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SAFETY CONSIDERATIONS

GENERAL

This product and related documentation must be
reviewed for familiarization with safety markings and
instructions before operation.

This product is a Safety Class I instrument (provided
with a protective earth terminal).

BEFORE APPLYING POWER
Verify that the product is set to match the available
line voltage and the correct fuse is installed.

SAFETY EARTH GROUND

An uninterruptible safety earth ground must be pro-
vided from the main power source to the product input
wiring terminals, power cord, or supplied power cord
set.

SAFETY SYMBOLS
Instruction manual symbol: the product will be
marked with this symbol when it is necessary for the

user to refer to the instruction manual (refer to Table
of Contents.)

é Indicates hazardous voltages.

“= Indicates earth (ground) terminal.

| \WARNING | Ty, WARNING sign denotes a hazard.
It calls attention to a procedure, practice, or the like,
which, if not correctly performed or adhered to, could
result in personal injury. Do not proceed beyond a
WARNING sign until the indicated conditions are fully
understood and met.

CAUTION The CAUTION sign denotes a hazard. It

calls attention to an operating procedure, practice, or
the like, which, if not correctly performed or adhered
to, could result in damage to or destruction of part or
all of the product. Do not proceed beyond a CAUTION
sign until the indicated conditions are fully understood
and met.

[ WARNING I

Any interruption of the protective (grounding)
conductor (inside or outside the instrument) or
disconnecting the protective earth terminal will
cause a potential shock hazard that could result-
ing personal injury. (Grounding one conductor of
a two conductor outlet is not sufficient protection,).

Whenever it is likely that the protection has been
impaired, the instrument must be made inop-
erative and be secured against any unintended
operation.

If this instrument is to be energized via an
autotransformer (for voltage reduction) make sure
the common terminal is connected to the earth
terminal of the power source.

Servicing instructions are for use by service
trained personnel only. To avoid dangerous elec-
tric shock, do not perform any servicing unless
qualified to do so.

Adjustments described in the manual are per-
formed with power supplied to the instrument
while protective covers are removed. Energy avail-
able at may points may, if contacted, result in
personal injury.

Capacitors inside the instrument may still be
charged even if the instrument has been discon-
nected from its source os supply.

For continued protection against fire hazard, re-
place the line fuse(s) only with 250V fuse(s) of
the same current rating and type (for example,
normal blow, time delay, etc.) Do not use repaired
fuses or short circuited fuseholders.
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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.)

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

o 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 illustrated in this Operation Guide.

Table 1-1. List of Recommended Equipment.

Equi Recommended Used in
quipment Model Numbers Chapter(s)

Spectrum HP 8562A/B, or HP 85668, or HP 85688 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 8111A, 2
Generator or HP 8116A, or HP 8904A
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Meet the Signal
Generator

Note

The Signal Generator is specifically designed as a low-noise general
purpose RF frequency signal generator with modulation, amplitude
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 HP 8665B).

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

Modulation formats of AM, FM, &M, 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 8665A,
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.

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

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

What About Modulating, Chapter2

—>

What About Sweeping, Chapter3

=>

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:

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

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

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

e 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 Directory Use the iﬂgstration shqwn below and find the subject‘ 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
R

Amplitude Modulation
AL P

Pulse Modulation
o A2

Simultaneous Modulation
o A0S
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Frequency
Modulation -
An Overview

If You Need to Know: Refer to:

Frequency Modulation

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

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

e 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
Modulation -
An Introduction

The Signal Generator accurately simulates many different types of
FM signals used in RF communication systems. Also, a wide variety
of unsymmetrical modulation signals, such as digital FSK squelching
sequences, and FM telemetry can be coupled to the front-panel 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 €.

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.
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[ e e

Carrier Frequency
Accuracy

Audio
Frequency Rates

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 FM 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 Output 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
Delay
souses —pStandard Signal Generator (Delay Equalizer ON)
Digitized FM——X*
PO
Standard Signal Generator
(Delay Equalizer OFF)
or Signal Generator w/opt. 004
200nSec 4+ — — — —_—— — = = = D -
100nSec _ < Linear FM (Delay Equalizer  OFF)
T I T l> Frequency
300Hz 3kHz 20kHz 1 MHz

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 AUTO
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:

' OPTION NOT NOT NOT
Standard Signal Generator 004 AVAILABLE | AVAILABLE | AVAILABLE
YET YET YET
T
| 1
IM MODE SELECT *I
]
|
| [AUTOJ | MODEU , |MODE 2 l [MODE 3 I MODE 4 I MODE 5 l
l AUTO STD LOW NOISE | I I
SELECT |
| | | l 1 |
) ' | | | I
200 mS A [r—————
RF OUTPUT | | |
SWITCHING 'TIME l
| l
50 mS o I I l l
| I | | |
5 MHz o= ! |
AVAILABLE FM DEVIATION | |
AT RF OUTPUT OF 1 GHz
! ! | |
100 kHz —_— | | |
! I I |
—120 dBc A 1 I l
PHASE NOISE 20 kHz | |
OFFSET AT 1 GHz
l |
—140 dBc o { I (
| 1 , [ [

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

Frequency The following exercise is made up of two procedures. Each procedure

Modulation — takes about 10 minutes to complete. The first procedure frequency

) modulates the Signal Generator using the internal audio source. The

An Exercise second procedure frequency modulates the Signal Generator using an
external audio source.

Equipment Needed Both procedures require use of the following equipment:

Equi Recommended

quipment Model Numbers .

Spectrum HP 8562A/B, or HP 8566B, or HP 8568B
Analyzer

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

Procedure #1 - FM 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 follows:

Audio Source o 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.

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

o 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 ...........coooiiiiiiiiiiiieiain., 2.5 GHz
Frequency Span .......... ...l 100 MHz
Reference Level. ... 0 dBm

Adjust RF Output 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 “<y cursor” appears in either the FRE-
QUENCY/STATUS or the MODULATION/AMPLITUDE display,
and points to the currently active function. This means, for exani-
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 “y cursor” is now in the MODULA-
TION/AMPLITUDE display. The following display should appear
on the spectrum analyzer:

SPA H
198 | MH=z |
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Adjust FM 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:

|
SPAN - |
128| MH= !

| | !

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 0 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 |«<v/| 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 Procedure #2 starts with step 1 shown below. A preview of the four
Using an External major steps in the procedure is as follows:

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

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

» Adjust the FM deviation to 10 MHz on the Signal Generator.

o 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 ..........ccoiiiiiiiiiiiiinenn.. 2.5GHz
Frequency Span ........... ... i 100 MHz
Reference Level. .. ... ... it 0 dBm

On the Function Generator

Frequency ... 600 kHz
Amplitude..............ooLL 1 Vpk (at the FM input)

Wavelorm ... Sine
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Adjust RF Output 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.
4. Press the AMPTD key, and enter an output amplitude of 0 dBm. The

following display should appear on the spectrum analyzer:

SPA
108 | MH=z

| t | i

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

L

The EXT HI and EXT LOW annunciators in the MODULATION/
AMPLITUDE display indicate if the amplitude of the external audio
source 1s too high or too low. When the amplitude is at 1 Vpk £1%,
both annunciators are off. Howcver, both annunciators only work at
external audio rates from 20 Hz to 100 kHz.
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Observe and Modify the Results
6. The following display should appear on the spectrum analyzer:

T T ‘ —
J |

SPA _l
128 | MH=z |

. ,
I | % ! ‘
‘

|

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

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

Recall Register -

9. 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.

10. 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.

Remember 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 1049, 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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Frequency
Modulation
— Things to

Remember

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

L

Digitized FM synthesis, and Linear FM synthesis are two methods
of generating FM in the Signal Generator. Special Function 120
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.

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

o 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
(2-19 to 2-21)

e 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 audio 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 Q.

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.

Am p litude The following exercise is made up of two procedures. Each procedure
Modulation — takes about 10 minutes to complete. The first procedure amplitude
h modulates the Signal Generator using the internal audio source. The
An Exercise 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.

Equipment Needed Both procedures require use of the following equipment:

Equi Recommended

quipment Model Numbers

Spectrum HP 8562A/B, or HP 8566B, or HP 8568B
Analyzer

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

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 follows:

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 ............oooiiiiiiiiiiiiiia. 20 MHz
Frequency Span ...l 25kHz
Reference Level............oooiiiiiiiiiiii i, 0 dBm

On the Oscilloscope
VOIS/DIV .« e e 0.5

TIMe DIV oot i et e e 25 usec
Adjust RF Output 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 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 “7 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; this indicates 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

AUDIO

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 Signal Generator should show the
following in the FREQUENCY/STATUS display:

Save Register -
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L

9.

10.

11.

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).

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.

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.

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 2-6. 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 follows:

Audio Source o 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.

o Adjust the AM depth to 90% on the Signal Generator.
o Adjust output amplitude on the function generator.
o 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 ...............ocoiiiiiiiiiiinn.. 100 MHz

Frequency Span ... 50 kHz
Reference Level.......... ... i 0 dBm
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On the Oscilloscope

VOIS DIV .« ettt e e e e 0.2
TIMe DIV c oo e e 25 pusec
On the Function Generator

Frequency ............ 10 kHz
Amplitude........... ..o 1 Vpk
L A=) 16} ¢ o N Sine

Adjust RF Output 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

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 Output Amplitude on the Function Generator

Note 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
L i
NI
/
\ /
\_ [/ /
; /

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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Remember

10. Press the 0 and the ON key to recall the settings from Procedure

11.

#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.

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.

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 1049, accept only frequency and
amplitude settings.

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

Amplitude
Modulation
— Things to
Remember

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

o For accurate AM depth, audio frequency rates should not exceed

the specified limits shown in chapter 1 of the Signal Generator
Calibration Manual for the RF output.

o An internal or external audio source can be used to amplitude

modulate the RF output.

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 for modulating the RF carrier.



What About Modulating? 2-23

Pulse
Modulation -
An Overview

If You Need to Know: Refer to:

Pulse Modulation

s Some general information about
pulse modulation..................... Pulse Modulation-An
Introduction (2-23)

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

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

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

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

Pulse
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 to 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 timing and width of the pulsed RF output. In contrast, using the
internal pulse generator you directly control the delay, width, 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 Q
for the PULSE connector, or to keep the preset Schottky TTL input
impedance value of 100 kQ.

Pulse
Modulation -
Synchronization

There are four events occurring in the process of generating a pulse
modulated output from the Signal Generator.

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 / \»
Internal

Control
Souce

Sync / \

Output

RF Pulse
Qutput

Video / \

Output

Figure 2-7. Rising Edge Synchronization
for the Pulse Modulation Output.
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External or Internal
Control Signal

Sync Outputi

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 Q or 100 kQ), it must be dc-coupled to the front panel
PULSE connector, and can be at a rate from dc to 10 MHz.

o 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 ), and is used to
synchronize the RF Pulse Output.

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

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

o 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, Fulse Triz Edzs is set to
Hez).

« 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, Ful=z= Triz Edas is set to
ot h).

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:

o 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.
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RF Pulse Output

External or

50%
Internal
Control
Souce Td
Sync 50%
Output

Td—Trigger delay

Figure 2-8. Trigger Delay Time 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 Exth. 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
50%
Sync
Output Vor
Pd—-l \J
RF Pulse S0% -
Output 10%

90%

Td—Trigger delay Tr—RF pulse rise time Vor—Overshoot and ringing

Pd—RF pulse delay
Pw—RF pulse width

Tf—RF pulse fall time
Vf—-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. Py 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 Pulse 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 P4 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 pulse 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 Pulse Control for (P ). When direct pulse control is used,
pulse width is determined by the external or internal control signal, as
follows:

» 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:

External or 50%
Internal
Control
Souce Td
50%
Sync
Output
Pd—-l
50% -
RF Pulse
Output 10%
90% —
>
ideo son —f—r—\___
Output
Td—Trigger delay Tw—Video width Vf-Video feedthrough
Pd—RF pulse delay Tr—RF pulse rise time  Vor—Overshoot and ringing
Pw—RF pulse width Tf—=RF pulse fall time

Figure 2-10. Video Output 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 Pulse Modulation Procedure #1.

Pulse
Modulation -
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 HP 8904A
Oscilloscope* | HP 54100A, or HP 54100D, or
HP 54110D, or HP 541207

*1If your oscilloscope does not have a 1 GHz bandwidth,
reduce the RF output frequency in the following
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:
e Set up and adjust an oscilloscope and function generator, and
connect them to the Signal Generator.
 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.
o Observe and modify the results.
« Set up internal pulse modulation on the Signal Generator.
» 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

VOIS DIV .« e e e 200 mV
TImMe DIV oo e 100 us

On the Function Generator

Frequency ...........ooiiiiiiiiiii 3 kHz
Amplitude..............oooool 4 Vp-p (+2 V offset)
Waveform ............... e Square (50% duty cycle)

Adjust RF Output 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 “sy 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

specify 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:

Sync

RF Pulse
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) to 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 Results
11. The following display should appear on the oscilloscope:

Sync

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 Pulse Modulation Procedure #2.

Procedure #2 -
Pulse Modulation
Using the Internal

Puise Generator

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

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

o 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.
o 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

VOUS/ DIV .« e e 200 mV
TIMe/ DIV e 1 pus
On the Function Generator

Frequency ...... ... ... i 900 Hz
Amplitude.............oooL 4 Vp-p (+2 V offset)

Waveform ...l Square (50% duty cycle)
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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 Output 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 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 “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 pulse

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 Ful== Gen is displayed. With
Ful=ze 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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Note 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:

Sync

RF Pulse
Output

9. Press the SPECIAL key, enter number “212”, 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 oscilloscope
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 (1zz), or both
edges (Ecth) 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 Foz and HEG edges. Two pulses
corresponding to the positive and negative edge positions appears
when EOTH is selected. Change the oscilloscope time/division as
necessary to observe your results.

Set Up Internal Pulse Modulation on the Signal Generator

15.

16.

17.

18.

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

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.

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 ps.

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:

Sync

RF Pulse
Output

20.

21.

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.

Disconnect the SYNC output, and connect the oscilloscope to
the rear-panel VIDEO connector. You will notice a video output
occurring for each RF pulse output.



2-38 What About Modulating?

The following list is a summary of the most important points discussed
uise & Iy p 1%
Modulation in the pulse modulation section:
. o The Signal Generator generates pulse modulation using either
—RTh Ing Sth direct pulse control, or the internal pulse generator.
emembper

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

o 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 Signal Generator could result if the
external audio source outputs a pulse greater than +10 Vpk (or
+7 Vpk or -3.5 V dc).

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

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

e Special Function 211 allows you to turn on the internal pulse
generator.

e Special Function 212 allows you to vary the pulse delay time.
« Special Function 213 allows you to change the pulse width.

« 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
Modulation -
An Overview

If You Need to Know: Refer to:

Simultaneous Modulation

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

e How to simultaneously modulate
FMwithAM ......................... Simultaneous Modulation-An
Exercise (2-40 to 2-43)

o 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 — =& W&
An Introduction

1. Simultaneous FM and AM is selected using a common 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 audio 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 600 Q. With Option 008, the PULSE Modulation Input
connector has an input impedance of 50 Q, or 100 kQ (with Special
Function 210 turned off).
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SPECTRUM ANALYZER

I | [ ]

oojja o

ool [ooo|[oo| ol jlooo
=I=lll=1==1l=l=| = === == O
Dol looo||oo| |0 |joogoo

SIGNAL INPUT
oo/ |\oogllooo) o) iooooo) \ooo L1 )
o »

ool QO e 6 opooao O
L1 A
AM RF

l FUNCTION GENERATOR

OUTPUT

Figure 2-13. Equipment Setup for Simultaneous FM and AM Procedure.

Simultaneous There are many possit?le compinations.and applications for simultane-

Modulation - ous modulation. In this exercise, f:he slgnal ngerato? simultaneously

oduiati modulates FM with AM. The application for this exercise represents an

An Exercise FM radio signal fading 30 dB as a result of interference. This procedure
takes about 15 minutes.

Equipment Needed This procedure requires use of the following equipment:

Equi Recommended
quipment Model Numbers
Spectrum HP 8562A/B, or HP 8566B, or HP 8568B
Analyzer
Function HP 3312A, or HP 3314A, or HP 8111A,
Generator. HP 8116A, or HP 8904A
Procedure - In the procedure, you will set up the Signal Generator with a wanted

Simultaneous FM signal modulated by the internal audio source, and then introduce
FM and AM 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:

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

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

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

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

o 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 .............coiiiiiiiiiiiinnn... 150 MHz
Frequency Span ............. ..o ool 500 kHz
Reference Level.............oooiiiiiiiiiiiiiin . +10 dBm

On the Function Generator

Frequency ... 0.5Hz
Amplitude........ ... 1Vpk
Waveform ........ ..o i Sine

Adjust RF Output 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 0 dBm.
You will notice that the “y cursor” is now in the MODULA-
TION/AMPLITUDE display.

Adjust AM Depth on the 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% Ext DC  .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 at 1 Vpk +1%,
both annunciators are off. However, both annunciators only work at
external audio rates from 20 Hz to 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. Decrease 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
1kHz.

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

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

75.0kHz 1.000kHz .0.0dBm

AUDIO
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Observe and Modify the Results

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 output 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:

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

e 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 600 Q. With Option 008, the PULSE
Modulation Input connector has an input impedance of 50 @, or
100 kQ (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 Vdcto1Vdcin1mV 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 AUDIO LEVEL key. Turn the knob or press

one of the keys to change the output level.
g tpu
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What About Sweeping?

In this Chapter

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.

Programming Reference Information

/OK/‘J/B

Start, Stop, Center and ODE

Sweep Markers

o - s
weep Types

- =

Sweep Spacing and Sweep Tim
o e

Sweep Tnggenng

— S //E
weep Xer'CI

N
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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. Set up 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.

M S\VEEP S—
F»START F+STOP F-=+C

s | &
O LoG
ISREIRES)
O 0] O

i A0 E ? Smﬁiﬁg iw&a}

F+MKR 1 F®MKR 2 F#+®MKR 3

) (w9 (=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

SWEEP
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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 Aigure 3-2:

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

(— SWEEP —
F+ START F-+STOP F-»
START STOP £
FREQ 3. &5
OLO0G
a )
SWEEP FREQ
LIN/LOG) TIME SPAN E
0] O
a2 Y B r
AUTO Emcu-: MANUAL
y. _J
F+MKR 1 F=MKR 2 F+MKR 3
( ( )
MKR 1 (MKR 2 MKR 3
\_ ) )

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

follows:

« Use the front-panel DATA keys shaded in figure 3-3:

NN DATA “

dB

/ § 3 92 g?g@ J’Bx“L

rod ms ENTER

L 4 g g 5 6 ”??E oN
deg 148

) (2) (3)|(=) (=

ns EXIT

o) 1) L)) L]

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

— INCR/DECR nEmmmm
KNOB HOLD KNOB INCR

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:

g |NCR/DECR I

KNOB HOLD KNOB INCR

$ DECR ® INCR

EREINES

Figure 3-5. Knob for Start, Stop, Center, and Span.
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o 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 figure 3-6.

F UTILITY m— o— SWEEP S—
O F->START F->STOP F=C
r R —amr
START sTOP CTR
Sﬁi?‘?} DISPLAY] é FREQ § FREQ g FREQ
o) OLo6
r ) r \ ( )
MSSG} SPECIAL UN/LOG] rs‘-’}{ﬁ%” EREQ
J J \ J
CLEAR ALL SET SEQ o o o
( ( - ™) o D
( SAVE ] RECALL AUTOJ SINGLE | | MANUAL
J 7 \ v
AUTO SEQ F>MKR 1 F-=MKR 2 F>MKR 3
™) r - ™) o a
[P'QgET 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 is set to (STOP FREQ - START FREQ)

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

If FREQ SPAN is changed:
CTR FREQ is 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:

— SWEEP —

F-» START F -+ STO F+C
[START 1 (stop )] [ cr )
FREQ | | FREQ | | FREQ |
O LoG
] ([sweer] [ Freq |
ﬁ-‘N’ LOG TIME SPAN
) o ) y
O o] O
r ( \ )
AUTO SINGLE MANUAL
- ) \_ ) \ )

F+MKR 1 F»MKR 2 F#+#MKR 3
MKR 3 MKR EE é%%ﬁ 33

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 Generator is 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 hgure 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 output signal
that changes to a +5 V dc pulse during retrace to blank the oscilloscope
CRT, and also changes to a 0 V dc level whenever a sweep marker is
present as shown in figure 3-8.

Period of Sweep Time

+10vde T A
I
X—AXIS l
! |
+0Vdc 4
Start M- Center ["— Stop | |
Frequency Frequency I-'requency|
I
I | | [
+5Vdc | |
Z—AXIS | |
I |
+1Vdc
vl Wt

Retrace Pulse

\Morker 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.

o 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 linear 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
Frequency span too laroe appears in this situation.

With phase-continuous sweep, precise measurements can be made
when characterizing narrowband devices such as passband filters,
SAWSs, cavity tuned resonators, receiver crystals, or ceramic IF filters.
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.



What About Sweeping? 3-9

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 to 1500 10 200

375 to 750 5 100

187.5 to 375 2.5 50

10 to 187.5 10 50

0.1to 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.

e 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: “fad

znd swesp cond lict”.

» Log sweep is not allowed with phase-continuous sweep, or you
will get the error message: “Los zweep not zllowsd”.

Note 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 Frequencd =pan too laras appears in this situation.
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Sweep Spacing
and Sweep Time

Linear or Log
Sweep Spacing

Permissible
Sweep Times

The Signal 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:

N SWEEP _

F+ START F+STOP F->C
rSTART] [ STOP ] CTR |

| FREQ FREQ FREQ
O LoG
entaRE]d
O O O
t Y [ )

AUTO SINGLE MANUAL
J J J

F*MKR 1 F#MKR 2 F-®MKR 3

MKR 1 MKR 2 MKR 3

S J J

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—
STEPPED CONTINUOUS

10 Milliseconds
20 Milliseconds
50 Milliseconds
100 Milliseconds
200 Milliseconds
500 Milliseconds
1 Second

2 Seconds

5 Seconds

10 Seconds

20 Seconds

50 Seconds
100 Seconds
200 Seconds
500 Seconds
1000 Seconds

—_ -4 4 ==

Figure 3-10. Sweep Times for Each Sweep Type.



What About Sweeping? 3-11

You may set the sweep time in one of three ways:
e Turn the knob.

o Press either the @ or the E' 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:

M SWEEP —

F» START F+>STOP F-*>C

[ START | STOP [ c1R
FREQ FREQ | FREQ
O LOG
[ ) [ sweep FREQ
LIN/LOG TIME SPAN
_) )
(0] O (@)
 AUTO SINGLE | (mm.ﬁ
F+MKR 1 F*MKR 2 FMKR 3
) (
[MKR 1 MKR 2] [MKR 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 AUTO 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 annunciator 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 El or @ keys to activate
a sweep, the RF output changes in discrete steps determined by three
different factors:

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

o 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:
e Press the FREQ key.

o 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
Characteristics

Calculating Steps in
a Digitally-Stepped
Sweep

A synchronization period occurs whenever the Signal Generator per-
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 time 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.

. The RF output is then set to the start frequency, and remains there

for approximately 10 msec before the sweep begins.

. 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.

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

» 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 Time

The Signal Generator allows for a maximum number of steps equal
to 1023 (even if your calculations exceeds this value). The Signal
Generator 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).



What About Sweeping? 3-15

SPECTRUM ANALYZER

[
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" 78k
BANDPASS FILTER RF

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/B, or HP 85668, or HP 8568B
Analyzer

Bandpass Filter] HP 11697A"

* You may use any bandpass, highpass or lowpass 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:

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

« Set the start and stop frequencies for the sweep.
o Set the sweep time.
o Trigger the sweep.

o 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 ............cooiiiiiiiiiii i, 500 MHz
Frequency Span ... 1000 MHz
Reference Level ...t 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

. 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.

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.

11.

12.

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:

CENTER
508 | MHz

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

Press the Utility SPECIAL key, enter 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.

14.

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.

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

Center Frequency ....... ... ... ... i 460 MHz
Frequency Span ......... ... ... 10 MHz
Reterence Level ....... ... ... ... . ..., e 10 dBm
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15. Press the SPAN FREQ key, and enter a span frequency of 5 MHz.

16. 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.

17. 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:

SPA
I

— L

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

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

20. 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-SL) 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-SL programmer. Third, it provides reference information for
programming the Signal Generator with HP-SL.

Novice programmers of HP-SL 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

o APl

Getting Started with HP—SL
K A=

Programming with HP-S

L
R D,

Introduction to
Programming Reference Information

A )
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Introduction
to HP-SL

Hewlett-Packard Systems Language (HP-SL) is the new programming
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.

N

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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Getting Started
with HP-SL

How is HP-SL
Organized?

This section explains how HP-SL is organized, and introduces you to
its basic structure. Once you understand the fundamental parts of HP-
SL, proceed to the next section titled Programming With HP-SL where
command messages are described.

HP-SL commands are organized in a “tree” structure. In its simplest
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 programmer can use in writing a command
statement. Keywords on the trunk and branches are used to build
command statements and command messages.

&

v

Y
(A)
Fﬂi\\éﬂﬁé \AMPLITUi)E
A W/WW

v FREQUENCY

% COUPLINGq}

J"’,’ﬁ‘ m, =

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:C¥ 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 10DBM
AMPLITUDE:STATE ON

Tree C
FM:DEVIATION 10KHZ
FM:FREQUENCY 1KRZ
FM:STATE ON

Tree D
AM:DEPTH 50Y%
AM:SOURCE EXTERNAL
AM:COUPLING AC
AM:STATE ON
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Programming
with HP-SL

HP-SL Command
Statements

SR INCREMENT’ /(
lNCREMENT

This section explains how to generate command messages in HP-SL.
A command message is two or more command statements put on the
same line.

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 programming.

Let’s expand the analogy of the HP-SL “tree”. In reality, the tree
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.

mcneﬁén'f; INGREMENT

% . INCREMENTs
(( INCREMENT? =
"‘s'? .

~' START

.‘z . 7
OFFSET

WTe? <
.

m
s
A

FREQUENCY

/i g\w ;

Figure 4-2. Expand/ng the Detail of Tree “A”.
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More about the Colon

The HP-SL Semicolon

More about HP-SL
Command Statements

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 5MHZ

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 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.

There is no “one way” to program with HP-SL. You may write
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 175MHZ;SYNTHESIS 2
In this case, notice how the semicolon is used not only to separate one

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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Remember

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 175MHZ;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:SYNT 2;CW 175MHZ.

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 “ ;: ” 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 leave a space after a colon or you will get the following
message:

Error—Space after colon
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What Eise do |
Need to Know?

Note

Always use the common command *RST (equivalent 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 find that the
syntax and mnemonics 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.
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