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CERTIFICATION
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WARRANTY

This Hewlett-Packard instrument product is warranted against defects in material and workmanship for a
period of one year from date of shipment. During the warranty period, Hewlett-Packard Company will at
its option, either repair or replace products which prove to be defective.
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However, Buyer shall pay all shipping charges, duties, and taxes for products returned to HP from another
country.

HP warrants that its software and firmware designated by HP for use with an instrument will execute
its programming instructions when properly installed on that instrument. HP does not warrant that the
operation of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by
Buyer, Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of
the environmental specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES.
HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER
LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard
products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
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Learning About the Synthesized Signal

Generator

Getting Started
the Easy Way

Note

What's in this Guide?

Equipment
You Will Need

This Operation Guide shows you how to use the Synthesized Signal
Generator (herein referred throughout the manual as “the Signal
Generator”). If this is your first introduction to the Signal Generator,
we recommend that you read this chapter as an orientation to the rest
of the Operation Guide.

If you are unpacking a new Signal Generator, you will want to refer
to to the installation suggestions provided in appendix A.

This Operation Guide helps you learn how to operate the Signal
Generator from both the front panel and via HP-IB. Specifically:

o Chapter 2 shows you how easy it is to FM, AM, Pulse, and
simultaneously modulate the Signal Generator. (Appendix F
provides information about generating complex audio signals.)

» Chapter 3 shows you how to frequency sweep the Signal Genera-
tor using digitally-stepped or phase-continuous sweep.

s Chapter 4 describes how to program the Signal Generator with
HP-SL. (Appendix E provides syntax drawings for HP-SL.)

The following table lists the recommended equipment for application
procedures in this Operation Guide. You may substitute equipment;
however, be aware that your displayed results could be different than
the results llustrated in this Operation Guide.

Table 1-1. List of Recommended Equipment.

Eaui : Recommended Used in
quipmen Model Numbers Chapter(s)

Spectrum HP 8582A/B, or HP B5668, or HP B568B 1-3
Analyzer
Oscilloscope HP 1741A, or HP 54100A, or HP 54200A, 2

or HP 54100A, or HP 54100D, or

HP 54110D, or HP 541207
Function HP 3312A, or HP 3314A, or HP 81114, 2
Generator or HP 8116A, or HP 8904A
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Meet the S;gnai The Signal Generator is specifically designed as a low-noise general

G 5 purpose RF frequency signal generator with modulation, amplitude

enerawor control, and sweep functions. It is an excellent choice for performing
out-of-channel tests on high-performance radios.

Specifically, the Signal Generator meets general purpose RF testing
needs in the following ways:

« Frequency ranges of 100 kHz to 3.0 GHz (Model HP 8664A);
100 kHz to 4.2 GHz (Model HP 8665A, Instruments with serial prefix
3015A and above have a frequency underrange to 10 KHz, and overrange
to 4.5 GHz.); and
100 kHz to 6.0 GHz (Model FIP 8665B).

« Output amplitude of -+13 dBm (+9 dBm if equipped with Option
008) to -139.9 dBm for all models.

e Modulation formats of AM, FM, oM, and Pulse (for models
equipped with Option 008). FM peak deviation rates are 10 MHz at
3.0 GHz for the HP 8664A, 20 MHz at 4.2 GHz for the HP 86654,
and 20 MHz at 6.0 GHz for the HP 8665B.

« Internal modulation source of 0.1 Hz to 400 kHz with sine, square,
triangle, sawtooth, or white Gaussian noise waveforms.

¢ Internal dual-source modulation.
» Module level service diagnostics.
 Digitally-stepped, or phase-continuous frequency sweeping.

o Remote ATE programming through HP-IB (Hewlett-Packard’s
implementation of IEEE Standard 488.2}.

Note Refer to appendix H where you will find answers to commonly asked
questions about operating the Signal Generator.

— What About Modulating, Chapter2

s, - T
e
= p—

‘What  About Sweeping, Chapter3 .

P

What About Programing, Chapter4 ____

Appendixes A thru |




2 What About Modulating?

In this Cha pter This chapter describes how to modulate the Signal Generator. Three
kinds of modulation are discussed: FM, AM, and Pulse (for instru-
ments equipped with Option 008). Instructions to modulate the Sig-
nal Generator with both an internal and an external audio source are
given; also, one example of simultaneous modulation is given.

Additional information contained in this chapter is about:

e Special Functions. How to select special functions relating to
modulation.

s Save and Recall registers. How to save and recall front-panel
settings.

e Digitized and Linear FM Synthesis. How carrier frequency ac-
curacy, audio frequency rates, and group delay affect frequency
modulation.

» Mode Selection. How to control the RF output quality (when FM
deviation, switching time, and phase noise are considerations).

Note Appendix F provides instructions to create complex audio signals for
modulating the RF Output.

The Directo ry Use the ﬂlgstration sho.wn below and find th{fz Sub§ect‘ you want. Turn
to that subject, and notice a look-up table which provides you with an
overview of the specific topics covered in that section of the chapter.

Frequency Modulation —...
PG PP L

Amplitude Moduiation —.._

ARG P A

Pulse Modulction

o e )

Simuitaneous Modulation _.
A P I
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Frequency
Modulation -
An Overview

If You Need to Know: Refer to:

Frequency Modulation

s About Digitized vs Linear FM synthesis
in relation to carrier frequency
accuracy, audio frequency rates,
group delay, and modes of
operalion ........... ... . ... Frequency Modulation-An
Introduction {2-2 to 2-5)

« How to FM the Signal Generator using the ‘
internal audio source. ................ Frequency Modulation-An
Exercise. Procedure #1
(2-6 to 2-9)

s How to FM the Signal Generator with an
external audio source................. Frequency Modulation-An
Exercise. Procedure #2
(2-10 to 2-12}

o The key things to remember
about frequency modulating
the Signal Generator.................. Frequency Modulation—
Things to Remember {(2-13)

Frequency The Signal Generator accurately simulates many different types of

Modulati FM signals used in RF communication systems. Also, a wide variety

oguiation - of unsymmetrical modulation signals, such as digital FSK squelching

An Introduction sequences, and FM telemetry can be coupled to the front-panei FM
connector.

You can FM the RF output over a wide bandwidth, with deviations
up to 20 MHz (10 MHz in the HP 8664A) using either internally or
externally generated modulation signals. External modulation signals
can be ac or dc coupled. You can simultaneously modulate AM, FM,
and pulse. The FM connector has an input impedance of 600 Q.

The Signal Generator has an internal audio source that generates
waveforms at rates up to 400 kHz. (The audio output has a typ-
ical bandwidth of 400 kHz which affects complex waveforms with
frequency components greater than 400 kHz.) Five different inter-
nal audio waveforms are available when you access Special Func-
tion 130: sine, square, triangle, sawtooth, or white Gaussian noise as
demonstrated in Procedure #1,



Carrier Frequency
Accuracy

Audio
Frequency Rates

What About Modulating? 2-3

The Signal Generator generates FM in two ways. Digitized FM
synthesis is the default method, and Linear FM synthesis is the method
you access from Special Function 120; you have control over selection
of either method.

Both Digitized FM and Linear FM synthesis have their advantages
and disadvantages. Your signal generation and testing needs will
determine which method to use. Let’s examine the different factors
to be considered:

Carrier frequency accuracy is a measure of the frequency shift in the
RF output relative to its desired frequency.

Digitized DC FM synthesis has better carrier frequency accuracy
than linear DC FM. This accuracy is a function of the programmed
FM deviation. Linear DC FM synthesis produces carrier frequency
inaccuracies since the synthesis phase locked loop is no longer locked.

Linear AC FM synthesis has better carrier frequency accuracy than
digitized AC FM. Digitized AC EM synthesis produces slight frequency
inaccuracies that are more apparent as FM deviation increases. The
inaccuracies are a function of the programmed FM deviation.

The Signal Generator allows an external audio source, and/or its
internal audio source to frequency modulate the RF output. The
external or internal audio waveform can be sine, or can be complex
{for example, square, sawtooth, and so forth). Also, you may create
complex audio signals for modulating the RF carrier as described in
appendix F.

Digitized FM synthesis is primarily used for single-tone audio modu-
lation with a sinewave; however, complex waveforms can be used as
long as all appreciable harmonic components are less than 10 kHz. The
maximum internal audio frequency rate can be 400 kHz; external audio
frequency rates up to 800 kHz can be input,

Linear FM synthesis is primarily used for complex audio modulation.
The maximum internal audio frequency rate is also 400 kHz; external
audio frequency rates 800 kHz can be input. The lower 3 dB frequency
corner for linear FM synthesis is 200 Hz for external audio frequency
rates.
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Group Delay

Mode Selection

Group delay is a measure of the time delay between the information
input at the FM Modulation Input connector, and the signal effects at
the RF Qutput connector. Effects from group delay are apparent only
when the complex audio modulation signal has significant harmonic
content between 10 kHz and 100 kHz. Group delay is a function of
both the modulation rate and the method of FM synthesis.

Digitized FM synthesis causes a greater amount of group delay than
Linear FM synthesis. Having the FM delay equalizer (Special Function
124) turned on or off also affects the amount of group delay, as shown
in figure 2-1:

Group
Belay
s0usec . Standard Signal Generator (Delay Equalizer ON)
.~ Digitized FM~——0u©>=~F
g
Standard Signal Generator
(Delay Equalizer OFF)
or Signal Generator w/opt. 004
200nSec — - — — — e e e -
100nSec b _ 4 o Linear FM LDsajoy Equalizer OFF)
I i T e Frequency
300Hz2 3kHz 20kHz 1 MMz

Figure 2-1. Group Delay for Digitized and Linear FM Synthesis.

On the lower-right side of the Signal Generator’s front panel, you will
notice a group of keys under the label MODE SELECT. With these keys, the
Signal Generator allows you control the frequency synthesis scheme
used to derive the RF output. A standard Signal Generator provides
you with MODE 1 synthesis only. The low noise Option 004 allows you
to have MODE 2 synthesis.
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In most applications, the Signal Generator can be kept in the AUTQ
SELECT mode. If your Signal Generator is equipped with Option 004,
you will notice that either the MODE 1 or the MODE 2 LED annunciators
lights up as frequency or FM deviation is changed. This is a visual
indication that the Signal Generator is automatically selecting the
“best” mode of operation for the selected frequency and modulation
settings. In the AUTO SELECT mode, the “best” mode of operation is an
RF output with the lowest phase noise.

In other applications, you may want to select an RF output with faster
switching or with more FM deviation. In this case, take the Signal
Generator out of the Auto Select mode by pressing the Mode key of
your choice. There are three basic factors to consider when you select
a synthesis mode-they are (1) switching time, (2) FM deviation, and
(3) phase noise. A typical comparison of these three factors for an RF
output of 1 GHz is shown in figure 2-2:

OETION NOT NOT NOT
Standard Signat Generator 004 AVAILABLE : AVAILABLE | AVALLABLE
YET YET YET
H

s : -~
/
f o i o , © I o | o |
E _
| {AUTO} E [moos 1] , {MODE 2] | [MO{)£ 3] | [MODE 4} ! MODE 5] ;
] AUTC STG LOW NOISE l J E
SELECT | | f i :
! i
. : | | | |
200 mS ormmsm e
RF QUTPUT I i |
SWITCHING  TIME
! 1 | s
50 mg o Tmme— | j | '-
| l | | |
5 MHz - e— ! : '
AVAILABLE FM DEVIATION | |
AT RF OUTPUT OF 1 GHz
! i | ]
100 kHz | | | |
! | I
—120 dBe A i | ] §
PHASE NOISE 20 kHz ] g
OFFSET AT 1 GHz |
r | | |
- 140 dBc A : 1 I
i L |

Figure 2-2. Typical Modes of Operation
for RF Output of 1 GHz with FM On.
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SPECTRUM ANALYZER
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Figure 2-3. Equipment Setup for FM Procedure #1.

Frequency
Modulation ~
An Exercise

Eguipment Needed

Procedure #1 ~ FM
Using the Internal
Audic Source

The following exercise is made up of two procedures. Each procedure
takes about 10 minutes to complete. The first procedure frequency
modulates the Signal Generator using the internal audio source. The
second procedure frequency modulates the Signal Generator using an
external audio source.

Both procedures require use of the following equipment:

Eaui Recommended

quipment Model Numbers.

Spectrum HP B562A/B, or HP 85868, or HP 8568B
Analyzer

Function HP 33124, or HP 3314A, or HP 81114,
Generator HP 8116A, or HP 8S04A

Procedure #1 starts with step 1 shown on the next page. A preview of
the four major steps in the procedure is as follows:

¢ Set up and adjust the spectrum analyzer, and connect it to the
Signal Generator.

o Adjust the RF output to 2.5 GHz, and the output amplitude to
0 dBm on the Signal Generator.

e Adjust the FM deviation to 10 MHz, and the audio frequency rate
to 100 kHz on the Signal Generator.

¢ Observe and modify the results,
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Set Up and Adjust the Spectrum Analyzer

1. Connect the Signal Generator to the spectrum analyzer as shown
in figure 2-3, Turn on the equipment, and make the following
adjustments to the spectrum analyzer:

Center Frequency ..........cooviiiiiinvnnrnevnnnna. 2.5 GHz
Frequency Span .........coviviiiiiiiiiniiiiinin., 106 MHz
Reference Level. ..o, 0 dBm

Adjust RF Qutput and Output Amplitude on the Signal Generator

2. Press the green INSTR PRESET key. Doing so presets the Signal
Generator to a known state for the following steps. '

3. Press the FREQ key, and enter a frequency of 2.5 GHz,

Remember On the Signal Generator, a 7 cursor” appears in either the FRE-
QUENCY/STATUS or the MODULATION/AMPLITUDE display,
and points to the currently active function. This means, for exam-
ple, that presently you could repeatedly change the frequency of the
Signal Generator without having to first press the FREQ key.

4. Press the AMPTD key, and enter an output amplitude of 0 dBm.
You will notice that the “wv cursor” is now in the MODULA-
TION/AMPLITUDE display. The following display should appear
on the spectrum analyzer:

SHARN
108 | vz
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Adjust FiM Deviation and Audio Frequency Rateon the Signal Generator

5. Press the FM key, and enter an FM deviation of 10 MHz. When
FM deviation is first turned on, the audio frequency rate defaults
to 1 kHz.

Notice that the yellow annunciators above the FM and INT keys light
up; this indicates that FM, using its internal audio source, is active.

6. Press the AUDIO FREQ key, and enter an audio frequency rate of
100 kHz. The Signal Generator should now show the following
in the MODULATION/AMPLITUDE display:

10.0MHz 100.0kHz .0.0dBm

AUDIO

Observe and Modify the Results.
7. The following display should appear on the spectrum analyzer:

8. Press the SAVE key. The Signal Generator should show the
following in the FREQUENCY/STATUS display:

Save Register -

9. Press the 0 key, and the ON key. This step enters the frequency,
modulation and amplitude settings in Register § for use in
Procedure #2; the FREQUENCY/STATUS display should now
show the last RF output setting (2.5 GHz).
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10. Press the FM key, the INCR/DECR |«<7| key, and turn the knob
counterclockwise to decrease the FM deviation. You will notice the
spectrum analyzer display changing as FM deviation is adjusted.

Return FM deviation to 10 MHz, and proceed to the next step
where you will change the audio frequency waveform by using
Special Function 130.

11. Press the SPECIAL key. The Signal Generator should now show the
following in the FREQUENCY/STATUS display:

Enter Special Number

12. Enter number “130” and press the ON key. The Signal Generator
should now show the following in the FREQUENCY/STATUS
display:

130:Audio Wave Sine

13. Turn the knob to change the audio frequency waveform. Notice
how the spectrum analyzer responds to the square, triangle,
sawtooth, and white Gaussian noise waveforms.

Note The AUDIO output has a typical bandwidth of 400 kHz for all wave-
forms. This affects complex waveforms with frequency components
greater than 400 kHz,
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Figure 2-4. Equipment Setup for FM Procedure #2.

Procedure #2 - FM
Using an External

Procedure #2 starts with step 1 shown below. A preview of the four
Audio Source

major steps in the procedure is as follows:

o Setup and adjust a spectrum analyzer and function generator, and
connect them to the Signal Generator.

o Adjust the RF output to 2.5 GHz, and the output amplitude to
¢ dBm on the Signal Generator.

« Adjust the FM deviation to 10 MHz on the Signal Generator.
» Observe and modify the results.

Set Up and Adjust the Spectrum Analyzer and Function Generator

1. Connect the Signal Generator to the spectrum analyzer and

function generator as shown in figure 2-4. Turn on the equipment
and make the following adjustments:

On the Spectrum Analyzer

Center Frequency

................................... 2.5 GHz
Frequency Span ..ot 100 MHz
Reference Level. o e e e 0 dBm

On the Function Generator
FrequUency ... vv e 600 kHz

Amplitude

1 Vpk (at the FM input)
Waveform ... Sine
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Adjust RF Gutput and Qutput Amplitude on the Signal Generator

2.

Press the green INSTR PRESET key. Doing so presets the Signal
Generator to a known state for the following steps.

3. Press the FREQ key, and enter a frequency of 2.5 GHz.

4, Press the AMPTD key, and enter an output amplitude of 0 dBm. The

following display should appear on the spectrum analyzer:

SPA
18a | M=

Adjust FM Deviation on the Signal Generator
5. Press the FM key, the EXT AC key, the INT key, and then enter an FM

deviation of 10 MHz. The INT key is pressed in this step to turn off
the internal audio source.

Notice that the yellow annunciators above the FM and EXT AC keys
light up; this indicates that FM using an external audio source is
active.

The Signal Generator should now show the following in the
MODULATION/AMPLITUDE display:

10.0MHz Ext AC  .0.0dBm

EXT LO

The EXT HI and EXT LOW annunciators in the MODULATION/
AMPLITUDE display indicate if the amplitude of the external audio
source is too high or too low. When the amplitude is at 1 Vpk £1%,
both annunciators are off. Howvever, both annunciators only work at
external audio rates from 20 Hz to 100 kHz.




2-12

What About Modulating?

Remember

Observe and Modify the Results

6

7

8

. The following display should appear on the spectrum analyzer:

. Press the SAVE key, and put the current front-panel settings in

Register 1.

. Press the RECALL key. The Signal Generator should show the

following in the FREQUENCY/STATUS display:

Recall Register -

9

10.

. Press the 0 and the ON key to recall the settings from Procedure
#1. Notice that the display on the spectrum analyzer reflects the
recalled settings from Procedure #1.

Recall Register 1 to return to the Procedure #2 settings. Notice
once again that the display on the spectrum analyzer reflects the
recalled settings for Procedure #2.

The Signal Generator has 50 available storage registers. The first 10,
Registers 0--9, accepts all front panel settings (except for some Special
Functions). The next 40, Registers 10-49, accepts only frequency and
amplitude settings.

Performing an Instrument Preset, or unplugging the Signal Generator
does not alter contents of the 50 storage registers.
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Freque ncy The _fo}low:ix}g list is a summary of ‘the most important points
Modulation previously discussed in the FM modulation section:
— Thinas to  Digitized FM synthesis, and Linear FM synthesis are two methods
g of generating FM in the Signal Generator, Special Function 120
Remember allows you to choose between either method.

» Carrier frequency accuracy, audio frequency rates, and group delay
are three factors to consider when you decide on a method of FM
synthesis.

» FM deviation, switching time, and phase noise are three factors to
consider if you decide to use a mode of operation other than the
Auto mode.

+ Resolution for FM deviation is 2.5 % of the front-panel setting.

o The internal audio source generates sine, square, triangle, saw-
tooth, or white Gaussian noise waveforms. Access Special Func-
tion: 130 to change the internal audio source waveform.

» Refer to appendix F for information about creating complex audio
signals that modulate the RF carrier.
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Amplitude
Modulation —
An Overview

If You Need to Know: Refer to:

Amplitude Modulation

e Some general information about
amplitude modulation. ... ... .. ... Amplitude Modulation-An
Introduction (2-14)

e How to AM the Signal Generator using the
internal audio source. .......... .. .. .. Amplitude Modulation-An
Exercise. Procedure #1
{(2-15 to 2-18)

e How to AM the Signal Generator with an
external audio source. ............. ... Amplitude Modulation-An
Exercise. Procedure #2
(2-18 to 2-21)

o The key things to remember
about amplitude modulating
the Signal Generator .................. Amplitude Modulation-
Things to Remember (2-22)

Amplitude
Modulation ~
An Introduction

The Signal Generator amplitude modulates the RF output with the
internal audio source, or with an ac or dc-coupled external audic source
applied to the front-panel AM connector. You cannot use both the
internal audio source and an external audio source at the same time.
The AM connector has an input impedance of 600 .

The Signal Generator has an internal audio source that generates
waveforms at rates up to 400 kHz; however, for precise AM depth,
the audio frequency rates should not exceed the specified AM 3
dB bandwidth limits shown in chapter 1 of the Signal Generator
Calibration Manual.

You can simultaneously modulate AM with FM or pulse modulation.
Refer to appendix F if you need complex audio signals for modulating
the RF carrier.
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Figure 2-5. Equipment Setup for AM Procedure #1.

The following exercise is made up of two procedures. Each procedure
takes about 10 minutes to complete. The first procedure amplitude
modulates the Signal Generator using the internal audio source. The
second procedure amplitude modulates the Signal Generator using
an external audio source. In both procedures, you have the choice of
viewing results either on a spectrum analyzer or on an oscilloscope.

Amplitude
Modulation -
An Exercise

Equipment Needed

Both procedures require use of the following equipment:

Equi Recommended

quipment Model Numbers

Spectrum HP 8562A/8, or HP 85668, or HP B568B
Analyzer

Function HP 3312A, or HP 3314A, or HP 8111A,
Generator HP 8116A, or HP 8904A

Oscilloscope HP 1741A, or HP 54100A, or HP 54200A
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Procedure #1 - AM  Procedure #1 starts with step 1 shown on the next page. A preview of |
Using the Internal the four major steps in the procedure is as foliows:

Audio Source 1. Set up and adjust the spectrum analyzer (or oscilloscope), and
connect it to the Signal Generator.

2. Adjust the RF output to 20 MHz, and the output amplitude to
0 dBm on the Signal Generator.

3. Adjust the AM depth to 50%, and the audio frequency rate to
10 kHz on the Signal Generator.

4. Observe and modify the results.

Set Up and Adjust the Spectrum Analyzer (or Oscilloscope}

1. Connect the Signal Generator to the spectrum analyzer (or
oscilloscope)} as shown in figure 2-5, Turn on the equipment, and
make the following adjustments:

On the Spectrum Analyzer

Center Frequency .............. R, 20 MHz
Frequency Span ......oovviiiiin i, 25 kHz
Reference Level .o it enaaiieennnn 0 dBm

On the Oscilloscope

V0] LT 0.5
Time DIV e e 25 psec
Adjust RF Quiput and Quiput Amplitude on the Signal Generator

2. Press the green INSTR PRESET key. Doing so presets the Signal
Generator to a known state for the following steps.

3. Press the FREQ key, and enter a frequency of 20 MHz.

Remember On the Signal Generator, a “y cursor” appears in either the FRE-
QUENCY/STATUS or the MODULATION/AMPLITUDE display,
and points to the currently active function. This means, for example,
that presently you could change the frequency of the Signal Generator
without having to first press the FREQ key.
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4. Press the AMPTD key, and enter an output amplitude of 0 dBm.
You will notice that the “g cursor” is now in the MODULA-
TION/AMPLITUDE display.

Adjust AM Depth and Audio Frequency Rate on the
Signal Generator

5. Press the AM key, and enter an AM depth of 50%. When AM depth
is first turned on, the audio frequency rate defaults to 1 kHz.

Notice that the yellow annunciators above the AM and INT keys light
up; thisindicates that AM, using its internal audio source, is active.

6. Press the AUDIO FREQ key, and enter an audio frequency rate of 10
kHz. The Signal Generator should now show the following in the
MODULATION/AMPLITUDE display:

50.0% 10.00kHz .0.0dBm

AUDIC

Observe and Modify the Results.

7. The following display should appear on the spectrum analyzer
(or oscilloscope):

Spectrum Analyzer Oscilloscope

8. Press the SAVE key. The GSignal Generator should show the
following in the FREQUENCY/STATUS display:

Save  Register -
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Note

9. Press the 0 key, and the ON key. This step enters the frequency,
modulation and amplitude settings in Register 0 for use in
Procedure #2; the FREQUENCY/STATUS display should now
show the last RF output setting (20 MHz}.

10. Press the AM key, and turn the knob counterclockwise to de-
crease the AM depth. You will notice the spectrum analyzer (or
oscilloscope) display changing as AM depth is adjusted.

Return AM depth to 50%, and proceed to the next step where
you will change the audio frequency waveform using Special
Function 130.

11. Press the SPECIAL key. The Signal Generator should now show the
following in the FREQUENCY/STATUS display:

Enter Special Number

12. Enter number “130” and press the ON key. The Signal Generator
should now show the following in the FREQUENCY/STATUS
display:

130:Audio Wave Sine

13. Turn the knob to change the audio frequency waveform. Notice
how the spectrum analyzer (or oscilloscope) responds to the
square, triangle, sawtooth, and white Gaussian noise waveforms.

The AUDIO output has a typical bandwidth of 400 kHz for all wave-
forms. This affects complex waveforms with frequency components
greater than 400 kHz.
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Figure 2-6. Equipment Setup for AM Procedure #2.

Procedure #2 - AM Procedure #2 starts with step 1 shown below. A preview of the five

Using an External major steps in the procedure is as folows:
Audio Source s Set up and adjust the spectrum analyzer {or oscilloscope) and

function generator, and connect them to the Signal Generator.

o Adjust the RF output to 100 MHz, and the output amplitude to
0 dBm on the Signal Generator.

e Adjust the AM depth to 90% on the 5Signal Generator.
s Adjust output amplitude on the function generator.
» Observe and modify the results.

Set Up and Adjust the Spectrum Analyzer (or Oscilloscope),
and Function Generator

1. Connect the Signal Generator to a spectrum analyzer (or oscillo~
scope)} and function generator as shown in figure 2-6. Turn on the
equipment and make the following adjustments:

On the Spectrum Analyzer

Center FreqUency .......cooviiiiiiiiiniiiiiinneann. 100 MHz
Frequency Span ..o 50 kHz
Reference Level. ... ... 0 dBm
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On the Oscilloscope

VOIS IV L o et e e e e, 0.2
8 e LT 0 25 usec
On the Function Generator

Frequency . oot ir i i 10 kHz
Amplitude. ... 1 Vpk
RN o s 1 4 R Sine

Adjust RF Cutput and Output Amplitude on the Signal Generator

2. Press the green INSTR PRESET key. Doing so presets the Signal
Generator to a known state for the following steps.

3. Press the FREQ key, and enter a frequency of 100 MHz.
4. Press the AMPTD key, and enter an output amplitude of 0 dBm.

Adjust AM Depth on the Signal Generator

5. Press the AM key, the EXT AC key, and then enter an AM depth of
90%.

Notice that the yellow annunciators above the AM and EXT AC keys
light up; this indicates that AM using an external audio source is
active,

The Signal Generator should now show the following in the
MODULATION/AMPLITUDE display:

90.0% Ext AC  .0.0dBm

EXT 1O

Remember The EXT HI and EXT LOW annunciators in the MODULATION/
AMPLITUDE display indicate if the amplitude of the external audio
source is too high or too low. When the amplitude is at 1 Vpk +1%,
both annunciators are off. However, both annunciators only work at
external audio rates from 20 Hz to 100 kHz.
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Adjust Qutput Amplitude on the Function Generator

Proceed to step 7 if both the EXT HI and EXT LOW annunciators are
off.

6. Slowly adjust the output amplitude on the function generator
until both the EXT HI and EXT LOW annunciators are off. The
Signal Generator requires the input signal to the AM connector to
be 1 Vpk +1%. '

Observe and Modify the Results

7. The following display should appear on the spectrum analyzer
(or oscilloscope):

Spectrum Analyzer Oscilloscope

8. Press the SAVE key, and put the current front-panel settings in
Register 1.

9. Press the RECALL key. The Signal Generator should show the
following in the FREQUENCY/STATUS display:

Recall Register -
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10. Press the 0 and the ON key to recall the settings from Procedure
#1. You will have to re-adjust the spectrum analyzer for a center
frequency of 20 MHz. Then, notice that the display on the
spectrum analyzer reflects the recalled settings from Procedure #1.

11. Recall Register 1 to return to the Procedure #2 settings. Re-adjust
the spectrum analyzer’s center frequency to 100 MHz. Notice once
again that the display on the spectrum analyzer reflects the recalled
settings for Procedure #2.

Remember The Signal Generator has 50 available storage registers. The first 10,
Registers 0-9, accept all front panel settings (except for some Special
Functions). The next 40, Registers 10-49, accept only frequency and
amplitude settings.

Performing an Instrument Preset, or unplugging the Signal Generator
does not alter contents of the 50 storage registers.

Am P litude The .followhjlg list is a sumunary of Fhe most important points
Modulation previously discussed in the AM modulation section:
Thin to o For accurate AM depth, audio frequency rates should not exceed
- gs the specified limits shown in chapter 1 of the Signal Generator
Remember Calibration Manual for the RF output.

e An internal or external audio source can be used to amplitude
modulate the RF output,

« The internal audio source generates sine, square, triangle, saw-
tooth, or white Gaussian noise waveforms. Access Special Func-
tion 130 to change the internal audio source waveform.

¢ Refer to appendix F for information about creating complex audio
signals for modulating the RF carrier.
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Pulse
Modulation -
An Qverview

If You Need to Know: Refer to:

Pulse Modulation

e Some general information about
pulse modulation. ................. ... Pulse Modulation-An
infroduction (2-23)

e The four events that occur in the
process of generating a pulse .. ....... Pulse Modulation-
Synchronization {2--24)

e How to Pulse Modulate the Signal Geperator
using direct pulse control ... .. ... ... Pulse Modulation-An
Exercise. Procedure # 1)
{2-29 to 2-32)

» How to Pulse Modulate the Signal Generator
with the internal pulse generator.....  Pulse Modulation-An
Exercise. Procedure # 2
{2-33 to 2-37)

e The key things to remember
about pulse modulating
the Signal Generator.................. Pulse Modulation-
Things to Remember {2-38)

Puise
Modulation —
An Introduction

Pulse Modulation is available on the Signal Generator equipped
with Option 008. With this option, you can perform radar test
measurements for searching, tracking, and surveillance simulation.
The Signal Generator also provides variable pulse delay and width
features for radar component testing,.

The Signal Generator’s internal audio source, or an external signal (dc-
coupled) is used to pulse modulate the RF output. The RF output is
specified fo a maximum level of +9 dBm for pulse modulation. Pulse
modulation is controlled by either using direct pulse control, or by using
the internal pulse generator.

Direct pulse control refers to the internal or external source controlling
the tirning and width of the pulsed RF output. In contrast, using the
internal pulse generator you directly control the delay, widih, and
triggering edge of the pulsed RF output through Special Functions
212-214.
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You can simultaneously modulate AM or FM with pulse modulation.
Special Function 210 allows you to select an input impedance of 50
for the PULSE connector, or to keep the preset Schottky TTL input
impedance value of 100 k2,

There are four events occurring in the process of generating a pulse
Pulse 8 p 8 gap
Modulation modulated output from the Signal Generator.

Syn chronization 1. An external or internal control signal must be present.

2. A sync output is generated.

3. An RF pulse output is generated.

4. A video output is generated (simultaneously with an RF pulse
output).

The illustration in figure 2-7 shows an RF output pulse synchronized
from the rising edge of a control signal. Refer to figure 2-7 as you
review each event in detail.

External or / \
Interngl

Control
Souce

Sync / \

Ouiput

RF Pulse
Output

Video /[_—_-—\____

Output

Figure 2--7. Rising Edge Synchronization
for the Pulse Modulation Output.



External or internal
Controi Signal

Sync Ouiput

What About Modulating? 2.25

The External or Internal Control Signal is used to initiate a pulse
modulated RF output. This control signal determines the Pulse
Repetition Frequency (PRF) of the RF output.

 The external control signal must be a TTL level into the load you've
selected (50 @ or 100 k), it must be dc-coupled to the front panel
PULSE connector, and can be at a rate from dc to 10 MHz.

» The internal control signal originates from the internal audio source
(refer to appendix F), and can be at a rate from 0.1 Hz to 400
kHz. For best results when pulse modulating, use the internal
audio source in its preset condition. That is, a sine wave with no
subcarrier modulation sources turned on.

The next event to occur is a TTL level Sync Output signal. A sync
output signal is typically 50 ns in duration (into 50 ©2), and is used to
synchronize the RF Pulse Quiput.

A sync output signal is generated in one of three ways:

o It occurs ence relative to the positive edge of the external or internal
control signal. (This is the default condition.)

s It occurs once relative to the negative edge of the external or internal
control signal. (This is valid only when using the internal pulse
generator, and Special Function 214, Fulsze Tris Edge is set to
Hea).

s It occurs once, relative to the positive edge of the external or internal
control signal. (This is valid only when using the internal pulse
generator, and Special Function 214, Fulze Trig Edae is set to
Bt k).

The sync output is monitored from the rear-panel SYNC connector. The
presence of an external or internal control signal will always generate
a sync output signal.

Trigger Delay Time (T,}

Trigger delay (T,) is the time starting from the external or internal
control signal occurrence to the sync output occurrence. Figure 2-8
illustrates a sync output occurring on the rising edge of the external or
internal control signal. However, T, is synchronized to start:

+ half-way up the rising edge, or
¢ half-way down the falling edge

of the external or internal control signal, and end half-way up the rising
edge of the sync output signal.



2-26

What About Modulating?

RF Pulse Output

External or
Internal 0%
Control
Souce Td
Sync 50%
Output
Td—Trigger dslay

Figure 2-8. Trigger Delay Tirme for the Sync Output.

The amount of trigger delay time depends upon whether you are using
direct pulse control, or are using the internal pulse generator. (Trigger
delay time is longer when using the internal pulse generator.)

The RF Pulse Output occurs after the sync output. (The RF Pulse
Output occurs twice if direct pulse control is being used, and if Special
Function 214 is set to Bath. The second pulse occurs in relation the
negative edge of the control signal after Ty + P,.}

An RF pulse output is described in terms of its characteristics, as
shown in figure 2-9. Specifications for each characteristic are found in
chapter 1 of the Calibration Manual.

External or 50%
Internal

Control

Souce Td

Syne
Quiput

RF Pulse
Quiput

Td—Trigger delay Tr—RF pulse rise time  Vor-Overshoot and ringing
Pd—RF puise delay Ti—-RF pulse fall time
Pw--RF pulse width Vi-Video feedthrough

Figure 2-9. RF Pulse Output Characteristics.
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RF pulse delay (P, ) is the time from a sync pulse occurrence to an RF
pulse output occurrence. P, starts half-way up the rising edge of the
sync output, and ends half-way into the leading edges of an RF pulse
output. The amount of RF pulse delay depends upon whether you are
using direct pulse control, or are using the internal pulse generator.

Direct Puise Control for P,. When direct pulse control is used, the
typical RF pulse delay time is less than 30 ns. The operator cannot vary
P4 under direct pulse control.

Internal Pulse Generator for P,. When the internal pulse generator is
used, the amount of P; can be varied from 50 ns to 1 s. Simply activate
Special Function 212 and select the amount of pulse delay needed.

RF Pulse Rise Time (T_)

RF pulse rise time (T, ) is the interval of time required for the leading
edges of an RF pulse output to change from 10% to 90% of its peak
amplitude.

Overshoot and Ringing (V,,)

Overshoot and ringing (V,,} is an initial transient response of the
pulse output. Overshoot refers to the pulse momentarily exceeding
its steady-state amplitude. Ringing refers to the positive and negative
excursions that take place before the puise reaches its final amplitude
value. Overshoot and ringing is typically less than +25% of the peak
pulse output.

RF Pulse Width (P,,)

Pulse width (P, ) is the time interval between the leading and trailing
edges of an RF pulse output. Pulse width duration starts half-way into
the leading edges of the pulse, and ends half-way into the trailing
edges of the pulse. The actual pulse width duration depends upon
whether you are using direct pulse control, or are using the internal
pulse generator,

Direct Puise Control for {P_). When direct pulse control is used,
pulse width is determined by the external or internal control signal, as
follows:

e An external control signal typically sets P, to be equal to the
duration of the external signal when it is at a TTL high, less the RF
pulse width compression (T, -P, ).

+ An internal control signal typically sets P, to be equal to half the
PRF period.

Internal Pulse Generator for (P, ). When the internal pulse generator
is used, the amount of P, can be varied from 10 ns to 1 s. Simply
activate Special Function 213 and select the amount of pulse width
needed.
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Video Output

RF Pulse Fall Time (T;)

RF pulse fall time (T;) is the interval of time required for the trailing
edges of an RF pulse output to change from 90% to 10% of its peak
amplitude.

Video Feedthrough (V,)

Video feedthrough (V;) is the spurious content of the RF output,
expressed in dBc, that is harmonically related to the PRF. Typically,
video feedthrough is less than —50 dBc for rates less than or equal to
100 kHz.

The Video Output occurs simultaneously with an RF pulse output and
lasts for approximately the same duration as the pulse. The video
output is monitored from the rear-panel VIDEO connector. The presence
of an RF pulse output always coincides with a video output signal, as
shown in figure 2-10:

Externat or

50%
Internagt
Control
Souce Td
4
Sync >0
Cuiput l Vor
P
d "1 _Y_ 50%
RF Pulse o0% m \v;rf

Output To%
90% 1
Tr [ Tf

Video
Quiput

Td—Trigger deiay Tw—Video width Vi—Video feedthrough

Pd—RF pulse delay Tr—RF pulse rise time  Vor—Overshoot and ringing

Pw-Rf pulse width Ti-~RF pulze fali time

Figure 2-10. Video Qutput in Relation to the RF Pulse Output.

Video Width (T, )

Video width (T, ) is the time interval between the rising and falling
edges of the video output. Video width duration starts half-way up
the rising edge, and ends half-way down the falling edge of the video
output signal. Video width approximately corresponds to the width of
the RF pulse output.
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Figure 2-11. Equipment Setup for Puise Modulation Procedure #1.

Pulse
Moduiation -
An Exercise

Equipment Needed

Procedure #1 ~ Pulse
Modulation Using
Direct Pulse Control

The following exercise is made up of two procedures. Each procedure
takes about 15 minutes to complete. The first procedure (#1) pulse
modulates the Signal Generator using direct pulse control. The second
procedure (#2) pulse modulates the Signal Generator using the internal
pulse generator. Results from the pulse modulation exercise are
displayed on an oscilloscope.

This procedure requires use of the following equipment:

Equi Recommended

quipment Model Numbers

Function HP 3312A, or HP 3314A, or HP 8111A,
Generator HP 8116A, or MP 8304A

Oscilioscope™ HP 54100A, or HP 541000, or

HP 541100, or HP 541207

*It your oscilloscope does not have a 1 GHz bandwidth,
reduce the RF output frequency in the foliowing
procedures.

The procedure starts with step 1 shown on the next page. A preview
of the six major steps in the procedure is as follows:
o Set up and adjust an oscilloscope and function generator, and
connect them to the Signal Generator.
e Adjust the Signal Generator RF output to 1 GHz, and the output
amplitude to 0 dBm.
« Set up external pulse modulation on the Signal Generator.
s Observe and modify the results.
e Set up internal pulse modulation on the Signal Generator.
s Observe and modify the results.
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Set Up and Adjust an Oscilloscope and Function Generator

1. Connect the Signal Generator to an oscilloscope and function
generator as shown in figure 2-11. Turn on the equipment, and
make the following adjustments:

On the Oscilloscope

VOl Y e i e 200 mV
T I i e i e e 100 us

On the Function Generator

J 3 T 115 o oy G 3kHz
Amplitude.........oooooii 4 Vp-p (+2 V offset)
Waveform ............... e Square (50% duty cycle)

Adjust RF Quiput and Output Amplitude on the Signal Generator

2. Press the green INSTR PRESET key. Doing so presets the Signal
Generator to a known state for the following steps. In the preset
condition, the Signal Generator uses direct pulse control for pulse
modulation.

3. Press the FREQ key, and enter a frequency of 1 GHz.

Remember On the Signal Generator, a “<y cursor” appears in either the FRE-
QUENCY/STATUS or the MODULATION/AMPLITUDE display,
and points to the currently active function. This means, for example,
that presently you could change frequency on the Signal Generator
without having to first press the FREQ key.

4. Press the AMPTD key, and enter an output amplitude of 0 dBm.
You will notice that the “ cursor” is now in the MODULA-
TION/AMPLITUDE display.

Set Up External Pulse Modulation on the Signal Generator

5. Press the PULSE key, and then press the ON key. This step activates
an external control signal for the RF pulse output.

Notice that the yellow annunciators above the PULSE and EXT DC keys
light up; this indicates that pulse modulation using the external
audio source is active. The Signal Generator should now show the
following in the MODULATION/AMPLITUDE display:

Pulse Ext DC  .0.0dBm

PULSE
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Note Depending upon the function generator used, you may want to
spectfy a different input impedance for the PULSE connector. Refer to
Special Function 210 in appendix C.

Observe and Modify the Results
6. The following display should appear on the oscilloscope:

s, Sync

RF Pulge
Output

7. Vary the duty cycle and rate of the external audio source, and
notice the corresponding changes on the oscilloscope.

Caution Do not apply more than £10 Vpk (or +7 V dc or -3.5 V dc) lo the
PULSE connector or you may damage the pulse input circuitry on the Signal
Generator.

Set Up Internal Pulse Modulation on the Signal Generator
8. Disconnect the function generator cable to the Signal Generator.

9. Press the INT key on the Signal Generator. Notice the yellow
annunciator light above the EXT DC key goes off, and the yellow
annunciator light above the INT key goes on,

10. Press the AUDIO FREQ key, and enter an audio frequency rate of 3
kHz. This step activates the internal control signal for the RF pulse
output. The Signal Generator should now show the following in
the MODULATION/AMPLITUDE display:

Pulse 3.000kHz .0.0dBm

PULSE AUDIO
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Observe and Modify the Resulis
11. The following display should appear on the oscilloscope:

RF Pulse
Output

12. Vary the audio frequency rate. Notice the corresponding changes
on the oscilloscope.
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Figure 2~12. Equipment Setup for Pufse Modulation Procedure #2.

Procedure #2 -
Pulse Modulation
Using the Internal

Pulse Generator

The procedure starts with step 1 shown below. A preview of the six
major steps in the procedure is as follows:

¢ Set up and adjust an oscilloscope and function generator, and
connect them to the Signal Generator.

e Adjust the Signal Generator RF output to 1 GHz, and the output
amplitude to ¢ dBm.

e Set up external pulse modulation on the Signal Generator.
« Observe and modify the results.
+ Set up internal pulse modulation on the Signal Generator.

o Observe and modify the results.

Set Up and Adjust an Oscilloscope and Function Generator

1. Connect the Signal Generator to an oscilloscope and function
generator as shown in figure 2-12. Turn on the equipment, and
make the following adjustments:

On the Oscilloscope

VOl DV L e e e 200 mV
THmE DV i e s 1us
On the Function Generator

3 €=Te 1533 oy 900 Hz
Amplitude.. ... 4 Vp-p (+2 V offset)

Waveform ... L Square (50% duty cyce)
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Caution Do not apply more than +10 Vpk (or +7 V dc or —3.5 V dc) to the PULSE
connector or you may damage the Synthesized Signal Generator’s circuitry.

Adjust RF Qutput and Output Amplitude on the Signal Generator

2. Press the green INSTR PRESET key. Doing so presets the Signal
Generator to a known state for the following steps.

3. Press the FREQ key, and enter a frequency of 1 GHz.

Remember On the Signal Generator, a “y cursor” appears in either the FRE-
QUENCY/STATUS or the MODULATION/AMPLITUDE display,
and points to the currently active function. This means, for example,
that presently you counld change frequency on the Signal Generator
without having to first press the FREQ key.

4. Press the AMPTD key, and enter an output amplitude of ¢ dBm.
You will notice that the “<y cursor” is now in the MODULA-
TION/AMPLITUDE display.

Set Up External Pulse Modulation on the Signal Generator

5. Press the SPECIAL key, enter number “211”, and then press the ON
key. This special function allows you to select the internal puise

generator for pulse modulation. The Signal Generator should now
show the following in the FREQUENCY/STATUS display:

211:Pulse Cntl Direct

6. Turn the knob clockwise until Fulse Gen is displayed. With
Fulss Gen displayed, the Signal Generator uses the internal pulse
generator for pulse modulation.

7. Press the PULSE key, and then press the ON key. This step activates
an external control signal for the RF pulse output.

Notice that the yellow annunciators above the PULSE and EXT DC keys
light up; this indicates that pulse modulation using the external
audio source is active. The Signal Generator should now show the
following in the MODULATION/AMPLITUDE display:

Pulse Ext DC  .0.0dBm

PULSE
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Nofe Depending upon the function generator used, you may want to
specify a different input impedance for the PULSE connector. Refer to
Special Function 210 in appendix C.

Observe and Modify the Results
8. The following display should appear on the oscilloscope:

= RF Pulse
Quiput

9. Press the SPECIAL key, enter number “2127, and then press the ON
key. This special function allows you to vary the pulse delay time

(P4). The Signal Generator should now show the following in the
FREQUENCY/STATUS display:

212:Pulse Delay  1.000us

10. Turn the knob to vary the pulse delay time. You will notice the RF
pulse output changing in relation to the sync output. Change the
oscilloscope time/division as necessary to observe your results,

11. Press the SPECIAL key, enter number “213”, and then press the ON
key. This special function allows you to change the pulse width

(P,). The Signal Generator should now show the following in the
FREQUENCY/STATUS display:

213:Pulse Width ~ 1.000us
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12. Turn the knob to change the pulse width. You will notice the
the RF pulse output changing in width. Change the oscilioscope
time/division as necessary to observe your results.

13. Press the SPECIAL key, enter number “214”, and then press the ON
key. This special function allows you to select the trigger edge for
the RF pulse output. The Signal Generator should now show the
following in the FREQUENCY/STATUS display:

214:Pulse Trig Edge Pos

14. Turn the knob to select either the negative edge (H=3), or both
- edges (Eoth) of the external control signal for triggering the RF
pulse output. The RF pulse output occurs at different positions
on the oscilloscope display for the 202 and HEGC edges. Two pulses
corresponding to the positive and negative edge positicns appears
wlhen EOTH is selected. Change the oscilloscope time/division as
necessary to observe your results.

Set Up Internal Pulse Moduiation on the Signal Generator

15. Disconnect the cable from the function generator to the Signal
Generator.

16. Press the INT key on the Signal Generator. Notice the yellow
annunciator light above the EXT BC key goes off, and the yellow
annunciator light above the INT key goes on.

17. Set the oscilloscope back to 1 s time/division, and the triggering
edge on Special Function 214 back to positive. Pulse width and
delay should also be set back to the preset value of 1 us.

18. Press the AUDIO FREQ key, and enter an audio frequency rate of 900
Hz. This step activates the internal control signal for the RF pulse
output. The Signal Generator should now show the following in
the MODULATION/AMPLITUDE display:

Pulse 900.0 Hz .0.0dBm

PULSE AUDIO
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Observe and Modify the Results
19. The following display should appear on the oscilloscope:

Sy ne

mmm " CUulse
Cutput

20. Modify pulse delay (Special Function 212), pulse width (Special
Function 213), or the pulse triggering edge (Special Function 214).
Notice the same results as seen when the external control signal
(square wave with 50% duty cycle) was used for the RF pulse
output.

21. Disconnect the SYNC output, and connect the oscilloscope to
the rear-panel VIDED connector. You will notice a video output
occurring for each RF pulse output.
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Puyise The following list is a summary of the most important points discussed

Modulation in the pulse modulation section:
. « The Signal Generator generates pulse modulation using either
_RTh!ng Sth direct pulse control, or the internal pulse generator.
ememaoer

¢ Using the internal pulse generator allows you to have control aver
the pulse delay, width, and triggering edge.

» When using an external source (dc-coupled only), input a TTL
pulse to turn on pulse modulation from the Signal Generator. This
external pulse determines the pulse repetition frequency (PRF) of
the RF pulse output.

e Damage to circuitry in the Gignal Generator could result if the
external audio source outputs a pulse greater than +10 Vpk (or
+7 Vpk or -3.5 V dc).

» The RF output is specified to a maximuim level of +9 dBm for pulse
modulation.

¢ Special Function 210 allows you to select the input impedance of
the PULSE connector.

» Special Function 211 ailows you to turn on the internal pulse
generator.

+ Special Function 212 allows you to vary the pulse delay time.
o Special Function 213 allows you to change the pulse width.

e Special Function 214 allows you to select either the negative or both
edges of the external or internal control signal for triggering the RF
pulse output if the positive edge is not wanted.
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Simultaneous
Mocdulation -
An Overview

If You Need to Know: Refer to:

Simultaneous Modulation

o Some general information about
simultaneous modulation ........... .. Simultaneous Modulation-An
Introduction (2-39)

¢ How to simultaneously modulate
FMwith AM ... ... ... ... Simultaneous Modulation-An
Exercise (2-40 to 2-43)

¢ The key things to remember
about simultaneous modulating
the Signal Generator .............. ... Simultaneous Modulation-
Things to Remember (2-45)

Simultaneous The Signal Generator generates simultaneous modulation in one of

Modulation — e Was:
An Introduction

1. Simultaneous FM and AM is selected using a comunon or separate
audio source.

2. Simultaneous FM at two rates using both the internal and an
external audio source.

3. Simultaneous FM and AM using a common audio source {either
internal or external), and FM from a separate audic source.

4. Pulse modulation may be selected and entered along with any of
the three ways mentioned in statements 1-3.

5. Phase modulation may be selected with AM and/or Pulse modula-
tion. If phase modulation is selected, FM is turned off.

Refer to appendix F to learn about the multifunction synthesis
capabilities of the Signal Generator. Special Functions allow you to
generate a subcarrier from complex audio signals that is applied, in
turn, as a modulating wave to the RF carrier signal.

The AM, and FM Modulation Input connectors have an external input
impedance of 600 Q. The ®M Modulation Input connector has an input
impedance of 50 Q. With Option 008, the PULSE Modulation Input
connector has an input impedance of 50 ©, or 100 k2 (with Special
Function 210 turned off).
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Figure 2-13. Equipment Setup for Simultaneous FM and AM Procedure.

Simultaneous
Modulation -
An Exercise

Equipment Needed

Procedure -
Simuitaneous
FM and AM

There are many possible combinations and applications for simultane-
ous modulation. In this exercise, the Signal Generator simultaneously
modulates FM with AM. The application for this exercise represents an
FM radio signal fading 30 dB as a result of interference. This procedure
takes about 15 minutes.

" This procedure requires use of the following equipment:

Equl Recommended

quipment Model Numbers

Spectrum HP 8562A/B, or HP 85668, or HP 8568B
Analyzer

Function HP 3312A, or HP 3314A, or HP B111A,
Generator, HP 8116A, or HP 8504A

In the procedure, you will set up the Signal Generator with a wanted
FM signal modulated by the internal audio source, and then introduce
an AM signal used for fading, which is modulated with an external
audio source.
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A preview of the five major steps in the procedure is as follows:

¢ Set up and adjust the spectrum analyzer and function generator,
and connect them to the Signal Generator.

¢ Adjust the RF output to 150 MHz, and the output amplitude to
0 dBm on the Signal Generator.

« Adjust the AM depth to 90% on the Signal Generator.

¢ Adjust the FM deviation to 75 kHz, and the audio frequency rate
to 1 kHz on the Signal Generator.

« Observe and modify the results.

Set Up and Adjust the Spectrum Analyzer, and Function Generator

1. Connect the Signal Generator to the spectrum analyzer and
function generator as shown in figure 2-8. Turn on the equipment
and make the following adjustments:

On the Spectrum Analyzer

Center Frequency .........ccoviiiiiiiiiiiiinannns 150 MHz
Frequency SPam .....vviiiiiiiii i 500 kHz
Reference Level....... ...t +10 dBm

On the Function Generator

Frequency oot 0.5Hz
Ampltude... ..o 1Vpk
Waveform .....ooiii Sine

Adjust RF Qutput and Output Amplitude on the Signal Generator

2. Press the green INSTR PRESET key. Doing so presets the Signal
Generator to a known state for the following steps.

Remember On the Signal Generator a “y cursor” appears in either the FRE-
QUENCY/STATUS or the MODULATION/AMPLITUDE display,
and points to the currently active function. This means, for example,
that presently you could change the frequency of the Signal Generator
without having to first press the FREQ key.
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3. Press the FREQ key, and enter a frequency of 150 MHz.

4. Press the AMPTD key, and enter an output amplitude of ¢ dBm.
You will notice that the “y cursor” is now in the MODULA-

TION/AMPLITUDE display.

Adjust AM Depth on ihe Signal Generator

5. Press the AM key, the EXT DC key, and then enter an AM depth of
90%.

Notice that the yellow annunciators above the AM and EXT DC keys
light up; this indicates that AM using an external audio source is
active.

The Signal Generator should now show the following in the
MODULATION/AMPLITUDE display:

90.0% ExtDC  .0.0dBm

Remember The EXT HI and EXT LOW annunciators in the MODULATION/
AMPLITUDE display indicate if the amplitude of the external audio
source is too high or too low. When the amplitude is af 1 Vpk £1%,
both annunciators are off. However, both annunciators only work at
external audio rates from 20 Hz fo 100 kHz.

Since the external audio rate is at 0.5 Hz, you can ignore the EXT
HI and EXT LOW annunciator displays.

6. The following display should appear on the spectrum analyzer:
The RF output should be slowly changing for an amplitude swing
of about 30 dB.



Note
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Increase the function generator’s output amplitude if a 30 dB swing
is not present. Decreasc the function generator’s output amplitude if
more than a 30 dB swing is present.
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Adjust FM Deviation

7. Press the FM key, and enter an FM deviation of 75 kHz. When FM
deviation is first turned on, the audio frequency rate defaults to
1 k=,

Notice that the yellow annunciators above the FM and INT keys light
up; this indicates that FM, using its internal audioc source, is active.

The Signal Generator should now show the following in the
MODULATION/AMPLITUDE display:

/5.0kHz 1.000kHz .0.0dBm

AUDIC
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Observe and Modify the Resulls

8. The following display should appear on the spectrum analyzer:

The FM signal should be slowly changing for an amplitude swing
of about 30 dB.
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9.

10.

11.

Vary the function generator’s cutput amplitude in 0.1 Vpk steps,
and notice the corresponding changes on the spectrum analyzer.
The amplitude swing of the FM signal will be greater as output
amplitude is increased, and a smaller as output amplitude is
decreased.

When you are done, put the function generator’s output amplitude
back to the 1 Vpk setting for the 30 dB swing.

Vary the function generator’s audio frequency rate in small steps.
The amplitude swings of the FM signal take longer to change as
the audio frequency rate is decreased, and will change faster as the
audio frequency rate is increased.

When you are done, put the function generator’s audio frequency
rate back to 0.5 Hz.

Vary AM depth on the Signal Generator. The amplitude swings
of the FM signal are smaller as the AM depth is decreased.
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Simultaneous
Modulation
— Things to
Remember

Note

The following list is a summary of the most important points discussed
in the simultaneous modulation section:

» There are five ways simultaneous modulation can be generated, to
page 2-39.

o The AM, arnd FM Modulation Input connectors have an external
input impedance of 600 9. The &M Modulation Input connector
has an input impedance of 50 Q. With Option 008, the PULSE
Modulation Input connector has an input impedance of 50 Q, or
100 k0 {with Special Function 210 turned off, the preset condition).

o All features and limitations previously described for FM, AM,
and Pulse apply when simultaneously modulating the Signal
Generator.

¢ During simultaneous internal and external FM, the typical input
voltage allowed is +0.4 Vpk to +1 Vpk. Under these conditions,
the amount of available external deviation is reduced. {Read the
following note for further information.)

You may want to reduce the output level of the internal audio
source during simultaneous internal and external AM and/or FM
modulation. Doing so would allow you to increase the amount of
external modulation. The sum of the internal and external voltages
should not exceed 1.4 Vpk or clipping may occur.

The output level of the internal audio source can be adjusted from
0 VdctolVdcinlmV steps. Adjusting the output level affects the
amount of internal modulation such that a decrease in output level
proportionately decreases the amount of internal modulation,

Vary the output level of the internal audio source by first pressing the
blue SHIFT key, and then the RUDIO LEVEL key. Turn the knob or press

one of the E] @ keys to change the output level.
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in this Cha pter This chapter describes how to frequency sweep the Signal Generator.
Information is provided regarding front-panel control of frequency
sweeping. Refer to chapter 4 if you need information about HP-SL
programming control over HP-IB.

Two types of sweep are available to help you characterize RF devices:
digitally-stepped and phase-continuous sweep. This chapter focuses
on each frequency sweep feature; advantages and limitations are
mentioned where appropriate. At the end of this chapter is an exercise
that may be helpful to you.

The Directory Use the following illustration to find the subject you want. Turn to that
subject for specific information.

' e Programming Reference lnformation;§
/___“\;?\\ Sfart 8t Cent /%‘;féjm/
N art, Stop, Center, an pan
T T A D

Sweep Markers
R T

Sweep Types
: L s D
Sweep Spacing and Sweep Time

G L)

Sweep Triggering
— e —
weep Xercise

A el
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Frequency
Sweep - General
Information

The process to frequency sweep the Signal Generator can be summa-
rized in five basic steps. The following steps reflect the order in which
sweeping is described in this chapter; you are not constrained to use
this sequence of steps once you become familiar with the process of
frequency sweeping the Signal Generator:
1. Setup a start, stop, center, or span frequency.
2. Activate sweep markers (optional step).
3. Decide which type of frequency sweeping to use (digitally-
stepped, or phase-continuous).
4. Select the sweep spacing (linear is the default spacing, log is
selectable from the front panel), and set the sweep time.
5. Trigger the Signal Generator to frequency sweep (using Auto,
Single, or Manual).

The Signal Generator has attributes of two different types of instru-
ments. First, it acts as a non-swept CW signal source, and second, it
acts as a frequency-swept signal source {that is, a sweeper). By pressing
any of the front-panel keys shaded in figure 3-1, the Signal Generator
becomes a sweeper.

FRRTRRTRN CVWEEF ——
F+ START F-»STOP F-C

O LoG

4 8 ")
SWELP
LIN/ LOG] TIME
W

Yern

o

F-#=MKR 1 F-+MKR 2 F-»MKR 3

4 #
MKR 1] MKR 2] [MKR 3

Figure 3~1. Keys that Turn the Signal Generator into a Sweeper.

When the Signal Generator has become a sweeper, whether the
RF signal source is paused or running, you will notice a SWEEP
annunciator in the FREQUENCY/STATUS display. For example, after
an instrument preset, if you were to press the START FREQ key, you
would see the following display:

Start 100,000.00 Hz

SWEER
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Selecting Start,
Stop, Center,
and Span
Frequencies

The Signal Generator must be set up with the start, stop, center,
and span frequency values before you activate a frequency-swept
measurement. Simply press any one of the front-panel keys shaded
in figure 3-2:

gl SV/E TR T,
F - START F - STOP F-4(C
ST “sT0P

O O O

( Y f

AUTO SINGLE [MANUAL
N y L, y o

F#=MKR 1 F#®MKR 2 F-»MKR 3
~ N S
MKR 1 MKR 2 [MKR 3

%, y. e & y

- p.

Figure 3-2. Start, Stop, Center, and Span Frequency Keys.

You may then specify a sweep frequency in one of four ways, as
follows:

¢ Use the front-panel DATA keys shaded in iigure 3-3:
N DATA S

Figure 3-3. Data Keys for Start, Stop, Center, and Span.
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e Press one of the increment or decrement front-panel keys shaded
in figare 3-4:

e [NCR/DECR S
KNOB HOLD KNOB INCR

¢ DECR & INCR
i KNOB l
OFF

Figure 3-4. Increment/Decrement Keys for
Start, Stop, Center, and Span.

e Turn the knob (shaded in figure 3-5) clockwise to increase
frequency, or turn the knob counterclockwise to decrease the
displayed frequency:

_ INCR/DECR in——inmmm
KNOB HOLD KNOB INCR

¢ DECR ® INCR
EIREIARES

Figure 3-5. Knob for Start, Stop, Center, and Span.

o
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« Sometimes it is useful to make the start, stop, center, or span equal
to the value of the RF output frequency last displayed. To do this,
press the blue SHIFT key, and then one of the start, stop, center, or

span keys shaded in Agure 3-6.

g UTILITY W— (—— )\ E W—————
O F-+ START F-=STOP F-»
S
DISPLAY
Necvorsmrmmm—
o O LoG
1 1 f ] f 1 [sweer) [ Freq |
MSSG SPECIAL LIN/LOG WEES EREQ
%, A o v b, o - %, -
CLEAR ALL SET SEQ o O O
h ¢ h ¢ r oy 4 ™,
SAVE RECALL AUTO SINGLE | | MANUAL
e, . e y. e, v R y " .
AUTO SEQ F-oMKR 1 F=MKR 2 F®MKR 3
¢ =y 7 4 F
pREIR, SEQ MKR 1 MKR 2| | MKR 3

Figure 3-6. Shift Key for Start, Stop, Center, and Span.

When you specify a sweep frequency, the start, stop, center, and span
frequency values are interactive; they affect each other in the following
ways:

if START FREQ is changed:
STOP FREQ  is unchanged
CTR FREQ is set to (START FREQ + STOP FREQ)/2
FREQ SPAN s set to (STOP FREQ - START FREQ)

If STOP FREQ is changed:
START FREQ is unchanged
CTR FREQ s set to (START FREQ + STOP FREQ)/2
FREQ SPAN s set to (STOP FREQ - START FREQ)

If CTR FREQ is changed:
FREQ SPAN  is unchanged
START FREQ is set to {CTR FREQ - (FREQ SPAN/2))
STOP FREQ  is set to (CTR FREQ + (FREQ SPAN/2))

1f FREQ SPAN is changed:
CTR FREQ 1s unchanged
START FREQ is set to {CTR FREQ - (FREQ SPAN/2))
STOP FREQ  is set to (CTR FREQ + (FREQ SPAN/2))
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Sweep Markers

X-Axis

Up to three sweep markers can be set to locate positions of interest
during the frequency sweep. When you set a sweep marker, the Signal
Generator is not put into the sweep mode; this allows you to set sweep
markers at any time. Simply press one of the front-panel keys shaded
in figure 3-7:

R SWEEP ——

F-+ START F—»STOP F -0
(start | { sToP [ cTR |
| FREQ | FREQ | | FREQ |

OLo6

4 '1 - 4 A
SWEEP FREQ

LIN/LOG TME | | SPAN |

o o \e,

O O O
4 A f "y f %
AUTO SINGLE MANUAL

FeMKR 1 F®=MKR 2 F-=MKR 3

Figure 3-7. Marker Keys.

For example, if you were to press the MKR 1 key after an instrument
preset, you would see the following:

Mkr 1 OFF

Select a frequency for the marker position in any one of the four
ways previously mentioned for selecting start, stop, center, and span
frequencies. Press the marker key, and then the OFF key to disable a
sweep marker.

Sweep markers are active only when the Signal Generatoris a sweeper.
The X-axis and Z-axis outputs are used to display the sweep markers.
Voltage levels from the X-axis and Z-axis outputs are compatible with
most typical analog oscilloscopes as follows:

The rear-panel X AXIS output connector provides a voltage ramp with
a nominal +0 to +10 V dc signal when sweep is triggered in one of
three ways (Auto, Single, or Manual). As shown in figure 3-8, voltage
points at the extremities of the X-axis ramp coincide with start and stop
frequency values. That is, +0 V dc is the start frequency value, and
+10 V dc is the stop frequency value. As the sweep time decreases,
the slope of the X-axis ramp increases.
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The rear-panel Z AXIS output connector provides a +1 V dc cutput signal
that changes to a -+5 V dc pulse during retrace to blank the oscilloscope
CRT, and also changes to a ¢ V dc level whenever a sweep marker is
present as shown in Aigure 3-8.

Period of Sweep Timj

+10vde ¢ A
l

I

| |

Start ®— Center ]\—— Stop
Frequency Frequency Frequency

X—AXIS

+0Vde A

+5Vdc

I
l
l
I
l
Z—AXiS l
E

|
|
I
+1Vde b!j M
Ovde I—F?e’crc:ce Pulse
\Marker set to the

center frequency

Figure 3-8. X-Axis and Z-Axis.

Sweep Types

Digitally-Stepped
Sweep

Two types of frequency sweep are available:
» Digitally-stepped sweep.

» Phase-continuous sweep.

Both digitally-stepped and phase-continuous sweep have synthesized
frequency accuracy. Continue reading for a description of each sweep

type.

The digitally-stepped sweep can be used to characterize broad band
devices such as wideband filters, RF power amplifiers, and mixers by
sweeping between two selected endpoints. The frequency sweep is
synthesized across any span in either a near or log frequency spacing.
The number of discrete steps is determined by both the frequency
span, the active Mode Select synthesis, and the sweep time selected
by the user.
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Note

Phase-Continuous
Sweep

The main advantage of digitally-stepped sweeping is that it provides
an RF synthesized sweep across a broad frequency range. This sweep
type is useful for quick verification of broadband RF devices when used
with a stored graphic display such as the Maximum Hold feature on
certain spectrum analyzers.

Sweep time for the digitally-stepped sweep can range from 0.5 to
1000 seconds with each discrete step requiring 90 msec (typically) to
complete.

To reduce the amount of transient switching spurs when each fre-
quency change occurs, the output amplitude is reduced approximately
60 dB between each frequency step. This amplitude reduction may
cause dropouts on the displayed frequency response of the RF device
being swept; if this kind of characterization is not satisfactory, use
phase-continuous sweep.

The mechanical design of the Signal Generator prevents start and
stop frequency values from being valid when they are set on opposite
sides of 3 GHz during digitally-stepped sweep. The error message
Freausncy span too laroe appears in this situation,

With phase-continuous sweep, precise measurements can be made
when characterizing narrowband devices such as passband filters,
5AWSs, cavity tuned resonators, receiver crystals, or ceramic IF flters.
The frequency sweep occurs between two selected endpoints in a
linear, phase-continuous manner, subject to the span limitations
shown in table 3-1.

Narrowband devices generally have large time constants. This means
that they respond slowly to stepping transients, and it also implies that
they cannot be swept too quickly. Since phase-continuous sweeping
has no discrete steps, you can sweep high-Q devices more rapidly than
with the digitally-stepped sweep, and be assured of not missing critical
response peaks or dips.

Another advantage of phase-continuous sweep is that it has syn-
thesized frequency accuracy. This is vital when sweeping a narrow
frequency range because there is less room for frequency error.

Sweep time for the phase-continuous sweep can range from 10 msec
to 10 seconds and is not dependant upon the span frequency selected.
However, the maximum and minimum span is limited by frequency
range of the start and stop frequencies. This relationship is shown in
table 3-1.
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Table 3-1. Maximum and Minimum Span in Phase-Continuous Sweep.

Frequency Maximum Minimum
Range Span* Span*
{MHz} {MHz) {Hz)

4200 to 6000 40 800

3000 to 4200 40 800

1500 to 3000 20 400

750 10 1500 10 200

375 to 750 5 100

187.5 to 375 25 50

10 tc 187.5 10 50

0.1 10 10 <10 50

* Maximum and minimum span shown is valid for
Mode 1 frequency synthesis,

The start frequency can never be less than 90 kHz.

Phase-continuous sweep is enabled by activating Special Function 112.

¢ The Signal Generator cannot have internal modulation on, and
cannot have the internal audio frequency on when you enable the
phase-continuous sweep, or you will get the error message: “iad

zrd swesp cond lict”.

« Log sweep is not allowed with phase-continuous sweep, or you
will get the error message: “Low sweep not zllowed”.

The mechanical design of the Signal Generator prevents start and
center frequency values from being valid when they are set on
opposite sides of 3 GHz during phase-continuous sweep. The error
message Frequency span too larss appears in this situation.
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Sweep Spacing
and Sweep Time

Linear or Log
Sweep Spacing

Permissible
Sweep Times

The Gignal Generator allows you to choose two types of sweep
spacing, linear and log. Setting the sweep spacing and sweep time
will not put the Signal Generator into the sweep mode. Also, various
sweep times are available, depending upon whether digitally-stepped
sweep or phase-continuous sweep is running. Sweep spacing and
sweep time keys are shaded in figure 3-9:

NS SWEEP S
F-# START F - STOP F-&C

START [ sTOP [ c1R
FREQ FREQ | FREQ |

OLoG

O O o

F h ¢ 4 B

AUTC SINGLE MANUAL
y

N, o % . -

4 =y

F-=#4KR 1 F&MKR 2 F-=MKR 3
F Y r
MKR 1 MKR 2 MKR 3

o % > b, o

%,

Figure 3-9. Sweep Spacing and Sweep Time Keys.

Selecting either linear or log sweep spacing is done with the front-
panel LIN/LOG key. When log sweep spacing is active, the yellow LED
annunciator above the LIN/LOG key lights up.

The graph in figure 3-10 lists the permissible sweep times for each
sweep type.

TIME SWEEP

DIGITALLY ~ PHASE—
STEFPPED CONTINUOUS

10 Milliseconds
20 Milliseconds
50 Milliseconds
100 Milliseconds
200 Millizeconds
300 Williseconds
1 Second

2 Seconds

5 Seconds

10 Seconds

20 Seconds

50 Seconds
1080 Seccnds
200 Seconds
500 Seconds
1000 Seconds

Figure 3-10. Sweep Times for Fach Sweep Type.
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You may set the sweep time in one of three ways:
s Turn the knob.

» Press either the || or the @ key.

« Enter a sweep time, chosen from figure 3-10, by using the Data
keys. (If you choose an incorrect sweep time, the Signal Generator
will display an error if the sweep time is out of range, or it will
choose the closest allowable sweep time within the range shown
in figure 3-10.)

Sweep
Triggering

Auto Sweep

Single Sweep

Auto and Single sweep triggering may be done in conjunction
with digitally-stepped, and phase-continuous sweep. Manual sweep
triggering is available only with digitally-stepped sweep). Sweep
triggering keys are shaded in figure 3-11:

PR S\WEEP e
F-#= START F -» STOP FeC

START STOP CTR |
[ FREQ ] [ FREQ ] { FREQ

O LoG
F Y '
FREQ
i.ii'&!/i.()(}J { SPAN |

G

O

F=MKR 1 F®=MKR 2 F-®MKR 3

(=) (=9 (=3

Figure 3-11. Sweep Trigger Keys.

The Auto sweep continually repeats the sweep sequence from the start
frequency to the stop frequency. Press the AUTD key to start the Auto
sweep. When Auto sweep is running, the yellow LED annunciator
above the AUTO key lights up. Press the AUTO key again to turn off the
sweep.

The Single sweep starts or restarts a single sweep sequence. Single
sweep initiates one sweep only when you press the SINGLE key; at the
end of the sweep, the RF output returns to the Start Frequency value.
When Single sweep is running, the yellow LED annunciator above the
SINGLE key lights up for the duration of the sweep.
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Manual Sweep

Stopping the Sweep

Note

Selecting Manual sweep by pressing the MANUAL key does not start a

sweep, but enables the knob, or the @ and @ keys to control a sweep.
When Manual sweep is running, the yellow LED annundator above
the MANUAL key lights up, and the FREQUENCY/STATUS display
shows the current frequency of the RF output. For example, if you
press the MANUAL key after doing an instrument preset, you will see
the following:

Manual 100,000.00 Hz

SWEEP

When you turn the knob or press one of the E] or @ keys to activate
a sweep, the RF output changes in discrete steps determined by three
different factors:

o Sweep time. The number of sweep steps may be different
depending upon the sweep time you select.

¢ Mode Select. The number of sweep steps may be different between
one frequency synthesis Mode and another.

o Linear or log sweep. The frequency of the RF output is different
depending upon whether linear or log sweep is active.
There are two ways to stop the sweep and make the Signal Generator
a non-swept CW signal source:
» Press the FREQ key.
¢ Press the blue SHIFT key and then the EXIT key.

If you press a front-panel key or change a sweep parameter while the
Signal Generator is sweeping, the instrument becomes momentarily
unsynchronized and the active sweep output is interrupted. When
this happens, the current sweep sequence stops and a new sweep
-sequence is started.
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Sweep Triggering A synchronization period occurs whenever the Signal Generator per-
Characteristics forms an Auto, or Single phase-continuous sweep. The synchro-
nization period may pose a problem, depending upon the kind of

measurement you are making.

» The synchronization period happens everytime the SINGLE key is
pressed.

¢ The synchronization period happens once when the AUTO key
is pressed, and then a shorter synchronization period happens
successively after each sweep when the RF output moves from the
stop frequency to the start frequency. (The shorter syncronization
periods between each sweep vary in duration depending upon the
sweep titne set at the front panel.)

Three triggering characteristics always happen during the synchroniza-
tion period and prior to the actual start of the sweep, as follows:

1. The RF output turns off and/or shifts in frequency (several times)
in a seemingly random manner immediately after a sweep is
triggered.

2. The RF output is then set to the start frequency, and remains there
for approximately 10 msec before the sweep begins.

3. The Z-axis blanking signal is active during the entire synchro-
nization period, and becomes un-blanked only during the actual
sweep.

After the synchronization period, the sweep begins at the start
frequency and ends at the stop frequency.

Calculating Steps in The number of steps in a digitally-stepped sweep can be calculated
a Digitally-Stepped from the sweep-time and step-time values, as follows:

Sweep ¢ Sweep Time. Is set from the front panel SWEEP TIME key, and may
range from 0.5 to 1000 seconds.

« Step Time. Is set by the Signal Generator and is dependent upon
the frequency synthesis mode, as follows:

{Minimum)
Step
Mode Time
{ms)
1 125
2 225
3 300
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The formula to calculate the number of steps in a sweep is:

Number of steps = Sweep Time — (Step Time x 0.3)
Step Tume

The Signal Generator allows for a maximum number of steps equal
to 1023 (even if your calculations exceeds this value). The Signal
Gernerator also rounds down any calculation to the last step (for
example, a calculated value of 9.7 steps is rounded down to 9 steps
for each sweep).
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SPECTRUM ANALYZER
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Figure 3-12. Equipment Setup for the Sweep Exercise.

The following exercise takes about 15 minutes to complete. In the
procedure, you will characterize a bandpass filter using digitally-
stepped sweep, and phase-continuous sweep.

Sweep Exercise

Equipment Needed

This procedure uses the following equipment:

Equi Recommended

quipment Model Numbers

Spectrum HP 8562A/8, or HP 85660, or HP 8568B
Analyzer

Bandpass Filter

HP 11697A"

* You may use any bandpass, highpass or iowpass filter,
However, your results will be different than those shown in
the following procedure.,

Procedure The procedure starts on the next page with step 1. A review of the five

major steps in the procedure are:

+ Set up and adjust a spectrum analyzer, and connect it to the
HP 11697 A bandpass filter and Signal Generator.

¢ Set the start and stop frequencies for the sweep.
» Set the sweep time,
« Trigger the sweep.

» Observe and modify the results.
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Set Up and Adjust the Spectrum Analyzer

1. Connect the Signal Generator to a bandpass filter and spectrum
analyzer as shown in figure 3-12. Turn on the equipment and make
the following adjustments on the spectrum analyzer:

Center Frequency .......coiiiiiiiiiiiiiiiiiiiiinnn.. 500 MHz
Frequency Span .......oovviiiiiiiii i 1000 MHz
Reference Level .. ... 10 dBm

Set the Start, and Stop Frequencies

2. Press the green INST PRESET key. Doing so presets the Signal
Generator to a known state for the following steps.

3. Press the AMPTD key and enter an output amplitude of 0 dBm.

4. Press the START FREQ key, and enter a start frequency of 300 kHz.
You should then see the following in the FREQUENCY/STATUS
display:

Start 300.000,00 kHz

SWEEP

5. Press the STOP FREQ key, and enter a stop frequency of 1 GHz.
You should then see the following in the FREQUENCY/STATUS
display:

Stop  1.000,000,000,00 GHz

SWEEP

6. Press the CTR FREQ key. You will see that the Signal Gener-
ator has automatically calculated the center frequency to be
500,150,000.00 Hz.

7. Press the FREQ SPAN key. You will see that the Signal Gen-
erator has automatically calculated the span frequency to be
999,700,000.00 Hz.

Set the Sweep Time

8. Press the SWEEP TIME key, and enter a sweep time of 10 seconds.
There are four ways to set the sweep time as previously men-
tioned in this chapter. You should then see the following in the
FREQUENCY/STATUS display:

Sweep Time 10.00 s

SWEEP
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Trigger the Sweep

9. Press the AUTO sweep key. Notice that the yellow LED annunciator
above the AUTO sweep key lights to indicate that the sweep
is continually repeated from the start frequency to the stop
frequency.

Observe and Modify the Results

10. The following display should appear on the spectrum analyzer.
Use the Maximum Hold function on the spectrum analyzer
to capture the bandpass filter response using digitally-stepped
sweep:

11. Press the AUTO sweep key, to turn off the sweep. The yellow LED
annunciator light above the AUTO sweep key should turn off,

12. Press the Utility SPECIAL key, enfer number “112” and press
the ENTER key. You should then see the following in the FRE-
QUENCY/STATUS display:

112:Phase Cont Sweep OFF

SWEEP

13. Press the ON key to activate Special Function 112. This step
allow you to activate phase-continuous sweep. The yellow LED
annunciator above the SPECIAL key should light up to indicate that
a special function is active.

With phase-continuous sweep, you may characterize any segment
of the bandpass filter response that is of interest to you.

14. Make the following adjustients on the spectrum analyzer to look
at the bandpass filter response where the 3 dB roll-off occurs.

Center Frequency ...l 460 MHz
Frequency Span ... e 10 MHz
Reterence Level ... .. .. . ... . .. 10 dBm
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15.
16.

17.

i8.

19.

20.

Press the SPAN FREQ key, and enter a span frequency of 5 MHz.

Press the CTR FREQ key, and enter a center frequency of 460 MHz,
The Signal Generator will automatically calculate the start fre-
quency to be 455 MHz, and the stop frequency to be 465 MHz.

Press the AUTO sweep key to activate the phase-continuous sweep.
The following display should appear on the spectrum analyzer
with the Maximum Hold function active:

SRl l \
12, @ MHI \

l \

l \

[ \
vt (W

Try duplicating any of the previous steps using another sweep
mode, either Single or Manual.

Try duplicating any of the previous steps using a different sweep
time,

Try duplicating any of the previous steps using a logarithmic
sweep instead of a linear sweep. Remember, log sweep spacing
is not allowed with phase-continuous sweep.
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In this Chapter

Note

This chapter has three main objectives. First, it provides you with an
introduction to the Hewlett-Packard System Language (HP-5L) which
is the new programming language for remote control of the Signal
Generator over HP-IB. Second, it provides tutorial information helpful
to the HP-5L programmer. Third, it provides reference information for
programming the Signal Generator with HP-SL.

Novice programmers of HP-5L. should read this chapter thoroughly
up to the Programming Reference Information section. Once you under-
stand the concept of programming with HP-SL, use the reference
information as needed.

Refer to appendix F for “HP-SL Quick Reference Information” once
you become familiar with the information in this chapter.

The Directory

Use the illustration shown below as your guide for each subject in this
chapter. If you are unfamiliar with HP-SL, please read the first eight
pages, they have been written especially for you.

introduction to HP-SL

A Y el

Getting Started with HP-SL
L AT

Programming with HP-S

L
o A

Introduction to
Programming Reference Information
g
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Introduction Hewlett-Packard Systems Language (HP-5L) is the new programming
to HP-SL language adopted by Hewlett-Packard for controlling instrument
functions. This language uses standard HP-IB hardware (connectors

and cables) and will be used in many future Hewlett-Packard products.

AN

HP
HP - IB
sL

N

HP-SL isn’t just another set of HP-IB commands. The general use of
HP-SL provides you with programming commands that are common
from one Hewlett-Packard product to another thereby eliminating
“device specific” commands.

HP-SL uses easy to learn, self explanatory commands, and is flexible
for both novice and expert programmers. Once you become familiar
with the organization and structure of HP-SL, you will see that it
reduces your effort to write programs for controlling instrumentation
regardless of the programming language you use.

HP-SL was developed to conform to the new IEEE 488.2 standard
(which replaces IEEE 728-1982). The advantage of the IEEE 488.2 stan-
dard is that it provides codes, formats, protocols, and common com-
mands that were not available in the previous IEEE 488.1 standards.
For more information, refer to the IEEE 488.2 standard itself,

Another advantage of HP-SL is that commands can be grouped in
a single output statement without regard to the order in which the
commands are combined. This eliminates the problem of “sequence
dependency”, where the lines in a program must be written in a
specific order to prevent illegal instrument states from occurring.
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Gettin g Started ?“his sgction explains how HP-SL is organized, and introduces you to

ith HP-SL its basic structure. Once you understand the fundamental parts of HP-

wi SL, proceed to the next section titled Programming With HP-SL where
command messages are described.

How is HP-SL HP-SL commands are organized in a “tree” structure. In its simplest
Organized? form, figure 4-1 helps you visualize HP-SL syntax. Starting from the
base of the tree, you move along a path from the root, up the tree to the
different branches as shown in trees “A-D". Each branch represents
an optional path that the programumer can use in writing a command
statement. Keywords on the trunk and branches are used to build

command statements and command messages.

5ol o LEVEL
5 PUSTATE SRS
o 2

(B}
_‘,@nﬁ\éuﬁ/ ’/ f ’/

..CW \AMPI;‘.TI’U W%w
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A’%%’Z@;am 3

Figure 4-1. Simple HP-SL Tree Structures.
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The HP-SL Colon HP-SL uses the colon “ : ” to separate the keyword in the root from
a branch. For example, the command statement for setting a CW
frequency of 1 GHz, as shown in tree "A”, would be as follows:

FREQUENCY:CW 1GHZ

Notice that the command parameter 1 GHz was added to the command
statement.

Example command statements for trees “B-D” depict a sampling of
the different command parameters avaliable for your use; command
parameters must always be preceded by a space:

Tree B
AMPLITUDE:LEVEL $0DBM
AMPLITUDE:STATE DX

Tree C
FM:DEVIATION 10KHZ
FM:FREQUEKCY 1KEZ
FM:STATE ON

Tree D
AM:DEPTH 50Y%
A¥:SOURCE EXTERNAL
AK:COUPLIKG AC
AM:STATE oN
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Program min g This section explains how to generate command messages in HP-SL.
. A command message is two or more command statements put on the
with HP-SL 2 comma

Once you understand the concepts contained in this section, you will
be able to start programming the Signal Generator. You may then
proceed to the Programming Reference Information section for further
details on HP-SL programuming.

HP-SL Command Let’s expand the analogy of the HP-SL “tree”. In reality, the tree
Statements structure as previously described is really more complex. You will find
that an HP-SL command statement has a hierarchy that may contain
many branches. Tree “A” from figure 4-1 is shown in greater (but not
complete) detail in figure 4-2 to depict the branching that occurs. Any
command that ends with a question mark “?” is a query for information
from the Signal Generator.

a {.*€$
rg ”
i3
\

avply

e

RLYs .Y

WCREERT  INCHENEUS
= N \ﬁ".-. ‘. “ b
»&‘fﬁ%" AT TN glj
e PR g e 5 gttt
& oMW INCREMENT? A “h& N ‘*( 5
INCREWENT gl PPl

%

TP

< .ST0P?
ey AUTO

A
FREQUENCY

TR .
o\

Figure 4-2. Expanding the Detail of Tree “A”,
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More about the Colon The colon has another function in the command statement. It is used
to connect segments of the same branch. For example, to set the Signal
Generator at a frequency increment of 5 MHz, you could write the
following command statement:

FREQUENCY :STEP:INCREMENT &HEZ

Notice how the colon is used to connect one segment of the branch
to the next. Also, the keyword “CW” was left out. You will find that
HP-SL has optional keywords in its branches that may be kept in or
left out depending upon your programming needs.

An important concept to understand with HP-SL is that only one
input or output command may be put in a command statement. You
could not have tried to change the RF output and set the frequency
increment in the same command statement. To have more than one
input or output command on the same line you must create a command
message.

The HP-SL Semicolon The semicolon ” ; ” is used to create a command message, and has
two functions. It separates one command statement from another on
the same line of code, and it backs the following command down the
HP-SL hierarchy to the previous keyword.

You can see how the semicolon works by using two branches from the
tree in figure 4-2. For example, to set an RF output of 175 MHz with
the Signal Generator in Mode 2 frequency synthesis, you would write
the following in HP-SL:

FREQUENCY 175MHZ;FREQUENCY:SYNTHESIS 2

In this case, the semicolon is simply used to separate one command
statement from the other.

More about HP-SL There is no “one way” to program with HP-SL. You may write
Command Statements programs in HP-SL that reflect your style of programming. The
previous example may have been written in a number of ways. For

example:

FREQUENCY:CW 175MEZ;SYRTHESIS 2
In this case, notice how the semicolon is used not only to separate cne

command statement from the other, but also to back the command
"SYNTHESIS” down to the previous colon in the HP-SL hierarchy.
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Hemember

Combining the HP-SL
Semicolon and Colon

Note

The command statements shown so far have been lengthy. In the
Reference Information Section, you will see that all statements can be
written in a short form. For example, the previous command statement
may be rewritten as follows:

FREQ:CW 1T5MHZ;SYNT 2

Command statements are not sequence dependent. A line of code may
be written with the command statements placed in any order as long
as you never have conflicting conditions in a command message.

A conflicting condition occurs when ambiguous command statements
are found in the same command message. Turning FM on and then off,
or setting the RF output frequency to one value and then to another
value are examples of ambiguous command statements in the same
command message.

The path for each command statement starts at the root and
proceeds up the tree to the different branches. The previous command
statement could be rewritten as:

FREQ:SYRT 2;CW 175HHZ.

Optional keywords may be ignored; use the colon and semicolon
in the appropriate places, and have a space before command
parameters.

A special case exists when the semicolon and colon “ ;: 7 are placed
next to each other between command statements. This situation lets
you start with another keyword at the root of any tree. By using the
semicolon & colon sequence in the command statement, you may even
string together operations from other trees.

For example, if you were to string an operation from another tree
{say setting output amplitude to 10 dBm) to the previous command
statement, you could do it as follows (in the short form):

FREQ:CW 175MHZ;SYNT 2;:AMPL 10DBM

Never Ieave a space after a colon or you will get the following
message;

Error-opane afber coion
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What Else do |
Need to Know?

Noie

Always use the common command *R5T (equivaient to instrument
preset) on a separate line of code. If +RST is put on a line of code with
other command statements, the other command statements would be
ignored by the instrument preset.

You will need to initially rely upon the reference information contained
in the remaining part of this chapter in order to complete your
introduction to HP-SL programming. In time, you will ind that the
syntax and mmnemonics used in HP-SL are predictable. Your reliance
on the reference section will then be reduced.

It may be necessary for you to run some example programs to
gain experience with HP-SL before attempting to write programs of
you own. If this is true, refer to the illustration found on the next
page, and you will see where the example programs are located. All
example programs are written in BASIC, however, you may use any
programming language with HP-SL.

Appendix D contains a list of any error messages you may receive
while programming with HP-SL.




What About Programming? 4-9

Introduction
to the
Programming
Reference
Information

Nofte

The remaining part of this chapter provides you with detailed reference
information for programming the Signal Generator with HP-5L. HP-IB
addressing, HP-IB capabilities, and data input/output information is
available for all of your remote operating needs.

All data input/output operations are described in the HP-IB Control
Language Dictionary and the HP-IB Device Stgtus Dictionary sections.
Helpfui example programs are provided for your use at the end of
these sections, :

Use the illustration shown below as your guide for each subject in this
section. Turn to the subject you want; where it is appropriate, you will
find a table of contents which gives an overview of the specific topics
covered for that subject.

Refer to appendix F for "HP-SL Quick Reference Information” once
you become familiar with the information in the “HP-IB Control
Language Dictionary”.

Also, you may want to refer to the document “Tutorial Description
of the Hewlett-Packard Interface Bus” HP Part Number 5952-0156
for detailed information about the HP-IB bus.

HP—IB Address

Y A SO D
HP-IB Capabiiities
G A~
HP—IB Controi Language Dictionary
D o AT
HP—IB Device Status Dictionary

S AL

Example HP—-SL Programs

L ) A
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HP-IB Address

How to Display
or Change the
HP-IB Address

The HP-IB address for the Signal Generator is set at the factory to 19.
You can display or change the HP-IB address at any time from the front
panel. Any HP-IB address from 00 to 30 can be assigned.

The HP-IB address is stored in non-volatile memory, and remains valid
through switching the Power from Standby to On and unplugging the
ac power cord; performing a RAM wipe (Special Function 172} does
not change the HP-IB address.

Display the HP-IB address:

1. If the yellow REM (remote) annunciator is turned on, press the LOCAL
key to put the Signal Generator into Local operation. All front
panel keys {except for the Power switch and the LOCAL key) are
inoperative when the Signal Generator is in Remote operation.

2. Press the blue SHIFT kéy, and then the ADRS key. You will see the
following in the FREQUENCY/STATUS display:

HP-IB Address = 19

Change the HP-IB address:

3. Select a new HP-IB address from 00 to 30, and press the ENTER key.
The new HP-IB address should then be displayed.

4. Press the FREQ key to clear the HP-IB address off of the front-
panel display. Then, re-display the HP-IB address to verify the
new HP-IB address.
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HP-IB The Signal Generator Synthesized Signal Generator is designed to

cpean be compatible with a controller that interfaces in terms of the 14 bus
C&p&b!l ities messages surmnmarized in table 4-1. This table describes each of the
interface functions available as defined by the IEEE Standard 488 and
the identical ANSI Standard MC1.1.

When the Signal Generator is in the remote mode (the front-panel REM
annunciator lights up), all front-panel controls are disabled except the
POWER switch, and the LOCAL key (the LOCAL key can be disabled by
configuring the Signal Generator in Local Lockout over HP-1B).

Table 4-1. HP-1B Capability Reference Table. (1 of 2)

HP.1B Related interface
Capability Applicable Response Commands Functions*®
and Controls™

Talker/ Yes All Signat Generator functions with the exception of Knob | MLA AH1

Listener control are programmable over HP-IB. The Signal MTA SH1
Generator can send query responses and status EC T6
information. The front-panel annunciators (TALK, REM, L4
LSTN, SRQ) show the Signal Generator’s current HP-B
state.

Trigger No The Signal Generator does not have a device trigger GET DTO
capability.

Clear Yes The Signai Generator responds equaily o DCL and SDC DCL DCH
bus commands. The Clear capability does not reset SRC

instrumemnt paramelers.

Remote Yes The Signal Generator's remote mode is enabled when the | REN RL1
AEN bus ling is true. However, it remains in local that is, | MLA
the keyboard is active)} until it is first addressed 1o listen.
The output signal is unchanged when the Signal Generator
enters remote mode. The front-pane! RMT annunciator
turns on when in remote mode.

tocal Yes The Signal Generator returns to front-panel control when it | GTL Ri.t
enters jocal mode. The output signal is unchanged.
Responds either 10 the GTL bus command or the
front-pane! Local key. The LOCAL kev will not work if the
instrument is in the LOCAL LOCKOUT state.

) Commands, Control Lines, and Interface Functions are defined in IEEE Sid 488 {(and the identical ANSI Standarg MC1.1).
Knowledge of these might not be necessary if your controfler's manua! describes programming in terms of the fourteen HP-IB
messages shown in the left column, '
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Table 4-1. HP-IB Capability Reference Table. (2 of 2)

HP-IB Related Interface
Capability Applicable Response Commands | Functions®
and Controls”
Local Lockout Yes The LOCAL key is disabled during Local Lockout so that LLO RL1
only the controller or the POWER switch can return the
Sigral Generator to Local.
Clear Lockout/ Yes The Signal Generator returns 10 Local and Local Lockout is| REN RLt
Set Local no tonger true when the REN bus line goes false.
Pass Control/ No The Signal Generator cannot take contro! of HP-IB. ATN Co
Take Control IFC
Request Yes The Signal Generator sets the SRQ bus line true if there is| SRQ SR
Service an unmasked bit in the status byle.
Abort Yes The Signal Generator stops talking or listening. C T8
L4
Status Byte Yes The Signal Generator responds to a Serial Poll Enable SPE T6
{SPE) bus command by sending an 8-bit byte when 3PD
addressed to talk, Bit 6 {(RQS bit) is true if the Signal MTA
Generator has sent the Service Request Message. Each
bit requires different conditions for clearing.
Status Bit No The Signal Generator does not respond to a parallel poll. | ATN PPO
EOI
£xtended No The Signal Generator does not have secondary addressing| MSA TEQ
Talker/ capabilities for talking or listening. LEQ
Listener
Driver Yes The Signal Generalor uses tri-state electrical drivers, None E2
Electronics

* Commands, Control Lines, and interface Functions are defined in IEEE S 488 {and the identical ANSI Stangard MC1.1).
Knowledge of these might not be necessary If your controlier’s manual describes pregramming in terms of the fourteen HP-B
messages shown in the left column.
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HP-IB Control
Language
Dictionary

Table of Contents

All TEEE 488.2 common commands, and HP-SL commands are
contained in the control language dictionary. All devices that comply
with the IEEE 488.2 standard must have a set of common commands.
The requirement of having common commands guarantees that all
devices will have a minimum set of capabilities to permit programmers
to write code that will work with all devices.

Before you proceed to use the dictionary, please read the HP-SL
notes starting on the next page. The notes provide you with essential
information and directions for using the dictionary.

The dictionary is alphabetically arranged by subsystems. A table of
contents for all subsystems is as follows:

AM SUDSYSEEIM . .ottt e e 4-18
Amplitude Subsystern................ e 4-19
Calibration Subsystent. ......civir i 4-22
Diagnostic Subsystem ... 4--22
Display Subsystem ..o 4-22
EM Subsystem ... oo 4-23
Frequency Subsystem ....... ..o 4-25
HP-SL System Commands ... 4-29
IEEE 488.2 Common Commands ........oeoiiiiniiiiiiiinin... 4-30
Initialize Subsystem ........... ..o i 4-32
LF Source Subsystem ......cooiiiiiiiiiiiiii e U 4-33
Marker Subsystem . ... ..oo.iiiiiiii s 4-43
Modulation Subsystem ........ ..o i e 4-43
Phase Modulation Subsystem ............oo i 4-44
Phase Subsystem . ... ..ot e 4-45
Power Meter Subsystem...........oooiiiiiiiii i 4-45
Pulse Subsystem ... 4-46
Reference Oscillator Subsystem ...l 4-48
Sequence Subsystem ... .. i 4-49
Status Subsystem ... 4-50
Sweep Subsystem ... ... e 4-54
Take Sweep Subsystem ... 4-55

Voltmeter Subsystem......... ... oo i 4-55
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HP-SL Notes

The entire dictionary is for use with the IEEE 488.2 standard.

All HP-SL entries in the dictionary can be written in uppercase or
lowercase letters. Also, ali entries are shown in either bold or ffalics

typeface.

Any HP-SL entries in the dictionary that are written in ifalics are
commands which allow you to set or query parameters which have
only one accepted value, or are commands that cause an event which
has no useful effect on the Signal Generator, or are comunands that
are aliases to another. In any case, the commands are accepted for
purposes of HP-SL compatibility.

All HP-SL entries in the dictionary show the “short form” of the
command in uppercase letters. The “long form” of the command
includes both the uppercase and lowercase letters. For example, the
keyword “frequency” is listed as “FREQuency”. This indicates that
“FREQ” is all that is required to execute this command. You could even
have “FrEq” as the comunand since case is ignored.

Command messages sent to the Signal Generator must be terminated
by a linefeed character (ASCII character 10) or EOI on the last character
(unless the EOI would be embedded within a BCList or BSList string).

Commands statements must be separated by a semicolon. The
keywords within the command message are separated by colons. Refer
to the first part of this chapter for details about the HP-5L colen and
semicolon.

All HP-SL entries in the dictionary that are enclosed in square brackets
“ [ ] "are considered optional keywords. The optional keywords are
assumed by default and may be omitted.

Comimand parameters that you may choose between are separated by
a vertical bar “ | 7. Parameters available with the comumands in the
dictionary include frequency ranges, amplitude ranges, On state, Off
state, ac coupling, dc coupling, and so forth.
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When the command parameter is acting like a switch, “ON”, “OFF”,
“1”, or “0” may be sent (ON=1 and OFF=0). But when responding to
a query, either a “1” or a “0” will be sent.

Where MINimum and MAXimum are listed as command parameters,
they will set that function to its specified minimum or maximum
value. For example, the command statement “FREQ MAX” will set the
standard Signal Generator to 1030 MHz. MiINimum and MAXimum
may also be coupled to a subsystem state. For example, if FM is off,
FM? MAX is not limited by the RF frequency and would be 10 MHz.
But if FM is on, FM? MAX is reduced by the synthesis mode and may
be less than 10 MHz,

All HP-SL entries in the dictionary are arranged in a manner that
explicitly defines its hierarchy in the tree structure, The keyword at the
root is located at the extreme left, branching from the root is indicated
by indentation. ¥or example, a portion of the FM subsystem command
tree is as follows:

FH
[:DEViation] Iiﬁ%ﬁ}
: STEP Ve
{:INCRement]
8TATe
:COUPling s

The following command statements and messages can be derived from
this portion of the FM subsystem command tree. You will notice that
several of the command statements are aliases for each other due to
implcit couplings of optional keywords.

FM

FM:DEViation
FM:DEViation:STEP
FK:DEViation:STEP:INCRement
FM:STEP

FM:STEP: IKCRement

FM:ST4ATe

FM:COUPling
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HP-SL .Notes Any command message whose first character is an asterisk (such as

{Continued) +CL5) is treated as though the leading asterisk were a colon. For ex-
ample, “FM:50URce EXTernal;+CLS” is interpreted as “FM:SOURce
EXTernal” and “+CLS".

When you query a command which has mnemonic settings, like
GROund or INTernal, the shortform version will be returned. For
example, after setting *AM:COUPling” to “GRO”,"GROUND", or
"GND” the response from a query would always be “GRO”.

To read instrument settings over HP-IB, send the query form of the
command statement with the correct syntax as specified with a "?” in
the dictionary, and address the Signal Generator to talk.

Phase Modulation “@M” will be referred to as PM in the dictionary.

<AM term> When found in the dictionary, this indicates that a “%” or “PCT"
termination is required in the command statement. If no termination
is specified, then a "% " value is assumed.

<ampl step term> When found in the dictionary, this indicates that a “dB", “V",
“mV”", "uV” termination is required in the command statement. if no
termination is specified, then a "dB" value is assumed.

<ampl step unit> When found in the diclionary, this indicates that a “dB", or “V"
termination must be specified in the command statement.

<ampl term> When found in the dictionary, this indicates that "dBm”, "dBmW”
"dBmW” is alias for “dBm”), “dBuv”, V", “mV", “uV”’, or no
termination is required in the command statement. if the command
statement is not terminated, then “AMPLitude:UNIT” is assumed,
except on “STEP" in which case “"AMPLitude:STEP:UNIT is

assumed,

<ampl! unit term> When found in the dictionary, this indicates that a “dBm”", “dBmw",
“V", or “dBeV” termination must be speciied in the command
statement,

<angle term> When found in the dictionary, this indicates that a *“DEG", "RAD", or

no termination must be specified in the command statement. If no
termination is specified, then a "BAD” (radian) value is assumed.

<coupling type> When found in the dictionary, this indicates that sources *AC”, “DC”,
“GROund”, or “GND" are available.
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HP-SL Notes
(Continued)

<freq term> When found in the dictionary, this indicates that “HZ", “KHZ",
"MHZ", "MAHZ", “GHZ", ¢r no termination is required in the
commangd statement. if the command statement is not terminated,
then “HZ" Is assumed.

n

<lin ampl term> When found in the dictionary, this indicates that “V”, *mV", “uV”,
or no termingtion Is required in the command statement. If the
command statement is not terminated, then “V” is assumed.

<muod_type> When found in the dictionary, this indicates that "AM”, "FM", "PM”,
or “PULSe” is required in the command statement.

<non-decimal numeric program data> Whaen found in the dictionary, this indicates that the pound symbol
“#" should be followed by either a “B” and a binary representation
of a number, or "Q" and g octal representation ¢f a pumber, or “H”
and & hexadecimal represemtation of & number, For example, the
number 843 could be represented as “B1110101111", or “Q1657",
or "H3AF”,

<nrf> When found in the dictionary, this indicates that an ASCI
representation of a number is required in the command statement.
The number may be integer or floating-point, and may include a
decimal exponent. {nif stands for - flexible numeric represeniation
- for further information, refer {0 the IEEE 488.2 standard.}

<phms term> When found in the dictionary, this indicates that an “OHM”, “KOHM",
“MOHM" or no termination is required in the command statement,
if the command statement is not terminated, "OHM” is assumed.

< source list> When found in the dictionary, this indicates that “INTernal”, or "EX-
Ternal”, or more than one source separated by commas is required
in the cemmand statement. For example: “INTernal EXTernal” or
“EXTernal,iINTernal”,

<t{ime term> When found in the dictionary, this indicates that “S”, *mS”", “u§”,
“nS” or no termination is required in the command statement. if the
command statement does not have a termination “S” (seconds) is
assumed.
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AM Subsystem
AM

{:DEPTh]? [ MINimum | MAXimum }

{:DEPThI] <nrf> {[<AM term>] | UP | BOWN | MINimum | MAXimum
Sets AM depth in percent. «RST value is (%.

:STEP
[:INCRement}? [ MINimum | MAXimum ]

[:INCRement] <nrf> [<AM term>] | MINimum | MAXimum

Sets AM depth step size in percent. MINimum/MAXimum refers to the
smallest/largest programmable step size, not the smallest/largest allowed change.
*RST value is 1% .

:STATe?

:STATe ON|OFF|1]0
Turns AM modulation ON or OFF. AM is not turned ON by just setting AM:DEPth. «RST
value is OFF.

:SOURce?

:SOURce < source list>
Selects AM source: “EXTernal” or “INTernal”. “INTernal, EXTernal” is accepted but will cause
an execution error since the Signal Generator does not use both the internal audio source and
an exiernal audio source at the same time. «RST value is INTernal.

:COUPling?

:COUPling <coupling type>
Set source coupling for AM. GROund coupling is equivalent to having NONE displayed on
the front panel; it does not turn AM OFF, but all sources are disconnected, *RST value is DC,

:FREQuency? [ MINimum | MAXimum ]

:FREQuency <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Aligs to LFSource: FREQuency.

STEP
[:INCRement]? { MINimum | MAXimum ]

[:INCRement] <nrf> [<freq term>] | MINimum | MAXimum
Alias to LFSource: FREQuency:STEP.
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Amplitude Subsystem

POWer may be used in place of AMPLitude as an alias. AMPLitude:OUT may be used in place of
AMPLitude to specify front-panel output. AMPLitude:SOURce may be used in place of AMPLitude
to refer to driving source voltage (EMF).

AMPLitude or POWer

[OUT] or :50OURce

[:LEVell?  MINimum | MAXimum }

[:LEVel] <nrf> [<ampl term>1 | UP | DOWN | MINimum | MAXimum
Sets CW AMPLitude. LEVel is assumed if omitted in the command statement, «RST value
15 -140.0 dBm.

{STEP
[[INCRement}? [ MiNimum | MAXimum ]

[:INCRement] <nrf> [<ampl step term>] | MINimum | MAXimum

Set/query the AMPLitude step size. MINimum/MAXimum refers to the
smallest/largest programmable step size, not the allowed change. *RST value
is 10 dB.

‘UNIT?

{UNIT <ampl step unit>

Set/query the UNIT for amplitude steps. Allowable values of UNIT are V and
dB.

If STEP:UNIT is specified as volts, an AMPLitude increment causes the
amplitude to be stepped in volts regardless of AMPLitude:UNIT.

If STEP:UNIT is specified as dB, an AMPLitude increment causes the
amplitude to be stepped in dB regardless of AMPLitude:UNIT. This allows
operations such as setting level in volts and changing it in dB steps.

Setting AMPLitude:STEP with a UNITs suffix causes AMPLitude:STEP:UNIT
to be set to dB or V based on the units sent. *RST value is dB.

STATe?

:STATe ON{OFF|1]0
Turns RF output ON or OFF. OFF disables the output. Setting LEVel does not turn this
ON imphcitly. *RST value is OFF.
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:UNIT?

:UNIT <ampl unit term:
Specifies the units of AMPLitude for the Signal Generator. This command sets the implied
UNIT for all parameters which have units of power or amplitude (except when the
AMPLitude:5TEP:UNIT command is sent). It is also used in a query response for these
parameters.
If AMPLitude is set with a units suffix different than AMPLitude:UNIT, that UNIT is used
in the command, but AMPLitude:UNIT is not changed. «RST is dBm.

:ULIMit? [ MINimum | MAXimum ]}

ULIMit <nrf> [<ampl term>] | MINimum | MAXimum
Sets MAXimum upper limit for AMPLitude. This command is equivalent to activating
Special Function 103 from the front panel.
ULIMit is affected by POWer:GAIN in the same way as AMPLitude. If AMPLitude: ULIMit
is set to less than AMPLitude, then AMPLitude is set to AMPLitude:ULIMit and an error
is issued. '
The MINimum value that can be set is 1 dB more than the minimum allowable amplitude
setting. «RST value is 19.9 dBm.

:ATTenuation? [ MINimum | MAXimum ]

:ATTenuation <nrf> [ dB } | UP | DOWN | MINimum | MAXimum
Sets or reads the value of the attenuator. This command is equivalent to activating Special
Function 101 from the front panel.
Units are in dB of attenuation. Setting attenuation in dB sets POW:ATT:AUTO to OFF,
Changing attenuation in dB changes the output level. +RST value is dependent on the
option configuration, and is coupled to POWer:LEVel.

:STEP
[:INCRement]?
Reads the attenuator step size.
AUTO?

AUTO ON|OFF|1]0
When set ON, the irmware will control the attenuators.

Turning it OFF, causes the attenuator range to hold to its present setting. This
command is equivalent to activating Special Function 100 from the front panel.
+*RST value is ON. '
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:GAIN? [ MINimum | MAXimum ]

:GAIN <nrf> [ dB ] | MINimum | MAXimum
Adjusts displayed/entered power level. Changing the GAIN does not change the actual

output level, but it does change the displayed values shown on the front panel. +RST value
is 0 dB.

:ALC
:BANDwidth
TAUTO?

:AUTO ON | OFF |10

Enables or disables automatic selection of ALC bandwidth based on frequency
and modulation. When OFF the widest ALC BANDwidth is forced. This
command is equivalent to activating Special Function 104 from the front panel
{(in which case, off = narrowband and on = wideband). «RST value is ON.

:MUTing?

:MUTing ON|[OFF {110
The muting command is equivalent to activating, Special Function 105 from the front panel.
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Calibration Subsystem
CAlLibration
[ALL]?
Performs an instrument self-calibration, and then returns an error code {an error code of “0”
indicates no failures). Alias to «CAL?
:AMPLitude
:S5TATe?
:STATe ON|OFFi{1]|0

Enables or disables the use of AMPLitude correction data. This comunand is equivalent to
activating Special Function 102 from the front panel. «R5T value is ON.

Diagnostic Subsystem

These command descriptions are detailed in the Service Diagnostics Manual (part number 08645-
90024).

Display Subsystem

Front Panel display and annunciators may be blanked completely or in selective function groups.

DISPlay
:STATe?
:STATe ONIOFF|1|0
:ANNotation
[ALLJ?

{:ALL] ON|OFF|1|0
Enables/disables the front-panel display. This command is equivalent to activating Special
Function 191 from the front panel. «RST value is ON,

:FREQuency?
:FREQuency ON|OFF|1]0

Enables/disables front-panel display of RF output frequency. This command is
equivalent to activating Special Function 192 from the front panel. «RST value is
ON.

MO Dulation?
MODulation ONJOFF|[1]0

Enables/disables front-panel display of modulation. This command is equivalent
to activating Special Function 193 from the front panel. +RST value is ON.
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:AMPLitude?
:AMPLitude = ON |OFF |10

Enables/disables front-panel display of amplitude. This command is equivalent to
activating Special Function 195 from the front panel. sR5T value is ON.

:LFSource?
:LFSource ON|OFF|110

Enables/disables front-panel display of audio source. This command is equivalent
to activating Special Function 194 from the front panel. «+RST value is ON.

:RADiIx?

:RADiIx US | EURopean
When US (United States) is active, numbers shown on the front panel use a decimal to indicate
the “ones” digit position. Commas are used to indicate thousands, millions, and so forth,
positions.
When EURopean is active, the commas and decimals shown on the front panel are
reversed. For example 123456789 Hz would be shown as 123,456,789.00 Hz in US mode and
123.456.789,00 Hz in EURopean.
This command affects the front-panel display only, all numbers sent over HP-IB must be sent
in the US radix. _
This command is equivalent to activating Special Function 196 from the front panel. «RST
value is US.

FM Subsystem

The Signal Generator cannot do simultaneous FM and PM. If PM is on, and someone requests FM, the
tollowing will happen: PM is turned off, FM is turned on, and an error is displayed on the front panel.

M
[:DEViation]? [ MINimum | MAXimum ]

[:DEViation] <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Set/query FM deviation. *R5T value is 1 kHz.

:STEP
INCRement]? [ MiNimum | MAXimum ]

[INCRement] <nrf> [<freq term>] | MINimum | MAXimum

Set/query the step size for FM. MINbmum/MAXimum refers to the smallest/largest
programmable step size, not the smallest/largest allowed change. «RST value is
1 kHe.
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1STATe?

:STATe ON|OFF |10
Queries/turns FM ON or OFF. «RST value is OFF.

:50URce?

:SOURCce <source list>
Selects FM source: “INTernal”, “EXTernal”, or “INTernal, EXTernal”. +R5T value is INTernal.

:COUPling?

:COUPling <coupling type>
Set/query coupling for FM. GROund coupling is equivalent to having NONE displayed on the
front panel; it does not turn FM OFF but disconnects all sources. «RST value is DC.

:MODE?

:MODE LINear | DIGitized
Set/query true (LINear) or synthesized (DIGitized) FM. This command is equivalent to
activating Special Function 120 from the front panel. «RST value is DIGitized.

:FREQuency? [ MINimum | MAXimum ]

:FREQuency <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Alias to LFSource: FREQuency.

:STEP
[INCRement]? [ MINimum | MAXtmum |

{:INCRement] <wrf> [<freg term>] | MINimum | MAXimum
Alias to LFSource: FREQuency:STEP.

:DELay?

:DELay ON |OFF |10
Enables or disables the FM Delay Equalizer circuitry. This command is equivalent to activating
Special Function 124 from the front panel. +RST value is ON.

:IMPedance?

Returns the FM input impedance value of 600 (.
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Frequency Subsystem

FREQuency
CWJ? [ MINimum | MAXimum ]

[:CW] <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Set/query non-swept frequency. Does not disable SWEep. *RST value is 1500 MHz.

:STEP
[:INCRement)? [ MINimum | MAXimum ]

[:INCRement] <nrf> [<freq term>] | MINimum | MAXimum

Sets STEP size for RF output frequency related commands (FREQuency, FRE-
Quency:STARt, FREQuency:STOP, CENTer, SPAN, MARKer, MARKer2, MARKer3).

MINimum/MAXimum refers to the smallest/ largest programmable step size, not
the smallest/largest aliowed change. «RST value is 10 MHz.

STARE? { MiINimum | MAXimum }

STARL <nrf> {<freq term>] | UP | DOWN | MINimum | MAXimum
Sets STARt frequency for a sweep. Does not enable SWEep. May change other SWEep
parameters as listed in the following “Rules for Couplings Between:”. «RST value is 100,000
Hz. (Instruments with serial prefix 3015A and above have a «*RST value to 10 KHz.)

:STEP
[:INCRement]? [ MINimum | MAXimum ]

{:INCRement] <nrf> [<freg term>] | MINimum | MAXimum
Alias to FREQuency:STEP.
5TOP? { MINimum | MAXimum ]

:STOP <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Sets STOP frequency for a sweep. Does not enable SWEep. May change other SWEep
parameters as listed in the following “Rules for Couplings Between:”. #RST value is

2,999,999,999 9G MHz.
:STEP
[ INCRement}? { MINimum | MAXimum ]

LINCRement] <nrf> [<freq term>] | MINIMUM | MAXIMUM
Alias to FREQuency.STEP.



4-26 What About Programming?

:CENTer? { MINimum | MAXimum ]

:CENTer <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Sets CENTer frequency for a sweep. Does not enable SWEep. May change other SWEep
parameters as listed in the following “Rules for Couplings Between:”. +RST value is
(STARt+STOP)/2.

:STEP
{{INCRement]? { MINimum | MAXimum |

[:INCRement] <nrf> [<freq term>] | MINimum | MAXimum
Alias to FREQuency:STEP.

:SPAN? [ MINimum | MAXimum }

:SPAN <nrf> [<freq term>] | UP | DOWN | MINimum’] MAXimum
Sets frequency SPAN for a sweep. Does not enable SWEep. May change other SWEep
parameters as listed in the following “Rules for Couplings Between:”. +RST value is STOP-
STARt.

:STEP
[:INCRement]? [ MINimum | MAXimum ]

[:INCRement] <nrf> [<freq term>] | MINimum | MAXimum
Alias to FREQuency:STEP.

Rules for
Couplings Between: FREQuency:STARt, FREQuency:5TOP,
FREQuency:CENTer, and FREQuency:5PAN

If only STARt is sent in the command message:
STOP  isunchanged
CENTer is set to (STARt + STOP)/2
SPAN  is set to (STOP - STARt)

If only STOP is sent in the command message:
STARt  is unchanged
CENTer is set to (STARt + STOP)/2
SPAN s set to (STOP - STARY)

If only CENTer is set in the command message:
SPAN  is unchanged
STARt  is set to (CENTer - (SPAN/2))
STOP s set to (CENTer 4 (SPAN/Z))
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If only SPAN is set in the command message:
CENTer is unchanged
STARt 1is set to (CENTer - (SPAN/2))
STOP  is set to (CENTer -+ (SPAN/2}))

If STARt and STOP are set in the same command message:
CENTer is set to (STARt + STOP)/2
SPAN  is set to (5TOP - STARL)

If STARt and CENTer are set in the same command message:
STOP s set to (STARt + 2(CENTer-STARt))
SPAN  is set to 2(CENTer-STARt)

If STARt and SPAN are set in the same command message:
STOP  is set to (STARt + SPAN)
CENTer is set to (STARt + (SPAN/2))

if STOP and CENTer are set in the same command message:
STARt  is set to (STOP - 2(STOP-CENTer))
SPAN  is set to 2(STOP-CENTer))

If STOP and SPAN are set in the same command message:
STARt  is set to (STOP - SPAN)
CENTer is set to (S5TOP - (5PAN/2))

If CENTer and SPAN are set in the same command message:
STARt  is set to (CENTer - (SPAN/2))
STOP  is set to (CENTer + (SPAN/2))

If more than two of STARt, STOP, CENTer SPAN commands are sent in one statement,
the last two sweep parameters modified will be used, as described in the “Rules for Couplings
Between” ., All changes to the other parameters will be ignored.

:MANual? [ MINimum | MAXimum }

:MANual <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Controls frequency during a manual sweep. Limits are FREQuency:STARt to FREQuency:5TOP.
#RST value is the same as FREQuency:STARt.

:OFFSet? [ MINimum | MAXimum |}

:OFFSet <nrf> [<freq term>] | MINimum | MAXimum
Sets a reference frequency for other absolute frequency settings in the Signal Generator (CW,
STARt, STOP, but not FM or SPAN).
Changes entered/displayed values but does not change RF ocutput frequency. +RST value is
0 Hz. The coupling equation is as follows:

Entered/Displayed Frequency = (Hardware Freq « Multiptier) + Offset
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JMULTiplier? | MINiowenm | MAXimum ]

:MULTiplier <nrf> | MINimum | MAXimum
Sets a referenice multiplier for other frequency settings in the Signal Generator (CW, STARt,
S5TOP, as well as FM and SPAN). This command is equivalent to activating Special Function
111 from the front panel.
This command changes the entered/displayed values, but does not actually change the RF
output frequency.
Resolution for this command is integer values, or one over integer values (1/2, 1/3, 1/4 ... ).
+RST value is 1.
The coupling equation is as follows:

Entered/Displayed Frequency = (Hardware Freq x Multiplier) + Ofiset
OR
Entered/Displayed Frequency = (Hardware Freq x Multiplier) in cases where offset is not to be used.

:SYNThesis?

:SYNThesis <nrf>
Sets synthesis mode for the Signal Generator. This command is equivalent to pressing one of
the MODE SELECT keys on the front panel.

Setting this value sets FREQuency:SYNThesis: AUTO to OFF. «RST value is dependent on
hardware configuration.

AUTO?

AUTO ON|OFF |10
Turning AUTO to ON, allows the firmware to select the synthesis mode. This
command is equivalent to pressing the MODE SELECT key AUTO on the front panel.
Turning AUTO to OFF, leaves the Signal Generator in its current synthesis
mode. *RST value is ON.

:MODE?

:MODE CW | SWEep
Determines which commands control the frequency subsystem. If SWEep is selected, then
the commands FREQ:STARt, STOP, CENTer, SPAN, and MANual control the frequency
subsystem. «RST value is CW.

:INSTantaneous?
Returns the instantaneous RF output frequency during DIGitized FM. This command is

equivalent to activating Special Function 121 from the front panel.
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SYSTem

:ERRor?

HP-SL System Commands

{ NUMeric | STRing |}

Reads an error from the system error queue. Refurns a zero if the queue is empty. If
SYSTem:ERRor? or SYSTerm:ERRor? NUMeric is used, the Signal Generator returns cnly a
number as described in the table shown below. If 5YS5Tem:ERRor? STRing is used, the Signal
Generator returns a number followed by a comina, and a quoted string containing a standard
generic error message, a colon, and a specific error message.

Numeric Error Message Mumeric Error Message
1006 Command Error 211 Legal Command but Settings Conflict
101 Invalid Character Received 212 Argument out of Range
110 Command Header Error 222 insufficient Capability or Configuration
111 Header Detimiter Error 232 Output Bufter Full or Overflow
120 Numeric Argument Error 300 Device Failure
121 Wrong Data Type (Numeric Expected) 310 RAM Error
123 Numeric Overflow 311 RAM Failure
129 Missing Numeric Argument 312 RAM Data Loss
130 Non Numeric Argument Error 313 Calibration Data Loss
131 Wrong Data Type (Char Expected) 320 ROM Error
132 Wrong Data Type {String Expected} 321 ROM Checksum
133 Wrong Data Type (Block Type #0) Required) 322 Hardware and Firmware incompatible
139 Missing Non Numeric Argument 330 Power on Test Failed
142 Too Many Arguments 340 Self Test Failed
143 Argument Delimiter Error 400 Query Error
144 invalid Message Unit Delimiter 410 Query Interrupted
200 No Can Do 420 Query Unterminated
201 Not Executable in Local Mode 422 Addressed to Talk with Nothing 1o Say
202 Settings Lost Due to RTL™ or PON’ 430 Query Deadlocked
* Return fo Local (RTL) or Power Cn (PON).

For example, if an attempt is made to set the frequency to a value higher than is possible,
SYSTem:ERRor? would return: —212 which is an argument out of range error. Under the
same conditions a SYSTem:ERRor? STRing query would return: -212,"ARGUMENT OUT
OF RANGE:FREQUENCY TOO HIGH” Refer to appendix D for a descriptive list of all error
messages.

:STATe

:CALL

This event causes all save/recall registers to be cleared.
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:SECurity?
:SECurity ON|OFF|1}0

Controls the security mode of the Signal Generator. This command is equivalent to activating
Special Function 173 from the front panel. When in the secure mode, any display annunciators
which have been disabled cannot be re-enabled. This value is not affected by +RST or +RCL.
This value is not effected by power cycles unless memory is lost during power down. When
this value is switched from ON to OFF, all memory in the Signal Generator is erased when
the equivalent of Special Function 172 (RAM Wipe) is performed.

IEEE 488.2 Common commands
+CAL? Self calibration query

Causes the Signal Generator to perform an internal self-calibration and returns an integer error
code. An error code of zero indicates no failures, other nmuambers indicate some error. A list of
specific error codes are defined in the Assembly Level Repair, Service Diagnostics Manual (HP
part number 08645-90024). This command is equivalent to activating Special Function 171 from the
front panel.

«*CLS Clear status command

Clears the status register and associated status data structures summarized in the Status Byte,
such as the Event Status Register. Clears output and error queues. Clears all event registers.

«ESE <nrf> <non-decimal numeric program data> Event status enable command

Sets the Standard Event Status Enable Register. A more detailed description of the status reporting
is included in the "HP-IB Device Status Dictionary”.

+ESE? Event status enable query

Queries the Standard Event Status Enable Register. A more detailed description of the status
reporting is included in the “HP-IB Device Status Dictionary” .

+*ESR? Event status register query

Queries the Standard Event Status Register. A more detailed description of the status reporting is
included in the "HP-IB Device Status Dictionary”.

+*IDN? Identification query
Returns an identification string which is 4 fields separated by commas.
Field 1 : Is aiways HEWLETT-PACKARD.
Field 2 : Is model number like 8665A.,

Field 3 : Is a serial number in HP format e.g. 2833A00873 or a 0 if the serial number is
unknown (Equivalent to activating Special Function 190).

Field 4 : Is the firmware version number.
For example: HEWLETT-PACKARD,8665A,2833A00873,REV 1.0.0
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«OPC Operation complete command

Will cause the OPC bit to be set in the standard event status register when a sweep or
learn operation is complete. Since the bus is released before a sweep is completed, you may
re-synchronize after these operations are complete.

+OPC? Operation complete query
Will cause an ASCII 1 to be returned when a sweep or learn operation is complete. Since the bus
is released before a sweep or learn is completed, you may re-synchronize after these operations
are complete.

*QPT? Option query

Identifies reportable options in current instrument configuration. Each option is indicated by a
mnemonic and multiple reportable options are separated by commas. If the Signal Generator has
no reportable options in place, the option query returns a zero. For example, “COMM_DISCR”
refers to Option 004, the Low Noise Mode; “GAAS_PULSE” refers to Option (08, Pulse
Modulation.

+RST Reset command

Causes the Signal Generator to do an instrument preset. Sets all operating parameters to the
known states listed in this Dictionary. It does not effect the status reporting information, nor does
it clear the error or message queue, and does not affect contents of the 50 storage registers.

The *RST command must be put on a separate line of code.

«SAV <nrf> Save instrument state
Saves the instrument state in the specified register number, The Signal Generator has 50 available
storage registers. The first 10 registers (0-9) accepts all front-panel settings (except for some special
functions). The next 40 registers (10-49) accepts only frequency and amplitude settings.

+*SRE <nrf> <non-decimal numeric program data> Service request enable command
Sets the Service Request Enable Register. A more detailed description of the status reporting is
included in the “"HP-IB Device Status Dictionary”.

+SRE? Service request enable query
Queries the Service Request Enable Register. A more detailed description of the status reporting
is included in the “"HP-IB Device Status Dictionary”.

+STB? Read status byte query
Set/query the HP-IB Status Byte. A more detailed description of the status reporting is included
in the "HP-1B Device Status Dictionary”.

*RCL <nrf> Recall instrument state
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Recalls the instrument state which was stored in the specified register number. The Signal
Generator has 50 available storage registers. The first 10 registers (0-9) accepts all front-panel
settings (except for some special functions). The next 40 registers (10-49) accepts only frequency
and amplitude settings.

+TST? Self-test query

Causes the Signal Generator to perform internal instrument level diagnostics and returns an
integer error code. An error code of zero indicates no failures, other numbers indicate some error. A
list of specific error codes are defined in the Service Diagriostics Manual {part number 08645-90024).
This command is equivalent to activating Special Function 170 from the front panel.

+WAIL Wait-to-continue command

Causes the Signal Generator to not accept any further input or output between the end of the
message containing *WAI, and the completion of all command processing for that message.

Initialize Subsystem
INITialize
:STATe?

:STATe  PAUSe | RUN
Returns PAUSe or RUN to determines if the Signal Generator is actually sweeping or idle.
This parameter only has meaning when FREQuency:MODE is SWEep. *R5T value is PAUGe.

:MODE?

:MODE CONTinuous | SINGle

Determines if the Signal Generator is performing single sweep or continuous sweep. After
a single SWEep is done, INITialize:STATe becomes PAUSe, and an INITialize command is
required to restart the SWEep. «RST value is CONTinuous.

:ABORt

Aborts any current sweep. Sets INITialize:5TATe to PAUSe.

[:IMMediate]

Sets INITialize:STATe to RUN, and starts a single SWEep or a continuous SWEep. If a SWEep
is already in progress, it is aborted and restarted.
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LF Source Subsystem
LFSouirce

[:FREQuencyl? { MINimum | MAXimum ]
[:FREQuency] <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Sets frequency of the audio source. This command is equivalent to the command
<mod_type>:FREQ. *RST value is 1 kHz.
:STEP

INCRement]? { MINimum | MAXimum ]

FINCRement] <nrf> [<freq term>] | MINimum | MAXimum
Sets the step for the audio source. MINimum/MAXimum refers to the smali-
est/largest programmable step size, not the smallest/largest allowed change. «*RST

value is 100 Hz.
:STATe?

:STATe ON | OFF |10

Turns the LF source ON or OFF. Setting the frequency or level for the LF does not by itself
turn the source ON.

Any attempt to turn LFSource:STATe OFF while any <mod_type>'s STATe is ON, and its
SOURce includes INTernal will result in an error. In other words, the Signal Generator will
not turn off the LFSource while it is being used for modulation. *RST value is OFF.
:WAVeform?
:WAVeform SINe | SQUare | TRIangle | SAWTooth | WGNoise

Selects a waveform for the LF Source: SINe, SQUare, TRIangle, SAWTooth or White Gaussian
Noise (WGNoise} is available. This command is equivalent to activating Special Function 130
from the front panel. *RST value is SIN.

:LEVel? [ MINimum | MAXimum ]
:LEVel <nrf> [<lin ampl term>1 | UP | DOWN | MINimum | MAXimum

Sets level of the audio source in volts. *RST valueis 1 V.
STEP

INCRemeni]? { MINimum | MAXimum ]

{:INCRement] <nrf> [<lin ampl term:>] | MINimum | MAXimum

Sets the LFSource:LEVel step. MINimum/MAXimum refers to the smallest/largest

programmable step size, not the smallest/ largest allowed change. +RST value is
0.1V.
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‘TRIGger

[:IMMediate]
Causes a one-shot trigger of the LESource if SOURce is set to EXT. This command is
equivalent to activating Special Function 132 with 131 turned ON, from the front panel.
:SOURce?

:SOURce EXTernal | CONTinuous

Defines whether the LFSource is continuous or triggered by an external transition. This
command is equivalent to activating Special Function 131 from the front panel. In which
case, i1 would be EXTernal and 0fF would be CONTinuous. *RST value is CONTinuous.
FREQuency2? I MINimum | MAXimum ]
FREQuency2 <nrf> {<freq term>] | UP | DOWN | MINimum | MAXimum

Sets the frequency of the audio source in Channel 2. This command is equivalent to setting
frequency for the second audio source with Special Function 133 turned ON. The short form
of this command is “FREQZ". The «RST value is 400 Hz.

:STEP
[:INCRementj? | MINimum | MAXimum |
[:INCRement] <nrf> [<freq term>] | MINimum | MAXimum
Sets the LFSource:FREQuency2 step size for the audio source in Channel 2.
MINimum/MAXimum refers to the smallest/largest programmable step size, not
the smallest/largest allowed change. «*RST value is 100 Hz.

WAVeform2?

:WAVeform?2 SIN | SQUare | TRIangle | SAWTooth | WGNoise

Selects a waveform for the audio source in Channel 2: 5INe, 5QUare, TRIangle, SAWTooth or
White Gaussian Noise (WGNuoise). This command is equivalent to activating Special Function
135 from the front panel. The short form of this command is “WAV2”. The +RST value is SINe.
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:5TATe2?

:STATe2  ON|OFF|1]0

Turns the audio source in Channel 2 either ON or OFF. Setting the frequency or level does
not by itself turn the audio source in Channel 2 ON. This command is equivalent to activating
Special Function 133 from the front panel. The short form of this command is “STAT2”. The
*RET value is OFF.

:LEVel2? [ MINimum | MAXimum }

:LEVel2 <nri> [<lin ampl term>] | UP | DOWN | MINimum | MAXimum

Sets the level of the audio source in Channel 2. This command is equivalent to activating
Special Function 134 from the front panel. The short form of this command is “LEV2”. The
«RST value is 100 mV.

STEP
[:INCRement]? [ MINimum | MAXimum }
HINCRement] <nrf> [«<lin ampl term>] | MINimum | MAXimum
Sets the LESource:LEVel2 step size for the audio scurce in Channel 2. MINi-
mum/MAXimum refers to the smallest/largest programunable step size, not the
smallest/largest allowed change. *RST value is 100 mV.
:PHASe2
AD ust]? { MINimum | MAXimum ]

[:ADJust] <nrf> [<angle term>] | UP | DOWN | MINimum | MAXimum

Adjusts the phase of the audio source in Channel 2 in terms of degrees or radians. This
command is equivalent to activating Special Function 136 from the front panel. The short
form of this command is “PHAS2”. The «RST value is 0°.

:STEP
FINCRement]? [ MINimum | MAXimum ]
BINCRement] <nrf> [<angle term>] | MINimum | MAXimum
Sets the LFSource:PHASe2 step size for the audio source in Channel 2.

MINimum/MAXimum refers to the smallest/largest programmable step size, not
the smallest/largest allowed change. +RST value is 1°(0.017 radians).
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AM

[:DEPThHJ? | MINimuam | MAXimum |
[:DEPTh] <nrf> [<am term>] | UP | DOWN | MINimum | MAXimum
Sets the percentage of AM depth applied to the audio source in Channel 1. This command
is equivalent to setting AM depth on the sub-carrier with Special Function 137 turned ON.
*RET value is 0%.
:STEP

[:INCRement]? { MINimum | MAXimum |
[:INCRement] <nrf> [<am term>] | MINimum | MAXimum

Sets the LFSource:AM:DEPTh step size for the AM source in Channel 1.
MINimum/MAXimum refers to the smallest/largest programmable step size, not
the smallest/largest allowed change. *RST value is 1%.
:5TATe?
:5TATe ON|OFF |10
Turns the AM source in Channel 1 either ON or OFF. Setting AM frequency or depth
does not by itself turn the AM source in Channel 1 ON. This command is equivalent to
activating Special Function 137 from the front panel. «RST value is OFF.
FREQuency? [ MINimum | MAXimum |
:FREQuericy <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Sets the frequency rate for the AM source in Channel 1. This command is equivalent to
activating Special Function 138 from the front panel. «RST value is 100 Hz.
:STEP
[:INCRement]? | MINimum | MAXimum ]
[:INCRement] <nrf> {<freq term>] | MINimum | MAXimum
Sets the LFSource: AM:FREQuency step size for the AM source in Channel 1.
MINimum/MAXimum refers to the smallest/largest programmable step size, not
the smallest/largest allowed change. +RST value is 100 Hz.
:WAVeform?
:WAVeform SIN | 5QUare | TRIangle | SAWTooth | WGNoise

Selects a waveform for the AM source in Channel 1: SINe, SQUare, TRIangle, SAWTooth
or White Gaussian Noise (WGNoise). This command is equivalent to activating Special
Function 139 from the front panel. «RST value is SINe.
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:PHASe

i:ADJust]? { MINimum | MAXimum }

LAD]ust] <mrf> [<angle term>] | UP | DOWN | MiNimum | MAXimum
Adjusts the phase of the AM source inn Channel 1in terms of degrees or radians. This
command is equivalent {o activating Special Function 140 from the front panel. «R5T
value is 0°.

:STEP
[INCRement]? [ MINimum | MAXimum ]

[:INCRement] <nrf> {<angle term>}] | MINimum | MAXimum

Sets the LFSource:AM:PHASe step size for the AM source in Channel
1. MINimum/MAXimum refers to the smallest/largest programmable step
size, not the smallest/largest allowed change. *RST value is 1°(0.017
radians).

FM
[:DEViation]? i MINimum | MAXimum ]

(:DEViation] <nrf> [<freq term>} | UP | DOWN | MINimum | MAXimum

Sets the amount of FM deviation applied to the audio source in Channel 1. This command
is equivalent to setting FM deviation on the sub-carrier with Special Function 141 turned
ON. «RST value is 0 Hz.

:STEP
INCRement]? [ MINimum | MAXimum ]
[:INCRement] <nrf> [<freq term>] | MINimum | MAXimum
Sets the LFSource:FM:DEViation step size for the FM source in Channel 1.
MINimum/MAXimum refers to the smallest/largest programmable step size, not
the smaliest/largest allowed change. *RST vatue is 10 Hz.

:STATe?

:STATe  ON|OFF |10

Turns the FM source in Channel 1 either ON or OFF. Setting FM frequency or deviation
does not by itself turn the FM source in Channel 1 ON. This command is equivalent to
activating Special Function 141 from the front panel. sRST value is OFF.
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:FREQuency? { MINimum | MAXimum ]

:FREQuency <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum

Sets the frequency rate for the FM source in Channel 1. This command is equivalent to
activating Special Function 142 from the front panel. «+RST value is 100 Hz.

:STEP
[:INCRement]? [ MINimum | MAXimum ]
[:INCRement] <nrf> [<freq term>1 | MINimum | MAXimum

Sets the LFSource:FM:FREQuency step size for the FM source in Channel 1.
MINimum/MAXimurmn refers to the smallest/largest programmable step size, not
the smallest/largest allowed change. *RST value is 100 Hz.

WAVeform?

‘WAVeform SIN | §QUare | TRIangle | SAWTooth | WGNoise

Selects a waveform for the FM source in Channel 1: SINe, SQUare, TRiangle, SAWTooth
or White Gaussian Noise (WGNoise). This comumand is equivalent to activating Special
Function 143 from the front panel. +RST value is SINe.

:PHASe
:ADJust]? { MiNimum | MAXimum }
[:AD]Just] <nrf> [<angle term>1| UP | DOWN | MINimum | MAXimum
Adjusts the phase of the FM source in Channel 1in terms of degrees or radians. This
command is equivalent to activating Special Function 144 from the front panel. *RST
value is °.
:STEP
[[INCRement}? [ MINimum | MAXimum ]
[[(INCRement] <nrf> [<angle term>] | MINimum | MAXimum
Sets the LFSource:FM:PHASe step size for the FM source in Channel
1. MINimum/MAXimum refers to the smallest/largest programmable step

size, not the smallest/largest allowed change. *RST value is 1°(0.017
radians).



What About Programming? 4-39

PM
[:DEViation]? [ MINimum | MAXimum ]

(:DEViation} <nrf> f<angle term>] | UP | DOWN | MINimum | MAXimum

Sets the amount of $M deviation applied to the audio source in Channel 1. This command
is equivalent to setting ®M deviation on the sub-carrier with Special Function 145 turned
ON. «RS5T value is 0°.

STEP
[:INCRement]}? { MINimum | MAXimum ]
[:INCRement] <nrf> {<angle term>] | MINimum | MAXimum

Sets the LFScource:PM:DEViation step size for the ¢M source in Channel 1.
MINimum/MAXimum refers to the smallest/largest programmabie step size, not
the smallest/largest allowed change. *RST value is 1° (0.017 radians).

:STATe?
:STATe ON|OFF |1]0

Turns the &M source in Channel 1 either ON or OFF. Setting ¢M frequency or deviation
does not by itself turn the #M source in Channel 1 ON. This command is equivalent to
activating Special Function 145 from the front panel. *RST value is OFF.

FREQuency? [ MINimum | MAXimum |
FREQuericy <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum

Sets the frequency rate for the ®M source in Channel 1. This command is equivalent fo
activating Special Function 146 from the front panel. xR5T value is 100 Hz.

:STEP
[INCRement]? | MINimum | MAXimum }
[(INCRement] <nrf> [<freq term>] | MINimum | MAXimum
Sets the LESource:PM:FREQuency step size for the ®M source in Channel 1.

MINimum/MAXimum refers to the smallest/largest programmable step size, not
the smallest/largest allowed change. *R5T value is 100 Hz.

:WAVeform?
WAVeform SIN | $QUare | TRIangle | SAWTooth | WGNoise

Selects a waveform for the ¢M source in Channel 1: SINe, SQUare, TRlangle, SAWTooth
or White Gaussian Noise (WGNoise). This command is equivalent to activating Special
Function 147 from the front panel. *RST value is SINe.
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:PHASe
[:ADJust)? { MINimum | MAXimum |
[:ADJust} <nrf> [<angle term>] | UP | DOWN | MINimum | MAXimum

Adjusts the phase of the M source in Channel 1 in terms of degrees or radians. This
command is equivalent to activating Special Function 148 from the front panel. sxRST

value is 0°.
:STEP
{:INCRement]? [ MiNimum | MAXimum }
[:INCRement] <nrf> [<angle term>} | MINimum | MAXimum

Sets the LFSource:PM:PHASe step size for the M source in Channel
1. MINimum/MAXimum refers to the smallest/largest programmable step
size, not the smallest/largest allowed change. «RST wvalue is 1°(0.017
radians).

PULSe
STATe?

:STATe ON|OFF|1]0

Turns the Pulse source in Channel 1 either ON or OFF. Setting Pulse frequency does not
by itself turn the Pulse source in Channel 1 ON. This command is equivalent to activating
Special Function 149 from the front panel. +RST value is OFF.

:FREQuency? { MINimum | MAXimum |}

:FREQuency <nrf> {<freq term>] | UP | DOWN | MINimum | MAXimum

Sets the frequency rate for the Pulse source in Channel 1. This command is equivalent to
activating Special Function 150 from the front panel. «RST value is 100 Hz.

:STEP
FINCRement]? { MINimum | MAXimum ]
[:INCRement} <nrf> [<freq term>] | MINimum | MAXimum
Sets the LFSource:PULSe: FREQuency step size for the Pulse source in Channel

1. MINimum/MAXimum refers to the smallest/largest programmable step size,
not the smallest/largest allowed change. «RST value is 106 Hz.
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PHASe
[:ADJust]? [ MINimum | MAXimum ]
{:AD]Just] <nrf> [<angle term>]1 | UP | DOWN | MINimum | MAXimum

Adjusts the phase of the Pulse source in Channel 1 in terms of degrees or radians.
This command is equivalent to activating Special Function 151 from the front panel.
*RST value is 0°.

:STEP
[:INCRement]? I MINimom | MAXimum }
[:INCRement] <nrf> [<angle term>] | MINimum | MAXimum
Sets the LFSource:PULSe:PHAGSe step size for the Pulse source in Channel

1. MINimum/MAXimum refers to the smallest/largest programmable step
size, not the smallest/largest allowed change. «RST value is 1°(0.017

radians).
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:AVionics
:SETup
VOR

Configures the instrument for VOR receiver testing. This command is equivalent to
activating Special Function 220 from the front panel.

:LOCalizer

Configures the instrument for Localizer receiver testing. This command is equivalent
to activating Special Function 221 from the front panel.

:GSLope

Configures the instrument for Guideslope receiver testing. This command is
equivalent to activating Special Function 222 from the front panel.

:OMBeacon

Configures the instrument for OQuter Marker (OM) beacon testing. This command is
equivalent to activating Special Function 223 from the front panel.

MMBeacon

Configures the instrument for Middle (MM) beacon testing. This command is
equivalent to activating Special Function 224 from the front panel.

IMBeacon

Configures the instrument for Inner Marker (IM) beacon testing. This command is
equivalent to activating Special Function 225 from the front panel.
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Marker Subsystem
The Signal Generator firmware contains three markers. The behavior of all of the markers is identical,
however, MARKer 1 has two references (that is, MARKer or MARKerl, MARKer2, and MARKer3).
MARKer or MARKerl or MARKer2 or MARKer3
[:FREQuency]? [ MINimum | MAXimum |}
EFREQuency] <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum

Sets frequency of selected marker. The marker may be set outside of the START and STOP
frequency range, if so, the marker is not shown but is still considered active.

The markers will have the same offset and multiplier values as determined by FREQ:OFFSet
and FREQ:MULT. «RST value is 100,000.00 Hz.

:STEP

Step size for the markers will always be in increments equal to FREQ:CW:STEP.
[:INCRement]? { MINimum | MAXimum ]
{:INCRement] <nrf> [<freq termn>] | MINimum | MAXimum

Alias to FREQuency:STEP.,
:STATe?
:STATe ON |OFF |10

Turns the specified marker ON or OFF, Marker state is not turned ON when the marker
frequency is set. «R5T condition is OFF.

:AOFF

Turns off all markers (this is «RST condition). This command will be accepted for any specific
marker (MARK2:AOFF) but will still turns off all the markers. This command cannot be
queried.

Modulation Subsystem
MODulation
:STATe?
:STATe ON|OFF{1}|0

The MODulation:STATe ON and MODulation:STATe OFF commands toggle on and off the
modulation type (<mod_type>} that was previously selected. If the modulation is already on
when the MQODulation:STATe ON command is recetved, the comimand has no effect.

The command MODulation:5TATe OFF turns off all modulation types, and turns LF-
Source:5TATe OFF,
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The command MOD:STATe? will give the response “1” if any modulation state is on, and will
give the response “0” if all modulation states are off. +RST causes the list of “previously active
modulation types” to be FM.

Phase Modulation Subsystem

The Signal Generator cannot do simultaneous FM and PM. If FM is on, and someone requests PM, the
following will happen: FM is turned off, PM is turned on, and an error displayed on the front panel.

PM
:STATe?

STATe ON|OFF|1|0
Turns PM ON or OFF. «RST value is OFF,

:SOURce?

:SOURce <source list>
Selects PM source: “INTernal”, “EXTernal”, or “INTernal EXTernal”. «+RST value is INTernal.

:COUPling?

:COUPling <coupling type>

Set source coupling for FM. GRCOund coupling is equivalent to having NONE displayed on
the front panel, it does not turn FM off, but disconnects all sources. *RST value is DC.

FREQuency? { MiNimum | MAXimum ]

:FREQuency <nrf> [<freq term>} | UP | DOWN | MINimum | MAXimum
Aligs to LFSource: FREQuency.

:STEP
[:[INCRement]? [ MINimum | MAXimum ]
{:INCRement] <nrf> [<freq term>] | MINimum | MAXimum

Alias to LFSource: FREQuency:STEP.
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Phase Subsystem

This subsystem allows you to increment or decrement the phase of the RF output signal in steps
relative to the present frequency reference.

PHASe
[:ADjJust]? I MINimuam | MAXimum ]

[: ADJust] <nrf> [<angle term>] | UP | DOWN |MINimum | MAXimum

Controls the phase offset value relative to the reference. This command is equivalent to
activating Special Function 110 from the front panel. «*R5T value is 0.

:STEP
[INCRement}? [ MINimum | MAXimum ]
[INCRement] <nrf> [<angle term>] | MINimum | MAXimum

Controls the step size in degrees. MINimum/MAXimum refers to the small-
est/largest programmable step size, not the smallest/largest allowed change, *RST
value is one degree. (NOTE - base unit for angle measurements is radians. All
queries will be refurned in radians).

:REFerence

This event resets the PHASe value to 0 without changing the actual PHASe of the Signal
Generator. This means that any further references to PHASe will be considered to be relative
to the PI{ASe at the time this command was last issued.

Power Meter Subsystem
PMETer

[:POWer]?

Queries the internal power meter. This command is equivalent to activating Special
Function 182 from the front panel. The power meter connector is located inside the Signal
Generator, under the top cover.
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Pulse Subsystem

The following Pulse Subsystem commands are valid for an Signal Generator equipped with Option
008.

PULSe
[:STATe]?

[:STATe] ON|OFF|1]0
Turns PULSe ON or QFF. «RST value is OFF.

:SOURce?

:50OURce <source list>
Selects the PULSe source: INTernal, or EXTernal (dc-coupled only). «RST value is EXTernal.

IMPedance? [ MINimum | MAXimum ]

:IMPedance <nrf> [<ohms term>] | MINimum | MAXimum

Set/query input impedance of the PULSE connector. The Pulse input impedance may be set to
50 @, which would be equivalent to activating Special Function 210 from the front panel. +RST
value is 100 k.

:CONDitioning?

:CONDitioning ON|OFF |10

Set/query the type of Pulse Control being used for pulse modulation. Turning CONDitioning
to OFF activates direct pulse control, which is equivalent to setting Special Function 211
to “Direct”. Turning CONDitioning ON activates the internal pulse generator, which is
equivalent to setting Special Function 211 to “Pulse Gen”. *RST value is OFF (direct pulse
control}.

:DELay? [ MINimum | MAXimum ]

:DELay <nrf> [<time termz1 | UP | DOWN | MINimum { MAXimum

Set/query the amount of pulse delay. This command is equivalent to activating Special
Function 212 from the front panel. +RST value is 1 ps.

:STEP

LINCRement]? [ MINimuom | MAXimum }
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{:INCRement] <nrf> {<time term>-] | MINimum | MAXimum

Set/query the step size for Pulse modulation delay. MINimum/MAXimum refers
to the smallest/largest programmable step size, not the smallest/largest allowed
change. +RST value is 1 us.

WIDTh? [ MINimum | MAXimum ]

WIDTh <nrf> [<time term>] | UP | DOWN | MiINimum | MAXimum

Set/query the amount of pulse width. This command is equivalent to activating Special
Function 213 from the front panel. «RST value is 1 ys.

STEP
[:INCRement]? { MiNimum | MAXimum ]
[:INCRement] <nrf> [<time ferm>} | MINimum | MAXimum

Set/query the step size for Pulse modulation width. MINimum/MAXimum refers
to the smallest/largest programmable step size, not the smallest/largest allowed
change. «R5T value is 1 ps.

:SLOPe?

:SLOPe POSitive | NEGative | BOTH

Set/query the pulse triggering edge. This command is equivalent to activating Special Function
214 from the front panel. sRST value is POSitive.

:FREQuency? [ MINimum | MAXimum |}

FREQGuency <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Alas to LFSource: FREQuency.

:STEP
[:INCRement]? [ MINimum | MAXimum ]
[:INCRement] <ntf> [<freq term>] | MINimum | MAXimum

Alias to LFSource: FREQuency:STEP.
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Reference Oscillator Subsystem
ROSCillator
:CALibration? | MINimum | MAXimum |

:CAlibration <nrf> | UP | DOWN | MiINimum | MAXimum

Adjusts frequency of internal reference oscillator. Values used to adjust the reference frequency
are in the range of 0 to 255. A change in the value of “1” corresponds to about a 4 Hz change
in the reference frequency. The value required to set the reference to exactly 10 MHz will vary
from instrument to instrument. Value is returned to calibrated value at *RST. This command
is equivalent to activating Special Function 160 from the front panel.

:STEP
[:INCRement]?
The reference oscillator calibration increment is always one. This command is
included to meet an HP-SL requirement of allowing the step size to be queried
on any value which can be stepped.
:50URce?
:SOURce

A "SOURCe?” query returns the status of the current reference source (INT or EXT). The query
comrnand is equivalent to activating Special Function 161 from the front panel.

:AUTO?
:AUTO  ON|OFF|1]0

Set/query whether use of an external timebase is allowed. This command is equivalent
to activating Special Function 162 from the front panel. When ON (1), the internal
reference oscillator or an external timebase source may be used. When OFF (0}, only
the internal reference oscillator may be used. *RST value is ON (1).
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Seguence Subsystem
SEQuence
:REGister?

:REGister <register list>

Setsup a list of save/recall registers to sequence through. This command is equivalent to setting
up the auto sequence registers from the front panel SET 8EQ key. The register sequence is cleared
from memory when you send the null list SEQuence:REGister. The REGister command sets
up registers 0-9 only. The maximum sequence length is 10 registers. Sending any command
statement or message over HP-IB aborts the Auto Sequence state.

The syntax used to generate a <register list> is:

<register list> = & ———

(,)=

L <register number> _,_j

<register number> = number of save/recall register

[:EIMMediate]

Sequences to the next register in the register list.
:S5TATe?

:STATe ON |OFF|1]0

When ON, the Auto Sequence state is active. This command is equivalent to pressing the front
panel AUTO SEQ key where the Signal Generator automatically sequences through the register
list. The step time for each register is 1 second, except if a sweep sequence occurs (in which
case the step time lasts for the duration of the sweep). *R5ST value is OFF (0).
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Status Subsystem
STATus
[:DEVice]
LEVENt)?
Queries the Device Dependent Event Status Register.
:CONDition?
Queries the Device Dependent Condition Status Register.

:ENABIle <nrf> | <non-decimal numeric program data>

:ENABle?
Set/query the Device Dependent Event Enable Register.

:PTRansition?

Queries the Device Dependent Positive Transition Filter. Always returns 65535,

:NTRansition?
Queries the Device Dependent Negative Transition Filter.

Always retirns 0.

:DQUestionable
LEVEN(t]?

Queries the HP-5L Signal Integrity Event Status Register.
:CONDition?

Queries the HP-SL Signal Integrity Condition Status Register.
:ENABIle <nrf> | <non-decimal numeric program data>

:ENABIe?

Set/query the HP-SL Signal Integrity Event Enable Register.

:PTRansition?

Queries the HP-SL Signal Integrity Positive Transition Filter. Always refurns 65535.

NTRansition?

Queries the HP-SL Signal Integrity Negative Transition Filter. Always returns 0.
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:SINTegrity
[:EVENt]?

Queries the Signal Generator Signal Integrity Event Status Register.
:CONDition?

Queries the Signal Generator Signal Integrity Condition Status Register.
:ENABIle <yrf> | <non-decimal numeric program data>

:ENABIle?

Set/query the Signal Generator Signal Integrity Event Enable Register.

PTRansition?

Queries the Signal Generator Signal Integrity Positive Transition Filter. Always returns
65535.

:NTRansition?
Queries the Signal Generator Signal Integrity Negative Transition Filter. Always returns 0.
:HARDware
[:EVENt]?
Queries the Signal Generator HARDware Integrity Event Status Register.
:CONDition?
Queries the Signal Generator HARDware Integrity Condition Status Register.

:ENABle <nrf> | <non-decimal numeric program data>

:ENABle?
Set/query the Signal Generator HARDware Integrity Event Enable Register.

PTRansttion?

Queries the Signal Generator HARDware Integrity Positive Transition Filter. Always
returns 65535.

NTRansition?

Queries the Signal Generator HARDware Integrity Negative Transttion Filter. Always
returns 0.
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:AMPLitude
EEVENt)?
Queries the AMPLitude Integrity Event Status Register.
:CONDition?
Queries the AMPLitude Integrity Condition Status Register.
:ENABIe <nrf> | <non-decimal numeric program data>
:ENABle?
Set/query the AMPLitude Integrity Event Enable Register.
:PIRansition?
Queries the AMPLitude Integrity Positive Transition Filter. Always refurns 65535.
:NTRansition?
QQueries the AMPLitude Integrity Negative Transition Filter. Always returns 0.
FREQuency
[EVENt]?
Queries the FREQuency Integrity Event Status Register.
:CONDition?
Queries the FREQJuency Integrity Condition Status Register.
:ENABIle <nrf> | <non-decimal numeric program data>
:ENABIle?
Set/query the FREQuency Integrity Event Enable Register.
:PTRansition?
Queries the FREQuency Integrity Positive Transition Filter. Always returns 65535,
:NTRansition?

Queries the FREQuency Inlegrity Negattve Transition Filter. Always returns 0.
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:REFerence
[EVENt]?
Queries the REFerence Integrity Event Status Register.
:CONDition?
Queries the REFerence Integrity Condition Status Register.
:ENABIe <nrf> | <non-decimal numeric program data>
:ENABIle?
Set/query the REFerence Integrity Event Enable Register,
:PTRansition?
(Jueries the REFerence Intfegrity Positive Transition Filter. Always returns 65535.
:NTRansition?
(Queries the REFerence Integrify Negative Transition Filter. Always returns 0.
:MQODulation
[LEVENt]?
Queries the MODulation Integrity Event Status Register.
:CONDition?
Queries the MODulation Integrity Condition Status Register.
:ENABle <nrf> | <non-decimal numeric program data>
:ENABle?
Set/query the MODulation Integrity Event Enable Register.
:PTRansition?
Queries the MODulation Integrity Positive Transition Filter. Always returns 65535.
:NTRansition?

Queries the MODulation Integrity Negative Transition Filter. Always returns 0.
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Sweep Subsystem
Other comman&s used with the sweep function are found in the Initialize Subsystem.
SWEep
[:FREQuency]
‘TIME? f MINimum | MAXimum }

‘TIME <nrf> {<time term>]} | UP | DOWN | MINimum | MAXimum

Sets the sweep time, The commands UP and DOWN will step to the next/previous valid
setting since the Signal Generator has 1, 2, 5, 10, 20, 50 ... steps on sweep time.

This command does not turn the SWEep ON. The command statements FREQ:MODE
SWEep or INITialize:STATe RUN activate the SWEep. *R5T value is 1 second.

:STEP
[:INCRement]?
Always returns 3. This indicates that the step on the sweep time is 3 steps per decade.
:MODE?
Always returns LOG. This indicafes that the sweep time is stepped logarithmically.
:MODE?

:MODE AUTO | MANual

Selects sweep type. AUTO allows single or continuous sweeps, MANual allows control of
frequency with FREQuency:MANual. «RST value is AUTO.

:SPACing?
:SPACing LINear | LOGarithmic
Selects LINear or LOGarithmic sweep. *RST value is LINear.

:GENeration?

:GENeration STEPped | ANALog

Selects STEPped, or phase continuous (ANALog) SWEep. This command is equivalent to
activating Special Function 112 from the front panel. «RST value is STEPped.
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Take Sweep Subsystem
TSWeep
Has the same effect as:

INIT:ABORt
SWE:MODE AUTO
FREQ:MODE SWEEP
INIT:MODE SINgle
INIT:IMMediate

This causes any sweep action to stop and a single sweep to take place.

Volimeter Subsystem
VMETer

{:VOLTagel?

Uses the internal voltmeter to measure voltage at the rear-panel ¥M IN (voltmeter input)
connector.

MODE?

‘MODE AC|DC

Selects DC or AC (rms) measurement for voltmeter. This comunand is equivalent to activating
Special Functions 180 or 181 from the front panel. +RST is DC.
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HP-IB Device
Status Dictionary

Table of Contenis

The Signal Generator has a great amount of status information
available for your needs via the HP-IB bus. Unfortunately, the single
8 bit status byte register defined in the IEEE 488 standard is not
large enough or flexible enough to contain the necessary information
for an instrument with the complexity of the Synthesized Signal
Generator. Consequently, the Signal Generator contains different
levels of registers to overcome this limitation.

The new IEEE 488.2 standard, does however, expand the status byte
defmnition to provide an extremely flexible mechanism for organizing
status information. In addition, Hewlett Packard Systems Language
(HP-SL) defines a portion of the 488.2 device status model in order
to promote as much comunonality as possible within various HP
instruments. The HP-IB Device Status Dictionary describes in detail
the Signal Generator implementation of the IEEE 488.2 standard, and
HP-5L device status models.

To use the HP-IB Device Status Dictionary, refer to the table of contents
shown below. All entries in the table of contents are arranged in an
order of progressive dependency.

Figure 4-3 helps you understand how each set of registers are
progressively dependent upon each other. For example, a bit in the
HP-IB Status Byte Register “DEV” is dependent upon the status of
bits in the Device Dependent Condition/Event Status Register, and so
forth.

TEEE 488, Defimiibioris o o v vt e et s o et e s e e e e e e 4.58
IEEE 488.2 HP-IB Status Byte Register ..................oovioat. 4-60
IEEE 488.2 HP-IB Standard Event Status Register................ 4-62

HP-SL Device Dependent Condition/Event Status Registers ... .. 4-64

Sig. Gen. Signal Integrity Condition/Event Status Registers .. ... 4-66
[EEE 488.2 and HP-SL Status Register Syntax ................... 4-69
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Event Enable Register

Queue

Summary Bit

Status Register Model

Event enable registers select which event bits in the corresponding
event register will cause a TRUE summary message when set. Each
event bit will have a corresponding enable bit in the event enable
register. Each event enable register will be the same length as the
corresponding event status register,

All unused bits are read as a value of zero and cannot be written to
by the associated event enable cornmand. Any time a bit it the event
status register or the event enable register changes, a logical AND is
performed on all bits of the event status register and the event enable -
register. If the result is not zero then the associated summary message
is set TRUE.

A queue is a data structure containing a sequential list of data. Data
may be placed in the queue in any order and a single item of data
is removed every time the queue is read. A queue has a summary
message that is TRUE whenever there is data in the queue and FALSE
when the queue is empty.

The data in a queue may be in any format, but all data items must be in
that same format. A queue may be cleared using the +CLS command
(except for the IEEE 488.2 output queue).

A summary bit is a condition bit that reflects the current status of
the associated summary message. The summary message may be
generated by the current values of an event status register and an event
enable register or the contents of a queue.

The diagram in figure 4-4 shows the relationship between the various
components of a status register.
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Device Stotus Continucusly Monitored
N N--3 1 .., Z 1 U Condition Register
X N N—=11 sus 2 1 0 Positive Transition Filter
Y N N—=T1 44 2 1 0 Negative Transition Filter
X | Y | Transition
0 0 None
0 1 T te F
1 0 FtoT
1 1 Both
NI N=11 ... 2 1 0 Event Register (lotched)
Logical AND e SUMMAry  Messcge
? T T T T (T it # 0)
N N=T11 aee 2 1 O tvent Enoble Register

Figure 4-4. Status Register Map.

JEEE 488.2  TheIEEE 488.2 standard and HP-SL defines the 8 bit HP-IB status byte
HP-IB Statys  fesister as follows:

Byte Regigter Table 4-2. Status Byte Register.
Bit # | Mnemonic Definition
7 DEV HP-SL device dependent event status register summary
bit.

6 RQS or MSS| IEEE 488.2 master status summary bit,
5 ESRB IEEE 488.2 standard event status register summary bit,
4 MAV IEEE 488.2 output queue summary bit,

0-3 - Device dependent summary bits.




Device Dependent
Summary Bits

MAV Summary Bit

RQS and MSS
Summary Bits
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Bits 0 through 3 are not defined in IEEE 488.2 or HP-5L and may be
used as the device designer sees fit, as long as their use does not violate
the IEEE 488.2 rules for summary bits. Bits 0 through 3 are not used in
the Signal Generator implementation and will always be read as zero.

The status byte register is accessed using the *STB common command
and x*STB? common query or by performing a HP-IB serial poll
operation.

Bit 4, the MAV (message available) summary bit indicates that there
are characters in the instrument output queue. The output queue is
read by addressing the instrument to talk and reading data bytes until
a line feed character is sent with the EOI control line asserted.

A complete description of the behavior of the output queue is beyond
the scope of the HP-IB Device Status Dictionary. Interested readers
should refer to IEEE 488.2 for the complete definition and behavior of
the output queue.

Bit 6 of the HP-IB status register has two definitions, depending on the
method used to access the status register.

If the register is accessed via the HP-IB serial poll mechanism, then
the bit is called the RQS (request service) bit and indicates to the active
controller that the instrument is asserting the service request control
line (SRQ). The RQS bit is cleared after the active controller performs
a serial poll operation.

When the register is accessed via the IEEE 488.2 +5TB? common query,
then the bit is called the MSS (inaster status summary) bit and indicates
that the device has at least one reason for requesting service. Unlike
the RQS bit, the MSS bit is not cleared as a result of a serial poll and
will always reflect the current status of all of the instrument status
registers.
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{EEE 488.2
Service Request
Enable Register

The service request enable register is an 8 bit register that enables
corresponding summary bits in the status byte register. When a status
bit is enabled and makes a FALSE to TRUE transition, the instrument
will generate a service request.

A service request will also be generated when a status bit is enabled
and the bit is already set. The service request enable register is accessed
using the *SRE common command and the «SRE? common query. Bit
6 of the service request enable register is unused and will always be
read as a zero, The service request enable register may be cleared when
the instrument is turned on.

IEEE 488.2
Standard Event
Status Register

Power On Bit

User Request Bit

The standard event status register is a 16 bit event register with the
following bit definitions :

Table 4-3. Standard Event Status Register.

Bit # | Mnemonic Definition
8-15 | - Reserved for future use by IEEE.

7 PON Power on.

3] URQ User request.

5 CME Command error.

4 EXE Execution error,

3 DDE Device dependent error,

2 QYE Query error.

1 RQC Request control.

0 orPC Operation complete.

The standard event status register is accessed using the «ESR common
command and the *ESR? common query. Because this is an event
register, the register is cleared after it is read.

The power on event bit 7 is set TRUE whenever there has been an OFF
to ON transition of the instrument power supply.

The user request bit 6 is set whenever one of a set of device dependent
local instrument controls is activated. At present this feature is not
implemented in the Signal Generator firmware and the bit will always
be read as a zero.



What About Programming? 4-63

Command Error Bit

Execution Error Bit

Device Dependent
Error Bit

Query Error Bit

Request Control Bit

Operation
Complete Bit

Standard Event Status
Enable Register

The command error bit 5 is set whenever the parser detects an error
in the format or contents of a program message. The HP 8665A
implementation will place an HP-SL defined error code in the HP-
SL error queue that may specify the exact error (bad header, missing
argument, wrong data type, etc.).

The execution error bit 4 is set whenever the current command cannot
be processed due to an out of range parameter, conflicting settings,
etc. The Signal Generator implementation will place an HP-SL defined
error code in the HP-SL error queue. '

The device dependent error bit 3 is used to indicate an error that
is neither a comunand error or an execution error, The HP 8665A
implementation uses this bit to indicate a hardware failure. An HP-SL
defined error code will be placed in the HP-SL error queue that may
specify the exact error (self test failure, ROM CRC error, efc.).

The query error bit 2 indicates that there is a problem with the output
queue. Either there has been an attempt to read the queue when it was
empty or the output data has been lost. For a complete description of
query errors consult the IEEE 488.2 standard.

The request control bit 1 is used to initiate the IEEE 488.2 pass control
protocol. The feature is not implemented in the HP 8665A firmware
and the bit will always be read as a zero.

The operation complete bit 0 is set in response to the *OPC common
command and indicates that all overlapped commands have completed
execution. The Signal Generator irmware supports two overlapped
operations; the frequency sweep, and the fast hop learn cycle. For a
complete description of the ‘operation complete flag’, consult the IEEE
488.2 standard.

The standard event status enable register is a 16 bit register that
allows one or more event bits in the standard event status register
to be reflected in the ESB summary message in the HP-IB status
byte. This register follows all the rules of an event enable register.
The standard event status enable register is accessed using the *ESE
common command and the +ESE? common query. The standard event
status enable register may be cleared when the instrument is turned
on.



4-64 What About Programming?

HP-SL Device
Dependent
Condition/Event
Status Registers

Device Dependent
Bit Definitions.

Note

HP-SL defines a group of status registers used to contain device
dependent status information. These registers include a condition
register, an event register, two transition filters, and an enable register.
Each register has the following bit definitions :

Table 4-4. Device Dependent Condition/Event Status Registers.

Bit £ | Mnemonic Definition
i1-15-§ - Device dependent.
9-10 § - Reserved for use by HP-SL language subset.
8 RNG Autorange operation in progress.
7 CAL Calibration in progress.
8 STLD | Signal is settled.
4-5 - Reserved for future use by HP-SL.
3 ARM The instrument is ready to be armed.
2 TRIG The ingtrument is ready 1o be triggered,
1 SWP A sweep cycle is in progress.
0 pau HP-SL signal integrity summary bit.

The commands used to access these registers are too complex to explain
in the HP-IB Device Status Dictionary. Refer to IEEE 488.2 and HP-SL
Status Register Syntax found later on in this chapter for a complete
description of the status register syntax.

The Signal Generator firmware defines the device dependent bits 11-15
in the Device Dependent Condition/Event Status Register as follows :

Table 4-5. Device Dependent Bit 11-15 Definitions.

Bit # | Mnemonic Definition
1215 | - Reserved for future use by HP-SL.
11 SINT Signal Generator signal integrity summary bit.

The programmer should be aware that in order to write fully
transportable device status routines, only HP-SL mnemonics that do
not use any device dependent status bits should be used.
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Signal Integrity Bit

Autorange Bit

Calibration Bif

Signal Settied Bit

Waiting for Arm Bit

Waiting for Trigger Bit

Sweep in Progress Bit

Data Questionable Bit

The signal integrity summary bit 11 is described in detail later on
in this chapter in the section titled Signal Generafor Signal Integrity
Condition/Event Status Registers.

The autorange bit 8 is set whenever the instrument halts the current
measurement in order to automatically select the proper range. The
Signal Generator firmware does not support any autorange operations
and this bit will always be read as a zero.

The calibration bit 7 is set whenever the instrument is performing a
calibration operation. Because the Signal Generator calibration is not
an overlapped comunand, the condition register bit will always be read
as a zero but the event register bit may be used to see if the instrument
has been calibrated since the last time the event register was read.

The signal settled bit 6 is set when the output signal has settled to its
final value. The Signal Generator firmware does not currently support
this feature and this bit will always be read as a one.

The waiting for arm bit 3 is not supported in the Signal Generator, and
will always be read as a zero.

The waiting for trigger bit 2 is not supported in the Signal Generator,
and will always be read as a zero.

The sweep in progress bit 1 is set whenever the instrument is in the
sweep active state.

The data questionable bit 0 refers to the HP-SL signal integrity status
registers in the following ways.

The HP-SL signal integrity status registers have the same bit definitions
as the device dependent signal integrity registers with the following
critical difference.

The HP-SL signal integrity condition status register bits are current
device conditions, not summary bits. These device conditions are
derived from the condition and enable registers associated with the
corresponding summary bits in the device dependent signal integrity
condition status register.

The Signal Generator firmware provides these two redundant registers
so that novice programmers can follow the exact HP-SL model while
expert programmers can expand the signal integrity condition bits to
the full resolution of the instrument.
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Signal Generator
Signal Integrity
Condition/Event
Status Registers

Note

Hardware integrity
Summary Bit

The Signal Generator firmware defines a group of status registers used
to contain information about the integrity of the output signal. These
registers include a condition register, an event register, two transition
filters, and an enable register. Each register has the following bit
definitions :

Table 4-6. Signal Generator Signal Infegrity
Condition/Event Status Registers.

Bit# | Mnemonic Definition

15 HDW Misc. hardware integrity summary bit.
8-i4 | ~ Device dependent summary bils.
5-7 - Reserved for future use by HP-SL.

4 MOCEB Modulation integrity summary bit.

3 REF Reference integrity summary bit.

2 FREG Freguency integrity summary bit.

1 AMPL Amplitude integrity summary bit.

0 CAL Calibration integrity condition bit,

Each of the summary bits in these registers refer to other groups of
condition/event registers whose format is device dependent.

The hardware integrity summary bit 15 indicates that there is some
reason to suspect that the iiscellaneous support hardware is not
performing correctly. The Signal Generator firmware defines the
hardware integrity condition/event register bits as follows :

Table 4-7. Hardware Integrity Summary Bit.

Bit # | Mnemonic Definition
4-15 | - Reserved for luture use.

3 FPE Front panel hardware error.

2 1CE IO board hardware error.

1 PSE Power supply error.

0 CPE CPU hardware error.
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Modulation Integrity
Summary Bit

Reference Integrity
Summary Bit

Frequency Integrity
Summary Bit

The modulation integrity summary bit 4 indicates that there is some
reason to suspect that the modulation performance of the instrument
is not correct. The Signal Generator firmware defines the modulation
integrity condition/event register bits as follows:

Table 4-8. Modulation Integrity Summary Bit.

Bit # | Mnemonic Definition
7~15 | - Reserved for future use.
8 PMCE Pulse modulation calibration error.
5 PME Pulse modulation timer error.
4 ASCE Audio source calibration error.
3 ASCL Audio source PLL out of lock.
2 MCE Mod distribution catibration error.
1 MLO External modulation too low.
¢ MHE External modulation 0o high.

The reference integrity summary bit 3 indicates that there is some
reason to suspect that the instrument reference frequency is not
correct. The Signal Generator firmware defines the reference integrity
condition/event register bits as follows:

Table 4-9. Reference Integrity Summary Bit.

Bit # Mnemonic Definition

3-15 | - Reserved for future use.
2 RCE Reference calibration error.
1 ROL Reference out of lock.
0 OVEN Crysial reference oven cold.

The frequency integrity summary bit 2 indicates that there is some
reason to suspect that the output frequency performance of the
instrument is not correct. The Signal Generator firmware defines the
frequency integrity condition/event register bits as follows (on the niext

page):
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Table 4-10. Frequency integrity Summary Bit.

Bit # | Mnemonic Definition
715 | - Reserved for future use.

8 CDhGE 140 nS coax FLL calibration error.

5 CDFL 140 nS coax FLL out of jock.

4 VCE VCQ calibration error.

3 - Reserved.

2 VPL VCO PLL out of lock.

1 NCE NF calibration error.

0 NPL NF PLL out of lock.

Amplitude Integrity The amplitude integrity summary bit 1 indicates that there is some
Summary Bit reason to suspect that the output amplitude of the instrument is not
correct, The Signal Generator firmware defines the amplitude integrity

condition/event register bits as follows:

Table 4-11. Amplitude Integrity Surmmary Bit.

Bit # | Mnemonic Definition
13-156 | - Reserved for future use.
12 DCE Freq doubter calibration error,
11 DOL Freq doubler ALC out of lock.
10 ATCE Attenuator calibration error.
g MXCE Microwave exiender calibration error.
8 MXOL Microwave extender out of lock.
7 HFCE High frequency calibration error.
8 HFOL High frequency out of lock.
5 LFCE Low frequency calibration error.
4 LFPE Low frequency power error.
3 ACE ALC calibration error.
2 AOL ALC out of lock.
1 LCE Level calibration error.
0 REV Reverse power delected,

Calibration Integrity The calibration integrity condition bit 0 indicates that an error has
Condition Bit occurred during a calibration or diagnostic operation. This bit will
remain set until the entire mmstrument has been re-calibrated with no

errors using the «CAL? query.
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IEEE 488.2 and Al of the status registers defined in the previous sections may be
HP-SL Siatus accessed using the following commands :

Register Syntax

Table 4-12. [EEE 488.2 and HP-SL Status Register Syntax. (1 of 2}

Command syniax Definition
*CLS Clears all event regisiers and queues.
*8TB? HP-IB status byte register.
*8RE <nri>{? HP-IB service request enable register.
*ESR? IEEE 488.2 standard event status register.
+ESE <nri>{? IEEE 488.2 standard event status enable register.
STATus
[:DEVICE]
LEVEN]? HP-SL device dependent event status register.
:CONDition? HP-SL device dependent condition staius register.
:PTRansition') ? HP-SL device dependent positive transition filter.
‘NTRansitiont!) 2 HP-SL device dependent negative transition filter.
ENABie <nri>|? HP-SL. device dependent event enable regisier.
:DQUestionable
['EVEN1}? HP-SL signal integrity event status register.
:CONDition? HP-SL signal integrity condition status register.
PTRansition(t) ? HP-SL signal integrity pesitive transition filter.
:NTRansition(*) ? HP-St. signal integrity negative transition fiter.
:ENABIe(?) <nri>|? HP-SL signal integrity event enable register.
‘SINTegrity
[EVENt}? Signal Generator signal integrity event status register.
:CONDition? Signat Generator signal integrity condition status register.
PTRansition'!) 2 Signal Generator signal integrity positive transition filter.
:NTRansition(}) 2 Signal Generator signal integrity negative transition filter.
‘ENABIlet?) <nrf>|? Signal Generator signal integrity event enable register.
‘HARDware
[LEVENt}? Signal Generator hardware integrity event status
register.
:CONDition? Signal Generator hardware integrity condition status
register.
‘PTRansition(1} ? Signal Generator hardware integrity positive transition filter.
:NTRansitiont) ? Signal Generator hardware integrity negative transition
filter.
ENABIe?) <nrf>|? Signal Generator hardware integrity event enable register.
{1 The Signal Generator firmware does not implement programmable transition filters. Alf positive transition filters will be fixed at all
ones and all negative transition fitters witl be fixed at ali zeros.
2} The Signal Generator tirmware will set the default value of these event enable registers te all ones.
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Table 4-12. IEEE 488.2 and HP-SL Status Register Syntax. (2 of 2)

Command syntax

Definition

:MODulation
[EVENt]?
:CONDition?

‘PTRansition3! 2

‘NTRansition{3) ?

ENABIe'Y) <nrf>|?
:REFerence

LEVEN?
:CONDition?

PTRansitionts) 2
‘NTRansition(®) 7

'ENABIe’®) <nrf>|?
:FREQuency
LEVENY?
:CONDition?
PTRansition3) ?
‘NTRansition(3) 2
ENABIe) <nrt>1?
:AMPLitude
[EVEN{?
:CONDition?
‘PTRansition(®) ?
:NTRansition(?) ?

:ENABIe®) <nrt>|?

Signal Generator modulation integrity event status register.

Signal Generator modulation integrity condition status
registet.

Signal Generator modulation integrity positive transition
filter,

Signal Generator modulation integrity negative transition
filter.

Signal Generator modulation integrity event enable register.

Signat Generator reference integrity event status register,

Signal Generator reference integrity condition status
register.

Signal Generator reference integrity positive transition filter,

Signal Generator reference integrity negative transition
fiter.

Signal Generator reference iniegrity event enable register.

Signal Generator frequency integrity event status register,

Signal Generator frequency integrity condition status
register.

Signal Generator frequency integrity positive transition
filter.

Signal Generator frequency integrity negative transition
filter.

Signal Generator frequency integrity event enable register,

Signat Generator amplitude integrity event status register.
Signal Generator amplitude integrity condition status
register.

Signal Generator amplitude integrity posHive transition
filter.

Signal Generator amplitude integrity negative transition
filter.

Signal Generator amplitude integrity event enable register.

(3} The Signal Generator firmware does not impiement programmable transition filters. All positive transition filters will be fixed at al
ones and all negative transition filters wili be fixed at all zeros.

(%) The Signat Generator firmware will set the default value of these event enable registers to all ones.
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Example HP-SL
Programs

Table of Contents

A Tool for Developing
HP-SL Programs

All of the following examples have been written in BASIC Pro-
gramming Language, however, you may convert the examples into
PASCAL or into any other language.

A Tool for Developing HP-SL Programs.........oovvviinivannn .. 4-72
AMExamples .. ..o e 4-72
Amplitude Examples ... 4-73
FMExample ..o i 4-73
Frequency Examples.......cooiiiiiiiiiiiiiiiiiiiiei i 4.-74
EMF Mode Examples........o.ooiiiiiiiiiiii 4-75
HP-IB Device Status Examples ..., 4-75
Initialize Example ..ot i 4-76
Modulation Example ... 4-77
Phase Examples .. ..o.oir i e 4-77

Programs written in HP-SL are not instrument dependent; that is, HP-
SL has removed the one-to-one correspondence between front-panel
keystrokes and HP-IB codes. In previous instruments, development of
controller programs could be done by trying out functions on the front
panel, and then converting the keystrokes into HP-IB codes to send to
the instrument.

The following program, written in BASIC, allows you to send
command statements and messages to test their effect on the HP
8665A. In addition, the program traps error conditions and reads the
error messages back to the controller in an underlined format.

The program is written for Signal Generator instruments with an HP-
IB address of 19. You may modify the program to have any HP-IB
address.

When you run the program, simply type in the command statement
or message and press the ENTER key. For example, the command
statement;

FREQ 1.234 MHz
Wil set an RF output frequency of 1.234 MHz. If the command

statement or message contains a query “?”, the program will generate
a response in an inverse video window,
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A Tool for Developing HP-SL Programs

100 DIM A$[255],1L${255],E$[255]

200  PRINT "ENTER MESSAGE STRIEG TO SEND TO 8665. REPLIES ARE SEOWE IN INVERSE"
300  PRINT "AND ERROR MESSAGES ARE UNDERLIKED."

400
500
600  CLEAR 719

700  OUTPUT 719:"#ESE 60;#%SRE 48"

BOO  GOSUB 1600

900 OF INTR 7 GOSUB 1600

1000 GOTG 1000

1100 GUTPUT 2;KBD$;

1200 INPUT "ENTER MESSAGE STRING TO SEND TO 8665:", A%
1300 PRINT A%

1400 OUTPUT 719:4$

1560 RETURN

1600  Z=SPOLL{T19)

1700 IF BIT{Z,4)=0 THEN GOTO 2000

1800 ENTER 719;L$

1900 PRINT CHR$(128);L%;CHR$(128)

2000 OUTPUT T19;"+ESR?"

2100 ENTER T719;7

2200 OUTPUT T71¢;“SYST:ERR? STR"

2300 ENTER 719;E$

2400 IF E$[1;1]="0" THEN GOTO 2700

2500 PRINT CHR$(132);E$;CHRS(128)

2600 GOTO 2200

2700 ENABLE INTR 7:2

2800 RETURN

2000 END

AM Examples
Set the AM depth to a value of 57% and select External AC, AM.

100 ! Set the Source to external and the coupling to AC.
200 DOUTPUT T719; AM:SOUR EXT;COUP AC"

300 | Set the AM depth to a value of 57) and turn A¥ on.
400 OUTPYT T19;"AK:DEPT 574;STATE DN

Set the AM depth toc 73% with internal AM at 2.5 kHz modulation frequency.

100 ! Set the Source te internal and no coupling.
200 OUTPUT T719;"8K:SOUR INT”

300 ! Set the AM depth to a value of 73U,

400 OUTPUT T719;"AM 73 %"

500 | Set the LFSource Freguency to 2.5 kHz.

800 OUTPUT 719,;"LFS:FREQ 2.5 KHZ"
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Amplitude Examples

Set amplitude to 100 mV, increment in 0.1 dB steps until some other measurement returns proper
reading. Query amplitude in volts.

i00
200
300
400
500
600
700
800
800
10C0
11G0
1200
1300
1400
1500
1600
1700
18C0
1900

! Set output level to 100 mV and enable RF output

OUTPUT 719;"AMPL 100mV;AMPL:STATE ON"

! Set default instrument amplitude units to return volts

! and default instrument amplitude step to ¢B this allous

! Jogarithmic stepping of the amplitude in volts.

QUTPUT 719;"AMPL:UNIT V,STEP:UNIT DB"

! Set increment to 0.1 dB.

QUTPUT 719, "AMPL:STEP:INCR 0.1

! Loop testing valus and incrementing output level by 0.1 dB
! Make what ever tests are required here, 1f proper level
! has been reached, goto line 1700

! Increase source amplitude by 0.1 dB.

QUTPUT 719;"AMPL UP"

! Jump back to test.

GOTQ 1000

! Read current amplitude back from source.

OUTPUT 719, "AKPL?"

ENTER 719;Level

PRINT "Level required was ";Level;" Volts."

FM Example

Set the FM deviation to a value read in from controller keyboard. Also set the FM Source to external.

100
200
300
400
&G0
600
700
800

! Set the Source to external and the coupling to DC,
QUTPUT 719,;"FM:S0UR EXT;COUP DC™

! Input the FM deviation from the console.

IKPUT “Enter the FH Deviation in kHz: " ,Fm_deviation
! Set the FM deviation to the value given as input.
QUTPUT  719;"F¥ ";Fm_deviation;"KHZ"

! Now turn FM om.

QUTPUT T719;"FM:STATE CR”
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Frequency Examples
Reset the instrument, then set frequency to 137 MHz, and turn amplitude on at 4.5 dBm:

100 ! Set instrument to known state.

200 OUTPYT 719;"*RST"

300 ! Set frequency to 137 MEz

400 QUTPUT 719;"FREGQ 13TMHZ"

BOO ! Set output level to 4.5 dBm and enable RF output

600 OUTPUT  719;"AMPL 4.5DBNM;AMPL:STATE OR™

Reset the instrument, turn amplitude on and set frequency and amplitude to values read in from
controller keyboard:

100 ! Set instrument to known state.

200 QUTPYT 71@;"*RsT"

300 ! Input the Frequency and the Amplitude from the console.

400 INPUT "Enter frequency in Miz: ",Freq

500 INPUT  “Enter amplitude in dBm: ",Ampl

600 ! Set the Frequency and Amplitude to the input values.

700 QUTPUT 71i9;"FREG ";Freq;"MHZ;AMPL ";Ampl;"DBM;AMPL:STATE ON"

Reset the instrument, turn amplitude on at 0 dBm and step frequency from 200 to 300 MHz in 1 MHz
steps, making some measurement at each frequency:

100 ! Set instrument to Kknown state.
200 OQUTPUT 719, "*RST"
300 ! Set frequency to 200 MEz and set frequency increment to 1MHz.

400 QUTPUT 718;"FRE{ 200MEZ;FREQ:STEP 1MHZ"
500 ! Turn RF on at C dBnm

600 OUTPUT 7i19;"AMPL O;AMPL:STATE CR"™

700 FOR X = Q0 TO 100

800 ! Add code to make whatever
200 ! measurement is needed here.
1000 ! Increase freguency by 1MHz
1160 OUTPUT T719;"FREQ UP"

1200 HEXIT X

The instrument is to be used as a local oscillator where it’s output frequency will be doubled, and that
signal will be mixed with the “frequency of interest” and put through a 10.7 MHz LF. bandpass filter.

This means (Frequency of interest) = (L.O. Frequency) X 2 - 10.7 MHz. Set up frequency offsets and
multipliers to allow the signal generator to be programmed to the frequency of interest, rather than

the L.O. frequency.

100 ! Set freg multiplier to two and frequency offset to ~10.7HHz
200 QUTPUT 719;"FREQ:MULT 2;0FFSET -10.7MHZ"

300 ¢ Set signal generator so that frequency of interest will be
400 ' 107.7 (actual signal generator output frequency is 59.2 MHz).
560 OUTPUT T719;"FREQ 107.7TMHZ"



What About Programming? 4-75

10
20
30
40
50
€0
70
BO

EMF Mode Examples

! SAMPLE PROGRAM TO TURN EMF MODE ON AND OFF IN PSG.
1

Address=T19

JUTPUT Address; "AMPLITUDE:SOURCE:UNIT V" ! SETS EMF MODE

!

OUTPUT Address; "AMPLITUDE:QUT:UNIT V- I SETS NON EMF MODE
1

ERD

HP-IB Device Status Examples

The following section presents several examples of the use of HP 8665A device status mnemonics.

Example 1:

Configure the instrument to generate a service request whenever an error is placed in the error queue.

*ESE 60;*SRE 32

Enable the CME, EXE, QYE, and DDE bits in the standard event status register and the ESB
summary message in the HP-IB status byte.

Example 2:

Configure the instrument to generate a service request whenever the fractional-N phase locked loop
goes out of lock.

STAT:ENAB 2048;SIKRT:ENAB 4;FREQ:ENAB 1;%SRE 128

Enable the signal integrity summmary message, the frequency
integrity summary message, the NPL event bit, and the DEV
summary message in the HP-IB status byte.
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Example 3:

Respond to a service request and decode the instrument status.

*5TB? Read the HP~IB status byte.
data = 128 The DEV summary message is set.
STAT? Read the device dependent event status
register.
data = 2048 The HP-SL signal integrity summary bit is set.
STAT:DQU? Read the Signal Generator signal integrity event
status register.
data = 4 The freguency integrity summary bit is
set.
STAT:SINT:FREG? Read the Signal Generator frequency integrity event

status register.
data = 1 The NF PLL has been out of lock.
STAT:SINT:FREG:COKD? Read the frequency integrity condition
status register.
data = 0 The NF PLL is not currently out of lock.

It is clear from this dialog that there has been a transient out of lock in the NF PLL.

Initialize Example

Set up a ten second logarithmic sweep. Prompt user for the start frequency and sweep over a 200 MHz
span. Put markers at start freq +50 MHz, +100 MHz, and +150 MHz. Make a single sweep.

100 ! Get start frequency from user.

200 IKPUT ‘"Enter Start Frequency in Hz: ";Startireq

300 | Set start frequency and span for sweep.

400 OUTPUT T19;“FREQ:START ";Startfreq;";SPAN 200MHZ"

500 ' Set sweep time to 10 Sec. and select log sweep

600 OQUTPUT 719;"SWEEP:TIME 10;SPACING LOG"

700 ! Set markers

800 QCUTPUT 719;"MARKER ";Startfreq+50000000C;" ;MARKER :STATE ON"
900  OUTPUT  719;"HARK2Z ";Startfreq+1000000C0; " ; MARK2:STATE ON“
1000 OUTPUT 719;"MARK3 " ;Startfreq+150000000C;" ;MARK3:STATE ON"
1100 ! Become sveeper, enable auto sweeping and select single.
1200 OUTPUT 719;"FREQ:MODE SWEEP; :SWEEP:MODE AUTG"

1300 OUTPUT 719;"IKITialize:MODE SINGle"

1400 ' The next line will cause the sweep to begin.

1500 OUTPUT 719;"INITialize:IMMediate
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Modulation Example

If in the middle of some procedure, it may be necessary to make some measurement which require
that the Signal Generator be at the current RF output frequency and output amplitude level, but all
modulation must be turned off.

The following example will disable all modulation, make necessary measurements, and then turn back
on whatever modulation was on before this section of code started. (Note: this section of programming
code will work regardless of what modulation(s) were on when it was executed.)

7100 ! Shut off all modulation.
7200 QUTPUT 719;"MOD:STATE CFF"

7300 ! Make any necessary tests/measurements ...
7400 1
75060 ! Returpn modulation to the state it was in before line 7200

7600 OUTPUT 719;"MOD:STATE ON"

Phase Examples
Adjust the phase to set the quadrature between two sources.
100 ! Set the phase step to 1 degree

200 CUTPUT T719,;“PHAS:STEP 1DEG"
300 ! Continue adjusting the Phase by 1 degree until the voltage is

400 ! egual.

450 DOKNE = 0

500 REPEAT

600 ! Measure mixer veltage using appropriate equipment and store
700 ! the value as "Measurement".

800 ! If measurement is greater than 0.1 V increment phase,
900 IF (Measurement) > 0,1V THEN

1000 OUTPUT  719;"PHAS yp"

1100 ELSE

1200 ! If measurement is less than -0.1 V decrement phase.
1300 IF {Measurement) < -0.1V THER QUTPUT 719;"PHAS DOWN"
1400 ! If measurement is okay then set done to quit looping.
1500 ELSE

16C0 Done = 1

1700 UNTIL (Done = 1)
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Shift Carrier Phase by 30 degrees and make a measurement. Then set the Phase back to 0.

100 ! Set Phase value to 0.

200 OQUTPUT 74%,"PHAS:REF"

3006 ! Shift Phase by 30 degrees.

400 DUTPUT 71%,"PHAS 30DEG™

500 ! Make some appropriate measurement.
600 ! Set Phase back to zero.

T0CG OUTPUT T719,"PHAS ODEG"



Instaliation

Unpack Your
Signal Generator

Inspect the shipping container for damage. If the shipping container is
damaged or the cushioning material inside is stressed, keep them until
you have checked the shipment for completeness and the instrument
for proper operation.

If items are missing from your shipment, or if there is mechanical
damage or defect, notify the nearest Hewlett-Packard office. If the
shipping container or cushioning material shows signs of stress, notify
the carrier as well as the Hewlett-Packard office. Keep the shipping
materials for inspection by the carrier.

Connect Power

Warning

The Signal Generator requires a power source of 100 to 120 V ac (+10%)
at 48 to 440 Hz, or 220 to 240 V ac (+10%) at 48 to 440 Hz. Power
consumptiop-is 500 VA maximum. If you need further information
about the power requirements for your instrument, refer to the Signal
Generator Calibration Manual.

This 15 a Safety Class 1 product (i.e., provided with a protective earth
terminal). An uninterruptible safety earth ground must be provided from
the Main power source to the product input wiring terninals, power cord,
or supplied power cord set. Whenever it is Iikely that the protection has been
impaired, the mstrument must be made inoperative and be secured against
any unintended operation.

Turn On
Instrument

If you are operating this instrument in extreme environmental condi-
tions, refer to section 2 in the Signal Generator Calibration Manual for
specific Operating Environment limitations.

Press the POWER key to the ON position. The front panel annunciators
momentarily light up for a quick visual inspection.

If the MSSG annundator is displayed in the lower right corner of the
FREQUENCY/STATUS display, an instrument error has occurred.
Press the UTILITY MSSG key as many times as needed to scroll through
the error messages. Refer to appendix D for error message descriptions.






Options and Accessories

Available for the The following table lists the options and accessories that are presently

. _ available for the Signal generator. Refer to your nearest Hewlett-
Si an al generator Packard office for ordering information, and for an update on options
that have been made available since the printing of this Operation Guide.

Option:

001:  High Stability Time Base.

003:  Hear Panel inputs/Qutpists (deletes front panei
inputs/outputs)

004: Low Noise Mode

008: Pulse Modulation

010: Reduced Leakage Configuration

80G7: Front Handle Kit (5061-8690)

908: Rack Flange Kit (5061-9678}

809 Combined Front Handle/Rack Flange Kit (64051-9684)

910  Extra Manual Set (includes service manual)

915:  Add service manual

WE3: 90 day On-site Warranty (replaces 1-year standard
warranty)

W30: 3 year Extended Warranty

Accessories Available;

Service Kit (08665-61116)

Transit Case (9211-2662)

Transit Case Wheels (1480-0313)
Non-tilting Rack Slide Kit (1494-0053)
Tilting Rack Stide Kit (1494-0083)







Special Functions

How to Access
the Special
Functions

There are two ways to access special functions for the Signal generator.

1. Press the SPECIAL key and then turn either the knob or one of
the knob 00 keys to show the available special functions in the
FREQUENCY/STATUS display. Access the special function of
your choice by pressing the ENTER key.

~OR-

2. Press the SPECIAL key and enter the special function number of your
choice. Access the special function by pressing the ENTER key.

The yellow annunciator above the SPECIAL key lights up to indicate that
a special function is invoked. At any time, you may display all of the
special functions that are invoked by pressing the DISPLAY key, and then
the SPECIAL key.

Listed numerically, the special functions are as follows:

g Aut o Atterustion

b

This special functon allows you to lock or unlock the attenuators at
their present setting. When ON (unlocked), the instrument’s output
amplitude can be set at any level within the range of the instrument.
When OFF (locked), the instrument’s output amplitude can only be
set within the vernier range of the locked attenuators.

TEl At eruat zon
This special function gives you the choice of manually selecting which
attenuators to switch in for operating the instrument. Activating this

special function essentially turns off Auto Attenuation described in
Special Function 100.

BRI Arptd Dorrection

This special function allows you to either have a calibrated or an
uncalibrated output amplitude level. When ON, internal calibration
data is used. When OFF, the internal calibration data is not used.

IS Amptd Limit

This special function allows you to specify the upper hmit for the
instrument’s output amplitude.
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Special Functions

R4 Widetand ALD

This special function allows you to determine the ALC bandwidth.
When OFF, the ALC is configured for the most narrow bandwidth.
When ON, the ALC is configured for the widest bandwidth possible
for the RF output selected.

18T Bmel itude Mot ing

This special function, when OFF, allows you to minimize the affect
of changes that occur when the Signal generator is in transition
from one output amplitude level to another or from one center
frequency value to another as seen at the RF Qutput. Typically, the
carrier frequency can swing several MHz while in transition, and
the output amplitude may change +£6 dBm while in transition. In
the default condition, Amplitude Muting ON, output amplitude and
center frequency changes occur with 20 to 40 dB of attenuation.

118 ksl @ Fdiust

This special function allows you to increment or decrement the phase
of the RF output signal in one-degree steps relative to the present
frequency reference.

111:Freq Multirplisr

This special function allows you to use an external divider or multiplier
on the RF output and still have the instrument display the final RF
output signal. A positive integer, for example +2 would cause the
frequency display to be multiplied by 2. A negative integer, for example
-2 would cause the frequency display to be divided by 2. The front-
panel OFFSET annunciator turns on when the frequency multiplier is a
value other than +1.

112 FPhase ot Dusep

£

This special function allows you to put the instrument’s sweep
in a phase-continuous mode. During phase-continuous frequency
sweep, the instrument sweeps between two selected endpoints in a
linear, phase-continuous manner. This sweep function resembles a
true sweeper in that it has no frequency transients; yet it is fully
synthesized, yielding a very linear, precise sweep.

iz

i FPt Sumbtheszizs

This special function allows you to have the instrument synthesize
the FM signal in a digitized or linear manner. Digitized FM is best for
single-tone modulation and provides a very accurate center frequency
at low deviation rates. Linear FM is best for multi-tone modulation and
provides a more constant group delay than the Digitized FM.
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1Z1IF )

This special function displays the phase-locked loop frequency during
digitized FM. The display is continually updated.

1241 FM Dly Equalizer

This special function allows you to turn off the FM Delay Equalizer
circuitry. When ON (the preset condition), you will have the following
advantages and disadvantages:
Advantages:

e Good switching speed.

o Good spectral purity across the whole frequency range.

« Good FM indicator accuracy.

¢ Low FM distortion for sinusoidal waveforms.

Disadvantages:
¢ 30 psec of group delay exists on the FM modulating signal path.

+ FM with complex waveforms will result in preshoot as a result of
the group delay.

» Phase shift resulting from the DCFM delay equalizer can cause
instability in phase-locked loop measurements for peak frequency
deviation settings greater than 50 kHz.

You may want to turn OFF the FM Delay Equalizer circuitry. The
following advantages and disadvantages will then apply:
Advantages:

« Good FM indicator accuracy.

o Low FM distortion for both sinusoidal and complex waveforms.

» The 30 psec group delay exists only up to 200 Hz, making this state
better suited to phase-noise measurements.

e Good spectral purity beyond 200 Hz.

Disadvantages:
« High close in phase noise (30 dB higher at 100 Hz offset).
o High line spurs.

e Poor switching speed - typically 1 second.
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1zZaifadio Have

This special function allows you to select the waveform for the audio
source. You have five choices: sine, square, triangle, sawtooth, or
white Gaussian noise.

18isfudio Trigoered
This special function (when ON) enables Special Function 132.
12 Tria Audic

This special function, when enabled by Special Function 131, allows
you to trigger the audio source to output a single 360° cycle. When the
audio is triggered for a single cycle of white Gaussian noise, the result
is a burst of noise for the duration of “l/audio frequency”. You can
output any one of the five audio waveforms. Triggering is done from
the front-panel ON key.

1R fud? Frag

This special function allows you to turn on and off the audio source
for Channel 2, and it allows you to set the audic source frequency for
Channel 2. The audio source frequency for Channel 2 may be set to a
minimum of 0.1 Hz, a maximum of 400 kHz, or any value in between.

134 Hud Lewel

This special function allows you to adjust the level of the audio souzce
for Channel 2. The level for the audio source in Channel 2 may be set
to a mindimum of 0 V, a maximum of 1V, or any value in between.

1325 Bgds Haws

This special function allows you to select the waveform for the audio
source in Channel 2. You have five choices: sine, square, triangle,
sawtooth, or white Gaussian noise.

1me: Muds @

This special function allows you to adjust the phase of the audio source
in Channel 2. Phase may be expressed in terms of radians or degrees.
The front-panel display immediately changes units of degrees and
radians when you switch between the deg and rad keys. Entries may
be scaled; for example, entering 560° would yield —160°.
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137 A0d A Depth

This special function allows you to turn on and off the subcarrier AM
source in Channel 1, and it allows you to set the percentage of depth
for the subcarrier AM source. Depth may be set to a minimum of 0%,
a maximum of 100%, or any value in between.

izBsfsd AN Freg

This special function allows you to set frequency for the subcarrier AM
source in Channel 1. The frequency may be set to a minimum of 0.1 Hz,
a maximum of 400 kFz, or any value in between.

123 Aud AN Mawe

This special function allows you to select the waveform for the
subcarrier AM source in Channel 1. You have five choices: sine, square,
triangle, sawtooth, or white Gaussian noise.

1d@zfud AM @

This special function allows you to adjust phase of the subcarrier
AM source relative to the phase of the audio source in Channel 1.
Phase may be expressed in terms of radians or degrees. The front-
panel display immediately changes units of degrees and radians when
you switch between the deg and rad keys. Entries may be scaled; for
example, entering 560° would yield ~160°.

14itRud FM Dews

This special function allows you to turn on and off the subcarrier FM
source in Channel 1, and it allows you to set the amount of deviation
for the subcarrier FM source. Deviation may be set to a minimum of
0 Hz, a maximum of 400 kHz, or any value in between.

142:Rud FM Freg
This special function allows you to set frequency for the subcarrier FM

source in Channel 1. The frequency may be set to a minimum of 0.1 Hz,
a maximum of 400 kHz, or any value in between.
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1438 Aud F blawe

This special function allows you to select the waveform for the
subcarrier FM source in Channel 1. You have five choices: sine, square,
triangle, sawtooth, or white Gaussian noise.

Pddsmod FM ¢

This special function allows you to adjust phase of the subcarrier
FM source relative to the phase of the audio source in Channel 1.
Phase may be expressed in terms of radians or degrees. The front-
panel display immediately changes units of degrees and radians when
you switch between the deg and rad keys. Entries may be scaled; for
example, entering 560° would vyield —160°.

145t Rud O D

This special function allows you to turn on and off the subcarrier ®M
source in Channel 1, and it allows you to set the amount of deviation
for the subcarrier ®M source. Deviation may be set to a minimum of
0° , a maximum of 179.9°, or any value in between. &M deviation may
be expressed in terms of radians or degrees. The front-panel display
immediately changes units of degrees and radians when you switch
between the deg and rad keys.

144 Fud M Freg

This special function allows you to set frequency for the subcarrier &M
source in Channel 1. The frequency may be set to a minimum of 0.1 Hz,
a maximum of 400 kHz, or any value in between.

147 Mud @M Hawe

This special function allows you to select a waveform for the subcarrier
®M source in Channel 1. You have five choices: sine, square, triangle,
sawtooth, or white Gaussian noise.

1432 Aud &M @

This special function allows you to adjust phase of the subcarrier
&M source relative to the phase of the audio source in Channel 1.
Phase may be expressed in terms of radians or degrees. The front-
panel display immediately changes units of degrees and radians when
you switch between the deg and rad keys. Entries may be scaled; for
example, entering 560° would yield -160°.
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This special function allows you to turn on and off the subcarrier Pulse
source in Channel 1.

1@ Ad Pulze Freg

This special function aliows you to set frequency for the subcarrier
Pulse source in Channel 1. The frequency may be set to a minimum of
0.1 Hz, a maximum of 30 kHz, or any value in between.

151: R0 Fulze @

This special function allows you to adjust phase of the subcarrier
Pulse source relative to the phase of the audio source in Channel 1.
FPhase may be expressed in terms of radians or degrees. The front-
panel display immediately changes units of degrees and radians when
you switch between the deg and rad keys. Entries may be scaled; for
example, entering 56G° would yield --160°.

ie@iFef Calibration

This special function allows you to adjust the frequency of the internal
reference osciilator. Values used to adjust the reference frequency are
in the range of 0 to 255. A change in the value of “1” corresponds to
about a 4 Hz change in the reference frequency. The value required to
set the reference to approximately 10 MHz will vary from instrument
to instrument. When an instrument preset or power on/off is done, the
reference frequency value is returned to its calibrated value. {Activate
service Special Function 331 to save the reference calibration value.)

fairHed Source

This special function monitors whether the instrument is using its
internal reference oscillator source or if an external timebase source
is connected. (The High Stability timebase Option 001 is seen by the
Signal Generator as an external timebase source to the rear-panel REF
IN connector.) The display is continuously updated.

1a2tAllow EXT Ref

T

This special function allows you to prevent use of an external timebase
source {(which would also affect the use of the High Stability timebase
Option 001). When ON, the preset condition, the Signal Generator
may use the internal reference oscillator source, or an external timebase
source. When OFF, the Signal Generator wili only use the internal
reference oscillator.
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1781 Test

o

This special function tests the instrument and module hardware
for failures. Turn the knob to select the test you want, and then
press the ENTER key. The message fe=zult ©ode = §indicates that the
instrument is operating normally. A result code other than the numeral
“0” appearing on the front-panel display indicates a failure. All result
codes are listed in the Assembly Level Repnir, Service Diagnostics Manual.

1¥1iRecsal

This special function allows you to recalibrate the whole instrument.
A recalibration takes about 3 to 5 minutes. The message Result Cods
= @ appears if the recalibration passes. All error codes are defined in
the Assembly Level Repair, Service Diaggnostics Manual.

ITZIRAMR Wipe

This special function allows you to do a ‘hard’ reset of the instrument
to wipe out the memory contents of RAM (including the calibration
data)., This eliminates any instrument settings entered by the user
through the front panel or through HP-IB. An instrument recalibration
is then automatically done.

1V Sacurity

This special function allows you to secure Special Functions 191 to 195.
When ON, Special Functions 191 to 195 cannot be turned off without
first forcing an automatic RAM wipe as described in Special Function
172. When this special function is active (furned ON), it executes a
RAM wipe when turned OFF. Also, if the instrument’s power switch
is turned to STBY (standby) and then back to ON, a RAM wipe will be
executed.

186D YVoltmeter

This special function allows you to use the instrument as a DC
voltmeter, DC voltages are monitored from the rear-panel VOLTMETER
IN connector. The front-panel displays a continuously updated DC
voltage reading. The following typical operating characteristics apply:

Range: +50 V dc

Sensitivity: 0.5 V dc

Maximum Input Voltage: £180 V dc
Input Impedance: 130 k2

Accuracy: 270 mV +2.7%
Resolution: 108 mV
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12180 Yoltmeter

‘This special function allows you to use the instrument as an AC volt-
meter. AC voltages are monitored from the rear-panel VOLTMETER IN con-
nector. The front-panel displays a continuously updated AC voltage
reading in V rms. The following typical operating characteristics apply:

Range: +50 Vpk

Bandwidth: 10 kHz

Sensitivity: 0.5 Vpk

Maximum Input Voltage: +180 Vpk
Input Impedance: 130 k2
Accuracy: 290 mV x3.2%
Resolution: 100 mV

182 Power Meter

This special function allows you to use the instrument as a power
meter. Power is monitored from a conmnector located under the
instrument’s top cover. The front-panel displays a continuously
updated power reading in dBm. The following typical operating
characteristics apply:

Power Range: —10 to +20 dBm
Frequency Range: 250 kHz to 2 GHz
Accuracy: =5 dBm at —-10 to G dBm
+3 dBm at 0 to +10 dBm

41 dBm at +10 to +20 dBm
Maximum Input Power: 25 dBm
Input Impedance: 50 @ AC coupled

SRS ER

X

iy

s lal #

i

This special function displays the instrument’s serial number.
191tElank Displau

This special function allows you to blank out all instrument settings
displayed on the front panel (including the LED annunciator lights).
User interaction with the instrument is not displayed on the front
panel, even though front-panel keystrokes are valid.

Special Function 173 should be used in conjunction with SPCL 191 for
total display security.

To turn off this feature, press SPECIAL 191 ENTER OFF, and then cycle the
power at the switch. The Signal Generator will then power up with
full display.
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Note

If Special Function 173 is used with Special Function 191 and the
power is cycled when restoring the instrument to full display, a RAM
WIPE is activated and the Signal Generator will do a re-calibration.
(See the descriptions for Special Functions 172 and 173.)

192:Blank Frequenoy

This special function allows you to blank out just the frequency setting
from being displayed on the front panel. When ON, each segment
in the Frequency/Status display will show a dash, Mode Select LED
annunciators turn off, and any special functions relating to frequency
are blanked.

Special Function 173 should be turned on first before entering Special
Function 192 in order to have frequency display security.

123 Elank Modulzstion

This special function allows you to blank out just the modulation
level setting from being displayed on the front panel. When ON,
each segment in the Modulation Level display will show a dash,
Modulation LED annunciators turn off, and any special functions
relating to modulation are blanked.

Special Function 173 should be turned on first before entering Special
Function 193 in order to have modulation display security.

124:Blank Audio

This special function allows you to blank out just the audio frequency
setting from being displayed on the front panel. When ON, each
segment in the Modulation Frequency display will show a dash, and
any special functions relating to audio frequency are blanked.

Special Function 173 should be turned on first before entering Special
Function 194 in order to have audio display security.

195 B lank RBeptd

This special function allows you to blank out just the RF amplitude
setting from being displayed on the front panel. When ON, each
segment in the Amplitude display will show a dash, and any speciai
functions relating to RF amplitude are blanked.

Special Function 173 should be turned on first before entering Special
Function 195 in order to have amplitude display security.
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19ciBuropean Radisx

This special function allows you to determine which ‘radix mark’ and
which ‘separator mark’ to use in a number. A radix mark is the divider
between the integer portion of a number and the fractional portion of a
number. The separator mark is the separator between groups of digits
in a large number.

When OFF, the radix mark displayed on the front panel is a period and
the separator mark is a comma. When ON, the radix mark displayed
on the front panel is a comma, and the separator mark is a period.
For example, 123456789 Hz would be shown as 123,456,789.00 Hz in
normal operation, however, it would be shown as 123.456.789,00 with
the European Radix ON.

2150 Ohm Fulses

This special function is available with Option 008. When ON, the
PULSE Modulation Input connector will have an input impedance of
50 ©. When OFF, the preset condition, the PULSE Modulation Input
connector has an input impedance of 100 k.

cil1:Pulse Cirl

This special function is available with Option 008. When setto birect,
the preset condition, pulse modulation using direct pulse control is
active. When set to Fulse Gsn, pulse modulation using the internal
pulse generator is active. Special Functions 212-214 may then be used
to determine the pulse delay, width, and triggering edge.

ZlztPulse Delay

This special function is available with Option 008. It allows you to
determine the amount of pulse delay (P;) for the RF pulse output.
Pulse delay is entered by turning the knob, or by using the front-panel
DATA keys. The preset value of delay is 1.00 gsecond.

ZiFiFul=se Hidik

This special function is available with Option 008. It allows you to
determine the pulse width (P, ) of the RF pulse output. Pulse width
is entered by turning the knob, or by using the front-panel BATA keys.
The preset value of width is 1.08 ysecond.
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2i4:Ful=ze FTrio Edas

This special function is available with Option 008. It allows you to
determine if the RF pulse output should occur on the negative edge,
or on the positive edge, or on both edges of the triggering signal. Turn
the knob to make your selection. The preset pulse triggering edge is
positive,

——

ZEOYOR Setup

This special function allows you to generate a composite VOR test
signal. The instrument is set for a bearing of (° to the station on a
carrier of 108.0 MHz.

f2titocalizer Setup

This special function allows you to generate a composite Localizer test
signal. The instrument is set for 0 DDM on a carrier of 108.1 MHz.

s22:Glideslope Zeiup

This special function allows you to generate a composite Guideslope
test signal. The instrument is set for 0 DDM on a carrier of 334.7 MHz.

2310 Beascon Setup

i)
sy

This special function allows you to generate an OM Beacon test signal.
The instrument is set for a 2 Hz pulsed tone beacon.

f2d:iM Beaoon Seltup

This special function allows you to generate an MM Beacon test signal.
The instrument is set for a 2 Hz pulsed tone beacon.

2250 IM Beacon Setup

This special function allows you to generate an IM Beacon test signal.
The instrument is set for a 2 Hz pulsed tone beacon.

LuE: Seruige Mode

This special function allows you to run the instrument’s service
diagnostic routines. The service-diagnostic switch (referred to in the
Assembly Level Repair, Service Diagnostics Manual) must be in the correct
position in order to access and run any of the diagnostic tests.



Error Messages

What Happens
When You
Get an Error
Message

Nole

The Signal Generator interacts with the user to communicate error
messages about its operating condition. The error messages suggest
or imply that a problem exists either with the instrument or the way
in which the user is operating the instrument. Error messages are
presented to the user in two ways.

First, if the user attempts to operate the instrument beyond its
capabilities, intentionally or not, an error message is immediately
shown in the FREQUENCY/STATUS display. Refer to table D-
1 for a description of the error messages that occur under these
circumstances.

Second, if the instrument detects a malfunction at power up, or as a
result of performing service diagnostics or calibration, an error message
is put into the message queue. You will know that this has occurred
because the MSSG annunciator lights up in the FREQUENCY/STATUS
display.

The error messages can then be viewed at the users request by simply
pressing the Utility M8SG key on the front panel; repetitively pressing
the MSSG key allows you to view all of the error messages.

To view the error messages again, simply press the blue SHIFT key, and
then the MSSG key. If you have corrected the malfunction shown in the
error message list, the message for that error will not reappear. Refer
to table D-2 for a description of the error messages that occur under
these circumstances.

An out-of-lock (OOL) error message does not always indicate that
a hardware problem exists. Certain operating conditions may cause
an OQOL error.

For example, if you change the timebase referenice source from inter-
nal to external, or external to internal while the Signal Generator is
operating, an OOL error may occur.

Also, if you program the Signal Generator to operate outside of its
specified operating ranges an OOL error may occur. For example,
if the current output amplitude and AM depth results in an output
signal greater than approximately +16 dBm you may get an OOL
error.
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Table D~1. Error Messages Immaediately Shown to the User. (1 of 9)

Error Message

Description

HM depth too large

Al depth too zrall

A imcr too laras

A inmer oo small

Feoptd incr oo large

Arptd ingr oo s=matl

Araptd limit too hiah

Arptd limit too low

Araptd offzet too laros

Frptd of fzet too =mall

Amptd s=itting ftoo low

Araptd zetting fo0 high

- QLT tooad of

B
L
A
[Te)
i)

Hitteraation too lara

1]

Ftienuation too small

AudioZ freg ftoo hiab

AudiaZ freg oz low

The entered amount of AM depth is greater than the maximum
permitied (100%). Also, AM depth is limited by the current ampiitude
setting, by Special Function 103 (Amptd Limit). For example, if the
current amplitude setting is +19.9 dBm, the maximum AM depth is
0%.

The AM depth value entered is less than the minimum permitied (0%).

The AM increment value entered is greater than the maximum
permitted (100%).

The AM increment value entered is less than the minimum permitted
{0.1%).

The amplitude increment value entered is greater than the maximum
permitted (100 dB or 1V).

The amplitude increment value entered is less than the minimum
permitted (0.1 dB or 0.001 pV).

The Amplitude Limit value eniered is greater than the maximum
permitied (4-18.9 dBm specified by Special Function 103).

The Amptitude Limit value entered is less than the minimum permitted
{(—137 dBm specified by Special Function 103).

The amplitude offset value entered is greater than the maximum
permitted (50 dB).

The amplitude offset value entered is less than the minimum permitted
{-50 dB).

The carrier amplitude value entered is less than the minimum permitted
{140 dBm).

The carrier ampiiiude value entered is greater than the maximum
permitted (+18.9 dBm).

An attempt was made over HP-IB to send an invalid numeral in the
command parameter. For example, sending “FM:STATE 2"(there is no
STATE 2), or “FREQ:SYNT 8" {there is no Mode 6 synthesis) would
give you this error.

The attenuation value entered is greater than the maximum permitted
(145 dB).

The attenuation value eniered is less than the minimum permitied
{0 dB).

The frequency of the audio source in Channel 2, entered from Special
Function 133, is greater than the maximum permitted (400 kHz).

The frequency of the audic source in Channel 2, entered from Special
Function 133, is less than the minimum permitted (0.1 Hz).
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Table D-1. Error Messages Immediately Shown to the User. (2 of 9)

Error Message

Description

AudioZ lews] too high

Migdios lewsl foo low

Audico @ ince fao larae

Audio @ incr too small

Audic $i
Fuadic &
Audio DM
Fdiao ©M
Fuadio &M
Fudio M
Fadio AR
Hudio Hi
Audia AM
Audic A
HFudio A
Fodio B

des tan 1arae

dey oo =ma

frea too high

frog boo Lo
incr too laroe
imcr oo szmall

depth too large

depth too =pall

freq too hiah

fie =] Lo 1o

incr too larae

ince foo zmall

The level of the audio source in Channel 2, entered from Special
Function 134, is greater than the maximum permitted (1V).

The level of the audio source in Channel 2, entered from Special
Function 134, is less than the minimum permitted (OV).

The increment value for phase in the audio source is greater than the
maximum permitted (359.9°%).

The increment value for phase in the audio socurce is less than the
minimum permitted (0.1°).

The &M deviation for the audio source in Channel 1, entered from
Special Function 145, is greater than the maximum permitted (179.9°).

The M deviation for the audio source in Channel 1, entered from
Special Function 145, -1s less than the minimum permitted (0°).

The ®M frequency for the audio source in Channel 1, entered from
Special Function 146, is greater than the maximum permitted (400 kHz).

The ®M frequency for the audio source in Channel 1, entered from
Special Function 146, s less than the minimum permitted (0.1 Hz).

The increment value of &M deviation for the audio source in Channel
1, entered from Special Funclion 145, is greater than the maximum
permitted (179.9°).

The increment value of PM deviation for the audic source in Channel 1,
entered from Special Function 145, is less than the minimurn permitted
{0.1%).

Depth for the subcarrier AM source in Channel 1, entered from Special
Function 137, is greater than the maximum permitted (100%).

Depth for the subcarrier AM source in Channel 1, entered from Special
Function 137, is less than the minimum permitted (09%).

Frequency for the subcarrier AM source in Channel 1, entered from
Spectial Function 138, is greater than the maximum permitted (400 kHz).

Frequency for the subcarrier AM source in Channel 1, entered trom
Special Function 138, is less than the minimum permitied (0.1 Hz).

The increment value of depth for the subcarrier AM source in Channel
1, entered from Special Function 137, is greater than the maximum
permitted (100%]).

The increment value of depth for the subcarrier AM source in
Channel 1, entered from Special Function 137, is less than the
minimum permitted (0.1%).
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Table D-1. Error Messages Immediately Shown to the User. (3 of 9)

Error Message

Description

Audic

Audio

Budic

Audic

Hudio

Fudia

Hudim

Hudio

Fudio

Audino

Audio

Audio

Fucio

Audic

Hudio

FH

Fri

Fii

FHi

Fr

FH

dew too large
dey oo zmall
fres too kiah
freg too low
incr too laras
incr too small

freq imnsr oo low

freq incr too high

fren too low

freq too high

Teossl 7B conf lich

lewel conflict

ievel incr high

level imcr Lo

igvel too high

Aud lewrzonros contf lict

Deviation for the subcarrier FM source in Channel 1, entered from
Special Function 141, is greater than the maximum permitted (400 kHz).

Deviation for the subcarrier FM source in Channel 1, entered from
Special Function 141, is less than the minimum permitted (0 kHz).

Frequency for the subcarrier FM source in Channel 1, entered from
Special Function 142, is greater than the maximum permitted (400 kHz).

Frequency for the subcarrier FM source in Channel 1, entered from
Special Function 142, is less than the minimum permitted (0.1 Hz).

The increment value of deviation for the subcarrier FM source in
Channe! 1, entered from Special Function 141, is greater than the
maximum permitted (400 kHz).

The increment value of deviation for the subcarrier FM source in
Channe! 1, entered from Special Function 141, is less than the
minimum permitted (0.1 Hz).

The audio freqguency increment value entered is less than the minimum
permitted (0.1 Hz).

The audio freguency incremeni value enlered is greater than the
maximum permitted (400 kHz).

The audic frequency value entered is less than the minimum permitted
(0.1 Hz}.

The audic frequency value entered is greater than the maximum
permitted (400 kHz).

The sum of the audio levels in Channels 1 and 2 cannot exceed 1 V (pk)
with the subcarrier AM source in Channel 1 ON.

The sum of the audio levels in Channels 1 and 2 cannot exceed 1 V (pk).

The audio level increment value entered is greater than the maximum
permitted (1 V).

The audio level increment value entered is less than the minimum
permiited (1.0 mV).

The audio level value entered is greater than the maximum permitted

(1w

The sum of the audio levels in Channels 1 and 2 cannot exceed 1 V {pk),
and too many audio sources are turned ON,
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Table D-1. Error Messages Immediately Shown to the User. (4 of 8)

Error Message

Description

Fud pulse freq too hiagh

Fud pulss freq too low

Bad char during numeric

Badsmiszsing exponent

Ead resizter rumber

Bad sequsnce snbrug

Cannot oont irsde

Lenter freg oo high

Lenter freg too low

Emply seguence list

EQC durimg nuamsric

EOM during numeric

EOM in #B-0H Wed data

ECM in arbitrarag block

Frequency of the subcarrier Pulse source entered from Special
Function 150 is greater than the maximum permitied (50 kHz).

Frequency of the subcarrier Pulse source entered from Special
Function 150 is less than the minimum permitied (0.1 Hz).

While the instrument was reading in a numeric argument, a character
other than “0” through “9” occurred at a place where 1t is not valid to
end the number.

After gefting a valid mantissa and an “E" (for exponential}, a character
was found that was not a digit “0” through “9” or a % sign, or the
character was not a digit “0” through “8” after an “E+" or an “E--",

The recalled Save Register does not contain a SAVE setting, or the
recalled Save Register is less than 0 or greater than 49.

An attempt was made 1o enter a register value less than 0 or greater
than 9 into the Save/Recall Sequence list,

An attempt has been made to restart diagnostic testing after altering
an internal cable or module without being in the repair mode, or you
have come to the point where no additional tests are available or the
test sequence has ended.

The center frequency value eniered for the sweep is greater than the
maximum permitted.

The center frequency value entered for the sweep is less than the
minimum permitted.

An attempt was made to sequence through an empty Save/Recall
sequence list. :

While the instrument was reading in a numeric argument, an end-of-
command (EQC) condition occurred at a place where it is not valid o
end the number {for example, afler a £ sign, after a decimal with no
leading digits, or after an “E” for exponential).

While the instrument was reading in a numeric argument, an end-ot-
message (EOM) condition occurred at a place where it is not valid to
end the number {for example, afler a % sign, after a decimal with no
leading digits, or after an “E” for exponential).

An end-of-message (EOM) was encountered without getting any data
in, or without getting the “B" (for binary), Q" (for octal), or “H"
(for hexadecimaly while the instrument was reading in a non-gecimal
numeric argument.

An eng-of-message (EOM) was encountered before the end of data
while the instrument was reading in an “arbitrary block program data”.
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Table D-1. Error Messages Immediately Shown to the User. (5 of 9)

Error Message Description

Error-EQC after colon An end-of-command (ECC) was encountered after a colon in the
command header. A colon in the command header must always be
followed by a keyword mnemonic.

Error-E0C afier comps An end-of-command (ECC) was found after a comma. A comma in the
daia string must be followed with an additional data item(s).

Error-E0M after colon An end-of-message (EOM) condition was encountered alter a colon in
the command header. A colon in the command header must always be
followed by a keyword mnemonic.

Error-EOMN after comms An end-of-message (EOM) was found after a comma. A comma in the
data string must be followed with an additional data item(s),

Error-Spaoe after colon A space character was encountered after a colon in the command
header. A colon in the command header must always be followed by a
keyword mnemonic,

Exponent too bisg ‘ The numeric exponent was sither less than - 127 or greater than 127.

Fit dewiation too larg

T

The FM deviation value eniered is greaier than the maximum permitted.
Refer 1o the specifications in the technical data sheet or 1o section 1 in
the Calibration Manual for FM deviation limits.

Fif deviztion too small The FM deviation value entered is less than the minimum permitied.
Reter to the specifications in the technical data sheet or to section 1 in
the Calibration Manual for FM deviation limits.

Fit inecr too larae The FM increment value entered is greater than the maximum
permitted {100 MHz).

Fiodngr ton z2mall The FM increment value entered is less than the minimum permitied
(0.001 Hz). .

FM ot of rarmge for mode An attempt was made to change from a Mode Select sefting with a

higher deviation range, to a Mode Select setiing with less deviation
range tor the set RF output, Push the Mode Select AUTE key to let the
Signal Generator determine the best mode for the deviation and RF
output you have selected.

Freg divider too laras The frequency divider value entered is greater than the maximum
permitted (— 10 from the front panel, 0.1 over HP-IB).

Freq incr too larae The frequency increment valug entered is greater than the maximum
permitted (10 GHz).
Feeq inor too small The frequency increment value entered is less than the minimum

permitted (0.01 Hz).

The frequency muitiplier value entered is greater than the maximum
permitted {10).

Freq mult too larg

1]

Freg offzet foo larogs The frequency offset value entered is greater than the maximum
permitted (50 GHz).

Froeo of fset too small The frequency cffset valug entered is less than the minimum permitted
{(—50 GHz).
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Table D-1. Error Messages Immediately Shown to the User. (6 of 9)

Error Message

Description

Freg setting too high
Freq setiing too law

Freguency span too large

Frequenow =pan too small

Hardhsare rot instalied

HP-IE Command ereor

HF-IE Mo reszponze data

HP—IE Rueerd interropded

HF-1E Gusra unterminated

Imzufficient capabilituw

It modulation enabled

Irealid char after 00"

Treealid char after sian

Irwalid datz mneponic

Irvalid header mnesmonic

Irmalid suffix

Loy sweer not z2llcowed

Marker freq foo hiak

Markesr freg too Iaow

The frequency value entered is greater than the maximum permitied.
The frequency value entered is less than the minimum permitted.

The frequency span value entered for the sweep is greater than the
maximum permitted,

The frequency span value entered for the sweep is less than the
minimum permitted.

An attempt was made 10 activate a Mode Select setting presently not
instalied in the instrument.

This is a generic HP-IB command error. Something is wrong with the
command, bui the firmware does riot recognize the specific problem,

The instrument was given the HP-IB interface command 1o “talk”, but
has not been told to “say” anything.

The instrument was given a command to return some. data, then given
another command before the entire response was read back from the
instrument.

The instrument was given the HP-IB interface command to talk, and
has received part of a message inciuding a command to return some
data, but the message was not terminated (not completely sent, or no
end-of-message sent).

An attempt has been made 1o activate a function or feature presently
not configured or accessible.

An attempt has been made over HP-IB 10 turn off the audio source with

the internal moduiation source turned on.

While the instrument was reading in a numeric argument, a character
other than "0" through “9", or an "E” (for exponential) with no digits
before the decimal ocourred.

While the instrument was reading in a numeric arqgument, a character
other than “0” through “9”, or a decimal point occurred after the - sign.

A mnemonic was not recognized as the instrument was reading in a
hot-numeric parameter.

A keyword mnemonic in the command header is not recognized as a
keyword. Incorrect protocol or a spelling mistake might be the cause.

While the instrument was reading in a numeric argument, an invalid
suffix occurred after a comma, semicolon, or end-of-command.

An attempt has been made o do phase continuous log sweep.

The marker frequency value entered is greater than the maximum
permitted.

The marker frequency value entered is less than the minimum
permitted (100,000.00 Hz).
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Table D-1. Error Messages Immediately Shown to the User. (7 of 9)

Error Message

Description

Mizszing space after ''20°

Fod and sweep conflict

Nesds space after header

Ho marwal @ cont. sweep

Ho such special

Mot zllowed-Sacourita on

Hotice >> FM turmed off

Hotice >>®M turned of ¢

Mot ice Aud stiate chanoed

Mot in service mods

Hureric ocuwerf low

Fulsze delsg incer high

Fulzse delag ince Low

Pulze delay too lang

Pulze delag too short

Fulszs widbh imer Biak

Fulse widih imor low

Fulze widibh too lons

Fulze widih foo short

A non-blank character other than a semicolon followed a question mark.
The guestion mark must either be followed by an end-of-message, an
end or command, or a space before a parameter.

An aftempt was made to phase continuous sweep with internal
modulation on, or with internal or external FM, M, or the audio source
furned on.

The characters following the command header must have a space or
an end-of-command message.

An attempt was made to do Manual phase continuous sweep.

An invalid Speciat Function number was entered. Refer to Appendix C
for a list of availabie Special Functions.

An attemnpt has been made 10 turn on a “Blanked” display area when
the securily Special Function 173 is active.

An aftempt was made 1o turn on BM with FM on, or an attempt was
made 1o go from CW to sweep or from sweep to CW with FM set to a
value out of range for the frequency that was entered.

An attempt was made 1o turn on FM with ®M already on.

A conflict has occurred which causes a subcarrier modulation source
to be turned off in order to allow modutation on the RF carrier.

An attempt has been made over HP-IB 10 access a service Special
Function that is not accessible because the service mode switch has
been turned off.

The number was out of range for the parameter being set.

The puise delay increment value entered is greater than the maximum
permitted (1 second).

The pulse deiay increment value eniered is less than the minimum
permitied (1 nsecond).

The pulse delay value entered is more than the maximum permitted (1
second).

The pulse delay vaiue entered is less than the minimum permitied (50
nseconds).

The pulse width increment value entered is greater than the maximum
permitted (1 second).

The pulse width increment value entered is less than the minimum
permitied {1 nsecond).

The pulse width value entered is more than the maximum permitted (1
second).

The pulse width value entered is less than the minimum permitted (50
nseconds).
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Table D-1. Error Messages Immediately Shown to the User. (8 of 9)

Error Message

Description

Start freguency too high

Start freguency oo low

Ztop frequsnocy too high

Stop freguency too 1o

o

monf liet

4]
o
s
3]
k4
B
.
P
=
5y
Iy

oo

weesp Lire too 1.

¢
4
133
143

Sweep time too small

Too mand sudic sources

Ton mang conmsnds

Ungwpected ' 70!

UVrexpected colon

The reference calibration value entered is greater than the maximum
permitted (255).

The reference calibration value entered Is less than the minimum
permitted (0).

A reverse power condition was detected at either the RF Output.
(Disconnect the affected output from any external equipment and re-
enter the key sequence that originally resulied In the error. if an error
is still detected by the instrument, a reverse power problem still exists.)

An attempt was made to enter more than 10 entries into the Save/Recall
Sequence list.

Certain operating conditions are in conflict. For example, an attempt
was made over HP-IB 1o set the Amplitude Limit to a value less than
the current amplitude setting.

The start frequency value entered for the sweep is greater than the
maximum permitied.

The start frequency value entered for the sweep is less than the
minimum permitted.

The stop frequency value entered for the sweep is greater than the
maximum permitted.

The stop frequency value entered for the sweep is less than the
minimum permitted.

An attempt was made over HP-IB o send a command message with
conflicting sweep statements.

The sweep time value entered is greater than the maximum permitied.
Refer to the specifications in section 1 of the Calibration Manual for
Sweep time limits.

The sweep time value entered is less than the minimum permitted.
Refer to the specifications in section 1 of the Calibration Manual for
sweep time limits.

There cannot be more than three other audio sources turned ON with
the audio source in Channel 1 turned ON.

Too many commands were sent in a single message. The message
must be broken up into several messages with less commands in each
one.

A question mark was found in the data string. A question mark should
only occur immediately after the command header.

A colon was found In the command header in an invalid location (for
example, after another colon, afler a question mark, or found with a
command parameter).
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Table D-1. Error Messages Immediately Shown to the User. (9 of 9)

Error Message

Description

Urespected comma

Unexpected EOC

Urexspected EQH

Hryrecoanized 8 format

Fromg ohar sfter suffix

[REEN

Wronz position for

A comma was found in the command header, before the first argument,
or after another comma. Commas are only allowed between certain
arguments in the command header or message.

An unexpected end-of-command (EOC) condition was found by the
instrument before a valid command was complete. This includes not
having a required parameter in a command.

An unexpected end-of-message (EOM) condition was found by the
instrument before a valid command was complete. This includes not
having a required parameter in a commang,

in a non-decimal numeric argument you must use a binary, octal,
hexadecimal, or “arbitrary biock program data” format.

An unexpected character was encountered by the instrument after
reading in a numeric suffix. This may indicate a missing comma,
semicalon, or an end-of-message.

A question mark was found at the start of the message, after a colon or
a space, or after an argument or a suffix. Question marks must follow
directly after command header mnemonics.
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Table D-2. Error Messages Put In the Message Queue for the User, (1 of 4)

Error Message

Description

HLG failure

Frptd Mot Calibraiesd

Hrtemuztor failure

Audic Zourcs failurs

Hudio Soures OOL

Bad FOM #1 CRC

Ezd FEOM #2 CRC

Bad FEOM #2 CRC

Ead ROM #4

)
=
i~

Calibration error

Comre Dlzor failure

Come Disocr G0

Comptraller fzilure

An ALC failure has been detected at power up, or detecied as a resuit
of a self-calibration or self-test. Refer to the service documentation for
corrective action.

An Automatic-Level-Control (ALC) out-of-lock (OOL) condition exists.
An operating condition may have caused the OOL error, or g hardware
problem may exist; check out both possibilities.

A condition occurred where invalid level calibration data resides in
either the Output or the Attenuator modules. Follow the external
calibration procedures cutlined in the service documentation.

An attenuator failure has been detected at power up, or detected
as a result of a self-calibration or selftest. Refer to the service
documentation for corrective action.

An audio source failure has been detected at power up, or detected
as a result of a self-calibration or seif-test. Refer to the service
documentation for corrective action.

An audio source out-of-lock {O0L) condition exists. Refer to the service
documentation for corrective action.

A ROM failure has been detected at power up, or detected as a result
of a selt-calibration or self-test. Refer to the service documentation for
corrective action.

A ROM failure has been detected at power up, or detected as a result
of a self-calibration or seli-test. Refer to the service documentation for
corrective action.

A ROM failure has been detected at power up, or detected as a result
of a self-calibration or self-lest. Refer 10 the service documentation for
corrective action.

A ROM failure has been detected at power up, or detected as a result
of a selt-calibration or self-test. Refer to the service documentation for
corrective action.

At some time during the calibration or self-test, a condition occurred
where some hardware was unable 1o be calibrated. Fix the hardware
and re-calibrate. Refer 1o the service documentation for corrective
action. This error message will always be accompanied by other error
messages.

A communications discriminator failure has been detected at power
up, or detected as a resull of a self-calibration or selidest. Refer to the
service documentation for corrective action.

A communications discriminator out-of-lock (OCL) condition exists.
Refer to the service documentation for corrective action.

A controller failure has been detected at power up, or detected
as a result of a selfcalibration or self-test. Refer to the service
documentation for corrective action.
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Table D-2. Error Messages Put In the Message Queue for the User. (2 of 4)

Error Message

Description

Fraoctional H failure

Frront Fanel failurs

HF Cutput Sest ALS 00L

HF Duiput Sect fzilure

150 Board failure

LF ot put Sect failare

Memord contents Iost

fod Distr failus

fil Exterder ALT Q0L

i Extendesr failure

MF PLL 0OL

Fower Supely failure

Fulze Modulator failure

Fulze Timing Error

A Fractional-N failure has been delecied at power up, or detected
as a result of a self-calibration ¢r self-iest. Refer t0 the service
documentation for corrective action.

A front pane! failure has been detected at power up, or detected
as a result of a self-calibration or self-test. Refer 10 the service
documentation for corrective action.

A High Frequency Quiput Section Automatic-Level-Controi (ALC) out-
of-lock {(O0OL) condition occurred. Refer 1o the service documentation
for corrective action,

A High Frequency Qutput Section failure has been detected at power
up, or detected as a resuilt of a self-calibration or self-test. Refer to the
service documentation for corrective action.

An YO board failure has been detected at power up, or detected
as a result of a selfcalibration or selitest. Refer {0 the service
documentation for corrective action.

A Low Frequency Output Section failure has been detected at power
up, or detected as a result of a self-calibration or seif-test. Refer to the
service documentation for corrective action.

A memory failure has been detected, all battery backup memory is lost.
Refer to the service documentation for corrective action.

A modulation distribution failure has been detected at power up, or
detected as a result of a self-calibration or seli-test. Refer to the service
documentation for corrective action.

A Microwave Extender Aulomatic-Level-Control (ALC) out-of-lock {O0OL)
condition occurred. Refer to the service documentation for corrective
action.

A Microwave Extender faillure has been detected at power up, or
detected as a resuit of a self-calibration or self-test. Refer to the service
documentation for corrective action.

A Fractional-N (NF) phase-locked-ivop (PLL) out-of-iock (OOL) condition
exists. Reter to the service documentation for corrective action.

A power supply fallure has been detected at power up, or detected
as a result of a sel-calibration or self-test. Refer to the service
documentation for corrective action.

A Puise Modulator failure has been detecled at power up, or detected
as a result of a seli-calibration or seli-test. Refer to the service
documentation for corrective action.

A pulse timing error has occurred as a result 01 the puise repetition rate
being greater than the pulse width. Refer 1o the service documentation
for corrective action.
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Table D-2. Error Messages Put In the Message Queue for the User. (3 of 4)

Error Message

Description

FAM failure

Trarz ALC Q0L

Trans Audic Souroce Q0L

Tranz LComn Dizeor GOL

Trares HFOSeot ALC D00

Trars MW Extender 006

Tranz HMF PLL GOL

Trams Pulse Timing Ereor

Trarns Referencs [Hil,

A RAM failure has been detected at power up, or detected as a result
of a self-calibration or self-test. Refer {0 the service documentation for
corrective aclion.

A reference failure has been detected at power up, or detected
as a result of a self-calibration or selftest. Refer to the service
documentation for corrective action.

A reference out-of-lock {(OOL) condition exists. Refer to the service
documentation for corrective action.

A reverse power condition was detected at the BF Output. {Disconnect
the affected cutput from any external equipment and re-enter the key
sequence that originally resulted in the error. If an error is stiil detected
by the instrument, a reverse power problem still exists.)

A transient Automatic-Level-Control (ALC) out-of-lock (OOL) condition
occurred. Refer to the service documentation for corrective action.

A transient audio source out-of-lock {OOL) condition occurred. Refer to
the service documentation for corrective action.

A transient communications discriminator out-ofdock {O0OL) condition
occurred. Refer to the service documentation for corrective action.

A transient High Frequency Output Section Automatic-Level-Control
(ALC) out-of-lock (OOL) condition occurred. Refer to the service
documentation for corrective action.

A transient Microwave Extender out-of-lock (OOL) condition cccurred.
Refer o the service documentation for corrective action.

A transient Fractional-N (NF) phase-locked-loop (PLL) out-ci-lock {QOL;
condition occurred. Refer to the service documentation for corrective
action.

A transient pulse timing error has occurred as a result of the pulse
repetition rate being greater than the pulse width. Refer to the service
documentation for corrective action,

A transient reference out-of-lock (OOL) condition occurred. Refer to the
service documentation for corrective action.
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Table D-2. Error Messages Put In the Message Queue for the User. (4 of 4)

Error Message

Description

Trans VYOO 000

Tranz YOO FLL O0OL

YOO failure

WO oal

VOO FLL Q.

VOO FPLL Q0L

Yolimster failure

A transient VCO out-of-iock {OOL) condition exists. Refer to the sewvice
documentation for corrective action.

A transient VCOQ phase-locked-loop (PLL) cut-of-lock {QOL) condition
occurred. Refer 10 the service documentation for corrective action.

A VCO failure has been detected at power up, or detected as a resuit
of a seli-calibration or self-test. Reler to the service documeniation for
corrective action.

A VCO out-ofdock (OOL) condition exists. Refer to the service
documentation for corrective action.

A VCQ frequency-locked-loop (FLL) out-of-lock {OOL) condition exists.
Refer {¢ the service documentation for corrective action.

A VCO phase-locked-loop (PLL) out-of-lock (OOL) condition exists.
Refer to the service documentation for corrective action.

A voltmeter failure has been detected at power up, or detected
as a result of a sel-calibration or sel-test. Refer to the sesvice
documentation for corrective action,
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introduction to
HP-SL Syntax
Drawings

Command Statements

Command Message

This appendix provides syntax drawings on the Hewlett-Packard Sys-
tem Language (HP-SL) for remote operation of the Signal Gener-
ator over the Hewlett-Packard Interface Bus (HP-IB). Use this ap-
pendix once you are familiar with HP-SL protocol. Refer to chap-
ter 4 What About Programming? for an introduction to HP-SL, and for
programming reference information.

Command statements are used to either modify or query the Signal
Generator. A general representation of a command statement is shown
in figure E-1. Keywords are recognized in the command statement as
those listed in either the HP-IB Confrol Language Dictionary or the HP-SL
Device Status Dictionary.

Keywords may be followed by a question mark for a query, or by a
space and then a command parameter (as described in the HP-SL Notes
in chapter 4).

Figure E~1. Command Statement Syntax Drawing.

One or more command statements on a line of programming code
make up a command message. A general representation of a command
message is shown in figure E-2. All command messages are terminated
by either a new line (ASCII character 10), or an HP-IB end or identify
(EOI). (The EOI is not a separate character but is a bus message sent
along with a data character “new line” or the last character of the
command statement.)

'O ASCH
L LINE FEED

HP 1B
END CR IDENTIFY

Figure E-2. Command Message Syntax Drawing.



E-2 HP-SL Quick Reference Guide

Subsystem Syniax All subsystem syntax drawings are represented pictorially. The follow-
ing rules apply to all syntax drawings:

SV s— + A rounded envelope indicates that the HP-SL command must be
included in the command statement.
— T s A rectangular box indicates an opticnal HP-SL command which

may or may not be included in the command statement.

. G o A diamond shaped envelope usually indicates a command param-
eter preceeded by a space, and in some cases the diamond shaped
envelope is used to indicate that a “term” (terminator) is required
to finish the command statement. Refer to the HP-S5L Notes shown
below for a description of each command parameter.

r— e Any HP-SL command written in ifalics is an alias to another HP-SL
command.

HP-SL Noftes (AMterm > indicates that a “%” or “PCT” termination is required. “ % "
15 assumed as the default value .

indicates that a “dB”, "V”, “mV”, “uV” termination is

required. “dB” is assumed as the default value.

indicates that a “dB”, or “V” termination must be
specified.

Campl term yindicates that “dBm”, “dBmW” (“dBmW"” is alias for “dBm"),
"dBuV”, “V”, “mV”, “uV”, or no termination is required.

indicates that a “dBm”, “dBmW", “V”, or “dBuV”

termination must be specified.

{angle term » indicates that a “DEG”, “RAD”, or no termination must be
specified. “RAD” (radian) is assumed as the default value.

coupling type >indicates that sources “AC”, “DC”, “GROund”, or “GND”
are available.

(ireg term > indicates that *HZ”, "KHZ", “MHZ”, “MAHZ", “GHZ", or
no termination is required. “HZ" is assumed as the default value.

indicates that “V”, “mV", “uV”, or no termination is
required. “V"” is assumed as the default value.

{mod_type » indicates that “AM”, "FM", "PM”, or “PULSe” is required.

{ pon-decimal numeric program data > indicates. that the pound symbol “#”
should be followed by either a “B” and a binary representation of a
number, or “Q” and a octal representation of a number, or "H” and a
hexadecunal representation of a number.
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(o) indicates that an ASCII representation of a number is required.

indicates that an “OHM’, “KOHM", “MOHM" or no termi-
nation is required. “OHM" is assumed as the default value.

indicates that “INTernal”, or “EXTernal”, or more than one
source separated by commas is required.

indicates an ASCII character in the range of 0 through 9 or 11
through 32 decimal.

indicates that “S”, “m8”, “uS”, “nS” or no termination is
required. “S” (seconds) is assumed as the default value.
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Synthesized Audio Oscillator

In this Appendix

This appendix describes how to use the Synthesized Audio Oscillator
in the Signal Generator. The Synthesized Audio Oscillator provides
multifunction synthesis capabilities allow you to generate a subcarrier
from complex audio signals. The subcarrier is applied, in turn, as
a modulating wave to the RF carrier signal. You will also see that
the AUDIO connector provides access to the complex audio signals for
external applications.

The Synthesized Audio Oscillator consists of two audio source
channels; each may be summed together. In addition, the audio signal
in one channel may be modulated with a combination of AM, FM,
®M, or Pulse. Five fundamental waveforms are at your disposal:
sine, square, triangle, sawtooth, and white Gaussian noise. Read this
appendix to:

« Learn how to use the audio source as a subcarrier to modulate the
RF carrier.

« Understand the multifunction synthesis capabilities by reviewing
block diagrams.

« Create complex audio signals by activating Special Functions.

e Apply the multifunction synthesis feature set to your specific
testing or experimental needs.

The Synthesized Audio Oscillator uses Special Functions 130 through
151 and 220 through 225. As you will see, these special functions
control the multifunction synthesis for the Internal Audio Source. (A
brief description of each special function is found in appendix C.)
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The Directo ry Use the .illustration _shown below as your guide for e_zach subject in this
appendix. Two choices are recommended for first time users:

1. Get some “hands on” experience by doing the Quick Demonstration
starting on the next page.

2. Otherwise, turn to the section titled An Explanation of the Synthesized
Audio Oscillator for specific information about the multifunction
synthesis capabilities of the Signal Generator.

Refer to the section titled Typical Applications once you are familiar with
generating complex audio signals.

- A Quick Demonstration
B — - AL S F LD
/Mﬂﬂum—“—'m“‘ﬁm_

An Explonation of the
Synthesized Audio Oscillator

A e,

L Typical Applications
- AR S D
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A Quick In the following procedure (which takes about 15 minutes), you will
learn how to make the Signal Generator sum the audio source in

Demonstration Channel 1 with the audio source in Channel 2 to simulate dual-
tone modulation on a subcarrier. The next section of this appendix
An Explanation of the Synthesized Audio Oscillator fully describes both
Channels 1 and 2.
Use an oscilloscope to observe the results of the following procedure:
Procedure to 0SCILLOSCOPE

Sum Channel 1 ﬁ - nn
with Channel 2. ) U _ 3
m EEEEE ;} cooon O ““““ JJ NBUT

‘o) [mEwl e oS Eow e o :
A miy oo Qi inixifimlyimimy ;] wr)iive]w o] CHAN A or 1

oo 0066 SEA5ES E6
AUDIO

Figure F~1. Equipment Setup for the Quick Demonstration

Set Up and Adjust the Oscilloscope

1. Connect the Signal Generator to the oscilloscope as shown in
figure F-1. Turn on the equipment and make the following

adjustments:
On the Oscilloscope:
VOIES/ DIV .ot e 500 mV
TIme/ DIV oo e e 300 psec

Adjust the Audio Source in Channel 1

2. Press the green INSTR PRESET key. Doing so presets the Signal
Generator to a known state for the following steps.

3. Press the AUDIO FREQ key, and then the ON key. An audio frequency
of 1 kHz should be displayed on the front panel.

4. Press the blue SHIFT key, and then the AUDIO LEVEL key. The Sig-
nal Generator should now show the following in the MODULA-
TION/AMPLITUDE display:

1.000 V 1.000kHz RF OFF

AUDIO
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5. Turn the knob counterclockwise to reduce the audio level to
500 mV. In a following step, the audio source in Channel 2 wili
also be set to 500 mV; this is because the Signal Generator cannot
sum together more than 1 Vpk from both channels.

A 1kHz sine wave 500 mV is then applied to the oscilloscope from
the 600 & AUDIO output connector.
Adjust the Audio Source in Channel 2
6. Press the SPECIAL key, number “134”, and press the ON key,

7. Adjust the audio source level in Channel 2 to be 500 mV (pk).
The Signal Generator should now show the following in the
FREQUENCY/STATUS display:

134:Aud?2 Level 500. mV

8. Press the SPECIAL key, number “133”, and press the ON key.
The Signal Generator should now show the following in the
FREQUENCY/STATUS display:

133:Aud? Freq  OFF

9. Press the ON key, and then adjust the audio source of Channel 2 to
a frequency of 1 kHz. A 1kHz sine wave 1 Vpk should appear on
the oscilloscope display. The 1 Vpk signal is the result of Channel 1
and Channel 2 being summed together.
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Remember

Observe and Modify the Resulis

10. Press the SPECIAL key, number “1357, and press the OH key.
The Signal Generator should now show the following in the
FREQUENCY/STATUS display:

135:Aud2 Wave Sine

11. Turn the knob, For each waveform, a different composite signal
appears on the oscilloscope display:

/ N\ i / \ \ ........ i
ST A WY AN
VAR VAR A ,
/N [ T\ A~ |/ et
BN NV /| Y NS

The signal from the Internal Audio Source can be used to modulate
the RT carrier. The same signal taken from the RUDIO connector may
also be used for external applications (for example, on an external
speaker).

12, Turn the knob to display the sine wave on the oscilloscope.
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Noie

13. Press the SPECIAL key, number “136”, and press the ON key.
14. Turn the knob to adjust the audio source in Channel 2 to be +180°

15.

out of phase with the audio source in Channel 1. Notice the sine
wave shown in the oscilloscope display decreases in amplitude
until 0 V dc is left.

Press the SPECIAL key, number “135”, and press the ON key. Turn
the knob. For each waveform, a different composite signal appears
on the oscilloscope display (the Volts/Division setting on your
oscilloscope may need to be changed to get the same displays
shown below):

The subcarrier waveforms shown above do not refer to a specific
application. They are simply shown to provide you with an example
of the multifunction synthesis that takes place. Refer to "Typical
Applications” for specific application examples.
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An Explanation
of the
Synthesized
Audio Oscillator

If You Need o Know:

Refer to:

s how the Internal Audio
Source generates Complex
audio signals .......... ... ... ...

s how many subcarrier sources
can be active af any time ........ ...

e what is the maximum outpul voltage
from the Internal Audio Source ... ...

e about the main audio

e about the second audio
SOUFCE oottt

e how to modulate the
main audio source ...................

e how to modulate the
RFE carrier ...,

e how to set increment and
decrement values ................. ...

s how to save and recall
storage registers .....................

Block Diagrams -
An introduction
(F-8)

Subcarrier Sources -~
Maximum that
may be Active (F-10)

Subcarrier Sources -
Maximum
Voftage Levels (F-10)

Audio Source:
Channel 1 (F-11)

Audio Source:
Channel 2 (F-12}

Subcarrier
Modulation Sources
in Channel 1 (F-14)

Modulating the
AF Carrier (F-19)

increment/Decrement
the Internal Audio
Source (F-21)

Save and Recall
Settings (F-21)
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Biock Diagrams — The Signal Generator is depicted by the simplified block diagram
An Introduction shown in figure F-2. The Internal Audio Source shown in figure F-2
produces audio frequency signals from 0.1 Hz to 400 kHz. By activating
Special Function 130, the audio frequency waveform may be changed;
five waveforms, sine, square, triangle, sawtooth, and white Gaussian

noise are available.

o C/ARRIER

— o= OUTPUTS
N e

we'
&y

MODULATION

& (@

INTERNAL AUDIO
SOURCE

Figure F-2. Simplified Overall Block Diagram
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When you use Special Functions 133-135, the Internal Audio Source
becomes a two channel multifunction synthesizer as shown in figure
F-3. The audio source in Channel 1 may be modulated; AM, FM, &M,
and Pulse subcarrier modulation are available.

\Nooooo| o o
22O
oo
oo OO0
——
s C/ARRIER OUTPUTSA‘

INTERNAL AUDIO
SOURCE

MODULATION B

[

Subcarrier
Modulation
Sources

Audio  Souce:
Chonnel 1

Audio Souce:
Channel 2,

Figure F-3. The Internal Audio Source Using Special Functions 133-135
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Subcarrier Sources
- Maximum that
may be Active

O

Note

Subcarrier Sources
- Maximum
Voltage Levels

Note

It is not permissible to turn ON all the subcarrier sources at once. The
following rule applies to the maxirnum allowed ON at any time:

Rule: The audio source in Channel 1 may be turned ON

in combination with any three other sources.

Besides the audio source in Channel 1, there are five other sources, as
follows:

s Audio Source: Channel 2
o Subcarrier AM Source
e Subcarrier FM Source
¢ Subcarrier M Source

¢ Subcarrier Pulse Source

The error message “Too mar audio sources” appears if you exceed
the maximum limit described above.

The Internal Audio Source may have a maximum of 1 Vpk summed
(X) together from the audio sources in Channels 1 and 2. The preset
condition of the Signal Generator sets the AUDIO LEVEL of the audio
source in Channel 1 to 1 Vpk into 600 2. You must reduce this level
before turning 8N any one of the other five sources.

The error message “Audic lewel cont lict” appears if you attempt
to exceed the maximum summed limit of 1 Vpk for Channels 1 and 2.

Also, the error message “fudic lewsl BN conf lict” appears if you
attempt to exceed the maximum summed limit of 1 Vpk for Channels 1
and 2 with the subcarrier AM source in Channel 1 furned ON.
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Audio Source: The Quick Demonstration showed that frequency, level, and on/off

Channel 1 state are controlled by keys on the front panel; whereas, waveform
is controlled only after Special Function 130 is activated. As shown in
figure F-4, the audio source in Channel 1 has four parts:

» Audio Frequency
« Audio Level

« Waveform

o On/Off State

AUDIO SOURCE: CHANNEL 1

L

WAVEFORMS

> —>

SPECIAL 130

Figure F-4. Biock Diagram of the Audio Source in Channel 1.

Noie The audio source in Channel 1 is the reference to which the phase of
the other sources is relative to.

The audic source in Channel 1 operates within the limits shown in
table F-1. You'll receive an appropriate error message if the limits are
exceeded. (appendix D provides error message descriptions.)
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Table F~1. Limits for the Audio Source in Channel 1.

Limits Frequency Level
Minimum 0.1 Hz 0 Vpk
Maxirmum 400 kHz" 1 Vpk
Resolution 4 digits 0.001 Vpk

" the AUDIO output has a typical bandwidth of 400 kHz for alf
waveforms. This affects complex wavetorms with frequency
components greater than 400 kHz,

Audio Source: The Quick Demonstration showed that special functions are used to
Channel 2 control the audio source in Channel 2. As shown in figure F-5, the
audio source in Channel 2 has five parts:

o On/Off State
» Frequency
e Level
"¢ Waveform
s Phase

AUDIO SOURCE: CHANNEL 2

ON/OFF

WAVEFORMS

'g" Vpk NosE /l/ é"’“"'
= =>> =

SPECIAL 133 SPECIAL 134 SPECIAL 135 SPECIAL 136

PHASE

FREQUENCY

Figure F-5. Block Diagram of the Audio Source in Channel 2.

Remember The phase of the audio source in Channel 2 is relative to the phase of
the audio source in Channel 1.
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The audio source in Channel 2 operates within the limits shown in
table F-2. You'll receive an appropriate error message if the limits are
exceeded. (Appendix D provides error message descriptions.)

Table F-2. Limits for the Audio Source in Channel 2.

Limits Frequency Level Phase””
Minimum 0.1 Hz 0 Vpk —179.9°
Maximum 400 kHz" 1 Vpk +180°
Resolution 4 digits 0.001 Vpk . 0.1°

The AUDIO output has a typical bandwidth ¢of 400 kHz for all waveforms, This
affects complex waveforms with frequency components greater than 400 kHz,
Phase may aise be expressed in terms of radians by pressing the front pane! rad
key. Any entry bevond the maximum and minimum limits will be scaled. For
example, entering 560° would vield —160°.

*x
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Subcarrier Modulation Four subcarrier sources {(AM, FM, &M, and Pulse) are available to
Sources in Channel 1 modulate the audio source in Channel 1. Each subcarrier modulation
source may be modified to control frequency, phase, level, depth, or
deviation; also, each may be turned ON and OFF.

AM Modulating the Audio Source in Channel 1.

g r\_; Lo "\
;
NOISE /]/ o+
g‘ LS ALY
SPECIAL 137 SPECIAL 138 SPECIAL 138 SPECIAL 140

Figure F-6. Block Diagram of the Subcarrier AM Source

Remember The phase of each subcarrier modulation source is relative to the
phase of the audio source in Channel 1.

The on/off state, depth, frequency, waveform, and phase of the
subcarrier AM source in Channel 1 is controlled by special functions
as shown in figure F-6. The subcarrier AM source operates within the
limits shown in table F-3. You'll receive an appropriate error message
if the limits are exceeded. (Appendix D provides error message
descriptions.)
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A common operator’s mistake occurs when the subcarrier AM source
is turned ON with the AUDIO LEVEL of the audio source in Channel 0
set to 1 Vpk (the preset condition), or to a value greater than the
amount allowed for the desired AM depth. The error message Audio
lewel AN cont lict will then appear. Simply reduce the AUDIO LEVEL
to an appropriate value for the amount of subcarrier AM depth

selected.
Table F-3. Limits for the Subcarrier AM Source.
Lirnits Depth Frequency Phase™”
Minimum 0 % 0.1 Hz —179.8°
Maximum 100 % 400 kHz" +180°
Resolution 0.1 % 4 digits 0.1°

* The AUDIO output has a typical bandwidth of 400 kHz for all waveforms. This
affects complex waveforms with frequency compoenents greater than 400 kiz.
" Phase may also be expressed in terms of ragians by pressing the front pane! rad
key. Any entry beyond the maximum and minimum limits wili be scated. For
example, entering 560° would yield ~160°.
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FM Modulating the Audio Source in Channel 1

] L
Al
2 : f\] ol N\
:
4 1 ose] |1, | @+l
g w
é g LYY
=)
SPECIAL 141 SPECIAL 142 SPECIAL 143 SPECIAL 144

Figure F-7. Block Diagram of the Subcarrier FM Source.

The on/off state, deviation, frequency, waveform, and phase of the
subcarrier FM source in Channel 1 is controlled by Special Functions
as shown in figure F-7. The subcarrier FM source operates within the
limits shown in table F~4. You’ll receive an error message if the limits
are exceeded. {Appendix D provides error message descriptions.)

Table F-4. Limits for the Subcarrier FM Source.

Limits Deviation Frequency Phase™
Minimum 0 Hz 0.1 Hz ~179.9°
Maximum 400 kHz 400 kHz" +180°
Resolution 0.001 Hz 4 digits e.1°

The AUDIO outpul has a typical bandwidth of 400 kHz for all wavelorms. This
affecls complex waveforms with frequency components greater than 400 kHz.
Phase may also be expressed in terms of radians by pressing the front panel rad
key. Any entry beyond the maxdmum and minimum limits will be scated. For
example, entering 560°would yield —160°.

bS]
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oM Modulating the Audio Source in Channel 1

SUBCARRIER &M SOURCE

DEVIATION NI\ ON/OFF N\

SPECIAL 145 SPECIAL 146

WAVEFORMS

— L

N Tz ™\

=i

PHASE
-
~

SPECIAL 147

S =

SPECIAL 148

Figure F-8. Block Diagram of the Subcarrier M Source.
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The on/off state, deviation, frequency, waveform, and phase of the
subcarrier M source in Channel 1 is controlled by Special Functicns
as shown in figure F-8. The subcarrier M source operates within the
limits shown in table F-5. You'll receive an error message if the limits
are exceeded. (Appendix D provides error message descriptions.)

Table F-5. Limits for the Subcarrier @M Source.,

Limits Deviation Frequency Phase™"
Minimum ¢° 0.1 Hz —-179.9°
Maximum +179.9° 400 kHz" +180°
Resolution 0.1° 4 digits 0.1¢

%k

The AUDIO output has a typical bandwidth of 400 kkz for all waveforms. This
affects complex waveforms with frequency components greater than 400 kMz.
Phase may also be expressed in terms of radians by pressing the front panet rad
key. Any entry beyond the maximum and minimum limits wiil be scaled. For
example, entering 550%would yield —160°.
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Pulse Modulating the Audio Source in Channel 1

SUBCARRIER PULSE SOURCE

i

LRl S W)

PHASE.

SPECIAL 148 SPECIAL 150

SPECIAL 151

Figure F-8. Block Diagram of the Subcarrier Pulse Source.

The on/off state, frequency, and phase of the subcarrier Pulse source
in Channel 1 is controlled by Special Functions as shown in figure F-
9. The subcarrier Pulse source operates within the Hmits shown in
table F-~6. You'll receive an error message if the limits are exceeded.
(Appendix D provides error message descriptions.)

Table F-B. Limits for the Subcarrier Pulse Source.

Limits Freguency Phase”
Minimurn 0.1 Hz —179.9°
Maximum 50 kHz +180°
Resolution 4 digits 0.1°

Phase may aisc be expressed in terms of radians by pressing
the front panei rad key. Any entry beyond the maximum and
minimum limits will be scaled. For exampie, entering

560° would yield ~1860°.
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Modulating In standard operation (no special functions active), the Audio Source
the BE Carrier on the Signal Generator provides a sinusoidal waveform with an AUBIQ
LEVEL that may be reduced from a value of 1V (pk) te 0 V (pk). Reducing
the AUDIO LEVEL allows you to turn ON the audio source in Channel 2,

and to set depth for the subcarrier AM source.

As shown in figure F-10, the Signal Generator requires a 1 Vpk signal
from an external audio source, and/or a 1 Vpk signal from the Internal
Audio Source to provide calibrated operation when the RF carrier is
being modulated. Voltage levels less than these reduce the amount of
modulation on the RF carrier.

INTERNAL AUDIO ‘MODU{ARON
SOURCE
1 Vpk
Subcartier Audio Souce: (@ @
Mgg:‘l‘;z:“ Chonnel 1 a mt:
E —
/] 8
1 Vpk
EXTERNAL AUDIO
SOURCE

Figure F~10. Voltage Levels to Produce a Calibrated RF Output.
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Internal Audio Source voltage originates from:
o Channel 1 only, or

« summing Channel 1 with any of the other subcarrier modulation
sources, or

o summing Channels 1 and 2, or
¢ summing Channels 1 and 2 with any of the other subcarrier
modulation sources.

If you use the Internal Audic Source, you can calculate the amount of
modulation on the RF carrier by using the following formulas:

% Depth
FM Deviation
PAf Deviation

(Vpk from Int. Aud. Source s displayed AM depth)
(Vpk from Int. Aud. Source e displayed FAf deviation)
(Vpk from Int. Aud. Source o displayed @M deviation)

W on

For example, if you FM the RF carrier with the Internal Audio Source
at an audio level of 0.5 Vpk (Channel 1 only), you will get half
the specified amount of deviation shown in the MODULATION display.
However, if you also turn on the audio source in Channel 2 and set its
level to 0.5 Vpk (summing Channels 1 and 2 to get 1 Vpk), the Signal
Generator will output the full amount of deviation.

Audio frequency rates up to 400 kHz are allowed, which is also the
typical bandwidth of the audio output circuitry. This bandwidth affects
complex waveforms with frequency components greater than 400 kHz,
causing waveform degradation,

When the Internal Audio Source is used, the maximum bandwidth is
specified as the maximum rate (AM bandwidth is a function of the
carrier frequency). Refer to the specification table in the Calibration
Manual for maximum rates. If higher FM bandwidths are required than
those specified, see Special Function 124 in appendix C.



Increment/Decrement
the Initernal
Audio Source

Save and
Recall Settings
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The INCR SET key allows you to change increment and decrement values
for frequency, level, phase, depth, and deviation of the Internal Audio
Source. Use the following procedure:

1. Select the special function. For example, after an instrument
preset, if Special Function 138 is active, you would then see the
following in the FREQUENCY/STATUS display:

138:Aud AM Freq 100 Hz

2. Press the INCR SET key. With Special Function 138 active, you would
see the following:

Audio Freq Incr 100 Hz

3. Change the increment value. If you want the Audio Frequency
Increment to be 10 Hz instead of 100 Hz, simply press the 1, 0, and
Hz keys. You can then verify that the new increment value is 10 Hz
by pressing the INCR SET key once again.

Increment values can have a global affect. In the previous example,
the new increment value of 10 Hz for Special Function 138 would be
effective whenever frequency is incremented or decremented for any
audio source. Increment values for phase exhibit the same global affect
in the Internal Audio Source.

The Signal Generator has 50 available storage registers. The first 10,
Registers 0-9, accept all front panel settings for Special Functions 133-
151. The remaining 40, Registers 10-49, accepts only RF frequency and
output amplitude settings.

Performing an Instrument Preset, or unplugging the Signal Generator
does not alter the contents of the 50 storage registers.
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Typica | The multifunction synthesis capabilities of the Signal Generator creates
complex signals for:

Applications o

1. VHF omnidirectional range (VOR),

2. ILS two-tone signaling,

3. dual-tone modulation,

4. audio-tone sweep,

5. AM radio testing,

6. amplitude sweep,

7. modem testing,

8. AM noise generation,

and more...
The following collection of waveforms present a sample of the many
different waveforms possible using the Signal Generator. The collec-
tion is intended to give you an indication of the capabilities of the in-
strument and to stimulate ideas for creating other waveforms. In most
cases, the waveforms may be altered to match your specific application
by changing frequency, phase, waveforms, or their amplitudes.
Each waveform in the collection is numerically organized by the list
shown above. Use the foldout in figure F-11, and the list of special
functions in table F-7 to assist you in generating waveforms with your
Signal Generator.
Note Waveforms in the collection are output at the AUDIO connector (600 ),

and viewed on an oscilloscope. If the waveform is designated as
being applied to an RF carrier, the display is output from the RF
OUTPUT comnnector, and viewed on a spectrum analyzer.
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Table F-7 Special Functions 130 to 151

F-23

SPECIAL FUNCTIONS

Number | Name {Abbreviated) L.imits Number | Name (Abbreviated) Eimits
130 Audio Wave 5 Waveforms 141 Aud FM Dev 0 Hz 10 400 kHz
131 Audio Triggered ON/OFF 142 Aud FM Freg 0.1 Hz to 400 kHz
132 Trig Audio Press ON 143 Aud FM Wave 5 Waveforms
133 Aud2 Freg 0.1 Hz 1o 400 kKHz 144 Aud FM @ ¥ -179.9° to +180°
134 Aud2 Levei OViotV 145 Aud &M Dev 0° 1o +178.9°
135 Aud? Wave 5 Waveforms 146 Aud $M Freq 0.1 Hz to 400 kHz
136 | Aud2 @ " -179.9° to +180° 147 | Aud OM Wave 5 Waveforms
137 Aud AM Depth 0 to 100% 148 Aud ¢M @ ¥ 179.9° to +180°
138 Aud AM Freg 0.1 Hz to 400 kHz 149 Aud Pulse ON/OFF
138 Aud AM Wave 5 Waveforms 150 Aud Pulse Freg 0.1 Hz to 50 KHz
140 Aud AM O *-179.9° to +180° 1581 Aud Puise @ *-179.9° o +180°

* Phase may also be expressed in terms of radians by pressing the front panel rad key. Any entry beyond these limits will be

scaled. For examplg, entering 560° would vield ~160°.
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No. 1. Signal Generator Synthesized Audio Oscillator Waveform

il

P
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Waveform Name/Description: VHF omnidirectional range (VOR)
composite signal.

Waveform Application: Avionics receiver test and metrology for VOR
test equipment,

instrument Settings

Source Fregquency Phase Waveform Amplitude Deviation
Audic-Channel 1 9960 Hz 0° Sine 0.5V -
Audig-Channel 2 30 Mz 0° Sine 05V -

Subcarrier FM 30 Hz ooty | Sine - 480 Hz
) Tre phase of the FM Source sets the bearing direction.

Waveform Applied to an RF Carrier: The RF carrier has AM at a 90%
depth.
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No. 2. Signal Generator Synthesized Audio Oscillator Waveform
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Waveform Name/Description: ILS two-tone composite signal.

Waveform Application: ILS receiver testing.

instrument Settings

Source Frequency Phase Wavetorm Amplitude
Audio-Channel 1 90 Hz 0° Sine GoV
Audio-Channel 2 150 Hz 0° Sine 05V

Comments: Difference in depth of moduiation is set by the relative amplitudes of Channels 1 & 2.

Waveform Applied to an RF Carrier: The RF carrier has AM at a 50%
depth.
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No. 3. Signal Generator Synthesized Audio Oscillator Waveform

Waveform Name/Description: Dual-tone modulation.

A )

b |
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UVU

Waveform Application: Sub-audible squelch testing, pocket pagers.

instrument Settings

Source Frequency Phase Waveform Amptitude
Audio-Channel 1 1 kHz Qe Sine 05V
Audio-Channel 2 150 Hz 0° Sine 05V

Waveform Applied to an RF Carrier: The RF carrier has AM at a 50%

depth.
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No. 4. Signal Generator Synthesized Audio Oscillator Waveform
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Waveform Name/Description: Audio-tone sweep.

Waveform Application: Audio response of FM receiver.

Instrument Settings

Source Frequency Phase Wavefarm Amplitude Deviation
Audio-Channel 1 2.5 kHz 0° Sine 1V -
Subcarrier FM 150 Hz(1? 0° Sawtooth - 2.5 kHz
(1 Change the FM Source frequency to vary rate for the audio-fong sweep.
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No. 5. Signal Generator Synithesized Audio Osciilator Waveform
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Waveform Name/Description: AM signal with over 100% negative
peak modulation.

Waveform Application: AM radio testing,.

instrument Settings

Source Frequency Phase Waveform Amplitude Depth
Audio-Channel 1 50 kHz ge Sine 450 mV -
Audio-Channel 2 50 kHz 180° Sine 100 mV -

Subcarrier AM 1 kHz t Sine - 100%
Comments: A 180° phase inversion of the carrier occurs at the trough of the moduiating waveform.




Synthesized Audic Oscillator F-29

No. 8. Signal Generator Synthesized Audio Oscillator Waveform
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Waveform Name/Description: Amplitude sweeps.

Waveform Application: Receiver testing.

instrument Settings

Source Freguency Phase Waveform Amplitude Depth

Audio-Channel 1 1 kHz g° Sine 500 mvV -

Subcarrier AM 50 Hz 0¢ Sawtooth - 100%
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Waveform Name/Description: Two-tone FSK with 50% duty cycle.
Waveform Application: Modem testing.

Instrument Settings

Source Frequency Phase Waveform Amplitude Deviation
Audio-Channel 1 10 kHz 0¢ Sine Y -
Subecarrier FM 2 kHz Qe Square - 5 kHz

Comments: The frequencies of the two tones are the frequency of Audio-Channel 1 plus or minus the ampiitude of the
M Source. The data rate is set by the frequency of the FM Source.
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No. 8. Signal Generator Synthesized Audic Oscillator Waveform
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Waveform Name/Description: Sine wave with AM noise.

Waveform Application: Receiver rejection of AM noise.

instrument Settings

Source Frequency Phase Waveform Amplitude

Audio-Channel 1 1 khz 0° Sine 800 mV

Subcarrier AM 100 Hz Qe Noise 20%







Miscellaneous Operating Features

Everything
Else You
Need to Know

Tabie of Contents

The chapters and appendixes in this Operation Guide have provided
you with operating information for most of your needs. This appendix
describes the operating features that include everything else you need
to know to operate the Signal Generator.

The miscellaneous operating features are alphabetically arranged. A
table of contents for each feature is as follows:

Amplitude Offset. ....ooviiiin i G-2
A0 SEAUENCE L1ttt ie e e G-2
Clear ALl L i i ettt ettt G-2
DS PIaY o G-3
29, D G4
Frequency Offset .....oooii i G-4
Knob Hold .. e e G-5
Knob Increment ... e G-5
Phase Decrement .. ...ttt ie ettt e e cieie e G-6
Phase Increment. .. .ot i e e G-6
ST 1<) ool OO PR G-6

Set SeqUEeNCE . oo e e G-6
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Ampliitude Offset

The CARRIER AMPTD OF8 key allows you to change the output

amplitude displayed on the front panel by a value ranging from +50
dB to —50 dB without changing the actual output amplitude value.

Press the blue SHIFT key, and then the AMPTD OFS key; you will see the
following in the FREQUENCY/STATUS display:

Amptd Offset  OFF

Simply enter the amplitude offset that you want. The default ampli-
tude offset value is 0 dB.

Auto Sequence

The UTILITY AUTG SEQ key allows you to continually sequence through
the first 10 storage registers (0-9) in the order you determine by using
the SET SEQ key; any storage register 0-9 may be recalled more than
once in the Auto Sequence.

Press the blue SHIFT key, and then the AUTO SEQ key to start the Auto
Sequence routine. The Auto Sequence routine performs a frequency
sweep under the following condition:

« If a frequency sweep occurs when the Auto Sequence is active,
the Signal Generator outputs a single sweep and then proceeds
to output the settings recalled from the next sequence. (Frequency
sweep parameters must be saved while the Signal Generator is
sweeping.)

Stop the Auto Sequence by pressing the blue SHIFT key, and then the
EXIT key.

Clear All

The UTILITY CLEAR ALL key allows you to clear all storage registers from
memory. When you press the CLEAR ALL key, you will see the following
in the FREQUENCY/STATUS display:

Clr \Registers (Press ON)

Simply press the ON key to execute the clear all function.
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Display

Display Special

Display Recall

Display Sequence

The UTILITY DISPLAY key allows you to see the settings for three things:
» The currently active special functions.
» The settings for any storage register.

« The storage register numbers used with the sequence function.

Press the DISPLAY key, and you will see the following;:

Press SPECIAL,RECALLor SEQ

Press the SPECIAL key to see the numeral of any special function that
has been activated. For example, if Special Functions 112, and 130
are active, you would see the following in the FREQUENCY/STATUS
display:

112,130

Press the RECALL key to see the following in the FREQUENCY/STATUS
display:

Display Register # =

Simply enter the number of the storage register you want to recall, and
press the ENTER key. Then for approximately 5 seconds, the contents of
the storage register are displayed. The RF output does not change to
the settings in the displayed storage register.

Press the SEQ key to see the storage register sequence that was set up
by using the SET SEQ key. For example, if a sequence was set up using
storage registers 0, 5, 2, and 6, you would see the following in the
FREQUENCY/STATUS display:

Seq=0,5,2,6

Only 10 storage registers are allowed in a sequence. The storage
registers may be any from 0 through 9; storage registers 10 through
49 are not allowed in the sequence.
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Miscellaneous Operating Features

EMF

The CARRIER emf key allows you to display the output amplitude
in emf units. When emf units are active, the output amplitude is
referenced in volts to an open circuit output impedance. Press the
blue SHIFT key, and then the emi key; you will see the following in the
FREQUENCY/STATUS display:

Amptd Units EMF  OFF

Simply press the ON key to activate the emf function. You will notice
that the emf annunciator appears in the AMPLITUDE display. The emf
function has no effect on output amplitude values in dBm, However,
if the displayed output amplitude is 1 V, for example, it would be 2
Vemf.

Frequency
Offset

The CARRIER FREQ OF§ key allows you to change the RF output
displayed on the front panel by a value from +50 GHz to -50 GHz
without changing the actual RF output value. Press the blue SHIFT

key, and then the FREQ OFS key; you will see the following in the | “

FREQUENCY/STATUS display:

Offset OFF

Simply enter the frequency offset that you want. The default value of
frequency offset is 0 Haz.
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Knob Hold The INCR/DECR KNOB HOLD key allows you to hold knob control to one
of the following functions:

« Frequency

« Amplitude

o Audio Frequency

« AM Depth

e FM Deviation

» Start Frequency

o Stop Frequency

¢ Center Frequency
e Span Frequency

¢ Marker Frequency

When the Knob Hold is active, you may change any other function by
entering the parameter value with the Data keys, or the INCR/DECR

E}] and E‘] keys.

To activate the Knob Hold, select a function (so the “v” cursor is
located in that area), press the blue SHIFT key, and then the KNOB HOLD
key.

When you select another function, a duplicate “7” cursor appears to
indicate that the function is active.

Knob Increment The INCR/DECR KKOB INCR key allows you to set knob increment values
for any front-panel function that can be modified by turning the knob,

or pressing the E! or El keys. Use the following directions:
1. Select the function you want.
2. Press the blue SHIFT key, and the KNOB INCR key.
3. Press the INCR SET key, and then enter the new Knob Increment
value.
There are two ways to turn off the Knob Increment, as follows:

e Press the KNOB OFF key.
e ress either tl_*xe INCR/DECR {«=v| or |[v=| keys.
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Phase
Decrement

The INCR/DECR @ DECR key allows you to decrease the phase of the
RF output in one-degree decrements each time the key is pressed.
If the @ DECR key remains pressed, the phase of the RF output
continues to decrease in one-degree decrements, This feature is
equivalent to having Special Function 110 active and turning the knob
counterclockwise.

Phase Increment

The INCR/DECR & INCR key allows you to increase the phase of the RF
output in one-degree increments each time the key is pressed. If the
@ INCR key remains pressed, the phase of the RF output continues to
increase in one-degree increments. This feature is equivalent to having
Special Function 110 active and turning the knob clockwise.

Sequence

The UTILITY SEQ key allows you to sequence through the frst 10
storage registers (0-9), one register at a time, in the order you
determine by using the SET SEQkey; any storage register may be recalled
more than once in the sequence.

Repetitively press the SEQ key (or activate the rear-panel SEQ connector)
to cycle through each storage register in the sequence. The Signal
Generator will output the settings for each storage register that was
saved in the sequence.

Set Sequence

The UTILITY SET SEQ key allows you to recall storage registers 0-9in any
order. You may only set up to 10 registers in the sequence; however,
storage registers 0-9 may be recalled more than once. Storage registers
10 through 49 are not allowed in the sequence. The AUTO SEQ key or the
StQ key are used to recall the set sequences.

Press the blue SHIFT key, and then the SET SEQ key; you will then see
the following in the FREQUENCY/STATUS display:

Seq #0 => Register
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Simply enter the storage register you want in the #0 sequence
position, and then press the ENTER key. The sequence position number
increments up one number at a time to #9 and then automatically exits
the set sequence mode. If you want less than 10 storage registers in
the sequence, exit the sequence mode by pressing the blue SHIFT key,
and then the EXIT key.

You may display the sequence positions set for each storage register.
Refer to the “Display” directions in this appendix.






Questions and Answers

Answers to
Commonly
Asked Questions

Question #1

Answer #1

This appendix is intended to provide answers to some of the most
commonly asked questions about the Signal Generator, While this is
not an exhaustive list of questions, it is a forum for dealing with issues
pertaining o operation of the Signal Generator.

The following list in the left column shows the topic for each subject
discussed. The list in the right column shows you where to find a
corresponding question and answer (Q/A) to the subject.

Phase Modulation .........oiviiiiieiiieie i QA #1
FMbandwidth ..o e QIA #2
Synthesized Audio Oscillator.............. ... Q/A#3
Carrier frequency shift.............ooin Q/A #4
Square wave modulation accuracy ........ooviiiiioii Q/A #5
FM turn off with frequency changes...............co..... QIA #6
FM deviation changes and front panel settings ........... Q/A #7
Carrier frequency JUmMPS.....oviiii et QIA #8
Phase noise reference applications..................... ... Q/A #9
Amplitude turn off with frequency changes ............. Q/A #10
Amplitude turn off with amplitude changes............. Q/A #11
Output attenuator switching .............. ..ol QIA#12
Internal modulation accuracy ... QI/A #13

Can 1 use Phase modulation on the Signal Generator at higher
modulation rates than those indicated in the Specification table? Also,
can [ adjust the Phase modulation’s peak deviation?

No. Phase modulation rates are limited to the values shown in the
Specification table for each frequency band. Yes, Phase modulation’s
peak deviation is adjusted by changing the AUDIO LEVEL from the front
panel for the internal modulation source, or by changing the external
signal level.
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Questions and Answers

Question #2

Answer #2

Question #3

Answer #3

Question #4

Answer #4

The maximum FM bandwidth is specified as 800 kHz, can I exceed this
FM rate?

Yes. With an external modulation input signal you may exceed the
specified value of 800 kHz with the consequence of reducing the
amount of FM deviation. Typical rates may be up to 5 MHz with less
than Y,ymaximum deviation.

Does the internal modulation source in the Signal Generator perform
the same functions as the HP 8904A?

Unlike the HP 8904A which is capable of summing 4 audio channels,
the Signal Generator is capable of summing 2 audio channels. That is,
the Internal Audio Source (as described in appendix F) in the Signal
Generator can generate up to two waveforms simultaneously, and then
combine them with summation and modulation into one signal for
modulating the RF output.

Does the carrier frequency shift when FM is activated in the Digitized
FM Synthesis mode?

In Digitized FM Synthesis (the instrument’s preset condition), FM
at rates less than the synthesis PLL bandwidth is accomplished by
digitizing the input waveform (200KHz sampling rate) and using the
digitized value to change the fractional divide number used in the
phase locked loop. Any dc offset in the FM modulation path will
change the divide ratio, and thus the center frequency of the synthesis
PLL. When ac-coupling is selected for external FM, A coupling
capacitor reduces the dc offsets at the analog to digital convertor,
however some offset will remain. Internal FM always uses dc coupling,.

The frequency offset introduced by digitized FM is specified to be less
than & 0.4% of the peak FM deviation setting. This offset will be a
function of the deviation setting.

Selecting “Linear” as the FM synthesis mode (Special Function 120)
removes this problem by turning off the digitizer. This does however
require that the modulation rates be greater than the synthesis
PLL bandwidth (200 Hz) if external ac-coupling is desired. Selecting
Internal or External dc¢ coupling as the FM source will cause the
PLL to be disabled. Modulation frequency response will extend to
dc, however center frequency accuracy will be much worse than the
digitized FM synthesis case.
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Question #5

Answer #5

Question #6

Answer #6

Question #7

Answer #7

Question #8

Answer #8

Can a square wave modulating waveform be accurately reproduced by
the Signal Generator in FM?

Yes. The Signal Generator must be correctly set up in order to achieve
an accurate reproduction of the square wave. The preset condition of
the Signal Generator digitizes the FM input waveform, which creates
approximately 30 is of group delay for signals less than approximately
30 kHz.

Since, typical square waves contain many harmonics which could be
greater than 30 kHz, the Signal Generator circuitry kept in the preset
condition will produce a preshoot which distorts the waveform.

To avoid problems caused by group delay, Special Function 124 may
be used to turn off the delay equalizer. This is done at the cost of higher
close in phase noise, slower switching times, and higher line related
spurs.

Why does FM turn off briefly when frequency is changed?

The Controller IC for the fractional-N synthesis PLL must be set up
for the new carrier frequency. To do this the digital input port which
feeds the digitized FM signal to the controller must be used. Thus FM
must be temporarily turned off.

Why doesn’t the FM deviation change when the front-panel setting is
changed in small increments?

The modulation section of the Signal Generator uses a 0.2 dB step
attenuator to provide vernier control of the FM deviation. This means
that the smallest change in FM deviation is 0.2dB or 2.33 % of
setting. The front-panel display shows 3 digits of resclution, which
can represent as small as a 0.1 % step. The Signal Generator always
chooses the closest 2.33 % step to the front panel displayed setting.

Why do I see discrete jumps in carrier frequency as the dc modulating
voltage is varied when using external dec-coupled FM?

discreet jumps in carrier frequency during external dc-coupled FM
occur when the Signal Generator is in its preset condition. As such,
the jumps happen as the external dc-coupled signal is being used to
control the divide ratio in the instrument’s synthesis PLL.
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Question #9

Answer #9

Question #10
Answer #10

Why should Mode 2 (LOW NOISE) and linear FM synthesis be used in
phase noise reference applications requiring the Signal Generator to
be phase-locked to the source under test?

Quantization errors occur if the Signal Generator remains in its preset
condition — digitized FM synthesis. When the signal generator is used
as a tuneable reference source in phase noise measurements and is
locked to the UUT, the FM input signal will essentially be at dc¢ with
a small noise voltage riding on it. Under this condition, the noise
signal experiences a gain which varies depending upon the dc level
and the magnitude of the noise. If the dc level falls at the center of a
quantization level, the small signal gain will be small. If the dc level
falls at the threshold between two quantization levels, the small signal
gain will be large, This variation in gain causes inaccuracies in noise
measurements at small offset frequencies from the carrier.

To avoid quantization induced errors, linear FM synthesis must be
used. In 8TD mode, dc-coupled FM using linear FM synthesis turns off
the synthesis PLL in the Signal Generator resulting in carrier frequency
accuracy and resolution which is determined by oscillator pretune
only. The frequency resolution will be approximately 100 ppm or at
1 GHz approximately 100 kHz. This poor frequency resolution can be
improved by utilizing Mode 2 (the Low Noise Option 004). In Mode
2, the synthesis PLL is still removed during dc-coupled linear FM,
however the output frequency is held by a frequency locked loop.
Thus the resolution is much better (approximately 2 ppm). In addition,
the frequency locked loop improves the Signal Generator phase noise.
(Refer to the specifications found in section 1 of the Calibration Manual
for Option 004 in Linear FM.)

Why does the amplitude turn off briefly when frequency is changed?

The output amplitude is turned off for approximately 40 ms each
time frequency is changed. This prevents output amplitude transients
which can occur when the output section looses signal during a
frequency change. The ALC system tries to correct for the loss of signal
by turning up the output section gain, then when the signal re-appears
the output section gain is too high causing an excessive output until
the ALC can compensate.

If signal dropouts, on frequency changes, adversely affects vour
application, and if you can withstand positive output power spikes,
Special Function 105 can be used to disable the amplitude muting.



Question #11

Answer #11

Question #12

Answer #12

Question #13

Answer #13
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Why does the amplitude turn off briefly when amplitude is changed?

When changing amplitude, atterwators may switch in or out to effect
some multiple of 5 dB steps. It is possible that during an attenuator
switching operation, one attenuator may switch out (thru line) before
a larger attenuator switches in. The result is a potentially large output
power spike. For example, say the attenuator is initially set at 35 dB
attenuation (20, 10 and 5 dB sections in), and it is switching to 40 dB
attenuation (40 dB section in). It is possible that the 20, 10 and 5 dB
sections could go to thru line before the thru line of the 40 dB section
is opened. This would result in a 35 dB spike in amplitude.

To avoid this output spike mechanism, the ALC is commanded to
shut down the output power just prior to a level change. If this
momentary loss of signal causes problems with your application,
and if you can stand positive amplitude spikes, Special Function 105
“amplitude muting” may be used to disable the ampiitude muting
during amplitude changes (and frequency changes).

Why do the output attenuators switch at different output-power
settings, at different carrier frequencies?

The Signal Generator always tries to keep the output power from its
output section between +5 and +10 dBm (assuming < +10 dBm is set
on the front panel}. Since cable loss and attenuator loss is a function of
carrier frequency, the attenuators must be switched at different output-
power settings as the insertion loss between the output section and
the front panel changes. Maintaining the output section output power
in the +5 to +10 dBm range provides the best level accuracy and AM
performance.

If your application is adversely affected by an atterzator switch (caused
by only a change in frequency), you can force a particular attenuator
setting with Special Functions 100 and 101.

Why is internal modulation inaccurate after the front-panel audio-
output level is set to anything other than 1 Volt?

Control of the front-panel audio-output level is accomplished by
changing the output level of the internal audio source. To provide
calibrated internal modulation (FM, AM or phase modulation), the
level of the internal audio source must be 1 volt. Refer to appendix
F for more information.






Glossary

Alias.

A keyword or command statement in a program that is an alternate
(synonymous) term for commands of the same type. For example, the
command statement FM:FREQuency:STEP is an alias for the command
statement LFSource:FREQuency:STEP.

Argument.

An argument is an independent variable (command parameter) whose
value or state determines the value or state of a function. For example,
the argument in the command statement FREQ:CW 150MHZ is
“150MHZ".

Auto Select.

When the front-panel AUTO key is active, the Signal Generator will
choose a signal path with the best possible spectral purity for the
present control setting.

Command Header.

The command header is the first part of the command statement which
is used to direct the control of the command. For example, in the
command statement FM:STATE ON, the command header is simply
“FM:STATE".

Command Message.

A command message is a line of information in a program containing
one or more command statements. For example, the command
statements to set FM deviation to 10 kHz, and to turn FM deviation on
would make a command message as follows: FM 10KHZ;FM:STATe
ON.

Command Parameter.

A command parameter is an independent variable (argument) whose
value or state determines the value or state of a function. For exam-
ple, the command parameter in the command statement FREQ:CW
150MHZ is “150MHZ".
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Command Statement,

A command statement is a string of mnemonics used to accomplish
one task, that is, either to set or query a function. For example,
the string of mnemonics used to set the Auto selection of frequency
synthesis would be as follows: FREQ:SYNT:AUTO ON.

Direct Pulse Control.

The pulse modulation term “direct pulse control” refers to the internal
or external source having control over timing and width of the
pulsed RF output. Refer to Pulse Modulation in chapter 2 for more
information.

Glideslope.

The Glideslope signal is part of the Instrument Landing System. It
provides up and down orientation for the ideal angle of descent to the
runway.

Header.

Same as “Command Header”. This is the first part of the command
statement which is used to direct the control of the command. For
example, in the command statement FM:STATE ON, the header is
simply “FM:STATE”.

HP-SL.

HP-SL is the acronym for “Hewlett-Packard System Language”. Refer
to Chapter 4 for a thorough discussion of HP-5L.

iLS.

ILS is the acronym for “Instrument Landing System”. ILS is a group
of navigation signals used for aircraft landings.

internal Audio Source,

The internal audio source refers to the circuitry that generates the
modulation source for the RF carrier. Modulation rates are from 0.1
Hz to 400 kHz, which exceeds the typical audio frequency range of 20
kiz.
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internal Pulse Generator.

The pulse modulation term “internal pulse generator” refers to the
control you have over the delay, width, and triggering edge of the
pulsed RF output by activating Special Functions 212-214. Refer to
Pulse Modulation in chapter 2 for more information.

Localizer.

Localizer is one of the Instrument Landing System signals. It provides
left and right orientation to the center of the runway.

Marker Beacon.

The Marker Beacon signals are part of the Instrument Landing System.
The three markers indicate distance from the end of the runway.

Mode Select.

A row of MODE SELECT keys on the front panel represent the internal
signal paths that are used to minimize phase noise and spurs on the
RF output, as a function of the selected FM deviation. The AUTO key is
used to choose the signal path that provides the best possible spectral
purity for any control setting.

Multifunction Synthesis.

This term refers to the operating capabilities that allow the Signal
Generator to generate complex waveforms for modulating the RFE
carrier.

Overshoot and Ringing.

The pulse modulation term “overshoot and ringing” (abbreviated V)
refers to the initial transient response of the pulse output when the
pulse momentarily exceeds its steady state output {overshoot), and
the hysteresis that takes place as the pulse reaches its steady-state
amplitude (ringing). Refer to Pulse Modulation in chapter 2 for more
information.

Pulse Repelition Frequency.

The pulse modulation term “pulse repetition frequency” {abbreviated
PRF} refers to the rate in which the RF pulse output occurs. The
external or internal control signal determines the PRF. Refer to Pulse
Modulation in chapter 2 for more information.
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RF Puise Delay.

The pulse modulation term “RF pulse delay” (abbreviated P,} refers
to the time that must elapse before an RF pulse output occurs relative
to the sync output signal. Refer to Pulse Modulation in chapter 2 for
more information.

ARF Pulse Width.

The pulse modulation term “RF pulse width” (abbreviated P,, ) refers
to the distance between the leading and trailing edges of the RF pulse
output. Refer to Pulse Modulation in chapter 2 for more information.

Short Form,

HP-SL commands may be written in a long or short form. The short
form of any comunand will be three or four characters in length. For
example the short form of the command AMPLitude is AMPL. The
HP-IB Control Language Dictionary in Chapter 4 lists all short form
commands in upper case lettering.

Subcarrier Sources.

The subcarrier sources are used to generate a modulated wave whichis |
applied, in turn, as a modulating wave to the RF carrier. As described
in appendix F, there are four subcarrier sources (AM, FM, ¢M, and
Pulse) that may be applied to the audio source in Channel 1.

Syntax.

Syntax refers to the make-up or structure of command statements and
messages in HP-SL for use over the HP-IB bus.

Svnthesized Audio Oscillator.

This internal modulation source uses digital synthesis to generate
waveforms of sine, sawtooth, triangle, squarewave, and white Gauss-
ian noise, all with variable frequency, amplitude, and relative phase.
Refer to appendix F for more information.

Tree Structure.

HP-SL commands are organized in a tree structure. Commands start
at a “root level” and proceed to branch out from the root. Multiple
branching occurs with tree structure organization.
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Trigger Delay.

The pulse modulation term “trigger delay” (abbreviated T,) refers to
the time that must elapse before a sync output occurs relative to the
external or internal control signal. Refer to Pulse Modulation in chapter
2 for more information.

Video Feedthrough.

The pulse modulation term “video feedthrough” (abbreviated V)
refers to the amount of RF power, expressed in dBc, that is present
when an RF pulse output has reached less than 10% of its peak
amplitude on the trailing edge of the pulse. Refer to Pulse Modulation
in chapter 2 for more information,

Video Width.

The pulse modulation term “video width” (abbreviated T, ) refers to
the distance between the rising and falling edges of the video output.
Refer to Pulse Modulation in chapter 2 for more information.

VOR.

VOR is the acronym for VHF Omni-Range. The VOR signal provides
directional information to in-flight aircraft.






Synthesized Signal Generator Performance Tests

Section 3 -
PERFORMANCE TESTS

3~1. INTRODUCTION

The procedures in this section test the instrument’s electrical performance using the specifications

of table 1-1 as performance standards. All tests are performed without accessing the interior of the
instrument.

NOTE

Before beginning the performance tests, the Signal Generator should be
allowed a 30 minute warm-up period after turn-on. Line voltage must be
within £10% of nominal if the results of the performance tests are to be
considered valid.

Unless otherwise stated, the specifications assume the Signal Generator is
operating with its Mode Select set to Aufo which qutomatically optimizes
the internal hardware configuration for best performance.

3-2. EQUIPMENT REQUIRED

Equipment required for the performance tests is listed in table 1-2, Recommended Test Equipment.
Any equipment that satisfies the critical specifications provided in the table may be substituted for
the recommended model(s).

3~3. PERFORMANCE TEST RECORD

Results of the performance tests may be tabulated on the Performance Test Record at the end
of the procedures. The Performance Test Record lists all of the tested specifications and their
acceptable limits. The results, recorded at incoming inspection, can be used for comparison in
periodic maintenance and troubleshooting and after repairs or adjustments.

3~4. CALIBRATION CYCLE

This instrument requires pericdic verification of performance. Depending on the use and environ-
mental conditions, the instrument should be checked using the following performance tests every
three years.

3~5. INTERNAL VOLTMETER VERIFICATION

Internal to the Signal Generator is a precision dc voltmeter. This voltmeter is used to collect cali-
bration correction data when the Recal function is invoked. During normal instrument operation,
Recal is automatically run whenever a significant temperature change is noted by the instrument.
Recal should also be run prior to running the Performance Tests. The accuracy of the voltmeter is
not explicitly specified but must be within +1% of reading +0.25 V for the Recal operation to give
valid results.
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3-6. BASIC FUNCTIONAL CHECKS

The basic functions of the Signal Generator can be verified by performing the instrument operating
examples in the Signal Generator Operation Guide and comparing the cutput signals with the
waveforms shown in the guide. Table 3-1 lists the functions that can be verified using the Operation
Guide,

If you suspect an instrument failure when performing the Basic Funetional Checks, test the Signal
Generator by activating Special Function 170. Special Function 170 verifies most of the Signal
Generator’s circuitry, At the conclusion of the test, a result code equal to “0” indicates that the
instrument is operating normally. Refer t0 the Service Diagnostics Manual whenever a result code
other than “0” appears.

Table 3-1. Basic Functional Checks (1 of 2)

Refer to Operation Guide Functions and Operations Verified
Chapter 2 Special Functions
What About Modulfating? Save and Recall

Digitized FM Synthesis
Linear FM Synthesis
Synthesis Mode Selection
Qutput Amplitude
Modulation

Frequency

Amplitude

Puise

Simultanecus

Chapter 3 Frequency Range
What About Sweeping? Start, Stop, Cenier, and Span
Frequencies

Sweep Markers
Digitally-Stepped Sweep
Fhase-Continuous Sweep

Sweep Spacing

Sweep Triggering
Chapter 4 HP-SL Programming Frequencies
What About Programming? HP-IB Address
Appendix D Messages

Error Messages

3-2
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Table 3-1. Basic Functional Checks (2 of 2)

Performance Tests

Refer 1o Operation Guide

Functions and Operations Verified

Appendix F
Synthesized Audio Oscillator

Special Functions
Audio Leve!
Audio Frequency

Appendix G
Miscellaneous Operating Features

Amplitude Offset
Auto Sequence
Clear All

Display

EMF

Frequency Offset
Knob Hold

Knob increment
Phase Increment/Decrement
Sequence

Set Sequence

3-3
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Preliminary Test

INTERNAL VOLTMETER VERIFICATION

Specification

The accuracy of the internal voltmeter is not explicitly specified but it should be £1% of reading
+0.25 V for the Recal routine to be valid,

Description

A de voltage is applied to the voltmeter input of the Signal Generator. The voltage is measured by
both the Signal Generator’s internal voltmeter and an external voltmeter and the two readings are

compared.
NOTE
This test should be run before beginning the Performance Tests.
Equipment
Digital Voltmmeter . oo i i e e e HP 3478A
Power Uy o e HP 6218C or HP 62368
Procedure

1. Remove any connection to the Signal Generator’s rear-panel VM IN connector.

2. On the Signal Generator, press INSTR PRESET then key in SPECIAL 180 ENTER to set the
internal voltmeter to read the voltage at the Signal Generator’s rear-panel VM IN connector.
The reading should be between —0.25 and +0.25 V de.

Voltmeter Offset: 026 4025V de

3. Conmnect the de power sﬁpply and digital voltmeter to the Signal Generator’s rear-panel VM IN
connector using a BNC tee. (If a dual power supply is used, stack the + and — outputs to obtain
the 40 V if needed.) '

4. Set the power supply to +40 V and set the voltmeter to read +40 V dc. The Signal! Generator
should display approximately +40, but more importantly it should agree with the reading of
the external voltmeter within £0.65 V de (that is, £1% of 40 V £0.25 V).

Voltmeter Accuracy at +40V: 065 e +0.65V de

5. Reverse the power supply leads to produce —40 V at the Signal Generator’s VM IN connector.
The Signal Generator should display approximately —40 and should agree with the reading of
the external voltmeter within £0.65 V de (that is, 1% of 40 V £0.25 V),

Voltmeter Accuracy at =40 V: =065 e +0.65V de

3-4 Preliminary Test
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Performance Test 1

CARRIER AMPLITUDE TEST

Specification

Performance Tests

Characteristic Performance Limits Conditions
Output

Maximum Level 413 dBm not Option 008
+9 dBm Option 008

Minimum Leve! —139.8 dBm

Absolule Accuracy output > ~119.9 dBm
+1.5 dB 0.110 1 MHz
+1 dB 1 to 1000 MHz
+1.5dB 1000 to 3000 MHz
42.0 ¢B 3000 to 6000 MHz

Description

The carrier amplitude specifications are verified with an HP 8902A Measuring Receiver. The
higher amplitudes are measured directly with the measuring receiver’s built-in power meter. Lower
amplitudes are measured using the very sensitive tuned RF level feature of the measuring receiver.
For frequencies beyond the tuning range of the measuring receiver, the signal is down-converted.

Carrier amplitude is set in the instrument both by switching attenuator pads (in 5 dB steps) and
also by electronic vernier level control. Both types of amplitude control are checked.

Equipment
A oo E b o ool Yy =Y o PO HP 8802A
MacroWave COMVET er o ittt e e et e e e HP 11793A
Microwave SIignal Generator .. ..o i et i HP 8672A
Sensor Modude (MECToOWavE) . ..ottt e et HP 11792A Option 001
Sensor Module BRI o i v HP 11722A
Procedure
Initial Setup

1. Connect the equipment as shown in figure 3-1. (Connect the RF input of the sensor module
directly to the Signal Generator’s RF output connector.)

NOTE

Verify that the measuring receiver’s calibration factors match the sensor
module. (The calibration factors must encompass a frequency range of
0.1 to 1300 MHz The measuring receiver will display Error 15 if the
signal frequency goes outside the calibration foctor range.) Also zero the
sensor module and calibrate the power measurement using the measuring
receiver’s built-in power reference.

Performance Test 1 3-b
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2. On the Signal Generator, press INSTR PRESET.

Figure 3-1. Carrier Amplitude (Direct) Test Setup

3. Preset the measuring receiver, then select the RF power measurement with units of dBm.

Low-Frequency, Maximum Level

4, Set the Signal Generator’s carrier frequency and amplitude as indicated in the following table.
Also key the frequency into the measuring receiver to invoke the appropriate calibration factor.
The carrier amplitude should be within the limits given in the table.

Signal Generator Carrier Amplitude Limits {dBm)
Frequency (MHz) Amplitude {dBm) Minimum Actual
Not Option 008
0.1 +14.5 +13
1 +14 +13
10 +14 +13
100 +14 413
1000 +14 +13
Option 008
G.1 +10.5 +
1 +10 +9
10 +10 45
100 +10 +9
1000 +10 +8

Low-Frequency, High-Amplitude Accuracy

5. Set the Signal Generator’s carrier frequency and amplitude as indicated in the following table,
Alsc key the freguency into the measuring receiver to invoke the appropriate calibration factor.
The output power should be within the limits given in the table.

3-6
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Performance Tests

Signal Generator Carrier

Amplitude Limits (dBm)

Freguency (MHz) Amplitude (dBm) Mintmum Actual Maximum
1000 +6 +5 +7
1000 +7 +6 +8
1000 +8 +7 +9
1000 +9 +8 +10
10001 +10 +9 411
10001 +11 +10 +12
1000¢3) +12 +11 113
1000¢%) +13 +12 +14
1001 +13 +12 +14
1008 +12 +11 +13
100" +11 +10 +12
1008 +10 +8 +11
100 +9 +8 +10
100 +8 -7 -+8
100 +7 +6 +8
100 +6 +5 +7
10 +6 +5 +7
10 +7 +6 +8
10 +8 +7 +9
10 +9 +8 +10
101 +10 +9 +11
100 +11 +10 +12
10D +12 +11 +13
10{t +13 +12 +14

11 +13 +12 +14
1(1) +12 +11 +13
1) +11 +10 +12
1 +10 +8 +11
1 +9 +8 +10
1 +8 +7 +9
1 +7 w6 +8
1 +8 +5 +7
0.1 +6 +4.5 +7.5
0.1 +7 +5.5 +8.5
0.1 +8 +6.5 +9.5
0.1 +9 +7.5 +10.5
0.1(0 +10 +8.5 +11.5
0.1 +11 +9.5 +125
0.1 +12 +10.5 +13.5
0.1(1) +13 +11.5 1145

(1)

Except Option 008

Performance Test 1
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Low-Frequency, Low-Amplitude Accuracy
6. On the Signal Generator, perform the following steps.
a. Key in FREQ 1000 MHz and AMPTD 8 dBm.

b. Key in SPECIAL 101 ENTER. The FREQUENCY/STATUS display should show an atten-
uation of +0.0 dB.

c. Key in INCR SET 5 dB to set the attenuation increment to 5 dB.

7. On the measuring receiver, press the automatic operation key then select the funed RF
level measurement mode with units of dBm. (For the moment, ignore the uncalibrated and
recalibrate annunciators if showing.)

8. On the Signal Generator, increment the attenuation (using the ©t key) in 5 dB steps and note
the level displayed on the measuring receiver. The carrier amplitude should be within the
limits given in the following table.

NOTE

When the recalibration annunciator appears on the measuring receiver’s
display, press the measuring receiver’s CALIBRATE kev, wail for comple-
tion of the calibration, then proceed.

3-8

Signal Generator Display Amplitude Limits {dB REL)
Attenuation {dB) Amplitude (dBm) Minimum Actual Maximum

+5 +1 0 +2

+10 -4 -5 -3

+15 -8 10 —8

+20 —14 -15 —13
+25 -19 20 -18
+30 —24 —25 -23
+35 —29 -30 —28
+40 -34 ~35 -33
+45 -39 —40 -38
+50 —44 45 ~43
+55 —49 50 —48
+60 ~54 =55 -53
+65 - 5G -60 ~58
+70 —B4 —B5 -~ B3
+75 - BY -70 —68
+80 —-74 -75 ~73
+85 -79 ~80 —78
+80 -84 —85 —83
+85 —89 -90 B8
+100 —~54 —95 -93
+105 -89 —-100 -98
+110 —-104 —-105 -103
+115 ~109 -110 -108
+120 —-114 ~115 -113
+125 ~119 ~120 -~118

Performance Test 1
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Figure 3-2. Carrier Amplitude (Down-Converted) Test Setup

High-Freqguency, Maximum Level

9. Connect the equipment to the microwave converter as shown in figure 3-2. (Connect the
microwave input of the sensor module directly to the Signal Generator’s RF output connector.)

NOTE

Verify that the measuring receiver’s calibration factors maich the sensor
module. To select the calibration factors for the microwave sensor module,
invoke Special Function 27.1. {The calibration factors must encornpass a
frequency range of 1000 to 6000 MHz} Also zero the sensor module and
calibrate the power measurement.

10. On the Signal Generator, press INSTR PRESET.

11. Preset the measuring receiver, then select the RF power measurement with units of dBm. Key
in 27.1 SPCL to select the calibration factors for the microwave sensor module.

12, Set the Signal Generator's carrier frequency and amplitude as indicated in the following table.
Also key the frequency into the measuring receiver. The carrier amplitude should be within
the limits given in the table.

Performance Test 1 3-9
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Signal Generator Carrier Ampiitude Limits (dBm)
Frequency (MHz) Amplitude (dBm) Minimum Actual
Not Option 008
2990 +14.5 +13
42001 +15.0 +13
6000 (% +15.0 +13
Option 008
2930 +10.5 +8
4200 +11.0 +8
6000®) +11.0 +9

(1) Hpgss5A and HPESESB only.
(2) 1Passss only.

High-Frequency, High-Amplitude Accuracy

13. Set the Signal Generator’s carrier frequency and amplitude as indicated in the following table.
Also key the frequency into the measuring receiver. The output power should be within the
Hmits given in the table.

Signa! Generator Carrier Amplitude Limits (dBm)
Frequency (MHz) Amplitude {dBm) Minimum Actual Maximum

6000 (1), (3} +13 +11.0 - +15.0
6000(1) (3 +11 +8.0 — +13.0
60003 +9 +7.0 —— +11.0
60003 +6 +4.0 ——— +8.0
420019 +6 +4.0 -_ +8.0
420043 +9 +7.0 S +11.0
42001 () +11 +9.0 - +13.0
42009 (2 +13 +11.0 - +15.0
29901 +13 +11.5 — +14.5
29601 +11 +9.5 - +12.5
2990 +9 175 —_ +10.5
2990 +6 +4.5 — 175

(1) except Option 008.

(%) Hp8essA and HPEBESE only.

(3) Hpasess only.

3-10 Performanece Test 1
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High~Frequency, Low-Amplitude Accuracy (2990 MHz)

14, On the Signal Generator under test, key in SPECIAL 101 ENTER then key in 0 dB. Also key
in INCR SET 5 dB.

15. Onthe microwave signal generator, set the frequency to 3190 MHz and amplitude to +13 dBm.
(Ignore amplitude overranging messages.)

16. On the measuring receiver, perform the following steps.
a. Preset the instrument,

b. Key in 27.3 SPCL (to set the measuring receiver and microwave converter to the frequency
offset mode).

¢. Key in 3180 MHz (to input the LO frequency information into the measuring receiver).
d. Select the tuned RF level measurement mode with units of dBm.

17. On the Signal Generator under test, key in SPECIAL ENTER then increment the attenuation
in 5 dB sieps and note the level displayed on the measuring receiver. The carrier amplitude
should be within the limits given in the following table.

NOTE

If the recalibration ennunciator appears, press the measuring receiver’s
CALIBRATE key, wait for completion of the calibration, then proceed,

Signal Generator Display Amplitude Limits (dB REL)
Attenuation {dB) Amplitude {dBm) Minimum Actual Maximum

+5 +1 ~0.5 +2.5

+10 -4 —-55 -25

+15 -9 -10.5 7.5

+20 —14 ~15.5 -12.5
+25 -19 ~20.5 —17.5
+30 —24 -255 ~22.5
+35 -29 ~30.5 -275
+40 -34 -355 -32.5
+45 -39 —40.5 ~37.5
+50 ~44 ~45.5 —425
+55 —4§ -50.5 -~47.5
+60 ~54 —55.5 ~52.5
+65 -59 ~60.5 -57.5
+70 -84 ~B8.5 ~62.5
+75 —-69 ~70.5 -87.5
+80 74 -75.5 -72.5
+85 -79 ~80.5 ~77.5
+90 ~B4 —-B55 —82.5
+85 —88 -90.5 ~87.5
+100 -94 ~85.5 -92.5
+105 -99 ~100.5 -97.5
+110 ~104 -105.5 -102.5

Performance Test 1
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High-Frequency, Low-Amplitude Accuracy (4200 MHz; HP8665A only}
18. On the Signal Generator under test, key in FREQ 4200 MHz and SPECIAL ENTER 0 dB.
19. On the microwave signal generator, set the frequency to 4400 Milz.
29. On the measuring receiver, perform the following steps.
a. Select the frequency measurement mode.
b. Key in 27.3 SPCL.
c. Key in 4400 MHz, (The measuring receivers display should read 4200 MHz.)
d. Select the tuned RF level measurement mode.

21. On the Signal Generator under test, increment the attenuation in b dB steps and note the level
displayed on the measuring receiver. The carrier amplitude should be within the limits given

in the following table.
Signal Generator Display Amplitude Limits (dB REL)
Attenuation {dB) Amplitude (dBm) Minimum Actual Maximum

+5 +1 -1.0 +3.0
+10 —4 -8.0 -2.0
+15 -9 —-11.0 -7.0
+20 —14 ~16.0 —12.0
+25 -18 —-21.0 -17.0
+30 —24 -26.0 ~22.0
+35 —~28 -31.0 -27.0
+40 -34 ~36.0 -32.0
+45 -39 —41.0 -37.0
+50 —44 —-46.0 —42.0
+55 ~49 -51.0 ~47.0
+60 -84 ~56.0 -52.0
+65 —59 -61.0 -57.0
+70 —64 —-56.0 ~82.0
+75 —69 ~71.0 -67.0
+80 ~-74 -78.0 ~72.0
+85 ~78 -81.0 ~77.0
+80 ~84 ~86.0 -82.¢
+85 -85 -91.0 ~87.0
+100 -84 -96.0 -92.0
+105 -99 -101.0 ~87.0
+110 ~104 —1086.0 ~102.0

High-Frequency, Low-Amplitude Accuracy (6000 MHz; HP8665B only)
22. On the Signal Generator under test, key in FREQ 8000 MHz and SPECIAL ENTER 0 dB.
23. On the microwave signal generator, set the frequency to 5800 MHz.
24. On the measuring receiver, perform the following steps,
a. Select the frequency measurement mode.
b. Key in 27.3 SPCL.
¢. Key in 5800 Mtz (The measuring receivers display should read 6000 MHz)

d. Select the tuned RF level measurement mode.

3-12 Performance Test 1
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25. On the Signal Generator under test, increment the attenuation in 5 dB steps and note the level
displayed on the measuring receiver. The carrier amplitude should be within the limits given

in the following table.
Signal Generator Display Amplitude Limits (dB REL)
Attenuation (dB) Amplitude (dBm) Minimum Actual Maximum

+5 +1 ~1.0 +3.0
+10 —4 -6.0 -2.0
+15 —8 -11.0 7.0
+20 ~14 —16.0 -12.0
+25 -19 -21.0 ~17.0
+30 —24 -26.0 -22.0
+35 -29 -31.0 -27.0
+40 ~34 -36.0 ~32.0
+45 -39 -41.0 -37.0
+50 —44 —-45.0 -~42.0
+55 -49 -51.0 —-47.0
-+60 ~54 -56.0 -52.0
+65 —59 -61.0 ~57.0
+70 —64 —686.0 -62.0
+75 —69 -71.0 ~67.0
+80 T4 -76.0 ~72.0
+85 -79 -81.0 -77.0
+90 -84 —86.0 ~82.0
+95 -89 -91.0 —87.0
+100 -84 -96.0 ~82.0
+105 -39 -101.0 -97.0
+110 ~104 ~108.0 ~102.0

Performance Test 1
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Performance Test 2

AM TEST

3-14

Specification

Characteristic Performance Limits Conditions

Spectral Purity

Residual AM <0.02% rms 0.3 t0 3 kHz posi-detection bandwidth

Ampiitude Moduiation

AM Depth 010 99.8% output < +7 dBm; not Gption 008
010 99.8% owtput < +3 dBm; Option 008
Indicator Accuracy 4(6% of setting + 1%) 10 90% depth; 1 kHz rate

10 70% depth; 1 kHz rate;
> 3000 MHz (HP8665B only)

Distortion 400 and 1000 Hz rates
<2% 0 to 30% depth
<4% 30 to 70% depth
<6% 70 1o 90% depth
3 dB Bandwidth >5 kHz 1 to 10 MHz carrier
>10 kHz >10 MHz carrier
incidental Phase at 30% depth; 1 kHz rate
Modulation
<0.3 rad peak 0.1 to 2000 MHz carrier
<0.6 rad peak >2 GHz carrier

Description

For carrier frequencies below 1300 MHz, the AM specifications are verified directly with an
HP 8302A Measuring Receiver. For higher carrier frequencies, the signal is down-converted to
within the range of the measuring receiver.

Equipment
Measuring Receiver . . HP 8902A
Merowave Comv e T e HP11783A
Microwave Generator . HP 8672A
Performance Test 2
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Figure 3-3. AM Test Setup

Procedure

initial Setup

NOTE

Verify that the measuring receiver’'s AM is calibrated using its built-in AM
calibrator.

i. Connect the equipment as shown in figure 8-3.

2. Onthe microwave generator, set the frequency to 4400 MHz and amplitude to +13 dBm. (Ignore
amplitude overranging messages.)

3. Preset the measuring receiver, then set it as follows.
a. Select the AM measurement.
b. Set the high-pass filter to 300 Hz.
¢. Set the low-pass ilter to 3 kHz.
d. Set the detector to RMS.
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Residual AM
4. On the Signal Generator, press INSTR PRESET, then set it as follows.
a. Key in FREQ 1 GHz.
b. Key in AMPTD 8 dBm,
¢, Key in SPECIAL 100 ENTER OFF to set autematie attenuation to off,

d. Set the amplitude as indicated in the following table. The residual AM ghould be within
the limits given in the table. (Note that the Signal Generator’s AM function is off.)

Signal Generator Residual AM Limits (%)
Carrier
Amplitude (dBm) Actual Maximum
130 —— 0.02
9 JT— 0.02
0 e .02
(1) £xcept Option 008

Indicator Accuracy
5. Set the measuring receiver as follows,

a. Set the detector to peak+ /2 (that is, to average peak+ and peak-). (To do this press the
PEAK + and PEAK — keys simultaneously.)

b. Set the high-pass filter off.

¢. Set the low-pass filter off.
€. On the Signal Generator:

a. Press INSTR PRESET.

b, Key in AMPTD 0 dBm.

c. Key in AM ON. (Note that the modulation source is set to internal with a modulationrate
of 1 kHz.)

d. Set the AM depth and Carrier Freguency as indicated in the following table.
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7. For carrier frequencies in the table greater than 1000 Mtz

a. Set the microwave generator o a frequency 200 MHz from the carrier frequency.

b. Then on the measuring receiver enable frequency offset mode by keying in 27.3 SPCL
followed by the microwave generator frequency (which would be 4400 MHz or 5800 MHz

in this case).

c. The AM depth, as read on the measuring receiver, should be within the limit shown in

the table.
Carrier Signal Generator AM Depth Limits (%)
Frequency AM Depth

(MHz) (%) Minimum Actual Maximum
1000 10 8.4 11.6
1000 50 46.0 54.0
1000 80 83.6 96.4
42000 10 8.4 11.6
420000 50 46.0 54.0
42001 a0 83.6 96.4
60002 10 8.4 11.6
60002 50 48.0 54.0
60000 70 64.8 75.2

(1) HP 8665A only.

{2} 1P BBESE only.

Performance Test 2
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Distortion

8. Set the measuring receiver to measure the audio distortion on the demodulated 1 kHz AM and
key in 28.0 SPCL to exit frequency offset mode.

9. Set the Signal Generator’s AM depth and Carrier Frequency asindicated in the following table.

a. For carrier frequencies in the table greater than 1000 MHz set the microwave generator to a
frequency 200 MHz from the carrier frequency.

b. Then on the measuring receiver enable frequency offset mode by keying in 27.3 SPCL
followed by the microwave generator frequency (which would be 4400 MHz or 5800 MHz
in this case).

e. The AM distortion, as read on the measuring receiver, should be within the limit shown

in the table.
Carrier Signal Generator AM Distortion Limits (%)
Frequency AM Depth

{MHz) (%) Actual Maximum
1000 30 — 2
1000 70 I 4
1000 20 N 8
42000 30 st 2
420004 70 - 4
420000 80 — 6
8000 30 - 2
6000 70 S 4

(1} HP 8665A only.

(2} HP 86658 cniy.
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3 dB Bandwidth
10. Set the measuring receiver to measure AM depth.

a. For carrier frequencies in the table greater than 1000 MHz set the microwave generator to a
frequency 200 MHz from the carrier frequency.

b. Then on the measuring receiver enable frequency offset mode by keying in 27.3 SPCIL,
followed by the microwave generator frequency (which would be 4400 MHz or 5800 MHz
in this case).

¢. The AM depth, as read on the measuring receiver, should be within the limit shown in
the table.

11. Set the Signal Generator’s carrier frequency as indicated in the following table. For each
setting perform the following steps.

a. After setting the Signal Generator’s carrier frequency, allow the measuring receiver to
retune.

b. Key in AUDIO FREQ 1 kMz.

c. Set the measuring receiver ratio display off (if it is on). Then set the ratio back on to
establish a new ratio reference. (Also, set the ratio to read in dB, that is, log.)

d. Set the Signal Generator’s audio (modulation) frequency as shown in the table.
e. Note the dB change in AM depth on the measuring receiver. The depth should be between

~3 and 43 dB (relative).
Signal Generator Settings Relative AM Depth Limits (dB)
Carrier Frequency {MHz) | Audio Frequency (kHz) | Minimum Actuat Maximum
1 5 -3 e +3
10 10 -3 S +3
100 10 -3 S +3
1000 10 —~3 T +3
400011 10 -3 —_— +3
1) HP 8665A o HP 86658 only.

Incidental Phase Modulation (1000 MHz)
12. On the Signal Generator, key in AM 30 % and AUDIO FREQ 1 kHz.

13. On the measuring receiver, disable frequency offset mode then set the measuring receiver
to read phase modulation (¢M) and set its detector to peak+ then to peak—. {If the phase
modulation reading is fluctuating, average several readings.) The worst-case of the peak+ and
peak— phase deviation readings should be 0.3 rad or less.

Incidental @M Limit at 3060 MHz: 0.3 rad peak

Note: If your instrument is a HP 8665A do steps 14 and 15 only. If your instrument is a HP 86658
do steps 16 and 17 only.
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3-20

Incidental Phase Modulation (HP B665A only)
14. On the measuring receiver:

a. Key in 27.3 SPCL (to set the measuring receiver and microwave converter to the frequency
offeet mode) then key in 4200 MHz ({¢ input the LO frequency information into the
measuring receiver).

b. Set the microwave generator to 4200 MHz.

15. On the Signal Generator, key in FREQ 4000 MHz. The worst-case of the peak+ and peak—
phase deviation readings should be 0.6 rad or less.

Incidental @M Limit at 4200 MHz: 0.6 rad peak
incidental Phase Modulation (HP 8665B oniy)
18. On the measuring receiver:

a. Key in 27.3 SPCL (to set the measuring receiver and microwave converter to the frequency
offset mode) then key in 5800 MMz (to input the LO frequency information into the
measuring receiver).

b. Set the microwave generator to 5800 MHz.

17. On the Signal Generator, key in FREG 8000 MHz. The worst-case of the peak+ and peak—
phase deviation readings should be 0.6 rad or less,

Incidental ®M Limit at 6000 MHz: _______ 0.6 rad peak
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Performance Test 3

FM TEST (LOW DEVIATIONS AND RATES}

Specification

Characteristic

Performance Limits

Conditions

Spectral Purity

Residuai FM

<15 Mz rms
<7.5 Hz rms
<15 Hz rms
<860 Hz rms

<2.5 Hz rms
<1.25 Hz rms
<25 Hzrms
<10 Hz rms

<20 Hz rms
<10 Hz rms
<20 Hz rms
<B0 Hz rms

<8 Hz rms
<4 Hz rms
<8 Hz rms
<32 Hz rms

48 to 63 Hz power line frequency
0.3 to 3 kHz post-detection bandwidth

0.1 to 187.5 MHz carrier
187.5 to 750 MHz carrier
750 to 1500 MHz carrier
1500 to 6000 MHz carrier

0.3 to 3 kHz post-detection bandwidth;
low noise mode (Option 004)

0.1 10 187.5 MHz carrier
187.5 to 750 MHz carrier
750 to 1500 MHz carrier
1500 to 6000 MHz carrier

0.05 to 15 kHz post-detection bandwidth

0.1 to 187.5 MHz carrier
187.5 10 750 MHz carrier
750 1o 1500 MHz carrier
1500 to 6000 MHz carrier

0.05 to 15 kHz post-detection bandwidth;
low-noise mode (Option 004)

0.1 t0 187.5 MHz carrier
187.5 to 750 MHz carrier
750 to 1500 MHz carrier
1500 to 6000 MMz carrier

{Table continued on next page)
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(Table continued from previous page)

Characteristic

Performance Limits

Conditions

Frequency Modulation

Maximum Peak
Deviation

Maximum Rate
(3 dB Bandwidth)

Indicator Accuracy

Distortion
Incidental AM

Carrier Frequency
Accuracy in FM

20 MHz
10 MHz
5 MMz
2.5 MHz
1.25 MHz
5 MHz

400 kHz
200 kHz
100 kHz
50 kHz
25 kHz
100 kHz

800 kHz

9% of FM deviation sefting
+11% of FM deviation setting

<1%%
<0.4% depth

#0.6% of deviation setting

3000 to 6000 MHz carrier
1500 to 3000 MHz carrier
750 to 1500 MHz carrier
375 to 750 MHz carrier
187.5 10 375 MHz carrier
10 to 187.5 MHz carrier

low-noise mode (Option 004)
3000 to 6000 MHz carrier
1500 to 3000 MHz carrier
750 to 1500 MKz carrier
375 to 750 MHz carrier

187.5 t0 375 MHz carrier
10 to 187.5 MHz carrier

dc to 20 kiiz rates

low-noise mode (Option 004)
20 Hz to 20 kHz rates

deviation <20 kHz

Description

The FM specifications which can be verified directly with an HP 8902A Measuring Receiver are
checked in these tests. The restrictions are that (1) the peak deviation must be less than 400 kHz, (2)
the modulation rate must be less than 200 kHz for carrier frequencies, and (3) the local oscillator’s
residual FM must be no more than the HP 8664 or HP 8665. This latter restriction can be overcome
by choosing an external local oscillator with better or equal performance (such as an HP 8662A or
a second HP 8664 A/8665A/8665B).

Except for the heterodyne band (10 to 187.5 MHz), the FM indicator accuracy is checked at the high
end, geometric midpoint, and low end of each carrier range. In instrument operation, a low-pass filter
gwitches in or out at the midpoint. Indicator accuracy is checked at the highest frequency where the
lower-frequency filter is in.

This test is followed by Performance Test 4, FM Test (High Deviations and Rates), which uses an HP
3048A Phase Noise Measurement System, This system can measure some FM specifications outside
the range of the HP 8902A. Performance Tests 3 and 4 have some overlap,
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Equipment
stortiom AnIAly 2O . e e e e e as HP 89038 or HP 8903E
Measuring Receiver. .o ittt i it e i e e HP 8902A Option 003
Mcrowave Comvar BT . ittt i e ettt e HP 11793A
Microwave Signal Generator .. ... i i e HP 8672A
Reference Sigmal Generator .........ooiiviininn, HP 8662A, HP 8663A, HP 8664 A, or HP 8665A/B
Procedure
Initial Setup
NOTE
Verify that the measuring receiver’s FM is calibrated using its built-in FM

calibrator.

1. Connect the equipment as shown in figure 3-4 making note of the following details.

a. If the measuring receiver does not have series 030 options (high selectivity), remove the
rear-panel coaxial jumper from the local oscillator’s input and output.

b. Connect the reference signal generator’s output to the measuring receiver’s rear-panel
local oscillator input.

¢. Connect the Signal Generator-under-test’s RF output connector directly to the RF input
of the microwave converter.

SIGNAL DISTORTICN
GENERATOR ANALYZER _ [HIGH INPUT
LO INPUT S
RF OUTPUT (Rear Pnh)
o, grrser| MERSLRINGLageu
{Rear Pni
500 INPUT
I F§EQ QODFFE'SET INPUT
ear ] :
MICROWAVE | MICROWAVE FouTRUT

GENERATOR L0 _INPUT| _ CONVERTER LRE_INPUT

§
RF OUTPUT oM

oo jooo| (oo =] lcoooo| o o
ool |jooo| oo |0 coooo O
oo looo||oe ol caoooa

o

foon oo |38 o oo  oon M oo | o | B o o [ o o [ Ll B RF
OOl @6 opoonn O ( “
— -

Figure 3—4. FM {Low Dewvration and Rates) Test Setup
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2. Onthe microwave signal generator, set the frequency to 4400 MHz and amplitude o +13 dBm.
(Ignore amplitude overranging messages.)

3. Set the reference signal generator’s carrier to 181.501 MHz at 0 dBm. If the generator is an
HP 8665A with Option 004, press MODE 1 in the MODE SELECT key group.

4. Onthe Signal Generator under test, press INSTR PRESET then key in FREQ 180.001 MHz and
AMPTD 0 dBm.

5. Preset the measuring receiver, then set it to read FM with the RMS detector. (If the measuring
receiver has series 030 options (high selectivity), invoke special function 23.1 to switch the local
oscillator to external.)

Residual FM

6. Set the Signal Generator-under-test’s carrier frequency and mode select, the reference signal

generator’s carrier frequency, and the measuring receiver’s high-pass and low-pass filters as
indicated in the following table. For each setting, allow the measuring receiver to retune. The
residual FM should be within the limits given in the table.

Signal Generator Under Test Reference Measuring Receiver Filter Residual FM Limits (Hz rms)
Generator
Carrier (MHz) fMode Carrier (MHz) High-Pass Low-Pass Actual Maximum

180.001 1 181.501 300 Hz 3 kHz - 15
180.001 1 181.501 50 Hz 15 kHz e 20
740.005 1 741.505 50 Hz 15 kHz —_— 10
740.005 1 741.505 300 Hz 3 kHz - 75
1200.001 1 1201.501 300 Hz 3 kHz e 15
1200.001 1 1201.501 50 Hz 15 kHz - 20
1200.004 2(1) 1201.504 50 Hz 15 kHz - 8
1200.004 2(%) 1201504 300 Hz 3 kHz R 2.5
740.002 2 741.502 300 Hz 3 kHz e 1.25
740.002 2D 741.502 50 Hz 15 kMz - 4
180.004 2(1) 181.504 50 Hz 15 kHz - 8
180.004 2(1) 181,504 300 Hz 3 kHz I 2.5

(1) Option 004

. On the measuring receiver, key in 27.3 SPCL (to set the measuring receiver and the microwave

converter to the frequency offset mode) then key in 3200, 4400, or 6000 MMz {(to input the
LO frequency information into the measuring receiver) depending on the maximum carrier
frequency of the Signal Generator-under-test.

8. Set the reference signal generator's carrier frequency to 201.5 MHz.

9. Set the Signal Generator-under-test to its maximum carrier frequency 3200, 4400, or 6000 MHz

10.

depending on the model of the Signal Generator-under-test.

Set the Signal Generator-under-test’s mode select and the measuring receiver’s high-pass and
low-pass filters as indicated in the following table. For each setting, the residual FM should be
within the Himits given in the table,
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Signat Generator Measuring Receiver Filter Residual FM Limits (Hz rms)
Under Test
Mode High-Pass Low-Pass Actual Maximum
1 300 Hz 3 kHz - 60
1 50 Hz 15 kHz —— 80
24 50 Hz 15 kHz - 32
20 300 Hz 3 kHz SO 10
(1) Option 004

Indicator Accuracy and Distortion

11.

12.

13.

14.

15.

If the measuring receiver does not have series 030 options, disconnect the reference generator
from the rear pane! and re-connect the cpaxial jumper. If the measuring receiver has series 030
options, invoke special function 23.0 to switch the local oscillator back to internal,

On the Signal Generator under test, press INSTR PRESET, then set it as follows.
a. Key in FREQ 10 MHz,
b. Key in AMPTD Q0 dBm,
¢. Key in AUDIO FREQ 20 kHz.
d. Key in FM ON.
Preset the measuring receiver, then set it as follows.
a. Set the measurement mode to FM.

b. Set the detector 1o peak+/2 (that is, to average peak+ and peak-—.) To do this press the
PEAK 4+ and PEAK — keys simultaneocusly,

Set the disfortion analyzer to measure the distortion on the demodulated FM which will have
an audio rate of 20 kHz. (Select 80 kHz low-pass filtering if available.)

On the Signal Generator under test, set the instrument as indicated in the following table, For
each setting, perform the following steps.

a. Set the carrier frequency, peak FM deviation, and Mode Select as indicated in the table.

b. Read the FM peak deviation on the measuring receiver and the demodulated FM
distortion on the distortion analyzer. The FM deviation and distortion should be within
the limits shown in the table.

o
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Signal Generator Seftings FM Deviation Limits (kHz peak) FM Distortion Limits (%)
Can(-:'r{:)req. D?fk(;::) Mode Minimum Actual Maximum Actual Maximum
10 350 1 318.5 R 3815 1
180 350 1 3185 - 3815 1
190 350 1 3185 - 3815 1
260 350 1 3185 R 381.5 1
370 350 1 3185 - 3815 1
380 350 1 318.5 - 381.5 1
525 350 1 3185 —_— 381.5 1
745 350 1 318.5 — 381.5 1
755 350 1 318.5 - 3815 1
1060 350 1 318.5 - 3815 1
1290 350 1 318.5 — 381.5 1
1290 100 2{1) 89 - 111 1
1060 100 21 89 _— 111 1
755 100 21} 89 —_— 111 1
745 50 2(1) 44.5 e 55.5 1
525 50 2{1) 445 —_— 55.5 1
380 25 2(1) 22.25 — 27.75 1
370 25 2 2225 - 27.75 1
260 25 2(1) 22.25 - 27.75 1
190 25 2 22.25 S 27.75 1
180 100 2() 89 - 111 1
10 100 2 89 - 111 1

(1) option 004

16. Record the FM Deviation for the 380 MHz carrier and Mode 1 for use in Performance Test 4.

FM Deviation for 380 MHz carrierinMode 1: ___ kPFz

17. On the measuring receiver, key in 27.3 SPCL then key in 2000 MHz.

18. Set the equipment as indicated in the following table. For each setting, perform the following
steps,

a.
b.

3-26 Performa

Set the microwave signal generator (LO) frequency as shown.

On the measuring receiver key in 27.3 SPCL then key in the LO frequency shown in the
table.

. Set the Signal-Generator-under-test’s carrier frequency and Mode Select as indicated in

the table.

. Read the FM peak deviation on the measuring receiver. The FM deviation should be

within the limits shown in the table.
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Signal Generator Settings

Fid Deviation Limits (kHz peak)

Fi Dist. Limits (%)

LO
. Frequency
Car;;;;:)req‘ ;:a";kl:i) Mode (MHz) Minimum | Actuai Maximum Actual Maximum

1800 350 1 2000 318.5 - 381.5 —_— 1
2110 350 1 2310 318.5 — 381.5 - 1
2990 350 1 3190 318.5 I 381.5 e 1
30104 350 1 3210 318.5 - 381.5 - 1
42002 350 1 4400 318.5 R 3815 I |
6000 (%) 350 1 5800 318.5 - 381.5 —_— 1
60003 350 2(1) 5800 3115 R 388.5 R 1
4200(2) 350 2(1) 4400 3115 - 388.5 —_— 1
3010(%) 350 2 3210 3115 - 388.5 - 1
2090 200 2(1) 3180 178 - 222 - 1
2110 200 2(1) 2310 178 - 222 - 1
1800 200 2(L) 2000 178 - 222 - 1

(1} option 004

(2} HpgeeSA ONlY
(8) HPeBBSB only
(4} 4passsA/a only

Incidental AM
19. Set the Signal Generator under test as follows.

a. Press MODE 1.

b. Key in FREQ 100 MHz.
c. Key in FM 20 kHz.

20. Preset the measuring receiver then set it to read AM. The AM depth should read 0.3% or less.
Incidental AM Limit in Mode 1:

Performance Test 3
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Carrier Frequency Accuracy in Fid

21, Set the measuring receiver to measure carrier frequency. Set the counter resolution to 10 Hz
{special function 7.1},

22. On the Signal Generator under test, press INT (to turn off the internal modulation oscillator)
and set MODE SELECT to MODE 1.

23. On the Signal Generator under test, set the carrier frequency and the FM peak deviation as
indicated in the following table. For each step press FM OFF then press FM ON and note the
shift in carrier frequency as read on the measuring receiver. (The frequency error measurement
mode in the measuring receiver can also be used to measure carrier shift.) The carrier shift
should be within the limits shown in the table.

NOTE

The FM system in the Signal Generator is turned on but no actual FM is
generated because the audio source is turned off

Signal Generator Settings Carrier Shift Limits (kHz}
Carrier Frequency Fi Deviation .
(MHz) (MHz peak) Actual Maximum
150 5 ——— 30
300 1.25 - 7.5
600 2.5 S 15
1200 5 —— 30
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Performance Test 4

FM TEST (HIGH DEVIATIONS AND RATES)

Characteristic

Performance Limits

Conditions

Frequency Modulation

Maximum Peak 20 MHz 3000 to 6000 MHz carrier
Deviation 10 MHz 1500 1o 3000 MHz carrier
5 MHz 750 to 1500 MHz carrier
2.5 MMz 375 to 750 MKz carrier
1.25 MHz 187.5 {0 375 MHz carrier
5 MHz 10 to 187.5 MHz carrier
low-noise mode (Option 004)

400 kHz 3000 to 6000 MHz carrier
200 kHz 1500 to 3000 MHz carrier
100 kMz 750 to 1500 Mbz carrier
50 kHz 375 to 750 MHz carrier
25 kHz 187.5 10 375 MHz carrier
100 kHz 10 to 187.5 MMz carrier

Maximum Rate 800 kHz

(3 dB Bandwicth)

Indicator Accuracy dc to 20 kMz rates
+9% of FM deviation setting
+11% of FM deviation setting low-noise mode (Option 004)

Distortion <1% 20 Hz to 20 kHz rates

Description

Measurements are made on signals with FM peak deviations up to 20 MHz and rates up to 800 kHz,
These signals cannot be made directly by the HP 8302A Measuring Receiver which was used in
Performance Test 3. (However, Performance Tests 3 and 4 have some overlap.)

FM is demodulated by an HP 3048A Phase Noise Measurement System. A power splitter and delay
line (both supplied with the system) and an RF phase detector (built into the system’s interface) are
used as a delay-line FM diseriminator. The demodulated FM is analvzed by an RF spectrum analyzer
(optionally supplied with the system). The test is not run by a system program,; rather, the system’s
interface is manually controlled from the controller’s keyboard.
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Equipment
AUdIo SOUTCE L. . e HP 3325A

NOTE

Synthesized Signal Generator

............. HP 3048A Option 101

Since this test is written specifically for the HP 3048A, no substitute of
equipment is recommended.

For this test, the HP 30484 is assumned to have the HP 11848-60132 Noise
Floor Test Fixture (supplied with system) and an HP 3585A spectrum
analyzer (which must have a 1 MQ input). The HP 3561 A Dynamic Signal
Analyzer is required for the system buf is not used in this test.

Procedure

Initial Setup and Establishing Quadrature

1.

Run Performance Test 3, FM Test (Low Deviations and Rates). Record the values measured in

step 16 for use later in this test.
. Connect the equipment as shown in figure 3-5. Check that the SPECTRUM ANALYZER output

connector on the front panel of the HP 11848A Phase Noise Interface is terminated in 50 Q.
Also, check that the delay line connectors are tight.
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Figure 3-5. FM (High Deviation and Rates) Test Setup
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3. Onthe Signal Generator press INSTR PRESET then key in FREQ 400 MHZ and AMPTD 13dBm.
{9 dBm if pulse modulation opt. 008 is installed.)Key in SPECIAL 105 ENTER OFF to turn
amplitude muting off.

4. Boot up the phase noise measurement system to the Main Software Menu level then set the
system as follows,

a.

b.

¢. Press the softkey to preset the interface.

Press the softkey available at the Main Software Level menu.
Press the softkey to initiate manual control of the system’s interface.

. Use the cursor control keys to move the cursor to the “SELECTED ‘K’ SWITCHES:” line then
key in 10 and 12. (Refer to figure 3-6.)

. Use the cursor conirol keys to move the cursor to the “SELECTED *S* SWITCHES:” line then
key in 3 while not changing the “8” already present on the line.

. Press the softkey to initiate the commands. The display should appear as
in figure 3-6 except for the cursor position, the values following “GAIN1:” and “GaIN2:”

(which will be entered later), and the hottom line.

5. Tune the Signal Generator’s carrier frequency until the front-panel meter of the system’s
interface reads approximately 0.

6. Set the phase noise measurement system as follows,

a. Usethe system’s cursor control keys to move the cursor to the “eaINt:” line then key in 28.

DREL: O v GRiNt: § 28 RdB ATTENL: =
DREZ: 0 v GAINZ: 20 dB ATTENZ: x=l
DAC3: 0O ) GRIN3: x2 ATTENZ: x1

H SWITCH NUMBER: O
F SHITCH NUMBER: O
LAG-LEAD FILTER: ©

SELECTED "K’ SWITCHES: 10 iZ
SELECTED 'L SWITCHES: 3
SELECTED 'S’ SWITCHES: 3 8§

Acceptable Values: € TC 28

.éﬁNE..]...“ )

Figure 3-6. HP 118484 Control Display for FM Test
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b. Use the system’s cursor control keys to move the cursor to the “GAIR2:” line then key in 20.

c. Press the softkey to initiate the commands. (The display should now appear
as in figure 3~6.)

7. Fine tune the Signal Generator’s carrier frequency until the front-panel meter of the system’s
interface reads approximately 0. This establishes quadrature in the interface’s phase detector
to make it function as a linear phase detector,

8. Set the RF spectrum analyzer to span from 0 to 100 kHz. Set the input impedance to 1 M.

indicator Accuracy

9. Let D equal the value in kHz of FM deviation measured in Performance Test 3, step 16, for a
380 MHz carrier in Mode 1. Caleulate 700 ~ D. (For example, if the value for D is 340 kHz, 700
— 340 = 360.)

700 Minus the Value of D: _________ kHz
10. Set the Signal Generator as follows.

a. Key in FM then the value (T00 — D) calculated instep 9 above (for example 360) then press
kHz.

b. Key in AUDIO FREQ 20 kHz.

11. Adjust the RF spectrum analyzer’s reference level so that the 20 kHz signal is at a convenient
graticule line near the center of the display. (This line represents 350 kHz peak deviation.)

12. On the Signal Generator, key in FM 2.5 MHz. The 20 kHz signal should increase between 16.4
and 17.8 dB (that is, 17.1 + 0.7 dB or 2.6 MH2/350 kHz + 9% expressed in dB).

Indicator Accuracy: 164 ________ 17.8dB

Distortion

13. Note the level of the harmonics of 20 kHz. The harmonics should be greater than 40 dB down
from the fundamental (that is, 1% or less).

FM Distortion: . -40dB

Maximum Rate (3 dB Bandwidth)

14. On the Signal Generator, press the INT key {o turn the internal FM off then press the EXT AC
key.

15. On the audio source, set the frequency to 20 kHz, and set the amplitude to 4.67 dBm (1 Vpk
into 800 Q from a 50 2 source).
NOTE

The EXT HI or EXT LO annunciators on the Signal Generator may or
may not be on. Either condition is acceptable. The level of the modulation
input signal is set more gecurately by the audio source sefting than by the
annunciators.

16. Set the RF spectrum analyzer to span from 0 to 1 MHz. Note the level of the 20 kHz signal.

17. On the audio source, set the frequency to 800 kHz. The 800 kHz signal viewed on the specirum
analyzer should be within 3 dB of the level of the signal which was at 20 kHz.

Maximum Rate: -3 _+34dB
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Specification

Performance Test 5

SPECTRAL PURITY TEST (SSB PHASE NOISE)

Performance Tests

Characterisiic

Performance Limits

Conditions

Spectral Purity

S8B Phase Noise

—63 dBcikz
~87 dBe/Hz
~73 dBc/Hz
~79 dBe/Hz
-85 dBc/Hz
—73 dBc/Hz

- 105 dBc/Hz
—111 dBc/Hz
-117 dBc/Hz
—122 dBc/Hz
—128 dBc/Hz
-117 dBec/Hz

—122 dBc/Hz
—128 dBc/Hz
~134 dBc/Hz
—138 dBc/Hz
~143 dBe/Hz
—132 dBe/Hz

-83 dBe/Hz
-89 dBc/Hz
—94 dBec/Hz
—100 dBc/Hz
106 dBcfHz
—112 dBc/Hz
--94 ¢Bc/Hz
—100 dBc/Hz

CwW, AM, or FM (FM at minimum specified deviation)

1 kHz frequency offset

3000 1o 6000 MHz carrier
1500 to 3000 MHz carrier
750 to 1500 MHz carrier
375 to 750 MHz carrier
187.5 to 375 MHz carrier
0.1 to 187.5 MMz carrier

20 kHMz frequency offset

3000 to 6000 MHz2 carrier
1500 to 3000 MHz carrier
750 t0 1500 MHz carrier
375 to 750 MMz carrier
187.5 10 375 MHz carrier
0.1 to 187.5 MHz carrier

100 kHz frequency offset

3000 to 6000 MHz carrier
1500 to 3000 MHz carrier
750 to 1500 MHz carrier
375 to 750 MMz carrier
187.5 to 375 MHz carrier
0.1 10 187.5 MHz carrier

1 kHz frequency offset; Mode 2; Option 004

4120 to 6000 MHz carrier
2060 to 4120 MHz carrier
1030 to 2060 MHz carrier
515 10 1030 MHz carrier
257.5 to 515 MHz carrier
187.5 10 257.5 MMz carrier
30 10 187 .5 MHz carrier
0.1 to 30 MHz carrier

{Table continued on next page)}
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(Table continued from previous page)

Characteristic

Performance Limits

Conditions

Spectral Purity

S5B Phase Noise
{cont’d)

Nonharmonic
Spurious Signals

—116 dBc/Hz
~122 dBc/Hz
—128 dBe/Hz
134 dBc¢/Hz
—139 dBc/Hz
~144 dBc/Hz
—128 dBc/Hz
—131 dBc/Hz

-121 dBeHz
—127 dBc/Hz
—133 dBc¢/Hz
-139 dBe/Hz
—144 dBc/Hz
~146 4Be/Hz
133 dBe/Hz

< 100 dBc
< —80 dBc
< 90 dBc¢

515 to 1030 MHz carrier

20 kHz frequency offset; Mode 2; Option 004

4120 to 6000 MHz carrier
2060 to 4120 MHz carrier
1030 to 2060 MHz carrier

257.5 to 515 MHz cartler
187.5 to 257.5 MHz carrier
30 to 187.5 MHz carrier
0.1 to 30 MHz carrier

100 kHz frequency offset; Mode 2; Option 004

4120 to 6000 MHz carrier
2060 to 4120 MHz carrier
1030 to 2060 MHz carrier
515 to 1030 MHz carrier
257.5 10 515 MHz carrier
187.5 to 257.5 MHz carrier
0.1 to 187.5 MHz carrier

>10 kMz offset frequency
187.5 o 2060 MHz carrier

0.1 to 187.5 MHz carrier
2060 to 6000 MHz carrier

Description

The single-sideband (SSB} phase noise and non-harmonic spurious signals are measured by a system
that is specifically designed to measure these parameters—the HP 3048 A Phase Noise Measurement
System. Measurements are made using a phase detector in a phase lock loop.

This method requires a reference signal generator that must have lower phase noise than the source
being tested. A second HP 8664A or HP 8665A/B can be used as this source (and thus both sources
are measured as a pair) but the following considerations apply: (1) If the measured results are within
specification, both generators meet the specification individually. (2) If the measured results are out
of specification, at least one generator is cut of specification and a third source must be measured
against the first two to determine which one is faulty.
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Equipment

Phase Noise Measurement System................ et HP 3048A Option 201
Reference Signal Generator ............ooviiiiiiiiiiniiiinn. HP 8664 A or HP 8665A/B Option 004

NOTE

Option 201 for the HP 3048A adds the 1.2 to 18 GHz phase detector and
is required if the phase noise on carriers above 1.6 GHz is to be measured.
Measurement of carriers above 1.6 GHz can also be made using a down
converter. Refer to the documentation for the HP 30484,

Option 004 for the reference signal generator is needed only if the Signal
Generator under test has Option 004. Neither the reference source nor the
Signal Generator under test will be under remote control.

If a suitable reference source is unavailable, the 10 MHz A oscillator in the
HP 11848A Phase Noise Interface to the HP 3048A system can be used as
reference for a 10 MHz carrier.

Procedure
initial Setup

1. Connect the equipment as shown in figure 3-7.

~ HP 3561A
DYNAMIC _SIGNAL ANALYZER

SOURCE OUT
£ (REAR PANEL}

. 11 ]

0
oo ooniool ol ooceellio _o TEPUC’?‘SS?A
fome e o s o o v 3
IR EE L = NOISE INPUT

OO0 0000 DD ODD0D {i0om FROM HP 35B1A
0E T e 66 LhLaEe ® SOURCE OUTPUT | 2
Q 25045 A (REAR PANEL] —ra
RF

A\

HP 11848A
PHASE NOISE
N VOLTAGE INTERFACE

REFERENCE NOTE
SIGNAL SR rRuM

GENERATOR ANAYLYZER OR
500 LOAD HERE

Figure 3-7. SSB Phase Noise Test Setup
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2. Set the reference signal generator’s carrier to 5560 MHz at 6 dBm. If the reference signal
generator is an HP8664A or HP 8665A/B with Option 004, select Mode 2.

3. Set the Signal Generator under test as follows.
a. Press INSTR PRESET,
b. Key in FREQ 550 MHz,
¢. Key in AMPTD 13 dBm, (9 dBm if pulse modulation Opt. 008 is installed.)
d. KeyinFM 128 Hz.
e. Press INT in the MODULATION key group to turn the internal modulation source off.
{. Press EXT DC in the MODULATION key group to enable DC FM.
g. Press MODE 1 in the MODE SELECT key group.
4. Set the HP 3048A to the Main Software Level menu. Refer to figure 3-8,

THARE. LEVEL

TO MAXE A PHASE NGISE MEASUREMENT:

1} Define the measurement..................0s [ Press ‘Define Mermnt’ ]
2) Measure the noise. . .

A. using current calibr. constants...l Press ‘Repeat Msrmnt’ ]

OR B, after generating new constants....[ Presa “New Msrmni’ 1

To describe the system hardware configuration...... [ Press "System Config’ ]
To access the latest graph of test results......... [ Press "Access Graph' ]
To load a typical measurement and its graph........ [ Press "System Preset’ ]
To perform advanced-user operations.. .. .oviivevu.. [ Press “Spel. Funct'n’l

Figure 3-8. Main Software Level Menu
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Example Measurement

NOTE

The following steps are the procedure for making a single-sideband phase
noise measurement on g 550 MHz carrier in Mode 1. For other carrier
frequencies and for Mode 2, the procedure is similar.

If these measurements are to be repeated in the future for this or other
HP 8664A or HP B665A/B generators, it will be advantageous to record
the test file entries for each carrier frequency; these test files can be recalled
as needed later on instead of having fo re-enter them each time.

5. On the HP 3048A press the
' menu, Refer to figure 3-9.

softkey to obtain the Measurement Definition

T0 DEFINE A MEASUREMENT:

1} Specify Measurement Type and Freg. Range..[ Press ‘Type / Range’ 1
1

2} Enter Source and Interface Parameters..... [ Fress "Instr. Params’

3} Specify a Calibration Process............. [ Press ‘Calibr Process’]

4) Specify the Control of Signal Sources..... [ Press "Source Contral ‘]

5) Define the Graph of Results............... [ Press ‘Define Graph’ 1
‘To store/load & test definition to/frem disk....... [ Press ‘Test Files’ !
To view a summary of current parameters............ [ Press 'Paras Summary’ ]
To return to the MAIN SOFTWARE LEVEL............... [ Press "DONE” 3

Figure 3-9. Measurement Definition Menu
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6. On the HP 3048A press the softkey to obiain the Measurement Type and
Frequency Range Specification menu. Set the measurement type and offset frequency range

as shown in figure 3-10. When done, press the softkey.

NOTE

The start frequency is shown as 10 Hz This low offset will slow the
measurement time but give o more confidence in the general phase noise
performance of the Signal Generator. To measure the phase noise to its
specification only, change the start frequency to 1 kHz.

MEASUREMENT TYPE: OFFSET FREGUENCY RANGE:

T0 SELECT..[ Press 'Next  Type'l ENTER THE FOLLOWING.......
hase Noise Using o Phase L Start Freq..(ff 10 Bz
Phase Noise Without Using a Stop Freg..b 100.E+3 1 Hz
Phase Noiee Using an FM Discriminator Averages....[ 4 ]

A4 Noise
Noise Measurement Using HP3561A Only Receptable Values: 1.E-3 TO 16.E+9
Baseband Noise Measurement

Te return to "MERSUREMENT DEFINITION'......... { Press 'DONE’ 3

BONE }..... N e I HEL?"I N

Figure 3-10. Measurement Type and Frequency Range Specification Menu
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7. On the HP 3048A press the softkey to obtain the Source and Interface
Parameter Eniry menu. Set the parameters and phase detector as shown in figure 3-11. When

done, press the [DONE] softkey.

ENTER THE FOLLOWING PRRAMETERS:

Carrier Freguenty. v ieiieireeriis s innsnnns [f 556.E+6 B k=
Detector/Diacr. Input Frequency.....covivinnen. [ 55G.246 1 Kz

VCO Tuning Constant.......oooiiiiiaaininann, [ 128 1 Hz/Volt
Center Voltage of VOG Tuning Qurve........ ... [ O 1 Volts
Yoltage Tuning Range of VCO......ovuvi, +/- [ 16 1 Volts
VCO Tune-port Input Resistance,................ [ 66s 1 Chms

Acceptable Values: 1 TO 110.E+9

SELECT [ Press 'Select Detect.” 1

PHASE DETECTO
Internal Fhase D z
Internal Phase Detector: 1.2 6Hz to 18 GHz
External Phase/AM Detecter

Figure 3-11. Source and Interface Parameter Entry Menu
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8. On the HP 3048A press the {Calibr Process| softkey to obtain the Determination of Phase
Detector Constant and VCO Tuning Constant menu. Set the method of determining the phase
detector and VCO tuning constants and the verification of the phase lock loop suppression as
shown in figure 3-12. (The displayed Computed Constant may by be quite different from the
one in figure 3~12. It will be updated later.) When done, press the softkey.

Select a method for determining the PHASE DETECTOR CONSTANT,

nt

current Detector Consta
nt

Select @ method for detsrmining the YOO TUNING CONSTANT.

Use the current Tuning Constant
Measure the V(O Tuning Constant
Conpi= fron xpecied 1 Constant

Computed Const. = {18,2 Hz/Volt

The computed PLL suppression | | b2 verifi=d.

To return 1o the previous menu................ [ Press "DONE’ }

Turiing {Ve
Gonst 1%

Figure 3-12. Determination of Phase Detector and VCO Tuning Constant Menu
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9. On the HP 3048A press the [Source Control| softkey to obtain the Source Control for Mea-
surement Using a Phase Lock Loop menu. Set the various devices in the system as shown in
figure 3-13. When done, press the softkey,

DN CONY, . HF 11&48A

o m NGT IN USE
USER’S SRCE
(7] MANUARL ONTRE

_REF SOURCE__ : L.
USER’S SRCE : §f§<fi}—————
S

MANUAL CNTRL "7

TIME BASE
NOT IN USE

ot TUNE VOLTAGE

Figure 3-13. Source Control for Measurement Using o Phase Lock Loop Menu

10. On the HP 3048A press the softkey to obtain the Graph Definition menu. Set
the graph parameters and graph type as shown in figure 3-14. Change the title as appropriate
for your particular setup. (You may wish to include the model and serial number of the device
under test, For example, “The HP 8665A with serial number 2833A00101.” Note that date,
time, and carrier frequency information will automatically appear on the measurement result
graph.} When done, press the DDNEI softkey. (For measuring offsets only down to 1 kHz, set the
minimum x coordinate to 1 kHz. See the note following step 6.)
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ENTER THE FOLLOWING PARAMETERS:

Title..[f HP 86658 in MODE 1 (S/N 2833R00101) vs, HF B665A in MODE 1 B

Minimum X Coordingis. .. vree e rnnnns £ 10 Hz 1
Maximum X coordinate. ...usvrrcrrarrorirrnnnes £ 100,E+3 Hz 1]
Minimum Y coordinate.....cvviieiiiereienrnnes [ -179 1
Maximum Y coordinBle, vovvrerirsrrrrrincecens P 1
SELECT A GRAPH TYPE..............o00uohu s oo [ Press ‘Sraph Type’ ]

Singbe Sideband Phase Hojss |
Phase Modulation Spectral Dsn
FM Spectral Density (Hz/SGR(Hz))

Spectral Density of Fractional Frag, Fluctuations (1/S4R(Hz})

To return to "MEASUREMENT BEFINITION ... ... ... .. [ Press "DONE” i

' 'iﬁn;-é'|:i_lﬁ"
L TvE g

Figure 3-14. Graph Definition Menu

11. On the HP 3048A press the softkey again to obtain the Main Software Level menu.

12, On the HP 3048A press the softkey then press the softkey.

13. When the connect diagram appears on the display, verify that the instrument connections are
properly made then press the .Proceed] softkey. The phase noise measurement should proceed
without error and the phase noise plot should appear as in figure 3-15. Ignoring spurious
signals, the phase noise (£(f)) should be less than —-79 dBe at a 1 kHz offset frequency, less than
-122 dBc at 20 kHz, and less than - 138 dBc at 100 kHz. Spurious signals for offset frequencies
greater than 10 kHz should be down more than 160 dBe.

NOTE

Spurious signals can also be generated by the reference signal generaior or
may be picked up by interconnecting cables.

SSB phase noise, 1 kHzoffset: 79 dBe

SSB phase noise, 20 kHzoffset: ___ ~122 dBc

SSB phase noise, 100 kHz offset: ___ -138dBc

Non-harmonic spurious signals, >10kHzoffset: .. -100dBe
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NOTE

Figure 3-15 also shows a listing of measurement parameters. This listing
with the graph itself can be printed by holding down the keyboard’s SHIFT

key and pressing the softkey.

Ifyou intend to make measurements of this same type frequently, the setup
information (carrier frequency, tuning constant, source control, efc.) can be
eastly stored as test files, then loaded as needed. Refer to the HP 30484
Reference Manual on storing and loading test files.

MF 88685RA in MODE 1 (/N 2823ABB1@11) we. HF QES%H in MODE 1
& [hpl 3B40A Larrier: S58.E+6 Hz 21 Dec 18898 11:11:98 - 1i:14:28

T T 1 T T T T T T T LA

PERTINENT MEASURENMENT PRRAMETERS

Measurement Type: PHASE LOCKED K_¥CO Methor « COMPUTED
Start Offset Freq: 18 Hz Tunsport Resist. : 608 Ohms
Stop Offset Freg: 100.E+3 He VCO Tune Constant: 11B.2 Hz/Volit

Minimum Averages: 4
Loop Suppression @ VERIFIED

Carrier Freguency: 550,E+6 Hz Closed PLI Bandw.: 216.2 Mz
Detect. Input Frop 350,E+6 Hz Feak Tuning Range: 1.003E+3 Hz

fssumed Pole 1 3495643 Hz
Erterad K_VCO 1 178 Hz/Volt
Center Voltage : B Volts Dev, Under Test @ USER'S SRCE, MAN, VOO
Tung-voltage Rnge: +/- 10 Volts Reference Source : USER'S SRCE, MAN
Phase Detsctor @ 5 TO 1600 MHz Ext. Timsbase + NOT IN USE

Down Converter ¢ NOT N USE
K. Detsctor Method: MERSURED
Detector Consmtant: 230,2E-3 V/Rad HP 11848R LNA s oUT

To return to the previous scraen ......cvivvivau..s { Press 'DONE” ]
Hard

OONE E e i’ - "HELP l' 'l” "'l”"“ -
f Copy 4 B ] ) 3

Figure 3-15. Phase Noise Plot and Pertinent Measurement Parameters
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Further Measurements (Below 1600 MHz)

14, To measure single-sideband phase noise for other earrier frequencies and modes of operation,

set the signal generators and phase noise measurement system as outlined in the following

table. The phase noise should be within the limits indicated in the table.

Spurious signals offset frequencies greater than 10 kHz should be down more than 100 dBc¢ for
carrier frequencies 187.5 to 2060 MHz and more than 90 dBc at carrier frequencies between

2060 and 6000 MHz and between 0.1 and 187.5 MHz.

Non-harmonic spurious signals, >10 kHz offset, 187.5 to 1100 MHz: —100 dBe
Non-harmonic spurious signals, >10 kHz offset, 0.1 to 187.5 MHz: ~90 dBe
‘ Sig. Gen. Settings HP 3048A Phase Noise Limits (dBc)
Carrier vCO
Frequency ) 1 kHz Offset 20 kHz Offset 100 kHz Offset
(MHz)(U) | Mode | FM Peak T::;CQ
Select | Dev. (Hz) ( ) Actual Max. Actual Max. Actual Max.
1100 1 250 250 -73 —_— 117 | ~134
1100 2(2) 250 250 ~94 | -128 -133
550 2(? 200 200 —100 - ~134 1 -139
550 1 200 200 e —79 —_— -122 - ~138
300 1 100 100 S -85 S ~128 —_— -143
300 2% 100 100 —~106 - ~-139 ~144
200 2@ 100 100 112 —144 —146
150 242 250 250 i —94 ~128 —133
150 1 250 250 —73 ~117 132
40 2% | 250 . 250 _ —-100 ~131 | ___ | -133
(1 Make the carrier frequency change to the foliowing:
a. the Signal Generator under test,
b, the reference signal generator,
c. the HP 3048A Source and Interface Parameter Entry menu (for Carrier Frequency and Detector/Disc. Input Frequency), and
d. the Graph Definltion menu (in the Title).
(2) Cption 004

Further Measurements (Above 1200 MHz)

15. Set the level of the reference signal generator to 6 dBm and move its output to the R port of the

1.2 GHz to 18 GHz phase detector of the HP 11848A.

16. Set the level of the Signal Generator being tested to 9 dBm and move its output to the L port

of the 1.2 GHz to 18 GHz phase detector of the HP 11848A.
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17. Call up the Source and Interface Parameter Entry menu (shown in figure 3-11) and select the
phase detector labeled “Internal Phase Detector: 1.2 GHz to 18 GHz”".

18, Proceed with the measurements using the technique of step 14. The phase noise should be
within the limits indicated in the table. Spurious signals should be as indicated below.

Non-harmonic spurious signals, >10 kHz offset, 2100 to 6000 MHz: -90 dBc
- Sig. Gen. Settings HP 3048A Phase Noise Limits (dBc})
Carrier VeO

Frequency ! 1 kHz Offset 20 kHz Offset 100 kHz Offset
MHz2)() | Mode | FM Peak T;:;f;g

Select | Dev, {Hz) ( ) Actual Riax. Actual Max. Actual Max.

4150 1 1000 1000 — —63 O —105 N -122

4150 2(2) 1000 1000 - -83 | M6 | e | 128

2100 20| 500 500 S -89 | -2z | | 127

2100 1 500 500 R —-67 - ~111 —— —128

(1} Make the carrier frequency change to the following:
a. the Signal Generator under test,
b. the reference signat generator,
¢. the HP 3048A Source and interface Parameter Entry menu {for Carrier Frequency and Detector/Disc, Input Frequency), and
d. the Graph Definition menu (In the Title).
(2} Option 004
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Performance Test 6

SPECTRAL PURITY TEST (HARMONICS)

Specification

Characteristic Performance Limiis Conditions

Spectral Purity

Spurious Signals

Harmonics < —30 dBe gutput <6 dBm
Subharmonics < ~75 gBc 0.1 to 1030 MHz carrier
< 37 dBc¢ 1030 to 6000 MHz carrier

Description

Harmonics and subharmonics are observed directly on an RF spectrum analyzer while the Signal
Generator is swept slowly over its frequency range.

Equipment

RF Spectrum Analyzer. .. ..o oo, HP 8562B or HP 853A/8559A

Procedure
initial Setup
1. Set the Signal Generator as follows.
a. Press INSTR PRESET.
b. Key in AMPTD 6 dBm.
¢. Key in SWEEP TIME 10 s.
2. Set the spectrum analyzer as follows,

a. Set the frequency span 0 to 10 GHz with compatible resolution bandwidth and display
smoothing. (If this span width is not available, use the widest span possible and, as the
measurement progresses, readjust the center frequency as needed to span the complete
range in segments.)

b. Set the vertical scale to 10 dB per division log.

¢ Set the vertical sensitivity and attenuation to view a +6 dBm signal with at least 40 dB
of uncompressed range.

3. Connect the Signal Generator’s RF output connector to the spectrum analyzer’s input,

Harmonics

4. Perform the following steps to determine the RF harmonic distortion,
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a. Set the Signal GGenerator carrier amplitude as given in the following table.
b. If the Signal Generator is sweeping, press the AUTO key to stop the sweep.
¢. Set the Signal Generator start and stop frequencies as given in the table.
d. On the Signal Generator, press the AUTO key to initiate a sweep.

e. In general, observe the second and third harmonics of the signal (that is, the difference in
level between the fundamental and the highest harmonic component} as the fundamental
sweeps over its range, The harmonics should be within the limits shown in the table.

NOTE

Sweep Limitations of the spectrum analyzer or difficulty in observing the
harmonics may make it necessary to change the spectrum analyzer’s sweep
range and resolution bandwidth. Also, it may be helpful (particularly at
low carrier frequencies) to stop the Signal Generator’s sweep and examine
the harmonies while in CW.

If @ harmonic appears to be close to or out of specification, stop the
Signal Generator’s sweep and more carefully check the amplitude of the
fundamental and harmonic.

Signal Generator Settings Harmonics Limits (dBc)
Start Frequency | Stop Frequency | Amplitude .
(MHz) (MHz) (@Bm) Actual Maximum
0.1 2999 6 - ~30
3000 4200 6 oo ~30
' 3000 5000 (%) 6 - -30

() Hp 8665A only
(2} P 86658 only

Subharmonics

5. Set the spectrum analyzer to span 0 to 5 GHz. Increase the vertical gain, sweep time, resolution
bandwidth, and display smoothing as necessary to obtain a dynamic range of 80 dB. (A slight
compression of the signal is acceptable.)

NOTE

As with the measurement of harmonics, the spectrum analyzer sweeps may
need to be broken into smaller segments and the resolution bandwidth be
reduced. It may be necessary to reduce lor even stop) the Signal Generator’s
sweep to match the spectrum analyzer sweep.

6. Set the Signal Generator to sweep 0.1 to 2999 MHz then 3000 to 4200 MHz. For each
case, chserve the subharmonics of the signal as the fundamental sweeps over its range. The
subharmonics should be down more than 75 dB over the fundamental range 10 0.1 to 1500 MHz,
more than 40 dB from 1506 to 3000 MHz range, and more than 5G dB from 3000 to 42060 MHz.

Subharmonices, 0.1 to 1030 MHz carrier: ~75 dBe¢
Subharmonics, 1030 to 6000 MHz carrier; _ ~37 dBe
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PULSE MODULATION TEST (OPTION 008)

Synthesized Signal Generator

Specification

Characteristic

Performance Limits Conditions

Puise Modulator

On/Of Ratio

Rise/Fall Time

Option 008, See figure below
for definitions.

Internal Pulse Generator
Pulse Repetition Frequency
Pulse Delay

Pulse Delay Accuracy
Pulse Width

Pulse Width Accuracy

80 dB

<8 ns 10% to S0% points
| Option 008

0.1 Hz 10 400 kMz

50 nsto 1s

+5% of setting &2 ns

10 nsto 1s

+59% of setting £2 ns 200 nsto 13

+10% of setting 2 ns 10 to 200 ns

Pulse Modulation Definitions

External or
Internal
Control
Souce

Sync
QOutput

RF Pulse

50%

Td

50%

Vor
L——— Pd —’1 ¥

50% —

Output

Video

0%
0%

50% —f € Tw —*

N cmcc——

Output

Td—~Trigger delay
Pd—RF puise delay
Pw—RF pulse width

Tw—Video width Vi-Video feedthrough
Tr—RF pulse rise time  Vor—Overshoot and ringing

Ti~RF pulse fall time
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Description

The pulse on/off ratio is measured statically on a spectrum analyzer by setting a CW reference
then noting how far the amplitude drops when the Signal Generator is switched to the pulse
modulation mode with no pulse input. The other pulse specifications are measured directly with a
high-frequency, digitizing oscilloscope.

Equipment
Digitizing OBCIll0800De ..ottt ittt et ettt e et HP 54110D
Spectrum Analyzer.. .. ..o e ....HP BB62A or HP 853A/8558A
Procedure

Puise On/Off Ratio
1. Connect the Signal Generator’s RF output to the spectrum analyzer's input.
2. Set the Signal Generator as follows.
a. Press INSTR PRESET.
. Key in FREQ 100 MHz,
¢. Key in AMPTD 9 dBm,
d. Key in PULSE ON,
e, Press INT in the MODULATION key group.
f. Key in AUDIO FREQ 0.5 Hz.
3. Set the spectrum analyzer as follows.
a. Set the center frequency to 100 MHz,

o

b. Set the vertical gain and the input attenuation to view the 3 dBm signal with an 80 dB
dynamic range.

¢. Set a span suitable for viewing the RF signal which is switching on and off at a 0.5 Hz
rate.
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4. Set the Signal Generator's carrier frequency and the spectrum analyzer’s center frequency as
indicated in the following table. For each carrier frequency, observe the change in amplitude
as the Signal Generator is pulsed on and off. The amplitude should drop at least 80 4B between
pulse on and pulse off.

Carrler Frequency Cn/Of Ratio (dB)
e Minimum Actual
100 80
200 80
500 a0
1499 80
2998 80
4200 80
600012 80

(1) HP 8665A only.
(2} Hp 86558 only.

Risetime and Failtime
B. Set the Signal Generator as follows.
a. Key in FREQ 10 MHz.
b. Key in AMPTD 0 dBm.
¢. Key in AUDIO FREQ 399 kHz,
6. Cornect the Signal Generator’s RF output to channel 1 of the oscilloscope.

7. Connect the Signal Generator’s rear-panel SYNC output to channel 2 of the oscilloscope.
Use the same length cable as in step 6.

8. Set the digitizing oscilloscope as follows.

a. Preset or autoscale the oscilloscope (if available).

=

. Set the display to view both channel 1 and channe! 2 on a split screen.
. Set the input coupling of both channels, if necessary, to de with 50 @ input impedance.

= PRI+

. Set the triggering to trigger on the positive slope of channel 2 at approximately 1V.
. Set the sweep speed to 200 ns per division.

f. Set the timebase delay to 0 ns at center. Channel 1 should show the leading edge of the
RF pulse burst. Channel 2 should show an entire synchronization pulse.

4]

g. Set the sweep speed to 2 ns per division.

h. Set the delay time (approximately 10 ns) to view the rising edge of the RF and synchro-
nization pulses.

i. Set the display to now view channel 1 only (channel 2 off and split screen off).

j. Set the vertical sensitivity of channel 1 to a convenient level {(approximately 100 mV per
division),

k. Set the offset to OV,
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9. Set the Signal Generator’s carrier frequency as given in the following table. For each setting,
measure the 10% to 90% risetime. Compare the waveform with figure 3-16. The risetime should
be less than 8 ns. (If the oscilloscope has vertical and horizontal markers, they can be used to

simplify these measurements.)

Carrler Frequency Risetime Limits {ns)

(MHz)

Actual Maximum

10
20
50
100
200
500

oo ®moe W

CH. 1 = 100.00 mvolits/div
Timebase = 2.00 ns/div

Figure 53-16. Pulse Modulation Pulse Risetime Waveform
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10. Omn the oscilloscope, change the delay time to approximately 1.28 us and fine adjust the delay

to view the falling edge of the RF pulse.

11. Set the Signal Generator’s carrier frequency as given in the following table. For each setting,
measure the 10% to 90% falltime. Compare the waveform with figure 317, The falltime should
be less than 8 ns,

Carrier Frequency
(MHz)

Falitime Limits {ns}

Actual

Maximum

500
200
100
50
20
10

oo o o

CH. 1
Timebase

= 100.00 mvolts/div

= 2.00 ns/div

Performance Test 7

Figure 3-17. Pulse Modulation Pulse Falltime Waveform
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Pulse Delay and Width Accuracy

12, Set the Signal Generator as follows,
a. Key in FREQ 500 MHz.
b. Key in SPECIAL 211 ENTER.
c. Rotate the Knob until the display reads "211:Pulse Ctrl Pulse Gen”.
d. Key in SPECIAL 212 ENTER 50 ns. The sets the pulse delay to 50 ns.
e. Key in SPECIAL 213 ENTER 10 ns. The sets the pulse width to 10 ns.

13. Set the oscilloscope as follows,
a. Set the display to view both channel 1 and channel 2 on a split screen.
b. Set the sweep speed to 10 ns per division,

¢. Set the delay time to approximately 40 ns the fine adjust it until the 50% point on the
rising edge of the synchronization pulse {channel 2} is one division from the far left,
Compare the waveforms with those in figure 3-18.

14, Set the controls as indicated in the following steps and table. For each setting measure the
pulse delay and pulse width; the measurements should be within the limits indicated in the
table.

a. On the Signal Generator, set the audio frequency as shown in the table by keying in
AUDIO FREQ, then keying in the frequency.

CH. 1

CH. 2

CH. 1 = 200.00 mvolts/div
CH. 2 = 2.000 wvolts/div
Timebase = 2.00 ns/div

Figure 3-18. Pulse Modulation Synchronization and RF Pulse Waveforms
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b. On the Signal Generator, set the pulse delay time as shown in the table by keying in
SPECIAL 212 ENTER, then keying in the pulse delay.

¢. Onthe Signal Generator, set the pulse width as shown in the table by keying in SPECIAL
213 ENTER, then keying in the pulse width.

d. On the oscilloscope, set the sweep speed and time delay as shown in the table,

e. Measure the pulse delay time and width. (If the oscilloscope has horizontal markers, they
can be used to simplify these measurements.} The times should be within the limits given

in the table.
Signal Generator Settings [Oscilloscope Settings Pulse Delay Limits {ns) Pulse Width Limits (ns)
Pulse Pulse Pulse Sweep Time
Frequency| Delay Width Speed Delay |Minimum| Actual [Maximum|Minimum | Actual [Maximum
{kHz} {ns} (ns}) (ns/div) (ns)
399 50 10 40 10 455 —— 545 7 - 13
39.9 500 100 400 100 473 — 527 g3 S 107
3.99 5000 1000 4000 1000 4748 _— 5252 948 - 1052
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Performance Test 8

INTERNAL AUDIO OSCILLATOR TEST

Specification

Characteristic Performance Limits Conditions

Internal Modulation
Source

Distortion <0.1% output 1V peak; rate <20 kHz

Description

The distortion of the internal modulation source is measured directly on a distortion analyzer.

Equipment
Distortion Analyzer o e i HP 8303B or HP 8903E

Procedure

1. Connect the input of the distortion analyzer directly to the Signal Generator’s AUDIO output
connector,

2. Set the distortion analyzer to measure distortion. Set its low-pass filter to 80 kHz or greater.
3. On the Signal Generator press INSTR PRESET.

4. On the Signal Generator, key in the audio frequency as listed in the following table. Fer each
setting measure the audio distortion. The distortion should less than 0.1%.

Audio Distortion Limits (%)
Frequency
Setting (Hz) Actual Maximum
20 - 0.1
100 _— 0.1
1000 — 0.1
10 000 S 01
20 000 - 0.1
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Performance Test 9

OPTION 010 LEAKAGE TEST

3-56

Specification

2 pV measured into a resonant dipole ! inch from the instrument’s surface {except rear panel) with
output level < 0 dBm and all inputs/cutputs properly terminated.

Description

Leakage is measured using a resonate dipole. The output of the antenna is amplified by an RF
amplifier and measured on a spectrum analyzer. The calibrated output of the signal generator under
test is used to calibrate the amplifier/specirum analyzer combination.

Equipment
Spectrum Analyzer ..... e e e HP 8560A
B8 N 1 01 o) A ¥ =5 HP 8447F
AT O TINIa o HP 8644 A/K03
Type N B0 ohum Joad. ..o i e e e HP908A
BNC B0 ohm Joad ..ot e et HP 1250-0207
Procedure

Set-Up and Calibration
1. Press the INSTR PRESET key of the signal generator, Then set as follows:

B QUEIICY oo e e e e 1029.1 MHz
ATpHbUde (oo e 2.0V

2. Connect the RF Output of the signal generator to the input of the RF Amplifier. Connect the
output of the RF Amplifier to the input of the spectrum analyzer.

3. Set the spectrum analyzer center frequency to 1029.1 MHz and input attenuation to ¢dB. Set
the span so the signal is at least 20 dB above the noise level and the sweep speed is 400 mSec or
faster. Try a 100 kHz span as a starting point. Change the reference level so the signal peakin
at mid screen. If the spectrum analyzer has display line capability, set a line at the signal peak.
This line on the spectrum analyzer display represents a 2 ¢V signal level from the antenna.
All leakage picked up by the antenna must be below this level.

4. Disconnect the cable from the RF Output connector of the signal generator, and connect it to
the antenna. Put 50 ohm loads on the RF QUTPUT and all the front panel and rear panel BNC
connectors of the signal generator. Set the signal generator RF amplitude to —0.1 dBm.

Performance Test 9
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Measurement
Length
Frequency (MHz) Antenna Elernent Max Leakage (dB)
1029.1 5.9 ¢cm (2.30 in)
975.1 6.1 cm (2.40 in)
926.1 6.5 cm (2.56 in)
875.1 7.0 cm (2.74 in)
825.1 7.5 cm (2.95 in)
775.1 8.1 cm {3.18 in)
7251 8.7 cm (3.441in)
454 1 14.9 cm (5.87 in)
' Upper limit is 0 dB.

5. For each frequency in the above table do the following:

¢ Set the signal generator carrier frequency and the spectrum analyzer center frequency
to the frequency in the table.

» Set the antenna elements length to the value given in the table. Measure from the
outside of the center hub to the tip of the dipole.

o Move the antenna over all the surfaces (except the rear panel) of the signal generator
keeping the spacers in contact with the covers. This keeps the actual antenna elements
1inch away from the surface. Do not allow the antenna elements to get closer than 1
inch to the RF Output connector or any of the front panel BNC connectors.

« Move the antenna slowly. The antenna should move less than one inch per spectrum
analyzer sweep cycle.

« Monitor the signal level displayed on the spectrum analyzer. The signal level must stay
below the reference line set above for the test to pass. For each frequency note the
maximum signal level in relation to the reference line. Write this value in the table. For
example if the highest signal level was 5 dB below the reference, enter - 5.0 in the table.

6. To measure leakage at other frequencies use the formula below to determine antenna
element length and follow the procedure in step 5.

£ = 1570—9 - 1.6
Where:

¢ = antenna element length in centimeters
f = frequency in MHz.
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Table 3-2. Performance Test Record (1 0f15)

Performance Tests

Hewlett-Packard Company

HP 8665A Tested By
Synthesized Signal Generator
Serial Number Date
Test . Resulis
No. Test Description Minimum Actual Maximum
1 CARRIER AMPLITUDE PERFORMANCE TEST
Low-Frequency, Maximum Level
Frequency and Ampiitude Settings-Not Option 008
0.1 MHz; +14.5 dBm +13 dBm
1 MHz; +14 dBm +13 dBm
10 MHz; +14 dBm +13 dBm —
100 MHz; +14 dBm +13 dBm
1000 MHz; +14 dBm +13 dBm
Frequency and Ampiitude Settings—Option 008
0.1 MHz; +10.5 dBm -+9 dBm
1 MHz; +10 dBm +8 dBm
10 MHz; +10 dBm +9 dBm
100 MHz; +10 dBm -+8 dBm
1000 MHz; 410 dBm +8 dBm
Low-Frequency, High-Amplitude Accuracy
Frequency and Amplitude Settings
1000 MHz; +6 dBm +5 dBm +7 dBm
1600 MHz; -+7 dBm +6 dBm +8 dBm
1000 MHz: +8 dBm +7 dBm +8 dBm
1000 MHz; +9 dBm +8 dBm - +10 dBm
1000 MHz; +10 dBm {except Option 008} +8 dBm +11 dBm
1000 MHz; +11 dBm (except Option 008} +10 dBm +12 dBm
1000 MHz; +12 dBm {except Option 008) +11 dBm +13 dBm
1000 MHz; +13 dBm (except Option 008) +12 ¢Bm +14 ¢Bm
100 MHz; +13 dBm (except Option 008) +12 dBm _— +14 dBm
100 MHz; +12 dBm (except Option 008} +11 dBm +13 dBm
100 MHz; +11 dBm {(except Option 008) +10 dBm e +12 dBm
100 MHz; 10 dBm (except Option 008) +9 dBm -+11 ¢Bm
100 MHz; +9 ¢Bm +8 dBm +10 dBm
100 MHz; 48 dBm -+7 dBm +8 dBm
100 MHz; +7 dBm +6 dBm oo +8 dBm
100 MHz; +6 dBm +5 dBm — _— +7 dBm
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Synthesized Signal Generator

Table 3-2. Performance Test Record (2 of 15)

Test i Results
No. Test Description Minimum Actual Maximum
1 CARRIER AMPLITUDE PERFORMANCE TEST (Cont'd)
Low-Frequency, High-Amplitude Accuracy (cont’'d}
Frequency and Amplitude Settings

10 MHz; +6 dBm ~+5 dBm +7 dBm
10 MHz; +7 dBm +6 dBm +8 dBm
10 MHz, +8 dBm +7 dBm +9 dBm
10 MHz; +9 dBm +8 dBm +10 dBm
10 MHz; +10 dBm {except Option 008) +% dBm +11 dBm
10 MHz; +11 dBm {except Option 008) +10 dBm +12 dBm
10 MHz; +12 dBm (except Opticn 008) +11 dBm +13 ¢Bm
10 MHz; +13 dBm {except Option 008) -+12 dBm +14 ¢Bm
1 MHz; +13 dBm {except Option 008) +12 dBm 14 dBm
1t MHz; 412 dBm {except Option 008) - +11dBm +13 dBm
1 MHz; 411 dBm {except Option 008) +10 dBm +12 dBm
1 MHz; 10 dBm {except Option 008) +9 dBm +11 dBm
1 MHz; +9 dBm +8 dBm +10 dB8m
1 MHz; +8 dBm +7 dBm +9 dBm
1 MHz; 47 dBm +86 dBm +8 dBm
1 MHz; +6 dBm +5 dBm +7 dBm
0.1 MHz; +6 dBm +4.5 dBm +7.5 ¢Bm
0.1 MHz; +7 dBm +5.5 dBm +8.5 ¢Bm
0.1 MHz; +8 dBm +86.5 dBm +9.5 ¢Bm
0.1 MHz; +9 dBm +7.5 dBm +10.5 dBm
0.1 MHz; +10 dBm {except Option 008) +8.5 dBm +11.5 dBm
0.1 MHz: +11 dBm (except Option 008) +9.5 dBm +12.56 dBm
0.1 MHz; +12 dBm {except Option 008) +10.5 dBm +13.5 dBm
0.1 MHz; +13 dBm (except Option 008) +11.5 dBm +14.5 dBm
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Table 3-2. Performance Test Record (3 of 15)

Performance Tests

Test o Resulis
No. Test Description Minimum Actual Maximum
1 CARRIER AMPLITUDE PERFORMANCE TEST {Cont’d)
Low-Frequency, Low-Amplitude Accuracy, 1000 MHz

Attenuation and Amplitude Settings
+5 dB, +1 dBm -0 dB REL +2 dB REL
410 dB, ~4 dBm -5 dB REL -3 dB REL
+15 dB, -9 dBm -10 dB REL --8 dB REL
+20 dB, ~14 dBm —15 dB REL —-13 dB REL
+25dB, —18 dBm 20 dB REL -18 dB REL
+30 dB, -24 dBm —25dB REL —23 dB REL
+35 dB, —-29 dBm —30 dB REL -28 dB REL
+40 dB, —34 dBm -35 dB REL ~33 dB REL
+45 dB, ~39 dBm —A40 dB REL —38 dB REL
+50 dB, —44 dBm 45 dB REL -43 dB REL
+55 dB, —-49 dBm —50 dB REL —48 dB REL
-+60 dB, --54 dBm 55 dB REL . —-53 dB REL
+65 dB, —-58 dBm --60 dB REL --58 dB REL
+70 dB, —64 dBm —65 dB REL —63 dB REL
+75 dB, —69 dBm —70 dB REL -68 dB REL
+80 dB, —74 dBm -75 dB REL —73 dB REL
-85 dB, --79 dBm —80 dB REL —78 dB REL
+90 dB, -84 dBm -85 dB REL -83 dB REL
+95 dB, -89 dBm —80 dB REL -B88 dB REL
+100 dB, ~94 dBm -85 dB REL -83 dB REL
-+105 dB, -99 dBm —100 ¢dB REL 88 dB REL
+110 dB, 104 dBm --105 dB REL -103 dB REL
-+115 di3, —109 dBm —110 dB REL --108 dB REL
+120 dB, -114 dBm —115 dB REL —~113 dB REL
+125 dB, ~119 dBm -120 dB REL —118 dB REL

High-Frequency, Maximum Level

Frequency and Ampiitude Settings-Nat Option 008
2990 MHz; +14.5 dBm +13 dBm
4200 MHz; +15.0 dBm (HP 8665A/B) +13 dBm -
8000 MHz; +15.0 dBm (HP 8665B) +13 dBm

Frequency and Amplitude Settings-Option 008
2980 MHz; +10.5 dBm +9 dBm
4200 MHz; +11.0 dBm (HP B665A/B) +$% dBm —
6000 MHz; +11.0 dBm (HP 8665B) +9 dBm e
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Table 3-2. Performance Test Record (4 of 15)

Test Lo ﬁesuité'
Ne. Test Description Minimum Actual Maximum
1 CARRIER AMPLITUDE PERFORMANCE TEST (Cont'd)
High-Frequency, High-Amplitude Accuracy
Frequency and Amplitude Settings
6000 MHz; +13 dBm(HP 8665B) +11.0 dBm +15.0 dBm
6000 MHz; +11 dBm (HP 86658) +8.0 dBm +13.0 dBm
6000 MHz; +9 dBm (HP 8665B, except opt. 008) +7.0 dBm +11.0 dBm
6000 MHz; +6 dBm (HP 86658, except opt. 008) +4.0 dBm +8.0 dBm
4200 MHz; +6 dBm (HP 8665A/8) +4.0 dBm +8.0 dBm
4200 MHz; +9 dBm (HP 8665A/B) +7.0 dBm +11.0 dBm
4200 MHz; ++11 dBm (HP B665A/B, except opt. 008) +8.0 dBm +13.0 dBm
4200 MHz; 4-13 dBm (HP 8665A/B, except opt. 008) +11.0 dBm +15.0 dBm
2900 MHz; +13 dBm (except Option 008) +11.5 dBm +14.5 dBm
2900 MHz; 411 dBm (except Option 008) +9.5 dBm +12.5 dBm
2900 MHz; +8 dBm +7.5 dBm +10.5 dBm
2900 MHz; +6 dBm +4.5 dBm +7.5 dBm
High-Frequency, Low-Amplitude Accuracy, 2990 MHz
Attenuation and Amplitude Settings

+5dB, +1 dBm ~0.5 dB REL +2.5 dB REL
+10 d8, -4 dBm -5.5 dB REL —-2.5dB REL
+15 dB, -9 dBm -10.5 dB REL -7.5 dB REL
+20 dB, -14 dBm —15.5 dB REL -12.5 dB REL
+26 d8, -19 dBm —20.5 dB REL —17.5 dB REL
+30 dB, —-24 dBm ~25.5 dB REL —-22.5 dB REL
+35 dB, ~29 dBm —30.5 dB REL —27.5 dB REL
+40 dB, —34 dBm -~35.5 dB REL —-32.5dB REL
+45 dB, -39 dBm ~40.5 dB REL -37.5 ¢B REL
+50 dB, —44 dBm —45.5 dB REL ~42.5 dB REL
+55 dB, —49 dBm -50.5 dB REL —47.5 dB REL
+60 dB, -54 dBm -55.5 dB REL -52.5 dB REL
+65 di3, —59 dBm -80.5 dB REL —57.5 dB REL
+70 dB, -64 dBm —-65.5 dB REL —-62.5 dB REL
+75 dB, -6% dBm -70.5 dB REL —87.5 dB REL
+80 dB, —74 dBm —75.5 dB REL ~72.5 dB REL
+85 dB, ~79 dBm —80.5 dB REL ~77.5dB REL
+80 dB, -84 dBm ~85.5 dB REL -82.5 dB REL
+95 d8, -89 dBm ~90.5 dB REL —87.5 dB REL
+100 dB, —94 dBm ~95.5 dB REL —92.5 dB REL
+105 dB, ~95% dBm —100.5 dB REL —-87.5 dB REL
+110 dB, ~104 dBm -105.5 dB REL —102.5 ¢B REL
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Table 3-2. Performance Test Record (5 of 15)
Test o Results
No. Test Description Minimum | Actual Maximum
1 CARRIER AMPLITUDE PERFORMANCE TEST (Cont'd)
High-Frequency, Low-Amplitude Accuracy, 4200 MHz
HP 8665A Only
Aftenuation and Amplitude Settings

-+5 dB, +1 dBm —1.0dB REL +2.0 dB REL
+10 dB, —4 dBm --6.0 dB REL —2.0 dB REL
+15 dB, 9 dBm —11.0 dB REL ~7.0 dB8 REL
+20 dB, —14 dBm ~16.0 dB REL -12.0 B REL
+25 dB, —19 dBm -21.0 dB REL —17.0 dB REL
+30 dB, —24 dBm —26.0 dB REL —-22.0 dB REL
+35 dB, —-29 dBm —31.0 ¢B REL --27.0 dB REL
+40 dB, —34 dBm —36.0 dB REL —-32.0 dB REL
+45 di3, —39 dBm —41.0 ¢B REL -37.0 dB REL
450 dB, —44 dBm —-46.0 dB REL —42.0 68 REL
-+55 dB, —-49 dBm -51.0 dB REL —47.0 dB REL
+60 dB, ~54 dBm -56.0 ¢B REL ~52.0 d8 REL
+65 dB, —59 dBm -61.0 dB REL -57.0 dB REL
+70 dB, —~64 dBm —66.0 ¢B REL —-62.0 dB REL
+75 dB, —69 dBm ~71.0 dB REL —~67.0 dB REL
+80 dB, -74 dBm -76.0 (B REL ~72.0 ¢B REL
+85 dB, ~79 dBm —81.0 dB REL —77.0 dB REL
+80 dB, -84 dBm —86.0 dB REL —-82.0 dB REL
+85 dB, ~89 dBm —-81.0 dB REL —87.0 dB REL
-+100 dB, —94 dBm —96.0 dB REL -92.0 dB REL
+105 dB, -99 dBm --101.0 dB REL -§7.0 dB REL
+110 dB, —104 dBm —106.0 dB REL —102.0 dB REL
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Table 3-2. Performance Test Record (6 of 15)

Test L. Resulls
No. Test Description Minimum Actual Maximum
1 CARRIER AMPLITUDE PERFORMANCE TEST (Cont’d)
High-Frequency, Low-Amplitude Accuracy, 6000 MHz
HP 86658 Only
Attenuation and Amplitude Settings
+5dB, +1 dBm ~1.0 dB REL +2.0 dB REL
+10 dB, —4 dBm ~6.0 ¢B REL -2.0 dB REL
415 dB, -9 dBm —-11.0 dB REL —7.0 dB REL
+20 dB, —14 dBm -16.0 d8 REL ~12.0 dB REL
-+25 dB, --19 dBm —-21.0 dB REL —17.0 dB REL
+30 dB, —24 dBm —26.0 dB REL —22.0dB REL
+35 dB, —2% dBm ~31.0 dB REL —27.0 dB REL
440 dB, ~34 dBm -386.0 dB REL —-32.0 dB BEL
+45 dB, —3% dBm -41.0 dB REL ~37.0 dB REL
+50 dB, —-44 dBm -48.0 dB REL -42.0 dB REL
+55 dB, ~46 dBm -51.0dB REL —-47.0 dB REL
-+60 dB, —54 dBm ~56.0 dB REL ~52.0 dB REL
-+65 dB, ~59 dBm —-£1.0 dB REL —57.0 dB REL
+70 di}, —64 dBm —-£6.0 dB REL -62.0 dB REL
+75 dB, —69 dBm -71.0 dB REL -67.0 dB REL
-+80 dB, ~74 dBm -780dBREL| | -72.0dB REL
+85 dB, —-79 dBm —-81.0 dB REL ~77.0 dB REL
+80 dB, —84 dBm -86.0 dB REL -82.0 dB REL
+85 dB, —89 dBm -91.0dB REL —87.0 dB REL
100 dB, —94 dBm -96.0 dB REL -82.0 dB REL
+105 dB, -89 dBm —101.0 dB REL —97.0 dB REL
+110 dB, —104 dBm -106.0 dB REL —-102.0 dB REL
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Table 3-2. Performance Test Record (7 of 15)

Performance Tests

Test T L Resuits
No. est Description Minimum Actual Maximum
2 AM TEST
Residual AM
43 dBm carrier {(except Option 008} 0.02%
9 dBm carrier (0.02%
0 dBm carrier 0.02%
Indicator Accuracy
10% depth 8.4% 11.6%
50% depth 46.0% 54.0%
90% depth 83.6% 96.4%
Distortion
30% depth 2%
70% depth 4%
90% depth 6%
3 dB Bandwidth
Carrier Frequency and AM Rate Setfings
1 MHz; 5 kHz -3dB +3dB
10 MHz; 10 kHz -3dB +3 dB
100 MHz; 10 kHz -3dB — +3 a3
1000 MHz; 10 kHz -3dB +3 ¢B
4000 MHz; 10 kHz (HP 8665A/B) -3 dB +3 dB
Incidental Phase Modulation
1000 MHz carrier 0.3 rad pk
4000 MHz carrier 0.6 rad pk
6000 MHz carrier 0.6 rad pk
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Table 3-2. Performance Test Record (8 of 15)

Test T . Resuits
No. est Description Minimum Actual Maximum
3 FM TEST (LOW DEVIATIONS AND RATES)
Residual FM
Frequency, Mode Select, and Bandwidth Settings
180.001 MHz, Mode 1; 0.3 10 3 kHz 15 Hz rms
180.001 MHz; Mode 1; 0.05 to 15 kHz 20 Hz rms
740.005 MHz; Mode 1; 0.05t0 15 kHz 10 Hz rms
740.005 MHz; Mode 1; 0.310 3 kHz 7.5 Hz rms
1200.001 MHz; Mode 1; 0.3 t0 3 kHz 15 Hz rms
$200.001 MHz; Mode 1; 0.05 to 15 kHz 20 Hz rms
1200.004 MHz; Mode 2 {Option 004); 0.05 to 15 kHz 8 Hz rms
1200.004 MHz; Mode 2 (Option 004); 0.3 1o 3 kHz 2.5 Hz rms
740.002 MHz; Mode 2 {Option 004); 0.3 t0 3 kHz 1.25 Hz rms
740.002 MHz; Mode 2 (Option 004); 0.05 to 15 kHz 4 Hz rms
180.004 MHz; Mode 2 {Option 004); 0.05 to 15 kHz 8 Hz rms
180.004 MHz; Mode 2 (Option 004); 0.3 t0 3 kHz 2.5 Hz rms
Maximum Frequency {MHz}; Mode 1; 0.3 10 3 kHz 60 Hz rms
Maximum Frequency {MHz); Mode 1; 0.05 to 15 kHz 80 Hz rms
Maximum Frequency (MHz), 32 Hz rms
Mode 2 (Option 004); 0.05 to 15 kHz
Maximum Frequency (MHz); 10 Hz rms
Mode 2 (Option 004); 0.3 to 3 kHz
indicator Accuracy
Carrier Frequency, FM Deviation, and Mode Select Settings

10 MHz; 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
180 MHz; 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
190 MHz; 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
260 MHz; 350 kHz; Mode 1 318.5 kHz pk 381.5 kMz pk
370 MHz; 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
380 MHz; 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
8525 MHz; 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
745 MHz; 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
755 MHz; 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
1060 MHz; 350 kHz; Moda 1 318.5 kMz pk 381.5 kHz pk
1290 MHz,; 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
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Table 3-2. Performance Test Record (9 of 15)
Test . Resuits
No. Test Description Minimum Actual Maximum
3 FM TEST (LOW DEVIATIONS AND RATES) (Cont’d)
Indicator Accuracy {cont'd)
Carrier Frequency, FM Deviation, and Mode Select Seitings
{cont’d)

1290 MHz; 100 kMz; Mode 2 (Option 004) 89 kHz pk 111 kHz pk
1060 MHz; 100 kHz; Mode 2 (Option 004) 89 kHz pk 111 kHz pk
755 MHz; 100 kHz; Mode 2 (Option 004) 89 kHz pk 111 kHz pk
745 MHz; 50 kHz; Mode 2 (Option 004) 44.5 kHz pk 55.5 kHz pk
525 MHz; 50 kHz; Mode 2 (Option 004) 44.5 kHz pk 55.5 kHz pk
380 MHz; 25 kHz; Mode 2 (Option 004) 22.25 kHz pk 27.75 kHz pk
370 MHz, 25 kiz; Mode 2 (Option 004) 22.25 kiHz pk 27.75 kHz pk
260 MHz; 25 kHz; Mode 2 (Option 004) 22.25 kHz pk 27.75 kHz pk
190 MHz; 25 kHz; Mode 2 (Option 004) 22.25 kHz pk 27.75 kHz pk
180 MHz; 100 kHz; Mode 2 {Option 004) 89 kHz pk 111 kHz pk
10 MHz; 100 kHz; Mode 2 (Option 004) 89 kHz pk 111 kiHz pk
1800 MHz; 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
2110 MHz; 350 kiHz; Mode 1 318.5 kHz pk 381.5 kHz pk
2950 MHz; 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
3010 MHz (HP 8665A/B); 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
4200 MHz (HP 8665A); 350 kHz; Mode 1 318.5 kHz pk 381.5 kHz pk
8000 MHz (HP 8665B); 350 kHz; Mode 1 318.5 kMz pk 381.5 kHz pk
6000 MHz (HP 86658); 350 kHz; Mode 2 (Opticn 004) 311.5 kHz pk 388.5 kHz pk
4200 MHz (HP 8665A); 350 kHz; Mode 2 (Option 004) 311.5 kMz pk 388.5 kHz pk
3010 MHz (HP 8665A/8); 350 kHz, Mode 2 (Option 004) 311.5 kHz pk 388.5 kHz pk
2990 MHz; 200 kHz; Mode 2 {Option 004) 178 kHz pk 222 kHz pk
2110 MHz; 200 kHz; Mode 2 {Option 004) 178 kHz pk 222 kHz pk
1800 MHz; 200 kHz; Mode 2 {Option 004) 178 kHz pk 222 kHz pk
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Table 3-2. Performance Test Record (10 of 15}

Test . Resuits
No. Test Description Minimum Actual Maximum
3 FM TEST {LOW DEVIATIONS AND RATES) (Cont'd)
Distortion
Carrier Frequency, FM Deviation, and Mode Select Settings
10 MHz; 350 kHz; Mode 1 e 1%
180 MHz; 350 kHz; Mode 1 — 1%
190 MHz; 350 kHz; Mode 1 - 1%
280 MHz; 350 kHz; Mode 1 R 1%
370 MHz; 350 kHz; Mode 1 —_ 1%
380 MHz; 350 kHz; Mode 1 — 1%
525 MHz; 350 kHz; Mode 1 N 1%
745 MHz; 350 kHz; Mode 1 [ 1%
755 MHz; 350 kMz; Mode 1 —_ 1%
1060 MHz; 350 kHz; Mode 1 —— 1%
1290 MHz; 350 kHz; Mode 1 - 1%
1800 MHz; 350 kHz; Mode 1 S 1%
2110 MHz; 350 kHz; Mode 1 — 100
2990 MHz; 350 kMHz; Mode 1 I 1%
3610 MHz (HP 8665A/B); 350 kHz; Mode 1 _— 1%
4200 MHz (HP 8665A); 350 kHz; Mode 1 R 1%
5000 MHz (HP 86658); 350 kHz; Mode 1 e 1%
6000 MHz (HP 8665B); 350 kHz; Mode 2 (Option 004) — 1%
4200 MHz (HP 8665A); 350 kHz; Mode 2 (Option 004} I 1%
3010 MHz (HP 8665A/8); 350 kHz; Mode 2 (Option 004) e, 1%
2990 MHz; 200 kHz; Mode 2 {Option 004) R 1%
2110 MHz; 200 kHz; Mode 2 (Option 004) S 1%
1800 MHMz; 200 kHz; Mode 2 (Option 004) [ 1%
1290 MHz; 100 kHz; Mode 2 (Option 004) e 1%
1060 MHz; 100 kHz; Mode 2 (Option 004) R 1%
755 MHz; 100 kHz; Mode 2 (Option 004) R 1%
745 MHz; 50 kHz; Mode 2 (Option 004) e 1%
525 MHz; 50 kHz; Mode 2 (Option 004) PR 1%
380 MHz; 25 kHz; Mede 2 (Option 004) e 1%
370 MHz; 25 kHz;, Mode 2 (Option 004) — 1%
260 MHz; 25 kHz; Mode 2 (Option 004) - 1%
180 MHz; 25 kHz; Mode 2 (Option 004) — 1%
180 MHz; 100 kHz, Mode 2 (Option 004) — 1%
10 MHz; 100 kHz; Mode 2 (Option 004) PR 1%
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Table 3-2. Performance Test Record (11 of 15)

Performance Tests

Test T D . Hesults
No. est Description Minimum Actual Maximum
3 FM TEST (LOW DEVIATIONS AND RATES) (Cont’d}
incidental AM 0.4%
Carrier Frequency Accuracy in FM
Carrler Frequency and FM Deviation Settings
150 MHz; 5 MMz pk 30 kHz
300 MHz; 1.25 MHz pk 7.5 kHz
600 MHz; 2.5 MHz pk 15 kHz
1200 MHz; 5 MHz pk 30 kHz
4 FM TEST (HIGH DEVIATIONS AND RATES)
indicator Accuracy 16.4 dB 17.8 dB
Distortion ~40 dB
Maximum Rate (3 dB Bandwidth) -3 dB +3 dB
5 SPECTRAL PURITY TEST ($SB PHASE NOISE)
SSB Phase Nolse
Frequency and Mode Select Settings and Offset
1100 MHz; Mode 1; 1 kHz -73 dBc
1100 MHz; Mode 1; 20 kHz ~-117 dB¢
1100 MHz; Mode 1; 100 kHz -134 dBc
1100 MHz, Mode 2 (Option 004); 1 kHz ~94 dBc
1100 MHz; Mode 2 (Option 004); 20 kHz —-128 dB¢
1100 MHz; Mode 2 (Option 004); 100 kHz ~-133 dBc
550 MHz; Mode 2 (Option 004); 1 kHz ~100 dBc
550 MHz; Mode 2 (Option 004); 26 kHz -134 dB¢
550 MHz; Mode 2 (Option 004); 100 kHz -138 dBc
550 MHz; Mode 1; 1 kHz 79 dBc
550 MHz; Mode 1; 20 kHz —-122 dBg¢
B50 MHz; Mode 1; 100 kHz -138 dBc
300 MHz; Mode 1; 1 kHz -85 dBc¢
300 MHz; Mode 1; 20 kMz -128 dBc
300 MHz, Mode 1, 100 kHz ~143 dB¢
360 MHz, Mode 2 (Option 004); 1 kHz -106 dBc
300 MHz, Mode 2 (Option 004); 20 kHz -139 dB¢
300 MHz; Mode 2 (Option 004); 100 kHz U —144 dBc
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Table 3-2. Performance Test Record (12 of 15)

Test T D . Resulis
No. est Description Minimum Actuai Maximum
5 SPECTRAL PURITY TEST (SSB PHASE NOISE) (Cont'd)
S8B Phase Noise (cont’d)
Frequency and Mode Select Settings and Offset (cont'd)
200 MHz; Mode 2 (Option 004); 1 kHz — ~112 dBc
200 MHz, Mode 2 (Option 004); 20 kHz S -144 dBc
200 MHz; Mode 2 (Option 004); 100 kHz e —146 dBc¢
150 MHz; Mode 2 {Option 004); 1 kHz S -94 dB¢
150 MHz; Mode 2 (Option 004); 20 kHz - ~128 dB¢
150 MHz; Mode 2 (Option 004); 100 kHz - -133 dBe
150 MHz; Mode 1; 1 kHz SR -73 dBc
150 MHz; Mode 1, 20 kHz [ —-117 dBc
150 MHz; Mode 1; 100 kHz —_— -132 dBe¢
40 MHz; Mode 2 (Option 004); 1 kHz - -100 dBe¢
40 MHz; Mode 2 {Option 004); 20 kHz R ~131 dBc
40 MHz, Mode 2 {Option 004); 100 kHz s ~133 dBc
Non-Harmonic Spurious (worst case)
>10 kHz offset; 187.5 to 1100 MHz S —100 dBc
>10 kHz offset; 0.1 to 187.5 MHz - -80 dBe
4150 MHz; Mode t; 1 kHz —_— -63 dBc
4150 MHz, Mode 1; 20 kHz e 105 dBc
4150 MHz; Mode 1; 100 kiz e ~122 dB¢
4150 MHz; Mode 2 (Option 004); 1 kHz —— —B83 dB¢
4150 MHz; Mode 2 (Option 004); 20 kHz - -116 dBc
4150 MHz; Mode 2 (Option 004); 100 kHz e —~121 dBc¢
2100 MHz; Mode 2 (Option 004); 1 kHz —_— -89 dBc
2100 MHz; Mode 2 (Opticn 004); 20 kHz S -122 didc
2100 MHz; Mode 2 {Opticn 004); 100 kHz N —-127 dBc
2100 MHz; Mode 1; 1 kHz e -67 dB¢
2100 MHz; Mode 1; 20 kHz : eememeeeeeee —111 dBe
2100 MHz; Mode 1; 100 kHz —n -128 dB¢
Non-Harmonic Spurious (worst case)
>10 kHz ofiset; 2100 to 8000 MHz P -90 dBc
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Table 3-2. Performance Test Record (13 of 15)

Performance Tests

Test b ot Results
No. Test Description Minimum Actual Maximum
6 SPECTRAL PURITY TEST {(HARMONICS)
Harmonics
Frequency Span and Amplitude Settings
0.1 to 2999 MHz; 6 dBm --30 dBc
3000 to 4200 MH2z; 6 dBm (HP B665A) —30 dBc
3000 to 6000 MHz; 6 dBm (HP 8665B) -30 dB¢
Subharmonics
0.1 to 1030 MHz carrier —75 dBc
1030 t¢ 6000 MHz carrier —37 dBc
7 PULSE MODULATION TEST
On/Off Ratio
100 MHz carrier 80 dB
200 MHz cartier 80 dB
500 MHz carrier 80 dB
1499 MHz carrier 80 dB
2998 MHz carriar 80 dB
4200 MHz carrier (HP B665A) 80 dB
6000 MHz carrier (HP 8665B) 80 dB
Risetime
10 MKz carrier 8 ns
20 MHz carrier 8ns
50 MHz carrier 8ns
100 MHz carrier 8ns
200 MHz carrier 8 ns
500 MHz carrier 8 ns
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Fable 3-2. Performance Test Record (14 of 15)

Test T b L Results
No. est Description Minimum Actual Maximum
7 PULSE MODULATION TEST (cont'd)

Falitime
500 MHz carrier e 8ns
200 MHz carrier oo 8ns
100 MHz carrier - 8 ns
50 MHz carrier R 8 ns
20 MHz carrier P 8 ns
10 MHz carrier - ans

Pulse Delay Accuracy
50 ns delay 45.5 ns e 545 ns
500 ns delay 473 ns - 527 ng
5000 ns delay 4748 ns J— 5282 ns

Pulse Width Accuracy
10 ns delay 7 ns —_— 13 ns
100 ns delay 83 ns e 107 ns
1000 ns delay 8948 ns —_— 1052 ns

8 INTERNAL AUDIO OSCLLATOR TEST

Distortion
20 Hz —_— 0.1%
160 Hz e 0.1%
1 000 Mz i 0.1%
16 000 Hz - - Q1%
20 000 Mz s 0.1%
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Table 8-2. Performance Test Record (15 of 15)

Test 9 - Leakage Test (Option 010)

L.ength
Frequency (MHz) Antenna Element Max Leakage (dB)
1029.1 5.9 cm (2.30 in)
975.1 6.1 cm (2.40 in)
925.1 6.5 cm (2.56 in)
8751 7.0 cm (2.74 in)
825.1 7.5 cm (295 in)
775.1 8.1 cm (3.18 in)
725.1 8.7cm (3.441n)
454.1 14.9 cm (5.87 in)
1 Upper tmit is 0 B,
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50 ohm pulse, C-11

abort, 4-12

ac coupling, for AM, 2-14

ac coupling, for FM, 2-2

ac voltmeter, C—-9

accuracy, carrier frequency, 2-3
address selection, HP.IB, 4-10
ale bandwidth, C-2

alc systerm, H~4

alias, I-1

allow external reference, C-7
AM 3 dB bandwidth, 2-14
AM bandwidth, F-20

AM example, HP-SL, 4-71

AM ext. audio, exercise review, 2-19

AM noise generation, F-22
AM noise, example, F-31

AM radio testing, F-22, F-28
AM signal, example, F-28
AM source, audio level, F-15
AM source, audio subcarrier, F-14
AM subsystem, HP-SL, 4-18
AM term, 4-15, E-2

AM, ac coupling, 2-14

AM, an exercise, 2-15

AM, an intreduction, 2-14
AM, an overview, 2-14

AM, coupling, 2-14

AM, de coupling, 2-14

AM, equipment, 215

AM, things to remember, 2--22
amp! step term, 4-15, E-2
amp! step unit, 4-15, £ 2
ampl term, 4--15, &2

Index

INDEX

ampl unit term, 4-15, E-2
amplitude example, HP-SL,, 472
amplitude integ. sum. bit, 4-67
amplitude muting, C-2, H-5
amplitude offset, G2

amplitude subsystem, HP-SL, 4-19
amplitude sweep, example, F-29
amptd correction, C-1

amptd limit, C-1

AMPTD OFS key, G-2

angle term, 4-15, E-2
annunciator, EXT HI, 2-11, 2-20, 2-42
annunciator, EXT LOW, 2-11, 2-20, 2-42
annunciator, sweep, 3-2

ANSI standard, MC1.1, 4-11
appendix D, error messages, 4-8
argument, -1

ASCII, new line, E-1

agterigk, in command message, 4-15
attenuation, C-1

attenuator loss, H-5

attenuator switching, H-5

audic 2 frequency, C—4

audic 2 level, C-4

audio 2 phase, C—4

audio 2 waveform, C—4

audio AM depth, C-5

audio AM frequency, C-5

audio AM ph‘ase, C-5

audioc AM wave, 05

aundio connector, F-1

audio connector impedance, F-22
audio FM deviation, C-5

audio FM frequency, C-5

audio FM phase, C-6

audio FM waveform, C-6

audio freq. rates, max.,, 2-3

audio freq. waveform, change, 2-8, 2-17
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audio frequency rates, 2-3, F-20
audio level, for AM source, F-15
audio level, maximum voltages, F-10
audio level, on BF carrier, F-19
audio level, voltages, F-19

audio mod. signal, complex, 24
audio meod., complex, 2-3

audio meod., single-tone, 2-3

audio oscillator, F-1

audio output, bandwidsh, F-18
audio PM deviation, C-8

audio PM frequency, C—6

audio PM phasge, C-6

audio PM waveform, C-6

audio pulse, C—7

audio pulse frequency, C-7

audio pulse phage, C-7

audio response, FM receiver, F-27
audio signalg, F-1

audio source ®M deviation, F-20
audio source bandwidth, F-20
audio source channels, F-1

audio source decrement, F-21

audio source degredation, F-20
audio source increment, F-21

audio source phase reference, F-11
audio source, channel 1, F-11

audio source, channel 2, F-12

audio source, channel 1 limits, F-12
audio source, channel 2 limits, F-13
audio source, depth, F-20

audic source, external, 2-3

audic source, FM deviation, F-20
audic source, internal, 2-3

audio source, internal output level, 2-44
audio source, modulated, F-14
audio triggered, C—4

audio wave, C—4

audio-tone sweep, F-22
audio-tone sweep, example, ¥-27
auto attenuation, C-1

auto select, I-1

Synthesized Signal Generator

AUT(O SELECT mode, 2-5
AUTO SEQ key, G2

auto sequence, G-2

auto sweep, 3-12

AUTO, key, 3-12
autorange bit, 4-64

avionics, 4-42

bandwidth, affecting audio source, F—20
bandwidth, ALC, C-2

bandwidth, FM, 2-2

bandwidth, for AM, F-20
bandwidth, for FM, F-20
bandwidth, maximum FM, H-2
bandwidth, of audio output, F-13
beacon, IM setup, 4-42, C-12
beacon, MM setup, 442, C-12
beacon, OM setup, 442, C-12
blank amplitude, C-10

blank audio, C-10

blank display, C-9

blank frequency, C-10

blank medulation, C-10
breadband RF devices, 3-9

cable loss, H-5

calibration bit, 4-64

calibration integ. cond. bit, 4-67
calibration subsystem, HP-SI, 4-22
carrier frequency accuracy, 2-3, 2-13
carrier frequency shift, H-1, H-2
carrier frequency, jumps, H-3
cavity tuned resonators, 3-9

center frequency accuracy, H-2
center frequency, sweep, 33
ceramic IF filters, 3-9

channel 1, andio source, F-11

clear all, G-2

CLEAR ALL key, -2

clear lockout/set local, 4-12
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clear, HP-IB, 4-11

command error bit, 4-62

command header, I-1

command message, -1

commmand messages, 4-3, 4-15
command message, asterisk, 4-15
command message, definition, -1
command message, introduction, 4-6
comnmand message, syntax, E-1
command parameter, I-1

command parameter, introduction, 44
command parameter, syntax, E-1
command statements, 4-3, 415, I-1
command statement, definition, E~1
command statement, introduction, 44
comrmand statement, syntax, E-1
command statements, ambiguous, 47
comunon commands, 42

common command, *RST, 4-8
common commands, IEEE 488.2, 4-13
complex audio mod., 2-3

complex audio signals, F~1

complex waveforms, C-3

component testing, for radar, 2-28
condition register, 4-57

conflicting conditions, HP-SL, 4-7
connector impedances, 2-39

control language dictionary, 4-13

control gignals, for pulse modulation, 2-25

coupling type, 4-15, E-2
coupling, AM signals, 2-14
coupling, FM signals, 2-2
crystals, receiver, 3-9

cushioning material, A-1

de modulating voltage, H-3

de offset, H-2

de voltmeter, C-8

de-coupled FM, H-3

de-coupled signal, H-3

DCFM delay equalizer, C-3
decrement, the audio source, F-21
delay, pulse, 2-23

depth, for audio source, F-20
deviation, FM, 21

device dep. bit definitions, 4-63
device dependant summary bits, 4-60
device dependent error bif, 462
device specific commands, 4-2

device gtatus dictionary, 4-55

device status reporting, 4-57
diagnostic subsystem, HP-8L, 4-22
digital FSK, 2-2

digitally-stepped sweep, 3-8, 3-9, 3-11
digitized FM input waveform, H-3

Index

digitized FM synthesis, 2-1, 2-3, 8-4, 2-13, C-2,

H-2 H+4
direct pulse control, 2-28, 2-38, I-2
direct pulse control, an exercise, 2-29
display, G-3
DISPLAY key, G-3
display recali, G-3
digplay sequence, 3
display special, G-3
display subsystem, HP.SL, 4-22
doubler, option, B~1
driver electronics, 4-12

dual-tone modulation, example, F-26

damage to pulse input, 2-34
damage, to pulse input, 2-31
data input/output operations, 4-9
data questionable bit, 4-64

de coupling, H-2

dc coupling, for AM, 2-14

de coupling, for FM, 2 2

emf, G4

emf key, G4

enable register, service request, 461
enhanced spectral purity, option, B-1
equipment recommended, list of, 1-1
error messages, A-1, D1

error messages, appendix 1), 4 8
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error, log sweep not allowed, 3-10
error, mod and sweep condlict, 3—-10
error-space after colom, 4-7

european radix, C-10

event enable register, 4-58

event register, 457

example HP-SL programs, 4-70
example programs, HP-SL, 4-8
execution error bit, 462

EXIT key, 3-13, G-2

EXT HI annunciator, 2-11, 2-20, 2-42
EXT LOW annunciator, 2-11, 2-20, 2-42
extended talker/listener, 4-12
‘extended warranty, option, B-1
external audio source, 2-3

external control signal, 2-25

external timebase source, C-7

), C-3

FM bandwidth, 2-2, F-20, H-2
FM delay equalizer, C—3

FM deviation, 2-1, 2-2, 2-13, -3
FM deviation, greater, 2-5

FM deviation, on audio source, F-20
FM distortion, C-3

FM example, HP-8L, 4-72

FM ext. audio, exercise review, 210
FM indicator accuracy, C-3

FM input waveform, H-3

FM int. audio, exercise review, 2-5
FM receiver, audio response, F-27
FM souwrce, subcarrier, F-16

FM subsystem, HP-SL, 4-23

FM switching time, 2-1

FM synthesis, 2-3, 24, 2-18, C-2
FM synthesis, digitized, 21

FM synthesis, linear, 2-1

FM telemetry, 2-2

FM, ac coupling, 2-2

M, an exercise, 2-5

FM, an introduction, 2-2

FM, an overview, 2-2

Synthesized Signal Generator

FM, coupling, 2-2

FM, dc coupling, 2-2

FM, equipment, 2-5

FM, external mod. signals, 2-2
FM, generation, 2—3

FM, internal mod. signals, 2-2
FM, things to remember, 2-13
Fractional-N synthesis, H~-3

freq multiplier, C~2

FREQ OFS key, G4

freq term, 4-17, E-2

frequency example, HP-SL, 4-73
frequency integ. sum. bit, 4-66
frequency offset, G4

frequency shift, 23

frequency span limits, table, 3-10
frequency span, limits, 3-9
frequency subsystem, 4-25
frequency sweeping, bagic steps, 3-2
F8K, example, F-30

function generator, recornmended, 11

glideslope, 1-2

glideslope, setup, 4-42, C-12
group delay, C-3, H-3
group delay, effects of, 24
group delay, graph, 24
GSLope, 4-42

handie kitg, option, B-1

hardware integrity summary bit, 4-65
harmeonic content, on group delay, 2-4
header, I-2

high stability timebase, C-7

high-Q devices, 3-9

HP 8665A sig. integ. status reg., 4-65
HP-IB bus, 4-55

HP-IB control language, 4-13

HP-IB device status dictionary, 4--55
HP.-IB messages, 4-11, 4- 12
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HP.IB, address selection, 410 impedance, M connector, 2-39
HP.IB, capabilities, 411 impedance, AM connector, 2-39
HP-SL, -2 impedance, FM connector, 2-39
HP-SL 7, 4-5 impedance, pulse connector, 2-39
HP-SL commands, 413 _ INCR SET, key, F-21

HP-SL dev. dep. status register, 4-63 increment, the audio source, F-21
HP-SL hierarchy, 4-5 initialize example, HP-SL, 4-75
HP-SL notes, 4-14 initialize subsystem, HP-SL, 4-32

HP-SL programming, 4-5 input impedance, pulse connector, 2-24, 2-31, C-11

HP-SL programming tool, 4-71 installation. A1

HP.-SL query, 4-5, 4-15

HP-SL quick reference, E~1
HP-SL: reference information, 4-9
HP-SL subsystem syntax, E-2
HP-SL syster: commands, 4-29
HP-SL table of contents, E-3
HP.-SL, *RST, 4-8

HP-SL, a development tool, 4-T0
HP-SL., colon, 4—4

'HP-SL, command message, 4-6

ingtrument preset, *R5T, 4-8

internal audio source, 2-2, 2-3, F-1, H-2, H-5, I-2
internal audio source, output level, 2-44

internal audio source, voltage, F-19, F-20

internal audio waveform, 2-3

internal control signal, 2-25

internal modulation, 2-44

internal modulation source, H-2, I-4

internal pulse generator, 2-283, 2-38, I-2

HP.SL, command parameter, 44 internal pulse generator, exercise, 2—-33

HP-SL, command statement, 4—4 internal reference oscillator, C-7
HP-SL, conflicting conditions, 47 K
HP-8L, example programs, 4-8
HP-SL, getting started, 4-3 keywords, 4-3
HP-SL, introduction, 4-2 keyword at HP-SL root, 4-15
HP-SL, keywords, 4-6 keywords, optional, 4-14
HP-SL, more about colon, 4-6 knob hold, G4
HP-SL, not sequence dependent, 4-7 KNOB HOLD key, GH4
HP-5L, semicolon, 4-6 KENOB INCR key, G-
HP-SL, short form, 4-6 knob increment, G5
HP-SL, tree structure, 4-3, 4--15 KNOB OFF key, G5
I L
IEEE 488.2 comumon commands, 4-30 IF source subsystem, HP-SL, 4-33
IEEE 488.2 definitions, 4-57 lin ampl term, 4-17, E-2
IEEE 488.2 standard, 4-2, 4-55 lin/log, key, 3-11
IEEE 488.2, commeon commands, 4-13 line spurs, C-3 .
IF filters, ceramic, 3-9 linear F'M synthesis, 2-1, 2-3, 2-4, 2-13, C-2, H-2,
iLs, -2 -4
ILS, example, F-25 linear sweep, 313
ILS, signaling, F-22 linear sweep spacing, 311

iM beacon setup, 4-42, C-12 linefeed character, 4- 14
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localizer, I-3

localizer, setup, 4-42, C-12

local lockout, 4-11

local lockout, HP-IB, 4~11, 4-12
local, HP-IB, 4-11

log sweep, 3-13

log sweep not allowed, error, 3-10
log sweep spacing, 3-11

Low Noise, Option 604, H-4
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multi-tone modulation, C-2

multifunction synthesis, F-1, I-3

narrowband devices, 3-9
new line, ASCII char.10, E-1

noigse generation, F-22

noige voltage, H—4

non-dec. num. prog. data, 417

non-decimal numeric prog. data, E-2
arf, 4-17, E-3

manual sets, option, B-1

manual sweep, 3-13

MANUAL, key, 3-13

marker beacon, -3

marker subsystem, HP-SL, 4-42.1
MAYV summary bits, 4-60
maximum audio freq. rates, 23
maximum FM bandwidth, H-2
mechanical damage, A-1
mechanical defects, A-1

memory contents, of RAM, C-8
messages, error, A—1, D-1

MM beacon sefup, 4-42, C-12
mod and sweep conflict, exror, 3-10
mod type, E-2

MODE SELECT, 3-13,1-3

Mode Select keys, 2-5

Mode Select Synthesis, 3-8

mode selection, 2-1

modem testing, F-22, ¥-30
modes of operation, 2-5
modulation accuracy, H-1
modulation example, HP-5L, 475
modulation integ. sum. bit, 4-66
modulation subsystem, HP-SL, 4-42.1
mod_type, 4-17

MSS5G, key., A1, D 1

offset annunciator, C-2

offset,
offset,

amplitude, G-2
frequency, G4

ohms term, 4-17, E-3
OM beacon setup, 442, C-12
operation complete bit, 4-62

options, B-1
Option 008, pulse modulation, 2-23, C-11
optional keywords, 4-14

oscillator, internal reference, C-7

oscilloscope, recommended, 1-1
out-of-lock, D1

output attenuators, H-5

output attenuator switching, H-1

output level, of internal audio source, 244

output power spike, H-5

output power, maintaining, H-6

overshoot, 1-3

overshoot, for pulse, 2-27

packaging material, A-1

passftake controi, 4-12

phase
phase
phase
phase
phase

phase

cont sweep, C-2
decrement, G5
exaraple, HP-S1, 4-76
increment, G-5
modulation, H-1

meodulation subsystem, HP-SL, 443
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phase noige, 2-1, 2-13 pulse subsystern, 4-45

phasge poise meaéurements, HH4 pulse synchronization, 2—24

phase noise, lowest, 2-5 pulse synchronization, illustration, 2-24
phase reference, for audio source, F-11 pulse triggering edge, 2-23, C-11
phase subsystem, HP-SL, 4—44 pulse width, 2-23, 2-27, C-11, 1-3

phase, of RF output, C-2

phase-continuous sweep, 3-8, 3-9, 3-10

phase-continuous, sweep, 3~11
phase-locked-loop bandwidth, H-2
phase-locked-loop {frequency, C-3

quantization errors, H+4
query, E-1

query error bit, 4-62
$M deviation, for audic source, F-20 queue, 4-58

DM source, subcarrier, F-17 quick reference, HP-SL, -1

PLL bandwidth, H-2
PLL frequency, C-3 R
pocket pagers, F~26

rack slide ki, B-1

ower meter, C-9 .
pow erer radar searching, 2-23

power meter subsystem, HP.SL., 4-44 _ .

radar surveillance, 2-23
power on bit, 4-61

radar test measurements, 2-23
power source, A-1

radar tracking, 2-28

power spike, H-5
RAM wipe, special function 4-10, C-8

POWER, key, A-1

programming codes, 4-2 rates, audio frequency, 2-3

recal, C-8
recalibrate, C-8
RECALL key, G-3

receiver crystals, 3-9

programming formats, 4-2
programming protocol, 4-2
programming quick reference, E-1

programming reference information, 4-9

programming, HP-SL, 4-5 receiver rejection, example, F-31

programming, HP.SL commands, 4-2 receiver testing, F-23

PULSE connector, 2-31, 2-34, C-11 recommended equipment, list of, 1-1
PULSE connector, input impedance, 2-24, ¢-11 reduced leakage, option, B-1

pulse control, C~11 ref calibration, C-7

pulse delay, 2-23, C-11, -3 ref in connector, C—7

pulse duration, 2-27 ref source, C-7

pulse fall time, 228 reference information, 4-9

pulse moduiation control signals, 2-25 reference integ. sum. bit, 4-66
pulse modulation, an exercise, 2-29 reference oscillator subsystem, 4-47
pulse modulation, equipment, 2-29 reference oscillator, internal, C-7
pulse modulation, exercise review, 2-29 rel phase adjust, C-2

pulse modulation, overview, 2-23 remote mode, 4-11

pulse modulation, things to remember, 2-38 remote, HP-IB, 4-11

pulse repetition frequency, 2-25, 1-3 request control bit, 4-62

puise rise time, 2-27 request service, 4-12

pulse source, subcarrier, F 18 result code, message, C-8
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retrofit kit, B—-1 signal integrity bit, 4-64

RI carrier signal, F~1 ' gignal settled bit, 4-64

RF output connector impedance, F-22 simultaneous meod., an exercise, 240

RF output, calibrated, F-19 simultaneous med., equipment, 2-40

R¥ pulse delay, I-3 simultaneous mod., exercise review, 2-40
R¥ pulse fall time, 2-28 simultaneous mod., things to remember, 2-44
R¥ pulse ouiput, 2-26 simultaneous modulation, 2-39

RF pulse rige time, 2-27 sine, int. waveform, 2-2, 2-13, 2-22

RF pulse width, 2-27, I-4 single sweep, 3-12

ringing, I-3 single, key, 3-12

ringing, for pulse, 2-27 single-tone auvdio mod., 2-3

rise time, for pulse, 2-27 single-tone moduliation, C-2

R@S and MSS summary bits, 4-60 source list, 4-17, E~3

*RS8T, common command, 4-8 space, E-3

RST, common command, 4--8 span frequency, sweep, 3-3

rules for couplings, sweep, 4-26 special functions, 2-1, C-1

special function 100, C-1, 4-20, H-5
special fanction 101, C-1, 4-20, H-5
gpecial function 102, C-1, 4-22
special function 103, C-1, 420
special function 104, C-2, 4-21

S : special function 105, C-2, 4-21, H-5
special function 110, 4~44, C-2
special function 111, 4-28, C-2
gpecial function 112, 3-10, 3-186, 4-53, C-2
special function 120, C-2
special function 1206, 2-3, 2-13, 4-24
special function 121, 4-28, C-3
special function 124, 4-24, C-3, -3
special function 130, 2-2, 2-8, 2-13, 2-17, 2-22,

safty class 1, A-1

save and recall, audio source, F-21

save & recall registers, 2—1

SAWS, 8-9

sawtooth, int, waveform, 2-2, 213, 2-22
gecurity, C-8

SEQ key, G-3, G-5

sequence, G-5 4-33, C4

sequence dependency, 42 gpecial function 131, 4-34, C-4
sequence subsystem, 448 gpecial function 132, 4-34, C—4
serial number, C-9 special function 133, 4-34, C-4
service diagnostics, C-11 special function 133, 4-35, C-4
service manual, option, B~1 special function 134, 4--35, C-+4
service mode, C~12 special function 135, 4-34, C-4
service request enable register, 4-61 special function 136, 4-35, C-4
SET SEQ key, G2, G-8, G-5, G-6 special function 137, 4-36, C-5
set sequence, G-6 special function 138, 4-36, C-5
shipping container, A-1 special function 139, 4-36, C-5
short form, I-4 special function 140, 4-37, C 5
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short form, TIP-SL, 4-6 special function 141, 4-37, C
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special function 142, 4-38, C-§
special function 143, 4-38, C-6
special function 144, 4-38, C-6
special function 145, 4-39, C-6
special function 146, 439, C-6
special function 147, 4-39, C-6
special function 148, 440, C-6
special function 149, 440, C-7
special function 150, 440, C-7
special function 151, 441, C-7
special function 160, 447, C-7
special function 161, 4-47, C-1
special function 162, 4-47, C-7
special fanction 170, 4-32, C-8
special function 171, C-8, 4-30
special function 172, 4-10, 4-30, C-8
specizal function 173, 4-30, C-8
special function 180, 454, C-8
special function 181, 4-54, C-9
special function 182, 4—44, C-9
special function 190, 4-30, C-9
special function 191, 4-22, C-9
special function 192, 4-22, C~10
special function 193, 4-22, C~10
special function 194, 4-23, C-10
special function 195, 4-23, C-10
special function 196, 4-23, C-10

special function 210, 2-24, 2-31, 2-35, 2-38, 2-89,
4-45, C~11

special function 211, 4-45, C-11
special function 212, 2-27, 2-35, 2-38, 445, C-11
special function 218, 2-27, 2-35, 2-38, 446, C-11

special function 214, 2-25, 2-26, 2--36, 238, 4-46,
C-11

special function 220, F-1, C-11
special funetion 221, ¥-1, C-12
special function 222, F-1, C-12
special function 223, F-1, (‘}w12
special function 224, ¥-1, C~12
special function 225, I'-1, C-12
special function 300, C--12

special functions, recalled, F-21

spectal functions, saved, F-21

Index

SPECIAL key, G-3

spectral purity, C-3

spectrum analyzer, recommended, 1-1
spurious content, of RF output, 2-28
spurs, transient switching, 3-9

square brackets, in HP-SL, 4-14
square, int. waveform, 2-2, 2-13, 2-22
square-wave modulation, H-3

squelch testing, F-26

standard event status enable reg., 462
standard event status register, 4-61
start and stop error, 3-9

start frequency, sweep, 3-8

status bit, 4-12

status byte, 4-12, 4-55

status register model, 4-58

status register syntax, 4-68

statug register, standard event, 4-61

status subsystem, 449

step attenuator, H-3

stepping transients, 3-9

stop frequency, sweep, 3-8

storage registers, 2-12, 2-21
storage registers, audio source, F—21
sub-audible squelch testing, F-26
subcarrier generation, -1
subcarrier sources, -4

subcarrier sources, active, F-10
subcarrier sources, modulation, F-14
subcarrier sources, voltage, F-10

subcarrier, ®M source, F-17

subcarrier, FM source, F-16
subcarrier, pulse source, F-18
summary bit, 4-58
surveiliance, radar, 2-23
SWEEP annunciator, 3-2
sweep exercise, 3~14

sweep frequency formulas, 3-6
sweep in progress bif, 4-64
sweep markers, 3-7

sweep spacing, 3-11

sweep subsystem, 4-53
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sweep time, 3-9, 3-11, 3-13 two-tone FSK, example, F-30
sweep triggering, 3-12 two-tone signal, example, F-25
sweep types, 3-8 typical applications, F-22

sweep, audio-tone, F-22 U

sweep, digitally-stepped, 3-8, 3-9, 3-11

sweep, phase-continuous, 3-8, 8-9, 3-11 unpacking, 1-1

sweeping, basic steps, 3-2 user request bit, 4-61

switching speed, C-3 v

itchi -9
switching spurs, 3 vernier control, of FM deviation, H-3

switching time, 2-13 vertical bar, in HP-SL, 4-14

switching time, FM, 2-1 VHF, example, F--24

switching, speed, 2-5 VHF, range, F-22

SYNC connector, 2-25 VIDEO connector, 2-28

gync output, I-4 video feedthrough, 2-28, I-5

sync outpul signal, 2-25 video output, 2-28
synchronization, for pulse modulation, 2-24 video width, 2-28, I-5

syntax, for HP-SL, E-1 voltage levels, for RF output, F-19
syntax, HP-SL, -4 voltage levels, for subcarrier, F-10

syntax, HP-SL subsystems, B2 voltage, for int. andio source, F-20

synthesis mode, 8-13 voitage, power source, A(;}. .
voltmeter in connector, C-8, C-9
synthesized audio osciilator, I-4

‘ volimeter subsystem, 4-54
synthesized sweep, 3~9

VOR, I-5
T VOR, example, F-24
VOR, range, F'-22
take sweep subsystem, 4-54 VOR, setup, 4-42, C-11
taiker/listener, HP-IB, 4-11 W
test, C-8
time constants, 3-9 w.g. noise, int, waveform, 2-2, 2-18, 2-22
time term, 4-17, E~3 waiting for arm bit, 464
timebase source, external, C-7 waiting for irigger bit, 4-64
timebase, high stability, C-7 warranty, extended, B-1

waveform degredation, F-20
waveform, sawtooth, 2-2, 2-18, 2-22
waveform, sine, 2-2, 2-13, 2-22

waveform, square, 2-2, 2-13, 2-22

timebase, option, B~1
tracking; radar, 2-23
transients, stepping, 3-9
transition filter, 4--57

waveform, w.g. noise, 2~2, 213, 2-22
tree structure, HP-SL, 4-3, 4-15, I-4

wideband ALC, C-2

trigger delay, 1-5 width, pulse, 2-23
trigger delay time, 2-25

X
trigger delay, illustration, 2-26
trigger, HP-IB, 4-11 x-axis output, 3-7
triggered audio, T4 7

triggering edge, pulse, 2-23
triggering signal, for pulse, C-11 z-axis output, 3-7, 38
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