control-instruction command, SW, instructs the display to skip to the next control word from the
present display memory address. Use SW to omit labels, markers, etc. from the display. Display control word
1027 (DW 1027) can be substituted for programming command SW

10 ASSIGN @SaTO 718
20 OUTPUT @Ba;"“ DA 2073 SW;”
&0 END

In the example above, dispiay memory address 2073 contains the label control word that places the center
frequency “||” mark on the CRT. However, this marker is omitted from the display because the SW command has
been added to the address.

{See Appendix B.)
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51

Continuous Sweep

(CONT)

s ()

The S1 command sets the analyzer to continuous sweep mode. In the continuous sweep mode, the analyzer
continues to sweep (sweep time = 20 ms) at a uniform rate, from the start frequency to the stop frequency, unless
new data entries are made from the front panel or via HP-IB. If the trigger and data entry conditions are met, the
sweep is continuous.

The sweep light indicates a sweep is in progress. The light is out between sweeps, during data entry, and for sweep
times =10 ms.

OUTPUT 718;“81,"

The functions of the S1 and CONT commands and the front panel key are identical.
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§2

Single Sweep
(SNGLS)

o)

The 52 command sets the analyzer to single sweep mode. Each time single sweep is pressed, one sweep is
initiated if the trigger and data entry conditions are met.

OUTPUT 718:82:"

The functions of the 52 and SNGLS commands and the front panel key are identical.
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TA

Transfer A

The TA command transfers trace A amplitude values, in display units, from the analyzer to the controller. The
display unit values are transferred in sequential order (from left to right) as seen on the CRT display. Display unit
values that are stored in the display memory can be transferred to the controller in any one of the four output
formats of the analyzer (01, 02, 03, or 04).

Transfer of trace amplitude data should only be done as follows:

1. Select single sweep mode {S52).

2. Select desired analyzer settings.

3. Take one complete sweep (TS).

4. Transfer data.

This procedure ensures that the current settings of the analyzer are reflected in the transferred data.

When the TA command is executed, and the analyzer is in continuous sweep mode, the blank-ahead marker is
also transferred as amplitude values in the 01 and 02 format. The blank-ahead marker is not transferred in the 03
and 04 formats.

The blank-ahead marker is composed of positive, blanked amplitude values and is immediately ahead of the
updated, sweeping trace. These values represent the amplitude responses of the previous sweep, plus 2048.
Thus, they are off (above} the screen.

The blank-ahead marker is eight display units wide and is transferred as such. For example, if an amplitude value
of 100 falls within the blank-ahead marker area when the sweep is transferred, the amplitude value becomes 2148
{amplitude value 100 + data word 2048, in which bit number 11 of graph data is positive blanked}. For further
information on data word coding see Consolidated Coding Data in Appendix B.

When transferring amplitude data, only the data words from 1001 display memory addresses are transferred out
of the total of 1024 available display memory addresses. Each of the 1024 display memory addresses contains a
singte data word. The 23 data words not transferred are at address @ (used for the control instruction word) and at
addresses 1002 through 1024 {not used by the analyzer for trace data, but available for programming custom

graphics or labels}.

The sample program below demonstrates how to store a trace similar to the one in the following illustration.
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fgp REF 2.2 dtm ATTEN 10 o
1A diRs
|
CENTER j \L
1088 Mz il
I
[
I §
/
!
| o

H L
CENTER 3@@. 8 MHz
RES HW 138 kM VEYW 362 wHa2

i
SPAK 10.8 MMz
SWE 20, ¢ mses

(Continued) TA

10 ASBIGN @8aTO 718

20 PRINTERIS 701

30 DIM A(1981)

40 |

50 OUTPUT @BA;“IP:"

80 OQUTPUT @8a; CF100MZ;8PEMZ;82:TS;"

70  QUTPUT @Sa;“01;TA;”

80 FORN =170 1001

Q0 ENTER @8Sa; AN}

100 NEXTN

110 |

120 FORN=480T0 510

130 PRINT A(N)

140 NEXTN

180 END
Line 30: Reserves controller memory for 1001 amplitude valies.
Line 50: Presets the instrument. _
Line 60: Sets analyzer to 100 MHz center frequency with 2 MMz frequency span. Selects

single sweep mode and takes one complete sweep of the trace (graph) data.
Line 70: Selects analyzer output to be in O1 format and commands the analyzer to transfer trace
A amplitude values to the controller.

Lines 80 to 100: Sequentially reads all 1001 trace A amplitude values into A(N) of the controller.
Lines 120 to 140:

510.

Prints out trace A amplitude values at all 20 points between x-axis coordinates 490 and
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i

Transfer B

C ()

The TB command transfers trace B amplitude values, in display units, from the analyzer to the controlier. The
display unit values are transferred in sequential order {from left to right) as seen on the CRT display. Display unit
values that are stored in the display memory can be transferred to the controller in any one of the four output
formats of the analyzer {01, 02, 03, or 04).

Transfer of trace amplitude data should only be done as follows:

1. Select single sweep mode {52).

2. Select desired analyzer settings.

3. Take one complete sweep (TS).

4. Transfer data.

This procedure ensures that the current settings of the analyzer are reflected in the transferred data.

When the TB command is executed, and the analyzer is in continuous sweep mode, the blank-ahead marker is
also transferred as amplitude values in the 01 and 02 format. The blank-ahead marker is not transferred in the 03
and 04 formats.

The blank-ahead marker is composed of positive, blanked amplitude values and is immediately ahead of the
updated, sweeping trace. These values represent the amplitude responses of the previous sweep, plus 2048.
Thus, they are off (above) the screen.

The blank-ahead marker is eight display units wide and is transferred as such. For example, if an amplitude value
of 100 falls within the blank-ahead marker area when the sweep is transferred, the amplitude value becomes 2148
{amplitude value 100 + data word 2048, in which bit number 11 of graph data is positive blanked}. For further
information on data word coding see Consolidated Coding Data in Appendix B.

When transferring amplitude data, only the data words from 1001 display memory addresses are transferred out
of the total of 1024 available display memory addresses. Each of the 1024 display memory addresses contains a
single data word. The 23 data words not transferred are at address @ {used for the control instruction word) and at
addresses 1002 through 1024 (not used by the analyzer for trace data, but available for programming custom

graphics or labels).

The sample program below demonstrates how to store a trace similar to the one in the following illustration.
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(Continued) TE

Ho REF 2.2 oo ATTEN 10 o8
I
CENYER FJ \i
{EB 2 M= f \
\
\ :
)
10 ASBIGN @SaTO 718
20 PRINTERIS701
30 DIM A(10@1)
40 |
80 QUTPUT @8a,;"“IP;LF:"
60 OUTPUT @Sa;*CF100MZ;5P2M7Z;8.,T8;"
70  OUTPUT @SA;“CL;TB;”
80 FORN=17T0 1001
80 ENTER @8Sa,;A(N)
100 NEXTN
110 |}
120 FORN=490TO 510
130 PRINT A(N)
140 NEXTN
180 END
Line 30: Reserves controlier memory for 1001 amplitude values.
Line 50: Presets the instrument.
Line 60: Sets analyzer to 100 MHz center frequecy with 2 MHz frequency span. Selects single
sweep mode and takes one complete sweep of the trace (graph) data.
Line 70: Selects analyzer output to be in O1 format and commands the analyzer to transfer trace
B amplitude values to the controller,
Lines 80 to 100: Sequentially reads all 1001 trace B amplitude values into A(N) of the controller.
Lines 120 to 140: Prints out trace B amplitude values at all 20 points between x-axis coordinates 490 and
510.
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T

Trace Data Format

TDF «-@

glclelolo

:

The TDF command formats trace information for return to the controller.

QUTPUT 718;“TDF B,”
Specifying M enables the 01 format and returns values in display units, from @ to 1001.
Specifying P enables the 03 format and returns absolute measurement values, such as dBm or Hz.

Specifying A returns data as an A-block data field. The MDS command determines whether data comprises
one or two 8-bit bytes. (See MDS.)

Specifying | returns data as an I-block data field. The MDS command determines whether data comprises
one or two 8-bit bytes. (See MDS.)

Specifying B enables the 02 or 04 format. The MDS command determines whether data comprises one or
two 8-bit bytes.

See the 01, 02, 03, and 04 FORMAT commands.
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TEXT

Text

o string | ! ] string
doliniter [=Loharacter el realf-tet  SYUNS “"@

ftem Description/Default Range Restriction

STRING Must match. Marks beginning and end of "3 % &'/ =@\"Vv

DELIMITER command list.

Characters Alphanumeric characters. ASCH character 32 through
126.

The TEXT command writes text on the spectrum analyzer screen at the current pen position.

OUTPUT 718;“TEXT " “CONNECT ANTENNA.” ";"
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TH

Threshold
Oy
ftem Description/Default Range Restriciion

Threshold value defaults to nine major
divisions below reference level.

UP or DN to step threshold by 10 dB.

The TH command blanks signal responses below the threshold level, similar to a base line clipper. The threshold
level is nine major divisions below the reference level, unless otherwise specified. The UP and DN commands

move the threshold 10 dB.

The threshold level is annotated in reference level units at the lower left-hand side of the CRT display. (See T@ and
THE.)

The threshold can also be used as a variable. The program below places a marker on the largest signal that is
greater than the threshold level.

10 OUTPUT 718;“IP;TH -35DM;”

20 OQUTPUT 718;“T8;MKPK HI;MA;”

30 OUTPUT718;“IF MA,GT,TH"

40 QUTPUT 718;“THEN CF 20MZ;”

50 OUTPUT 718;“ELSE CF 100MZ;TS;MKPK HIL;"”
60 OQUTPUT 718;"ENDIF,”

70 END
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THE

Threshold Enable

THE

The THE command disables or enables the threshold level. The threshold level is specified by the TH command.

OUTPUT 718;“THE OFF,;”

When queried (? or OA), TH returns the threshold line state, followed by carriage-return/line-feed (ASCII codes
13, 10}. The end-or-identify state (EQI) is asserted with line feed.
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IF THERN ELSE ENDIF

»~ QPERAND 1 — ~~ OPERAND 2 —
t variable | variable
identifier *”@‘ identifier
| numetric numeric
“l dats field “@" data field
1__ command ELSE command ENDIF .
list ( ) fist !
item Description/Defauit Range Restriction
COMMAND LIST Alphanumeric character. Any spectrum
analyzer command from this section.
VARIABLE Alpha character. User-defined identifier AA-ZZ and __
IDENTIFIER declared in VARDEF statement. 2— 12 characters required.

Alpha character. Measurement-variable
identifier, such as CF or MA.

Trace element, such as TRA[10].

NUMERIC DATA Real
FIELD

The IF-THEN-ELSE-ENDIF commands form a decision and looping construct. They compare operand
1 to operand 2. If the condition is true, the command list is executed. Otherwise, commands following
ELSE or ENDIF are executed.

The IF command must be delimited with the ENDIF command.

The following program uses the I[F THEN ELSE ENDIF command to place a marker on the largest signai
that is greater than the threshold level.
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(Continued) [F THER ELSE ENDIF

10 OUTPUT 718;“IP,TH -35DM;”

20 OQUTPUT 718;“TS;MKPK HI;MA;”

30 OUTPUT 718;“IF MA,GT,TH"

40 OUTPUT 718;“THEN CF 20MZ;”

50 OUTPUT 718;“ELSE CF 100MZ;T3;MKXPK HI;”
60 QUTPUT 718;“ENDIF;”

70 END

The program below does not incorporate the ELSE branch of the I THEN ELSE ENDIF command. The program
lowers any signal positioned above (off) the analyzer screen.

10 OUTPUT 718,“82;T8;E1; "

20 OUTPUT718,“IF MA,GT,RL THEN"
30 OUTPUT718,“REPEAT RL UP,TR;EL "
40 OQUTPUT 718;“UNTIL MA LE RL"

50 OUTPUT718;“ENDIF 81,7 " "

60 END
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™

Trigger Mode

P94

#

The TM command selects trigger mode: free, video, line, or external trigger. See T1, T2, T3, and T4.

The query response return the trigger mede.

QUTPUT 718;"TM BEXT;"
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TRDEF

Trace Define

trace .
| length '

&

- | trace
TROEF @ label

ftem . Description/Default Range Hesiriction
Trace Label Alpha character. User-defined label declared in: AA—Z7Z and _

TRDEF staterent. 2-- 12 characters required.
TRACE LENGTH Determines the number of elements (points) in @ to 1008

a trace. Default is 1001.

INTEGER.

The TRDEF statement establishes the length and name of auser-defined trace. User-defined traces form the
operand of many remote functions in this section. These functions show “TRACE LABEL” as an operand in their
syntax diagrams. Following are some of the functions that operate on user-defined traces.

MOV, MPY, XCH, TRACE, TRGRPH, NEG, DIV, AVG, BLANK, ADD, MXM, SCALE, MXMH, SUB,
MIN, TWNDOW

If two traces have different lengths, the largest length is used for the specified span. The shorter length accepts data
unti filled.

When a trace of a greater length is operated on and stored in a trace of lesser length, the trace is truncated to fit.
Conversely, when a shorter trace is operated on and stored in a trace of longer length, the last trace element is
extended for operations with the longer length. Thus, a single element frace acts like a display line in trace
operations.
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TRDSP

Trace Display

The TRDSP command displays a trace or turns if off. The command does not affect any other trace operations.

OUTPUT 718;“TRDEP TRC,O0N;”
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TRGRPH

Trace Graph

ol GISDERY X y
TREAPH @ address "O" pasitiaon "O_” pasition

TRACE
EXPANDING ~ ARRAY —

~FACTOR —

| trace B
res ' fabel i

POE

The TRGRPH command displays a trace A, B, or C, or a user-defined trace anywhere on the spectrum analyzer
display. The X and Y positions orient the trace above and to the right of a point on the CRT, specified by the
display address. The trace can be expanded, according to the scale determined by the expanding factor.

For example, the following command would display a user-defined trace named TEST occupying the length of the
CRT at the base line, if TEST was originally full-scale, and was compressed by 10 with the COMPRESS com-

mand:

TRGRPH 4,8,2,10 TEST;

Note that the above TRGRPH command fills display addresses @ through 1000 with the amplitude information of
the TEST trace array. Thus, any original irace A information is lost.

The program below moves trace A data into a user-defined trace array, called TEST, then positions TEST 100
display units above the CRT baseline.

10 OUTPUT 718;“IF,LF;CF 100MZ;8F ROMZ; A 1,;88;T8;”
20 OUTPUT 718;“TRDEF TEST, 1001;”

30 OUTPUT 718;“MOV TEST, TRA;”

40 OUTPUT 718‘TRGRPH 3,0,100,1, TEST;"

50 END
Line 10: Sets up an active trace.
Line 20: Defines user-defined trace array.
Line 30: Moves trace A into array.
Line 40: Display array, filling display addresses allocated for trace A.

To reposition traces A, B, and C without the use of a user-defined trace array, substitute the letter | for the display
address.
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TRMATH

Trace Math

oo STRING DATA FIELD —

string command string
( TRMATH ,\/ delimiter |71 list [°]delimiter

o A-BLOCK DATA FIELD ——mur

. command

e P =BLQCK DATA FLELD s
_ | cammand ‘

’ list ' *

= 7 2

ftem Descripticn/Default Range Restriction

COMMAND LIST Any spectrum analyzer commands from this
Remote section,

LENGTH Two 8-bit bytes specifying length of command
fist, in 8-bit bytes. The most significant byte is
first: MSB LSB.

STRING Must match. Marks beginning and end of "% & /= @\
DELIMITER command list.

The TRMATH command executes a command list at the end of a sweep. Compose the command list with any of
the following commands only.

Trace Math Commands:
AMB, AMBPL, APB, AXB, BlL., BML, BTC, BXC, C1, C2, EX, KSG, KSH, K&¢, KSi, K8, VAVG
User-Operator Functions:

MGV, SUB, ADD, MPY, DIV, LOG, EXPE, MXM, MIN, XCH, SQR, CONCAT, CTM, CTA, AVG

If an on-end-of-sweep command is encountered, it is executed after the contents of the TRMATH command are
executed.

The operands and results of trace math are truncated if they are not within certain limits. If operating on traces A,
B, or C, results must be within 1023. if operating on user-defined traces, results must be within 32,767,
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{Continued) TRMATH

The program below halves the amplitude of trace A and moves it to trace B. If trace A is in log mode, this is
equivalent to the square root of frace A.

10  OUTPUT 718;“AL;B3;"
12 OUTPUT 718;"“DISPOSE TRMATH;"”

&0 OUTPUT 718;“TRMATH! DIV TRB,TRA,2! ;"
30 END

See DISPOSE.
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TRPST

Trace Preset

TRPST .

The TRPST command executes the following commands:

Al

B4

Cl

KSK

EM

TO

Lo

DISPOSE ONEOS
DISPOSE TRMATH
DISPOSE ONSWP
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TRETAT

Trace State

TRSTAT ° : o

The TRSTAT command returns trace states to the controller: clear-write, off, view, or blank.

Trace Is Swept and Updated  Trace Is Displayed

Trace Clear/Write CLRW X X
Trace Off TRDSP X
Trace View VIEW X

Trace Blank BLANK
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Take Sweep

=0

The take sweep command, TS, starts and completes one full sweep before the next command is executed. One
TS command is required for each sweep in the single mode.

The function, marker, trace, coupled function, preselector peak, automatic zoom and video average commands,
and a number of the shift functions require one complete sweep to update the display and trace memory. This is to
avoid losing information for the output of measurement data on either the CRT display or through the HP-IB
interface.

QUTPUT 718;“IP;,CF 11.108GZ;SPROKZ;VIEW;”

In the example above, the command sequence does not allow sufficient time for a full sweep of the specified span,
before VIEW is executed. Therefore, only the span set by the instrument preset is displayed in trace A.

A TS command inserted before VIEW, as shown in the program line below, makes the analyzer take one complete
sweep before displaying trace A. This allows the analyzer sufficient time to respond to each command in the
sequence.

QUTPUT 718;“IF;,CF 11.105G%,SPROKZ, TS, VIEW,”

A TS command is also recommended before HP-IB transmission of marker data (amplitude, frequency) on the
HP-IB bus, and before marker operations (peak search, preselector peak). This is because the active marker is
repositioned at the end of each sweep.

The TS command guarantees that the HP-IB bus transmission and CRT display contain marker position informa-
tion that is relative to the current trace response.

When the analyzer receives a TS command, it is not ready to receive any more data via HP-IB until one full sweep
has been completed. However, when slow sweep speeds are being used, the controller can be programmed to
perform computations or to address other instrurnents on the HP-IB bus while the analyzer is completing its sweep.

In normal programming practice, a semicolon terminates each command statement. By using the semicolon as a
terminator, an automatic carriage-return/line-feed is performed by the controller. However, the controller can
perform computations or address other instruments while the analyzer is executing TS, if the carriage-return/line-
feed is suppressed.

In the program line below, the semicolon at the end of the line (outside the quotation marks) suppresses the
carriage-return/line-feed. The controller is now available to proceed to the next program line while the analyzer is
completing its sweep.

OUTPUT 718;“8TB3C,Ra;T8";

The R2 command in the program line above enables the end-of-sweep service request when the analyzer is
finished sweeping. This service request interrupts the controller program to allow subsequent addressing of the
analyzer. Refer to Appendix D for a complete description of the RZ Service Request.
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TWRDOW

Trace Window
~— ALGOR | THM —
(e ) ke
item Description/Default Range Restriction
TRACE L ABEL Alpha character. User-defined label declared in AA—ZZand __
TRDEF statemeni. 2— 12 characters required.
Trace length must be 1008.

The TWNDOW function formats a trace array for the fast fourier transform function (FFT).
Execute TWNDOW on user-defined trace arrays containing 1008 elements, only.
The trace window function modifies the contents of a trace array according to three buiit-in algorithms: UNIFORM,

HANNING, or FLATTOP The filters are shown below, as graphs in the time domain. The TWNDOW command
multiples a trace array with one of these windows.

The three algorithms simulate passband shapes that represent a give-and-take between amplitude uncertainty,

sensitivity, and frequency resolution. See FFT for more information about these aigorithms and the fast fourier
transform function.

10 OUTPUT 718:“TRDEF TEST,1008;”
20 OUTPUT 718;“TWNDOW TEST, UNIFORM;”

FLATTOP

b

[\ HANNING

;
i
|
|
|
|
|
|
I
|
!
|
|
|
| b
!

UNITFORM
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TiB
Threshold Off

C ()

The TP command removes the threshold boundary and its readout from the CRT display.

QUTPUT 718;“T@;”
0
The function of the T® command and the THRESHOLD key are identical.
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11

Free Run Trigger

()

The T1 command sets the analyzer sweep to free run trigger mode. The functions of the T1 command and front
panel key are identical.

See TM,

OUTPUT 718;T1;”
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T2

Line Trigger

o)

The T2 command sets the analyzer sweep to line trigger mode. This function triggers the analyzer sweep when the
line voltage passes through zero in a positive direction. The functions of the T2 command and front panel
key are identical. (5ee TM.)

OUTPUT 718;“T&;”
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T3

External Trigger

The T3 command sets the analyzer to external trigger mode. This function triggers the analyzer sweep when an

external voltage passes through approximately 1.5 volts in a positive direction. The external trigger signal level
must be between @ and 5 volis. '

The functions of the T3 command and front panel trigger are identical. (See TM.)

OQUTPUT 718;%T3;”

Programming 339



Video Trigger

()

The T4 command sets the analyzer sweep to video trigger mode. This function triggers the analyzer sweep when
the voltage level of a detected RF envelope reaches the level set by the frigger LEVEL knob. The level (set by the
LEVEL knob) corresponds to detected levels displayed on the CRT between the bottom graticule (full CCW) and
the top graticule (full CW).

The functions of the T4 command and front panel trigger key are identical. (See TM.)

QUTPUT 718;“T4;”
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REPEAT UNTIL

CONDITION ~
(se ot (o) | s, (s il
L numeRIC @ NUMER [ C
DATA FIELD DATA FIELD
Hem Description/Default Range Restriction
VARIABLE Alpha character. User-defined identifier AA-ZZ and __
IDENTIFIER declared in VARDEF statement. Do not follow Z2— 12 characters required.
identifier with semicolon.
Alpha character. Measurement-variable
identifier, such as CF or MA. Do not follow
identifier with semicolor.
Trace element, such as TRA[10].
NUMERIC DATA Real
FIELD
COMMAND LIST Any commands from this remote section.

The REPEAT and UNTIL commands form a looping construct, The cornmand list is repeated unti] the condition is

frue.

The following program lowers any off screen-signal.

10
20
30
40
50
60

CUTPUT 718;“8BR,T8,E1;”

OUTPUT 718;“IF MA ,GT,RL THEN"
OUTPUT 718;"REPEAT RL UP,TS;E1; ”
OUTPUT 718;“UNTIL MA LE RL "
OUTPUT 718;“ENDIF 81;” " ”

END
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REPEAT LJINTIL (Continued)

Use the FUNCDEF command to nest a REPEAT UNTIL command within another REPEAT UNTIL looping
construct. The program below defines “C_LOP” as a looping construct in lines 30 through 60. The construct is
then nested into the REPEAT UNTIL command in line 80.

10 OUTPUT 718;“SNGLS;" :
20 QUTPUT 718;“VARDEF COUNT,J; VARDEF SCORE,&;”
30 OUTPUT?718;“FUNCDEFC_LOER" ™"

40 OUTPUT 718;“REFEATTS;”

50 OUTPUT 718;“ADD COUNT,COUNT,1;"”

80 OQUTPUT 718;“UNTIL COUNT.EQ,3;" " "

70 OUTPUT 718;“REPEAT;”

80 OUTPUT718;“C_LOP;”

80 OUTPUT 718;“ADD SCORE,SCORE,L;"

100 OUTPUT 718, UNTIL SCORE, EQ,4;”

The program below does not work because the REPEAT UNTIL commands are nested without the use of the
FUNCDEF command.

10 OUTPUT 718,“BNGLS;”

20 OUTPUT ?18;“VARDEF COUNT, @, VARDEF SCORE,Z;"
320 OUTPUT 718;“REPEAT;”

40 OUTPUT 718;"REPEAT;”

50 OUTPUT 718;“T8;”

680 OUTPUT?18;“ADD COUNT,COUNT,L;”

70 OUTPUT 718;“UNTIL COUNT,EQ,3;"

80 OUTPUT ?718;“ADD SCORE,SCORE,1;”

90 QUTPUT 718;“UNTIL 5CORE EQ,4;”

100 END
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R

Upper Right Recorder Quiput

Cw ()

The UR command sends a voltage to the rear panel RECORDER QUTPUTS. The voltage level remains until a
different command is executed. Use the UR command to calibrate the upper right dimension of a recorder.

CUTPUT 718;“UR;"
UPPER
RIGHT

The functions of the UR command and front panel key are identical (See Introduction in Section 1.}
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USTATE

State
— A-BLOCK DATA FIELD ——
_ | date
bytes
wl
ftem Description/Default Range Restriction
LENGTH Two 8-bit bytes specifying length of command
list, in 8-bit bytes. The most significant byte is
first: MSB LSB.
DATA BYTES &-bit bytes of data representing command list. ASCH characters @ to 255.

The USTATE command configures or returns configuration of user-defined states defined by these commands:

ONEQS
ONSWP
KEYDEF
FUNCDEF
TRDEF
TRMATH
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VARDEY

Variable Define

VARDEF @ identifier |

varlable

, = real

-

ltem Description/Default Range Restriction
VARIABLE User-defined identifier. Alphanumeric AA-ZZ and _
IDENTIFIER character. 2— 12 characters required.

The VARDEF command assigns a real value to a variable. The value is assigned immediately after VARDEF
execution and reassigned during any instrument preset.

The following program demonstrates the VARDEF command.

10 OQUTPUT 718;“SNGLS;”

20 OUTPUT 718;“VARDEF COUNT,@; VARDEF SCOR.,@3;”

30 OUTPUT 718;“FUNCDEF C_LOP,”

40 OUTPUT 718;“REPEATTS:”

B0 OUTPUT 718;“ADD COUNT,COUNT,1;”
80 OUTPUT 718;“UNTIL COUNT,EQ,3;” " "

70  OUTPUT 718;"REPEAT;"”
80 OUTPUT 718;“C_LOP;"

90 OUTPUT 718;“ADD SCORE,SCORE,1;”

100 OUTPUT 718;“UNTIL SCORE,EQ,4;”
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VARIANCE

VARIANCE Yo §P }r» 1126¢ —O

L X:

ftem Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA-ZZ and __
TRDEF staternent. 2.— 12 characters required.

The VARIANCE command returns to the controller the amplitude variance of the specified trace, in display units.

10 OUTPUT 718;“VARIANCE TRC;"
20 ENTER 718N

30 PRINTN

40 END
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VAVG

Video Average
(v JroLaversse tongtn fr~( )
(o)
ON -
AN
(er)
OFF
N
ftem Description/Default Range Restriction
AVERAGE LENGTH Real. Defaultis 100, Represents maximum number
of sweeps executed for
averaging.

The VAVG command enables video averaging. During video averaging, two traces are displayed simultaneously.
Trace C contains signal responses as seen at the input detector. Trace A or B contains the same responses digitally
averaged. The digital reduces the noise floor level, but does not affect the sweep time, bandwidth, or any other
analog characteristics of the analyzer.

Before executing VAVG, select trace A or B as the active trace (CLRW) and blank the remaining trace.

The active function readout indicates the number of sweeps averaged: the default is 100 unless otherwise speci-
fied. Increasing the number of sweeps averaged increases the amount of averaging.

Use VAVG to view low level signals without slowing the sweep time. Video averaging can lower the noise floor
more than a 1 Hz video bandwidth, if a large number of sweeps is specified for averaging. Video average may also
be used to monitor instrument state changes (changing bandwidths, center frequencies, etc.) while maintaining a
low noise floor. (See Chapter 11 in Section 1. Also see KSG and KSH.)

OUTFUT 718;“VAVG 125"

Programming 347



Wi
Video Bandwidth

POOO®

bodod

The VB command specifies the video filter bandwidth, which is a post-detection filter. Available bandwidths are 1
Hz, 3 Hz, 10 Hz, 30 Hz, 100 Hz, 300 Hz, 1 kHz, 3 kHz, 10 kHz, 30 kHz, 100 kHz, 1 MHz, and 3 MHz.

The program line below sets the video bandwidth to 10 kHz.

OUTPUT 718;“VB 10KZ;”

The functions of the VB command and front panel key are identical.
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YVBO

Video Bandwidth Coupling Offset

The VBO command specifies the relation between the video and resolution bandwidths that is maintained when
these bandwidths are coupled. The bandwidths are usually coupled, unless the RB or VB commands have been

executed.

Selecting ) sets the ratio to one, that is, the resolution and video bandwidths are always equal.

Selecting 1 sets the video bandwidth one step wider than the resolution bandwidth:

Selecting — 1 sets the video bandwidth one step narrower than the resolution bandwidth:

Resolution Bandwidth
3 MHz
1kHz

100 kHz

30 kHz

10 kHz

3kHz

1 kHz
300 Hz
100 Hz
30 Hz
10Hz

Resolution Bandwidth
3 MHz
1 MHz
300 kHz
100 kHz
30 kHz
10kHz
3kHz
1Hz
300 Hz
100 Hz
30Hz

Video Bandwidih
3 MHz
1 MHz
300 kHz
100 kHz
30 kHz
10 kHz
3 kHz
1Hz
300 Hz
100 Hz
30 Hz

Video Bandwidth
3MHz
1kHz

100 kHz

30 kHz

10 kHz

3 kHz

1 kHz
300 Hz
100 Hz
30Hz
10 Hz
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VIEW

View

The VIEW command displays trace A, B, or C, and stops the sweep. Thus, the frace is not updated. Trace A and
C are discussed below. For detailed information about trace B, see B3 in this section.

AaLoa DISPLAY to
V1IDEO 0 MEMORY
DETECTOR I~ 1 p1681TAL | 1 ADDRESSES "“****‘”’DlgngY
CONVERTER | WRITE/ | 1-100% | REFRESH
STORE OR
1025-2025
OR
3073-4073

When VIEW TRA is executed, the contents of frace A are stored in display memory addresses 1 through 1023,
Address @) is reserved for the instruction word 1040* . Similarly, when VIEW TRC is executed, the contents of trace
C are stored in display memory addresses 3073 through 4095, and address 3072 is reserved for the instruction
work 1048 . Therefore, any information stored in address @ is lost when VIEW TRA is executed. Likewise, the
contents of address 3072 are lost when VIEW TRC is executed.

If you have used address @ or 3072 for a graphics program, or label, you may wish to save their contents before
executing VIEW.

OUTPUT 718;“VIEW TRC;"”

For additiona!l information, refer to Appendix A. (See B3, A3, KSj, and TRSTAT)

*

1040 and 1048 are machine instruction words. 1040 sets addresses 1 through 1023 to zero, and draws frace A. 1048 does the same,
but draws the trace dimly.
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Exchange
e BEST ENAT JON e ——DESTINATION —y
XCH of SP o{TRA) o) N _O
NS AN AN
(Tag) (Ta8)
={ TRY ={ TRB
AN N
i )
H = TRC
AN ./
-n-{variabie §dentifierf- w{variable idantifier}-ﬂ-
Item Description/Default Range Restriction
TRACE LABEL Alpha character. User-defined label declared in AA-ZZ and _
TRDEF staternent. 2— 12 characters required.
VARIABLE Alpha character. User-defined identifier AA-ZZ and _
IDENTIFIER declared in VARDEF statement. 2-- 12 characters required.

Alpha character, Measurement-variable
identifier, such as CF or MA.

Trace element, such as TRA[10].

The XCH command exchanges the contents of the destinations. The destinations may be different lengths, as
trace operands (TRA, TRB, TRC, and trace label) range from 1 to 1008 elements in length, and a variable
identifier is 1 element long. During execution of the XCH command, the longer destination is truncated to fit the
shorter destination.

Programming 351






HP 85668 /85688 /9816 /9826 /9836-1 FEBRUARY 1984

SUPERSEDES: NONE

el :
Sl s o
\th« N = B e el
o '%:q‘\%“-“@‘“ e
o e
. S @‘\.” : M‘:’f -

o
o

i
S S

© HEWLETT PACKARD CO. 1984

HEWLETT
PACKARD




HP 8566B/8568B/9816/9826/9836-1 Introductory Operating Guide

Fertrapedaiction

This note is an introductory guide to remote operation and programming of HP 85668 and HP 856588 Spectrum
Analyzers using either the HP 98165, 9826A or 9836A Desktop Computer with BASIC. Included in this quide
are system connections for remote operation and several example programs with descriptions of each step.

The HP 98165, 9826A, and 9836A use HPL and Pascal as well as BASIC. Although this guide is based on
BASIC, the setup and language independent programming techniques apply equally well to systemns using HPL or
Pascal.

The HP 8566 and HP 8568B are microprocessor-controlled, general-purpose spectrum analyzers which are
compatible with the Hewleti-Packard Interface Bus (HP-IB). When used with an HFP-IB controller, such as the HP
98165, 9826A, or 9836A, programs can be developed on the controller and either run remotely or downloaded
into the analyzer’s internal RAM. Thus, the HP 8566B/8568B are truly programmable, fully automated spectrum
analyzers with the following features:

Precise, stable LO tuning

High sensitivity and resclution

Wide dynamic range

Powerful built-in function set

16K of nenvolatile memory for custorn measurement routines
Direct CRT plot with or without a controller

@ 5 e DB @

Reloted Documents

Complete operating information for the HP 85668/8568B Spectrum Analyzers can be found in these documents:

1. HP 8566B/8568B Spectrum Analyzer Operation Guide (P/N 08566-90040 or 08568-90041).
2. HP 8566B/8568B Spectrum Analyzer Pull-Out Information Cards
3. HP 8560B/8568B Spectrum Analyzer Quick Reference Guide (P/N 5955-8970).

The following manuals describe HP 9816S/9826A/9836A controller operation.
1. Basic Operating Manual (P/N 09826-90000)

2. Basic Programming Techniques (P/N 09826-50010}

3. Basic Interfacing Techniques {P/N 09826-90020)

4. Basic Language Reference (P/N 09826-90055)

Fauipment Required

To perform the examples in this note, you will need the following equipment and accessories:

1. HP 85668 or 85688 Spectrum Analyzer

2. HP 98168, 9826A or 9836A Desktop Computer with ROM-based or RAM-based BASIC language
{Options 011 or 711)

3. 10833 A/B/C/D HP-IB Cable
4, HP7240A, 7245A/B, 7T4T0A, or 9872C Plotter (opticnal)

Setup

Figure 1 shows the system connections. To connect the system as shown, follow these steps.

1. Turn off the power to the HP 98165/9826A/9836A and HP 8566B/8568B.

2. Attach an HP-IB cable to the 24-pin HP-IB connectors on the back panels of the HP 98165/9826A/9836A
and HP 8566B/8568B. The connectors are shaped to ensure proper orentation. (See Figure 1))
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CAUTION

Do not attempt to mate silver English threaded screws on one connector with
black metric threaded nuts on another connector, or vice versa, as damage to
the hardware may result. A metric conversion kit which will convert one cable
and one or two instruments to metric hardware may be obtained by ordering
HP P/N 5060-0138.

FIGURE 1. SYSTEM CONNECTION

Check-Out
Determine whether your HP 98165 /9826A /9836A has a soft-loaded (RAM) or built-in (ROM]} language system

and follow the appropriate procedure below:
Built-in System

1. Remove any discs from the drives and then press the power switch in.
2. A “BASIC READY” message should appear and the computer is now ready for use.
3. I more than one language system is built-in, BASIC (B) and HPL (H) for example, the computer will display

WHICH SYSTEM?
B H

Press the “B” key to select the BASIC system.

Soft-loaded System

1. Insertthe BASIC language system disc into the disc drive and close the door.

2. Pressthe power switch in.
3. After afew seconds the “BASIC READY” message should appear and the computer is now ready for use.

If the computer does not display the “READY” message after the procedures above are completed, refer to the
BASIC Operating Manual, Chapter 1.

After making AC power line connections to the analyzer, the STANDBY lights on both the RF and display sections
should be illuminated. Set the analyzer to LINE ON.
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INSTR
STAND BY oN i
O QO
LINE

LINE ON and STANDBY tNETR CHECK L.ED

Upon LINE ON, the analyzer will perform an automatic internal instrument check, designated by the red INSTR
CHECK indicators. Both LED’s will turn on momentarily during the brief check routine and, if the instrument is
operating properly, will go off during operation, except when another instrument check is triggered by an Instru-
ment Preset, i one or both LED's remain on, refer to Section II, Performance Tests, in the HP 85668 /85688
Service Manual.

Verify that the analyzer's address is set to 18. The read/write address of the HP 85668 or HP 8568B can be
determined and altered from the front panel by using the shift function P:

P
Pressing

sets the address to 18.

When the analyzer is turned on from a cold state, CRT messages OVEN COLD and REF UNLOCK may appear.
These will go off typically ten minutes after AC power is connected. Type the following commands on the
controller keyboard.

ARORT 7 {Press | sewm | )

REMOTE 718 {Press | seeus 1)

If ADRSD and REM light up on the analyzer’s front panel, proceed to the programming examples. If either
ADRS'D or REM do not light, check to make sure that the interface cables are properly connected and the address
in the REMOTE statement matches the address of the HP 8566B/8568B. Although 18 is the factory-set address
and the address used in the following examples, other addresses are possible.

If both ADRS'D and REM still do not light, consult the HP 8566B/85688 Service Manual and the HP 98165/
9826A/9836A Service Manual for troubleshooting information.

Programming Examples

The following examples illustrate some of the ways to operate the HP 8566B/8568B using the HP 98165/
9826A/9836A controller.

The examples illustrate the operation of front panel controls both remotely and via user-defined softkeys. Also
shown are procedures for reading various outputs from the analyzer, such as active functions, marker values, and
trace data. If an HP plotter is available, an example of plotter output is also illustrated. Two examples of harmonic
distortion measurements are shown. The first illusirates the techniques used in programming the analyzers in a
strictly remote fashion. The latter shows the same harmonic distortion measurement as part of a user-defined
routine which utilizes some of the expanded function set and is stored in the spectrum analyzer. This latter program
can be run independently, without a controller, by simply pressing a softkey on the front panel of the analyzer, or by
executing the softkey from the controller.
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Before proceeding with the examples, connect the calibrator signal cutput (labeled CAL QUTPUT just below the
front panel) to the RF input of the analyzer. The calibrator signal frequencies for the HP 8566B and the HP 85688
are 100 MHz and 20 MHz, respectively. The programming examples assume that an HP 8566B is used; therefore,
if an HP 8568B is used, substitute 20 MHz wherever 100 MHz appears in the program code.

EXAMPLE 1: PROGRAMMING FRONT-PANEL FUNCTIONS

set the analyzer, and set center frequency to 100 MHz and span to 10 MHz, enter the following on the
rd of the 98165/9826A /9836A contraller: OUTPUT 718; “IP CF100MZ SP10MZ”

BUTPUT 7 LR= TN § GF 10aMZ H G 10MZ, "

ontroller TALK
elect HMP-IB
nalyzer address

strument preset
ctivate center frequency
2t center frequency value
2mi-colons separate analyzer commands as per IEEE-728 recommendations
ctive frequency span
ot frequency span value

ing this statement initiates the sequence of operations shown above. The final CRT display with a 100 MHz
sresent should look like this:

/Ly:; REF .8 noBm ATTEN 18 o8

18 us/s

CENTER 109 28 Mez SPAN 12 P8 M=
RES BW 108 k2 ¥VBW 3PR kHz EWF 2R msen

The last function activated, SPAN, will appear with its current value on the analyzer CRT as shown in the shaded
box.

NOTE

An important concept in analyzer programming is worthy of special note
here. The sequence of operations executed above could have been entered
manually from the front panel of the analyzer to vield the same result. In fact,
a manual sequence of keystrokes is usually developed first and then used as a
basis for executing the same procedure under program conirol, This simple
technique is recommended as a powerful tool for software development with
the automatic spectrum analyzer.
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EXAMPLE 2: PROGRAMMING USER-DEFINED ROUTINES

Any analyzer command can be incorporated in a user-defined softkey. This softkey, once it is loaded, can be
executed independently without a controller, by simply pressing the softkey on the front panel of the analyzer, or
by executing the softkey via the controller. The following program shows the front panel functions from example 1
incorporated in a softkey.

10 QUTPUT 718, "DISPOSE AllL" IDisposes of all predefined softkeys,
20 OUTPUT 718; "FUNCDEF Z_00M, BIP;CF 100MZ ;58P 1OMZ;8"

30 END Fhine 20 assigns the label, 2 _00M, to
40 Tthe indicated sequence of froent panel
50 teommands,

Note that string delimiters must be used when denoting a string within a string. In this case the @ delimiter was
used. Other string delimiters include the following symbols: 1"$% &’/ =@\ * * | ~

PARTE ENTERING AND DOWNLOADING THE PROGRAM

To enter the program, press: xecue

10_ should appear.
Type a line and press | == | . Now 20_ should appear.

RUN

Continue entering program code line by line. After storing the last line, END, press to execute the
program.” (Program lines beginning with “I” are for annotation only and can be omitted. These comments are
provided for the reader’s clarification only. Note that your line numbers need not correspond to those in this guide.)

PART Il EXECUTING THE ROUTINE

Running the above program stores the routine in the analyzer’s internal RAM. The routine can be executed in the
following three ways:

® via the analyzer’s front panel using a softkey whose number is assigned by a KEYDEF declaration

® via the controller using a KEYEXC command

@ via the confroller using the label defined in the FUNCDEF statement

To execute this softkey from the analyzer’s front panel, place the cursor after the END command in line 30.

10 DUTPUT 718; "DISPOSE AlL;"
20 QUTPUT 718;“FUNCDEF Z_00M, @IP;CF 100MZ;8F 10MZ;8"
30 END

ff'

Press the (insert line) key on the confroller. Line 21 should appear after line 20. Key in the following
program code on line 21:

21 AUTPUT 7183 "KEYDEF 106, Z_00OM;" lAssigns softkey 106 to the predefined
tlabel, 7 _00H.

ENTER RGN

Press and Then press the analyzer’s local key, {located on the lower left corner of the front
panel). This places the analyzer under front panel control to enable the operator to key in the softkey.

*For a brief infroduction to the controller editing facilities, refer to the chapter entitled Entering, Running and Storing Programs in BASIC
Programming Techniques for the HP 98165 /9826A/9836A.
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Press the following keys:

) () (o] (o] (&)

Notice when the first data number, 1, is pressed, the entry block (shaded box) indicates the softkey being entered.

','p REF_M._MEM ATTEMN 12 dB

E1- 1=V
CSOETREY {1
Ape / |

: I i

i t i i

CENTER 128 .28 MH2z SPAN 10.80 MMz
RES 8w 1B xhz SWE 28 msec

VEBW 308 xMz

The & key terminates the data number entry and executes the softkey. Notice the controller need not be
connected when executing the softkey in this manner.

To execute softkey 100 via the controller, again insert a line by placing the cursor after the END command. Line 22
should appear. Key in the program code indicated.

16 OUTPUT 718, "DISPOSE AlLL"
28 QUTPUT 718; "FUNCDEF Z_00M, 8IP;CF 100MZ;8P 10MZ;@"
21 QUTPUT 718 "KEYDEF 100, Z_00M*
OQUTPUT 218 "KEYEXE 100;” lExecutes softkey 100 defined in line 2%,
30 END

as

Press | = | then | =

to execute softkey 100 again.

The softkey may also be executed from the controller using the label, Z_OOM defined in the FUNCDEF declara-
tion. To do this, simply edit line 22 as follows:

22

DUTPUT 718;"Z 00OM;»

Press | ™™ { and | ™

. Notice that line 21 is not necessary in this program when the routine is executed in this
manner. The softkey is executed whenever the label, Z_OOM, is encountered.

EXAMPLE 3: PRODUCING A FUNCTION OR MARKER VALUE OUTPUT

In the first case, a BASIC program is shown which directs the analyzer to activate center frequency, and to prepare
to output the current value in a subsequent statement. The value is then transferred into the variable F and printed.

10 OUTPUT 718;°CF;0a; "

lactivate center frequency, prepare
20 Yo sutput value of active function.
X0 ENTER 718;F PTransfer value ta F.
40 PRINT "Center Frequency =" F;"Hz" Print value.
50 END
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To enter the new program, type SCRATCH A (but, if desired, store the existing program at this time} and press
wecure | 10 Clear the program memory.

Press ,then | = | | and type in the program lines shown above.

A typical output would be:

Center Freguency = 1,E+8 Hz

Next, we would like to output both the amplitude and frequency of the active marker. To illustrate this, connect the
analyzer's CAL OUTPUT to the RF INPUT. Again, type SCRATCH A and press | o ] to clear the program
memory, and enter the following program:

10 QUTPUT 2183 5P Fa 75HZFR 1S0MZ 82 THEL) "

20 P Instrument preset, et start and

30 | stop frequencies, single sweep,

40 b take sweep, peak search,

a0 QUTPUT 718;"HAL" I Prepare to sutput sarker amplitude.

&0 ENTER 718:nA V Transfer amplitude dinte variable 4.

74 OQUTPUT 718 "KF; " | Prepare to output marker frequency.

80 ENTER 7183F t Transfer frequency into variasble F,

20 PREINT A "dBm "iF/1 L E4G "MHEY U Print A and F (gcaled to snegahertz).
100 END

The first line presets the analyzey, sets start and stop frequencies to 75 MHz and 150 MHz, and then instructs the
analyzer to use the single sweep mode. To ensure that a trace is displayed which corresponds to the current
instrument control settings, a take sweep command (“TS”) is used. This arms the sweep, causing a sweep to be
taken when trigger conditions are met, and prevents the analyzer from accepting further commands until the trace
is complete.

Upon completion of this sweep, the peak search (“E1”) command is invoked, placing a marker on the largest
signal displayed. Lines 50 and 60 instruct the analyzer to output the amplitude value in dBm into the variable A,
and lines 70 and 80 cause the frequency in heriz to be transferred into F These two values are then printed with
appropriate units. Note that the frequency in hertz has been divided by one million to yield megahertz.

Pressing | ™ | yields typical output:

10.4 dbm 106.2 MHz

EXAMPLE 4 TRACE DATA QUTPUT

An important capability of an automatic spectrum analyzer is to transfer trace amplitude data into an array in the
controller for subsequent manipulation. A direct approach is shown in the first program:

10 DIM ACIO00) Dimension array A from 8§ to 1008,

80 NEXT W

70 FOR N=0 70 1000 STEP 180
100 PRINT N,A(M)

iig NEXT N

1268 END

End of FOR-NEXT loop.

1
20 P o100l points totald,
30 QUTPUT 7183827803 TA" I Using (3 Faeremat (reference level wnits),
490 b prepare to output trace A,
506 FOR N=0 TO 10806 ' Begin FOR-NEXT loop.
&0 ENTER 718;4(N) ! Transfer formatted data ong point at a
70 b time inte A array.
}
!
i

Print every ene~hundredth point.

After dimensioning the array, four commands are sent to the analyzer in the OUTPUT 718 statement. First, the
analyzer is set to the single sweep mode, followed by a take sweep command. The single sweep mode (*$2”) is

8
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especially important when outputting trace data because it provides a static display while the values are being
accessed. Following the TS command {discussed in Example 3) there is an output format command O3. (This is
the letter O for Output, not zerol) The analyzer in this mode scales the display units from the ADC (analog-to-
digital converter) to reference level units (in this example, dBm), and re-formats these values into a sequence of
ASCI characters which will be transmitted over the interface bus. TA specifies trace A data, which are subsequen-
tally transferred one point at a time into the A array using the ENTER 718 statement repeated 1001 times.

Finally, to show what has happened, several data values are printed.

0 =846 .5
148 -83.4
200 ~B3 .8
340 ~87 . 4
4040 -82.9
500 -13

600 =791
700 83,1
840 -84 .5
700 ~83.6
1000 -87.5

The execution time for the trace data transfer in Q3 format using the HP 9826A is about 3.6 seconds. To achieve a
faster transfer, avoid rescaling the ADC values and re-formatting into ASCII code by using O2 instead of O3 output

format. The trace data can then be transferred as unformatted binary values by using an I/0 path with the ASCII
format off.

In the case below, a sequence of 8-bit bytes is transferred into the integer-valued A array. Note that the values in
the A array are two bytes or sixteen bits long, as are the binary values to be transferred from the analyzer in the 02
format mode. The values printed from the A array are in display units. These range from 0 to 1023, and may be
accessed as such for further processing. A typical execution time for this transfer using the HP 9826A is 150
milliseconds.

10 INTEGER AC1000) Dimension A array from 0 to 1600

%0 FOR N=0 TO 1080 STEP 1006
100 PRINT N,A(N)

Frint every one-hundredth point.
110 NEXT N

1
20 1 (1061 points total),
30 QUTPUT 718, "8R8, TS, 02 TA;" ! Single sweep,take sweep, using Fformat (2
49 P (hinary units) prepare to sutput trace A.
oA AGSIGN %3 TO Y18;FORMAT OFF b oAmnsign I/0 path 85a to spectrum analyzer
60 Voand turn ASCII format off for this path.
70 ENTER ®S8a;a(x) ' Transfer data inte array wsing specified
8¢ P I/70 path with format off.

i

i

H

120 END

i 139
100 178
200 127
300 18%
400 16%
504 870
680 207
700 1354
860 126
740 13
1068 160

This program illustrates how more advanced BASIC programming techniques can be implemented to produce
significantly higher performance in the area of automatic instrument control. Such topics as advanced transfer
techniques are treated in BASIC Interfacing Techniques for the HP 9816S/9826A /9836A.

9
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NOTE

Correct formai usage when transferving data and commands to and from the
analyzer is essential for proper operation under remote contrel. Errors in for-
matting are a frequent cause of program failure; study the format codes if you
are not certain of correct usage when debugging a program under develop-
ment.

Data are transferred over the interface bus one B-bit byte at a time. These
may be ASCll-encoded alphanumeric characters, or binary values, For exam-
ple, when the O3 format has been specified (this is the default mode on
instrument preset) and a trace value is output from the analyzer, a sequence
of ASCH characters is transmitted across the bus, as many as needed fo spec-
ify the value of interest. The analyzer automatically performs the necessary
formatting from an internally stored binary value to an ASCII string, and the
controller reverses this process on receipt of such a string. As the number of
characters transferred is variable, a free field format is required in the control
program.

Alternatively, data values themselves may be transferred in 8-bit bytes (ftwo
bytes will be necessary to retain the full 10-bit precision of values stored in
the analyzer). Here, the analyzer may be in the O2 format, and the controiler
in an unformatted or binary formatted mode {i.e., ASCIH formatting must not
occur), This is illusirated in the secend trace output example involving the
format off I/0 path.

See the Specirum Analyzer Remote Operation manual for further information
on input/output formats.

EXAMPLE 5 PLOTVER QUTPUT

The trace data, graticule, and annotation on the analyzer’s screen can be directly transferred via HP-IB to a
Hewlett-Packard plotter such as the HP 7245A /B, 7240A, 7470A, or 9872C; this can be done using the analyz-
er’s internal PLOT command. The program example shown below illustrates how a direct plot can be obtained
using a controller; however, a direct plot can also be obtained by pressing the lower left recorded key on the front
panel of the analyzer.

Before executing the program, connect an HP 7245A/B, 72404, 7470A, or 9872C plotter (if available).

Set the HP-IB address on the plotter to address 5:

ADDRESS

If the address switch on the plotter cannot be located, refer to the plotter’s operation manual.
10
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When using the PLOT command, the scaling points (labeled P1x, Ply, P2x, and P2y) must be specified. These
scaling points specify the x-y coordinates which determine the size of the piot.

P2x,Pdy
o == — = . 4
| I
i !
l %
} |
e — J
Bix,Ply

Special care must be taken to enter scaling point values which fall within the allowed scaling point range of the
particular plotter being used. The following table shows the plotting ranges of each plotter exemplified here. Also
shown are typicai values of scaling points which can be used to give a typical plot size.

TABLE 1. P1, P2 RANGES AND TYPICAL VALUES

Typical Scaling Points Plotting Hange *
Plotter Pix,Ply P2x P2y X-Axis Y-Axis
72404 200,200 7400,11000 0 to 7544 —38800to +51000
7245A/B 200,200 7400,11000 Oto 7544 —39800to + 51000
7470A 250,279 10250,7479 0 to 10300 0to 7650
9872C 520,380 15720,10380 0 to 16000 Oto 11400

*For small plot sizes, type on line 20 below: QUTPUT 705;“IF P1x Ply,P2x P2y;”

When typing in the PLOT command, enter the scaling point values (P1x, P1y, P2x, P2y) indicated in Table 1 for
the plotter being used.

To enter the new program, type SCRATCH A and press
previous examples. Type in the following program lines:

10 OQUTPUT 718;"PLOT Fix,Ply,P2x,P2y;" !
20 1 Pix, Ply, P2x and Fly.
30 SEND 7;UNL LISTEN 5 TALK 18 DATA b Set plotvter in
46 1 ip talk mode, and set attenvatdon
50 Poline low,
&1 END
Press | = | and the plotter will plot the information shown on the analyzer screen.
EXAMPLE 6: HARMONIC DISTORTION MEASUREMENT (DONE REMOTELY)

EXECUTE

Use values indicated in Table

. Then press and

EXECUTE

listen moede, analyirer

i for

as in the

This example illustrates some of the techniques demonstrated above which utilize the analyzer in a strictly remote
fashion. This program makes a harmonic distortion measurement by locating, measuring, and outputting a signal’s
second and third harmonics and calculating the percent distortion relative to the fundamental within the controller.
The technique suggested in Example 1 — converting a manual sequence of keystrokes into a program to perform
the same functions — was used in developing the present example.

11
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10 | HARMONIC DISTORTION MEASUREMENT
29 !

38 QUTPUT 718;*1P;"

40 LOCAL 718

56 BISPF "8et analyzer to digplay the fondamental signal.”
&0 PAUSE
78 Drep v

3111 CUTPUT 718;"8P;03;0a8;" I Prepare to output the current span,
o8 ENTER 718;8pan P Transfer value {in hertz)tes “Bpan®,
106 IF Spand= i E+% THEN 120 b olise current value or 100KH2,

110 Span=1.E+5 1 whichever is smaller,

126 OUTPUT 18 "SR TEET ML 8P jSpan; "HZ  TH HTOE4; TS E1E3 HA "

130 P doquire signal with peak search, avito-zoeem, marker to

140 b oreference level, peak search; enter CF S8TEP S8IZE with E3
150 I command; vee MA to prepare to ovtput Fundamentsl awmplitude.

168 ENTER 718 Fund P Transfer marker amplitude to “Fund®,

170 QUTPUT 718;"MF ;" I Prepare to output marker freaguency.

188 ENTER 718;Freq I Transfer marker frequency to “Freqg”.

120 Freg=Freq/l .E+& I Scale frequency to segaherti,

200 QUTPUT 718 "CF UP;THEELHAs" 1 Increrent center freq by fundamental freq,
218 ENTER 718:;8econd P TransTer marker amplitude to "Becond®,

226 QUTPUT 718, "CF UP, TS E13MA; " | Tnorement center freq by fundamental freq.

230 ENTER 718;Third P Transfer sarier amplitvde to "Third",
a4n Dist=100%8AR(FNLin{Becond) *24+FNLind{Third)*2Y/FNLin{Fund?

230 P Compute root-sum—of-squares

268 Fototal harmonic distortion using “"Lin"
27§ ! Fynction defined helow.

280 §

290 Formatl: IMAGE 4A,%,8D0D.D,X, "dBm“,BX K X bz |

80 PRINT USING Formatl;"Fund", Fumd ,Freg Vo Formatted
310 Farmat?2: IMAGE 2(4&,X,SDDD.D,X,“&&M“,K) b, BUTpUY
320 PRINT USING Format2;"Znd *,Second,"3rd”, Third !

330 PRINT USING "K,DBD.DD,K,//";"Harmonic Distortion = “}Dlﬁf‘""

340 END

250 AN RN

360 DEF FHLin(X} !

370 Lin_value=16°(X/20) b Fungtion te convert dB to linear values.
380 RETURN Lin_value !

394 FNEND 1

Line 40 places the analyzer under front panel control allowing the operator to tune the analyzer to position the
signal on screen. The span must be chosen such that the signal of interest is the largest response on the screen.

When ready, the operator presses |cwwei . The program determines the present span and compares it to 100

kHz, choosing the smaller value. Then, a sweep is taken in single sweep mode, and peak search places the marker
on the largest signal, i.e., the fundamental. Marker track is invoked to perform an Auto-Zoom to the span selected
above. The signal is then moved to the reference level, the center frequency step size is set to the fundamental
frequency, and the amplitude and frequency are output to the controlier.

In line 200, the center frequency is incremented once to place the second harmonic on screen. Peak search

locates the response and the marker amplitude is output. The same procedure is performed on the third harmonic
in line 220.

In line 240, the percent distortion is computed as the root sum of the squares normalized to the fundamental
amplitude. As linear values are required in this calculation, a function has been defined in lines 360 — 390 which

converts the dBm values to linear values. The results are finally printed according to the output formats in lines
260 --330".

A typical harmonic distortion measurement might yield the following output:

Fund -10.3 dBm  20.006% MHz

2nd ~5%.5 dBm

3RD  -47.3 dBm

Harmonic Distortion = 7%

* A discussion of PRINT and IMAGE statements can be found in BASIC Programming Techniques for the HP 93165/98264/9836A.
12
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HARMOMNC DISTORTION MEASUREMENT AS A USER-DEFINED SOFTKEY

The harmonic distortion measurement from the previous example is shown here as a user-defined softkey.

10 GUTEUT 7183 "DISFOSE ALL " Hilears all variables and softkeys
20 'which might have been previously

30 'detined,

44 QUTPUT 718 "FUNCDEF H_ARMDIGT, """ thefines the label, H_ARMDIBT to be
S0 tall commands within the double

2T 'quotes.

TG 'The terminating double quotes are
an Hfountd in line 320,

G0 QUTPUT 716 "VARDEF FUNDD, O3 VARDEF SECD, O; VARDEF THRDD O3 "

100 GUTEUT 7183 "VARDEF FUND, O; VARDEF SECOND, O3 VARDEF THIRD, 03"

15 OUFPLT 7183 "VARDEF BECSE, O3 VARDEF THRSE, O3 VARDEF DISTORTION, O3 "

126 'Declares the variables which will
130 the wsed in the program and sets

14 'their value to zero.

150 QUTEUT 718" 1R "

164 DUTEUT 7183 "D3:; DTHDAZO7ZPURALON, 400 LEFRESS THE LOCAL KEY AND#i"

70 OUTPUT 718; "PUFALOL, B30 LEBENTER RENTER FREGQUENCY#3HDs ¢

180 OUTRUT 71i8;"CF EPg"

190 CUTPUT 718; "EM; D3; DT#DASO7ZPUPAYS, 400 LLBENTER FRERUENCY SFPAN (100 KHI OR L
ERG)d#y "

200 OUTPRUT 7183 "SF EF" VInstrument preset and enable the
210 icenter freqguenty and span to be

2EO lentered from the front panel.

2EO OUTPUT 718 "SNGLS; TSy MEFE HI; Ty " 18ingle sweep mode, take a sweep and
240 tplace marker an highest signal.

200 QUTFUT 7i8;"IF &F, 06T, 1ES;" ‘1¢ the span is greater than

260 LITFUT 7183 " THEN MT1;8PLO0KZI; TS P1G0kHz then set to 100kHz.

ST SUTEUY 718 "ENDIF; "

280G GUTFUT 718; "MEFE HIjTSiMERL; TE;MTO; " !'Bring the signal to the reference
20 OUTFUT 71g; "MRCFy TG " Hlevel , turn signal track off and
00 'bring signal to center screaen.

310 QUTPUT 718; "MOV FUNDD, MA; KEDs ¥ tLines 210 ~ 390 determine the
BA0 CQUTPUT 718 "HOV FUND, MAzEEA; Y lamplitude values of the

TEO CUTPUT 7185 "MESS;CF UFP ™ tfundamental , secontd harmonic, and
340 OQUTFUT 7183 *TEiMEFRE HIg® ‘third harmonic in units of dBm
EEO OUTRUT 7183 "MOV SECH, MA; KSDs ¥ tand in linear units. These values
3460 QUTEUT 7183 "MOY SBECOND, Ma; KSAy " tare stored in the predefined

ETG OLITRUT 718; "CF UP: TSy MEFE HIy M tvariables.

E80 GUTPUT 718 "MOV THRDD, MA; KED; Y H

EQG CLTFLT 718 *MOV THIRD, MA; HEA" !

406 GUTPUT 7183 "MRY SECSE, SECOND, SECOND: l.ines 400 - 450 compute the

410 SQUTPUT 718 "MPY THRSE, THIRD, THIRD; " ‘harmonic distartion of the.

420 OUTFLUT 7183 YADD SECSH, SECSE, THRSME: " 'signal of interest using

430 DUTPUT 718; "SOR SECED, 8ECGR: tamalyger functions.

A440 QUTFUT 718; "MPY SECSE, SECSE, 100" !

450 CQUTPUT 718 "DIV DISTORTION, BECER, FUNDg " !

#E0 OQUTPUT 718 "DIV 88,88, 1E&8;: " 'Scale furndamental freqguency
470 QUTEUT 7183 "TRDSF TRA, OFF; ANNOT OFF 3 GRAT OFF;"!to MHz and blank CRT.

480 OUTRUT 7183 "D3;DTHDAZOYRE PURPALSO, S50 LEFund  #3DSFLY FUNDD, 5. 1;PUPAIGS0, 300
{BdBm #3:DSPLY 88,8.4; FUPAS30, 550 LB Mz " ‘The results are displayed
490 tan the analyzer scragn

500 GUTFUT 7183 "FAISG, 479 LE2Znd #:DSPLY SECD,S. 13 PUPASE0, 47% LBdBm#; "

510 QUITFUT 718; "PALIS0, 400 LEIrd #3 DEPLY THRDD, 3. 1§ PURATS0, 400 LBdBm#g "

HBEO OUTFUT 7183 "PALI®O, 200 LBHarmonic Distortion = #: DSPLY DISTORTEION, I, 2;FUR
£ OG0, BOG LBAHy Y

B30 QUTFUT 718 "EEYDEF 101, H_ARMDIST:" 'Assignes softkey 101 to the label,
S40 H_ARMDIST.

BEO END

Lines 40 —530 are the commands defined as H_ARMDIST. Although the program looks considerably different
than the one in Example 6, the measurement is the same. The program codes used in this example are all codes in
the analyzer firmware, thus the program can be executed independent of the controller and can be executed even
after the analyzer’s power has been off.

To illustrate, disconnect the HP-IB cable and turn the analyzer off and/or unplug it. Now turn the analyzer back
on, leaving the HP-IB cable disconnected.

13
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Press
)
to execute the program.

The program can also be executed via the controller by reconnecting the HP-IB cable and keying in

OUTPUT 7183 "H_ARMDIBY;"

The results are displayed on the analyzer screen.

For more information on the HP 8566B/8568B function set, refer to the HP 8566B/8568B Spectrum Analyzer
Operating and Programming Manual.

FOR MORE TRAINING

50003A
HP 8566B/85688 Spectrum Analyzer

Operation Course

The HP 50003A Spectrum Analyzer Operation Course provides comprehensive train-
ing in the remote operation of the HP 85668 and HP 8568B. This intensive four-day
course teaches manual and remote operating techniques and signal measurement con-
cepts as they apply to these analyzers. The curriculum is heavily hands-on oriented,
using a mixture of interactive lectures and labs with the HP 9826A as instrument con-
froller.

The HP 50003A is offered at selected HP training centers. Please contact your local
HP sales office for scheduling and price information.

14
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HP 8566B/85688 PROGRAMMING CODE LIST

Freguency Conjrol

CF Specifies center frequency
cS Couples step size
“FA Specifies start frequency
"FB Specifies stop frequency
FOFFSET Specifies frequency offset
FS Specifies full frequency span as
defined by instrument
8K5Q Uniocks frequency band
KsV Specifies frequency offset
SH5¢t L.ocks frequency band
BKS = Specifies resolution of fre-

quency counter
MKFCR  Specifies resolution of fre-
quency counter

SP Specifies frequency span
85 Specifies center frequency step
size

fnstrument Siate Control

13 Sets instrument parameters to
preset values
@KST Performs fast present 2 — 22
GHz
SKSU Performs external mixer preset
KS( Locks save registers
KS) Uniocks save registers
eLF Presets 0~ 2.5 GHz
RC Recalis previously saved state

RCLS Recalis previously saved state

SAVES Saves current siate of analyzer
in specifled register

sV Saves current staie of analyzer
in specified register

USTATE  Configures or returns configu-
ration of user-defined states:
ONEQS, ONSWP, TRMATH,
VARDEF, FUNCDEF, TRDEF

Amplitude Control
AT Specifies inpui atienuation

AUNITS  Specifies amplitude units for
input, cutput and display

"CA Couples input attenuation

E4 Moves active marker o refer-

ence level
"KSA Selects dBm as amplitude units

KSB Selects dBmV as amplitude
units

KsC Selects dBuV as amplitude
uniis

KSD Selects voltage as amplitude
units

KSi Extends reference level range

KSW Performs ampfitude error cor-
rection routine

KSX Incorporates correction data in
amplitude readouts

KSY Does not incorporate correction
data inamplitude readouts

Ksz Specifies reference level offset

K8q Decouples IF gain and input
attenuation

KSw Displays correction data

KS, Sets mixer level

LG Selects log scale

LN Selects Enear scale

MKRL Moves active matrker to refer-
ence level

ML Specifies mixer level

RL Specifies reference level

ROFFSET Specifies reference level offset

*Selected with instrument preset ({P)
@ Anplies to HP 85668 only
BApplies to HP 85688 only

Bandwidth Cowtrol

“CR Couples reselution bandwidth
cV Couples video bandwidth
RB Specifies resalution bandwidth
VB Specifies video bandwidth
VBO Specifies coupling ratio of
video bandwidth and resolution
bandwidth

Sweep and Trigger Confrol

"CONTS  Selects continuous sweep

mode
*CT Couples sweep time
BKSF Measures sweep time
BKSt Continues sweep from marker
KSu Stops sweep at active marker
KSx Sets external trigger (eliminates
auto-refresh}
KSy Sets video trigger {eliminates
auto-refresh)
5T Specifies sweep time
SNGLS  Selects single sweep mode
“S1 Selects continuous sweep
mode
52 Selects single sweep mode
™ Selects trigger mode: free run,
video, line, external
TS5 Takes a sweep
"T1 Sets trigger mode to free run
T2 Sets trigger mode to line
T3 Sefs trigger mode o external
T4 Sets irigger mode to video

Marker Contral

El Moves active marker 1o maxi-
mum signal detected
E2 Moves marker frequency into
center frequency
E3 Moves marker or defta fre-
quency into step size
E4 Moves active marker to refer-
ence level
SKSK Moves active marker to next
highest peak
KSL Turns off average noise level
marker
KSM Returns average value at
marker, normalized to 1 Hz
bandwidth
B@KSN Moves active marker to mini-
murm value detected
RS0 Moves marker delta frequency
into span
WSt Continues sweep from marker
KSu Stops sweep at active marker
B KS = Specifies resolution of marker

frequency counter
®KS<92> Enters DL, TH, M2, M3 in dis-

play units
MA Returns marker amplitude
BMCO Tutns off marker frequency
count
i MCI1 Turns on marker frequency
count
MF Returns marker frequency
MKA Specifies amplitude of active
marker
MKACT  Specifies active marker: 1, 2, 3,
ord

MKCF Enters marker frequency into
center frequency
MKCONT Continues sweep from matker

15

MKED Moves delta marker to specified
frequency

MKF Specifies frequency of active
marker

& MKFC Counts marker frequency for
greater resolution {See
MK#CR}
BMKFCR  Specifies resolution of marker
frequency counter
MEMIN  Moves active marker to mini-
mutn signal detected
MKN Moves active marker to speci-
fied frequency or center screen
MKNOISE Returns average value at
marker, normalized to 1 Hz

bandwidh

MKOFF  Turns all markers, or the active
marker off

MKP Specifies marker position hor-

zontally, in display units
MKPAUSE Pauses sweep at marker for
duration of specified delay time
{in secands)
MEPK Moves active marker to maxi-
mum signal detected, orto
adjacent signat peaks

*MEPX Specilies minimum excursion
for peak identification. Preset
valve is 6 dB

MKREAD Specifies marker readout mode

MKRL Moves active marker to refer-
ence level

MKSP Moves marker delta frequency
into span

MKSS Mowves marker frequency to
center frequency step size

MESTOP Stops sweep at active marker

MKTRACE Moves active marker to corres-
ponding position on ancther
specified trace

MKTRACK Turns marker signal track on or

off
MKTYPE Sets marker type
*MTC Turns off marker signal track
MT1 Turns on marker signal track
"M1 Turns off active marker
Mz Turns on active marker and
moves it to center screen
M3 Turns on delta marker
M4 Turns on marker zo0m
Coupling Control
*CA Couples input attenuation
‘CR Couples resolution bandwidik
*'CS Couples step size
*CT Couples sweep time
*CV Couples video bandwidth
“VBO Specifies coupling ratic of
video bandwidth and resclution
bandwidth
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HP 85668/85688 PROGRAMMING CODE LIST (Cont’d)

Preselector Cortrol

&FPKA Performs fast preselector peak
and returns measured value of
active marker

L1639 Allows manual control of DAC

#KSH Turns off YTX self-heating cor-
rection

erS/ Allows manual peaking of pre-
selector

BKS = Selects factory preselector set-
ting

8PP Peaks preselecior

BF Input Control
Bl Enables left RF input
|12 Enables right R¥ input

External Mixing Commands

eKSU
@KSv

Performs external mixer preset
Identifies signals for externai
mixing frequency bands

Dhispday Conirel

ANNOT
AUNITS
DL

DLE
"GRAT

KSg
*K&h
KSm
“K5n
K50
“KSp
LG
LN
‘1.0
TH

THE
“TO

Turns annotation on or off. Pre-

set condition is on,
Specifies amplitude units for
input, cufput, and display
Specifies display Iine levelin
dBm

Turns display line on and off
Turns graticule on or off. Preset
condition is on.

Turns off CRT beam

Turns on CRT beam

Turns off graticule

Turns on graticule

Furns off annotation

Turns on annoctation

Selects log scale

Selects linear scale

Furns off display line
Specifies display thrashold
value

Turns threshold on or off
Turns off threshold

TRGRPH Dimensions and graphs a trace

Writing and Reading
Bisplay Memory

‘DA Specifies display address
pD Writes to display
DR Reads display and increments
address
DSPLY Displays the value of a variable
on the analyzer screen
DT Defines a character for label ter-
. mination
bW Wiites to display and incre-
ments address
D1 Sets display to normal size
D2 Sets display to full CRT size
D3 Sets display to expanded size
“EM Erases trace C memory
GR Graphs specified y values on
CRT
“HD Holds or disables data eniry
and blanks active function CRT
readout
iB Inpuis irace B in binary units
RSE Sets title mode
*Selected with instrument preset (1P}
8Applies to HP 85668 only
BApplies to HP B568B only

K5<39>
KS<125>
KS<127>
LB

op

PA

"PD
PR

PS
Py
SW
TEXT

Writes to display memory in
fast binary

Writes to display memory in
binary

Prepares analyzer to accept
binary display write commands
Writes specified characters on
CRT

Returns Jower left and upper
right vertices of display window
Draws vectors to specified x
and y positions

Turns on beam to view vector
Diraws vector from last absolute
position

Skips to next display page
Turns off beam, blanking vecior
Skips to next controf instruction
Whites text string to screen at
current pen location

Trace Procassing

‘Al
AZ
A3
Ag
Bl
B2
B3
*B4
BLANK

CLRW

KSj
KSk
KS<39>

KS<123>
KS<125>

KS<126>

MOV
MXMH

TA
B
TRDSP

VIEW

Trace Math

AMB

AMBPL

APB

AXB

BL

BML

BTC

BXC
*Cl

cz

EX

KSG
“KSH

KSc

K5i

K85t

TRMATH

VAVG

Clear-urites trace A

Max holds trace A

Stores and views trace A
Stores and blanks trace A
Clear-writes frace B

Max holds trace B

Stores and views trace B
Stores and blanks trace B
Stores and blanks specified
trace register

Clear-writes specified trace reg-
ister

Stores and views trace C
Stores and blanks trace C
Writes to display memory in
fast binary

Reads display in binary units
Writes to display memory in
binary units

Qutputs every nth value of
frace

Moves source to the destination
Max holds the specified trace
register

Cutpuis frace A

Cuiputs frace B

Turns specified trace on or off,
but continues taking informa-
tion

Views specified trace register

A-Binto A

(A~ B) + Pi.into A

A+ Binto A

Exchanges Aand B

B - Dlintc 8
B-DLintoB

Binte C

Exchanges Band C

A~ Boff

& — Binto A

Exchanges Aand B

Turns on video averaging
Turns off video averaging
A+ Binto A

Exchanges B and C

Binto C

Executes trace math or user-
operator commands at end of
sweep

Turns video averaging on or off
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Other Trace Functions

AUNITS
COMFPRESS
CONCAT

DET
FFT

*KSa
KSb
KSd
KSe
MEAN
ONEQOS
ONSWP

PEAKS
PDA

PDF
PWRBW
RMS
SMOOTH
STDEV
SUM
SUMSQR
TRDEF
TRGRPH
TRPRST
TRSTAT
TWNDOW

VARIANCE

Specifies amplitude units for
npuat, output, and display
Compresses trace source o fit
trace destination

Concatenates operands and
sends new trace to destination
Specifies input detector type
Performs a forward fast fourier
transform

Selects normal detection
Selects position peak detection
Selects negative peak detection
Selects sample detection
Feturns trace mean

Executes spacified command (s)
&t end of sweep

Executes specified command(s)
at start of sweap

Returns number of peak signals
Returns probability density of
amplitude

Returns probability density of
frequency

Returns bandwidth of specified
percent of total power

Returns RMS vatue of trace in
display units

Smooths trace aver specified
number of points

Returns standard deviation of
frace ampltzde in display units
Returns sum of trace element
ampfitudes in display units
Squares trace element ampli-
tudes and returns their sum
Defines user-defined trace
Dimensions and araphs a trace
Sets trace operations to preset
values

Returns current trace opera-
tiens

Formats trace information for
fast fourier analysis {FFT)
Returns amplitude varlance of
trace
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User-Defined Commands

*DISPOSE

FUNCDEF
KEYDEF

KEYEXC
MEM

ONEOS
ONSWP

TRDEF
TEMATH

USTATE

*VARDEF

Frees memory previcusly allo-

cated by user defined functions,

Instrument preset disposes
ONEOS, ONSWP and
TRMATH functions.

Assigns specified program to
function label

Assigns function label to
softkey number (See FUNC-
DEF)

Executes specified softkey
Returns amount of allocatable
memory available for user-
defined commmands

Executes specified command{s)
at end of sweep

Executes specified command(s)
at start of sweep

Defines user-defined trace
Executes specified frace math
or user-operator commands at
end of sweep

Configures or returns configu-

ration of user-defined siate;
ONEOS, ONSWF, TRMATH,
VARDEF, FUNCDEF, TRDEF
Defines vartable name and
asaigns real value to it. Preset
reassigns inifial value to varia-
ble identifier,

Program Flow Contral

IF

THEN
ELSE

ENDIF
REPEAT

UNTIL

Compares two specified oper-
ands. If condition s true, exe-
cutes comrmands unti next
ELSE or ENDIF staternents are
encountered

No-operation function

Delimits alternate condition of
IF command

Delimits end of IF command
Delimits the top of the REPEAT
UNTIL looping construct
Compares two specified oper-
ands. ¥ condition is frue, com-
mands are executed following
this eornmand. If condition is
false operands are execuied fol-
fowing the previous REPEAT
cornmand.

Math Functions

ADD
AVG
CLRAVG

CONCAT

CTA

CT™

DIV
EXP

Operand 1 + operand 2 into
destination

Operand is averaged intc desti-
nation

Sets average counter to 1
Concatenates two operands
and sends new trace 1o destina-
tion

Converts operand values from
display units to measurement
uhits

Converts operand values from
measurement units to display
wnits

Operand 1 / operand 2 into
destination

Operand is divided by specifled
scaling factor before being
raised as a power of 10

“Selected with instrument preset [IP)

@Applies to HP

B5665 only

BApplies to HP 85688 only

LOG

MIN

MOV
MPY

MXM
SQR
sUB
XCH

HP 8566B/8568B/9816/9826,/9836-1

[.OG of operand is taken and
multiplied by specified scaling
factor

Minimum between operands is
stored in destination

Source is moved to destination
Operand 1 + operand 2 Into
destination

Maxirnum between operands is
stored In destination

Square root of operand is
stored in destination

Operand 1 ~ operand 2 into
destination

Contents of the two destina-
tions are exchanged

Operations on specific traces {4, B, and C)
can be found in the Trace Math section.

Information and Service
Diagnostics Commands

BRD
BWR
ERR
ID
SRSF
BKSF
KSdJ
WKSK
BKSN
eKSQ
BKSQ
KSR
B*KSS
BRST
RKSU
KSf
KSq
K5S¢
@KSt
BKSt
KSu
BKSy
KSw
BKS =
BKS =
BKS>
wKS<
BKS#
eKS/

MBRD

MBWR

Reads data word at analyzer’s
internal input//output bus
WWrites data word to analyzer's
Internal Input/output bus
Returns results of processor test
Returns the HP model number
of analyzer used (HP 85668 or
HP 8568B)

Shifts YTO by intermediate fre-
gueney

Measures sweep time

Allows manual conirol of DAC
Counts pilot IF at marker
Counts voltage-controlled
oscillator at marker

Unlocks frequency band
Counts signal {F

Turns frequency diagnostics on
Second LO frequency is deter-
mined automaticaily

Shifts second [.O down

Shifts second LO up

Recovers last instrument state
al power on

De-couples IF gain and input
attenuation

Sets service request 102

l.ocks frequency band
Centinues sweep from marker
Stops swweep at active rmarker
Inhibits phase lock

Displays correction data
Specifies regolution of fre-
quency counter

Selects factory preselecior set-
ting

Specifies preamp gain for signal
input 1

Specifies preamyp gain for signal
input 2

Turns off YTX self-heating cor-
rection

Selects manual preselector
peak

Reads specified number of
bytes starting at specified

-address and returnsto control-

ler

Writes specified block data field
into analyzer's memory starting
at specified address
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MRD

MRDB

MWR

MWREB

REV
RQS

NG CODE LIST (Cont'd)

Reads two-byte word starting at
specified analyzer memory
address and returns word to
controller

Reads 8-bit byte contained in
specified address and returns
byte to controfler

Writes two-byte word to speci-
fied analyzer memery address
Writes one-byte message to
specified analyzer memory
address

Returns analyzer revision aum-
ber

Returns decimal weighting of
status byte bits which are
enabled during service request

Cutput Formet Controt

EE Enables front panel number
entry

DR Reads display and Increments
address

DSPLY  Displays value of varizble on
analyzer screen

KS&d Allows manual control of DAC

K&P Sets HP-IB address

@KSS Sets fast HP-1B
KS<91> Returns amplitude error
®@K5<94> Returns code for harmonic
number in binary

KS<123> Reads display in binary units

K8<126> Returns every nth value of
frace

£L Provides lower left x-y recorder
output voltage at rear panel

Ma Returns marker amplitude

*MDS Specifies measurernent data
size to byte or word. Preset
condition is word.

MDU Returns values of CRT baseline
and reference level

MF Returns marker frequency

OA Returns active function

QL Returns learn string

or Returns display annotation

01 Selects output format as inte-
gers {ASCH) representing dis-
play units or display memory
instruction words

02 Selects output format as two 8-
bit bytes

03 Selects output format as real
numbers {ASCH) in Mz, velts,
dBm, or seconds

04 Selects output format as one 8-
bit byte

TA. Outputs trace A

T8 Ouiputs trace B

*TDF Selects trace dala output for-
mat as 01, 02, 03, G4, A-
block data fieid, or -block data
field. Preset format is O3.

UR Provides upper right x-y
recorder output voltage at rear
panel

Synchronization
TS Takes a sweep
DONE Sends message fo controller

after preceding commands are
executed
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HP 8566B/8568B PROGRAMMING CODE LIST (Cont'd)

Service Heguest

KSr Allows service request 102 $RQ COMMAND BIT DEFINITION
BKS5<43>  Aliows service request 140 and _
102 102 R4 1 units key pressed
RQS Returns decimal weighting of 102 SKS<43> 1 frequency limit exceeded
status byte bits which are 104 R2 2 end of sweep
enabled during service request 110 R3 3 hardware broken
R1 Resets service request 140 120 RQS 4 command complete — input
R2 Allows service request 1490 and PUﬁef empty
104 140 all 5 ilegal command .
"R3 Allows service request 140 and Ixx - 6 universal HP-1B service
110
R4 Allows service request 140 and
102
SRQ Sets service request if operand

bits are aliowad by RQS

Plotier Cuiput

LL Provides lower left x-y recorder
ouiput voltage at rear panet

PLOT Plots CRT Scaling points, P1
and P2, must be specified and
must be compatible with plotter.

Plx Represents first x-axis scaling
point to be specified in PLOT
command

Ply Represents first y-axis scaling
point to be specified in PLOT
command

P2x Represents second x-axis scal-
ing point to be specified in
PLOT cornmand

P2y Represents second y-axis scal-
ing point to be specified in
PLOT command

UR Provides upper right x-y
recorder output voltage at rear
panel

Mermaory Information

"EM Erases trace C memory
KSz Sets display storage address
K5 Writes to display storage
MEM Returns amount of allocatable

memory available for user-
defined commands, in bytes

Fracking Generator Application

mKSS Second LC frequency is deter-
mined automatically
® KST Shifts second LO down {neces-
sary for 8444A-059 operation
in spans <1 MMz}
BKSU Shifts second LO up

Operator Enfry

EE Enables front panel data num-
ber entry

EK Enables DATA knoh

EP Enables manual entry into
specified command

“HD Holds or disables data entry

and blanks active function CRT
readout

KS Shifts front panel keys

* Selected with instrurment presat {IP)
& Applies to HP 85668 only
B Applies to HP 85688 only
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Supersedes: None

AMPLITUDE MODULATION MEASUREMENTS
USING THE FAST FOURIER TRANSFORM

on the HP 8566B and 8568B Spectrum Analyzers

OVERVIEW

AM depth measurements using spectrum analyzers are gener-
ally made in the time domain or swept frequency domain. The
advantages of making AM measurements in the Fast Fourier
Transform (FFT) frequency domain are orders-of-magnitude
improvement in speed, resolution, accuracy, and rejection of
incidental FM. Many measurements which cannot be made in
the swept frequency domain or time domain can easily be made
in the FFT freguency domain. AM measurements in the FFT fre-
quency domain are possible using an external controller, However,
the advanced signal processing functions and downloadable pro-
gram {DLP) capability of the HP 8566B and HP 85688 allow
the user to make AM measurements in the FFT frequency domain
quickly and directly from the front panel without using an external
controller,

This Programming Note describes a DLP which makes AM
measurements on carriers with levels > —20 dBm, frequencies
210 MHz, modulation rates from 0.5 Hz to 15 kHz, modulation
depths of 0.1% 1o 99%, and incidental FM having up to 10 kHz
peak deviation. Basic percent AM accuracy is £0.2 dB (2.5%
of reading). In some cases, measurerent range can be extended
by program modification.

Prerequisites

To more easily understand this programming note, some ex-
perience with HP 8566B/8568B remote and manual operation
is required. An understanding of Prograrmming Notes HP 85668/
8568B/Models 216/226/236-90 Storage, Display and I/0
of Variables and Traces (publication number 5952-9398} and
HP 8566B/85688/Models 216/226/236-99 A Structured
Approach to Downloadable Programming (publication
number 5952-9392} is recommended. An understanding of HP
Application Note 150-1 Spectrum Analysis. . . Amplitude
and Frequency Modulation {publication number 5952.1051)
is required.

Reference Materials

Analyzer reference materials include the HP 8566B/85688
Quick Reference Guide (publication number 5955-8970), the
HP 85668/85688/9816/9826/9836-1 Introductory Oper-
ating Guide (publication number 5952-9389), and the “Com-
mand Syntax Reference” found in the HP 8566B/8568B
Operating and Programming Manual (parf numbers
8566-90040 and 8568-90041}.

Equipment Used

HP B566B or 8658B Spectrum Analyzer,
HP 9000, Series 200 Model 216, 226, or 236 Desktop Computers.

RUNNING THE PROGRAM

Overview

Appendixes A, B, and C show three versions of the same pro-
gram, each designed to meet a particular user-requirement. The
programs in Appendix A and B lead the operator through the
AM measurement. No expertise making AM measurements in
the FFT frequency domain is required. The program in Appendix
A measures both AM depth and AM distortion with modulation
rates to 8.25 kHz. The program in Appendix B measures AM
rates to 15 kHz, but does not measure AM distortion. If AM distor-
tion need not be measured, the Appendix B program is preferred
because it runs more quickly and can measure higher modula-
tion rates. The program in Appendix C is the core program which
can be used for quick measurements that the operator must
interpret.

Enter one of the programs into the computer. Save this program
on a disk. Connect the computer to an HP 85668 or 85688 spec-
trum analyzer. Press [RUN] to download the program into analyzer
memory. Load only one program at a time into analyzer memory
{this purges analyzer memory). Follow the directions below.

© HEWLETT-PACKARD CO. 1985
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AM Depth and AM Distortion Measurements in
FFY Frequency Domain {Appendix A Program)

The signal used for the AM measurement examples is shown
in Figure 1. Because it has relatively large FM, AM cannot be
measured in the swept frequency domain, and the measurement
is made in the FFT frequency domain. To do this, first place a
marker on the signal of interest, then activate signal track. Zoom in
on the signal by reducing the span to 1 MHz. Run the program
by pressing [Shift] [1] [#z]. The program is fully automatic;
no operator intervention is required at this point. Depending on
the signal characteristics, one of several possible situations will
occur. Refer to the program flowchart.

0.2 Division < Hoduiation

Sideband < 33 Divisions

Alias Tast

Sweeptime

Modulation
Sideband

Modulation

Found Sweeptime

Figure 9 : H Figqure 7 | Figure 6

Flow Chart

Figure 1. AM with relatively large FM cannot be measured in the swept
frequency domain. This is the signal used for all the example
meastrements (except the one in Figure 3}

0.2 Divisions < Modulation Sideband
< 3.3 Divisions

If the AM depth is »0.1% and the modulation sideband lies
between 0.2 and 3.3 horizontal FFT frequency-axis divisions, an
alias test is performed. Failure of the alias test means that either the
sweeptime is too slow or the modulation frequency is beyond the
measurement range. If the signal passes the alias test, 16 averages
are performed to improve repeatability, and the measurement
results are displayed. An example is shown in Figure 2. Note the
modulation has been translated back to baseband by the FFT. The
carrier is shown at 0 Hz; the AM and distortion sidebands are
to the right. At the end of the program, relative amplitude and
frequency measurements can be made using delta marker. To show
the extent of errors introduced by even small amounts of angle
modulation, the FFT and swept frequency domains may be
compared by pressing [FREQUENCY SPAN][2][5] [kHz],
[CLEAR-WRITE] Trace B, [CONT] Sweep, [AUTO]RES BW,
[AUTO] Video BW, and [AUTO] SWEEP TIME. Adjust center

DRTION
Fag. 7
FEwH
Ba. 9%

iy r\.‘ﬁmﬁ "

Figure 2, The signal shown In Figure 1 is easily measured in the FFT
frequency domain.



frequency if necessary (see Figure 3). The program may be re-run
by pressing {SHIFT] [1} [Hz]. ¥ any control settings are changed,
first press {RECALL] {1] to return to the previous analyzer control
settings before re-running the program.

L1 TE Adt SERTH: £3 83 Ixaw
~14 .4 oBg

RATE: [ 7475 |Hz

™
DISTPRTION
HARM: AR . 1 ie8c

Lol GH S s - Loy
B I -

Figure 3. Comparison of FFT and swept frequency domain measure-
ments of AM with smalt incidental angle modulation. Even small
amounts of incidental angle modulation introduce farge errors in the
swept frequency domain,

If the signal fails the alias test, either the modulation rate is
> 41.75 kHz or the sweeptime selected is too slow. Modulation rates
greater than 8.25 kHz are beyond the measurernent range of this
program {see Figure 4}, and no further action can be taken.
Sweeptime deterrnines the highest modulation freguency which
can be measured. If the sweeptime is too slow, the modulation
rate is out of range {see Figure 5}. The FFT frequency domain
trace may be seen by pressing [VIEW] Trace A. To continue the

TION ANALYSIS

CAHAIER:

ALTAY TESTL..AM

AM

L T

il

Figure 4. The 4755 kHz rate AM “wraps around” the display, fails the
alias test, and is beyond the measurement range. The measurement
is not continuable.

HP 8566B/8568B/Models 216/226/236-92

measurement, decrease sweeptime and re-run the program. In
the example of Figure 5, press ISWEEP TIME] [2] [0] [rasec]
foliowed by [SHIFT] (1} [Hz] to re-run the program.

SING

CAFMRIER: r24. ¢

) ALTAS TESTL..AM.OERTH. hppoo.
aApPEg
AM RATE: > EZ5 |F

OUT OF RANGE || [E50

TO CENTINUE THE] MEASULRSMENT:

13 ARJUST [SWEERY IVE " ACCORD

BWEFPT THE, Fims i
2@ MEEC 5P Hz 8. 7§
208 mSEC Bg Hz B2

28 | SEC BLS Mz 8.2

3

Figure 5. The 4.775 kHz rate AM wraps around the display and fails
the alias test because the sweeptime is too sfow. Increase sweeptime
to continue the measurement.

Modulation Sideband > 3.3 Divisions

A modulation sideband greater than 3.3 divisions results in one
of two possible dispiays, depending on whether the sweeptime
ts 20 msec or greater than 20 msec. If the sweeptime is 20 msec,
then a modulation sideband > 3.3 divisions means that the
modulation rate is > 8.25 kHz, This is beyond the measurement
range of this program (see Figure 6}, No further action can be
taken. However, if the sweeptime is slower than 20 msec, decrease
sweeptime by a factor of ten and re-run the measurement (see
Figure 7}. In the exampie of Figure 7, press [SWEEP TIME] [2}
{0] [msec] [SHIFT] {1} [Haz].

LB AT TEN AR Ea. 3
AM MODULATION ANA

¥zini~Tal
ARG
rRZEY

FET

0% gog. ang
SR &

Figure §. The 10 kHz rate AM is beyond the measurement range. The
measurement is not continuable.
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5ING

19,9

. hEPAD
A
> 825 &

ouT g

DHTINUE THE! MEASUREMENT!

PIUST [EWEEPY IME 4CCORE

1 LM Fmin Em.
ISEC SRR Hz
mSEC 58 Mz

SEC BLs Hz

IFT

BLISGE

weE He?

OuUT gF Rak

DNTINUE THE! MEASUREMENT:

DJUST |SWEEPE TME AGCOAD

BT LK Emin £m
pEEQ Q@ Hx B2k
RSEC 5@ Hi Bz

sEC oLe Mz | B2

IF

Figure 7. The 9775 Hz rate AM is out of range because sweeptime
is too siow. Decrease sweeptime 10 continue the measurement.

Modulaticn Sideband < 0.2 Divisions

A modulation sideband less than 0.2 divisions indicates that
the sweeptime is too fast. Under these cenditions the AM side-
band is too close to the carrier and may not be resolved at low
modulation levels. See Figure 8. In this case, the AM sideband
is resolved and the marker readout indicates 400 Hz. The FFT
frequency domain trace may be seen by pressing [VIEW] Trace A.
Figure 9 shows an AM rate so low that the AM sideband is not
resolvable, and there ts no marker readout. To continue the
measurement, increase sweeptime by a factor of 10. In the exarmple
of Figure 8, press [SWEEPTIME] [2] {0] [0} [msec] followed by
[SHIFT? [1] {Hz] fo re-run the measurement,

5 UBING

RIEF F19.49

PR AT VPV

AATE: FESH

OUT OF RaN

DNTINGE THE| MEASUREMENT:

JUEY [SWEEPRTIME ACCORD

PTTME Emin £t
MSEC B0 Hz a . &
NSEC 5@ Hz Bzp

BEC |5 Mz 8 2

ey

FET

Figure 8. The 400 Hz rate AM is out of range because the sweeptime
ig too fast. Decrease sweeptime to confinye the measuremant.

Modulation < 0.1%

In this case, the AM cannot be measured in the FFT frequency
domain using this program. Whatever sweeptime is chosen results
in & display that looks like Figure 9. Again, the FFT frequency
domain may be seen by pressing {VIEW] Trace A,

Figare 9. No modulation sideband has been found. Either there is no
modulation, or the sweeptime is 100 fast. Increase sweeptime fo continue
the measurement.

AM Depth Measurement in the FFT Frequency
Domain Program (Appendix B Program)

This program measures AM rates to 15 kHz, but does not
measure AM distortion. If AM distortion does not need to be
measured, this program is preferable because it runs more quickly
and can measure higher modulation rates. The step-by-step pro-
cedure and the program operation are identical to the previcus
program with the following exceptions:

1} to start, press [SHIFT] [2} [Hz];

2) AM distortion is not measured;

3) averaging is performed only if the AM depth is less than

approximately 1% AM;

4) AM rates to 15 kHz are measured; and

5) this program is faster,

Figure 10 shows a measurement made with this program.

~18. 3

S B
-4z .4
ReT T4 ]

WHEE

Figure 10. The 15 kMz rate AM is meagured with the Appendix B program.

Core Program {Appendix C Program)

The core program is the shortest practical program possible,
but the operator must interpret the results.



To make a measurement, first place a marker on the signal of
interest, activate signal track, and zoom in on the signal by reduc-
ing the span to 1 MHz. Set the VBW (video bandwidth) to 3 Miz.
Set the RBW {resolution bandwidth) to 3 MHz or narrower, as
desired. Adjust the reference level to place the envelope peaks
at or below the reference level. Press [SHIFT] [3] [Hz]. A single
FFT is performed. The delta marker shows the AM depth in dBc.
See Figure 11. The upper trace is the demodulated AM time
domain waveform. The lower trace is the FFT frequency domain
representation.

Figure T1. Higher rate AM can be measured with the core program
of Appendix C. The operator must interpret the results,

FUNDAMENTALE OF AM MEASURERENTS
i THE FET FREQUENCY DOMAIN

introduction

As discussed in MP Application Note 150-1, AM measurements
using spectrum analyzers are generally made in either the swept
frequency domain or the time domain. However, these measure-
ment fechniques have their limitations.

In the swept frequency domain, incidental angle modulation
can significantly affect AM sideband levels {refer to HP Application
Note 150-1}. For example, microwave signal generators with pin
dicde modulators have high incidental phase modulation at high
carrier frequencies and/or at high AM depth. It is common for
these microwave signal generators to have an actual AM depth
much less than the measurement in the swept frequency domain
indicates. And there may be no tell-tale sideband asymmetry; no
clue that the measurement is incorrect.

An alternative is to make the measurement in the ime domain.
For peak deviations much less than the resolution bandwidth
(RBW), there is no FM-to-AM conversion. Hence, a time domain
measurernent using a sufficiently wide RBW strips off the inciden-
tal angle modulation. In this case, the incidental angle modulation
does not affect measurement accuracy. However, a limitation of
the time domain is that AM distortion and AM noise can signifi-
cantly affect the measurement of AM depth. Also, AM distortion
cannot be measured directly.

One solution to these limitations is to use downconversion,
where one spectrum analyzer acts as a downconverter and a
second low frequency spectrum analyzer or waveform recorder
analyzes the demodulated waveform, For spectrum analyzers with
digitized traces, a low-cost alternative is to use a controller to per-
form an FFT on the digitized time domain waveform. The most
cost-effective solution, however, Is to use a spectrum analyzer with
sophisticated signal processing functions {such as FFT) and

HP 8566B/8568B/Models 216/226/236-92

downloadable program capability. No costly second spectrum
analyzer or external controller is required. The measurement is
made quickly and internally in the FFT frequency domain. The
advantages of making AM measurements in the FFT frequency
domain are orders-of-magnitude improvement in speed, resolu-
tion, accuracy, and rejection of incidental FM, Many measure-
ments which cannot be made in the swept frequency or time
domains can easily be made in the FFT frequency domain.

Maximum Frequency Range and Resolution

The FFT is one algorithm for transforming demodulated AM
data from the iime domain to the frequency domain. The max-
irmum frequency range (Nyquist frequency) of the FFT is
N . 1
2 " Period of Time Record

where N is the number of samples {generzally 1001} and the Period
of Time Record is the sweeptime. F max is the maximum modula-
tion frequency which can be measured by the FFT. F max
becomes higher as the sweeptime is reduced.

F max =

When sweepiime increases by a factor of 10, F max is reduced
by a factor of 10, and frequency readout resolution is improved
by a factor of 10. The formula is

2
frequency readout resolution = N F max.

Hence, a sweeptime of 20 msec¢ vields an F max of 25 kHz
and resolution of 50 Mz,

Allasing

Due o a phenomenon called aliasing, modufation frequen-
cies higher than F max are mixed down to the frequency range
of the FFT. These alias products cause erroneous results. For ex-
ample, if F max is 25 kHz, then 26 kHz, 74 kHz, or 76 kHz signals
all appear at the same position on the display as does a 24 kHz
signal. See Figure 12.

Figure 12. Aliasing in the FFT frequency domain. Signals higher in
frequency than F max “wrap around” the display.
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As long as the highest frequency compaonent of the modulation
is less than F max, no aliasing can occur. Therefore, a filter can
be used fo remove the alias products. An ideal anti-aliasing filter
is infinitely steep. However, since real filters have gradual roli-off
and finite rejection, large signals which are not well-attenuated
in the transition band can still alias into the FFT frequency range.
There is no way to avoid this; hence the usable FFT frequency
range is lower than F max.

Although the RBWs and video bandwidths (VBWS) cannot be
used as anti-aliasing filters since neither has sufficiently steep rol-
off, both can be used for alias testing. I is best, though, to use
the widest RBW for maximum FM rejection and use only the
VBWs for the alias test.

Usabie Freguency Range

When the VBWs are used for the alias test, the usable FFT
frequency range for AM depth and AM distortion measurements
is restricted fo the shaded area shown in Figure 13. Regardless
of sweeptime and F max, this corresponds to 0.2 to 3.3 divisions.

Table . Usable frequency range, sweeptime, and aliasing test for AM
measurements in the FFT frequency domain when using the Appendix
A program.

2Dis. 33 Dis Alssing Tt
Min ¥z Max Hz! Fmax | Sweepfime | VBW#H VBW #2
500 8250 | 25 kHz 20 msec 3MHz 10 kHz
50 825 | 25kHz | 200msec | 3MHz 1 kHz
5 825 | 2560 Hz 2 secs 3 MHz 100 Hz
0.5 8.25 25 Hz 20 secs IMHz 10Hz

Window Functions

There is another property of the FFT which affects its use in
frequency domain analysis. If the sweep does not contain an
integral number of cycles of the demedulated AM waveform, the
FFT algorithm is computed on the basis of a discontinuous, highly
distorted waveform. The solution to this problem is windowing.

The FFT funetion has three windows to choose from: uniform,
Hanning, and flattop. The uniform window is used for transients
only. The Hanning windew has better frequency accuracy but
poorer amplitude accuracy than the flattop window. However, the
better frequency accuracy of the Hanning window is not realizable
because frequency accuracy also depends on sweeptime accuracy.
The flattop window is used for best amplitude accuracy when
analyzing periodic waveforms such as demodulated AM. Table
1 shows its characteristics. The aspect ratio shows how many 3
¢B bandwidths will fit into the frequency range, and is a figure
of merit for resolution.

Shape factor is a figure of merit for selectivity; it shows how
well low-level AM sidebands can be resolved from the nearby
carrier. Both shape factor and aspect ratio are excelient. More
information can be found in HP Application Notes 150 and 243.

Table H. Mattop window characteristics.

3 dB BW 0.72% of Fmax
Figure 13. Usable FFT frequency range when measuring AM depth and (60 ﬁga%?,vfg‘;é%“gw) 26
AM distortion to the third harmonic {Appendix A program}.
Aspect Ratio: 140
Low-depth modulation with a modulation frequency < 0.2 (Fmax/3 dB BW)

divisions results in a low-level sideband so close to the nearby
large carrier {the d.c. term in the FFT frequency domain) that
the sideband cannot be resolved. In this case, the sweeptime must
be increased. Because modulation rates greater than 3.3 divisions
cause the third and higher harmonics to “wrap around” the display,
the third harmonic cannot be measured for modulation rates
greater than 3.3 divisions. If harmonic distortion does not need
to be measured, the frequency range can be extended to six divi-
sions as discussed in the “Extending Measurement Range” section
below.

Table | shows the usable frequency range of the FFT as a func-
Hon of sweeptime. As long as the AM modulation rate lies within
one of these four frequency ranges, the measurement of AM
depth and AM distortion to the third harmonic can be made. No
other values of sweeptime are necessary.

For signals within the usable frequency range, make the aliasing
test as follows. First make an FFT frequency domain measurement
using the widest VBW. Make 2 second measurement using the
VBW shown in Table I If the fundamental {the AM sideband depth
in dBc) changes less than eight dB, then it is not an alias product.

MEASUREMENT CONSIDERATIONS

The advantages of AM measurements made in the FFT fre-
quency domain are speed, resolution, accuracy, and rejection of
incidental FM.

Accuracy

The basic accuracy of AM depth and AM distortion measure-
mentsis 0.2 dB (£ 2.5% of reading). FFT noise degrades basic
measurement accuracy by reducing linearity and generating
phantom spectral components. These effects can be lumped
together into the category of “noise”

Variance in the measurement due to noise is reduced by averag-
ing a number of measurements. Refer to Figure 14. Above 1%
AM (AM sideband < —46 dBc), averaging has no significant
effect: the standard deviation of the measurement is approximately
0.1 dB or better. At 0.1% AM (AM sideband —66 dBc), 16
averages reduce the standard deviation by a factor of 2 {from 0.8
dB io 0.4 dB). Since each average requires roughly 0.5 sec, more
than sixteen averages may not be worth the exira time. For



example, 128 averages further reduces the standard deviation
by less than a factor of 2 (from 0.4 dB to 0.25 dB), but takes
8 times longer (over 60 seconds).

2 Averages
{1 seC.)

Figure 14. Repeaiability in the FFT frequency domain depends on AM
and AM distortion siceband [evels.

The graph is only approximately correct for standard deviation
in distortion measurements. At simultaneous high AM depths and
high modulation rates, the standard deviation will increase some-
what due to the raised noise floor.

Moedulation rate accuracy is a direct function of sweeptime
accuracy (10% of reading}.

FM Rejection

Using the 3 MHz RBW results in a very high degree of immunity
to angle modulation. FM rejection is < 0.1% AM for FM deviations
< 10 kHz. This means that AM measurements can be made in
the presence of relatively large FM or that incidental AM
measurements can be made on FM.

Speed and Resolution

The FFT frequency domain provides improvement in resoiution
by at least a factor of 100 over measurements made in the swept
frequency domain. For example, modulation rates below 10 Hz
can be measured in the FFT frequency domain but not in the
swept frequency domain. Even for equivalent resokutions, the FET
provides an advantage in speed of at least a factor of four.

internal Distortion, Spurious
and Dynamic Range

All distortion measurements are affected by internally generated
distortion. The rule of thumb is, for less than 1 dB error due to
internal distortion, the internal distortion must be more than
20 dB below the distortion being measured. Distortion measure-
ments are also affected by noise. The rule of thumb here is, for
less than 0.5 dB error due to noise, keep the Signal/Noise ratio
greater than 10 dB.

Typical internally generated distortion is 50 dB below the AM
sideband at 50% AM. The noise floor is 82.7 dB below the
reference level at low depth AM. However, the noise floor rises
at simultaneous, high AM depths and high modulation rates.
Noise and distortion are plotted in Figure 15 The maximum
dynamic range is > 50 dB for > 15% AM. From the rules given
above, usable dynamic range is 40 dB at 15% AM. In other
words, at 15% AM, 1% AM distortion can be measured to
approximately 1 dB accuracy. Higher levels of distortion can be

HP 8566B/8568B/Models 216/226/236-92

measured more accurately. For example, the measurement in
Figure 16 is essentially unaffected by internal distortion.

}

Sideband al
33 Divisions

T

Sideband at
.2 Divisions

Figure 15. Dynamic Range of AM measurements in the FFT frequency
domain.

Small non-linearities in the spectrum analyzer's sweep ramp
cause spurious signals in the FFT frequency domain which are
symmetrically spaced about the AM and AM distortion sidebands.
These spurious signals are an FM phenomenon: as the medula-
tion rate is increased by a factor of two, the spurious level increases
6 dB. The spurious sidebands do not affect measurement aceuracy
as long as the spurious sideband pair is at least 20 dB below its
corresponding AM or AM distortion sideband.

Figure 16 shows spurious sidebands of a sampie instrument
at 1825 Hz and 3650 Hz about the large AM sideband. These
are —32 dBc and —41 dBc respectively. Because they are more
than 20 dB below the AM sideband, they do not affect the per-
cent AM measurement accuracy. However, they may affect the
second harmonic distortion measurement accuracy if the AM rate
is near elther of these two frequencies (1825 Hz or 3650 Haz).
Also, the frequency and level of the spurious signals vary con-
siderably from instrument to instrument.

¥ & BING
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Figure 16. The modulation consists of an AM sideband and second,
third, and fourth harmonics. The fourth harmonic has “wrapped around”
the display due to afiasing. All other signals are spurious sidebands of the
sample instrument. These vary considerably fram unit to unit.
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EXTENDING MEASUREMENT RANGE

Modulation Rates

Modulation rates below 0.5 Hz can be measured by increasing
the sweeptime appropriately. Modulation rates above 8.25 kHz
can be measured, but the capability to measure harmonic distor-
tion is sacrificed. If the second harmonic only is to be measured,
the usable FFT frequency range can be extended to 4.95 divisions,
regardless of sweeptime (in a 20 msec sweeptime this corresponds
to an F max of 12.375 kHz). When harmonic distortion measure-
ments are not needed, usable FFT frequency range can be pushed
to 6 divisions and above. This change is made in line 430; a
measurement range of & divisions corresponds to an F__upper
of 600 cells. Above 3.3 divisions, however, the alias test value
in line 440 should be determined experimentally, as it may be
instrument dependent. Choose an alias test value such that
modulation rates less than F__upper/ 1000*F max — the highest
modulation rate in the usable FFT frequency range of Figure 13
- pass the alias test, but modulation rates greater than F max”
{2—-F_upper/1000) — the lowest frequency which “wraps
around” info the usable FFT frequency range of Figure 13 — fail
the alias test.

AM Depth

It is not possible to measure AM depths in excess of 100% due
to severe waveform distortion. Measurements below 1% AM
require averaging. Measurements below 0.1% AM are not reliable
because of system noise.

Carrier Level < ~20 dBm

The minimum carrier level required to make the measurement
is shown in Table lll. For AM depths greater than 1%, the carrier
level can be reduced by approximately 20 dB. For lower carrier
levels, an RBW < 3 MHz may be used to improve Signal/Noise
ratio. Mlowever, each time the RBW is reduced by a factor of 10,
the FM rejection is also reduced by a factor of 10. An RBW
> 13.3 *{modulation rate)} ensures that there wilt be no addi-
tional error in measured percent AM, and an RBW > 40 *
(modulation rate} ensures that there will be no additional error
in measured AM distortion. These minimum RBWs prevent roll-
off of the filter bandwidth from affecting the measurement.

Carrier Frequency < 10 MHz

Carriers below 10 MHz can be measured. However, an RBW
< 3 MHz must be used to eliminate LO feedthrough. The com-
ments above aiso apply here.

Tahle 1, Minimum carrier level for AM measurements in the FFT
frequency demain.

Frequency Band 3 MH:A g‘éﬁ??ucggi;; 'ﬂ::matar)
10 MHz - 2.5 GHz —20 dBm
2-5806H:z 20 dBm
58 -12.5 GHz ~13 dBm
12.5 - 18.6 GHz ~10 dBm
18.6 - 22 GHz —7 dBm

AM Depth and AM Distortion Measurement
in the FFT Frequency Domain

PROGRAM DESCRIPTION

The code of the AM and AM Distortion Measurement in the
FFT Frequency Domain Program is divided into the following
functional sections:

initialize
All variables and traces are defined in this section. Variables
are assigned a pre-set value.

5 __etup

This functional definition ensures the analyzer is set up in the
proper state: single sweep, zero span, sample detection, free run
trigger, 3 MHz RBW, and 3 MHz VBW are all required modes
of operation. Only one of four sweeptimes is allowed. An RBW
< 3 MHz may be used as discussed in “Extending Measurement
Range’

A_ utorange
This function places the AM modulation envelope peak at the
reference level and selects linear detection.

A_ lias

This function locates the highest amplitude AM sideband in
the FFT frequency domain. ¥ this sideband lies between 0.02
and 3.3 horizontal divisions, an aliasing test using the proper VBW
is performed.

A__verage

For an AM sideband which lies between (.02 and 3.3 horizontal
divisions and which also passes the alias test, this function
sequentially sweeps and averages 16 FFTs. Less averaging may
be used to speed the measurement; however, the repeatability
of low-distortion measurements and low-depth AM (< 1% AM)
measurements is degraded.

M__easure

This function compuies F max {(Nyquist frequency), which is
displayed as “FFT Stop Freq! If a modulation sideband was found
in the A__lias function, M__easure determines the modulation
rate.

C__ompute

This function computes the carrier level in dBm, and AM depth
in dBc and percent. The P__eaks array is searched for second
and third harmonics. Ali other signals are ignored (except in the
unlikely case that a higher harmonic “wraps around” the display
and happens to lie in the same position as the second or third
harmonic, or in the unlikely case that an AM distortion sideband
coincides with a spurious signal). Second and third harmonic
distortion is calculated in dBc. Total harmonic distortion is
calculated in percent.

Disp__One

This function displays the annotation and measurement results
for FFT Start and Stop frequency, AM depth, and AM rate. If
the modulation sideband is greater than 3.3 horizontal divisions
and the sweeptime is 20 msec, or if the modulation fails the alias-
ing test, “Beyond Measurement Range” is dispiayed.

Disp_ Two
I the AM sideband is out of range but the measurement is con-
tinuable, this function displays the sweeptime selection table.

Disp__Three

For modulation rates in the usable frequency range of the FFT,
this function displays second, third, and total harmonic distor-
tion. It also displays the alias test results (pass or fail),

kain Program
This section assigns a name and a softkey to the main program.

The main program sequentially executes the functions described
above.
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APPENDIY B
AM Depth Measurement in the FFT Frequency Domain

PROGRAM DESCRIPTION
The program description and flow chart are identical to the program in Appendix A except that
1} The usable frequency range has been extended to 15 kHz,
2) Harmonic distortion is not measured, and
3) Awveraging is performed only on AM depths <1%.
ANNOTATED PROGHAM LISTING
This program Is derived from the program in Appendix A by making the following deletions, additions, and changes.

14
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Deletions

Delete lines 70, 250-320, 370-390, 1460-1880, and 2530-3130.

Additions
Add these lines:

Changes

Change the existing lines as follows:

APPENDIM C
Core Program
Program Lisiing

APPENDIK D

Bibliography “The Fundamentals of Signal Analysis] Hewlett-Packard Applica-
“Spectrum Analysis. . . Spectrum Analyzer Basics| Hewleit- tion Note 243, 1982,

Packard Application Note 150, 1974 “Teaming Up a 5180A Waveform Recorder and a Spectrum
“Spectrum Analysis . . . Amplitude and Frequency Modulation) Analyzer for New Time-Domain Measurement Capabilities”
Hewlett-Packard Application Note 150-1, 1971 Hewlett-Packard Application Note 313-2.
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March 1985

Supersedes: None

HP 85668 and 8568B Spectrum Analyzer
BUILT-IN HIGH LEVEL FUNCTIONS

OVERVIEW

The HP 85668 and 8568B Spectrum Analyzers have high level
functions that perform complex measurements and calculate results
internally, allowing a computer to handle other tasks. Since trace
data is not transferred to & computer, processing fime is decreased.

This programming note illustrates how fo execute and use four
of these functions: PEAKS {returns the number of signal peaks in
a trace}, probability distribution of amplitude (PDA), probability
distribution of frequency (PDF) and power bandwidth (PWRBW).

Prerequisites

To more easily understand this programming note, some ex-
petience with HP 85668 or 85688 manual and remote operation
is required. The HP 85668 or 8568B Operating and Programming
Manual can be used as a reference. An understanding of Program-
ming Note HP 8566B/8568B/Models 216/226/236-90
{Storage, Display and 1/ O of Variables and Traces for the HP 85668
and 85688} is recommended,

Reference Materials

Analyzer reference materials include the HP 85668 /85688
Quick Reference Guide {publication number 5955-8970j, the HP
85668 and $568B Operating and Programming Manual (part
numbers 8566-90040 and 8568-90041), the HP 8566B/
8568B/ Models 216 /226 /236-90 Programming Note {publi-
cation number 5952-9398), and the HP Programming Note
HP 85668 / 85688 / Models 216/ 226/ 236-99, "A Structured
Approach to Downloadable Programming” {publication number
5952.9392).

Equipment Used _
HP 8566R or 85688 Spectrum Analyzer
HP 9000 Series 200 Model 216, 226 or 236 Desktop Computer

EXAMPLES OF HIGH LEVEL FUNCTIONS
PEAKS

PEAKS is a built-in analyzer command that finds the number
of maximurm responses in a trace and sorts them either by fre-
queney, from lowest to highest, or by amplitude, from highest to

e
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lowest. Since this command is built into the analyzer, resuits are
obtained without having to transfer the frace data to a controller
for processing.

Since fraces usually contain random amplitude fluctuations
caused by noise, PEAKS uses two parameters, thrashold and peak
excursion, to distinguish noise and decrease the possibility of
reporting a “false” peak.

Specifying a threshold {TH) value causes PEAKS to treat all
lesser trace values as equal to the threshold. The peak excursion
{MKPX) provides a way to establish the amount of superimposed
noise to be ignored. A peak is confirmed only if data points exist
on both sides of a candidate peak and if at least one point on each
side has an amplitude less than the candidate peak by the peak
excursion value, For example, performing PEAKS on the trace in
figure 1, with a 10 dB peak excursion and a ~ 80 dBm threshold,
yields the reporting of the two peaks at the right. The leftmost signal
is without data points on both sides of it, and the next signal in does
not have a peak excursion of 10 ¢B on both sides. Refer to line
170 of the sample program for examples of TH and MKPX syniax.

Figure 1. PEAKS reports only the peaks at the right.
Peak Excursion = 10 dB  Threshold = — 80 dBm

HEWLETT
PACKARD
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PEAKS records the x-axis position of the sorted peaks in a
destination trace (trace A, B, C, or a user-defined trace). Destina-
tion traces are one-dimensional arrays. For example, trace Als a
1001-element array, and the value stored in any particular elerment
can be accessed by specifying TRA[n], where n is the number of the
desired element. If the destination trace is longer than the number
of peaks found, the x-axis position of the last peak sorted is
repeated for the remaining elements of the destination trace. Since
the peak positions are recorded in display units, additional com-
putation is required to find the frequency and power of the in-
dividual peaks, The sample program, PEAKS_ EXAMPLE, shows
how the number of peaks found and the frequency and amplitude
of the first peak are sent to the controller.

To determine the actual freguency of individual peaks, each ele-
ment of the destination trace must be converted from display units
to Hz, The following algerithm performs this conversion:

(;‘1 o sp) + sf
{

where u = display unit to be converted
sp = frequency span
t = total number of display units (usually 1001)
sf = start frequency

Lines 270-290 of the sample program below show how this
algorithm is used in analyzer commands.

To determine the amplitude of each peak, be careful to preserve
the amplitude data of the original trace that PEAKS was performed

on. Since PEAKS saves only the x-axis information of each peak
found, the amplitude information must be taken from the original
trace before it is overwritten. To determine the amplitude value éin
display units} of a peak, use the x-axis information in the PEAKS
destination array {trace B} to indicate the horizontal position of the
peak of interest. Then determine the amplitude of the peak with
the CTA command which converts data from display units to the
current absolute-amplitude units. For example, to determine the
amplitude value of the first peak in trace A, execute PEAKS on
trace A, sorted by frequency. Since trace B is the destination trace,
the first element of trace B contains the horizontal position of the
first peak in trace A, Then use the CTA command to convert the
first trace element value to amplitude units. TRB{1} is the element
number of interest in trace A. Therefore, using TRA{TRB[1]] to
indicate the amplitude value to be converted in the CTA command
gives the desired result. In other words, f TRB[1] = 875, then con-
verting TRAfTRB[1}} to amplitude units will give the amplitude
of the 875th element of trace A, in dBm. This technique is used
in fine 350 of the program. The absolute-amplitude units in the
program are dBrm.

Note: To send to a computer the value of any variable, trace or ar-
ray, simply query the variable name as in lines 320 and 390.

PEAKS can also report the number of signal peaks fo the controller.
Te display or store that value in the controller, place a BASIC
ENTER statement immediately after the PEAKS command. See
line 220. The number of peaks found can also be stored in an
analyzer variable using the MOV comand. See line 250.

%




Probability Distribution of Frequency and Amplitude
Functions (PDA & PDF)

The HP 8566B and 85688 offer the probability distribution of
frequency (PDF} and probability distribution of amplitude (PDA}
functions for statistical signal analysis of signals. These functions
increase the speed of data collection for histograms and free the
computer for other tasks. They have other uses, illustrated below.

HP 8566B/8568B/Models 216/226/236-91

Histograms

Histograras illustrate graphically the overall statistics of periodic
or random signals. Obtain a histogram by dividing the expected
parameter range into intervals (called bins) and counting the

number of times the parameter value occurs within each bin. See
Figures 2{a} and (b}.

Figure 2. (a) Probability Distribution of y-axis. (b) Probability Distribution of x-axis.

As the bin size approaches zero, and as the number of samples
approaches infinity, the histogram approaches the probability
distribution of the signal. Therefore, for the PDA and PDF func-
tions to accurately measure the probabiity distribution, the bin size
should be small and data should be taken over a large number of
sweeps. Details on specifying the bin size for PDA and PDF are
found in the following sections. The histogram level in a particular
bin is proportionatl to the integral of the probability density func-
tion over the parameter range included in: that bin. The bin size
depends on the characteristics of the signal being analyzed. If the
bin size is too small, the average number of occurrences per bin
will be very low and the histogram will consist of many empty bins
interspersed with bins with one or two counts. This information
may not be useful. Likewise, if the bin size is too large, all the data
samples fall into one or two bins, and once again the information
does not define sufficiently the probability distributior:. The usual
situafion requires the generating of several histegrams with different
bin sizes, then selecting the most appropriate bin size for the quaiity
and quantity of data available.

Figure 3. Probabitity distribution of amplitude function
performed on a sine wave.

Histogram shape indicates a signal’s characteristics over time.
Bell shapes indicate Gaussian signals, convex shapes indicate
sinusoidal signals, ramps indicate sliding signals, shapes showing
Rayleigh’s distributions indicate random noise signals, etc. Figure
3 shows a typical probability distribution of amplitude of a signat
with sinusoidat amplitude modulation. The convex shape indicates
that the sine wave values occurring most often are the maximum
and minimum vaiues,

PEA

The PDA command records the number of times that a trace
or array amplitude value occurs within a designated amplitude
tange (or bin). The PDA command specifies bin size through the
“resolution parameter” If a 10 ¢B/div log scale is used, the expected
range is full screen {100 dB} and the resolution parameter is the
desired number of dB in gach bin. The following program returns
the probability distribution of trace A amplitude to a computer. i
20 bins are desired, then the resolution parameter is 5{100/20 =
5}, and the results should be stored in a destination array of 20
elements.

The resolution parameter for 1, 2, and b dB log scales is simi-
larly determined, except the expected range corresponds to the
scale being used. The expected range for & 2 dB/division scale is
20 dB, etc.

Non-integer values are rounded when stored in trace elements;
therefore, PDA is performed only on integer values. To avoid er-
rors due to rounding, muliiply data by an appropriate number
(1000, for example) before storing the data in a trace, and then
divide the data by the same number when it is taken out of the
frace.

When data lies beyond the expected range, and the destination
array s not large enough to indicate over-range values, PDA places
over-range data in the closest bin (first or last}. Data that lies ex-
actly on a bin boundary is considered to be in the higher bin.

For linear scales, the expected range is 1000 display units and
the resolution parameter is specified as the ratic of the number of
display units in each bin to the total number of display units {1000},

expressed in percent: number of display
units in each bin
= e % 10000
1000

resolution parameter
(linear scale}
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For example, if a linear scale is used on a signal that ranges 500
display units, the expected range is 500. To gather data in 25 bins
over that range, each bin gathers data in increments of 20
{500/25}. The resolution parameter is then determined from the
equation given above; {20/1000) x 100 = 2. if data ranges from
elements 250 to 750, there is no information in the first and last
250 elements. See Figure 4. Since there are 20 display units per
bin, the first and last 12 bins {or destination array elements) con-
tain 0, To prevent this void in the first 12 elements of the destina-
tion array, convert the data in the trace to display units using the
CTM command. Then subtract 250 from the trace, using SUB.
I desired, convert the data back to the current amplitude units using
CTA, and finally perform PDA. Refer to the HP 85668 or 85688
Operating and Programming Manual for more information on

CTM, CTA and SUB.
§

Figure 4. Trace with no data in vertical elements 0 through 250,

PDA can also be performed on a user-defined array. The resolu-
tion parameter is determined according to the current amplitude
scale used.

When PDA is performed more than once on a trace, the destina-
tion trace is not cleared and accumulated information is stored.

PEAKS and PDA can be used together fo function as a signal
mask. For example, certain spans can be monitored for keyed
signais that appear or disappear in a known signal environment
which contains a consistent signal pattern. The PEAKS destina-
tion trace indicates the known signal pattern since this trace con-
tains the horizontal position of all the signal peaks normally
appeatring. See Figure 5. The analyzer then performs PEAKS on
every subsequent sweep using the ONEOS {on end of sweep)
command. It checks for signals that appear or disappear by com-
paring the new PEAKS destination trace to the one containing the
normal signal pattern. If the traces are different, this indicates a
signal change. See Figure 6.

Figure 5. PEAKS destination trace representing
normal signal focations,

Perform PEAKS

Destination Trace
Same as Mask?

Reaport a Change

Figure 6. Signal monitor flow diagram.

The limitation of this approach is that from sweep to sweep,
signals may alter slightly in frequency. Since PEAKS stores the ex-
act horizontal position of the signal peak, f a signal moves even
one horizontal trace element to the left or right, a change in signat
pattern is reported even though a signal does not actually appear
or disappear. To avoid this, the analyzer must tolerate small fre-
quency changes in the signal pattern. PDA proves a solution, since
it allows a bin size to be specified. lf PDA is performed on the
PEAKS destination trace, the PDA data can be used to represent
the normal signal pattern, while allowing signals to move within
the bin from sweep to sweep. In Figure 5, if on a subsequent sweep
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the PEAKS destination trace signal patiem changes to 102, 348, 350, 700, 850, 850,. . . PDA performed on the original PEAKS
697, 858, 858. . ., then a PDA with a 10-element bin size per- destination trace in Figure 5 allows the signals to move by 10
formed on this array will give the same array as a PDA performed elements. Therefore, the PDA destination trace serves as the mask.
on the original signal pattern array first shown in Figure ba: 100, The program below illustrates this masking technique.

B D

~SUMSQR, rather than MEAN, is used to assure that positive and negative vatues in R_ESULT do not cancel sach other out,
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POF

The probability distribution of frequency {PDF) function records
the number of times that an analyzer trace or array horizontal value
occurs above a specified threshold level. PDF can accumulate data
over a number of sweeps. Gathering data in this manner and
dividing by the number of sweeps taken yields a band accupancy
statistic useful for long-term monitoring applications.

It is possible to specify a bin size using the COMPRESS com-
mand, which compresses a given trace into another race of shorter
length, according to a specified algorithm or trace detection mode.
The ratio between the length of the two fraces establishes the bin
size. For example, fo set the bin size of a 1001-point trace to 20,
the length of the shorter trace should be 1001/20 or 50. The com-
pression value determined in each interval depends on the com-

pression algorithm specified. Since the purpose of PDF is to find
the number of fimes a signai appears above a threshold value, the
compression algorithm used must assure that no signal peaks are
missed. Thus, the positive {POS) algorithm of compression should
be chosen. It selects the highest value in an interval as the com-
pressed value. See the HP 85668 or 85688 Operating and Pro-
gramming Manual for more information on COMPRESS,

The following program returns the PDF of trace A over one
sweep to the controller. The bin size is determined by the ratio be-
tween the number of elements in trace A and in S_ETBIN
{1001/20=50). Notice that trace A Is first compressed into
S__ETBIN, then PDF is performed on S__ETBIN. Connect the
calibrator signal before running the program. ¥ an HP 85668 is
used, replace the start and stop frequencies in lne 150 with
“FAGSMZFBI10MZ, TH70DM;”,

ENTER BHaial

The contents of P__DF printed on the computer screen should
be T's and {J's, since the program takes data over one sweep only.
if the bin size is 50, each bin occupies half a major frequency divi-
sion. Check that a 1 appears properly in the array whenever a
signal above the threshold level appears. Since the fundamental
oceurs in the 3rd and 4th H0-point bin, the 3rd and 4th element
values of P__DF are equal to 1.

Typically, the following numbers should appear on the computer
screen the first time the program is run:

For HP 8568R:

Aln} = 0,0,1,1,0,0,0,0,1,0,0,0,6,1,6,6,0,0,0,0
For HP 8566R:

A = 0,0,1,1,0,6,6,0,0,0,1,1,0,0.0,0,0,0,G,1

To iHlustrate that PDF accumulates information, modify the pro-
gram as follows by inserting lines 191, 192, 311, 312, 313 and 314
in the appropriate places; then run it.

Observe the “growing” trace in the upper right portion of the
analyzer screen,



HP 85668/8568B/Models 216/226/236-91
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Set s:cmtmﬁuoma sweep moge

Power Bandwidth

The power bandwidth function (PWRBW) calculates the total
power of a frace and returns the bandwidth corresponding to a
specified percentage of that total. The bandwidth is the remainder
after equal increments are removed from each end of the trace as
illustrated in Figure 7. This function also places markers at the fre-
quencies of the specified power bandwidth endpoints, PWRBW
is useful for measuring many types of signals. For example, the
modulation bandwidth of an FM transmitter can be measured for
a user-specified percent of power. PWRBW also facilitates voice-
modulated measurements in AM, Single Sideband and FM
systems.

\

99% of Power

N\

Figure 7. Endpoint determination for 89% power bandwidth.

PWRBW works in both log and linear modes. It linearizes the
trace data if a log scale is used, then computes the combined power
of all elements in the trace array and moves in from each end of
the array untit one half of the difference between the specified
power bandwidth and 100% is reached. For example, for 99%
power bandwidth, the power is summed on each side uniil 0.5%
of total power is reached. See Figure 7.

Full screen displays provide the best resolution. If possible,
measure the signal with maximum vertical and horizontal on screen
deflection. Breadband signals require an IF filter narrow enough
to create a display in which the best power integration occurs;
therefore, the [F filter should be an order of magnitude narrower
than the occupied bandwidth of the signal being measured to en-
stire that the function dees not integrate over the shape of the filter
rather than the signals spectral cecupancy. To determine the op-
timum resolution bandwidth, narrow the IF filter until there is no
change in PWRBW output. Increase the IF filter by one step to ob-
tain the optimum bandwidth.

Spectral information at the bottom of the sereen contributes lit-
tle to the integration. For the best display of signal-fo-noise on
screen, scale modes other than 10 dB/division should be con-
sidered. Best performance occurs with signal-to-noise ratios greater
than 40 dB, so that noise provides less than 1% of total power
contribution.

Since the power bandwidth is calculated from a power integra-
tion of all the trace elements, the effect of time-varying functions
(ie., broadband signals) can be reduced by using the MAX-HOLD
function on the trace before executing PWRBW.

The following program returns the 99% power bandwidth of
frace A to the computer.
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STORAGE, DISPLAY AND I/O
OF VARIABLES AND TRACES
for the HP 8566B and 8568B Spectrum Analyzers

OVERVIEW

The HF 85668 and 8568B aflow you to define, manipulate, and
store variables and traces in the analyzer. Since processing data
in the analyzer does not require data to be transferred to a con-
troller, large data transfer times can be avoided. Once the analyzer
has obtained the desired results, these results can be stored in traces
or variables, transferred to a controller, or displayed on the analyzer
screen in any desired format. Data can also be passed from the
computer to analyzer variables or traces which can be useful when
a measurernent requires comparison to a standard, or when cor-
rection factors need to be incorporated into a measurement, asin
millimeter or stimulus-response applications.

The purpose of this programming note is to show how to store
and display variables and traces in the analyzer and how to input
and output their values to a controller,

Prereguisites

To more easily understand this programming note, some ex-
petience with manual and remote operation of the HP 8566A/B
or 8H68A/B spectrum analyzers is required. Experience in pro-
gramming using different display sizes (D1, D2, and D3} and us-
ing the concepts presented in Appendix A of the HP 8566B or
8568B Operating and Programming Manual is highly recom-
mended. At least some familiarity with Appendix A and display
sizes is required. A discussion of display sizes is found in the
Programming Commands section of the Operating and Program-
ming Manual under D1, D2 and D3.

Reference Materials

Analyzer reference materials include the HP 8566B/8568B
Quick Reference Guide {literature number 5355-8970}, the HP
85668 or 85688 Operating and Programming Manual (literature
numbers 8566-90040 or 8568-90041), and Programming Note
HP 85668/8568B/Models 216,/226/236-99 (literature number
5952-9392}. The BASIC Language Reference for Series 200
Computers {part number 09826-90056} is also a useful reference.

Equipment Used

HP 8566B or 85688 Spectrum Analyzer
HP 9000 Series 200 Model 216, 226 or 236 Desktop Computers.

YARIABLES

Siorage

To store a single value in the spectrum analyzer's RAM, a variable
must be defined and set to an initial value. This allocates space in
RAM for the variable name and value, An underscore should be
used as the second letter of a variable name to avoid analyzer
misinterpretation of the name. (See page 1 of Programming Note
HP 85668/8568B Models 216/226/236-99 for more informa-
fion.) The value of a variable can be altered in many ways by using
the variable name as the “destination” in various analyzer
commands such as MOV, ADD, DIV, etc. (See the Programming
Commands section of the HP 8566B/ 85688 Operating and Pro-
gramming Manual.} Each time it is altered, the new value writes
over the old value in memory. Instrument preset resets the variable
to its initial value. The following example shows how the amplitude
of a signal can be stored in a variable.

@ HEWLETEPACKARD CO. 1984
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Display

The value of a variable can be displayed anywhere on the
analyzer screen using the DSPLY command. A numeric field width
miust be specified in the DSPLY command after the variable name
by two numbers. The first number specifies the total field width;
ie., the total amount of numbers to be displayed. The second
number specifies the resolution; ie., the amount of numbers to be
displayed after the decimal point. These numbers should be
separated by a decimal point. {(See line 70 of the example below.}

Note: The field width must be greater than the resolution. If the
fieid width is not large enough, more numbers will be
displayed than specified.

To display a variable at a particular location on the CRT, the pen
location must be specified using the PU {pen up) and PA (plot ab-
solute} commands. For example, to display the value of
A__MPLITUDE at center screen, the pen must be picked up and
positioned accordingly. (See line 10 of the example.) The xy coor-
dinates specified in the PA command indicate the pen’s starting
location [x =500, y=>500). The numbers used as the xy coor-
dinates depend on the display size selected (D1, D2, or D3). The
display size also sets the size of the displayed characters. Refer to

M S

Figure 1. Display of variable value.

the Programming Commands section of the HP 85668 or 85688
Operating and Programming Manual under D1, D2 and D3 for
a discussion of display sizes, xy coordinate selection and character
sizes.

A section of display memory must be used fo store data to be
displaved. A display address must be set to designate the begin-
ring display memory position, [t can be set to any address using
the DA (display address} command or it can be set to a particular
address (3072) using the EM (erase trace C memory) command,
which erases the contents of the trace C memory and sets the
display address to 3072, the beginning of trace C memory. {Refer
to Appendix A of the HP 85668 or 85688 Operating and Pro-
gramming Manual for an explanation of display memory structure.)

To show A MPLITUDE complete with name and units, the
TEXT command can be used. TEXT displays all ASCH characters
appearing between delimiters at the current pen location. The @
delimiter is used in the example below, Other delimiters include
TES = 8B &

Note: When using TEXT in a function defintion (FUNCDEF state-
ment}, do not use the same delimiters for TEXT as the de-
limiters used for the function definition.

S i

Output to Computer

To return the value of a variable to the computer, query the
variable at the appropriate location in the program. For example,
in the sample program, to return the value of A_MPLITUDE,
simply add the following program lines at the end of the program:

Variables can be queried as many times as desired and in any
location in a program. Remember, variables are re-inifialized after
instrument preset is executed.

Input to Analyzer Variable

To enter or change the value of any front panel function, the
EP {enable parameter} command can be used. For example, to
allow the operator to specify the value of the start and stop fre-
quencies, the sample program should be modified as follows.
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When lines 60 and 120 are executed, the analyzer pauses the
program and waits for a front panel entry. Press the LCL key on
the analyzer before entering the start frequency. The entry must
be terminated with one of the units keys. Notice that this technique
performs an internal pause and continue, similar to the PAUSE and
CONTINUE keys on the controller. This technique is very useful
for a pause and continue function in a downloadable program.

The EP command can be used to set or change the value of a
variable. For example, to compare the value of A__ MPLITUDE
with a user-specified level, the level can be entered into a variable
using the EP command and then compared with A__MPLITUDE.

Only positive real numbers can directly be entered into variables,
(See the HELPFUL HINTS section of this note for an example of
direct variable value entry.) Negative values are indirectly entered
as illustrated in the program below. The minimum level of interest
is entered into the display line since the display line allows negative
entries. The entered value is then moved into the variable,
C_OMPARISON. Add the following program lines to the end of
the previous sample program. Now the program allows the user
to specify the lowest signal level of interest and reports the value
of A__MPLITUDE if its value is greater than the specified level.
Otherwise, it reports that no signal is found.
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TRACES
Storage

Arrays up to 1008 points in length can be stored in the analyzer’s
RAM. There are 16K bytes of available random access memory
{(RAM}. Since each point uses 2 bytes, up to 8 1000-point arrays
or 16 500 -point arrays can be stored in RAM.

To store a trace in RAM, a trace array must be defined using the
TRDEF command. TRDEF allocates the specified amount of

memory to a specified trace name. The trace name must consist
of 2 to 12 capital letters. An underscore should always be used as
the second letter of a trace label to avoid analyzer misinterpreta-
tion of the label. (See page 1 of Programming Note HP 85668/
8658B/Models 216,/226/236-99 for more information.} Traces
A, B, and C are 1001 points in length. Therefore, to store one of
these traces, define a trace of 1001 points and move the active trace
into the defined trace. The program below siores trace A in RAM
under the trace label, R__EFERENCE. Trace A is not affected.

To initialize the values in a defined frace, simply use the MOV
command as follows:

This initializes all 1001 points of R_EFERENCE to O (display
units are assumed). A trace can be initialized to any integer value
between — 32,767 and 32,767. Practical integer values for dis-
played traces range between — 1023 and 1023.

Display

The TRGRPH command displays trace A, B, or C, or a user-
defined trace anywhere on the spectrum analyzer CRT. Separate
display of more than one trace on the CRT usually requires the

fraces to be compressed in length and scaled in amplitude using
the COMPRESS and MPY commands, respectively.

Compressed traces take up less space in RAM, thus more traces
can be stored. The COMPRESS command compresses a trace of
a given length into a trace of a smaller length according to a
specified algorithm or frace detection mode. The ratio between the
length of these two traces is the number of points to be compressed
into each point of the compressed trace. For example, if trace A

were to be compressed to 50 points, then the length ratio would
be 1001/50 = 20 and the ampiitude value for each 20-point in-
terval would depend on the algorithm specified. If the average
algorithm were used, then the amplitude values stored in each ele-
ment of the compressed trace would be the average value over
each 20-point interval of the trace to be compressed.

The indicated 3-letter mnemonics show the algorithms that can
be used for the COMPRESS command.

AVG (average) - selects the average value of the points
in the interval

POS {positive} - gelects the highest point in the interval

NEG {negative) — selects the lowest point in the interval

NRM (normal) — computes the compressed value of

the interval using the Rosenfell
algorithm, which chooses between
positive and negative peak values

PK-PIT (peak-pit} — compuies the greatest peak-to-peak
deviation within the interval as the

) compressed value

PK-AVG (peak average) — selects the difference of the peak and
average value of the interval as the
compressed value

SMP (sample) - setects the last point in the intervat as
the compressed value

The program below compresses trace A to 50 points using the
average algorithm.




Traces can be scaled in amplitude using the MPY command
which multiplies a trace, point by point, by either another trace or
by a real number. {See the Programming Commands section of
the HP B566B or 8568B Operating and Programming Manual for
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more information on MPY.) Te change the amplitude of the
elements in S__AMPLE to 14 scale, the program requires the
foliowing modification.

The TRGRPH command can now be used to graph S__AMPLE
anywhere on the analyzer screen. (See line 40 in the next exam-
ple.) Five parameters must be specified in the TRGRPH command:
the display address, the x and y coordinates of the trace origin,
an expanding factor, and the trace array to be graphed.

The displayed data must be stored in display memory; therefore,
a starting dispiay address must be specified. (See Appendix A of
the HP 85668 or 85688 Bemote Operation Manual for a discus-
sion of the display memory structure.} if trace C is not used in a
program that uses TRGRPH, it is often conventent to use the start-
ing address of trace C, 3072.

The analyzer screer'’s x-axis and y-axis positions of the trace
origin must also be specified. These values depend on what display
size is being used {D1, D2, or D3}. (Refer to the Programming Com-
mands section of the HP 85668 or 85688 Remote Operation
Manual for more information on selecting xy coordinate values us-
ing the various display sizes.)

If a trace is compressed fo save space in RAM, it might be
desirable for the trace to be graphically expanded across the CRT
when it is displayed. Hence an expanding factor is specified in the
TRGRPH command to aliow the frace to be displayed in any
length. This expansion is a graphic expansion and does not ac-
tually change the trace data. I a 1001-point frace were compressed
to 50 points, but the displaved trace width desired is half screen
{500 points), then the expanding factor should be 10.

Finally, the trace to be graphed must be specified. The trace can
be a trace label, trace A (TRA}, trace B (TRB), or trace C {TRC).

The foliowing program graphs S__AMPLE in the upper right
cormer of the CRT, To make the graph more interesting, connect
the analyzer’s calibrator signal and set the center frequency to 20
MHz for the HP 85688 and 100 MHz for the HP 85668. Set the
frequency span to 2 MHz, place trace A in CLEAR-WRITE and
run the program.

Notice each time the program is run, the compressed trace is
updated. This is useful for viewing more than one frequency span
simultaneously. For example, to view a signal’s fundamental, sec-
ond harmonic and third harmonic simultaneously on the analyzer
screen, the frequency spans containing these signals can be con-
secutively swept and graphed. This process can be repeated to
simulate a real-time, simuitaneous monitor of the three signals. The
program below performs this function.

Note: Hthe HP 85668 is used, replace lines 390, 430 and 510
with
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Figure 2. Display of compressed traces.

HP 8566B/8568B/Models 216/226/236-90

The starting display address in the first TRGRPH command {line
570} is 3072, The trace that is graphed, F__UND, is 50 points in
length which means that the trace actually fills 100 bytes of display
memory (2 bytes per point). Thus display addresses 3072 through
3172 are filled with the data contained in F_UND. This makes
the starting display address of S_ECOND, in line 580, 3173.
S__ECOND is also 50 points in length, filling display addresses
3173 through 3273, making the starting display address of
T__HIRD, 3274 (kne 550).

Note: When debugging programs that turn off the trace,
graticule, and annotation, it is often useful to temporar-
ily turn them on while debugging. The displaved error
messages can reveal the source of the problern and give
a better picture of what the program is doing.

Trace Output to a Computer

All elements of traces A, B, C, or a user-defined trace can be
returned to a controller by querying the trace and entering the frace
elements into a computer array. For example, to return datain a
1001-point user-defined trace and print every 100th peint on the
controller, key in the following.

Specific trace elements of a user-defined trace can be returned
to the controller by moving the elements to be transferred into frace
A, B, or C. These elements can be queried and entered into a com-
puter array. If there are only a few elements to be transferred, it
is more practical to move the elements into an analyzer variable.

The variable is then gueried and entered into a computer variable.
This process is continued unii! all elerments have been transferred.
For example, every fifth element of F_UND (50-point trace used
in a previous example} can be returmed to the controller and
displayed using the following program.
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The image specifier in line 50 is necessary for the analyzer to
correctly interpret line 90 of the program. Without using the im-
age specifier, the trailing space which is autornatically sent over
the HP-IB after the first string, “MOV T__EMP FUND[", would er-
roneously be interpreted by the analyzer as a command separator.
(For further information refer to the BASIC Language Reference
for Series 200 Computers.) :

Data Input to an Analyzer Trace

Some applications require large amounts of data to be compared
to, or used in measurements. For example, in millimeter applica-
tions the conversion loss of an external mixer at various frequen-
cies can be added to measured values for amplitude-calibrated
measurements. There are also applications that require comparison
of a standard trace to measured values. The ability to put data in-

to an analyzer trace proves a convenient solution to many such
applications. However, it is not without mitation. First, the max-
imum number of data points that can be stored in a trace is 1008.
Second, the largest number that can be stored in an analyzer trace
element is 32,767 ([2715}-1). Third, only integers can be stored.
Both positive and negative numbers are accepted but non-integer
numbers are rounded. lf one- or two-decimal precision is required,
the data can be pre-scaled before it is entered in the trace and scaled
back to its original value when extracted. For example, to store the
nurmber 12.62 i a trace element, the number can be multiplied
by 100 before it is stored, then divided by 100 before it is used in
the measurement.

The foliowing program asks the user to enter 10 data values,
It then puis these values in the elements of an analyzer irace.

HELPFUL HINTS

Data Input to an Analyzer Trace
from the Analyzer’s Front Panel

In the last example, data was put info an analyzer trace from a
computer. This task can also be accomplished by entering the data
from the analyzer’s front panel. This is useful in applications where
it is convenient to operate the analyzer without a controller. The
data entry can be part of a downloadable program executed via
softkey from the front panel. The EP command is used to pause
the program for operator entry in the same manner as was used
in the “Input to Analyzer Variable” section of this note. The values
entered can also be viewed on the analyzer screen in columnar

format. The program below accomplishes this using the PU {pen
up), PA (plot absolute), PR (plot relative}, DSPLY (display a trace
element value}, and TEXT (write characters on the analyzer screen)
commands. Refer to the HP 8566B or 8568B Operating and Pro-
gramming Manual for more information on these commands.
To display characters on the analyzer screen in columnar for-
mat, it is important to know that each character writien requires
16 display units on the x-axis and 32 display units on the y-axis.
Therefore, pen positions indicated in plot absclute (PA) or plot
refative (PR) commands should be integer multiples of 16 and 32
for the x and v axes, respectively. This convention will assure
organized data columns, For exampie, data is columnated in line
570 of the program below by using integer multiples of 16 and 32
to indicate relative x and vy positions in a REPEAT/UNTIL. leop.
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Trace Output to a Computer in Binary Format

Binary format is the fastest mode to transfer information between
the controller and analyzer. Each trace element is transmitted as
two 8-bit bytes. To return a 1001-point trace to a computer, 2002
bytes must be transferred to the controller. Binary format allows
these bytes to be transferred quickly since it does not convert data
to decimal nurabers or to correct units, and each byte transferred
is not followed by a carriage-return/line-feed.

The HP 8566A and 8568A analyzers allowed binary transfers
with the TA and TB commands by specifying 02 format. TA and
TB are the only trace output commands available in the A version
analyzers. The 85668 and 85688 allow traces A, B, C or user-

defined traces to be transferred in binary format by using the trace
data format (TDF} and measurement data size {MDS) commands.
“TDF B” selects the binary mode and “MDS W sets the measure-
ment data size to two bytes per trace element.

The controller receives the bytes one at a time over the HP-IB
and forms a 16-bit integer word in computer memory. This for-
matting is caused by specifying an integer array, which is 16 bits
by definition. Also the format must be turmed off FORMAT OFF)
in the 1/0 path.

The program below shows the commands that should be used
before querying an analyzer trace to allow the trace to be sent in
binary format.

10
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A STRUCTURED APPROACH
TO DOWNLOADABLE PROGRAMMING

OYERVIEW

A downloadable program (DLP) is a program written in spec-
trum analyzer commands that is loaded into the analyzer’s 16K
bytes of RAM, and can be fully executed within the spectrum
analyzer, whether run from the analyzer’s front panel or from the
computer. A DLP allows the analyzer to evaluate data it collects
without the help of a controller. Powerful software can be writ-
ten by using a DLP in a computer program, especially if the DLP
and computer program utilize the high level functions of the “B”.

The purpose of this programming note is to show how to struc-
ture a downloadable program for the HP 8566B and 8568B Spec-
trum Analyzers with emphasis on readability, modularity, and
ease-of-debugging. It does not discuss in any detail the firmware
commands available in the HP 85668 and 8568B. Trace pro-
cessing, graphics, and special functions, such as FFT, PEAKS,
and STDEV, will not be covered in this note. For more informa-
tion, refer fo the HP 85663/8568B Operating and Programming
Manual {part numbers 8566-90040 and 8568-90041).

Prerequisites

To more easily understand this programming note, some éx-
perience with HP 8566A/8568A manual and remote operation
is required. An understanding of Programming Note HP
8566B/8568R/9816/9826/9836-1 {publication number
5952-9389) is recommended. No familiarity with the analyzers’
graphics is required.

Reference Materials

Analyzer reference materials include the HP 8566/8568B
Quick Reference Guide (publication number 5955-8970}, the HP
8566B/856813/9816/9826,/9836-1 Introductory Operating
Guide (publication number 5952-9389), and the Command Syn-
tax Reference found in the HP 8566B/8568B Operating and Pro-
gramming Manual {part numbers 8566-90040 and 8568-90041}.

Equipment Used

HP 85668 or 8568B Spectrum Analyzer

HP 9000 Series 200 Model 216, 226, or 236 Deskiop
Computers.

READARBIITY

Making a program easy to read also makes it easier to debug
and document. Here are a few simple rules to follow which ap-
ply to any program {including a DLP} which make it more
readable:

1. Write short program lines.

2. Use the standard indent format for looping, branching, and
subroutines,

3. Use descriptive variabie names and labels.

4. Clearly document program lines as necessary.

Recommended DLP Procedures

In addition to the general readability rules given above, there
are several more procedures which apply specifically to a DLP
in making i more readable and less prone to error.

5. Define all variables (VARDEF) and traces (TRDEF) at the
beginning of the program — NOT within a FUNCDEF (ie.,
softkey definition}.

Variable definitions {VARDEF} and trace definitions (TRDEF}
are explained in detail in the reference documents listed earlier.

VARDEFs and TRDEF's are global which means that variables
and traces retain their values until redefined, disposed of, or
altered by MOV or math commands. By defining variables and
traces at the beginning of the program, potential problems can
be avoided. If a variable or trace is defined within a function defini-
tion, querying the analyzer for available memory will result in an
incorrect value. If they are defined at the beginning of the pro-
gram, a correct value will be cbtained. This is very important when
linking several programs together where memory space is a prime
concern. {The method for determining available analyzer mernory
ts given in the HELPFUL HINTS section later in this note.)

6. Use an underscore as the second letter of all function labels,
variable labels, and irace labels.

If this rule is not followed, there is a possibility that these labels
could be misinterpreted by the analyzer as one of its own com-
mands. For example, in the statement, “‘FUNCDEF STOP, @, the
first two letters of STOP could be interpreted by the analyzer as
the command for sweeptime, ST. The correct statement would
read as follows: “FUNCDEF 5_TOP,@"

7. Use semi-colons between analyzer commands.

IEEE Standard 728 recommends the use of semi-colons be-
tween commands to avoid possible misinterpretation by the
analyzer. For example, if the analyzer is commanded to execute
“YBOA” (Video Bandwidth and Quiput Active function}, a syn-
tax error would result causing the program to stop or to be sub-
ject to a long delay in execution. Instead of interpreting VB and
OA, as separate commands, it first executes “VBO” (ratio of video
bandwidth to resolution bandwidth) and then tries to execute ‘A,
which results in the syntax etror. The correct command sequence
is “VB;0A;”

© HEWLETT-PACKARD CO. 1984
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The sample program below illustrates the concepts discussed
above. [t checks to see if there are any signals on the analyzer
screen that are above — 60 dBm. H there are, the analyzer zooms
in on the signal fo a 100 kHz span and saves that trace in analyzer
memory.

The @% appearing in lines 60 and 200 delimit the function
definition. All commands appearing between delimiters are as-

signed to the function label, C_. HECK.

Note: When code is indented in a function definition, each
space takes two bytes of analyzer RAM. Care must be
taken not to exceed the maximum length of a function
definitior: (2015 bytes). To save space, the entire pro-
gram line can be indented.

MODULARITY

The example in the previous section was a simple case of a
DLF. However, it assumed that the analyzer was manuaily set
to the correct span by the operator. To completely automate the
operation, it is necessary fo set the analyzer to the desired span.
The following DLP steps the analyzer through four pre-defined

spans to find a signal higher than — 60 dBm. If no signal is found
in the first span, it steps to the next higher span. When a signal
is found, the DLP zooms in on the signal, stores the signal and
records its amplitude. If a signal is found in any of the four spans,
the DLP halts execution and displays the last signal found.
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Notice that four subroutines have been added {S__PANONE,
S PANTWO, etc.). Each subroutine sets the analyzer to a dif-
ferent frequency range. The DLP from the previous section now
becomes a subprogram. Each of the five subroutines is called from
the main program, E__ XAMPLE (lines 540-640), Line 680 loads
the entire DLP into softkey 20 in the analyzer. Now, the controlier
can be removed and the program can be exgcuted by pressing
[SHIFT] [20] [Hz} on the analyzer front panel. To execute the
DLP from the controller, type in:

{and press EXECUTE]).

This modular format offers three distinct advantages: if's (1} easy
to read, (2) easy to change, and (3} easy to debug. This DLP
uses descriptive labels, and it flows in a logical fashion, making
it readable. In addition, it is easy to modify. For example, if the

application requires the stop frequency of the last span to extend
to 4 GHz, simply change FB110MZ in S__PANFOUR to FB4GZ.

Bownloadable Program Struciure

Now that the DLP has been designed for readabifity and modular-
ity, it is important to insure that the format of the program follows
a logical, structured order. The following steps are highly recom-
mended for making all downloadable programs easy to read and
easy to debug. The example DLP uses this format, as indicated
by the line numbers.

FILE NAME
DATE OF LAST REV.
AUTHOR

PROGRAM
DESCRIPTION

DEFINE CONSTANTS
DEFINE VAREABLES
DEFINE TRACES

SUBPROGRAM
MODULES

MAIN PROGRAM




HP 8566B/8568B /Models 216/226/236-99

DEBUGGING

More often than not, a new program must be debugged. In
downloadable programs, bugs may be manifested in three ways:

1. An error message comes up on the analyzer screen.

2. The DLP does the unexpected. For example, it halts execu-
tion or enters an infinite loop or starts executing before a com-
mand is given to execute.

3. An unexpected or out-of-range result or value is obtained.

Using the example program, some technigues will be Hlustrated
which can be used to efficiently debug a DLP that has these
symptoms.

Error Message

The discussion will start with the case where an error message
comes up on the analyzer screen. For example, in line 290 of
the example program,

FV16MZ is mistakenly typed in.

When the program, E__XAMPLE, is executed, this line will
cause an HP-IB command error which will be indicated on the
analyzer screen as shown in Figure 1.

Admittedly, in this short example program it would be simple
to look through the program and find where FV has been
mistakenly typed in. However, in larger programs it might be more
difficult 1o locate exactly where an FV has been typed. If BASIC
2.1 Extensions to BASIC 2.0 are used, use the FIND command
to locate FV. Type FIND “FV” at the top of the program and press
EXECUTE. However, if another operating system is being used,
such as BASIC 2.0, the line with FV can be located in other ways.

Figure 1. HP-IB command error message.

One way is to run the subroutines, then step through selected
parts of the main program using the STEP key on the Series 200
controller. This can be done by placing a PAUSE statement on
line 510. This will allow the program to be run up fo the main
program. In order to immediately execute the main program, the
fines containing the FUNCDEF statement and its delimiters must
first be eliminated by commenting them out (ie, place an ex-
clamation point at the beginning of lines 540 and 640). This must
be done, because when the analyzer receives a FUNCDEF state-
ment, it assigns all commands appearing between the delimiters
(@ in the example} to the function label and wili not allow the
commands to be executed line by line by the STEP key. Also,
lines containing looping constructs such as REPEAT, UNTIL, IF,
THEN, ELSE, and ENDIF must be commented out to ailow im-
mediate execution, (Comment out lines 560 and 610.) The pro-
gram should be modified as follows,

g

Press RUN, then STEP through the program from the con-
troller. The HP-IB command error will appear when line 590 is
executed. The search for FV has been narrowed to the
S__PANTHREE and C__HECK subroutines. To find which one
is producing the error, immediately execute S__PANTHREE and
C_HECK one at a time from the controller or modify the pro-
gram line {o execute one subroutine at a time. When
S_ PANTHREE is executed, the HP-IB CMD ERROR:FV will ap-
pear on the analyzer screen.

Another way to selectively evaluate areas of a program is to
use GOTO staterents. These can be used instead of exclamation
points. For example, GOTO 550 could have been placed after
the PAUSE statement and GOTO 570 could have been put in
after line 550 to selectively execute program lines instead of using
comments.

Notice the advantage of keeping program lines short. The
shorter the lines, the more easily the search is narrowed. Of
course, using short lines causes more output activity on the MHP-IB,



but if this is of concern, the carriage return/line feed can be sup-
pressed by typing

i S A A A

at the beginning of each line, where Sa = 718,

Also note the advantage of keeping softkey definitions short.
The shorter the softkey, again, the more the search has been nar-
rowed. If S__PANTHREE had been large, it might have been dif-
ficult to find the line with FV in it. However, even if this had been
the case, PAUSE and GOTO 290 couid have been placed on lines
270 and 271, respectively, o step through S__PANTHREE line
by line. (The maximum number of bytes that can be in a softkey
definition is 2015, which far exceeds what is recommended here
to easily debug a program.}

HP-IB command errors can also occur if variable, trace, or func-
tion names are not first defined in VARDEF, TRDEF, or FUNC-
DEF statements, respectively. If the names are not defined before
they are used, the undefined name will appear on the analyzex
screen in the argument of the HP-1B CMD ERROR. Also, errors
oceur if function, variable, or trace names are too long or an in-
correct format is used. They must be 2 to 12 characters long us-
ing capital letters A through Z.

Unexpected Behavior

Another type of problem with a2 DLP might be that it just does
the unexpected. After a DLP has been corrected for typing, speli-
ing, and syntax errors, there are still possibilities for unexpected
errors. These errors may not produce an error message but can
have drastic effects on the proper execution of the DLP. The DLP
might stop executing before it is supposed to, or it might con-
tinue executing even after the program should have halted. The
DLP might cause the analyzer to “hang” or not respond to any
subsequent commands. It might even start executing before the
softkey has been executed. Although it can be frustrating when
these kinds of problems occur, the type of behavior exhibited is
usually a clue to the part(s) of the DLP that is causing the prob-
iemn. The following paragraphs discuss the types of errors which
can cause this behavior and some ways of searching for these
errors in large DLP%s.

When the DLP unexpectly stops or does not stop execution,
looping constructs may be improperly terminated in the program.
Each REPEAT/UNTIL loop and IF/THEN/ELSE/ENDIF branch,
whether nested or not, must always have a logical end. In the
exampte, if the REPEAT/UNTIL loop was not terminated in line
610, the program would end whether or not a signal was pres-
ent, since the REPEAT loop would not be active, Only one
REPEAT/UNTIH. loop appears in the program, so it is easy to
check to see if the loop is terminated correctly. However, in larger
DLPs there may be many nested REPEAT/UNTIL loops;
therefore, checking for correct terminations will be more difficult.

The analyzer may “hang” or reach an undesired state from
which the only exit is to press the instrument preset key on the
front panel. A *hung” analyzer may be unresponsive to further
execution of front panel keys ot to execution of remote com-
mands. [t may indicate an error other than an HP-IB command
error or the analyzer screen may start randomly writing characters
or drawing vectors. Analyzer “hanging, which can have a number
of causes, can be debugged systematically.

First, check that functions do not call themselves within their
definitions. This is an unpermitted form of recursion. it may
produce an “INVALID NEST LEVEL error and/or it may cause
strange characters to appear on the analyzer screen. The follow-
ing section on looping and branching addresses this problem
and shows ways of getting around this kind of recursion.
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Second, if the DLP uses analyzer graphics, check that the
graphics are used correctly. Refer to the HP 8566B/8568B

Operating and Programming Manual and the HP 8566A/

8568A Remote Overation Manual for details on analyzer

graphics. K the analyzer screen appears to scroll, or if vectors
are written randomly, check to see if label and text terminators
are in the proper place.

Third, check that semi-coions are properly placed and com-
mand syntax is foliowed.

Improper use of delimiters may cause a DLP fo begin execu-
tion before a command to execute is given. For example, if line
300 were omitted, $__PANTHREE would not be delimited. This
would cause part of the DLP fo be executed when it was
downloaded to the analyzer (when RUN was pressed on the
controller) because the beginning defimiter for S__PANFOUR
would have been considered the terminating delimiter for
S__PANTHREE. Then subsequent commands would be im-
mediately executed. Remember, a delimiter must be placed just
before the command list and a matching delimiter must be
placed just after the command list. Also, make sure that the par-
ticular delimiter chosen is not used as a label or text terminator
and is not used in text to be written to the analyzer screen.

The tabie below summarizes.

Symptom Possible Cause

Stops or does not stop
execution

Looping construct
improperly terminated

Analyzer “hangs” Recursion, improper use
of analyzer graphics, im-
proper use of semi-colons

or command syntax

Program executes before
command is given io
execute

Improper use of function
delimiters

Even with these hints of things to look for, there may still be
a need to systematically search the DLP for the source of the prob-
lem. When these types of problems occur, the HP-IB command
error message will not appear. But without the luxury of an er-
ror message, the problem can be located by examining the pro-
gram as cutlined in the Error Message section. First step through
the main program without executing the looping constructs. i
no problems are found, execute the program with the looping
constructs. As each function label is executed, the function causing
the unwanted behavior will hang the analyzer by not allowing the
execution of any subsequent subroutines. Also, the program an-
nunciator (the square on the lower right screen of the controlier
that indicates a program is running) will not disappear. This square
indicates that the HP-IB line is busy.

Qut-of-Range Result

The last type of problem that might occur in a DLP is when
a variable or trace has an unexpected or out-of-range value, The
value of variables and trace elements can be displayed on the
analyzer screen through the use of the DSPLY command. In the
example DLP, the variable, P__OWER, was used to store the
matker amplitude value of the highest signal above - 60 dBm
{see line 450). To check that the varlable value is correct, simply
use the DSPLY command to display the value of P.__OWER. If
desired, display the value within the DLP by inserting the follow-
ing fine at the desired location in the program:
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The number, 6.3, is simply the total field width, 6, and the desired
number of displayed decimal places, 3. This number can be any
specified number. For more information see the DSPLY command
in the Operating and Programming Manual,

To display the value of P__OWER at the end of the program, insert
the above line just after line 630. To monitor a value within a repeat
loop, it may be conveniet to put a PAUSE on the line after the DSPLY
command since otherwise the value may be written repeatedly on
the analyzer screen. The DSPLY command need not be inserted
in the DLP itself. When debugging it is sometimes convenient to
monitor the value of variables after the DLP has been executed. In
this case, simply execute the above line from the controller.

To moniter the value of the 500th element of trace A, type in the
following fine at the desired location in the program:

Again, this can also be executed directly from the controller,

In summary, diligent use of PAUSE, GOTO < line number >, |,
and DSPLY wiltbe extremely useful in debugging a DLP. Although
all of the problems and ways to debug are not covered here, some
of the more common problems that might occur and ways to solve
them have been discussed. This should make DLP development
and maintenance run more smoothly.

LOGPING AND BRANCHING
The two main sets of program flow control {looping and branch-
ing) commands on the HP 85668 and 8568B are REPEAT/
UNTIL and IF/THEN/ELSE /ENDIF. When using these commands,
two important rules should be followed to avoid errors:
1. REPEAT/UNTIL LOOPS MUST NOT BE NESTED MORE
THAN 5 LEVELS. Nesting can best be illustrated by the follow-

ing diagram:
REPEAT
REPEAT
REPEAT
REPEAT
REPEAT
UNTIL
UNTIL
UNTIL
UNTIL
UNTIL

Note that each REPEAT has a corresponding UNTIL in this indented
structure, Nesting higher than 5 levels will result in an error.

The following program is an exampile of illegal nesting. Although
it does not look like the above nesting structure, it does nest
REPEAT/UNTIL more than five times because recursion occurs
in the program. {The function calls itself.)

Note that in line 60 the Z__OOM function calls itself 100 times.
When it tries to perform the loop for the sixth fime, the error message,
“INVALID REPEAT NEST LEVEL” will appear on the analyzer
CRT. As a result, the program must be modified such

that the REPEAT loop excludes the function definition, “Z__Q0OM”,
The following program builds the REPEAT loop around the ¢com-
mand list rather than the entire function definition. It will now loop
the desired 100 times.




2. AN IF/THEN/ELSE BRANCH MUST NOT BE NESTED
HIGHER THAN 25 TIMES. Once again, a diagram can best
itlustrate this concept.

IF_ .THEN
|1 — THEN
| S— THEN
ENDIF
ENDIF
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This example only shows 3 levels of nesting. An error would not
occur until 26 levels were used. Note that each IF/THEN branch
has an ENDIF associated with it.

The following is also an example of recursion. However, in this
example the use of IF/THEN/ELSE is considered to be bad pro-
gramming practice and should not be used since REPEAT/
UNTIL is more appropriately used for looping. It is included in this
note for illustration purposes only.

This program will work fine for 25 loops, but on the 26th loop,
“HP-IB COMMAND ERROR” and “PARAMETER ERROR” wilt ap-
pear on the analyzer CRT. Again, the problem is the function defini-
tion calling itself and the ENDIF is never seen. The solution is to
use the REPEAT/UNTIL function given in the second program ex-
ample in #1 above.

In summary, even though recursion is allowed by the analyzer
for 5 REPEAT/UNTIL loops and 25 IF/THEN/ELSE loops, this
practice is not recommended. The second program in #1 above is
the recommended method.

HELPFUL HINTS
Available Memory

The HP 85668 and 8568B have 16K of user-defined RAM which
can be used for many user-defined parameters such as iraces,
variables, functions, commands to be executed at the beginning or
end of a sweep (ONSWP and ONEOS), and for math algorithms
{TRMATH). To determine how much analyzer memory is required
for a particular function or an entire DLP, the MEM command is
used. The preceding DLP (E__XAMPLE) contains a variable, a
trace, and several function definitions. To determine how much
analyzer memory is used by the entire DLP, three steps are required.
First, the current value of available analyzer memory must be deter-
mined {without the program being downloaded) by running the
following programu:

Second, the PLP rmust be run. This step will download the entire
DLP, and the required amount of analyzer memory will be taken.
Third, the program above must be run fo obtain the new value of
availabie analyzer memory. Now it is simply a matter of subtracting
the two values obtained in steps 1 and 3 to determine the memory
used by the DLP. Incidentally, E__XAMPLE uses approximately

2,700 bytes of memory.

It is important to note that trace definitions require 2 bytes per
trace element, so all unnecessary trace definitions should be
eliminated to conserve memory.

If the analyzer memory is too fult to allow ancther program fo be
downioaded, the error message, “INVALID SYMTAB OVERFLOW,
will appear on the analyzer CRT. To allow memory space for a new
program, the DISPOSE command can be used to eliminate DLPs
already stored in the analyzer’s 16K of RAM, Either individual pro-
grams or the entire contenis of the analyzer's memory can be
eliminated. For example, “DISPOSE E___XAMPLE” eliminates that
specific program from the analyzer’s memory while “DISPOSE AL
eliminates the entire memory contents.

DLP Execution Time

To determine how long E__XAMPLE takes to execute, the follow-
ing program should be run. Note that it uses the new HP 85668
and 85688 command, DONE.

Incidentally, E__XAMPLE takes about 2.75 seconds to execute.

BASIC 2.1 Heipful Features

There are numerous helpful features provided by the BASIC 2.1
Extension to the BASIC 2.0 Operating System which make typing
DLPs much easler and faster. For example, Series 200 controller
softkeys can be defined for repetitive staternents such as OUTPUT
718 and ENTER 718. In addition, BASIC 2.1 includes a search-and-
replace function (FIND, CHANGE} which allows variable names to
be typed in very quickly in abbreviated form and later replaced easi-
ly with longer, more descriptive names. For example, P__AMis a
short name which would be typed initially and later replaced with
the more descriptive name, P__ERCENT__AM.
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Modular Software to Aid Program Development
for the HP 8566B, 8567A, and 8568B Spectrum Analyzer

Technical Data

General Description

The HP 85863B BASIC Software Library is a set of
subprograms and user documentation designed to help in
the development of custom measurement programs for the
HI’ 8566B, 8567A, and 8568B Spectrum Analyzers. The
Software Library consists of general-purpose subprogram
modules which can serve as the fundamental building
blocks for a variety of spectrum analyzer measurement
programs. Among these subprograms are routines which
can plot the analyzer’s display memory, search a trace for
peaks, and calculate the equivalent noise or impulse
bandwidth of the analyzer. The Software Library can
improve programming productivity by reducing the
time it takes to develop measurement software.

The HP 85863B consists of the Software Library disc and

a fully documented user manual. The major file on disc
contains a main program header with the subprogram
modules appended. Program development using the
M 85863B is illustrated with a harmonic distortion
measurement program included onthe Library disc.
Also included is a program to check for proper system
configuration.

The HP 85863B BASIC Software Library is written in
BASIC 4.0 for the HP 9000 Series 200 Model 216, 226, 220
and 236, and Series 300 Model 310 and 320 computers. It
is also compatible with BASIC 3.0 on the Series 200
computers. The HP 858638 is available in both 5% inch
floppy format {option 655) and 3% inch mini-floppy
format (option 630). A minimum of 100K bytes of
memory is recommended for the HI? 858638,



Extending Spectrum
Analyzer's Capability

The HP 85863B extends the analyzer’s measurement
capability by providing software modules that can
measure the equivalent noise or impulse bandwidth of the
analyzer, set the RF attenuator for maximum dynamic
range, or allow a bi-directional search for signal peaks.

Example: Eq.bw_sa

Subprogram Eq-bw_sa measures the equivalent noise

or impulse bandwidth for a specified analyzer resolution
filter. Equivalent bandwidth values are needed when
measuring broadband signals such as impulse noise or
random noise. Sub Eq.bw_sa has an optional pass
parameter that allows you to specify a reference
bandwidth so that a correction factor in dB may be
computed.

e B o

f

Impulise Bandwidth B; is Bandwidth of Rectangular Filter
With Same Voltage Response as Actual Filter,

Fully-Documented User Manual

The user manual extensively documents how to use the
subprograms to their full advantage. There are numerous
application examples illustrating how to use the sub-
program modules in spectrum analyzer measurement
programs. The Program Development section shows how
to develop a measurement program, using as an example
a program for measuring oscillator harmonic distortion.
The appendix containg annotated source code listings
along with heipful hints on spectrum analyzer
programming technigues.

asurement Example

The HP 858638 Software Library contains a harmonic
distortion program which illustrates proper spectrum
analyzer measurement techniques as well as good
programming practice. The program measures the
amplitude and frequency of the fundamental and
harmonics of an oscillator, and computes the total
harmonic distortion. The program illustrates how to

B Measure CW signals

B Optimize analyzer's distortion - free dynamic range

B Select correct resolution bandwidth vs signal
stability

B Peak preselector for microwave measurements on
the HP 85668

® Output test results

Before the harmonic distortion measurement is made, the
program performs a series of tests on the input signal.
The input signal is tested for frequency, amplitude and
stability criteria as follows:

Frequency:

HP 8566B: 100 kHz to 22 GHz

HP 856%A and 8568B: 100 kHz to 1.5 GHz
Amplitude: —50 dBm to +30 dBm
Signal Stability:

Amplitude: <1 dB
Short-term frequency (peak to peak): <0.1% and
<1 MHz



High-~Level Routines

The high-level subprograms in the HP 858638 can
minimize the time and cost required to design custom
measurement programs. Additionally, the tutorial
documentation can help users realize the full measure-
ment capability of the spectrum analyzer.

In designing a measurement program, the preferred
approach is to divide the measurement program into
sub-tasks such as reading the amplitude or frequency of a
marker, saving and recalling trace data, or plotting a CRT
trace. Many of these sub-tasks are already completed for
you in the HP 85863B so that you can concentrate on the
measurement rather than on specific codes and formats.

MKR 1823, 6844 MHz

f-p REF .2 dBm ATT E3m

19 dB

1@ i/

CENTER 1B3. 6844 MMz
RES BW 3 kHz

SPAN 2BR. @ kHz
SWP 182 meec

VBYW 3 kHxz

Save the spectrum analyzer display.

Example: Mem_save_sa and
Mem_recall sa

Sub Mem_save.sa and Mem-recall-sa can be used to save

a series of different analyzer displays on disc. The displays
can be recalled later for plotting. Mem.save_sa saves the
entire analyzer display memory that consists of trace A,
trace B, trace C, graticule annotation, display markers, and
active function area. Custom graphics displayed on the
analyzer display can also be saved.

Example: Mem.plot

Make hard copies of the analyzer display using Sub
Mem.plot. The Mem_plot subprogram plots the

entire display memory of the spectrum analyzer to

an HP-GL plotter. Mem.plot allows the analyzer to
take new data while the previous data is being plotted.
Optional parameters allow different pen colors or plot
rotation to be specified.

o MULT2BAND

FM LAND MOBILE BaND

Save and plot custom graphics,



Subprogram

Description

Act frace-sa
Ampl.scale.sa
Ampl units
Atten sa
Center_freq.sa
Ci.step._size sa
Corr.state_sa
Cpl.states.sa
Eq-bw.sa
Error
Freq.mode_sa
freq.offset_sa
Freq.span.sa
Identify.sa
Instr check.sa
Learn.bits_sa
Ma-sa
Mem._plot
Mem.recall sa
Mem.save.sa
Mf_sa
Mkr.avg.sa
Mkr_state_sa
Noise_sa
Opt._range.sa
Peaks.sa
Pma.sa
Pmf_sa
Presel pk sa
Recail sa

Ref level sa
Ref.offset.sa
Ref.units_sa

Returns active trace mnemonic and active marker number.
Returns amplitude scale value and state.

Returns amplitude value converted for units and impedance.
Returns RF attenuation value in dB.

Returns center frequency.

Returns center frequency step-size.

Returns self-correction state.

Returns function state and value.

Measures equivalent noise or impuise BW of analyzer.
Displays error name, number and optional message.
Returns frequency display mode,

Returns frequency offset in Hz.

Returns frequency span in Hz.

Identifies and returns spectrum analyzer model number.
Returns value of INSTR CHECK LEDs.

Returns value of bit field from learn string.

Returns marker ampiitude.

Plots the CRT display on a plotter.

Restores display memory to spectrum analyzer.

Saves spectrum analyzer display memory.

Returng marker frequency.

Returns average amplitude of specified frequency points.
Returns marker state.

Calculates average noise based on analyzer settings.

Sets RF attenuator for optimum dynamic range.

Finds X-axis position of trace peaks and minimums.
Positions marker on trace and return marker amplitude.
Positions marker on trace and return marker frequency.
Returns code for preselector peaking action taken.
Transfers learn string to analyzer.

Returns reference level in current units.

Returns reference level offset.

Returns reference level units,

Res bw.sa Returns resolution bandwidth in Hz.
Rfinput_sa Returns RF input state.
Save.sa Transfers learn string from analyzer to L$.

Start.freq.sa
Stop.freq._sa
Sweep_mode._sa
Sweep.time. sa
Trace.ok_sa
Trace.recall sa
Trace_save.sa
Trace.state.sa
Video_bw.sa

Returns start frequency in Hz,

Returns stop frequency in Hz.

Returns sweep mode.

Returns sweep time in seconds,

Returns code to describe trace state.

Transfers 1001-point trace array to analyzer CRT.
Transfers 1001-point trace array from Trace A, B, or C.
Returns state of analyzer trace.

Returns analyzer video BW in Hz.

REQUIRED EQUIPMENT

1. Spectrum analyzer: HP 85668, HP 8567A, or HP 85688
2. Computer: HP 9000 Series 200 or 300
3. Memory boards: HP 98256A (256 Kbyte) or HP 98257
(1 Mbyte)
4. BASIC 4.0 Language system: HP 986138 (RAM) or
HP 98603A (ROM), Also compatible with BASIC 3.0
5. HP.IB cables: HP 10833A/B/C {one per device)

RECOMMENDED EQUIPMENT

1. HP-IB Printer: HP 2225A (Thinkjet) or HP 82906A
2. HP-IB Plotter: HP 7440A (ColorPro), HP 7475A or
HP 7550A. Compatible with HP 9872A/B/C

ORDERING INFORMATION

HP 858638 BASIC Software Library
{must specify format option}"
Option 630: 3% inch disc format
QOption 655: 5% inch disc format

The HP 85863B Software Library is developed and supported by '
Systems for Automatic Test in Sunnyvale, California.

For more information, call your focaf HP sales office listed in the telgphone directory white pages. Ask for the Electronic Instruments Department. Or write to Hewtett-Packard: U.8.A.—P 0. 8ox
10301, Falo Alto, CA 94303-0890. Europa — £ 0. Box 999, 1180 AZ Amstelveen, the Netherlands, Canada — 6877 Goreway Drive, Mississauga, 1.4V 1M8, Cniario. Japan — Yokegawa-
Hewlett-Packard Lid., 3-28-21, Takaide-Higashi, Suginami-ku, Tokyo 168, Elsewhere in the world, write to Hewleti-Packard intercontinental, 3495 Deer Creek Road, Palo Alto, CA 94304,
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Introduction

Third order intermodulation distortion {IMD} measurements are complex and can be tedious when performed manually,
even when sophisticated measuring instruments such as HP 85668 or 8568B Spectrum Analyzers are used. Performing
such measurements automatically from a computer is far more efficient, since less operator time and effort is required. The
downloadable capability of an HP 85668 or 85688 Spectrum Analyzer adds to this efficiency by making it possible to ax-
ecute programs that are stored in the analyzer and get results, instead of data, from the analyzer,

This product note contains a complete program that measures the third order IMD products of two input signals in
the range of 10 MHz to 500 MHz. This program can be downloaded into an HP 85668 or 85688 Spectrum Analyzer and
executed from the analyzer front panel, or run from a computer.

Prerequisites

To fully understand the third order IMD program, some experience in analyzer programming is necessary. The Introduc-
tory Operation Guide (HP publication number 5952-9389) and the HP 8566B or 8568B Operating and Programming Manual
{HP part numbers 08566 - 90040 and 08568 - 90041, respectively) are good references for developing an understanding
of analyzer programming. An undesstanding of downloadable programming concepts is also required. A Structured Approach
to Downloadable Programming (HP publication number 5952 - 9392) is a good source for such information. Other references
that may prove useful are Spectrum Analysis. . . Distortion Measurements (HP publication number 5952 - $235), and Quick
Reference Guide for HP 85668 and HP 8568B Spectrum Analyzers (HP publication number 5955 - 8970).

Equipment
A kst of the equipment necessary to make third order IMD measurements {ollows:
1 — HP 85668 or 8568B Spectrum Analyzer
2 — Signal sources, ranging in frequency from 10 MHz to 500 MHz (such as HP 86408 and HP 86568 Signal Generators)

1 — Signal combiner, such as an HP 8721A Directional Coupler {up to 100 MHz), HP 11667A power splitter, or Weinschel
1502 Combiner

2 — 6 dB pads (recommended to improve isolation between signal sources)
2 — Low-pass filters {recommended if large IMD products are generated within the signal sources)
Connecting cables, power cords, and adapters where necessary

Test Setup

To simulate a test for third order IMD, connect the equipment as shown in Figure 1.

Computer (Optional)

Signal Source % N Spectrum Analyzer

k Device
2% tinder Test

Signal Source 2 % N __.__J

Figure 1. Test Setup for Third Order IMD Measurements




Wy Measure Third Order intermodulation Distortion?

Two-tone third order intermodulation is a common problem in narrow-band systems. When two (or more} signals are
present in a system, strong harmonic components are often generated {See Figure 2). In cases where two signals are pres-
ent, the two signals (f1 and {2} mix with each other’s second harmonic (21 and 2{9) and create distortion products evenly

spaced about the fundamentals (2] — f2 and 2f2 — f1). Components such as amplifiers, mixers, and filters can generate
third order intermodulation distortion products.

Pt Fupdamental

2y 4, fy 2 2ty Ay

Figure 2. Two-Tone Third Order Intermodulation {Fundamentals and (MD Producis)

These distortion producis can degrade the performance of many cornmunication systems, such as FM and AM transceivers
and high frequency radio teletypes. For example, signals transmitted with excessive third order IMD can interfere with other
transmissions. Receivers must also be distortion-free, especially in the preamplifier stages, to prevent crosstalk between adjacent
channels.

Third Order Intermodulation Distortion Program

The program contained in this product note is designed te test for two-tone third order intermodulation distortion.
The program begins by bringing the test tones on the analyzer display, setting the attenuator for optimum dynamic range,
and measuring the amplitudes and frequencies of the input signals. It then locates the third order IMD products, measures
them, and returns their amplitudes in dBc. It also reports the frequency separation and level of the test tones. If the third
order IMD products are too low in amplitude to be measured, it reports this instead. The program can be executed from
a computer or from the front panel of the analyzer.

The input signals must be in the range of 10 MHz to 500 MHz. They can be separated anywhere from 1 kHz to 10 kHz,
and the difference in their amplitudes should be less than 2 dB. The program takes approximately 22 seconds to execute
when measuring test tones that are 3 kHz to 10 kHz apart; it takes approximately 94 seconds to execute when measuring
test tones that are 1 kHz and 3 kHz apart. The program is accurate fo within * 0.4 dB for signal separations from 3 kHz
to 10 kHz, with the spectrum analyzer operating in the corrected” mode. For signal separations from 1 kHz 1o 3 kHz, ac-
curacy is + 1.5 dB, with the analyzer operating in the corrected” mode.

When typing the program into the computer, follow all HP 8566B and 8568B programming syntax requirements. By
typing the program as shown, these requirements will be met, Program comments {text appeating on a line after an ex-
clamation point) may be omitted.

If downloadable procedures are already stored in the analyzer's RAM, it may be necessary to dispose of some or all of
these procedures to provide the 4802 bytes of memory space required for the third order IMD program. To dispose of all
procedures stored in RAM, type:

QUTPUT 718;"DISPOSE ALL;"
and press [EXECUTE].

*To access the corrected mode, press [SHIFT] [W], and SHIFT] [X]. The analyzer must be operating in the 20°C 1o 30°C temperature range.
The accuracy of the results is reduced when the analyzer is not operated in the corrected mode.



Program List
The following is a line-by-line listing of the program, followed by the program annotation.

14 ! Filename: T HIRDIMOD Date: 25,12.84

24 1 Description of program: This is a downloadable program for the

32 1 HP B8566B and 8568B that measures the

g f third corder intermodulation products of
50 1 twe egual amplitude signals that are

)] ! separated in frequency from 1 kHz to

7@ H 18 kHz. The test tones must be within

34 £ the 16 MHz to 508 MHz frequency range.

el H The program sets the attenuator for optie
162 ! mum dynamic range and tests that the test
1g ! tones are equal in amplitude (within 2 4B).
120 £ The program reports if no third order

13¢ ! products appear above the noise level,
1hg ! Executable using: T_HIRDIMOD or <SHIFT> <2> <{Hz>

158 ! Execution time: Separations from 3 kHz te 10 WHz: 272 sec.
168 1 Separations from 1 kHz to 3 kHz; G4 sec,
et

1488 ! Required memory allocation: #4882 bytes

190 k

28 t Program begins here. . .

218 !

228 ASSIGN €3z TU 718

238 t

249 t INITIALIZE VARIABLES AND TRACES

258t

260 OUTPUT @3a;"VARDEF O _PTRANGE,#;VARDEF T ONE,%;VARBEF T_TWO,d;"

278  OUTPUT €Sa;"VARDEF T ONEAMP, ﬂ JARDEF T TWOAMP , @ ; VARDEF | Y EIGHT,8;"
288  CUTPUT €3a;"“VARDEF D IFF,8; VARDEF N OI3E, ;"

2%¢  QUTPUT €3a;"VARDEF I MRDBC 2; VARDEF I _MLDBC, 4"

388 OUTPUT @Sa,"VARDﬁF HWOLD #; VARDEF EMEFT é4;"

31¢  QUTPUT €3aj“TRDEF S _TORE,1888;"

328t

338 ! FIND THE TEST TONES AND STORE THEIR FREQUENCY AND AMPLITUDE
348 t IN PREDEFINED VARIABLES

358

368 OUTPUT 8Sa;"FUNCDEF T ESTTONES, 6"
37%  OUTPUT BS2;"IP;SNGLS;EM;FA 19 MZ;FB 580 MZ;"
38F  OUTPUT 8Sa;"TS;MKPK HI;MKTRACK ON3"
399 OQUTPUT 85a:"SP3UKZ;YBIKZ;TS;"

4GB OUTPUT 852;"MKTRACK OFF;TS;MKPK HI;"
4%  OUTPUT 83a;"IF MA,GT,BL THEN;"

42¢  OUTPUT €Sa;" REPEAT;"

43¢  OUTPUT #Sa;"  RL UP;TS;MKPK HI;"

u4g  QUTPUT €Sa;® UNTIL MA,LE,RL;"

45@  OUTPUT €Sa;"ENDIF;"

U6  CUTPUT @Sa;"ADD O PTRANGE,MA,35;"

4T@  OUTPUT €Sa;"IF AT,LT,0 PTRANGE THEN;"
48  OUTPUT 83a;" REPEAT;"

59%  QUTPUT €Sa;" AT UP;"

5% OUTPUT #Sa;™ UNTIL AT,GE,0 PTRANGE;"
519  OUTPUT 8Sa;"ENDIF;"

528 OUTPYT @Sa;"MKRL;TS;"

538 OUTPUT 83a;"MOV T _ONE,MF;"

S4Y OUTPUT 85a;"MOV T ONEAMP,MA;"

550  QUTPUT @Sa;"MKPX 18DB;"

550 QUTPUT @Sa;"MKPK NHi"

57¢  OUTPUT €Sa;"MOV T TWO,MF;"

S8E  OUFFUT ESa;"MOY T TWOAMP,MA;"

598  OUTPYT @3Sa;"4;"

48 !

614 1 IF THE TEST TONES ARE NOT OF EQUAL AMPLITUDE

Program Annotation

Lines 10 - 200: Program name and description.

Eine 220: Assign the spectrum analyzer address, 718, as @Sa.

Lines 260 - 310: Define the variables in the program and set their initial values,

l.ine 360: Define the function in Lines 370 - 590 as T__ESTTONES.

Lines 370 - 590: Sef the specirum analyzer’s start frequency to 10 MHz and stop frequency to 500 Mz, Zoom in on the
higher amplitude test tone to a 30 kHz span. If the peak of the signal is above the reference level, increase the reference
fevel until the signal peak is at or below it. Set the attenuator for optimum dynamic range, then move the signal peak to
the reference level and measure it. Store the signals frequency value in variable T__ONE and its amplitude value in variable

T__ONEAMP. Locate the second test tone, measure it, and store its frequency and amplitude values in variables T__TWQ
and T__TWOAMP, respectively.



1588 1

1594 T MAIN FUNCTION

1682 1

1616 QUTPUT €5a;"FUNCDEF T HIRDIMOD, &
1626 OUTPUT @Sa;™T ESTTONES;E QUALAMP{P_RODUCTS;M EASURE;C_HECK;"
1638 OUTPUT @Sa;"é;"

16U !

1658 ! DEFINE THE PROGRAM AS SOFTKEY TWO
1668 1

1678 OUTPUT @3a;"KEYDEF 2,T HIRDIMOD;"
1688 END

Line 1610: Define the main function in Line 1620 as T__HIRDIMOD.

Line 1620: Specify the sequence of the functions fo test for third order IMD products: find the test tones, check for equal
amplitude, locate and measure the third order IMD products, and ensure the products are above the noise level. If the prod-
ucts are above the noise level, report the measured results, or else report they are foo low to be measured.

Line 1670: Make the program accessible from the front panef under softkey 2.

Program Execution
To execute the program from the analyzer front panel, press [SHIFT][2] [Hz]. Or, to execute it from a controller, type:
OUTPUT T18;"T_HIRDIMOD;"
and press [EXECUTE].

Application Example

To measure the internal third order IMD of an amplifier:
Before testing an amplifier (or any other device), run the program without the amplifier in the system to ensure the system
is not producing intermaodulation distortion products. If the program results show the products are above the noise, increase
the attenuation at the output of the signal sources or check the low-pass filters to ensure they are not passing any test-tone
harmenics. When the system distortion is eliminated, insert the amplifier between the output of the combiner and the input
of the analyzer as shown in the section, Test Setup.

MHR 24, 81210 Mez

by REE 14,5 dem ATTEN 6@ B ~S8, 42 cBm
18 gBs [\
i il
L I
* L
INTERM JDUL;\T ION PRODUCT]
TEST TONE LE Eimfz \- 14, 48 \c:me
FEGTTANE-SEPARAT IS S 1‘,.—!
i
THIRD ORDER / Y / i
T T
LPWER / \ - 455, 7’2 %Bc
L A I} J
E uwl?ﬂ / \ Fas! f,g c\Bc /\ 3
\ ,1 \ L
HENNER a
A g | m g 41
i )j 4k
T
ww j 1L | dila
L T 1l
i
! X
Breases SHIET |2 ke &ao ceanaat teet
CENTER 20. 8035@ MHx SPAN BB, DE KHz

RES BY 3€a H=z VBW 1 Mz SWP 1.2 sec

Figure 3. Example of T__HIRDIMOD Results.

For more information, caltyour local HP sales office iisted in the telephone ¢irectory white pages. Ask for the Electronic Instruments Department, Gr write to Hewlett-Packard: U.8.A. — P 0. Box
10301, Palo Alte, CA 84303-0890. Europe — P O, Box 999, 1180 AZ Amstelveen, the Netherlands. Canada — 8877 Goreway Drive, Mississauga, L4V 1M8, Gntaric. Japan — Yokogawa-
Hewlett-Packard Lid., 3-28-21, Takaido-Higashi, Suginami-ku, Tokys 168. Elsewhere in the world, write to Hewlett-Packard Intercontinental, 3495 Deer Creek Road, Palo Alto, CA 94304,

5954-2701 MARCH 1885 PRINTED IN US.A.



629 1 OPERATOR IS PROMPTED TO ADJUST THEM WITHIN 2 4B
&3 f OF EACH OTHER

oL !

654 OUTPUT @3a;"FUNCDEF E_QUALAMP, @

664 CUTPUT 83a;"SUB H_EIGHT,T ONEAMP,T_TWOAMP;"

678 OUTPUT €8a;"IF H _EIGHT,LT,8;"

680 OUTPUT €5a;™ THEN SUB H_EIGHT,#,H_EIGHT;"

694 QUTPUT #3a;MENDIF;™

706  OUTPUT @5a;"IF H_EIGHT,GT,2 THEN;"

T8 OUTPYUT €3a3;" CONTS;DA3Q72;D3;PU;PATDG, 688 TEXT /ADJUST TEST TONES FOR
EQUAL/Z s HD; "

728 OUTPUT 83a3;" PU;PATEE,550;TEXT /AMPLITUDE AND PRESS THE HI KEY/;"
13¢ OUTPUT &3a3" 35 EP"

THE OUTPUT @Saj"  EM3SNGLS;TS;MKPK HI:"

75¢  OUTPUT @Sa;" MOV T_ONE,MF;*

168 QUTFUT €52;" MOV T _ONEAMP,MA;"

779 OUTPUT €Sa;" MKPK NH;M

788  OUTPUT @Sa;" MOV T_TWO,MF;"

T96 QUTPUT €Sa;" MOV T_TWOAMP,MA;Y

86  OUTPUT 8Saj"ENDIF;"

581G  OUTPUT 83a;"e;"

2@ i .
430 ! FIND THE THIRD ORDER PRODUCTS
Bug !

858  OQUTPUT €Sa;"FUNCDEF P_RODUCTS, 8"

86%  OUTPUT €Sa;"IF T ONE,GE,T_TWO THEN ;"
878  OUTPUT 8Sa;" XCH 7 ONE,T TWO;™

886 OUTPUT @Sa;" XCH T_ONEAMF,T_TWOAMP ;"
899  OUTPUT 85a;"ENDIF;"

SAF  OUTPUT 8Sa;"SuB D_IFF,T TWO,T OKE;"
91 OUTPUT 8Sa;"DIV K _OLD,D_IFF,2("

926 OUTPUT @3a3"ADD CF,T_ONE,H_CLD;"

938  OUTPUT €3a;"IF D _IFF,LT,3868 THEN;"
gHg  OUTPUT 8Sa3" 5P DNj®

45@  OUTPUT ESa;VENDIF;"

566  OUTPUT BSa;"™TS;MOV S TORE,TRA;"

9T@  OUTPUT €Sa3"SAVES 237

98¢ OUTPUT &3a;"e;"

999 i
1B8¢€ ! MEASURE THIRD ORDER PRODUCTS
A

1828 OUTPUT &Sa;"FUNGDEF M_EASURE, €%

1638 OUTPUT €5Sa3"ADD CF,T TWO,D IFF;®

1B4@  OUTPUT 85a2;"SP;DN;DN;TS;”

1456 GUTPUT 8Sa;"IF D _IFF,GE,3880 THEN;"
1968 OUTPUT 8Sa;" MKPK HI;MKRL;MOV VB,RB;"
1978 OUTPUT 8Sa;"  VBiDN;TS;MEPK HI;M

1B88  QUTPUT BSa;"ELSE MKN;SP;DN;TS;MKPK HI"
19G6 GCUTPUT @Sa;" MKRL;VB;DN;TS;MKPK HI;"
1198 OUTPUT @Sa;"ENDIF;"

Line 650; Define the function in Lines 660 - 810 as E__QUALAMP.

Lines 660 - 810: Measure the difference in amplitude between the test tones. If the difference is less than O dB, take the
absolute value of the difference. If this absolute value is less than 2 dB, continue to the next function. If it is greater than
2 dB, instruct the operator to adjust the test tones for equal amplitude. Re-measure the frequency and amplitude of the
test tones, store the new frequency and amplitude values in variables T_ONE, T._ONEAMP, T._TWO and
T_TWOAMP.

Line 850: Define the function in Lines 860 - 980 as P__RODUCTS.

Lines 860 - 890: If the frequency and amplitude values of the tone higher in frequency are stored in variables T_ONE
and T__ONEAMP, exchange these values with the frequency and amplitude values stored in T_TWO and T__TWOAMP,
respectively. This assures that variable T__TWO stores the frequency value of the tone higher in frequency.

Lines 900 - 980: Measure the difference in frequency between the test tones, store the difference in variable D__IFF, and
set the center frequency to Iz way between the two test tones (T_ONE + Y2 D__IFF). if the value of D__IFF is less than
3 kHz, also reduce the frequency span. Store the resulting trace in S__TORE and the instrument settings in Register 2.
Line 1020: Define the function in Lines 1030 - 1160 as M__EASURE.

Lines 1030 - 1040: Add the values of variables T__TWO and I__IFF, and set the center frequency to the sum. This sum
is equal to the frequency of the upper third order IMD product, which appears on the right side of the display.

Lines 1050 - 1100: if the tones are separated by more than 3 kHz, set the third order IMD product to the reference level
and measure its amplitude. If the tone separation is less than 3 kHz, reduce the frequency span. This will also reduce the
resolution bandwidth. (Shape factor constraints necessitate the narrower bandwidth, and the reduced scan prevents a lengthy
sweeptime.) Set the third order IMD product to the reference level and measure its amplitude.




111¢ OQUTPUT @3a;"SUB I_MRDBC,MA,T TWOAMP;™

1129 OUTPUT €3a;"34B CF,T _ONE,D IFF;"

1138 QUTPUT 83a;"T3;MKPK HI;"

T14%  OUTPUT €Sa;"MOV L EFT,MA;"

t15¢ OUTPUT @5a;"SUB I_MLDBC,MA,T ONEAMP;"

1168 OQUTPUT @3a;mé;"

1178 !

1188 ! REPORT RESULTS ON SCREEN

119¢ !

128€ OUTPUT @Sa;"FUNCDEF R_EPORT, €%

1219 OUTPUT @3a;"VIEW TRA;RCLS 2;MOV TRA,3 TORE;"

1228 OUTPUT €3a;"DA3ST2:D2;PUPA3SE,888;TEXT /INTERMODULATION PRODUCTS/ ;Y
1238 OQUTPUT €Sa;"PU;PA2EE,758;TEXT /TEST TONE LEVEL = /;DSPLY

T _ONEAMP,5.2;PU;PA 700,758;TEXT /dBm/;"

128¢  QUTPUT @Sa;"PU;PA2ER,788;TEXT /TEST TONE SEPARATION = /;DSPLY

D IFF,6.8;PU;PATEE, 708, TEXT /Hz/;"

125¢ OUTPUT €Sa;"PU;PA2EY,638;TEXT /THIRD ORDER/;"

1268 OQUTPUT €5a;"PU;PAZES,558TEXT /LOWER/;PU;PA 564,550 DSPLY
I_MLDBC,5.2;PU;PATEE,558;TEXT /dBe/;"

1278  QUTPUT £€3a;"PU3PARAA,588;TEXT /UPPER/;PUPA 564,588;DSPLY
I_MRDBC,5.2;PUPATES, 508 TEXT sdBe/ 3"

1288 OUTPUT £5a;"PU;PA386,82;TEXT /Press SHIFT 2 Hz to repeat test/;HD;"
1268  QUTPUT #3a3"é;v

1388t

1319 THE FOLLOWING REPORTS THAT NO THIRD ORDER

1328 ! PRODUCTS ARE FOUND ABOVE THE NOISE LEVEL

1338}

T3HE  OUTPUT @Sa;"FUNCDEF N _OTHIRD, €%

1354 OUTPUT BSa;"BCLS 2;MOV TRA,S_TORE;"

1368 OUTPUT @Saj;"EM;D3;DA3GYZ;PULPATEE, 680"

137¥ OQUTPUT E€3a;“TEXT /THIRD ORDER INTERMODULATION PRODUCTS/ M

1388 QUTPUT €8a;"PU;PAISM,550;TEXT /ARE AT OR BELOW THE NOISE LEVEL/:"
139€¢ OQUTPUT 8Sa;"PU;PATRE,525;TEXT /Press SHIFT 2 Hz to repeat test/;"
THEE  QUTPUT 8Sajhe;"

1418 1

142@ 1 IF NO THIRD ORDER PRODUCTS APPEAR
1438 ! ABOVE THE NOISE LEVEL, THE FOLLOWING
14488 1 BRANCHES THE PROGRAM TO READ OUT
145@ ¢ THAT THE INTERMOD PRODUCTS ARE

1468 1 AT OR BELOW THE NOISE LEVEL

1478 1 OTHERWISE IT REPORTS THE MEASURED
1488 ! RESULTS.

149¢ 1

1588 OUTPUT 85a;"FUNCDEF C_HECK, é"
1519 OUTPUT €3a;"SMCOTH TRA,32;MKMIN;™

1526 OUTPUT 8Sa;"MOV N_OISE,MA;ADD N_OISE,N OISE,15;"

1538 QUTPUT @Sa;"IF L EFT,LE,N OISE THEN;"

1546 OUTPUT @Sas"  N_OTHIRD;®

1558 OUTPUT 8%a;M ELSE R _EPORT;"

1568 OUTPUT #3a;"ENDIF;"

1578 OUTPUT 83a;"6;"
Line 1110: Measure the difference between the value in variable T__TWOAMP and the amplitude of the upper third order
IMD product, and store the result in variable __MRDBC. This resuit is the relative amplitude of the third order IMD prod-
uct, in dBc from the peak of the higher frequency tone,
Lines 1120 - 1160: Subtract the values of variables T__ONE and B__IFF, and set the center frequency to the difference.
This difference is equal to the frequency of the lower third order IMD product, which appears on the left side of the display.
Measure the amplitude of the IMD product, and store it in variable L__EFT. Measure the difference between the value in
variable T__ONEAMP and the amplitude of the third order IMD product, and store the result in variable [__MLIDBC This
result is the relative amplitude of the third order IMD product, in dBc from the peak of the lower frequency tone.
Line 1200: Define the function in Lines 1210 - 1290 as R__EFPORT.
Lines 1210 - 1290: Display the user-defined trace, §__TORE, the settings stored in Register 2, the test tone amplitude and
separation, and the relative amplitude values (in dBc) of the upper and lower third order IMD products. Prompt the user
to press shift 2 Hz to re-run the test,
Line 1340: Define the function in Lines 1350 - 1400 as N__OTHIRD
Lines 1350 - 1400: Display the user-defined trace, S__TORE, and the settings stored in Register 2. Report the third order
IMD products are at or befow the noise level.
Line 1500: Define the function in Lines 1510 - 1570 as C__HECK.
Lines 1510 - 1570: Smooth the trace. The minimum level of the smoothed trace is an approximation of the average noise
level. Compare this minimum trace level to the amplitude of the lower third order IMD product, stored in variable L__EFT.
IfL__EFT is 15 dB higher than the approximate noise level, branch to R_EPORT. f L_EFT is not 15 dB higher than
the approximate noise level, branch to N__OTHIRD,
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APPENDIX A DISPLAY MEMORY STRUCTURE

Anpendix A
DISPLAY MEMORY STRUCTURE

This appendix describes the spectrum analyzer display memory. A summary of trace data manipulation by the
trace mode functions is also included.

The display memory is defined as the digital storage allocated in the spectrum analyzer for the information that is
presented on the CRT display. It comprises four different memories: three trace memories and one annotation
memory. Addresses are assigned as follows:

DISPLAY MEMORY - ADDRESSES

0
g
Page 1 ¥
Trace A g
1

1023

1024
i
Page 2 H
Trace B E
i

2047

2048
B
§
Page 3 E
Graticule !
and E
Anncfation ‘
]

3671

3072
'
Page 4 H
Trace C E
]

4095

TRACES

The trace pages are used primarily to store analyzer response data to be displayed. Use is not restricted to the
storage of trace data. Operator defined graphics and annotation can also be written into the memory for display on
the CRT.

Each trace address may contain an integer from 0 to 4095. When drawing, trace values from 0 to 1023 are plotted
on the CRT display as amplitude y position, in display units. Appendix B discusses these values in detail.
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DISPLAY MEMORY STRUCTURE APPENDIX A

1023
1000

900
800
700

8600

Y PQSI"G‘ION ) 500 kE . =
in Display Units

400
300
200
100
0 i ~

0 100 200 300 400 500 600 700 800 900 1000 1023

X POSITION in Dispiay Units

For each trace, A, B, or C, the display width on the CRT is determined by the instruction word in the first address
for that trace. In the example below, the first address is 1024 and the instruction word is 1040.

Amplitude (x,v) Position
Address Value, Y on CRT
[ 1024 1040 Display Instruction
1025 622 _ (0,622)
1026 531 {1,531}
§ 1 ]
] 1 i
1 [] i
] ] 1
1 ] I
H ¢ '
i i H
3 i . | ]
Trace B 2023 181 (998,181)
(Page 2) 2024 162 (999,162)
1024 2025 185 (1000,185)
Addresses . 2026 1072 3
2027 . 1072
[ ]
E Qverrange
! > Addresses
¢ (Blanked)
[ ]
2046 1072
. 2047 1072 J/

Addresses 2023 and 2024 describe one trace line drawn from x,v coordinates (998,181) to x,y coordinates
(999,162). The 1072 values shown for the overrange addresses tell the analyzer to blank these values instead of
interpreting them as coordinates.

ANNOTATION AND GRATICULE

Page 3 of the display memory fills with instructions on instrument preset. These instructions draw the graticule and
annotation on the displays.
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APPENDIX A

DiSPLAY MEMORY STRUCTURE

The display memory in page 3 contains the information necessary to position and display (or blank) labels,
graticule lines, and markers. A brief description of the contents of page 3 is given below. The first addresses on
each line are those of the instructions for each readout.

Address

Contents*

2048 — 2049, 2060 — 2064

2050 - 2064
20552059
2065 ~ 2084
20852099
2100-2114
21152154, 2165 - 2167
2155-2159
2160-2164
21682175
21762191
21922207
22082239
22402271
22722303
2304 - 2335
2336 — 2367
2368 - 2383
2384 — 2399
2401 - 2431
2432 - 2463
2464 — 2495
2496 — 2527
2528 - 2559
2560 — 2623
2624 — 2655
2656 — 2687
2688 - 2751
2752 2767
2768 - 2783
2784 2799
2800 - 2815
2816 —-2831
2832 2847
2848 — 2863
2864 — 2879
28802943
2944 — 2959
29602975
2976 — 3007
3008 3071

controls marker, display line, threshold annotation and graticule

on/off functions
marker dot 1
marker dot 2
center line marks
marker symbols
display line
graticule
marker dot 3
marker dot 4
“hp”
“BATTERY”
“CORRD”
“RES BW”
“VBW”
“SWP”
“ATTEN"
“REF”
“dB/”, “LINEAR”

trace detection mode: “SAMPLE”, “POS PK”, "NEG PK”

“START” or “CENTER”
“STOP” or “SPAN”
“OFFSET” for ampilitude
L

CTH?

“MKR” or “MKR A”
“OFFSET” for frequency
“VID AVG”

title

“YTO UNLOCK”

“249 UNLOCK”

“275 UNLOCK”

“OVEN COLD”

“EXT REF”

“VTO UNCAL"

“YTO ERROR”

“MEAS UNCAL” or “*”
frequency diagnostics
“ZND LO7, =7 s
“SRQ" number

center frequency “STEP”
active function readout

¥ indicates the CRT annotation stored, values included where applicable.
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DISPLAY MEMORY STRUCTURE APPENDIX A

DATA TRANSFER
The trace functions dictate the way in which data is entered into and extracted from the trace page.

This section describes each TRACE function in terms of the interactions of the analyzer response, trace page and
CRT display. The events are listed in chronological order, starting from when the trace function is activated, In each

case, the analyzer accepts the function command immediately.
Clear-White AT Bl

1. Sweepis stopped.
2. Zero is written into each frace address and displayed in one refresh of the CRT.
3. On the next sweep trigger, the sweep is started and the trace amplitudes are written into memory.

ANALOG
VIDEQ 70 - —3 ; CRT
DETECTOR DIGITAL DISPLAY
WRITE/STORE

CONVERTER REFRESH

Max Hold AZ B2

1. Sweep is stopped, but restarts from the left on the next trigger.
2. During each subsequent refresh, the amplitude stored at each trace memory address is compared with the
corresponding current analyzer response. The larger of the two is stored at the trace address.

ANALOG

VIDEQ YO L g [ AMPLITUDE & TRACE Rt
DETECTOR DIGITAL COMPARATOR % PAGE ‘_—-Wswesw CRT Ay
CONVERTER WRITE/STORE

oG
CLOSED R
RESPONSE »>STORED AMPLITUDE

View A3 B3

1. The sweep is stopped and the trace is dispiayed on the CRT.

AMALOG

VIDEOD TO o o TRACE o g CRT
DETECTOR DIGITAL PAGE DISPLAY
CONVERTER WRITE/ISTORE REFRESH
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APPENDIX A DISPLAY MEMORY STRUCTURE

Bilank A4 B4

1. The sweep is stopped and the trace is not digplayed.

ANALOG

——) VIDEC TO o o ¥TRACE a o~ CRT
RETECTOR MGFTAL PAGE Qi DISPLAY
CONVERTER WHRITE/STORE NG REFRESH

ExchangeAand B EX

1. The sweep is stopped. If either trace is in a CLEAR WRITE or MAX HOLD mode, it is placed in VIEW.
2. The contents of traces A and B are exchanged.

A-B—-AOn C2

1. The sweep is stopped and trace B is placed in VIEW mode.

2. Alisreplaced with A — B (A minus B).

3. The sweep is continued from the left. Each new analyzer response point is reduced by the amount stored in
the corresponding address of trace B, and the result is stored in trace A. This process continues at the sweep
rate.

4. Subsequent sweeps continue the process.

A-B-AOf C1

1.  Subsequent analyzer responses are written directly into trace A. Trace B and its mode are not changed.
2. The amplitude stored in the display line register is subtracted from the contents in each trace B address and
the result is stored at the same trace B address.

B-DL—-B BL
1. Trace Bis placed in view. Trace A is not changed.

2. The amplitude stored in the display line register is subtracted from the contents in each trace B address. The
result is stored at the same trace B address.
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A NCE

This appendix describes CRT display programiming with the analyzer dispiay language.

A display program increases the CRT graphics capability of the spectrum analyzer. Explicit display programming
generally uses less display memory, allowing more efficient use of the 4,096 display addresses available.

Appendix A, Display Memory Structure, provides background material for information in this appendix

DISPLAY PROGRAM DEFINED

A display program consists of a specific set of display commands which are followed by instructions and/or data
words written into the display memory.

Use these commands to write display programs into memory.

DA Display Address puts the address into the display memory address register (referred to
as the current address).

Dw Instruction or Data Write writes the instruction or data word info the current display
address. The current display address pointer is then automatically advanced to the next
higher address.

DD Binary Instruction or Data Word writes two 8-bit binary words into the current
address. ©

DR Display Read places the contents of the current address on the HP-IB data lines. These

contents are then read by the HP-IB controller according to the current Qutput format
(01 to 04). Execution of each DR concludes by advancing the current address by one

(1)
Instruction Words dictate the operating mode of the CRT circuitry, such as label, graph, or plot. The data words
contain amplitude or position information.

Instruction and data words are written into memory when the above commands are used. For example, the code
“PA 500,600 writes into the display memory the instruction word for vector, 1026, followed by the x and y data
values 500 and 600. This same “plot absolute” command could also be done as a display program by writing
“1026,500,600” into the display memory. The display program is “executed” each time the CRT is refreshed from
memory.

LOADING AND READING A DISPLAY PROGRAM
Instruction and data words are loaded directly into the analyzer display memory by, first, specifying the beginning

address of the program, then writing in the instructions and data serially. To write the “1026,500,600" program
beginning at address 1024 (the first address of race B), execute

OQUTPUT 7180DA 1024:DW 1026.500 600"
This program instructs the display to draw a vector to the position (500,600) on the CRT.

*The first byte contains the four most significant bits, the second contains eight least significant bits of the 12-bit instruction or data word.
DD must be executed for every 2 bytes input into the analyzer.
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To read and print out the program, run:

?? PRINTER IS 701
20 !
3 QUTPUT 7183"01:DA 1hz4a:”
40 FOR I=1 T0 3
50 OUTPYT 718:"DA DAL
&0 ENTER 71814
/( QUTPUT 7181"DR"
80 ENTER 712:M
490 PRINT AW
100 NEXT T
T END
Address Contents
1024 1026
102! 500
1026 00
Line 3¢: Sets format to decimal word values, and sets the address to 1024.
Line 40 to 1G0: Read and print three successive display program addresses and their contents. The
address is automatically incremented by one after the execution of each DR command.
Line 50: Sends the display address to the controller.
Line 5: Reads the content of the current display address.

INSTRUCTION WORDS AND DATA WORDS

Instruction words and data words can be any value from 0 to 4095. The value is stored as a 12-bit binary word,
and several of the bits define the type of word. Graphic representations used in this appendix are defined as
follows:

Most Significant Bit Least Significant Bit
L5SB
MsB) ( ) Decimal
bit 11 10 g 8 7 6 5 4 3 2 1 0 tota

@l 1161 X | XIXIXIX| XTI X118 |0

decimal 2048 1024 512 256 128 &4 32 16 8 4 z 1
vaiye

where x is either a 1 (true} or a O {false}.

The sample word displayed is 1024 + 2 = 1026, the instruction control word for vector used in the previous
examples.
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INSTRUCTION WORDS

There are three kinds of instruction words:

S}
@
~J
o
3
iy
v
-
=

140 _
1: Display control Q11 10 | XX IX X XIX!Ie | XX} 10244

611 OIX X XXX X161t | 027+

2. ¥ Program control
including end of display

GITIG XX XXX X]T1T]X]X] w8

3: Count/Threshold @ TP X XXX XIX X X[ X]| 1536+

Display Conirof Instruction Words.  The display control instruction words tell the CRT circuitry how to
use the subsequent data words to direct the CRT beam. Instruction word 1026 vector is an example. Data values
in a display program following 1026 direct the CRT beam to x,y positions. The two other display control instruc-
tion words are label, which writes characters on the CRT, and graph, which displays traces.

1 W0 9 8 7 8

[#2]
N
[es
]
o

vector (vir}™* @1 O X[ XiXieIX|[X|e|1l8 | 10064+
fabel (Ibl) @ T IXIXIX|@X|[X|0j0]1] 1005+
graph (gra) i1 X|XIX|@{X[X|a|e|a]| 1024+

The syntax of vector, label, and graph are counterparts of commands PA, PR, LB, and GR. Pen up/down,
display size, and beamn intensity are controlled by setting various bits along with the instruction and data words.
These functions are called auxiliary functions to the instruction.

auxiliary functions e |18 X|XiX|oIX IX|B|X|X

display size
big expand (bex) " . + 256 -
expand and shift (exs). +64

beam intensity
j L dim (dim). + 8
bright (brt). + 128

clear x position (clx}. + 16

* Abbreviations within the parentheses are short hand notation for writing display programs. They are not programming codes.
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clear x position (cix): Reset the x axis display position to the far left (0,y}.

big expand (bex): Amplify the x and y CRT beam deflection by a 1.9 factor.!

expand and shift (exs):  Ampilify the x and v CRT beam deflection by a 1.13 factor (expand) and shifts the
{zero,zero} reference point to the lower left of the CRT screen.!

dim (dim): Set the CRT beam intensity beiow the normal level.?

bright {brt}: Set the CRT beam intensity to the maximum level .2

Flow-of-Control Instruction Words. The CRT refresh program normally executes the contents of mem-
ory starting with address # and working one address at a time to address 4095, Flow-of-control instruction words
alter the normal flow of a refresh program by allowing program execution to be transferred anywhere in memory.
They allow jumps to specific display addresses (jmp), jumps to a display program subroutine (jsb), returns (ret),
skips to the next control instruction (skc), and a word that simulates a “for...next” loop, the decremeni-and-skip-
on-zero {dsz}. Control instructions contain @ 1 @ in bits 11, 10, and 9, respectively,.

jump (jmp) gl1leix|eleloeix|1]a{1]|1] 103
jump to subroutine (jsb) gii1leiXi1leilosix]1lel1i1 1163
return (ret) el1folxj1j1|e|xXit1ie]1]|t] 12
skip to next control instruction {skc) Gliiig1YX || XlotXialoit:d 1027

skip to next memory page (skp) @li1|QIXiX|X|1|Xi0|0 Q|0 j 1056
end of display {end) Gl1IB|XIXIXIXIXN|XIel¥|X 1028 +
decrement and skip on zero (dsz) gltje|Xiel1ie|X]1]@ ; 11 1 1089

The address to be jumped to is the contents of the memory word following the imp or jsb instruction. For example,
“1035,2048” causes program execution to jump to address 2048. The address given should contain a control
instruction. (If the address does not contain a control instruction, the program will go to the first control instruction
foliowing the specified address.) A return {ret} causes the program execution fo return to the first control instruction
following the jsb instruction that sent it to the subroutine.,

'"The display size commands combine these size instructions as follows:

instructions ratio to D1 origin shifted
D1 none 1.00 no
D2 exs 1.13 yes
D3 bex and exs 1.68 yes
- bex 1.49 ne

“The intensity of the beam is alsc dependent upon ine length. Lines longer than a preset length will be brighter because beam writing rate
is slowed.
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NOTE

Subroutines must not contain label or graph control words. A subroutine may not call
another subroutine.

The skip-to-next control instruction {skc} causes program execution to go o the next instruction in memory The
skip-to-next page (skp) instruction causes program execution to go to the next address that is an integer multiple of
1024. {An instruction that combines skp and ske, 1056 + 3 = 1059, executes as if it were a skp followed by a
ske )

The decrement and skip-on-zero (dsz) instruction decrements an internal count register then tests the contents for
zero. If the confents are not zero, the program goes to the next control instruction. If the contents equal zero, the
program will skip the next two addresses then go the next control instruction. For example, “1099, 1035, 1532,
10267 causes the program to skip to the control word 1026 if the counter register is zero; otherwise it executes the
1035, 1532, which is a jump to address 1532, See Load Counter and Threshold Instructions below.

The auxiliary control function clear x position {clx) can be added to any of the program control instructions.

Another method of causing skips in program execution is with the label mode (either LB or Ibl}. This is discussed
under Data Words.

End of Display Instruction. When executed, the end of display instruction terminates execution of the
display program. The next execution of the program then begins at display address zero on the next dispiay refresh
trigger (note that refresh trigger and sweep trigger are not the same].

The end of display instruction bit supersedes all other coding in the instruction except the auxiliary function clear x
position, clx (bit 4}, which may be added. The end instruction causes a defauli-to-graph mode at the beginning of
the next program execution if no display contro! instruction is at address zero.

Since fast sweeps (direct display of video and sweep for sweep times less than 20 msec) are displayed between
program executions, an end instruction is required for proper operation of the fast sweep display

An end-of-display in trace C is changed to a skip-to-next memory page, 1056, when a B == C exchange is
executed.

Load-Counter and Load-Threshold Instructions.  The load-counter instruction loads an internal count
register with a value determined by bits 0 through & of the instruction. The internal register is used in either of two
ways. In the graph (gra) mode, the display program interprets the register contents as the display THRESHOLD
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position. The second use is the count register for the decrement and skip-on-zero (dsz) instruction. The interpreta-
tion for these two uses is shown below:

110 9 7 6 5 4 3 2 1 G
load count register (Idc) O (111101 X | XIXIX] XXX | X[ 1536+ COUNT
L L COUNY
o {110 255
load threshold 61110 | X[XIX|X][X]X]|X]|X] 1536+
... Digplay threshold position —
divided by 4
threshold off O | TV T XIX[X[X]X|X|X|X]| 792+

NOTE

The Ide and dsz instructions use the THRESHOLD level register. Therefore, load
threshold instruction 1536 must be executed after all uses of Idc and dsz, and before
the next graph command is executed. If the load threshold is not executed, the thresh-
old may not function correctly.

DATAWORDS

Data words are differentiated from instruction words by the two most significant bits, bits 11 and 10. The following
words are data words:
11109

QIO X XXX X XIXIXIX]|X]| 01023

&e]
~
o))
w
=
w
na
o

TITO XX XIXIX]IX XXX X] 204810307

T X XXX PX XX XX ] X[ 32072104085

Interpretation of these data word formats by the CRT refresh program depends entirely on the preceding instruc-
tion word.

Graph. Each data word following a graph instruction is interpreted as an absolute y position. Y position values
follow the general rule shown below:

M w89 8 7 b6 5 4 3 2 1 0
positive data, displayed OO X | XXX X|X]XIXIX]|X|0tw1022=yposition
positive data, blanked 110X X XIX|X XXX X]| X | 2048 + yposition
negative data, blanked T X XXX X[ X] XX X] X 4086-ymagnitude

{a lwo's complement vatue)
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APPENDIX B

With negative data, the CRT beam goes to y = . Note that negative data can result from frace arithmetic

functions A — B~ Aand B - DL—RB.

Vector.

Data words following a vector (vtr) instruction are interpreted as x,y pairs. The data value determines

whether the vector is blanked or displayed, absolute or relative. The x position data sets the absolute/relative
auxiliary function; the y position data sets the blank/unblank auxiliary function.

1

W 9 8 7 & 5 4 3 2 1 0

BIXIXIX|X|X|IX|XIX]IX|X

BIX XXX X XXX XX

" x position R
y position B
when = ] {
=0 {
B=1 {
B=20 {

% position + 2048) vector is relative (both x and y are relative)
x position + 0) vector is absolute {both x and y are absolute)
y position + 2048) vector is blanked (pen up)

y position + 0} vector is displayed (pen down)

Negative values for the plot relative x and vy positions are entered as complementary values of 1024 to the ten least
significant bits of the data word. For example, a plot relative — 300 of x position is written in the data word as
{1024 — 300) = 724 The actual plot “wraps around” the display to find the — 300 position.

CRT Display Boundaries

/

MNeow
Position

N

\

Originat
Position

////;?\/ 777/

A || e
7/

>

)

1024300 = +724
“Wrap Around”

W % 8 7 8 5 4 3 2 10

x & y negative relative i X

@ XX X[ XXX XIX[X]X

I 1024 — |negative value| —

A specific set of character codes provide special [abel functions:

nult

back space {BS)

line feed (LF)

vertical tab (opposite of line feed) (VT)

form feed (move beam to ((0,0)} (FMFD)
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carriage return (CR) 13
blink on (bkon) 17
blink off {bkof) 18
space (SP) 32
skip to next 16 block (sk16) 145
skip to next 32 block (sk32} 146
skip to next 64 block (sk64) 147

A blink on (bkon) will cause blinking of everything drawn on the display untii a subsequent blink off (bkof) or an
end of display {end) instruction is encountered with program execution.

Askip 16, 32, or 64 will cause program execution to go to the next address that is an integer multiple of 16, 32, or
64, respectively.

Note that these functions will work for both the Ibi instruction code (1025 +) or the LB command.

PROGRAMMING WITH DISPLAY CONTROL INSTRUCTION WORDS

These examples illustrate the use of display control instructions and data words. The display memory commands
described at the start of this appendix are used for loading and reading.

Vector (vtr)

Instructions can be used to draw lines on the CRT display. The data words each determine whether the data is
plotted absolute/relative or blanked/unblanked {pen up/pen down}. The auxiliary functions apply to the vecior
instructions.

For exampie, a line is to be plotted on the display with plot relative instructions in trace C memory beginning at
address 3072.

address description program word

3072 vector vir 1026

3073 x = 450 absolute 450 + 0 450

3074 y = 450 blanked 450 + 2048 2498

3075 x = — 100 relative (1024 —-100) + 2048 2972

3076 y = + 100 relative 100 + 0 100
pen down
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The load program is:

QUTPUT 718:"DA 3072:DW 1026,450.,2498,2972.1600"

ATEs 4

»-.,_N_»_N_h_\_)
ot
e

Vector and Label (vir and Ibl).  To demonstrate the display instructions, a simple block diagram is drawn
and labelled. Then the control words are modified with some of the auxiliary functions to demonstrate their use.

First a graphics plan is drawn:

{--300,0) Retative

{0, —200) {0, +200)
Helative Relative
(300, 300} {+260, +20) Relative

Absolute \ _______ 'Pi
- {+300,0} Relative
- (—100, 0} Relative
- {~10, 40} Relative

& \NpuT

Graphics Plan

The vectors with + and — signs are relative vectors, the others are absolute points. Dashed lines are to be
blanked.

14 Appendix



APPENDIX B

ADVANCED DISPLAY PROGRAMMING

address description program word
3072 vector absolute vty 1026
3073 x = 300 absolute 300 + 0O 300
3074 y = 300 pen up 300 + 2048 2348
3075 x = + 300 relative 300 + 2048 2348
3076 y = () pen down 0+0 0

3077 x = Orelative 0 + 2048 2048
3078 y = + 200 pen down 200 + 0 200
3079 x = — 300 relative {1024-300) + 2048 2772
3080 Y = ( pen down 0 -0

3081 x = Orelative 0 + 2048 2048
3082 y = — 200 pen down (1024-200) + G 824
3083 x = + 260 relative 260 + 2048 2308
3084 y = +20penup 20 + 2048 2068
3085 % = Orelative 0+ 2048 2048
3086 y = — 100 pen down (1024-100) + O 924
3087 x = — 10relative (1024-10) + 2048 3062
3088 y = —40pen up (1024-40) + 2048 3032
3089 label Ibl 1025
3090 i 73

3091 N 78
3092 e v p 80
3093 U 85
3094 T 34
3095 end of display end 1028

The above plan can then be programmed and run.

i0
20
30
40
50
60
70
30

ouTeuT 71

QuUTPUT 71

QUTPUT 718172348,
QUTPUT 71812772,
QUTPUT 718;"2308,
QUTPUT 718:"3062.
QUTPUT 718:"1025,
END

8;"IPKSo:KSm:in4L"”
8:"DA 3072:DW 1026,300,2348."

0. 2048, 200.,°

0. 2048, 824,"

2068, 2048, 824,°

3032, " _

73, 78, 80, 85, 84, 1028:"
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The display can now be modified by adding various auxiliary functions to the existing control words.
Brighten the “INPUT” term by adding 128 (brt) to the label address 3089 (1025 + 128 = 1153).

/0 DUTPUT 718:"1153, 73. 78, 80,

20

5. 84, 10

TRFRT

The label “INPUT” can be made to blink by adding blink on {bk on) and blink off (bk of) words before and after the
“INPUT” label.

70 QUTPUT 718;"102%,17, 73, 78, 80, 85, 84, 18, 1028;"

Alternately, line 7 could have been replaced with the following lines:

61 CUTFUT 718:"DT@"
70 QUTPUT 718 USING

"KOBKLEVKT LB 17 " INPUT 18 @D 1028
16 Appendix
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Note that a write binary (wtbj is used to transmit a mix of characters and non-character codes.

PROGRAMMING WITH PROGRAM CONTROL INSTRUCTION WORDS

These examples use both the commands listed in Section Il and instruction words.

End-of-Display (end) and Skip-to-Nexi-Memory-Page (skp) Instruction Words.  To end the dis-
play after the first 100 points of trace A, write “DW 1028 into address 100.

DUTPUT 718" IPS2:T5:DA 100Dk 102a”

In this exampie, all display memory information beyond address 100 is ignored, including the annotation. Note
that the analyzer is in single sweep, S2, to prevent signal response data from writing over the control word.

Skip control words aliow certain portions of the display to be omitted. There are two kinds of skip control words.
The first enables a skip over the remainder of the present memory page to the beginning of the next memory
page, the second enables a skip to the next control word.

The skip-page and skip-fo-next-contro-word have been assigned two command codes, PS and SW, respectively.

In the example, the annotation was blanked because of the end-of-display written into address 100. If a skip had
been written instead, the rest of the display memory would have been displayed, but the remainder of trace A
would have been omitted.
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QUTPUT 718" IP:S2 TS DA T00IDR 1T0sR"

REF .0 d8m ATTEN 18 &3

10 age

WRLTE:.
1036

ATART O Mz STOF 1500 Mdtp
RES BW 3 MM VBN 1 Mz SWE B0 msac

{Note that programming code PS5 can be substituted for DW 1056.)

A skp written into the trace C page skips the refresh pointer to DA O {trace A). This may cause an increase in the
frace intensity because the program does not wait for a refresh trigger before beginning the next execution of the
program. An end of display, 1028, is normally used in the Trace C page. This instruction allows a new refresh

cycle to begin.
Skip-to-Next-Control-Instruction (skc).  Program control is transferred to the next control instruction.

For exampie, address 2073 of the annotation memory page contains the label control word that places the center

frequency “| |” mark on the CRT. To omit this marker from the display, the label word is replaced by a skc word.
OUTPUT 7Z18:"DA Z2073:DW 1027:" he ﬁw B
ot
QUTPUT 718:"DA 20723DW Sk " ek
1ozl

START & Hz BTOR 1560 Mpr
HES Bw 3 Mz VBW I MAz BAF 20 maec

{Note that programming code SW can be used for DW 1027 )

Jump {mp). The example demonstrates jmp by jumping over the data in addresses 100 to 500 in frace A.
Since the jump should be made to a control word, gra is first written inte DA 500.

18  Appendix



APPENDIX B ADVANCED DISPLAY PROGRAMMING

Before the program is loaded the display might look like this:

REF O G.EM ATTEN 10 4B

i B

S0

Thy
a4
4

START o Hrx BT 1580 Mz
REG B 3 My ¥BW 3 MMz G I meex

After the following lines are executed the CRT would appear like this:

10 QUTPUT 7181 IPIS2015:DA S001DW 10240"
" CUTPUT 718:"DA T00:DW 1835, L0007
13 END

b RET .-'J:xiﬁ"! ATTEN 10 o8

TH
a4
dBm

BTAST O Hr BTUR (B0 My
RES 8 3 MHrx VEW L Mz EWP 20 maec

The trace data that would have been shown between display addresses 100 and 500 is omitted and the data for
addresses 501 - 1001 is displayed at x positions 100 through 600.

Jump Subroutine (jsb) and Return {rtn). The jsb instruction fransfers program control to the address
specified. If the address does not contain a control word, the program skips to the next control word after that
address. The rin instruction transfers program control to the first control word following the jsb instruction.
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The flow of the program is as follows:

jsb
{ address

- represents a single
; <!‘;\ display address

L > instruct.

jump to subroutine

¥
rin J

To demonstrate jst/rtn, this example substitutes a new symbol for the preprogrammed marker symbol.

The marker symbol (a small diamond} is written as a subroutine in the annotation memory at address 2085.
Substitution of the diamond symbol can be made by calling for and writing a new jsb routine with this program.
The address for the marker subroutine call is located at display address 2054.

10 OUTPUT 718:"DA 20%4:DW 20802 "

11 OUTPUT 718, DA 3080:DW 1154,2142;100,"

12 QUTPUT 718ym1227 M2

14 END
Line 10: Writes a new subroutine address, 3080, in place of the old one.
Line 11: Wirites the new symbol vector subroutine starting at address 3080 {trace C}.
Line 12: Return,

After running this program, the display memory contains the following: |

20 Appendix

address

word program
i WIS e
2050 1154 vir brt
2051 650 x, absolute
2052 2798 ¥, pen up
2053 1163 jsb
2054 3080 address
\__2055 1163 jsb
T e
/———-._/-\\__m
3080 1154 vir bri
3081 2148 X, relative new
3082 100 y, pen down subroutine
3083 1227 ret
e I o N
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The display would appear similar to this:

MR 107, 458 M

..... he REF .0 dBm ATTEN 10«48 16,60 B
10 dRs 1-1
T
BT !
L) N i ' i H
E 0 NS RS =% & S 11700 il H 4 il
T
o ; i P
L I
o . IFARNEA
Once a subroutine is written in a given location, care Tyl IR
. . . / A
must be exercised that it is not accidentally changed. . L
For example, storing a trace in trace C would destroy T ;W‘Lé{s‘% %ﬁw A
the subroutine beginning at DA 3080. Sy S

CEMNTER 107 .4% Mz HRAN 1.0 M
BEE BW LG W VBN 1D Wz BaP 30 maec

LOOP INSTRUCTIONS

Load Counter Register (Idc) and Decrement and Skip on Zevo (dsz}. In the following example,

looping is used to draw a arid in two places on the CRT display on refresh. The trace C page is programmed to
contain the graphics.

address description program word
3072 plot absolute vir 1026
3073 x = 600 {PA) 600 600
3074 y = 300 (PU) 300 + 2048 2348
3075 jump to subroutine jsh 1163
T 3076 at address address 3199
posifioning 3077 plot absolute vir 1026
vector 3078 x = 100 (PA) 100 100
3079 y = 300 (PU) 300 + 2048 2348
3080 jump to subroutine jsb 1163
3081 at address address 3199
3082 end of display end 1028
3199 vector vir 1026
3200 repeat 10 times ide + 10 1546
3201 plot relative vir 1026
3202 x = (}{PR) 0 + 2048 2048
3203 = +25 (PU) 25 + 2048 2073
3204 x = +300 (PR) 300 + 2048 2348

looping 3205 y = 0 (PD} 0 0
subroutine 3206 x = 0 (PR) 0 + 2048 2048
3207 y = + 25 (PU) 25 + 2048 2073
3208 x = —300 (PR) 1024-300 + 2048 2772

3209 y = 0{PD) 0 0
3210 decrement dsz 1099
3211 jump to jmp 1035
3212 start address: 3201
3213 return rin 1227

Appendix
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The program can then be written, loading the words sequentially as listed in the prior plan.

Line 10:
Lines 20 to 30:
Line 40:

Lines 50 to 90:

GUTPUT 718:7IPKSeKSmiAa”

QUTPUT 718:"DA 3072:DW 1026,600,2348,"
GUTPUT 718:"1164,3199,1026.100.2348.1163."
QUTPUT 718:"3189,1028:"

QUTPUT 718:"DA 2189:DH 1026, 1546,1026."
QUTPUT 718:"2048,2073,2348,0,2048,2073,"
OQUTPUT 718:"2772.0,1089."

QUTPUT 718:"1035,3201."

QUTPUT 718371227 1HD "

END

Blanks the analyzer display.

Contain the positioning vectors.

An end of memory instruction {1028) insures that the following loop (DA 3199) is not
executed uniess called from addresses 3075 and 3080, the isb words.

Contain the grid subroutine.

Running the program results in the following display:
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CONSOLIDATED CODING
INSTRUCTIONS
end of display {end)
dirn {dirm)
. clear x positian {clx)
Display
skip to next page (skp)
Control ) -
expamcﬁdﬂ\d shift (exs) 6 6 - graph (gra}
Bright {brt) @1 = label(on
big expand thex 1 8 | = vectorqvin
. mab ; v ¥
bit rumber 17 10 8 8 7 &6 5 4 3 2 1 o]
g itie X XX XIXIX|XiX|X
r - }
4 fn t 1 Tiuprogramcomroi!
jumptime) | 818 end of display (end)
Broaram decrement and e |1 1 = jmp.dsz jsb or rin
9 skip an zero (dsz) B = sKip 1o next controi
Control
jump to subrouting ((sb) 118 instruction (skc)
return{ring 1 ciear x position (¢lx)
L skip 1o next page {skpj
Load Counter {Idc} prmssssnssinsen  ()1if]{ eorommmm—— Ao @
i1t eA XX XX XX XIX
Threshold %Thzesho\a position givided by Py — A=
L. threshold off N A=
DATA:
Graph (gra) XXX XX x| X x x| X
N —— 4
positive 1 B 1 @ value
positive bianked | 1 1 @
negative blanked | 1 | 1
Character XiX XIXI l ] I ] I l I l
where | @ | 1 gﬁéwed Mcmssnses CTIETACHET OO m——
Vector (vir)
ABSOLUTE RELATIVE
11 10 9 8 7 & &5 4 3 2 ot bitrumber Y 10 9 8 7 6 5 4 3 Z 1 0
R X | X X[X|X|X|X X X|X]| *position | R|G|S|X|X|X|X|X XXX X
BileiX XX X[ XX XIX|X|X yposiion [ BI@IS|X[IXIX|XiX|IXIX|X|X
| P——— MaEgNItude weessemmmammm’ | ———— magnitude (————
R =1 crelativevecter;, R=10 absolute vector S=1 negative 8 =1 penup; B =0 pen down
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ADVANCED DISPLAY PROGRAMMING APPENDIX B
INSTRUCTION AND DATA WORD SUMMARY
Display Conirol Instruction Data Word
araph (ara) 1024
amplitude: position unblanked y
position blanked v + 2048
negative blanked 4096-y|
label {Ibl) 1025
character ASCII or special
character code { <255)
blink on {bkon}* 17
blink off (bkof) ~ 18
skip to next 16 block (sk16)” 145
skip to next 32 block (sk32)* 146
skip to next 64 block (sk64)” 147
vector 1026

on zero!h &1 {dsz)

% position data in display units
y position data in display units
absolute vectors x4+ 0
relative vectors x + 2048
pen down y+ 0
pen up {(blanked) y + 2048
Auxiliary fo gra, Ibl, and vir instruction word:
big expand (bex) word + 256
expand and shift (exs) word + 64
bright {brt} word + 128
dim {dim) word + 8
clear x position word + 16
Program Control instruction Data Word
end of display {end) 1028
skip to next memory page (skp) 1056 or “PS”
skip to next control word!! (ske) 1027 or “SW”
jump® {mp) 1035
address Oto 4096
jump to subroutine!™ @ (jsb) 1163
address 010 4096
returnt® & (ret} 1227
decrement and skip two addresses 1099

load counter (FHRESHGLD position)® {idc)

1536 + (count)

{2)

B Subroutines may use only vir control words.

* These can also be accessed using the LB command. These functions can be initiated any time the label mode is active.
1 Jumps and skips will skip to an address containing a control word.
Loop should use only Ibl and vir contro] words. Ldc is not a control word.
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APPENDIX C LEARN STRING CONTENT

Appendix O
LEARN STRING CONTENT

The following table describes the learn string contents and coding, and the control settings restored when the learn
siring command, OL., is executed. {See OL.)

Appendix 25



LEARN STRING CONTENT APPENDIX C

HP 8568B LEARN STRING DECODING {1 OF 4)

BIT USAGE
BYTE BY
NUMBER EXAMPLE EXAMPLE BESCRIPTION
' 76543210
i 00011111 31 Identifies Learn Code
) Gain in INPUT #1 Path Units of 0.1 dB (Bits 7-0 of 2 and 7-1 of 3)
K R i 0 + Sign of center frequency; 0= +,I= —
4 00000000 0 0
5 00000010 1 2 Center frequency; + +
6 00110100 34 BCD, MSD in byte 4 (bits 7 to 4}
7 01010110 5 6 Example: 1234567890 Hz
8 01111000 7 8
9 10010000 9 0
10 Output Format: 0=03,1=01,2=04,3=02
I Counter Time Base; 0= Auto; N=10" psec
12 00000000 0 0
i3 00000000 0 0 Frequency Span
i4 00000000 0 0 BCD, MSD in byte 12 (bits 7 to 4)
15 000060001 0 1 Example: 10001 Hz
16 00000000 00
17 00000001 01
8§5680A RF Section LEDS:
| Data Enables
R Signal Track
i8 L T Frequency Count
e b Instr Check 1
e B Instr Check 11
————— I -~ CF Step Size
wwwwww 1~ RF Atten
wwwwwww 1 Sweep Time
85662A Display Section LEDS:
]l - - == - = Video BW
~leer Res BW
B IR Threshold On
19 I B Display Line On
I Noise Marker {KSM)
mmmmmmm 1 Frequency Mode: 0=CF/Span 1 = Start/Stop
B5662A Display Section LEDS:
[ Upper Right
e Lower Left
R T Video Trigger
20 e ] External Trigger
e T Line Trigger
————— 1-- Single Sweep
—————— P~ Shift Key
wwwwwww I Clear-Write B
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APPENDIX C LEARN STRING CONTENT
HP 85688 LEARN STRING DECODING (2 OF 4)
BIT USAGE
BYTE BY
NUMBER EXAMPLE EXAMPLE DESCRIPTION
76543210
85662A Display Section LEDS:
1o oo e Clear-Write A
-l---=--- A-B
R BRI Blank B
21 PR I View B
Rl e Max Hold B
««««« 1-- Blank A
—————— 1 - View A
——————— 1 Max Hold A
27 11111001 —10.0 dBm Input Mixer Level Units of 0.1 dBm: %%t%gaﬁwo{‘r%)ége 272 and 7-4 of Byte
23 00001 --- 12 Input Selected 0=11 1=12
————— 011 30dB RF Attenuator Setting = N X 10dB
24 Reference Level Units of 0.1 dBm (Binary): MSB = Bit 7 of Byte 24
25
1------- LOG Log/Linear: (= Linear I=Log
-1l - 1dB/ Log Scale: 0=10dB/ 1=5dB/
2=2dB/ I=1dB/
26 ——=l-=-=- XY Recorder Cal
e XY Recorder Zero
————— I -- CRT Beam Off (KSg)
1111 ---- 3 MHz Resolution BW: 2=10Hz 10=10 kHz
3=30Hz 1 =30 kHz
27 4=100Hz 12=100 kHz
§=300Hz 13=300 kHz
6=1kHz 14=1MHz
9=3kHz 15=3MHz
e 1O ] 300 Hz Video BW: Same as Resolution Bandwidth plus:
27 0=1Hz
I=3Hz
28
--010~--- Sample Trace Detection Mode: _
(= Neg Peak I =Pos. Pegk
2 =Sample 4 = Normal
29 | ----- 010 Max-Hold A | Write Operation:
0=Write A I =Write B
2=MaxHold A 3=Max Hoid A, Write B
4 =Max Hold B 5 =Max Hold B, Write A
6 = Write A-B 7=Max Hold A-B
30 ---01--- EXT Trigger: 0= Free Run 1 =Ext.
2= Line 3 = Video
31
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APPENDIX C

HP 8568B LEARN STRING DECOBDING (3 OF 4)

BIT USAGE
BYTE BY
NUMBER EXAMPLE EXAMPLE DESCRIPTICN
76543210

32 00000011 1000 Display line in display units: 0-1000

33 171010600

34 0000C00C1 560 Threshold in display units; 0-1000

35 11110100

36 Reference Leve] Offset Units: 0.1 dB (Binary)

37

38 Gain in INPUT #2 Path: Bits 7-0 of Byte 38 and Bits 7-1 of byte 39

KL 1 Sign of Freq. Offset; 1= —; 0= +

40 00010010 1 2 Freq. Offset in Hz.

41 00110100 1 4

42 01010110 5 6 BCD, MSD in byte 40 (7 10 4)

43 01111000 7 8

44 10010000 9 ¢ Example: 12345678901 2Hz

45 00010010 1 2

46 Video Average Limit (Binary): Bits 7-0 of Byte 46 and Bits 7-1 of Byte 47

47 1 - ----- 1 Signof CF Step Size: 1= —;0= +

48

49

56 CF Step Size

51 BCD, MSD in byte 48 (bits 7to 4)

52 (See Freq. Offset for example, bytes 40 to 45)

53

54 00006600 2 Reference Marker X Position 1-1001

55 00000010 1-10601

56 00000011 1023 Reference Marker Y Position

57 1111111 £-1023

58 Active Marker X Position

59 1-1001

60 Active Marker Y Position

61 1-1023

62 00000000 Counter Marker Mode:

63 00010111 Zoom 0= Off _
18 = Normal 21 = Counter Normal
19=4 22 =Counter A
20=Zoom 23 =Counter Zoom

64

28  Appendix



APPENDIX C LEARN STRING CONTENT
HP 85688 LEARN STRING DECODING (4 OF 4)
BIT USAGE
BYTE BY
NUMBER EXAMPLE EXAMPLE DESCRIPTION
765432160
65 e Use Cal Data “Corr’d” (KSX)
B Calibrated
——————— 1 Trace C View
66 Reference Marker Frequency
67 BCD, MSD in byte 66
68
69 (See Center Freq. for example, bytes 4-9)
70
71
72 Pl------ Volts Reference LeveE‘Units
0=dBm 1=dBmV
2=dBuVv 3=VYolts
e I 73Q Impedence: 1 =752 0=50Q
73 e Power onin last state (KSF)
e ] Allow high level ref level (KSI)
————— I - - Video Averaging (KSG)
14 Scan Index: 0—32
75
16 Sweep Time Word: 10 msec x Factor
77
78 Fast Sweep Word: Bit 7 (1 = Enable)
79
80 10100101 Code identifies 8568 A learn string
245 (OCTAL) 165(DEC)
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SERVICE REQUESTS : APPENDIX D

Apnendix D
SERVICE REQUESTS

This appendix describes the analyzer service request (SRQ) capability and the use of service requests to interrupt
an HP-IB controller to obtain service. A service request is an analyzer output that telis the controller a specific event
has taken place in the analyzer. Service requests enable the analyzer fo interrupt the controller program sequence,
causing the program to branch to a subroutine.

For example, by using service requests, the controller can perform other operations while the analyzer is sweeping,
and then service the analyzer when the sweep is completed. The analyzer sends its service request to the controller,

which triggers the controller to take action, such as changing the instrument state or reading data from the display
memoty.

When making a service request, the analyzer places the HP-IB SRQ line true and the analyzer CRT display reads
out “SRQO” with a number. Setting the SKQ line trise announces to the HP-IB controller that the analyzer requires

attention. The controller can then command the analyzer to send its “status byte”. The status byte indicates the
type of service request.

NOTE

If the CRT display annotation has been blanked, the service request notation will not
appear.

DISPLAY DURING A SERVICE REQUEST

REF .0 dBm ATTEN 18 48

10 4R ﬂ]

:
]

Service Reguest
Notation

I

1

!
/

b

SN 4
b o ¥

CENTER 200,90 MHx SPAN 10.0 Mz
AES 8W 100 kM2 VBW 30 kHz SR 20 musc
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APPENDIX D SERVICE REQUESTS

NOTE

A serial polling technique must be used by the HP-IB controller to test for service
requests. The analyzer does not respond to HP-IB paralel polling.

INTERRUPT WITH SERVICE REQUEST

The HP-IB controller response to a service request depends on the controller. The operating manuals for each
controller discuss that controller’s reaction to setting the SRQ line true. Series 200 computers have a sequence of
commands which enable a response to a service request. These commands allow monitoring the SRQ line and
reading, interpreting, and then clearing the status byte. This sequence of commands and a subroutine, selected
according to the type of service request, form a service routine. A general setup is given below. -

Specify inlerface select code and label of subroutine

!

Enable interface card to interrupt

!

Enable SRQ

!

MAIN PROGRAM Label (to begin subroutine)

!

I Read status byte

%

interpret status byte ]

%

Computation/control statements

#

Return to next ling in Main Program
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APPENDIX D

BASIC 2.0 SERVICE ROUTINE COMMANDS

Interrupt Statements

Example

Comments

ON INTR

ENABLE INTR

RETURN

SUBEXIT

Bit Functions

SPGLL

BIT

ON INTR 7 GOSUB Shutoff

ENABLE INTR 7;2

RETURN

SUBEXIT

A= SPOLL {718)

BIT (A, N)

Declares the name of the service routine where program
execution branches on interrupt from the peripheral speci-
fied by select code 7.

Enables the calculator to accept an SRQ interrupt from
select code 7;2 {the HP-1B).

Signals the end of an interrupt service routine. While
executing the service routine, the interrupt for the peripheral
being serviced must be disabled to prevent cascading of
interrupts.

Signals the end of an interrupt service subprogram,

Reads the analyzer status byte, assigns its decimal value to
A and clears the SRQ line.

Returns the value of the Nih bitin A (D or 1).

STATUS BYTE DEFINITION

The status byte sent by the analyzer in response fo the controller SPOLL command determines the nature of the
service request. The meaning of each bit of the status byte is explained in the following chart.

Bit Message CRT Display Message
0 (LSB) Unused. —

1 Unit Key, [ ] 1 pressed or “SRQ 1027
frequency limit exceeded.

2 End of sweep. “SRG 1047

3 Hardware broken. YSRQ 110M

4 Unused. -

5 Itlegal analyzer command, “SRQ 140"

[ Universal HP-1B service request, -
HP-1B RQS Bit

7 Unused. _
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APPENDIX D SERVICE REQUESTS

The CRT SRQ number is an octal number based on the binary value of the status byte. This octal number always
begins with a “1” since this is translated from bit 6, the universal HP-IB service request bit. For example, the status
byte for an illegal analyzer command (SRQ 140} is as follows:

N
(8]
™o
[
<@

bit number 7 6 5
status byte 0 1 1

O
<
jaw]
<D

The CRT displays the octal equivalent of the status byte binary number:
“SRQ 1407
The octal equivalent is based on the whole binary number:

01100000 (binary) = 140 (octal)

One simple way to determine the octal equivalent of the binary number is to partition the binary number 3 bits at a
time from the least significant bit, and treat each part as a single binary number:

binary | 01 | 100 | 000
octal T ! [ 0

The decimal equivalent of the octal number is determined as follows: 140 {octal) = 1* (8) +4 " (8) + 0 " (8)
= 06 {decimnal).

More than one service request can be sent at the same time. For example, i an illegal analyzer command and the
end of a sweep occurred at the same time, “SRQ 144" appears on the CRT display.

bit number 76 543 210
status byfe 01 100 100 = “SRQ) 144"
octal value 1 4 4

Note if bit 1 is set, it has one of three meanings, depending on how SRQ 102 was activated. These meanings are
explained in the following section.

SERVICE REQUEST ACTIVATING COMMANDS

Service requests do not occur unless the appropriate activating command has been given, except for ftwo service
requests: illegal command, SRQ 140, and [SHIFT r] command, SRQ 102 {local operation only). The following
chart summarizes the service request activating commands.
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SRQ Activating SRQ(s) Cancelled ,
Message Command Allowed By Comments

tHegal Command R1 140 only None Always abt%vated, R1 dis-
ables all SRQ’s but SRQ
140.

End of Sweep R2 104 & 140 R Also gives SRQ on comple-
tion of CAL routine, video
averaging, preselector
peak, and auto-zoom,

Hardware Broken R3 & IP 110 & 140 R1

Units Key R4 102 & 140 R1, pressing units key, or R4 must be reactivated

Pressed whenever SRQ is cleared, whenever it is used,

Front Panel SRQ Local Operation 102, 140 Remote Qperation Always activated when in

shift r local {manual) operation,

Note that R2, R3, and R4 can be activated simultaneously, alowing all the SRQ’s.

Examples

This program interprets the SRQ status byte and prints its message.

850
310
[0
[REL
120
130
140
150
160
170
180
190
200
210

Line 10
Line 20:

Line 30:
Lines 70 to 100:

34 Appendix

GUTRPUT 718 "RTGRG R4

ON IR 7 GHSUB interpret _=r«
EMABLE INTR 7:7

PRINT "Fuzh Hz key on analyzer.'
FRINT "Frezs S on controller to =top program,”
¢

+

0 Idle:REPEAT

O KBD ALL GOSUE Stop
JNTIL Idle

Stop:OUTPUT 71837k

STaR
¢

Interpret sra:0FF INTR 7

Status byte=SPOLL(71E)
IF BIT(Status byte,3)=1
IF BIT(Status byte.1)=1
WATT .1

ON INTR 7 GHUSUB Interpret srg
OUTPUT 718" R4

RETURN

END

"HARDWARE BROKEN"
"UNITS KEY PRESSER"

THEN FRINT
THEN PRINT

Enables all but the end of sweep SRQ. R1 clears former SRQ commands.
Executes the “Interpret__srq” subroutine when an interrupt at select code 7 occurs.
Enables the controller interrupt capability:

Any main program. These lines form a program loop that is interrupted when the
analyzer requests service. '




APPENDIXD

Lines 130 to 200:
Line 130:

Line 140:

Lines 150 to 160:
Line 180: |
Line 190:

Line 200:

SERVICE REQUESTS

The “Interpret__srg” subroutine.

Turns off further interrupts from the HP-1B. This prevents the cascading of interrupts

generated by another service request from the analyzer.

Assigns the status byte to the variable “Status___byte”. This clears the analyzers SRQ

(i.e., the status byte is reset).

Compares the status byte 1o two analyzer SRQ} codes, and prints the name of the SRQ.

Turns on the controller interrupt capability
Re-enables the units-key-pressed SRQ).

Returns program execution o the main program.

In the following program, the analyzer sweeps to measure a signal. The controller continues fo run ds main
program while the analyzer sweeps. An end-of-sweep service request tells the controller when the sweep is
completed. The controller then re-addresses the analyzer and records the measurement data. This procedure
ensures that test data is complete, and improves program execution speed when slow sweeps are used.

10
21
2
40
50
6
70
80
S0
160
1 O

it o e ot e ek 3
CO”‘-JG“JU'!J}UJE\}
e L amv ¥ oo LT cuns B 0 O v

oy
Lo
[

200
210
220
230
240
250
260
270
280
290
300
210

320

Rl
340

OFTIMN BASE
(N INTR 7 GOSUB Record data
ENHELE INTR 7.2

UU[DUT J18 IR B2 FATMZERTS0NT
QUTPUT 718751350, RJ:T‘”‘

BEEP

?

Idle:REPEAT

PRINT "WORKING!"
Idle=Idle+!
WAalf 1

UNTIL Idle=/

PRINT "DONE"

BtEP

STOP

f

Record data:{Ff INTR /

QuUITPUT 7183 R1T "

Is _data_ read =SPOLL (718

IF BIT(Is data roady,d)“? THEN
QUTPUT 718 "B 1103 MF :
ENTER 718:Freq
OQUTRUT 718 :"MAY
ENTER 718:Ampl
FRINT "FREGUENCY
PRINT "AMPL ITUDE

ELSE
PRINT "Illegal analyzer command!
BEEF

END IF

RE TURN

!

END

te :F"req:qun
vE : HITIDI :ndan

[

Ll
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Lines 20 and 3C:

Lines 50 and 60:

Lines 90 to 150;
Line 180:

Iine 190

Line 200:
Line 210 10 310:
Line 320;

APPENDIX D

Executes the “Record__data” subroutine when an interrupt at select code 7 occurs.
Enables interrupts from the HP-IB interface card.

Sets the analyzer for the measurement. The TS command (take sweep) is the last
command sent to the analyzer, and the controller CR/LF is suppressed with a semico-
lon terminator. This is necessary; otherwise, the next program line is not executed until
the sweep is complete. (Refer to the description of the TS mnemonic for a detailed
explanation of fine 60.)

Any main program.

“Record__data” subroutine. Turns off interrupts from the HP-IB. This prevents inter-
rupts from cascading.

Clears the end-of-sweep SRQ. This prevents the SRQ from interrupting the program at
the next sweep.

Reads the status byte and clears the SRQ.
Record data if end-of-sweep SRQ was sent.

Returns program execution to the main program.

The following program signals the controller when an operator has completed a data entry. ‘With this information,
the controfier can read the data entry or branch to a subprogram.
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ENABLE INTR /712

O THTR 7 GBSUB Read entry

QUTPUT 718¢"R1TTR4EET

PRINT "Enter center frequency on analyzer’s keyboard.”
PRINY "Pres= S on controller to stop program.”

]

Tdle:REPEAT

ON KBD ALL GUSUB Stop
UNTIL Idle

Stop:UUTPUT 718:"R1:"

S5TOP
i

Read entry:0FF INTR 7

Is_entry_ready=5SPOLL(/718)

I BIT{Is_entry_ready.13=
QUTPUT 718:"0A"
ENTER 718:Center_freq
PRINT "YOU ENTERED":Center freq;'"Hz"
QUTPUT 718"R4EE "
ON INTR 7 GOSUB Read_entry

EiLSE
PRINT "ILLEGAL ANALYZER COMMAND?"
BEEP

END IF

RETURN

END

i THEN



APPENDIX D

Lines 10 and 20:

Lines 70 to 90:
Line 100:

Lines 130 to 200:
Line 130:

Line 140:

Line 150:

Lines 160 to 180:
Lines 200 and 210:

Lines 220 to 250:

SERVICE REQUESTS
Executes the “Read,__entry” subroutine when an interrupt at select code 7 occurs.
Enables interrupts from the HP-IB interface card.
Any main program.
Disables the R4 service request.
Forms a subroutine that records the operator’s entry,.
Turns off interrupts from the HP-IB interface.
Clears the end-of-sweep SRQ and reads the status byte.

Checks the status byte 1o verify that the interrupt was caused by the units-key-pressed
SRQ. If this is not the case, the program continues at line 220,

Reads the operator’s entry and displays it.

Re-enables operator entry, units-key-pressed SRQ), and the controller interrupt capabil-
ity.

Notifies the operator if the illegal analyzer command SRQ friggered the interrupt.

SERVICE REQUEST FROM THE FRONT PANEL

When the spectrum analyzer is in local operation mode {unaddressed}, the operator can call for service from a
controller by pressing front pane! key [SHIFT r]. This front panel request for service sends SRQ 102, the units-key-
pressed SRQ. The SRQ command, R4, need not be enabled in order to use the front panel service request.

Example

The front panel service request can summon a confroller for assistance. The following example shows one way to
do this. During the data transfer, beginning at line 430, the CRT display appears as shown below, with the *DATA
TRANSFER” message blinking.

Several analyzers, each with a different HP-IB address, can call for individual service. This requires serial polling at
the beginning of the service subroutine.
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i DIM ACToo

20 DIM AREL20]

10 ENABLE INTR 7:2

41 PRINT "Prezeing S on the controller =tops program when data is
received."”

50 Lacat 718

£0 t

70 [dle REPEAT

a0 N INTR 7 GUSUB Which_inst

30 ON KBD ALL GOSUB Stop

100 UNTIL Idle

118 Stop:5T0P

120 ! .

ICIIEREE TR LR LD At

140 Which_inst:0FF INTR 7

150 Qﬁ%&*ﬁ*%k%%%ﬁﬁh#**%%*

160 Analyzer_a=SPOLL(718)

170 IF BIT(Analyzer_a,1)>0 THEN

180 GOSUB Record_data
190 END IF

200 RETURN

210 H

:
PRI TR LS L

230 Record_data:!

P R Y e L L )
250 QUTPUT 7183 SV1:EM;01;KSm;KSo;A4;DT:"
260 OUTPUT 718:"D3:PU;PAG4,544LBOPERATOR NO.7:"

270 REPEAT
280 OQUTPUT 718:"EE;OA"
290 ENTER 718:0perator

300 UNTIL Operator>(0

3;3 UUTPUT 71837"D3PU:PAS12,544 LB ;Operator; ™"

e

330 ULTPUT 718:"D3PU;PAG4,512:L.BTEST DEVICE SERIAL NO7:"
340 QUTPUT 718; “ﬁB'PU P964 490 ;L BPress Hz key when ready.
350 QUTPUT 718:;"R1:R4EE"

360 REPEAT

370 Hz key pressed=SPOLL(718)

380 UNTIL BIT(H:z key_pressed,1)>0

390 QUTPUT 718:"0R"

440 ENTER 718;:Serial_number

ALO QUTPUT 718;"PU;PAS512,512:LB";Serial_number;":"

42 !

4720 QUTPUT 718 USING “K.B.K,B,R":"PUPAG4,312:LE" 1 17:"DATA TRANSFER
IN PROGRESS™18:3
440 OUTPUT 718:"TB."
450 FOR N=1 T0O 1091
460 ENTER 718:8(N)
470 NEXT N
450 OUTPUT 718 "EM;RCHIKSn KSpsHD "
49¢) (LOCAL 718
500 RETURN
510 END
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SERVICE REQUESTS

ANALYZER

Cperator 3 performs
tests on davice
serial number 123
Stores rasulls in
trace B

¥

When complete,
Dperator ca\l&f;___{gi\
service using s |y
KEY FUNCTION

|

Operator uses DATA

keyboard to answer

questions {see CRT
photograph)

\

Operator continues
with next device
measurament

"V
’ﬂ
&
’c’
r -~
H -
ESN
D”’
-
&*
#"'
’d
Operator PP
(s1”
[

Device Serial No.

Do

Cd

W e
oy
bt
.“.‘“"'h-..
bl
-y
- o,

HP-18
CONTROLLER

Y
Runﬂ

ldle
(fines 70 through 110}

'

Service analyzer 18
SRO Subroutine
{linas 230 through HOOI

¥

Ask for operator number
andd device serial number
{lines 270 through 410}

'

Record answers
{lines 290 through 400}

|

Recard trace B into AN}
{lines 450 through 470}

|

Return control to operator
{line 400)

|

Return 10 idle
{iine BOO)
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------ Appendix £
OPERATIMNG DIFFERENCES

Because of the faster processing speed, the addition of new commands, the slight modification of some old
commands, and the input buffering capability of the HP 85688, there are a few minor operating differences
between the HP 8568B and its predecessor, the HP 8568A. If you intend to use the HP 8568A and HP 85688
interchangeably, become familiar with the following differences.

EAPONENTIAL FORMAT

With the HP 8568B, any command that specifies the display address (e.q., DA, DR, DW), and which is given in
the exponential format (i.e., with notation E1, E2, E3, etc.}), executes its prescribed functions as described in this
manual. The HP 8568A, however, interprets the exponential notation as an analyzer command. For example, the
E1 notation is interpreted as a peak search command, the EZ notation as a marker-into-center-frequency com-
mand, efc.

RESETTING THE INPUT BUFFER AND INSTRUMENT PRESET

The HP 8568A does not have an input buffer, and the HP-IB can be reset with an interface clear {IFC). To reset the
input buffer in the HP 85688, use a device clear (CLEAR 718}. This way, any commands in the input buffer in the
HP 8568B are executed before instrument preset ([P) occurs. However, if device clear (CLEAR 718) is preceded

by interface clear (ABORT 7), an instrument preset (IP) occurs and clears the input buffer immediately. Thus, all
commands in the buffer are lost and not executed.

REMOTE INSTRUMENT PRESET
Execution of a remote Instrument Preset (IP) causes the HP 8568B merely to preset its controls. The same

command causes the HP 8568A to preset its controls and run a check of its IO bus and memory. The HP 8568A
also executes a full sweep; the HP 8568B does not.

CORRECTION DATA ROUTINE

On the HP 8568B, be sure to read all data into the controlier before re-executing KSw (see KSw command
description).

TIMING

The HMP 8568B processes data faster than the HP 8568A. Therefore, if you attempt to use HP B568A software
with the HP 8568B, timing problems may occur.
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APPENDIX E OPERATING DIFFERENCES
ACTIVE FUNCTION

Occasionally a two-letter command to the HIF? 85688 might not activate the specified function. The reason is that
the command mnemonic has been interpreted by the analyzer as the first two letters of a longer command
mnemonic that starts with the same two letters. For example, the command 8T for Sweep Time could be inter-
preted by the analyzer as the first two letters of STDEV, the command for Standard Deviation. In this situation, the
analyzer simply waits for another character before activating the function. To prevent this problem, insert a space
or a terminator immediately after the two-letter command.

K539 COMMARND

The syntax of the KS39 command is different for the HP 8568A and HP 8568B. With the HP 8568B, the display
memory address is specified immediately after KS39 and is sent fo the analyzer as two 8-bit bytes. With the HP
8568A, the display memory address is specified immediately before KS39 with the DA (Display Address) com-
mand.

SOFTWARE INCOMPATIBILITY

If there are no spaces or semicolons between two-letter commands in HP 8568A software, certain “A” commands
might be misinterpreted by the HP 8568B analyzer.

The following is a list of examples where “A” commands might be misinterpreted by the HP 8568B:
“A" SOFTWARE EXAMPLE “B” MISINTERPRETATION

CTAl {Couple Sweeptime, View
CTA {Convert to dBm)

Trace A
CTMT1 (Couple Sweeptime, Signat CT™M {Convert to Display Units)
Track On}
DLE1 (Activate Display Line, DLE {Enable Display Line)
Peak Search)
GRAT (Graph, Set Attenuator) GRAT {Graticule on or off)
PDA4 {Pen Down, Blank Trace A) PDA {Probability Distribution in
Amplitude}
PDFA {Pen Down, Start Frequency) PDF {Probability Distribution in
Frequency)
THE1 {Activate Threshold, Peak THE {Enable Threshold)
Search
VBOA {Activate Video Bandwidth, VBO {Set Video Bandwidth and
Output Active Function Resolution Bandwidth Ratio

Examples that are least likely to occur are GRAT, PDA4, and PDFA because, in these sets of commands, the
second command will not typically follow the first command. However, all examples have the potentia to cause
problems, because they don't follow “B” syntax requirements. The HP 8568B interprets “A” software written like
the above examples as invalid commands. As a result, the commands are not executed and an HP-IB command
error should appear on the analyzer CRT. Fortunately, this command error can be used as a method of finding
software errors,

Appendix 41



FQUIVALENT HP 85688 AND HP 8568A COMMANDS APPENDIXF

Appendix F
FEQUIVALENT HP 85688 AND 8568A COMMANDS

The following list shows combinations of 85688 commands and secondary keywords that are equivalent to other
8568B commands common to the HP 8568A. The commands are interchangeable when programming the
8568B.

Alphabetical Listing |Equivalent Commands| Alphabetical Listing |Equivalent Commands

of 8568B Commands |Common to the 8568A| of 8568B Commands Common to the 8568A
AMB ON CZ MKNOISE ON KSM
AMB OFF Cl MKNOISE OFF KSL
ANNOT ON KSp MKPK El
ANNOT OFF KSo MKPK HI El
APB KSc MKRL E4
AUNITS DBEM KSA MKSP KSO
AUNITS DBMV KSB MKSS E3
AUNITS DBUV KSC MKSTOP KSu
AUNITSV KSD MKTRACK ON MT1
AXB EX MKTRACK OFF MTO
BLANK TRA Ad ML KS,
BLANK TRB B4 MOV TRC, TRB KS]
BLANK TRC KSk MXMH TRA A2
BML BL MXMH TRB B2
BTC KSt RCLS RC
BXC - KSi ROFFSET . K&Z
CLRW TRA Al SAVES SV
CLERW TRB B1 SNGLS S2
CONTS 51 TDFM 01
DET NRM KS5a TDFP 03
DET SMP KSe TDF B 02 or 04
DET POS KSb THE ON ™
DET NEG KSd THE OFF TO
DLE OFF LO TMFREE T1
FOFFSET KSV TMLINE T2
GRAT ON KSn TMEXT T3
GRAT OFF : KSm T™MVID T4
MKA? MA VAVG KSG
MKCF E2 VAVG ON KSG
MKD M3 VAVG OFF KSH
MKFC OFF MCO VIEW TRA A3
MKFC ON MC1 VIEW TRB B3
MKFCR KS = VIEW TRC KSj
MKF? MF XCHTRA, TRB EX
MKN M2 XCHTRB, TRC K5i
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APPENDIXF

EQUIVALENT HP 85688 AND HP 8568A COMMANDS

Alphabetical Listing of ) Alphabetical Listing of .
Equivalent Equivalent
Commands Common 85688 C Commands Common
ommand 85688 Command
to the 8568A to the 8568A
Al CLRW TRA KSi XCHTRB, TRC or BXC
A2 MXMH TRA K5j VIEW TRC
A3 VIEW TRA KSk BLANK TRC
Ad BLANK TRA KSI1 BTC or MOV TRC, TRB
Bl CLRW TRB KSm GRAT OFF
594 MXMH TRB KSn GRAT ON
B3 VIEW TREB KSo ANNOT OFF
B4 BLANK TRB KSp ANNOT ON
BL BML K5u MKSTOP
C1 AMB OFF KS, ML
C2 AMB ON K& = MKFCR
EX XCHTRA, TRB or AXB LO DLE OFF
El MKPK or MKPK HI MA MEA?
=2 MKCF MCO MKFC OFF
E3 MKSS MC1 MKFC ON
E4 MKRL MF MRKF?
KSA AUNITS DBM MTO MKTRACK OFF
KSB AUNITS DBMV MT1 MKTRACK ON
KSC AUNITS DBUV M2 MKN
KSD AUNITSV M3 MKD
KSG VAVG or VAVG ON 01 TDF M
KSH VAVG OFF 03 TDF P
KSL MKNOISE OFF Q2 or O4 TDFB
KSM MKNOISE ON RC RCLS
K50 MRKSP 51 CONTS
K&sV FOFFSET 52 SNGLS
KsZ ROFFSET sV SAVES
KSa DET NRM TH THE ON
KSb DET POS TO THE OFF
KSc APB Tl TM FREE
KSd DET NEG T2 TM LINE
KSe DET SMP T3 TMEXT
T4 ™ VID
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A+ B-—A,100
A= B, 43
Active function, 33
ADD, 2223
Alphabetical keycode summary, 94
AMB, 24
AMBPL, 25
Amplitude
offset, 95
units, 97
AMPTD CAL, 3
ANNOT, 26
Annotation on/off, 99
APB, 27
AT, 28
Attenuation, 78
AUNITS, 29
AUTO (coupled functions), 73
Automatic zoom, b3
{see also Zoom to marker}
AVG, 30— 31
AXB, 32
Al, 33
AZ, 34
A3, 35
Ad, 36

B - DL-—B. 45

BL, 37

Blank, 40
annotation, 99
display {CRT}, 99
graticule, 99
outputs, 7

BLANK, 38

BML, 39

BRD, 48

BTC, 41%

BWR, 42

BXC, 43

B1, 44

B2, 45

B3, 46

B4, 47

INDE

C {trace), 102, 106
CA, 48
CENTER FREQUENCY, 22, 12
Center frequency step size, 80
CE, 49
CF STEP SIZE, 80
CLEAR-WRITE, 41
CLRAVG, B¢
CLRW 51
Command list
enter, 109
execute, 110
COMPRESS, 52 - 53
CONCAT, 54
CONT, 79
CONTS, 55
Continuous sweep, 84
CORR’D, 3
Correction data, 107
displayed, 99
Coupled functions, 73
CR, 56
CRT display, 33
adjustments, 33
beam on/off, 99
CRT refresh rate, 40
Cs, 57
CT 58
CTA, 59
CTM, 60
CV 61
C1, 62
C2, &3

DA, 64
Data
controls, 17, 19
entries, 18
keys, 11
knob, 11, 17,18
number/units keyboard, 19
step keys, 17, 19
dBm, 97
dBmV, 97
dBu\, 97

NOTE: Page numbers in regular typeface refer to Section I, Manual Operation. Page numbers in bold typeface refer te

Section H, Programming.
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DC precaution, 4 F
DD, 65-66

Deactivate function, 18 FA, 102
Delta {A} marker, 46 FB, 103
DET, 67 FFT, 104 — 108
Detection modes, 100 FOFFSET, 1469
Diagnostic aids, 108 : FORMAT STATEMENTS, 110-113
Display {see also O1, 02, 03, O4)
CRT 5 FREE RUN ftrigger), 85
line, 45 FREQ REFERENCE, 9
memory structure, Appendix A Frequency
programming (advanced), Appendix B offset, 95
units, 36 span, 12, 24
terms, 35 FREQUENCY SPAN, 12, 24
titing, 100 Front panel control groups, 5
DISPOSE, 68 — 69 FS, 114
DIV, 70~ 71 FULL SPAN, 13
DL, 7273 0-25GHz 12,85
DLE, 74 2-22GHe, 12
DONE, 75 FUNCDEF 115
DR, 76 FUNCTION keys, 21
DSPLY, 77 Function summary, 94
DT 78
DW 79
D1, D2, D3, 8085 G
E GR, 116
GRAT, 117
EE. 86 - 88 : Graticule, 35
Effective mixer level, 96 on/off, 99
' General information, 1
EK, 89 ’
Element, 36
ELSE, 80G - 91
EM, 92 H
ENABLED light, 18
ENDIE 93 — 94 HD, 118
Equivalent HP 8568A and HP 8568B commands, Hewlett-Packard Interface Bus, 9, 16
Appendix F HOLD, 18
ERR, 95 HPIB, 9, 16
Error correction routine, 3, 106
EX, 96
Excessive input power, 4 |
Exchange trace B and C, 103
EXP 97 B, 119
Extend reference level, 97 1D, 120
External IF
frequency reference, 9 INPUT connector, 10
trigger, 83, 106 QUTPUT connector, 10
El, 98 IF121-122
EZ, 99 Input
E3, 100 aitenuation, 74
F4, 101 mixer level, 96

NOTE: Page numbers in regular typeface refer to Section I, Manual Operation. Page numbers in bold typeface refer to
Section 11, Programming.
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Internal frequency reference, 9
INSTRUMENT PRESET, 13, 87
Instrument state, 87
FULL SPAN, (0-15GHz 89
instrument preset, 87
local operation (LCL}, 91
SAVE and RECAILL, 89
IP123-124
I1, 125
12,126

KEYDEE 127 128

KEYEXC, 129

Key functions, 93 ~ 108

KSA (amplitude i dBmy}, 97, 130
KSa (normal detection}, 157

KSB (amplitude in dBmV), 97, 131
KSb (positive peak detection), 158
KSC {amplitude in dBuV), 132
KSc (A + B-— A), 100, 159
KSD (amplitude in volts), 133

KSd (negative peak detection), 160
KSE {title mode)}, 134135

KSe {sample detection), 161

KSF {measure sweep time), 136
KSf (power on in last state), 162
KSG (video averaging on), 137
KSg (CRT beam off), 99, 163
KSH (video averaging off), 138
KSH (CRT beamn on), 99, 164

KSI (reference level range [extended}}, 139

KSi {exchange B and C), 165
KSJ (manual DAC control), 140
KSj (view trace C), 166 — 167
KSK {count pilot IF at marker}, 141
KSk (blank trace C), 168

KSL {marker noise off), 142

K& (transfer B to C}, 169

KSM {marker noise on), 143
KSm (graticule off), 99, 170

KSN {count VCO at marker}, 144
KSn (graticule ony, 99, 171

KSO {marker span), 145

KSo {characters off), 172

KSP (HP-IB address), 146

KSp (characters on), 173

KSQ (count signal IF), 147

KSq (step gain off), 174

KSR (diagnostics on}, 148

KSr (service request 102), 175

KSS {second LO auto), 149

KST (second LO down}, 150

K5t {marker continue}, 176

KSU (second LO up), 151

KSu {marker stop), 177

KSV (frequency offset), 152

KSv (inhibit phase lock}, 178

KSW {error correction routine), 153

KSw (view correction data), 99, 179 — 180
KSX (correction factors on}, 1534

KSx (external trigger), 181

KSY (correction factors off), 155

KSy (video trigger), 182

KSZ {reference level offset), 156

KSz (storage address), 183

KS, {mixer level), 184

KS = {marker frequency counter resolution}, 185
KS{ (iock registers), 106, 186

KS) (unlock registers), 106, 187

KS|, 188

KS> (preamp gain — input 2}, 189

KS< (preamp gain — input 1}, 190

KS39 (write to disptay memory), 191 - 192
KS91 (read amplitude error), 193

KS123 (read display memory), 194 — 195
K$125 (write to display memory), 196 — 197
KS$126 (read every nth value}, 198

L
LB, 192200
Learn string content, Appendix C
LG, 203
LIN, 66
Linear scale, 66
LINE, 83
Line trigger, 83
LL, 204
LN, 245
Local operation (LL.CL), 91
Lock save registers, 106
L.OG, 206 - 207
L&, 208

M
MA, 209

Manual calibration procedure, 2

NOTE: Page numbers in regular typeface refer to Section [, Manual Operation. Page numbers in bold typeface refer to

Section I}, Programming.
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Marker, 13, 47
delta, 50
entry, 57
to center frequency, 57
to step size, b7
stop sweep, 98

Maxhold, 40

MBRD, 210

MBWR, 211

MC, 212

MC1, 213

MDS, 214

MDLUJ, 215

MEAN, 216

MEM, 217

MF, 218

MIN, 219

MKA, 220

MKACT, 221

MKCE 222

MKCONT, 223

MKD, 224 - 225

MKF, 226

MKFC, 227

MKFCR, 228 — 229

MKMIN, 230

MKN, 231

MKNOISE, 232

MKOFE 233

MKF 234

MKPAUSE, 235

MKPK, 236

MKPX, 237

MKREAD, 238

MKRL, 239

MKSP, 240

MKSS, 241

MKSTOP, 242

MKTRACE, 243

MKTRACK, 244

MKTYPE, 245

ML, 246

MOV, 247

MPY, 248 — 249

MRD, 256

MRDB, 251

MT@, 252

MT1, 253

MWR, 254

MWRR, 255

MXM, 256 — 257

MXMH, 258

M1, 259
M2, 260
M3, 261 - 262
M4, 263

Negative

data entry, 95

entries, 19

peak detection, 100
Noise level measurements, 63
NORMAL marker, 13, 48

O

OL, 264
ONEOS, 265
ONSWP, 266
OF 267
Operating differences between the 8568B
and 8568A, Appendix E
OT, 268 - 269
Outputs
BLANK, 7
dispiay, 7
PENLIFT, 8
plotter, 7
rear panel, 7
RECORDER, 8
SWEEP, 8
VIDEO, 8,9
21.4 MHz IF Output, 8
01,02,03,04, 270 - 273

{see also Format statements)

P

PA, 274

PD, 275

PDA, 276

PEAK SEARCH, 56
PEAKS, 278 - 279

PLOT, 280

Plotter addresses, 112
Plotter output, 7, 111~ 112
Plotter pens, 112

Positive peak detection, 100
Power ON, 2

NOTE: Page numbers in regular typeface refer to Section [, Manual Operation. Page numbers in beld typeface refer to

Section I, Programming.
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PR, 281
PS, 282
PU, 283
PWRBW, 284

Quasi-peak Adapter, 9

RB, 285
RC, 286
RCLS, 287
Readouts, 37
Rear panel
connections, 2
outputs, 7
Recorder outputs, 8
Reference level, 12, 28
Reference lines, 68
display line, 68
threshold line, 70
Refresh display, 40
REPEAT, 288 - 289
RES BW, 74 _
Resolution bandwidth, 74
Resolution
of markers, 48
REV, 290
RF attenuation, 78
RL, 291
RMS, 292
ROFFSET, 293
RQS, 294
R1, 295
RZ, 296
R3, 297
R4, 298

S

Sample detection mode, 100
SAVES, 299
Scale, 65

linear, 66

logarithmic, 67
Service requests, Appendix D
SIGNAL TRACK, 55, 60

SMOOTH, 3006

SNGLS, 301

5P 302

SQR, 303

SRQ, 304

S5, 305

ST, 306

Standby, 2

START and STOP frequencies, 27

STDEV, 307

Step size, 80

Stop sweep at marker, 98

Store modes, 44

SUB, 308 - 309

SUM, 310

SUMSQR, 3%1

SV 312

SW, 313

Sweep, 40, 83
time, 77

51,314

52,315

TA, 316-317
TB, 318319
TDFE 320
TEXT, 321
TH, 322
THE, 323
THEN, 324 — 325
THRESHOLD, 70
Title mode, 100
™, 326
Trace, 39
A+ B-—A,100
B-DL-—B, 45
C {frace) modes, 44, 102, 106
detection modes, 100
exchange trace A and B, 43
exchange frace B and C, 103
functions, 39
identification, 39
memory, 40
memory structure, 40
modes, 40
priority, 46
store mode, 41
transter trace Bto C, 102
TRDEE 327

NOTE: Page numbers in regular typeface refer to Section I, Manual Operation. Page numbers in bold typeface refer to

Section i}, Programming.
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TRDSE 328 VAVG, 347

TRGRPH, 329 VB, 348
Trigger, 83 VBO, 349
automatic, zero span, 84 Vector, 36
EXT (externaly, 85, 106 Video
FREE RUN, 83 averaging, 104
LINE, 83 bandwidth, 75
VIDEO, 83, 106 INP connector, 10
- video level, 86 OUT connector, 10
TRMATH, 330331 trigaer, 83, 106
TRPST, 332 trigger level, 85
TRSTAT, 333 VIEW, 40 - 41, 350
TS, 334 Voltage scale (linear}, 67
TWNDOW 335 Volts, 97
10, 336
T1, 337
T2, 338
T3, 339
T4, 346
w
U WRITE modes, 41
Units, 97 {see also Amplitude units)
UNTIL, 341 —342 X
UR, 343
User defined keys, 109 XCH, 351
USTATE, 344
Z
V
Zero frequency span, 25, 84
VARDEE 345 Zero span, automatic trigger, 84
VARIANCE, 346 Zoom to marker, 53

MOTE: Page numbers in regular typeface refer to Section 1, Manual Operation. Page numbers in bold typeface refer to
Section Ii, Programming.

6 Index



MANUAL UPDATE

HP 8568B OPERATING AND PROGRAMMING MANUAL
HP PART NUMBER 08568-900#1

Printed March 1985

This update package contains information for updating the Operating and Programming
Manual for the HP 8568B. These changes reflect upgrades in the product,

In this package, you will find pages which are %o be placed in the Programming Commands
gection of this manual, These additions pertain to HP 8568B's with serial numbers of
2503400971 and above.

REVISION INSTRUCTIONS
The attached sheets contain new functions which are installed in later versions of the HP

8568B as described above. Place the new function sheets in alphabetical order in the
section marked Programming Commands. The attached sheets inelude:

ABS ABSOLUTE VALUE

ENTER ENTER FROM THE HP-IB

ERASE ERASE3S ALL MEMORY

FFT FAST FOURIER TRANSFORM

FFTKNL FAST FOURIER TRANSFORM KERNAL
IFTXNL SCALED FAST FOURIER TRANSFORM KERNAL
INT INTEGER

MERGE MERGES TRACES

MINPOS MINIMUM POSITION

MIRROR MIRROR IMAGE

MOD MODULO :

OuTPUT QUTPUT TO THE HP-IB (two pages)

PKPOS PEAK POSITICN






ABS
ABSOLUTE

COMMAND SYNTAX:

— deatination TN

- USER DEFINED TRACE|—
"USER DEFINED VARIABLE M

N{PREDEFINED VARIABLE

‘

DESCRIPTION:

/"’"‘—'—"— source "‘”‘""""‘—\

(““%

~~{USER DEFINED TRACE

- USER DEFINED VARIABLE |

\ 4

\-[PREDEFINED VARIABLE

"{ PREDEFINED FUNCTION }—

[NUMBER —{UNITS]

Y

The absolute value of the source is put in the destination.






ENTER
ENTER FROM HP-iB

COMMAND SYNTAX:

— address DN

TRACE ELEMENT

PREDEFINED FUNCTION

PREDEFINED VARIABLE

USER DEFINED VARIABLE

——— destination — .
TRACE ELEMENT |

| PREDEFINED VARMABLE |

:...E JUSER DEFINED vARIABLE }

DESCRIPTION:

The command ENTER FROM HP-IB (ENTER) allows a function definition to
enter data from the HP-IB port. If a controller is detected on
HP-IB, the command is aborted. This command causes the analyzer to
assume controller capabilities on HP-IB, The RELEASE HP-IB
(RELEPIB) command may be used to disable these capabjilities. The
entered data is formated according to the format specified in the
format field,

K:

Free field. ASCII real number format.
B:

One byte binary.
W

One word (2 bytes) binary.






ERASE

Erase

COMMAND SYNTAX:

4

elololle

DESCRIPTION:

All user memory and save/recall registers are erased. The user memory is erased by first
putting all 1's, then all zeros, into memory. The save/recall registers are erased by
placing instrument preset in all registers,






FFT
FAST FOURIER TRANSFORM

COMMAND SYNTAX: .

o destingtion T\

SO

I

TRB

dlt

N/
USER DEFINED TRACE

®

ST SOURCe e e window \
(7} (7o)
e} {8 ) J - .
\TRC) \TRC ~ g
USER DEFINED TRAGE USER DEFINED TRACE

DESCRIPTION:

The FAST FOURIER TRANSFORM (FFT} command performs a Discrete Fourier
Transform on the source trace array and stores the logs of the mag-
nitudes of the results in the destination array. If necessary, the
source trace is padded with zeros at the end to result in a suffi-
cient number of points, and it is converted to linear values if
stored logrithmically. The source array is then weighted with the
function in the window trace to minimize amplitude inaccuracies,
side lcbes, etc. The transform is then computed and the results
placed in the destination array. No phase or abscliute sign informa-
tion is preserved in the results. If needed, phase or absolute sign
information may be obtained by using the FAST FOURIER KERNAL
(FFTKNL) command instead.

The windowing function stored in the window trace may be created
with the TRACE WINDOW (TWNDOW) command or by the user storing his
own values in that trace. The values in the window trace are
treated as fractional numbers. No offset is used. The average win-
dow value is computed and used to correct the results in absolute
units. For maximum precision, the peak values of user created
traces should approach +32767 or -32768. Windowing is described in
greater detail under the TWNDOW command.

Due to aliasing, the FFT command only directly computes the values
of the even points of the destination trace. The odd values are ob-
tained by interpolation. ‘






FFTKNL
FAST FOURIER TRANSFORM KERNAL

COMMAND SYNTAX:

S reat \

3

)

Ll

"(_;LWJ
oy

Nvrrnd
USER DEFINED TRACE

£ TRB
GE—®) t = ()

ST— imcqinary e

=

B

Y
V

OOODO

[

USER DEFINED 'FRACEJ

DESCRIPTION:

This command performs a 16 bit Discrete Fourier Transform on the
specified traces, overlaying them with the results. Both traces
must be the same length, and the length must be a power of two. The
two traces represent the real and imaginary components of one com-
plex valued trace. FFTKNL does no other normalization, scaling,
¢lipping, or magnitude determination. Any such manipulation is the
user's responsibility.

If the results of the Discrete Fourier Transform are to be multipled
by the length of the traces, the command SCALED FAST FOURIER
TRANSFORM (IFTHNL) should be used instead of this command.






IFTKNL
SCALED FAST FOURIER TRANSFORM KERNAL

COMMAND SYNTAX:

reat - .
-ra W
a) -\[ {_TR8 } ] <N
FTKNG >$) e T NS ;
USER DEFINED TRACE @
S imaginary ———
(TRA
g
\JR8 J -
-

Y

Q@éé@

[

USER DEFINED mcs:]j

DESCRIPTION:

This command performs a 16 bit Discrete Fourier Transform on the
specified traces, overlying them with the results multiplied by N
(the length of each trace). Both traces must be the same length,
and the length must be a power of two., The two traces represent the
real '‘and imaginary components of one complex valued trace. IFTXNL
does no other normalizatiecn, scaling, clipping, or magnitude deter-
mination. Any such manipulation is the user's responsibility.

The only difference between SCALED FAST FOURILER TRANSFORM
KERNAL(IFTKNL) and FAST FOURIER TRANSFORM KERNAL (FFTRNL} is that
the former returns results which are scaled by the length of the
traces. If IFTRNL is used as an Inverse Discrete Tansform (IFT),
the reults are in time reversed order. To do an IFT, the imaginary
trace must have its sign changed before and after the ITFIENL.






INT
INTEGER

COMMAND SYNTAX:

s | @t IR IQA =i,
(%) | {USER OEFNED TRAGE}-
NUSER DEFINED VARIABLE P/

~~{PREDEFINED VARIABLE [

TRACE RANGE

DEFINED TRACE
USER DEFINED VARIABLE |-
PREDEFINED VARWABLE ]
PREDEFINED FUNCTION

v

. 4

OOOOO

DESCRIPTION:

The greatest integer which is less than or egqual to the source real
number is stored in the degtination.






MERGE
Merge

COMMAND SYNTAX:
== DESTINATION TRAQE o=
TRA

TR8 w—{, }—=(START POSITION
- _ v

TRC ;__;l

i JSER DEF[NED TRAGE |

ommmenrs SOURCE TAACE s,
THA

STOP POSITTON r-er—{(, Jr—t——n TAB ————t-od = GTART_FO81T1ON Jor—

§ I

t-@.-d ] _TRC

1

. H
—{USER DEF[NED TRACE :
|

Y

'DESCRIPTION:

MERGE will move z portion of the source trace intc the destination trace starting at a
predetermined position. Specify the start position and the stop position in the
destination trace by either a numeric value or a variable. The same holds true for the
start position in the source trace,






e MINPOS
Minimum Position

COMMAND 3YNTAX:

: - _'Tna "
— (TR

—{USER DEF INED TRACE }—

DESCRIPTION:

MINPOS returns a value which is the x position of the minisum value in trace 4, trace B,
trace C, or user defined trace.



e,
R




HMIRROR

Mirror

COMMAND SYNTAX:

—DESTINATION TRACE =, ~—  SOUACE TRACE
Bp)e TRB +—{Sp)r-or- TRE
TG —— f‘“Q‘*j U G | TR T
—{USER DEFINED TRACE b {USER DEF (NED THACE —
DESCRIPTION:

MIRROR command will take the mirror image of a source trace 2nd move it into a destination
trace. The source and destination trace cam be trace 4, trace B, trace (, or a user
defined trace, '



e

e st 4 -




MOD
MODULO

COMMAND SYNTAX:

e 20Urce | e

/’“"‘“"“‘""‘“dﬁf\difcn e

e

4~{USER DEFINED TRACEfmefeeesri3{ + JorwSd{SFR DEFINED VARIABLE

NUSER DEFNED VARABLE 1 [N{PREDERNED VARMBLE |
-[PREDEFINED VARMBLEF] ™ | PREDEFINED FUNCTION |-~

{TRACE RANGE

~{USER_DEFINED TRAGEF—,
—34—{USER_DEFINED VARIABLE }

L “—{PREDEFINED VARIABLE |~
! [ PREDEFNED FUNCTION |-

W

o 4

DESCRIPTION:

The remainder of the division of source 1 by source 2 is stored in
the degtination. If source 2 is zerc, an error will be reported and
the result will be sourdee 1.
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QUTRUT
QUTPUT TO HP-IB

COMMAND SYNTAX:

é Qutput data = <

| PREDEFINED FUNCTION }=~,

{ PREDEFINED VARUBLE =] | |

rremly | | lsb

DESCRIPTION:

Output is provided for sending data to the HP-IB port from a func~
tion definition. If & contreller iz detected on HR-IB, the command
ig sborted. Thiz commeand causes the analyzer to azsume controller
capebilities op HP-TH. The RELEASE HP-IF (RELHPIR)} commend may be
used to dissble these capebilities. The data iz ocutpout according
to the format sified in the format field. _

FORMAT FIELD OFTIONS:
K:

Sutput in fres field ASCIT format with no terminator.



1

QUTPUT
_‘OUTPUT TO HP-IB

o

g

Guput in free field ASCII with "CR" and "LF® terminator.

KL:

output gn free.f 5- 1d RS %f, T whth ‘I:?amd "ENDY terminator.
*cu— ; 1 o o . . - .

T B e

T gt LD wmgtte PR e le AT AR e Yo gl vt o



ey P T it A,
AN ’ﬁ% 3 }{Qﬁf\w;

“Ppak Position

COMMAND SYNTAX: . LDt i EEDY L end g 0 Sagpt

DESCRIPTION:

PKPCS returns & value which is the x position.of the maximum value in trace A, trace B,
trace ¢, or user defined trace,






