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Contacting Agilent

By internet, phone, or fax, get assistance with all your test and measurement needs.
Table 1-1 Contacting Agilent

Online assistance:

United States
(tel) 1 800 452 4844

New Zealand
(tel) 0 800 738 378

(fax) (+64) 4 495 8950

www.agilent.com/find/assist

Latin America
(tel) (305) 269 7500
(fax) (305) 269 7599

Japan
(tel) (+81) 426 56 7832
(fax) (+81) 426 56 7840

Asia Call Center Numbers

Canada
(tel) 1 877 894 4414
(fax) (905) 282-6495

Europe
(tel) (+31) 20 547 2323
(fax) (+31) 20 547 2390

Australia
(tel) 1 800 629 485
(fax) (+61) 3 9210 5947

Country Phone Number Fax Number
Singapore 1-800-375-8100 (65) 836-0252
Malaysia 1-800-828-848 1-800-801664
Philippines (632) 8426802 (632) 8426809
1-800-16510170 (PLDT 1-800-16510288 (PLDT
Subscriber Only) Subscriber Only)
Thailand (088) 226-008 (outside Bangkok) | (66) 1-661-3714
(662) 661-3999 (within Bangkok)
Hong Kong 800-930-871 (852) 2506 9233
Taiwan 0800-047-866 (886) 2 25456723

People’s Republic
of China

800-810-0189 (preferred)
10800-650-0021

10800-650-0121

India

1-600-11-2929

000-800-650-1101
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CERTIFICATION

Heuwlett-Packard Company certifies that this product met its published specifications at the time of shipment
from the factory. Heuwlett-Packard further certifies that its calibration measurements are traceable to the
United States National Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and
to the calibration facilities of other International Standards Organization members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in material and workmanship for a
period of one year from date of shipment. During the warranty period, Hewlett-Packard Company will at its
option, either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by HP. Buyer
shall prepay shipping charges to HP and HP shall pay shipping charges to return the product to the Buyer.
However, Buyer shall pay all shipping charges, duties, and taxes for products returned to HP from another

country.

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

LIMITATION OF WARRANTY

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

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

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

ASSISTANCE

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

For any assistance, contact your nearest Heuwlett-Packard Sales and Service Office.




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 in-
put 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.

The 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.

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 re-
sulting personal injury. (Grounding one conduc-
tor of a two conductor outlet is not sufficient
protection).

Whenever it is likely that the protection has
been impaired, the instrument must be made
inoperative and be secured against any unin-
tended 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
gualified to do so.

Adjustments described in the manual are per-
formed with power supplied to the instrument
while protective covers are removed. Energy
available 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 exam-
ple, normal blow, time delay, etc.) Do not use
repaired fuses or short circuited fuseholders.
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Learning to Operate the HP 8645A

Getting Started
the Easy Way

Note

What’s in this Guide?

Equipment
You Will Need

This Operation Guide provides you with a quick and easy way to learn
about the HP 8645A Agile Signal Generator. If this is your first
introduction to frequency hopping the HP 8645A, we recommend that
you take 15 minutes to read this chapter and do the frequency hop
procedure before going on to other chapters.

If you are unpacking a new HP 8645A, you will want to refer to to
the installation suggestions provided in appendix A.

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

o Chapter 1 shows you how easy it is to frequency hop the Agile
Signal Generator.

o Chapters 2-5 describe in detail how to modulate, frequency hop,
sweep, and program the HP 8645A. These chapters will give you the
skill to operate the Agile Signal Generator for most of your needs.
(Refer to appendix G to find miscellaneous operating information
for all your other needs.)

The following table lists the equipment we recommend that you use
throughout this Guide. You can substitute equipment; however, be
aware that you may get different results than the ones shown in this
Guide.

Table 1-1. List of Recommended Equipment.

s Recommended Used in
papmant Model Numbers Chapter(s)
Spectrum HP 8562A/B, or HP 8566B, or HP 8568B 1-5
Analyzer
Oscilloscope HP 1741A, HP 54100A, or HP 54200A 2
Function HP 3312A, HP 3314A, HP 8111A, 23
Generator HP 8116A, or HP 8904A
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Meet the
HP 8645A

The HP 8645A is a 1 (or 2) GHz RF signal generator specifically
designed to perform the most demanding tests on frequency agile radios
and on state of the art communication systems; with its modulation,
amphtude control, and sweep functions, the HP 8645A also performs
in and out-of-channel tests on high-performance radios.

Specifically, your frequency agile and communication testing needs are
met in the following ways:

o A frequency range of 251.5 kHz to 2060 MHz (1030-2060 MHz is
covered by ordering Option 002).

¢ Modulation formats of AM, FM, &M, and Pulse.

o Frequency hopping is controlled from the front panel, or by the rear
panel HP-IB, Sequence, Hop, and Fast Bus connectors.

« Digitally-stepped, fast-hop, or phase-continuous frequency sweep-
ing.

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

o Complex signal generation with the synthesized audio oscillator.

Frequency Hop
the HP 8645A

Set Up Your Equipment

The following procedure demonstrates the HP 8645A’s flexibility and
precision needed for Frequency Agile testing.

All you'll need is the HP 8645A and a Spectrum Analyzer, so let’s get
started.

Connect the HP 8645A to the Spectrum Analyzer as shown in
figure 1-1. Turn on the Spectrum Analyzer and adjust it as follows:

Center FreQUeNCY ... ...oviviine i 100 MHz

Frequency SPam ............oeivieniniiiiiianniaennns 10 MHz

Reference Level ... ..ottt +10 dBm
HP 8645A

AGII_E SIGNAL GENERATOR SPECTRUM ANALYZER

UU mma CSG DG DC!
| o | QQD DD DDDD
DCI (o0 ol (] DDD

SIGNAL INPUT
1 2 l
- I=TEE @ @ @ @ Tooans © S L O 2
/

Figure 1-1. Equipment Setup for Frequency Hop Procedure.

RF



Procedure to
Frequency Hop
the HP 8645A

Note

STER 2

Learning to Operate the HP 8645A 1-3

This procedure guides you through a simplified procedure to frequency
hop the HP 8645A. In the procedure, you will set up three channels.
(Each channel is a frequency and amplitude setting stored in the
instrument’s RAM memory. The instrument cycles through the channels
when frequency hopping.) You will also set the hop rate and dwell time
to repetitively frequency hop the instrument through each channel. (For
simplicity, no modulation information is put on the RF output.)

1. Press the HP 8645A’s POWER switch ON. Notice that as the
HP 8645A powers up, it performs a self-test that includes turning
on front-panel display segments and annunciator lights.

After the self-test, the front panel should display a frequency
of 100 MHz, with the Modulation Level, Audio Frequency, and
Amplitude off. You will see the following on the HP 8645A front
panel:

In the FREQUENCY/STATUS display:

In the MODULATION/AMPLITUDE display:

. " S . ot v - oeses sese -
e I W HE-2- I
¥ TPt e T S e '
et e gt LR 2 e
R H :
ER

v
.8

3 . e .5 8

- we s .. )

AUDIO

R

-ol l
-cn‘nt'

If you've already used the HP 8645A, something other than the
display shown above may appear on the front panel. That's
okay, simply press the green INSTR PRESET key to re-initialize the
instrument, and then proceed to step 2.

Enter the Frequency Hop Channels

Set Up Channel 0.

2. Press the MODE 5, FAST HOP key. The yellow annunciator above this
key lights up. Frequency Hopping the instrument must be done
with this key selected.
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3. Press the AMPTD key, and enter an output amplitude of 0 dBm. The
following display should now appear on the Spectrum Analyzer:

. i | }

STEP 3 ]
CENTER s

102 22 T-sz I

Note If the Spectrum Analyzer does not display a 100 MHz 0 dBm signal,
verify that you have set it up for a 100 MHz Center Frequency,
10 MHz Frequency Span, and +10 dBm Reference Level.

Store Channel 0 Settings.

4. Press the blue SHIFT key, and the STO CHAN key on the HP 8645A.

You now have access to the area where channels are stored. On
- " the HP 8645A’s FREQUENCY /STATUS display you will see the
: following;:

STEF 4 & 5

angune

e
H ——ee N o
u Seee . seee E R S ]
FEE ek
.

i
o
.

L

*
o '’

-

5. Press the ENTER key. Pressing the ENTER (ON) key causes the
HP 8645A to assign its current frequency and amplitude settings
to the channel shown on the display; in this case, Channel 0.

Set Up Channel 1.
6. Press the FREQ key, and enter a frequency of 98 MHz.

STERP 6
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7. Press the AMPTD key, and enter an output amplitude of —10 dBm.
The following display should now appear on the Spectrum
Analyzer:

STERP 7

CENTER
1204 28 MMz

Store Channel 1 Settings.

8. Press the blue SHIFT key, and the STO CHAN key. Notice how the
numeral shown in the display has been incremented by 1. You
- " should now see the following:

.- 4 P T DAl 5 S il e w
S7 & 9 St e e R R P b il P e
. 8 L ] : H 3P D e 3
L £ i . " * » * 3 R »
L $ £

9. Press the ENTER key. Frequency and amplitude settings are now

stored in Channel 1.

Set Up Channel 2.

: 10. Press the FREQ key, and enter a frequency of 102 MHz.
STER 70
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SVERP 77

STERP 72 & 75

e /4 e

11. Press the AMPTD key, and enter an output amplitude of 10 dBm.
The following display should now appear on the Spectrum
Analyzer:

[
CENTER |
12888 MMz I \
I IR
[\
// \
Nkl
Store Channel 2 Settings.

12. Press the blue SHIFT key, and the STO CHAN key. Once again the
numeral shown in the display has been incremented by 1. You
should now see the following:

—l i i‘ : . -
- 9 .
3

- - e
L O
e’ -

T -

*
ey
e

4

I-lanl

13. Press the ENTER key. Frequency and Amplitude settings are now
stored in Channel 2.

Now that settings for all three channels are stored, you will need to
specify the hop rate and dwell time. The hop rate sets the number
of hops per second, and the dwell time sets duration for each hop.

Enter the Hop Rate and Dwell Time

Set the HP 8645A’s Hop Rate.

14. Press the blue SHIFT key, and then the RATE key. On the
HP 8645A’s FREQUENCY/STATUS display you will see the
following;:

amse 208 )
e o D' L] e
- e H ] . s e 3 e e
) T e ' sk Sesee T 8 =33 Faw & ¥ e  Ees ens EEa
T seaes 0 ] bt
b s b
e eses o

15. Enter a hop rate of 8 Hz.
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Set the HP 8645A’s Dwell Time.
16. Press the blue SHIFT key, and then the DWELL key.

17. Enter a dwell time of 99 ms. With hop rate and dwell time both
set, you should now see the following:

5/[/ /5 o foae? R R . ] - . - R o )
.0 e et e HI $ada —— E WL o g Pl ma e
o e 3 38t I ‘avet ot s
R wec )T e R IR TR B : 5383 3 E SR e
- R Led * - s ] A S BN A e L ] L _—

The HP 8645A is now ready to repetitively frequency hop from
Channel 0, to Channel 1, and then to Channel 2 at an 8 Hz rate
(that is, 8 channel hops per/second). The HP 8645A will dwell at
each channel setting for a period of 99 milliseconds.

Remember Hop rate and dwell time limits are described in chapter 3; also,
directions are given for setting up a hop sequence of your choice.

Enable the Fast Hop Mode

Frequency Hop the HP 8645A.

18. Press the blue SHIFT key, and the HOP key. For approximately
ten seconds, you will see the following on the HP 8645A’s
MODULATION/AMPLITUDE display:

. & * L ad S6%_ Iaean - SEEwe - »

S HEEE S et o T H

e R e S i e TS M LR MMt
He B i ¢ 2 3 e et 2
HIE- R W R+ T H A IR gl T

H " Yot w2 DO A | e "o el L

The HP 8645A must go through a “Learning” cycle in order to
store internal instrument settings for each channel. The settings are
retrieved while the instrument frequency hops. Refer to chapter 3
for more information about “Learning”.

After a learn cycle, MODULATION/AMPLITUDE display on the
HP 8645A shows the following:

L
:
L
Ll
“f
.
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“
Congratulations. The Spectrum Analyzer should now display the
RF output hopping between each channel as shown below:
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In Conclusion This chapter has given you a brief exposure to the frequency hopping
capabilities of the HP 8645A. There’s much more to know about

frequency hopping; turn to chapter 3 if you have further questions.

You may also have questions about modulating, sweeping, and
programming. At this point, refer to another chapter as shown below:

Appendix E contains answers to commonly asked questions about
operating the HP 8645A.

Note

What About Modulating, Chapter 2
=

What About Frequency Hopping, Chapter 3
—

What About Sweeping, Chapter 4
=0

What About Progroming, Chapter 5
—

Appendixes A thru |
—>




2 What About Modulating?

In this Chapter This chapter describes how to modulate the HP 8645A Agile Signal
Generator. Three kinds of modulation are discussed: FM, AM, and
Pulse. Instructions to modulate the HP 8645A with both an internal and
an external audio source are given; also, one example of simultaneous
modulation is given.

Additional information contained in this chapter is about:

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

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

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

¢ Synthesis Modes. How to control the RF output quality (when FM
deviation, switching time, and phase noise are considerations).

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

The Directory Use the illgstration shqwn below and find thi'? subjecf you want. Turmn
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 Moduiation
e Z—ZB

/ Amplitude Modulation
: VAL -

Puise Modulation
Y PP

Simultaneous Modulation
o P
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Frequency If You Need to Kn Refer
Modulation - ou Nee ow: efer to:
An Overview Frequency Modulation

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

e How to FM the HP 8645A using the
internal audio source................. Frequency Modulation-An
Exercise. Procedure #1
(2-6 to 2-9)

o How to FM the HP 8645A 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 HP 8645A ... ..o oovvivae i in. Frequency Modulation-
Things to Remember (2-13)

Frequency The HP 8645A accurately simulates many different types of FM
Modulation signals used in RF communication systems. Also, a wide variety of

o v unsymmetrical modulation signals, such as digital FSK squelching

An Introduction 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 10 MHz (20 MHz with Option 002) 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 ext FM input has an impedance of either 50 @ (at FM
input connector) or 600 Q (at #mod connector with Special Function
123 enabled).

The HP 8645A has an internal audio source that generates waveforms
at rates up to 400 kHz. Five different internal audio waveforms are
available when you access Special Function 130: sine, square, triangle,
sawtooth, or white Gaussian noise as demonstrated in Procedure #1.

rev.04NOV92
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Carrier Frequency
Accuracy

Audio Frequency Rates

The HP 8645A 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 FM synthesis offers you the best carrier frequency accuracy.
This accuracy is a function of the programmed FM deviation (FM
Indicator Accuracy, as shown in the specification table, chapter 1 of
the Calibration Manual).

Linear FM synthesis produces slight carrier frequency inaccuracies that
are more apparent as FM deviation increases.

The HP 8645A causes either an external audio source, 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 H.

In general, the HP 8645A specifies audio frequency rates for FM to be
no higher than the maximum peak deviation specified for the RF output
frequency. Refer to chapter 1 in the HP 8645A Calibration Manual for
the maximum peak deviation limits.

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

Linear FM synthesis is primarily used for complex audio modulation.
The maximum internal audio frequency rate is also 400 kHz; higher
external audio frequency rates can be input.
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Group Delay 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. The modulation rate and the method
of FM synthesis both contribute to the amount of group delay that is
present.

Digitized FM synthesis causes a greater amount of group delay than
Linear FM synthesis, as shown in figure 2-1:

Group
Delay

Digitized FM

30uSec —

Linear M
(all modes)

100NSEC s o =  c——— e -

T 1 T # fFrequency
300Hz 3kHz 3MHz

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

rev.02JUN89
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Synthesis Modes On the lower-right side of the HP 8645A’s front panel, you will notice
a group of keys under the label SYNTHESIS MODE. With these keys, the
HP 8645A allows you control the character of the RF output.

In most applications, the HP 8645A can be kept in the Auto Select mode.
As you tune the HP 8645A over its frequency range with FM turned
on, you will notice that different LED annunciators associated with the
Mode keys will light up. This is a visual indication that the HP 8645A
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 the RF output to switch faster and
have more FM deviation. In this case, press the Mode key of your choice
to take the HP 8645A out of the Auto Select mode. There are three
basic factors to consider when you choose a “mode of operation’-they
are (1) switching speed, (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:
NOT FREQUENCY
STANDARD HP 8645A AVAILABLE HOP
YET MODE
1 1
] |
——— YN THESIS MODE*
1
o o o | o o o

GREATER FM DEV LOWER || ]
|| FasTER swiTcHING NOISE
i i | |

|
|
, JMODE 2] , JMODE 3] | [MODE 4] | MODE 5] |
|
I
| | | I |

150 mS A | ,
RF OUTPUT
SWITCHING TIME
H
50 mS o ] !
i i i
10 MHz - 1 |
z ]
| AVALABLE FM DEVIATION
176 MHz - | AT RF OUTPUT OF 1 GHz
100 kHz - | !

| }
| | |
~100 dB¢ =y | ,

PHASE NOISE 20 kHz
| OFFSET AT 1 GHz
I

~140 dBc l_—_-l——-’

ev,02/LINSS Figure 2-2. Modes of Operation for RF Output of 1 GHz.
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HP 8645A
AGILE ’SiGNAL GENERATOR SPECTRUM ANALYZER

5“ "U. (/ 2

: G am am = & 7 D
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s;em;_ INPUT
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] 2.

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 HP 8645A using the internal audio source. The second

An Exercise procedure frequency modulates the HP 8645A using an external audio
source.

Equipment Needed Both procedures require use of the following equipment:

Eaui Recommended

quipment Model Numbers

Spectrum HP 8562A/B, or HP 85668, 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 review of
Using the Internal the four major steps in the procedure is as follows:

Audio Source e Set up and adjust the Spectrum Analyzer, and connect it to the
HP 8645A.

e Adjust the RF output to 600 MHz, and the output amplitude to
0 dBm on the HP 8645A.

e Adjust the FM deviation to 10 MHz, and the audio frequency rate
to 400 kHz on the HP 8645A.

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

1. Connect the HP 8645A 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 ..........cooviiiiiiiiiiainn.s 600 MHz
Frequency Span ...........coiiiiiiiiiiiiiin.., 50 MHz
Reference Level .......... ..o it 0 dBm

Adjust RF Output and Qutput Amplitude on the HP 8645A

- 2. Press the green INSTR PRESET key. Doing so presets the HP 8645A
to a known state for the following steps.

3. Press the FREQ key, and enter a frequency of 600 MHz.

STER

Remember On the HP 8645A, a “7 cursor” appears in either the FRE-
QUENCY /STATUS or the MODULATION /AMPLITUDE display,
and points to the currently active function. This means, for exam-
ple, that presently you could change the frequency of the HP 8645A
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 “7 cursor” is now in the MODULA-
- TION/AMPLITUDE display. The following display should appear
S on the Spectrum Analyzer:

S7EP 4

CENTER
S22 80 NH=z

-

Adjust FM Deviation and Audio Frequency Rate on the HP 8645A

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
S7EFP 5 up; this indicates that FM, using its internal audio source, is active.
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6. Press the AUDIO FREQ key, and enter an audio frequency rate of
400 kHz. The HP 8645A should now show the following in the
MODULATION/AMPLITUDE display:
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Observe and Modify the Results
7. The following display should appear on the Spectrum Analyzer:

CENTER J i ' ' i \

&500) 00 mz-le \

/ \

T e

8. Press the SAVE key. The HP 8645A should show the following in
the FREQUENCY /STATUS display:
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9. Press the 0 key, and the ENTER 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 (600 MHz).

10. Press the FM key, the INCR/DECR key, and turn the knob
counterclockwise to decrease the FM deviation. You will notice

the Spectrum Analyzer display changing as FM deviation is
adjusted.
STERP 70 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.
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STERP 77 & 72

11. Press the SPECIAL key. The HP 8645A should now show the
following in the FREQUENCY /STATUS display:
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12. Enter number “130” and press the ENTER key. The HP 8645A

should now show the following in the FREQUENCY/STATUS
display:
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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.
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HP 8645A
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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 review of the four
Using an External major steps in the procedure is as follows:

Audio Source e Set up and adjust the Spectrum Analyzer and Function Generator,

and connect them to the HP 8645A.

e Adjust the RF output to 600 MHz, and the output amplitude to
0 dBm on the HP 8645A.

o Adjust the FM deviation to 10 MHz on the HP 8645A.
¢ Observe and modify the results.

Set Up and Adjust the Spectrum Analyzer and Function Generator

1. Connect the HP 8645A 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 .............. ... ... ... ...... 600 MHz
Frequency Span .......... ... ... il 100 MHz
Reference Level ............. ... .. .. ...l 0 dBm

On the Function Generator

Frequency ....... ... .. .. i 5 MHz
Amplitude . ... ... ... 1 Vpk
Waveform. .......... ... . Sine
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Adjust RF Output and Output Amplitude on the HP 8645A

2.

S/ERP J & 4

Press the green INSTR PRESET key. Doing so presets the HP 8645A
to a known state for the following steps.

3. Press the FREQ key, and enter a frequency of 600 MHz.
4. Press the AMPTD key, and enter an output amplitude of 0 dBm.

The following display should appear on the Spectrum Analyzer:

CENTER
800,20 MH=z

\
\
\
\
\

Y — S

Adjust FM Deviation on the HP 8645A

5

SVEP 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 HP 8645A should now show the following in the MODULA-
TION/AMPLITUDE display:
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Remember

The EXT HI and EXT LOW annunciators in the MODULA-
TION /AMPLITUDE display indicate if the amplitude of the exter-
nal 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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STEP 7 8 & &

Remember

Observe and Modify the Results

6. The following display should appear on the Spectrum Analyzer:

CENTER
B2 0 MHz

o

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

8. Press the RECALL key. The HP 8645A should show the following in
the FREQUENCY/STATUS display:
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9. Press the 0 and the ENTER 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.

The HP 8645A has 50 available storage registers. The first 10,
Registers 0-9, accepts all front panel settings (except for some
Special Functions). The next 40, Registers 10-49, accepts only
frequency and amplitude settings.

Performing an Instrument Preset, or unplugging the HP 8645A does
not alter contents of the 50 storage registers.
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Frequency T.he follow'ing list is a summary of thg most important points previously
discussed in the FM modulation section:

Modulation T _ , .

— Thinas to e Digitized FM synthesis, and Linear FM synthesis are two methods
g of generating FM in the HP 8645A. Special Function 120 allows you

Remember to choose between either method.

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

e 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.

e The internal audio source generates sine, square, triangle, sawtooth,
or white Gaussian noise waveforms. Access Special Function 130 to
change the internal audio source waveform.

e Refer to appendix H for information about creating complex audio
signals that modulate the RF carrier.

After completing the procedures for FM modulation, you may go to the
AM, Pulse, or Simultaneous FM and AM modulation exercises in this
chapter; an alternative is to proceed to another chapter in this Guide.
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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 HP 8645A using the
internal audio source................. Amplitude Modulation~An
Exercise. Procedure #1
(2-15 to 2-18)

o How to AM the HP 8645A with an
external audio source................ Amplitude Modulation-An
Exercise. Procedure #2
(2-19 to 2-21)

o The key things to remember
about amplitude modulating
the HP 8645A ................covuven. Amplitude Modulation-
Things to Remember (2-22)

Amplitude
Modulation -
An Introduction

Note

The HP 8645A amplitude modulates the RF output either with a
variable 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 .

The HP 8645A 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 limits shown in
chapter 1 of the HP 8645A Calibration Manual for the RF output.

You can simultaneously modulate AM with FM or pulse modulation.
Refer to appendix H if you need to create complex audio signals for the
RF carrier.

AM accuracy and distortion specifications are not valid when you
simultaneously modulate AM and Pulse together.
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Figure 2-5. Equipment Setup for AM Procedure #1.

A mplitude The following exercise is made up of two procedures. Each procedure
Modulation - takes about 10 minutes to complete. The first procedure amplitudc
modulates the HP 8645A using the internal audio source. The second
An Exercise procedure amplitude modulates the HP 8645A 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 85668, or HP 8568B
Analyzer

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

Oscilloscope HP 1741A, or HP 54100A, or HP 54200A

Procedure #1 - AM Procedure #1 starts with step 1 shown on the next page. A review of
Using the Internal the four major steps in the procedure is as follows:

Audio Source e Set up and adjust the Spectrum Analyzer (or Oscilloscope), and
connect it to the HP 8645A.

o Adjust the RF output to 20 MHz, and the output amplitude to 0 dBm
on the HP 8645A.

o Adjust the AM depth to 50%, and the audio frequency rate to
50 kHz on the HP 8643A.

e Observe and modify the results.
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Set Up and Adjust the Spectrum Analyzer (or Oscilloscope)

1. Connect the HP 8645A to the Spectrum Analyzer (or Oscillo-
scope) as shown in figure 2-5. Turn on the equipment, and make
the following adjustments:

On the Spectrum Analyzer

Center Frequency ............. ... .. oot 20 MHz
Frequency Span ............... .. ..ol 250 kHz
Reference Level .......... ..., 0 dBm
On the Oscilloscope

Volts /Div . o e 0.5
Time/Div... ... 5 usec

Adjust RF Output and Output Amplitude on the HP 8645A

T e 2. Press the green INSTR PRESET key. Doing so presets the HP 8645A
§ to a known state for the following steps.

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

STERP 3

Remember On the HP 8645A, a “x7 cursor” appears in either the FRE-
QUENCY /STATUS or the MODULATION /AMPLITUDE display,
and points to the currently active function. This means, for exam-
ple, that presently you could change the frequency of the HP 8645A
without having to first press the FREQ key.

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

Adjust AM Depth and Audio Frequency Rate on the HP 8645A

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.
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6. Press the AUDIO FREQ key, and enter an audio frequency rate of
50 kHz. The HP 8645A should now show the following in the

MODULATION/AMPLITUDE display:

STEP 6
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Observe and Modify the Results.

7. The following display should appear on the Spectrum Analyzer

(or Oscilloscope):

Spectrum Analyzer

Oscilloscope
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8. Press the SAVE key. The HP 8645A should show the following in

the FREQUENCY/STATUS display:
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9. Press the 0 key, and the ENTER key. This step enters the frequency,
modulation and amplitude settings in Register 0 for use in
Procedure #2; the FREQUENCY/STATUS display should now

show the last RF output setting (20 MHz).

10. Press the AM key, and turn the knob counterclockwise to
decrease 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.
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11. Press the SPECIAL key. The HP 8645A should now show the
following in the FREQUENCY /STATUS display:
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12. Enter number “130” and press the ENTER key. The HP 8645A
should now show the following in the FREQUENCY/STATUS

display:

s : -
Ba% 0 Rt ¥l M2 M B0l UL TN e
w i e B SR T 3 . N
o3

.
Lad

0y

”
1
H
H

L

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.
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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 review of the five
Using an External major steps in the procedure is as follows:

Audio Source e Set up and adjust the Spectrum Analyzer (or Oscilloscope) and
Function Generator, and connect them to the HP 8645A.

o Adjust the RF output to 100 MHz, and the output amplitude to
0 dBm on the HP 8645A.

¢ Adjust the AM depth to 90% on the HP 8645A.
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 HP 8645A to the 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 ........oooviinvinieeneennnnne. 100 MHz
Frequency Span ...........ccoocveiiiniiiieienn, 250 kHz
Reference Level ....... .. ..o iiiiiiiiiiiiiiiiin, 0 dBm

On the Oscilloscope

Volts/Div. oo 0.2
Time/Div. ... 5 usec

On the Function Generator

Frequency .......... ... i 50 kHz
Amplitude ... ... ... o 1 Vpk
Waveform. . ..o e Sine
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Adjust RF Output and Output Amplitude on the HP 8645A

2. Press the green INSTR PRESET key. Doing so presets the HP 8645A
to a known state for the following steps. Notice the RF output
frequency is now set to 100 MHz.

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

STERP 5
Adjust AM Depth on the HP 8645A

4. 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
i r light up; this indicates that AM using an external audio source is
STEP 4 active.

The HP 8645A should now show the following in the MODULA-
TION/AMPLITUDE display:
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Remember The EXT HI and EXT LOW annunciators in the MODULA-
TION /AMPLITUDE display indicate if the amplitude of the exter-
nal 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.

Adjust Output Amplitude on the Function Generator

Note Proceed to step 6 if both the EXT HI and EXT LOW annunciators
are off.

5. Slowly adjust the output amplitude on the function generator
until both the EXT HI and EXT LOW annunciators are off. The
HP 8645A requires the input signal to the AM connector to be 1 Vpk
+1%.
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Remember

Observe and Modify the Results

6. The following display should appear on the Spectrum Analyzer
(or Oscilloscope):

Spectrum Analyzer Oscilloscope

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

8. Press the RECALL key. The HP 8645A should show the following in
the FREQUENCY /STATUS display:
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9. Press the 0 and the ENTER key to recall the settings from
Procedure #1. You will have to re-adjust the Spectrum Analyzer for
a center frequency of 20 MHz. Then, notice that the display on the
Spectrum Analyzer reflects the recalled settings from Procedure #1.

10. 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 HP 8645A has 50 available storage registers. The first 10,
Registers 0-9, accepts all front panel settings (except for some
Special Functions). The next 40, Registers 10-49, accepts only
frequency and amplitude settings.

Performing an Instrument Preset, or unplugging the HP 8645A does
not alter contents of the 50 storage registers.
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Am plitude The following list is a summary of the most important points previously
discussed in the AM modulation section:

Modulation .

_ Things to e For accurate AM depth, agdlo frequency rates should not .exce'ed
the specified limits shown in chapter 1 of the HP 8645A Calibration

Remember Manual for the RF output.

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

¢ The internal audio source generates sine, square, triangle, sawtooth,
or white Gaussian noise waveforms. Access Special Function 130 to
change the internal audio source waveform.

e Refer to appendix H for information about creating complex audio
signal that modulate the RF carrier.

After completing the procedures for AM modulation, you may go to the
FM, Pulse, or Simultaneous FM and AM modulation exercises in this
chapter; an alternative is to proceed to another chapter in this Guide.
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Pulse Modulation

. ¥ You Need to K s Refer to:
- An Overview o hedo aow

Pulse Modulation

o Some general information about
pulse modulation .................... Puise Modulation-An
introduction (2-23)

e How to Pulse Modulate the HP 8645A
with an external audio source....... Pulse Modulation-An
Exercise (2-24 to 2-26)

e The key things to remember
about pulse modulating
the HP 8645A ..........ccoovniain. Pulse Modulation-
Things to Remember (2-27)

Pulse Modulation The HP 8645A pulse modulates the RF output with a dc-coupled
. external audio source applied to the front-panel PULSE connector. Pulse
= An Introduction modulation using the internal audio source or an external ac-coupled
audio source is not allowed. You can simultaneously modulate AM
or FM with pulse modulation. The PULSE connector has an input

impedance of 600 Q.

Note AM accuracy and distortion specifications are not valid when you
simultaneously modulate AM and Pulse together.

To generate pulse modulation, use an external audio source with a
pulse waveform. When the pulse waveform from the external audio
source goes high, the pulse output from the HP 8645A turns on. Vary
the external pulse rate, amplitude, and width to simulate the pulse
modulated signal you need.
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Figure 2-7. Equipment Setup for Pulse Modulation Procedure.

Pulse Modulation In this exercise you will pulse modulate the HP 8645A with an external
An E . audio source. This procedure takes about 10 minutes. The results from
= An kxercise the pulse modulation exercise are displayed on an oscilloscope.

Equipment Needed 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 1741A, or HP 54100A, or HP 54200A

Procedure - Pulse The procedure starts with step 1 shown on the next page. A review of
Modulation Using an the five major steps in the procedure is as follows:

External Audio Source e Set up and adjust the Oscilloscope and Function Generator, and
connect them to the HP 8645A.

Adjust the RF output to 50 MHz, and the output amplitude to 0 dBm
on the HP 8645A.

Set up pulse modulation on the HP 8645A.

¢

Adjust output amplitude on the Function Generator.

Observe and modify the results.
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STER 5 & 4

Remember

STEP 5

Set Up and Adjust the Oscilloscope, and Function Generator

1. Connect the HP 8645A to the Oscilloscope and Function
Generator as shown in figure 2-7. Turn on the equipment and
make the following adjustments:

On the Oscilloscope

VOIS /DIV . .o v et 0.2
Time/Div.....oooii i 0.5 msec

On the Function Generator

Frequency .........oooeviineneiiiinnnneinnann, 1 kHz
Amplitude ... ... 3 Vpk
LA R o 2o ¢ ¢ WP PR g Pulse
T2V 57e 12 « S AN 100 usec

Adjust RF Output and Output Amplitude on the HP 8645A

2. Press the green INSTR PRESET key. Doing so presets the HP 8645A
to a known state for the following steps.

3. Press the FREQ key, and enter a frequency of 50 MHz.

On the HP 8645A, a “ cursor” appears in either the FRE-
QUENCY /STATUS or the MODULATION /AMPLITUDE display,
and points to the currently active function. This means, for exam-
ple, that presently you could change the frequency of the HP 8645A
without having to first press the FREQ key.

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

Set Up Pulse Modulation on the HP 8645A
5. Press the PULSE key, and then press the ENTER key.

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

The HP 8645A should now show the following in the MODULA-
TION/AMPLITUDE display:

-

- o
£ - ' Fx) y 4
I e I HEE T wiilwse
fuue ] T 4% o e
ol I
L d

P ed

H * .

owwe “ee s e

h 0 x e s -
3 s i . e e

- E A

th

o, -
- B
v oo 'voos:




2-26 What About Modulating?
s - s ]

Adjust Output Amplitude on the Function Generator

6. Slowly increase the output amplitude on the function generator
until the Oscilloscope displays the pulse modulated signal. The
output amplitude from the Function Generator must be at some
value greater than 3 Vpk to pulse modulate the HP 8645A.

Note The EXT HI and EXT LOW annunciators are not active with pulse
modulation.

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

(HUNE SENRAREN]
HEEES REAS LSRRI

I

8. Vary the width and rate of the external audio source, and notice
the corresponding changes on the Oscilloscope. Periodically
adjust the Oscilloscope to compensate for changes you make to the
external audio source.

Caution Do not apply more than +10 Vpk to the PULSE connector or you may
damage the Agile Signal Generator’s circuitry.
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Puise Modulation
- Things to
Remember

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

e Use an external audio source to generate pulse modulation with the

HP 8645A.

A positive going pulse greater than 3 Vpk (but less than +10 Vpk)
from the Function Generator turns on pulse modulation from the
HP 8645A.

Damage to circuitry in the HP 8645A could result if the external
audio source outputs a pulse greater than +10 Vpk.

RF output is turned on for the duration of the pulse from the
Function Generator.

The external audio source controls the rate and width of the pulse
modulated signal from the HP 8645A.

After completing the procedures for Pulse modulation, you may go to
the FM, AM, or Simultaneous FM and AM modulation exercises in this
chapter; an alternative is to proceed to another chapter in this Guide.
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Simultaneous

Modulation -
An Overview Simultaneous Modulation

e Some general information about
simultaneous modulation ............ Simultaneous Modulation-An
introduction (2-28)

If You Need to Know: Refer to:

o How to simultaneously modulate
FMwithAM...........coviiiiain. Simultaneous Modulation-An
Exercise (2-29 to 2-32)

o The key things to remember
‘about simultaneous modulating
the HP 8645A ........ocovviiiinnnn. Simultaneous Modulation-
Things to Remember (2-33)

Simultaneous The HP 8645A generates simultaneous modulation in one of five ways:
Modulation ~ 1. Simultaneous FM and AM is selected using a common or separate

An Introduction 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 H to learn about the multifunction synthesis
capabilities of the HP 8645A. 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.

Note AM accuracy and distortion specifications are not valid when you
simultaneously modulate AM and Pulse together.

The AM, Pulse, and ®M Input connectors have an external input
impedance of 600 ; the FM Input connector has an input impedance
of 50 Q. By activating Special Function 123, you can use the &M Input
connector as an FM input to provide an external input impedance of
600 ). The FM Input connector is then disabled.

rev.02JUNES



What About Modulating? 2-29

HP 8645A
AGILE SIGNALVGENERATOR ___SPECTRUM ANALYZER

3 fﬂDD .
C!DEJ m.
I:Iﬂ' -

T G066 TooLED © &

Figure 2-8. Equipment Setup for Simultaneous FM and AM Procedure.

Simultaneous There are many possible combinations and applications for simultane-

Modulati ous modulation. In this exercise, the HP 8645A simultaneously modu-

oguiation - lates FM with AM. The application for this exercise represents an FM

An Exercise 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:

F . Recommended
Equipment Model Numbers
Spectrum HP 8562A/B, or HP 85668, or HP 8568B
Analyzer
Function HP 3312A, or HP 3314A, or HP 8111A,
Generator HP 8116A, or HP 8304A
Procedure - In the procedure, you will set up the HP 8645A with a wanted FM

Simultaneous signal modulated by the internal audio source, and then introduce an
FM and AM AM signal used for fading, which is modulated with an external audio
source.

The procedure starts with step 1 shown on the next page. A review 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 HP 8645A.

Adjust the RF output to 100 MHz, and the output amplitude to
0 dBm on the HP 8645A.

Adjust the AM depth to 90% on the HP 8645A.

Adjust the FM deviation to 75 kHz, and the audio frequency rate
to 1 kHz on the HP 8645A.

Observe and modify the results.

©
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Set Up and Adjust the Spectrum Analyzer, and Function Generator

1. Connect the HP 8645A 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 ............... ... ... ... ... 100 MHz
Frequency Span ............. ... .. il 500 kHz
Reference Level ............ ... ... ... ... ... +10 dBm

On the Function Generator

Frequency ... 0.5 Hz
Amplitude . .......... ... o 3.5 Vpk
Waveform............... ..ol e Sine

Adjust RF Output and Output Amplitude on the HP 8645A

2. Press the green INSTR PRESET key. Doing so presets the HP 8645A
to a known state for the following steps. Notice the RF output
frequency is now set to 100 MHz.

Remember On the HP 8645A a “5y cursor” appears in either the FRE-
QUENCY /STATUS or the MODULATION /AMPLITUDE display,
and points to the currently active function. This means, for exam-
ple, that presently you could change the frequency of the HP 8645A
without having to first press the FREQ key.

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

Adjust AM Depth on the HP 8645A

4. Press the AM key, the EXT DC key, and then enter an AM depth of

Notice that the yellow annunciators above the AM and EXT DC keys
e E light up; this indicates that AM using an external audio source is
STEP 4 active.

The HP 8645A should now show the following in the MODULA-
TION/AMPLITUDE display:
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Remember The EXT HI and EXT LOW annunciators in the MODULA-
TION /AMPLITUDE display indicate if the amplitude of the exter-
nal 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.

5. The following display should appear on the Spectrum Analyzer:
The RF output should be slowly changing for a full amplitude swing
of about 30 dB.

Note Increase the Function Generator’s output amplitude if a full 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

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

Notice that the yellow annunciators above the FM and INT keys light
STEP 6 up; this indicates that FM, using its internal audio source, is active.
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The HP 8645A should now show the following in the MODULA-
TION/AMPLITUDE display:
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Observe and Modify the Results

7. The following display should appear on the Spectrum Analyzer:
The FM signal should be slowly changing for a full amplitude swing
of about 30 dB.
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8. Vary the Function Generator’'s output amplitude in 0.1 Vpk
steps, and notice the corresponding changes on the Spectrum
Analyzer. The FM signal will have a greater swing as output
amplitude is increased, and a smaller swing as output amplitude
is decreased.

When you are done, put the Function Generator’s output amplitude
back to the 3.5 Vpk setting for the 30 dB swing.

9. 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.

10. Vary AM depth on the HP 8645A. 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
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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, refer
to page 2-28.

e The Modulation Input connectors all have an external input
impedance of 600 2 except for the FM connector which has an input
impedance of 50 . By activating Special Function 123, you can use
the &M Input connector as an FM input to provide an external input
impedance of 600 ©2. The FM Input connector is then disabled.

o All features and limitations previously described for FM, AM, and
Pulse apply when simultaneously modulating the HP 8643A.

e 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.

After completing the procedures for Simultaneous FM and AM
modulation, you may go to the FM, AM, or Pulse modulation exercises
in this chapter; an alternative is to proceed to another chapter in this
Guide.

You may want to reduce the output level of the internal audio source
during simultaneous internal and external 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
0V dcto 1V dcin 100 mV 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 keé,l and then the AUDIO LEVEL key. Turn the knob or

press one of the @ keys to change the output level.







3 What About Frequency Hopping?

In this Chapter This chapter has two main objectives. First, it provides you with
detailed information to help you understand the concepts which are
fundamental to frequency hopping the HP 8645A. Second, it exercises
your understanding of frequency hopping by having you perform the

procedures found in the last part of this chapter.

As shown in figure 3-1, frequency hopping is controlled locally from the
front panel, remotely from HP-IB, and externally from the rear panel.
Your specific needs determine the best way to control the HP 8645A.

The subject of this chapter is to discuss front panel, and external control.
In chapter 5, you will find information about HP-SL programming

control over HP-IB.

[ FREQUENCY HOP CONTROL

EXTERNAL
— REAR PANEL CONNECTORS —
HOP  FAST HOP BUS  SEQ FRONT

00000000000
0000000000

\.

LOCAL

%)

PANEL

o

B

|

=

HP 8645A INS

3

UMENT CONTROLLER

FAST HOP CONTROLLER

<¢:

FREQUENCY
HP 8645A SYNTHESIZER/
FAST HOP VCO |

THIS CONTROLS:
© HOP RATE ® SEQUENCE L AN P
® DWELL TIME TABLE \ ,
® CHANNEL ® FREQUENCY w
TABLE HOP MODES
X _

Figure 3-1. How to Control Frequency Hopping.
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Whatever your method of controlling the HP 8645A, there are six basic
steps to follow when you frequency hop the HP 8645A:

1. Put the HP 8645A into the Fast Hop, Mode 5.

2. Enter frequency and amplitude settings into a channel table, and
then arrange the sequence table in a specific order.

Enter values for the hop rate and dwell time.
Select any one of the nine frequency hop modes.
Set up modulation on the RF output.

Activate the HP 8645A to frequency hop.

SN L

The Directory Use the %Ilustration s}_\own below to find the 'subject you want. Tm 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.

Channels and Seguences
G T T
Rate and Dwell
e -7
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Channels and
Sequences -
An Overview

If You Need to Know:

Referto: i

Channels and Sequences

o Some general information about

using frequency hop channels
and sequences . ................

o Specific information about using
frequency hop channels. . ... ...

e A description of the three keys used
to set up a channel table ... ...

An Introduction (3-3)

Channel Table (3-4)

o Specific information about frequency

hop sequences . ................

e A description of the three keys used
to set up a sequence table ... ..

Sequence Table (3-6)

Channels and Sequences-

The Channel Table (3-4)

Local Entry Keys for the

The Sequence Table (3-5)

Local Entry Keys for the

Channels and
Sequences -
An Introduction

rev.12SEP9I1

The HP 8645A frequency hops between sets of frequency and ampli-
tude parameters. Each set is stored in a unique memory location called
a “channel”. As you store each set into different channels you create

what is called a “channel table”.

Entries in the channel table do not contain information about the order
in which each channel is output from the Agile Signal Generator. The
order is specified in what is called a “sequence table”. You determine
the organization of the sequence table.
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The Channel Table

The channel table consists of 2400 (or 8000 for instruments with
serial prefix 3019A and above) internal memory locations stored in
non-volatile memory. Each channel in the table is used to specify a
frequency and amplitude to which the HP 8645A will hop. Channel
storage registers start at numeral 0 and go to numeral 2399 (or 7999 for
instruments with serial prefix 3019A and above). An example channel
table is as follows:

Table 3-1. Example Channel Table.

Channel | Channel | Channel
Number |Frequency|Amplitude
0 100 MHz | 10 dBm
1 550 MHz 8 dBm
2 1020 MHz| 12 dBm
2399 250 MHz 6 dBm
"7999 | 400 MHz [ 9 dBm
*3019A and above

Local Entry Keys for the Channel Table

Three front-panel keys are used to set up a channel table. The keys are
accessed by first pressing the blue SHIFT key. A description of each key
follows the illustration shown below:

— DATA ﬁ
iOLE LEARN HOP
4 ™
7 8 9
MODE RATE DWELL
( _—
4 5 [ 6
_J
STO CHAN RCL CHAN CLR CHAN
1 2 ] 3
SET SEQ RCL SEQ CLR SEQ
[ 0 R ] _
s FAST  HOP

Figure 3-2. Local Entry Keys for the Channel Table.

The STO CHAN key is used to store frequency and amplitude settings in
a channel, and to overwrite any current channel settings. You must
sequentially store each channel starting with storage register 0. If
you do not, an error message appears to indicate a Bad fast chan
address. The maximum allowed variation for amplitude settings may
vary from 20 to 30 dB. The error message frptd rangs too laras
appears if you exceed the attenuator’s vernier range.

rev.125EP91
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Remember

The Sequence Table
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The RCL CHAN key is used to recall frequency and amplitude settings
for any existing channel from the channel table. You must recall an
existing channel number, or else an error message appears to indicate
aBad fast chan address,

The CLR CHAN key is used to clear all entries from the channel table.
When you re-enter data into the channels after clearing all entries, start
again with storage register 0.

All front-panel keys associated with frequency hopping cannot be
accessed unless the MODE 5, FAST HOP key is active. If this mode is
not active, an error message appears to indicate that the instrument
is Not in Fast Hop Mode. A yellow annunciator above the MODE 5
key lights up to let you know that it is active.

You may have noticed that the frequency hop example in chapter 1 did
not require you to set up a sequence table. The HP 8645A has a time
saving feature which uses a hop sequence that is based on the order of
the channel table. That is, if you do not set up the sequence table, the
HP 8645A frequency hops in ascending numerical order starting from
channel number 0 and on up to the last channel in which you have
stored a set of frequency and amplitude parameters. Refer to table 3-1
for an example of this default condition.

However, you may set up the sequence table in a specific order for the
frequency hop. The sequence table consists of up to 4000 (or 8000 for
instruments with serial prefix 3019A and above) channel table entries
stored in non-volatile memory. The sequence table starts at numeral 0
and can go to numeral 3999 (or 7999 for instruments with serial prefix
3019A and above). A Channel may be repetitively used in the sequence
table. An example of a sequence table is as follows:

Table 3-2. Example Sequence Table.

Sequence Step # | Channel
0 3
1 0
2 100
3 0
3999 1
* 7999 20
* 3019A and above
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Remember

Local Entry Keys for the Sequence Table

Three front-panel keys are used to set up a sequence table. The keys
are accessed by first pressing the blue SHIFT key. A description of each
key follows the illustration shown below:

— DATA M

IDLE LEARN HOP
3\ 7 ( )
7 8 9

J/ J o

MODE RATE DWELL

( ™ ( r” "=
4 S 6

/ - J

STO CHAN RCL CHAN CLR CHAN

r Ty ( N Y
1 2 3

- J o . \. J

SET SEQ RCL SEQ CLR SEQ
4 ) 4 3
0 . -

S J
——— FAST HOP

Figure 3-3. Local Entry Keys for the Sequence Table.

The SET SEQ key is used to set up channels in the sequence table.
The HP 8645A automatically increments to the next available sequence
location as you enter each channel. The sequence table starts at
numeral 0. Channels are entered in any order, and can be entered more
than once in the sequence table.

The sequence table cannot be corrected one entry at a time. If
modifications to the sequence table are required, the sequence table
must first be cleared, and new sequences entered.

The RCL SEQ key is used to recall frequency and amplitude settings
for any existing channel from the sequence table. You must recall an
existing sequence number, or else an error message appears to indicate
aEBad fast seguence address.

The CLR SEQ key is used to clear all channels from the sequence table.
When you re-enter data into the sequence table after clearing all
channels, you will start over with sequence number 0.

If your sequence table has channel number entries that do not exist in
the channel table, and you attempt to frequency hop the instrument,
an error message appears to indicate a Bad fesst sequence sntru.
Fix either the channel table or the sequence table.

rev.12SEP91
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Rate and Dwell
- An Overview

I You Need to Know: Refer to:
Rate and Dwell
o Some general information about
rateand dwell ....................... Rate and Dwell-
An Introduction (3-7)
e Specific information about frequency
hoprates..............ccocviiiiiin... Hop Rate (3-8)
e Specific information about frequency
dwell time ........................... Dwell Time (3-8)
o Specific information about hop rate
and dwell time resolution ........... Hop Rate and Dwell Time
Resolution (3-10)

Rate and Dwell -
An Introduction

Note

rev.02JUN89

The HP 8645A allows you to set the number of hops per second (called
the “hop rate”), and the duration of the RF output for each hop (called
the “dwell time”). Hop rate and dwell time values are interactive. If the
hop rate and dwell time values clash when the HP 8645A is asked to
frequency hop, an error message appears to indicate a Eat= and
duell conflict,

The hop rate and dwell time may be set prior to activating the frequency
hop, or varied during the frequency hop (as described on page 3-11)
without having to relearn the frequency/amplitude channel settings.
Using an external triggering source also allows you to vary the hop rate
and/or dwell time while frequency hopping.

For information about using an external triggering source to vary
the hop rate and [or dwell time, refer in this chapter to the sec-
tion titled “External Triggering”. Specifically, Ex:t Stepped
Ext Dwelland Fast Hop Bus Ext Dwell.
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Hop Rate

Dwell Time

Hop rate is the number of frequency changes per second expressed in
Hertz. The internal hop rate is specified as a fixed frequency over the
frequency range of 8 Hz to 50 kHz. However, the maximum allowable
hop rate is limited by the frequency range over which the HP 8645A
frequency hops.

For example, the table on the next page indicates that if you were to
frequency hop two channels, one at 150 MHz and the other at 100 MHz,

the maximum hop rate you can use is 10.9 kHz.

Dwell time is the duration of the RF output power for any channel at
the RF Output connector. The duration covers a time period between
two points where RF output power is turned 90% on, and is turned
10% off, as shown below:

AMPLITUDE
4

> TIME

Figure 3-4. Dwell Time Duration.

The internal dwell time is specified as a fixed duration over the range
of 6.4 usec to 99 msec (an external trigger input allows longer and
variable dwell times). A fundamental characteristic of dwell time is that
it cannot be longer than the period of the hop rate, which is:

1
Hop Rate

In fact, the dwell time must be less than or equal to the Hop Period
minus the Switching Time, as follows:

Hop Period =

Duwell Time < Hop Period — Switching Time (see table 3 — 3)

Switching time is a function of the frequency range over which
the Agile Signal Generator frequency hops. As the switching time
increases, the maximum hop rate decreases.

rev.12SEP91
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Switching times for each frequency range, along with the maximum hop
rates for each frequency range are shown below:

Table 3-3. Switching Times and Maximum Hop Rates.

— —
Range Switching Time* Hop Rate
oz | (usec) (kHz)

128 ~ 2060 <15 50
8 - 2060 <85 10.9
0.252 - 2060 <500 1.98
* Add 5 usec for Option 002.
** With hop rates above 46.7 kHz, dwell time must be less than
6.4 usec to afiow for frequency switching.

For example, let's see if it is possible to use a 100 usec dwell time to
frequency hop channels over an 8 MHz to 1 GHz frequency range at a
5 kHz hop rate. Note the following calculations:

Dwell Time = 100 usec
Hop Period = 200 usec
Switching Time = 85 usec (worst case)

115 usec = 200 usec — 85 usec

100 psec < 115 usec

Calculations show that the 100 usec dwell time will work. Switching
time, shown in the above calculation, is a “worst case” value derived
from the table shown on the previous page.

rev.02JUN8S
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Remember

Hop Rate and Dwell
Time Resolution

Local Entry Keys for the Hop Rate and Dwell Time

Two front-panel keys are used to set hop rate and dwell time. The keys
are accessed by first pressing the blue SHIFT key. A description of each
key follows the illustration shown below:

SN DATA I

IDLE LEARN HOP
- r D e N
7 8 9
MODE RATE DWELL

-~y . e
4 S 6

SET SEQ RCL SEQ CLR SEQ

0 -] [ -]
FAST HOP s
Figure 3-5. Local Entry Keys for the Hop Rate and Dwell Time.

The RATE key is used to set the hop rate. Whenever an instrument
preset is done, the hop rate defaults to 250 Hz.

The DWELL key is used to set the dwell time. Whenever an instrument
preset is done, the dwell time defaults to 2.00 msec.

If you get a Rate and duell conflict error message, modify the
values for either hop rate or dwell time so that
Duwell Time < Hop Period — Switching Time.

Dwell time for the RF output can be entered from a minimum of 5 usec,
and up to a maximum of 125 msec; however, 6.4 usec is the lower limit,
and 99 msec is the upper limit specified for internal triggering. Hop
rate can be entered from a minimum of 8 Hz, and up to a maximum
of 200 kHz; however, 50 kHz is the upper limit specified for internal
triggering.

rev.12SEP91
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Dwell time resolution is determined as follows:
e Dwell time resolution is limited by 3 significant digits shown on

the front-panel display, and can be entered in 200 nsec intervals if
the hop rate is greater than or equal to 77 Hz. (For frequency hop
modes 1, 2, 4, and 5, refer to table 3-4.)

Dwell time resolution is limited by 3 significant digits shown on
the front-panel display, and can be entered in 2 usec intervals if the
hop rate is less than 77 Hz. (For frequency hop modes 1, 2, 4, and
5, refer to table 3-4.)

Dwell time resolution is 200 nsec if the dwell time is less than
13 msec, or 2 usec if dwell time is greater than or equal to 13 msec.
(For frequency hop modes 3, and 6-9, refer to table 3-4.)

Hop rate resolution is determined as follows:
o When the hop rate is less than 77 Hz, resolution is limited by 3

significant digits shown on the front-panel display, or by 200 nsec
increments in the hop rate period.

o When hop rate is greater than or equal to 77 Hz, resolution is limited

by 3 significant digits shown on the front-panel display, or by 2 usec
increments in the hop rate period.

Hop rate or dwell time values may be changed while the HP 8645A
is learning or frequency hopping. Select either hop rate or dwell time,
and do the following:

¢ Key in the new hop rate or dwell time value. If the hop rate or

dwell time conflict, you will get an error message while learning or
hopping (the last valid values will still be active).

Turn the knob. You may use the INCR/DECR or keys
to change the resolution of the knob. Turning the knob in either
direction will set hop rate or dwell time without causing an error
during the learning or hopping.

Press one of the INCR/DECR @ @ keys to change the hop rate
in 10 Hz increments, and the dwell time in 100 usec increments.
These keys can set hop rate or dwell time without causing an error
during the learning or hopping.

Increments for the @ @ keys may be changed in the following way:

1.
2.

Press the blue SHIFT key, and either the RATE or DWELL key.

Press the INCR SET key. The FREQUENCY /STATUS display should
show either Fate Incr or Dwell Incr and the cur-
rently active increment value.

Enter the new increment value.
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Frequency
Hop Modes -
An Overv 'ew Frequency Hop Modes

If You Need to Know: Refer to:

e Some general information about
frequency hop modes ................ Frequency Hop Modes -
An Introduction (3-12)

o Directions for accessing the frequency
hopmodes ........................... How to Access the Frequency
Hop Modes (3-13)

o What each mode does. ............... A Brief Description of
Frequency Hop Modes (3-13)

Frequency Hop The HP 8645A has nine frequency hop modes (not to be confused
Modes - An with the front-panel SYNTHESIS MODE keys). Each frequency hop mode
: determines how the RF output is controlled during the frequency hop.
Introduction  Your testing or operating needs determine which frequency hop mode

to use.

Only one frequency hop mode can be active at a time, and as you will
see, each frequency hop mode has either an internal or an external
triggering mechanism.

Internal triggering allows you to start or control the frequency hop
from either the front-panel, or via HP-IB. External triggering allows
you to start or control the frequency hop with TTL signals either to the
rear-panel HOP connector, or to the rear-panel FAST HOP BUS connector.

For detailed information about internal and external triggering, refer in
this chapter to the section titled “External Triggering”.



What About Frequency Hopping? 3-13
R S S S S

How to Access the You can view each of the nine frequency hop modes in the FRE-
Frequency Hop Modes QUENCY/STATUS display by doing the following:
1. Press the Synthesis Mode MODE 5, FAST HOP key. Otherwise, you

will get an error message that indicates Mot i Fast Hop
Mode.

2. Press the blue SHIFT key, and the MODE key. You'll notice the
currently active frequency hop mode is shown.

3. Turn the knob, or press one of the [] [J] keys. One at a time
the other frequency hop modes are shown. A frequency hop mode
becomes active when it is shown in the FREQUENCY/STATUS
display.

4. To exit, press any front-panel key. Remember, whichever mode
is displayed when you exit is the active mode for subsequent
operation.

A Brief Description of A brief description of each frequency hop mode is as follows:

Frequency Hop Modes
Table 3-4. Frequency Hop Modes.

internal Triggering
Mode Frequency Hop Mode Description
1 Int Repetitive Continuously cycles through the sequence table.
2 IntSingle Cycles once completely through the sequence table.
3 Int Stepped Cycles one channel at a time through the sequence table.
External Triggering
Mode Frequency Hop Mode Description
4 Ext Eepetitive Same as 1, except that frequency hopping is enabled by a
TTL signal.
5 Ext Sirale Same as 2, except that frequency hopping is initiated by a
TTL signal.
6 Ext Stepped It Dwell | Same as 3, except that frequency hopping is controlled by a
TTL signal.
7 Ext Stepped Ext Dwell | Same as 3, except that frequency hopping and dwell time are
controlied by a TTL signal.
8 Fast Hop Busz Int Dwell | Frequency hop in any order to any channel in the sequence
table. Dwell time is fixed. ’
8 Fazt Hop Busz Ext Owell | Same as 8, except that dwell time is controlied by a
TTL signal.
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When the HP 8645A is frequency hopping, a message in the
FREQUENCY /STATUS display alerts the user to the status of the
frequency hop mode. As shown in table 3-5, the message is dependent
upon which frequency hop mode is active:

Table 3-5. Status Messages for the Frequency Hop Modes.

Mode(s) FREQUENCY/STATUS Message

1 gzt Hop (Free Furnning?l

F.'
2,3 Fast Hop (MansHP-IBE Trig:l
F

4-9 ast Hop CExtermnal Trig:

For Frequency Hop Mode 1

When Fazt Hop (Free Running? is displayed, the
HP 8645A continuously cycles through each channel in the sequence
table.

For Frequency Hop Modes 2 and 3

When Faszt Hop tMan-HPF-IB Trig? is displayed, the
HP 8645A waits for the user to trigger the frequency hop either
manually (from the front panel) or remotely (through HP-IB).

For Frequency Hop Modes 4 through 9

When Fazt Hop CExternal Trigl is displayed, the
HP 8645 waits for the user to externally trigger the frequency hop with
a TTL signal on either the rear-panel HOP connector, or on the Fast Hop
Bus HOP line.
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Local Entry Key for the Frequency Hop Modes

The MODE key is used to change the frequency hop mode. This key is
accessed by first pressing the blue SHIFT key. A description of the MODE
key follows the illustration shown below:

DATA M

IDLE LEARN HOP
(71 [ s8] [ 9

J J
MODE RATE . DWELL
[ 5 6 |

SET SEQ RCL SEQ CLR SEQ

y

0 . -

/

e FAST HOP

Figure 3-6. Local Entry Key for the Frequency Hop Modes.

The MODE key gives you access to the frequency hop modes. Whenever

an instrument preset is done, the frequency hop mode defaults to It11
Fepetitive,

Remember AHMot in Fast Hop Mode error message indicates that
you do not have the instrument in the FAST HOP mode; correct this
problem by pressing the SYNTHESIS MODE, MODE 5 key.
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Timing
Control and

Sy nchroniza t!on Timing Control and Synchronization
- An Overview

If You Need to Know: Refer to:

e General information about timing
control and synchronization ........ Timing Control and
Synchronization - An
Introduction (3-16)

o How to put the HP 8645A into a state
where it accepts frequency hop
entries or modifications ............. The Idle State (3-17)

e How to put the HP 8645A into a state
where it learns how to change
channels for the frequency hop ...... The Learn State (3-18)

e How to put the HP 8645A into a state
where it frequency hops ............. The Hop State (3-19)

e The description of each line on the
FastHopBus ........................ The Fast Hop Bus (3-20)

o About the three internal triggering
modes ..............oiiiiiiiiiiinn, Internal Triggering (3-23)

e About the six external triggering
MOAeS ... External Triggering (3-26)

Tim'ng This section contains essential information about timing control and
Control and synchronization for the frequency hop.

Synchronization Timing control refers to implementation of the nine frequency hop
- : modes discussed in the previous four pages. There are two types of
An Introduction triggering mechanisms for timing control, internal and external. Both
Internal Triggering and External Triggering are described in detail later
on in this section.

Synchronization refers to the arrangement in time of events that must
take place for the frequency hop to occur. A timing diagram for each
frequency hop mode explains the synchronization for both Internal
Triggering and External Triggering.

To fully understand the timing diagrams shown with the Internal
Triggering and External Triggering descriptions, you should read about
the Fast Hop Bus.
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Before investigating the details of timing control and synchronization,
understand that you can put the HP 8645A into one of three conditions
after pressing the Synthesis Mode MODE 5, FAST HOP key:

1. the Idle State,
2. the Learn State, and
3. the Hop State.

Continue reading for a description of these three conditions.

The Idle State

When the HP 8645A is in the Idle State, it accepts entries or
modifications to the channel table, sequence table, hop rate, dwell time,
and frequency hop modes.

SN DATA M

IDLE LEARN HOP
{ Y 4
7 8 9
e _— v
MODE RATE DWELL
2 r
4 5 6
J
STO CHAN RCL CHAN CLR CHAN
r " r ™ - )
1 2 3
—r J
SET SEQ RCL SEQ CLR SEQ
0 . -
J o »

————e FAST HOP

Figure 3-7. Local Entry Key for the Idle State.

The IDLE key, shown above, is accessed by first pressing the blue SHIFT
key. There are two ways the Idle State can occur:

1. Whenever you change to the MODE 5, FAST HOP position from AUTO
or any of the other Synthesis Mode positions.

2. Whenever you press the IDLE key.

3. Whenever you change certain parameters while the HP 8645A is
frequency hopping (for example, turning on FM or changing output
amplitude, etc.).

The HP 8645A goes from the Idle State to the Learn State upon request.
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The Learn State In the Learn State, the HP 8645A calibrates its internal circuitry to
quickly switch from one channel to another with specified accuracy. It
takes at least 10 seconds to complete the learn operation; additional time
depends upon the number of channels set up in the sequence table.

Since the frequency accuracy of the RF output is temperature depen-
dent, the Learn State should be kept active when not frequency hop-
ping, or re-initiated if the ambient temperature has changed significantly
since the last completed learn operation. This ensures the most accurate
RF output while frequency hopping.

Note If the ALC loop is closed (refer to the section in this chapter
titled “Amplitude Control”), the RF output is shut off during the
Learn State. This prevents the output of undesired signals prior to
frequency hopping. However, if the ALC loop is open, the RF output
will be on during portions of the Learn State.

IDLE FE?:: HOP
SRR KRN ED
ERNERRED
SERERRED

SET SEQ RCL SEQ CLR SEQ

Lo J =)
e FAST HOP
Figure 3-8. Local Entry Key for the Learn State.

The LEARN key, shown above, is accessed by first pressing the blue SHIFT
key. There are three ways the Learn State can occur:

1. Whenever you press the LEARN key.

2. Whenever you press the HOP key, from the Idle State, to start the
frequency hop. A Learn State occurs prior to the frequency hop
even if the sequence table or channel table have not been changed.

3. When using external triggering. the TTL level at the rear-panel SEQ
(sequence) connector determines if the HP 8645A is in the Learn
State. A TTL high keeps the HP 8645A in the Hop State; a TTL low
puts the HP 8645A into the Learn State.

The HP 8645A can go from the Learn State to either the Idle State, or
the Hop State.
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The HOP State Frequency hopping occurs in the Hop State.
(U DATA S

IDLE LEARN HOP
y { 1
7 8 9

J w v,

MODE RATE DWELL

7 n " r )
4 S 6

\. i J

STO CHAN RCL CHAN CLR CHAN

e "y ﬁ " N
1 2 3

SET SEQ RCL SEQ  CLR SEQ
- Y o 3 )
0] . —

o w,

e FAST HOP

Figure 3-9. Local Entry Key for the Hop State.

The HOP key, shown above, is accessed by first pressing the blue SHIFT
key. Going from the Learn State to the Hop State happens in one of
two ways:

1. If the HP 8645A is internally triggered, the transition to the Hop
State occurs immediately after pressing the HOP key (assuming that
the sequence table has been learned at least once).

2. If the HP 8645A is externally triggered, the transition to the
Hop State occurs when specific timing control and synchronization
conditions are met.

Note Whenever you go from the Idle State to the Hop State, the HP 8645A
will first enter the Learn State.
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The Fast
Hop Bus

Note

The Fast Hop Bus is a DB-25 pin connector located on the rear-panel
of the HP 8645A. Its purpose is to provide a means of external control
and synchronization for the frequency hop sequence. Specific control
and synchronization information on the Fast Hop Bus is found in the
timing diagrams for Infernal Triggering and External Triggering.

« When the HP 8645A is configured to operate with one of the three
internal frequency hop modes, the Fast Hop Bus is used to trigger
external control circuitry.

» When the HP 8645A is configured to operate with one of the six
external frequency hop modes, the Fast Hop Bus is used to control
the frequency hop.

The Fast Hop Bus connector is illustrated in figure 3-10; a description
of each line on the Fast Hop Bus starts on the next page:

MEMORY
DATA Re apDRESS “POIaSC
MEMORY VALID TRIGGER OWELL ~ OUTPUT
MEMORY AD?%E)SS HOP ENABLE NO
ADDRESS
) \ \ / CONNECT
GROUND
GROUND
' FAST HOP BUS "
Q
3208
MEMORY.
ADDRESS \ GROUND
(8)
EMORY
MEMORY MEMORY | MEMORY M
ADDRESS ADDRESS | ADDRESS ADTRESS
1B wewom
MEMORY MEMORY MEMORY
ADDRESS ADDRESS ~ ADDRESS M
{7) (8) {3)

Figure 3-10. Rear-Panel, Fast Hop Bus Connector.

The HP 8645A has cither 4000 or 8000 channel table capabilities
beginning with serial prefix 3019A.

Memory address 12 (J1 pin 5) must be tied to a TTL low for 4000
channel operation, or for emulation of HP 8645s built prior to serial
prefix 3019A.

rev. 12SEP9]
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Ground and
No Connection

Address
Output Enable

RF Dwell

Trigger

Data Valid
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The Ground connections for the Fast Hop Bus are found on J1 pins 1,
2,13, 14, and 15.

There are no connections on the Fast Hop Bus for J1 pins 3 and 4.

The Address Output Enable line on J1 pin 6 determines whether the
Memory Address lines are to be used as inputs or outputs.

If the Address Output Enable line is at a TTL high or is floated, then the
Memory Address lines are available as inputs. A binary address can then
be synchronized on the Memory Address lines to indicate the desired
position in the sequence table.

If the Address Output Enable line is grounded, then the Memory Address
lines output the current sequence position during the frequency hop.

The RF Dwell line on J1 pin 7 outputs a TTL signal to indicate the on/off
state of the RF output. A TTL high on the RF Dwell line indicates that
the RF output is on; a TTL low on the RF Dwell line indicates that the
RF output is off.

The RF Dwell line is filtered to reduce RF emissions. As a result of the
filtering, there is up to a 1 usec delay from the time the RF output starts
changing states from a low to a high, to when this transition appears
at the rear-panel Fast Hop Bus connector.

The Trigger line on J1 pin 8 outputs a TTL signal that goes from low to
high to indicate when the HP 8645A has hopped to the next frequency
in the sequence table. The transition back to a TTL low occurs when the
RF output is turned off. No synchronization information is included
with the Trigger line to indicate when the RF output is turned on.

The low to high transition of the Trigger line tracks the low to high
transition of the HOP line (J1 pin 10) but is delayed by up to 200 nsec.

The Trigger line is not filtered, so there are only a few nanoseconds
of delay for transitions to appear at the rear-panel Fast Hop Bus
connector.

The Data Valid line on J1 pin 9 allows you to input a TTL signal to
indicate that the Memory Address lines have set up a valid address on the
Fast Hop Bus. A TTL high indicates that the valid address is present;
a TTL low indicates that a valid address is not present.

In the External Triggering timing diagrams for Fast Hop Bus Internal
bwell and for Fa=t Hop Bus External Dwsll, you will see how to
synchronize the Data Valid line with the other Fast Hop Bus lines.
The Data Valid line is used for synchronization with only these two
frequency hop modes.
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Hop

Memory Address

The Hop line on J1 pin 10 receives a TTL input signal to control
the hop rate. Certain frequency hop modes also allow the Hop line
to even control the dwell time. To control the Hop line, refer to
the detailed descriptions for each frequency hop mode controlled by
External Triggering.

The Hop line on the Fast Hop Bus, and the rear-panel HOP con-
nector are internally connected, and consequently have the same
synchronization.

The Memory Address lines on J1 pins 5, 11, 12, and 16 through 25
receives TTL input signals to set up a desired address in the sequence
table. The Address Output Enable line must first be set to a TTL high
before an address can be input. The Data Valid line indicates if the
input address is valid.

rev.12SEP91
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Internal There are three internal triggering modes. Timing control and synchro-
. . nization for each one is described in detail as follows:
Triggering
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The Internal Repetitive mode causes the HP 8645A to repetitively
frequency hop through the sequence table when the Hop State is
activated from the front panel or through HP-IB.

Frequency hopping continues until the Learn State or Idle State is
invoked. Hop rate and dwell time are fixed at the internally set values
when this mode is active.

The following diagram in figure 3-11 depicts the synchronization that
occurs when the HP 8645A frequency hops in the Internal Repetitive

mode:
e ——— o (o>
i -—fmm—-‘
CSYNTHESIZER
SWITCHING . SPEED
oN CIBS GSEC
AMPLITUDE / \ /__\_
OFF:
P 30 USEC DWELL
e pe b
AL RSE AL FALL
moc | | | L
S | | ' L

Figure 3-11. Internal Repetitive Synchronization.
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The Internal Single mode allows the HP 8645A to frequency hop once
through the sequence table when the Hop State is activated from the
front panel or through HP-IB. At the completion of the Internal Single
sequence, the HP 8645A remains in the Hop State with the RF output
turned off and waits for another Hop command.

Hop rate and dwell time are fixed at the internally set values when this
mode is active. To cycle through the sequence table again, re-activate
the Hop State.

The following diagram in figure 3-12 depicts the synchronization that
occurs when the HP 8645A frequency hops in the Internal Single mode:

FREQUENCY

o FREQ. CHANGING \, FRED,  CHANGING
! 18T HOP LAST - HOP
ON <13.s wcc
AMPLITUDE
OfF

iw uscc—ﬂ Lmd

T RSE T FALL
TRIGGER » ] [ . L

OUTPUT

RF . DWELL ‘ l l L_
OUTPUT

Figure 3-12. Internal Single Synchronization.
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The Internal Stepped mode allows the HP 8645A to cycle through the
sequence table one channel at a time. In this mode, the user controls
the hop rate either from the front panel, or from the rear-panel HP-IB

connector. Dwell time is fixed at the internally set value.

When this mode is active, a frequency hop occurs only when the E_}] key
is pressed, the knob is rotated, or the frequency hop is invoked through
HP-IB.

In the Internal Stepped mode, you can even cycle backwards through
the sequence table one channel at a time. To do this, press the @ key,
or turn the knob counterclockwise.

The following diagram in figure 3-13 depicts the synchronization that
occurs when the HP 8645A frequency hops in the Internal Stepped
mode:

- FREQUENCY -—J

SYNTHESIZER
SWITCHING  SPEED

‘ ON <138 uSEC
] AMPLITUDE |
DFF

e 16 usEc DWELL
ne m”—:zis GSEC 15 ustc.
AT RSE AT FALL
RF - DWELL l
OUTPUT

Figure 3-13. Internal Stepped Synchronization.
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External
Triggering

There are six external triggering modes. Timing control and synchro-
nization for each one is described in detail as follows:
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The External Repetitive mode causes the HP 8645A to repetitively
frequency hop through the sequence table when the Hop State is
enabled. In this mode, the Hop State is enabled by keeping a TTL high
signal either on the rear-panel HOP connector, or on the Fast Hop Bus
HOP line. When the TTL signal is dropped to a low state, frequency

hopping is suspended.

The following diagram in figure 3-14 depicts the synchronization that
occurs when the HP 8645A frequency hops in the External Repetitive
mode:

HOP —-——I l
-

157 HOP
| e 2
on <1AS uSEC
AMPLITUDE /__\_
o ~ -
ple 40 USEC DWELL. k
AL DELAY <25 uSEC 1.5, wSEC
ALC RISE ALC FALL
mem v | L. L
REDWELL r——__—l r—_———l.___
OUTPUT

Figure 3-14. External Repetitive Synchronization.
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The External Single mode allows the HP 8645A to frequency hop once
through the sequence table when the Hop State is enabled. In this
mode, the Hop State is enabled by an external TTL signal. At the
completion of the External Single sequence, the HP 8645A remains in
the Hop State with the RF output turned off and waits for another Hop
command.

The rising edge from a TTL signal, input to the rear-panel HOP
connector, or on the Fast Hop Bus HOP line, causes the HP 8645A
to cycle once through the sequence table after completing a learn
operation. Hop rate and dwell time are fixed at the internally set values.

To cycle through the sequence table again, the HP 8645A must re-enter
the Learn State by a low TTL signal input pulse to the rear-panel SEQ
connector. Then, the rising edge of the next TTL signal input to the rear-
panel HOP connector will activate the Hop State for another External
Single sequence.

The following diagram in figure 3-15 depicts the synchronization that
occurs when the HP 8645A frequency hops in the External Single mode:

[#— >0.1 uSEC ~|

HOP -—I I

LAST HOP

| 1ST HOP
p—— FREQUENCY

ON
AMPLITUDE
OfF

TRIGGER
OuUTPUT

RF _DWELL
OUTPUT

Figure 3-15. External Single Synchronization.
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The External Stepped Internal Dwell mode allows the HP 8645A to cycle
through the sequence table one channel at a time. In this mode, the user
externally controls the hop rate; dwell time is fixed at the internally set

value.

When this mode is active, the rising edge from a TTL signal, input to
the rear-panel HOP connector, or on the Fast Hop Bus HOP line, causes
the HP 8645A to change to the next channel in the sequence table. The
RF output remains on for the duration of the dwell time.

The following diagram in figure 3-16 depicts the synchronization that
occurs when the HP 8645A frequency hops in the External Stepped

Internal Dwell mode:

FREQUENCY

AMPLITUDE

e >02 uSEC'ﬂ
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] . e /L J\
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e ey )

oWELL I"
uSEC 15 uSEC
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.

TRIGGER
QUTPUT

| | |

L

'RF_DWELL
“OUTPUT

Figure 3-16. External Stepped Internal Dwell Synchronization.
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The External Stepped External Dwell mode allows the HP 8645A to cycle
through the sequence table one channel at a time. In this mode, the user
externally controls the hop rate and dwell time. The dwell time and
hop rate can be varied for each channel in the sequence table while the
HP 8645A is frequency hopping.

m
T

When this mode is active, a TTL signal input to the rear-panel HOP
connector, or on the Fast Hop Bus HOP line, controls the hop rate and
dwell time. The HP 8645A changes to the next channel in the sequence
table on each rising edge of the TTL signal.

Keeping the TTL signal in a “high state” causes the RF output to remain
on. Returning the TTL signal to a “low state” causes the RF output to
shut off. The TTL signal must be in a low state for at least the ALC fall
time between frequency hops.

The following diagram in figure 3-17 depicts the synchronization that
occurs when the HP 8645A frequency hops in the External Stepped
External Dwell mode:

HOP k‘ —-——-I l_.__.l l__

[¢—— FREQUENCY
SYNTHESIZER
SWITCHING SPEED

ON <135 uSEC e
AMPLITUDE I. :

i fe10 uskc owee o e
" ALC - DELAY

FREQUENCY.

<2.5 uSEC 145, uSEC
ALC RISE “ALC FALL

“TRIGGER |
QUTPUT.. -

“RF_DWELL
=OUTPUT-

Figure 3-17. External Stepped External Dwell Synchronization.
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Fast Hop Bus Int Dwell

The Fast Hop Bus Internal Dwell mode allows the HP 8645A to frequency
hop in any order to any channel in the sequence table. In this mode,
the dwell time is fixed to the internally set value.

This mode and the Fast Hop Bus External Dwell mode have the most
complicated synchronization, and require more external hardware for
control than any of the other seven frequency hop modes.

To frequency hop in this mode, you are required to interface TTL
signals to the rear-panel FAST HOP BUS connector, SEQ (sequence)
connector, and HOP connector (only if it is used instead of the Hop line
on the Fast Hop Bus).

Place a high/low TTL bit pattern on the 13 Memory Address lines
to address the sequence table. The address data on the Fast Hop
Bus will correspond directly to one of the 4000 positions (or 8000 for
instruments with serial prefix 3019A and above) in the sequence table.

For example, the Memory Address lines shown in table 3-6 can be
set up to correspond to “Ster #54” in the sequence table by sending
specific address data over the Fast Hop Bus (add up the decimal
equivalent for each Memory Address Line that is high to arrive at the

address position in the sequence table):
324+ 164+4+2 =054
Table 3-6. Memory Address Lines for the Fast Hop Bus.

Memory i
Address Decimal High/Low:TTL
Lines Equivalent Bit Pattern

(J1 Pin #) . :
*5 4096 O(MSB)
11 2048 0
12 1024 0
25 512 0
24 256 0
23 128 0
22 64 0
21 32 1
20 16 1
19 8 0
18 4 1
17 2 1
16 1 0(LSB)
" 3019A and above

rer 2HAPRY!

et
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Note

Remember

Note
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The sequence table contains up to 4000 channel table entries from
address position 0 to 3999 (or 8000 channel table entries from address
position 0 to 7999 for serial prefix 3019A and above). However, if you
add up the decimal equivalent for each Memory Address Line shown
in table 3-6, the result would indicate that positions greater than
3999 could be addressed. All address positions greater than 3999 (or
7999 for serial prefix 3019A and above) are invalid.

Synchronize the Data Valid line to toggle to a TTL high when the
address data is valid.

To frequency hop to a new channel in the sequence table, input the
rising edge of a TTL signal to the Hop line on the Fast Hop Bus (or to
the HOP connector).

The TTL level at the SEQ (sequence) connector determines if the
HP 8645A is in the Learn State. A TTL high keeps the HP 8645A in
the Hop State; a TTL low puts the HP 8645A into the Learn State.

In normal operation, the HP 8645A allows for a faster switching speed
by buffering the position addressed in the sequence table. This results
in a synchronization delay of one frequency hop over the Fast Hop
Bus.

If you do not want a one frequency hop delay, and are willing to accept
a 7 psec slower frequency switching time, you can turn off the buffered
Fast Hop Bus with Special Function 201. This special function only
works with the Fast Hop Bus Internal Dwell mode. Also, if you turn
the buffering off, the Hop line must be held at a TTL high for 3 usec
or less.

The diagrams in figures 3-18 and 3-19 depict the synchronization that
occurs when the HP 8645A frequency hops in the Fast Hop Bus Internal
Dwell mode with and without the buffering.

If you use the Fast Hop Bus Internal Dwell with the Buffering off,
you will notice in figure 3-19 that there is an overlap between when
the frequency is changing and when the output amplitude comes on.
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Figure 3-18. Fast Hop Bus Internal Dwell
Synchronization, Buffering On.
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Figure 3-19. Fast Hop Bus Internal Dwell

Synchronization, Buffering Off.
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Fast Hop Bus Ext Dwell

The Fast Hop Bus External Dwell mode allows the HP 8645A to frequency
hop in any order to any channel in the sequence table. In this mode,
dwell time is controlled by the duration of the TTL signal on the Hop
line.

This mode and the Fast Hop Bus Internal Dwell mode have the most
complicated synchronization, and require more external hardware for
control than any of the other seven frequency hop modes.

To frequency hop in this mode, you are required to interface TTL
signals to the rear-panel FAST HOP BUS connector, SEQ (sequence)
connector, and HOP connector (only if it is used instead of the Hop line
on the Fast Hop Bus).

The variable dwell time in this mode allows you to have the RF output
on for different amounts of time for each channel in the sequence table.
As long as the TTL signal on the Hop line is high, the RF output is
turned on: whenever the TTL signal on the Hop line is low, the RF
output is turned off.

Place a high/low TTL bit pattern on the 13 Memory Address lines
to address the sequence table. Address data on the Fast Hop Bus
corresponds directly to one of the 4000 (or 8000 for serial prefix 3019A
and above) sequence table positions.

For example, the Memory Address lines shown in table 3-7 can be set
up to correspond to “Step #342” in the sequence table by sending
specific address data over the Fast Hop Bus (add up the decimal
equivalent for each Memory Address Line that is high to arrive at the
address position in the sequence table):

256 + 64 + 16 + 4 + 2 = 342
Table 3-7. Memory Address Lines for the Fast Hop Bus.

Memory
Address Decimal High/Low TTL
Lines Equivalent Bit Pattern
{J1 Pin #)
s 4096 0(MSB)
11 2048 0
12 1024 0
25 512 0
24 256 1
23 128 0
22 64 1
21 32 0
20 16 1
18 8 0
18 4 1
17 2 1
16 1 0(LSB)
*3019A and above
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Note The sequence table contains up to 4000 channel table entries from
address position 0 to 3999 (or 8000 channel table entries from address
position 0 to 7999 for serial prefix 3019A and above). However, if you
add up the decimal equivalent for each Memory Address Line shown
in table 3-7, the result would indicate that positions greater than
3999 could be addressed. All address positions greater than 3999 (or
7999 for serial prefix 3019A and above) are invalid.

Synchronize the Daiz Valid line to toggle to a TTL high when the
address data is valid.

To frequency hop to a new channel in the sequence table, input the
rising edge of a TTL signal to the Hop line on the Fast Hop Bus (or to
the HOP connector).

Remember The TTL level at the SEQ (sequence) comnector determines if the
HP 8645A is in the Learn State. A TTL high keeps the HP 8645A in
the Hop State; a TTL low puts the HP 8645A into the Learn State.

In normal operation, the HP 8645A allows for a faster switching speed
by buffering the position addressed in the sequence table. This results
in a synchronization delay of one frequency hop over the Fast Hop
Bus.

If you do not want a one frequency hop delay, and are willing to accept
a 7 psec slower frequency switching time, you can un-buffer the Fast
Hop Bus by means of an external hop generating circuit. An example
circuit shown in figure 3-20 indicates that the External Control Line
pulse must originate from a timing source that you provide.

EXTERNAL
CING
2
: i
6: TR
-5V ; ad & sy
_1 3 I:'A‘J
%n.m o5V =5 3 b® o e Ui
— Fi ouex oSV o T v
" E
o200 THEIZN. X B R ey dldnd ]
¢ 19, =
'y RX/C%
bl 3
gw a THLEI2IN
£

Figure 3-20. Sample Circuit to Control the Frequency Hop.
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The following diagrams in figures 3-21 and 3-22 depict the synchro-
nization that occurs when the HP 8645A frequency hops in the Fast
Hop Bus External Dwell mode with and without the buffering:

s CHANNEL oL ey
ADDRESS e CHANNEL N S o
LINES A VALID NG DATA - VALID
e e
>100nS
>30n51" 1
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. >1004S
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FREQUENCY i ] { mea. >
CHANNEL
N2 ENCY N N
SYNTHESIZER
o SWITCHING | SPEED
<13.5 uSEC
AMPLITUDE / \ /_\
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bt o see el

Figure 3-21. Fast Hop Bus External
Dwell Synchronization, Buffering On.
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Figure 3-22. Fast Hop Bus External
Dwell Synchronization, Buffering Off.
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Amplitude S |
If You Need to Know: Refer to:

Control ~
An Overview | 4. iitude Control

e Some general information about
Amplitude control ................... Amplitude Control ~
An Introduction (3-36)

o Specific information about Closed
Loop ALCcontrol .................... Closed Loop ALC (3-36)

o Specific information about Open
Loop ALCcontrol .................... Open Loop ALC (3-38)

Amplitude A maximum amplitude le\‘rel variation of 20 dB is allowed between

Control - An any two channels entered into the channel table. You can extend the

ontro ! amplitude level variation of the RF output by —15 dB during the Hop

Introduction State without causing the HP 8645A to enter the Learn State by using
special function 203.

Note When Special Function 203 is enmvoked, the Fast Hop Operation,
Amplitude accuracy specification, and the Amplitude Modulation, AM
indicator accuracy specification will be degraded.

Amplitude level is controlled in one of two ways: Open, or Closed Loop
ALC (Automatic Level Control). Each method has its advantages and
disadvantages. You must decide which method best meets your needs.

Closed Loop ALC is the default method. Open loop ALC is selected by
Special Function 202. If Pulse modulation is selected, Open Loop ALC
is automatically turned on during the Learn State. Continue reading for
a detailed discussion of both Open, and Closed Loop ALC.

Closed Loop ALC Closed Loop ALC operation quickly turns on the RF output by 40 dB,
and then exponentially ramps up to the desired level. In the same
manner, the RF output exponentially ramps down to turn off. After this
initial power drop, the RF output is quickly shut off by an additional 40
dB. Refer to figure 3-23.

rev.02JUNS9
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The main disadvantage of operating with Closed Loop ALC is:

1

. A longer switching time between frequency hops.

There are six main advantages of operating with Closed Loop ALC as
follows:

1.

A T o

Less spectral splatter.

Better linear AM control of the RF output level.
Better isolation between frequency hops.

Better level accuracy.

Power is off during the Learn State.

Shorter Learn State time.

During the Learn State with Closed Loop ALC operation, the RF output

is

turned off by about 70 dB while the HP 8645A learns all of the

electronic settings for each channel in the sequence table. This prevents
the output of undesired signals prior to the frequency hop.

The following diagram in figure 3-23 depict Closed Loop ALC operation
during the frequency hop:

FREQUENCY il meo. Gwane D=
FREQUENCY. FREQUENCY *SETTLED

SETLED CREbUENCY 70 NEW . FREQUENCY
sPEED
<I35 uSEC
o L xsiee
1530 48 \ >

AMPLITUDE | L © e
5 o L—L\__
. L

<2,5 WSEC 1.5:.uSEC

Figure 3-23. Closed Loop ALC Amplitude Control.
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Open Loop ALC

Note

Open Loop ALC operation turns on the RF output by quickly ramping
up the amplitude level to 40 dB in less than 100 nsec. In the same
manner, the RF output quickly turns off as it ramps down 40 dB in
less than 100 nsec. Refer to figure 3-24.

The main advantage of operating with Open Loop ALC is:

1. A quicker switching time between frequency hops.

There are six main disadvantages of operating with Open Loop ALC
as follows:

1. More spectral splatter.

. Less linear AM control of the RF output level.
. Less isolation between frequency hops.

Less level accuracy.

Power is on during the Learn State.

Longer Learn State time.

During the Learn State with Open Loop ALC operation, the RF output
is turned on and off while the HP 8645A learns all of the electronic
settings for each channel in the sequence table. This increases the
Learn State time by about 3 msec for each channel.

oU s wN

The following diagram in figure 3-24 depict Open Loop ALC operation
during the frequency hop:

There is an overlap between when the frequency is changing and when
the output amplitude comes on.

FREQUENCY —< FREQ, ' CHANGING >
FREQUENCY. FREQUENCY SETTLED
SETRED FREGUENCY T0° NEW FREQUENCY

SYNTHESIZER
SWITCHING SPEED
<13.5 uSEC

on
] 1
AMPUITUDE 40 dB 40 -d8
ot )
i 10 usEC -—-I-—— ft—

<100 nSEC X100 nSEC

Figure 3-24. Open Loop ALC Ampilitude Control.

rev. 12SEPY1
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Frequency Hop
Exercise -
An Overview

If You Need to Know: Refer to:

Frequency Hop Exercise

o How to frequency hop the HP 8645A
in the Internal Singlemode ......... Procedure #1 - Internal
Single Mode (3-40)

o How to frequency hop the HP 8645A
in the External Stepped Internal

Dwell mode ......................... Procedure #2 -External
Stepped Internal
Dwell Mode (3-44)
o The key things to remember about
the Frequency Hop Exercise ......... Frequency Hop Exercise ~

Things to Remember (3-45)

Frequency Hop
Exercise - An
Introduction

Previous pages in this chapter have provided you with detailed
information for most of your frequency hop applications. Here you will
have an opportunity to use some of this newly acquired knowledge.

It is assumed in the following exercise that you have completed the
frequency hop procedure in chapter 1 and have turned to this chapter
for more information.

To avoid redundancy, you will be asked to set up frequency hop
channels, and to change the hop rate and dwell time without being
given specific directions. If you are unfamiliar with doing these tasks,
refer to the frequency hop procedure in chapter 1 for details.

In order to simplify the procedure and the results, the exercise uses an
unmodulated RF output. You may repeat the exercise using a modulated
RF output.
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HP 8645A

AGILE SIGNAL GENERATOR SPECTRUM ANALYZER

D . CSIGNAL INPUT 7
e
. 8)

Figure 3-25. Equipment Setup for Internal Single Procedure #1.

RF

Freq uency Ho P By now, you have probably recognized that the frequency hop exercise

Exercise — The
Procedure You will also learn how to set up a frequency hop sequence of your

in chapter 1 had used the Int Repetitiue triggering mode. The
following exercise shows you how to use two other triggering modes.

choice.

The following exercise is made up of two procedures. The first
procedure demonstrates how to frequency hop the HP 8645A in
the Int Sinale mode. The second procedure demonstrates how to
frequency hop the HP 8645A in the Ext Stepped Int Dwell mode.
Each procedure takes about 10 minutes to complete.

Equipment Needed  Both procedures require use of the following equipment:

i 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 B116A, or HP 8904A
Procedure #1 ~ Procedure #1 starts with step 1 shown on the next page. A review of

Internal Single Mode the six major steps in the procedure are as follows:

o Set up and adjust the Spectrum Analyzer.
« Set up six frequency hop channels.

« Enter the hop rate and dwell time.

» Set up the sequence table.

o Activate the Internal Single mode.

« Enable the Fast Hop State.

rev. 12SEP9I1
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Set Up and Adjust the Spectrum Analyzer
1. Connect the HP 8645A to the Spectrum Analyzer as shown

in figure 3-25. Turn on the equipment and make the following
adjustments to the Spectrum Analyzer:

Center Frequency .........coooiiiviniiiiiiiannan. 100 MHz
Frequency Span ...t 100 MHz
Reference Level ............ooiiiiiiiiiiiinn. 10 dBm

Set Up Five Frequency Hop Channels
2. Press the green INSTR PRESET key. Doing so presets the HP 8645A

to a known state for the following steps.

. Press the MODE 5, FAST HOP key. The yellow annunciator above this
key lights up. The HP 8645A is now in the Idle State and is ready
to accept modifications to the channel table, sequence table, hop
rate and dwell time, and frequency hop modes.

. Set up six frequency hop channels as shown in table 3-8. Refer to
the frequency hop procedure in chapter 1 if you have any difficulty
with doing this step.

Table 3-8. Channel Table for the Internal Single Mode Procedure.

Channel | Channel | Channel
Number |Frequency Amplitude

0 70 MHz 0 dBm
1 80 MHz 0 dBm
2 90 MHz 0 dBm

3 100 MHz 0 dBm

4 110 MHz | 0 dBm

5 120 MHz | 0dBm

Enter the Hop Rate and Dwell Time

5. Enter a hop rate of 8 Hz, and a dwell time of 99 msec. Once

again, the hop rate is slow and the dwell time long; this allows
you to clearly see the results on the spectrum analyzer. Refer to
the frequency hop procedure in chapter 1 if you have any difficulty
with doing this step.
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Note

Set Up the Sequence Table

6. Press the blue SHIFT key, and the SET SEQ key. The HP 8645A is
now ready for sequence table entries. You will see the following in
the FREQUENCY /STATUS display:

t

NR]

i
i

L

If a Step # other than “0” appears in the FREQUENCY /STATUS
display, a sequence table has already been set up. If this is the case,
clear the sequence table with the CLR SEQ key.

7. Press the numeral 5§ key. This step sets up channel 5 for the first
position (Step #0) in the sequence table. You will see the following
in the FREQUENCY /STATUS display:

H R g
FLER O

poe e
|

Sten

8. Press the ENTER key to put channel number 5 into sequence
position Step #0. Notice how the Step # increments up to the next
sequence position, namely Step #1.

9. Continue to set up the sequence table with the pattern shown in
table 3-9. When you reach Step #6, press the blue SHIFT key and
the EXIT key to terminate entries into the sequence table. When
you are done with this step, a channel pattern of 5, 0, 4, 1, 3, 2 is
ready for the frequency hop.

Table 3-9. Example Sequence Table._

Sequence Step # | Channel
0 5
1 0
2 4
3 1
4 3
5 2
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Activate the Internal Single Mode

10. Press the blue SHIFT key, and the MODE key. You will see the
following in the FREQUENCY /STATUS display:
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STEP 70

11. Turn the knob, or press one of the @ @ keys until “Irt
% irg 1 e”is shown in the FREQUENCY/STATUS display. The
Internal Single mode is now activated.

12. Press the blue SHIFT key, and the EXIT key to get out of the
frequency hop mode selection area.

- Enable the Fast Hop State

13. Activate the Maximum Hold function on the Spectrum Ana-
lyzer. The Maximum Hold function allows the Spectrum Analyzer
to display all the channels as the HP 8645A frequency hops to
them. If your Spectrum Analyzer does not have a Maximum Hold
function, that’s okay, just proceed to the next step.

14. Press the blue SHIFT key, and the HOP key. The AMPLITUDE
displays shows L& &t ring for about 10 seconds, and then the
HP 8645A frequency hops once through the sequence table one

---------------- S Step # at a time. The following display should appear on the

Spectrum Analyzer:

STERP 72

STEP 74

T

T ¥
STEP '# 1 3 S 4 2 2

CENTER \
H

120 T
\
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AR VIV

15. Remove the Maximum Hold function from the Spectrum

Analyzer. Press the blue SHIFT key, and the HOP key again. You'l

notice on the Spectrum Analyzer that the HP 8645A cycles through

the sequence table once again. Every time the Hop State is activated

in the Internal Single mode, the HP 8645A cycles once through the
sequence table.

“—""—-——
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REAR—PANEL
HOP

CONNECTOR | {2812

AGILE _SIGNAL GENERATOR

HP 8645A

gou

SPECTRUM ANALYZER

o ‘ =

oUTPUT

a

Figure 3-26. Equipment Setup for External Stepped Internal Dwell Procedure #2.

Procedure #2 -
External Stepped
Internal Dwell Mode

STER 77

Procedure #2 starts with step 16 shown below; Procedure #2 is a
continuation of Procedure #1. A review of the four major steps in the
procedure is as follows:

¢ Set up and adjust the and Function Generator.
o Activate the External Stepped mode.

¢ Enable the Fast Hop State.

» Modify the Results.

Set Up and Adjust the Function Generator

16. Connect the HP 8645A to the Spectrum Analyzer and Function
Generator as shown in figure 3-26. Keep the Spectrum Analyzer
set to the adjustments made in Procedure #1. Turn on the Function
Generator and make the following adjustments:

On the Function Generator

Frequency ......... ... . i 1 Hz
Amplitude ......... ... o o 1.5 Vpk
Waveform....... ... ..o i i Square

Activate the External Stepped mode

17. Press the blue SHIFT key, and the IDLE key. The HP 8645A must be
in an Idle State before changing the frequency hop mode.
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18. Change the frequency hop mode from Int Sinale to
Ewt Stepped Int Duwell, and then exit. The follow-
ing should be shown in the FREQUENCY/ STATUS display before
you exit:

- e —— o .
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Enable the Fast Hop State

19. With the Function Generator’s output active, press the blue SHIFT
key, and the HOP key. Once again, the Learn State is invoked
for about 10 seconds. Notice on the Spectrum Analyzer that the

ffffff i HP 8645A frequency hops from one channel in the sequence table

e 79 : to the next at a 1 Hz rate.

Modify the Results

20. Slowly increase the rate of the Function Generator’s output.
Notice on the Spectrum Analyzer that the HP 8645A frequency
hops at a faster rate which is proportional to the increased rate of
the Function Generator.

Frequency Hop gihe fOllodwjin% }’}iStF isa summ;ry ofE the most important points previously
Exercise - Things scussed in the Frequency Hop Exercise:
to Remem bger o Channel and sequence table entries are made with the HP 8645A
in the Idle State.

e Any channel may be used more than once in the sequence table.

e Activate any of the nine frequency hop modes by showing your
selection in the FREQUENCY /STATUS display.

o The Learn State is invoked before the Hop State to ensure the most
accurate RF output while frequency hopping.

After completing this chapter, you may want to go to chapter 5 to
understand how to frequency hop the HP 8645A through HP-IB; an
alternative is to proceed to another chapter in this Guide.






4 - What About Sweeping?

In this Cha pter This chapter describes how to frequency sweep the HP 8645A Agile
Signal Generator. Information is provided regarding front-panel control
of frequency sweeping. Refer to chapter 5 if you need information about
HP-SL programming control over HP-IB.

Three types of sweep are available to help you characterize RF devices
quickly and accurately. 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 ?llustration shown belovi/ to find the subject you want. Turn to
that subject for specific information.

’ Progromming Reference information
. art, Stop, nter, an a
S o s

Sweep Markers
A A LD
Sweep Types

UL A~

weep opacing and Sweep Time
G A JOLT D

Sweep Triggering
o AL

Sweep Exercise

ALV
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Frequency
Sweep - General
Information

The procedure to frequency sweep the HP 8645A can be summarized
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 frequency sweeping
the HP 8645A:
1. Set up a start, stop, center, or span frequency.
2. Activate sweep markers (optional step).
3. Select one of the three types of frequency sweeping (digitally-
stepped, fast-hop, 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 HP 8645A to frequency sweep (using Auto, Single, or
Manual).

The HP 8645A has attributes of two different types of instruments.
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 4-1, the HP 8645A becomes a
sweeper.

— SWEEP _

F-» START F -+ STOP F-»C

SIRERES
O LoG
v /106 S‘{,’,E‘%P‘ e
o
O O O
AUTO SINGLE MANUA:

F+»MKR 1 F-=MKR 2 F-»MKR 3

r
MKR 1 MKR 2 MKR 3

Figure 4-1. Keys that Turn the HP 8645A into a Sweeper.

When the HP 8645A has become a sweeper, whether the 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:
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Start, Stop, "1;? set up a frequency-s‘gept m?asurement, ;he H}l: 8645A mustS kno;v
the start, stop, center, and span frequency values that you want. Simply
Center. ’ and Span press any one of the front-panel keys shaded in figure 4-2:

pEm—SWEEP
F+START F-+STOP F-»C
START STOP CTR |
FREQ | FREQ FREQ |
oOLo6

- 4 1
LN/LOG| | SWEEP freQ
-’

o O O
o N s

AUTO SINGLE MANUAL
»

F+MKR 1 F*MKR 2 F®MKR 3

a f N -

T
MKR 1 MKR 2 MKR 3
J

Figure 4-2. Start, Stop, Center, and Span Frequency Keys.

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

e Use the front-panel DATA keys shaded in figure 4-3:

pEmmmm— DATA T

IDLE LEARN HOP dB s
f 1 [ GHz [ %
7 8 | 9 ) dBm d8 u.V‘
MODE RATE DWELL rad ms ENTER
¢ f - j {f
4 5 6 Mz ON

1 RARIEBNERES

SET SEQ RCL SEQ CLR SEQ ns
a { 3

EXIT
OJ 04 — ﬁ}/i rcqu

‘e FAST HOP

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

s INCR/DECR semmmmm—m
KNOB HOLD KNOB INCR

T DECR T INCR

[e] (%) (o]

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

¢ Turn the knob (shaded in figure 4-5) clockwise to increase
frequency, or turn the knob counterclockwise to decrease the
displayed frequency:

gmmmmm— INCR/DECR _

KNOB HOLD KNOB INCR

() (==

T DECR T INCR

o] ] Lo

Figure 4-5. Knob for Start, Stop, Center, and Span.
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e Press the blue SHIFT key, and then one of the start, stop, center,
or span keys shaded in figure 4-6. This enters the value of the RF
output frequency last displayed when the HP 8645A was acting as
a non-swept CW signal source:

pm— UTILITY E— ea— SWEEP E—
o F+START F-+STOP F-+C
& (
START STOP CIR
5”’”] D‘SPLA‘C FREQ | FREQ | FREQ |
o) O LoG
MSSG (s unswoe] [ Sweee | [ FREQ
PECIAL TIME SPAN
) ___J
CLEAR ALL SET SEQ O o o
- ™) ™
SAVE RECALL AUTO SINGLE MANUAL
_J y _J
AUTO SEQ F+MKR 1 F-»MKR 2 F+MKR 3
P'ggsr?l SEQ MKR 1] | MKR 2] | MKR 3

Figure 4-6. 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
HP 8645A does not become a sweeper; this allows you to set sweep
markers at any time. Simply press one of the front-panel keys shaded
in figure 4-7:

~SWEEP—

F-» START F-» STOP

EIRES FRTR

O LoG

insiog] [ Sweep EREQ
0]

N =
AUTQ [SINGLE MANUAL

F*MKR 1 F-=MKR 2 F-»MKR 3
MKR 1 MKR 2 MKR 3

Figure 4-7. Marker Keys.

For example, if you were to press the MKR 1 key after an instrument
preset, you would see the following:
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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 HP 8645A is a sweeper.
Voltage levels from the X-axis and Z-axis outputs are compatible with
most typical analog oscilloscopes as follows:

The rear-panel X AXIS output connector provides a voltage ramp with
a nominal +0 to +10 V dc signal when sweep is triggered in one of
three ways (Auto, Single, or Manual). As shown in figure 4-8, 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. In the time domain, 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 4-8.

Period of Sweep Timj

+10Vde — A
l
X—=AXIS |
I |
+0Vdc A
Start ®— Center Stop | |
Frequency Frequencyl Frequencyl |
| | | I
+5Vdc | |
Z—AXIS | |
| |
+1Vdc A
vae} Wt
Retrace Pulse

\Marker set to the

center frequency

Figure 4-8. X-Axis and Z-Axis.

Sweep Types

Digitally-Stepped
Sweep

Three types of frequency sweep are available:
¢ Digitally-stepped sweep.
¢ Fast-hop sweep.

¢ Phase-continuous sweep.
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 Synthesis Mode, and the sweep time selected by the user.

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.
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Fast-Hop Sweep

Phase-Continuous
Sweep

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 frequency
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 one of the
other sweep types.

When the HP 8645A is functioning as a sweeper, you may produce a
fast-hop sweep after the MODE 5, FAST HOP key on the front panel has
been pressed. You may then utilize the frequency agile capabilities to
sweep across large frequency spans. For example, it is possible to have
1000 discrete frequency steps in as little as 100 msec per sweep.

The number of discrete steps is determined by both the sweep time,
and the duration of each step which is based upon the frequency range
being swept. Typical time per step (switching + dwell) is 30 usec when
sweeping over the frequency range of 128 to 1030 MHz , 170 usec for 8
to 1030 MHz, and 650 usec for 0.25 to 1030 MHz (the frequency range
mentioned in the previous three statements is extended from 1030 MHz
to 2060 MHz with an Option 002 equipped instrument).

Sweep time for the fast-hop sweep can range from 10 msec to 100
seconds. Although the output amplitude is blanked between each step
as in the digitally-stepped sweep, the duration of the blanking is so
short that typically the dropout shown with fast-hop sweep is much
less than with digitally-stepped sweep.

When you initiate a fast-hop sweep (using the Auto, Single, or Manual
sweep triggering), the HP 8645A must first learn the frequency and
amplitude settings in a manner simular to frequency hopping. The learn
time takes from 10 to 45 seconds depending upon the frequency span
and whether or not FM is on. Any time you change a frequency or
amplitude parameter, the learn cycle must be repeated. The learn cycle
is sometimes repeated when you change the sweep time.

With phase-continuous sweep, precise measurements can be made
when characterizing narrowband devices such as passband filters,
SAWs, cavity tuned resonators, receiver crystals or ceramic IF filters.
The frequency sweep occurs between two selected endpoints in a linear,
phase-continuous manner.
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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 or fast-hop sweep, and be assured of not missing
critical response peaks or dips.

Another advantage of phase-continuous sweep is that it has synthesized
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 dependent upon the span frequency selected.
However, the maximum and minimum span is limited by frequency
range of the start and stop frequencies, as shown in table 4-1:

Table 4-1. Maximum and Minimum
Span in Phase-Continuous Sweep.

Frequency Maximum Minimum
Range Span* Span*
(MHz) (MHz) (Hz)

1030 to 2060 40 400

515 to 1030 20 200

257 t0 515 10 100

128 to 257 5 50

64 to 128 25 25

32 to 64 1.25 12.50

16 to 32 0.625 6.25

8to 16 0.312 3.13

4t08 0.156 2

2to4d 0.078 2

1to 2 0.039 2

05to1 0.019 2

0.25t0 0.5 0.009 2

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

Phase-continuous sweep is enabled by activating Special Function 112.
The HP 8645A cannot have modulation on, cannot have the internal
audio frequency on, and cannot be in MODE 5, FAST HOP when you
enable the phase-continuous sweep; also, log sweep is not allowed with
phase-continuous sweep.
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Sweep Spacing
and Sweep Time

Linear or Log
Sweep Spacing

Permissible
Sweep Times

The HP 8645A allows you to choose two types of sweep spacing, linear
and log. Setting the sweep spacing and sweep time will not make
the HP 8645A a sweeper. Also, various sweep times are available,
depending upon the sweep type that is running. Sweep spacing and
sweep time keys are shaded in figure 4-9:

(— SWEEP M—
F-»START F-+STOP F-»C
START SsTOP CIR
FREQ | FREQ | FREQ |
OLo6

sweer ) | FreQ
{UN’ Loe TIME SPAN |

O 0O O

8 N

AUTO SINGLE MANUAL
w J

F»MKR 1 F-»MKR 2 F-»MKR 3

r— =) r

MKR 1 MKR 2 MKR 3
J J w

Figure 4-9. 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 will light up.

The graph in figure 4-10 lists the permissible sweep times for each
sweep type.

TIME SWEEP
DIGITALLY - FAST PHASE~
- STEPPED HOP CONTINUOUS
10 Milliseconds

20 Milliseconds
50 Milliseconds
100 Milliseconds
200 Milliseconds
S00 Milliseconds
1 Second

2 Seconds

S Seconds

10 Seconds

20 Seconds

50 Seconds
100 Seconds
200 Seconds
500 Seconds
1000 Seconds

-+ b e}

Figure 4-10. Sweep Times for Each Sweep Type.
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You may set the sweep time in one of three ways:

e Turn the knob.

e Press either the @ or the E] key.

¢ Enter a sweep time, chosen from figure 4-10, by using the Data
keys. (If you choose an incorrect sweep time, the HP 8645A 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 4-10.)

Sweep Triggering Auto and Single sweep triggerir}g. may be done in conjunction with
any of the three sweep types (digitally-stepped, fast-hop, and phase-

continuous sweep). Manual sweep triggering is available only with two
sweep types (digitally-stepped, and fast-hop sweep). Sweep triggering
keys are shaded in figure 4-11:

— SWEEP M

F-»START F-+STOP F=*C

(start | stoP CTR
FREQ | FREQ | FREQ

~

O LOG
[ sweep ] [ Freq |
LIN/LOG TIME SPAN
o) 0 o)
5 ) ™ r
AUTO SINGLE MANUAL

F+MKR 1 F»MKR 2 F-»MKR 3

MKR 1 MKR 2 MKR 3

Figure 4-11. Sweep Trigger Keys.

Auto Sweep 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 will light up. Press the AUTO key again to turn off the
sweep.

Single 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 will light up for the duration of the sweep.
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Manual Sweep

Stoping the Sweep

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

sweep, but enables the knob, or the [¢] and EI 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 will show
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:
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SWEEP

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

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

e Synthesis Mode. 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 HP 8645A a
non-swept CW signal source:
o Press the FREQ key.
e Press the blue SHIFT key and then the EXIT key.
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Sweep Triggering
Characteristics

Calculating Steps in
a Digitally-Stepped
Sweep

A synchronization period occurs whenever the HP 8645A performs an
Auto, or Single phase-continuous sweep. The synchronization period
may pose a problem, depending upon the kind of measurement you are
making.

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

o 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.

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

3. The Z-axis blanking signal is active during the entire synchronization
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:

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

e Step Time. Is set by the HP 8645A 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 HP 8645A allows for a maximum number of steps equal to 1023
(even if your calculations exceeds this value). The HP 8645A also rounds
down any calculation to the last step (for example, a calculated value of
9.7 steps is rounded down to 9 steps for each sweep).
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Figure 4-12. Equipment Setup for the Sweep Exercise.

sweep Exercise The following ex.ercise take§ about 15 mirfutes to complete. In the
procedure, you will characterize a bandpass filter using the three sweep
types: digitally-stepped sweep, fast-hop sweep, and phase-continuous
sweep.

Equipment Needed This procedure uses the following equipment:

Eaui Recommended
quipment Model Numbers
Spectrum HP 8562A/B, or HP 85668, or HP 8568B

Analyzer

Bandpass Filter] HP 11687A

Procedure The procedure starts on the next page with step 1. A review of the five
major steps in the procedure is as follows:

e Set up and adjust the Spectrum Analyzer, and connect it to the
HP 11697A bandpass filter and HP 8645A.

Set the start and stop frequencies for the sweep.

Set the sweep time.

Trigger the sweep.

Observe and modify the results.
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S/HEP 6 & 7

Set Up and Adjust the Spectrum Analyzer

1. Connect the HP 8645A to the Bandpass Filter and the Spectrum
Analyzer as shown in figure 4-12. Turn on the equipment and
make the following adjustments to the Spectrum Analyzer:

Center Frequency ...........ccciiiiiiiinninnnnnnn.. 500 MHz
Frequency Span.............cooiiiiiiiiiiiii ... 1000 MHz
Reference Level ........ ... ... .o i, 10 dBm

Set the Start, and Stop Frequencies

2. Press the green INST PRESET key. Doing so presets the HP 8645A
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:
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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:

-----
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6. Press the CTR FREQ key. You will see that the HP-8645A has auto-
matically calculated the center frequency to be 500,150,000.00 Hz.

7. Press the FREQ SPAN key. You will see that the HP 8645A has auto-
matically calculated the span frequency to be 999,700,000.00 Hz.
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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 mentioned
in this chapter. You should then see the following in the

FREQUENCY /STATUS display:
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Trigger the Sweep

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

Observe and Modify the Results

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

11. Press the Synthesis Mode, MODE 5 key. This step activates the fast-
hop sweep. For about 20 seconds, you should see the following in

the FREQUENCY /STATUS display:
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12. The following display should appear on the Spectrum Analyzer.
The display shows the typical response of a bandpass filter using
fast-hop sweep. Notice that there are many more steps for the same
sweep time (10 seconds). With time, the Spectrum Analyzer display
would smooth out even more:

CENTER \

‘S| MHz / \

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

14. Press the Utility SPECIAL key, enter number “112” and press
e the ENTER key. You should then see the following in the FRE-
- s - Ezpoe QUENCY/STATUS display:
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15. 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.

16. Press the Synthesis Mode, MODE 1 key. This step exits from the
fast-hop sweep. Phase-continuous sweep is not aliowed when the
Synthesis Mode MODE 5 key is active.

T Tac . 17. Make the following adjustments to the Spectrum Analyzer to
STEP 76 ‘ look at the bandpass filter response where the 3 dB roll-off
occurs.
Center Frequency .............cooviiiiiniiini ... 460 MHz
Frequency Span.................. ... .. ol 20 MHz

Reference Level . ... ... .. ... . . . e, 10 dBm
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STEP 718 789 & 20 20

21.

22.

23.

18.
........ : i i i 19.

Press the SPAN FREQ key, and enter a span frequency of 10 MHz.

Press the CTR FREQ key, and enter a center frequency of 460 MHz.
The HP 8645A will automatically calculate the start frequency to
be 455 MHz, and the stop frequency to be 465 MHz.

. Press the AUTO sweep key to activate the phase-continuous

sweep. The following display should appear on the Spectrum
Analyzer:

 SPAN
20. e MHiz

e Ll

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

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

Try duplicating any of the previous steps using a logarithmic
sweep instead of a linear sweep. Remember, log sweep spacing is
not allowed with phase-continuous sweep.
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What About Programming?

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
HP 8645A over HP-IB. Second, it provides tutorial information helpful
to the HP-SL programmer. Third, it provides reference information for
programming the HP 8645A with HP-SL.

Novice programmers of HP-SL should read this chapter thoroughly up
to the Programming Reference Information section. Once you understand
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 use the flow-chart
in the direction indicated; the first three sections have been written
especially for you.

Introduction to HP-SL
Y S LD

/ Getting Started with HP—SZ?D

AL, S=F

/ Programming with HF’—SLE

TS S5

Introduction to
Programming Reference lm‘ormotiozE
e T T,

L S5
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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 func-
tions. This language uses standard HP-IB hardware (connectors and
cables) and will be used in many future Hewlett-Packard products.

HP
HP - IB
SL

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
standard is that it provides codes, formats, protocols, and common
commands 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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Getﬁng Started This section explains how HP-SL is organized, and introduces you to
ith HP-SL its basic structure. Once you understand the fundamental parts of HP-
wi B SL, proceed to the next section titled Programming With HP-SL where
command messages are described.
How is HP-SL HP-SL commands are organized in a “tree” structure. In its simplest
Organized? form, figure 5-1 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.
, LEVEL
cw STATE
(R)
FREQUENCY (B)
AMPLITUDE
FREQUENCY
| | | ~ COUPLING
STATE  DEVIATION SOURCE
| STATE = DEPTH
FM (D)
AM

Figure 5-1. 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 CwW
frequency of 1 GHz, as shown in tree “A”, would be as follows:

FREQUENCY:CW 1GHZ

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

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

Tree B
AMPLITUDE:LEVEL 10DBM
AMPLITUDE:STATE ON

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

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

HP-SL Command
Statements

INCREMENT

~ OFFSET?

o wm

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 HP 8645A. 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 5-1 is shown in greater (but not
complete) detail in figure 5-2 to depict the branching that occurs. Any
command that ends with a question mark “?” is a query for information
from the HP 8645A.

INCREMENT?  INCREMENT

INCREMENT? INCREMENT?

START gramm

OFFSET - STEP.

STOP " stop? ~ muto?

e oW smmesw e

v

FREQUENCY

Figure 5-2. Expanding 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 HP 8645A
at a frequency increment of 5 MHz, you could write the following
command statement:

FREQUENCY : STEP : INCREMENT SMHZ

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 5-2. For example, to set an RF output of 175 MHz with
the HP 8645A 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.

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
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Remember

Combining the HP-SL
Semicolon and Colon

Note

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 state-
ments 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:

Ertror-Space after colon
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What Else 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, turn to the flow-chart 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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Introduction to
the Programming
Reference
Information

Note

/——«‘\\

The remaining part of this chapter provides you with detailed reference
information for programming the HP 8645A with HP-SL. HP-IB
addressing, HP-IB capabilities, and data input/output information is
available for all of your remote operating needs.

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

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

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

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

HP-—IB Address

s T o F-IOLD
/A

HP—IB Capabilities
T ey 2 D)
HP-IB Control Languoge Dictionary
* : ot I T D

/ HP—IB Device Status Dictionary
. R

/ Example HP-—-SL Programs
< T T S5-I
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HP-IB Address

How to Display
or Change the
HP-IB Address

The HP-IB address for the HP 8645A is set at the factory to 19. You can
display or change the HP-IB address at any time from the front panel.
Any HP-IB address from 00 to 30 can be assigned.

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

Display the HP-IB address:

1. If the yellow REM (remote) annunciator is turned on, press the LOCAL
key to put the HP 8645A into Local operation. All front panel keys
(except for the Power switch and the LOCAL key) are inoperative
when the HP 8645A is in Remote operation.

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

e
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. t e
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Change the HP-IB address:

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

4. Press the FREQ key to clear the HP-IB address off of the front-panel
display. Then, re-display the HP-IB address to verify the new HP-IB
address.
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HP-IB The HP 8645A Agile Signal Generator is designed to be compatible with
apegs a controller that interfaces in terms of the 14 bus messages summarized
Cap abilities in table 5-1. This table describes each of the interface functions available

as defined by the IEEE Standard 488 and the identical ANSI Standard

MC1.1.

When the HP 8645A is in the remote mode (the front-panel REM
annunciator lights up), all front-panel controls are disabled except the
POWER switch, and the LOCAL key (the LOCAL key can be disabled by
configuring the HP 8645A in Local Lockout over HP-IB).

Table 5-1. HP-IB Capability Reference Table. (1 of 2)

HP-IB Related Interface
Capability  |Applicable Response Commands Functions®
and Controls”
Talker/ Yes All Signal Generator functions with the exception of Knob | MLA AH1
Listener control are programmable over HP-IB. The Signal Genera- | MTA SH1
tor can send query responses and status information. The | EOI T6
front-panel annunciators (TALK, REM, LSTN, SRQ) show L4
the Signai Generator’s current HP-IB state.
Trigger No The Signal Generator does not have a device trigger | GET DTO
capability.
Clear Yes The Signa! Generator responds equally to DCL and SDC | DCL DCt
bus commands. The Clear capability does not reset | SDC
instrument parameters.
Remote Yes The Signal Generator’'s remote mode is enabled when the | REN RL1
REN bus line is true. However, it remains in iocal {that is, | MLA
the keyboard is active) until it is first addressed to listen.
The output signal is unchanged when the Signhal Generator
enters remote mode. The front-panel RMT annunciator
turns on when in remote mode.
Local Yes The Signal Generator returns to front-panel control when | GTL RL1
it enters local mode. The output signal is unchanged.
Responds either to the GTL bus command or the front-
panel Local key. The LOCAL key will not work if the
instrument is in the LOCAL LOCKOUT state.
' Commands, Control Lines, and Interface Functions are defined in IEEE Std 488 (and the identical ANSI Standard MC1.1).
Knowledge of these might not be necessary if your controller's manual describes programming in terms of the fourteen HP-IB
messages shown in the left column.
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Table 5-1. HP-IB Capability Reference Table. (2 of 2)

HP-IB I Related interface
Capability - |Applicable Response Commands. | Functions*
and Controls*
Local Lockout Yes The LOCAL key is disabled during Local Lockout so that | LLO RL1
only the controller or the POWER switch can return the
Signhal Generator to Local.
Clear Lockout/ Yes The Signal Generator returns to Local and Local Lockout | REN RL1
is no longer true when the REN bus line goes false.
Set Local
Pass Control/ No The Signal Generator cannot take control of HP-IB. ATN Cco
Take Control IFC
Reguest Yes The Signal Generator sets the SRQ bus line true if there is | SRQ SR1
Service an unmasked bit in the status byte.
Abort Yes The Signal Generator stops talking or listening. IFC T6
L4
Status Byte Yes The Signal Generator responds to a Serial Poll Enable | SPE T6
{SPE) bus command by sending an 8-bit byte when | SPD
addressed to talk. Bit 6 (RQS bit) is true if the Signal | MTA
Generator has sent the Service Request Message. Each
bit requires different conditions for clearing.
Status Bit No The Signal Generator does not respond to a parallel poll. | ATN PPO
EOI
Extended No The Signal Generator does not have secondary addressing | MSA TEO
Talker/ capabilities for talking or listening. LEO
Listener
Driver Yes The Signal Generator uses tri-state electrical drivers. None E2
Electronics
" Commands, Control Lines, and Interface Functions are defined in IEEE Std 488 (and the identical ANS! Standard MC1.1).
Knowledge of these might not be necessary if your controlier's manual describes programming in terms of the fourteen HP-IB
messages shown in the left columnn.
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HP-IB Control All IEEE 488.2 common commands, and HP-SL commands are
L contained in the control language dictionary. All devices that comply
anguage with the IEEE 488.2 standard must have a set of common commands.
Dictionary The requirement of having common commands guarantees that all
devices will have a minimum set of capabilities to permit programmers

to write code that will work with all devices.

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

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

Table of Contents AM SUDSYSIEIM . ...ttt 5-18
Amplitude Subsystem . ...l 5-19
Calibration Subsystem ........... ..o 5-21
Diagnostic Subsystem ...... ... 5-21
Display SUbSYStem. .. .. oviuiiii i 5-22
FM Subsystem ............coiiiiiniiiiiiiiiiii s 5-23
Frequency Subsystem .......... ... 5-24
Frequency Hop Subsystem.............. ..ot 5-28
HP-SL System Commands. ........oourereiiiiinnieannneene. 5-32
IEEE 488.2 Common Commands ...........coveieeeiennnn. 5-33
Initialize Subsystem.......... ... 5-35
LF Source Subsystem ........ ... 5-36
Marker Subsystem . ....... ..ot 5-45
Modulation Subsystem .............o i 5-45
Phase Modulation Subsystem .......... ... 5-46
Phase Subsystem . ...t 5-47
Power Meter Subsystem ......... ..o 5-47
Pulse Subsystem ........... ..ol 5-48
Reference Oscillator Subsystem ............ ...t 5-48
Sequernce SUDSYStEIL . . ...\ vnvit i 5-49
Status SubSyStem . ... ... o 5-50
Sweep Subsystem . ... oo 5-54
Take Sweep Subsystem................o i 5-55

Voltmeter Subsystem . ............. .. i 5-55
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HP-SL Notes

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

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

Any HP-SL entries in the dictionary that are written in italics are
commands which allow you to set or query parameters which have
only one accepted value, or are commands that cause an event which
has no useful effect on the HP 8645A, or are commands that are aliases
to another. In any case, the commands are accepted for purposes of
HP-SL compatibility.

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

Command messages sent to the HP 8645A must be terminated by a
linefeed character (ASCII character 10) or EOI on the last character
(unless the EOI would be embedded within a BCList or BSList string).

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

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

Command parameters that you may choose between are separated by
a vertical bar “ | ”. Parameters available with the commands in the
dictionary include frequency ranges, amplitude ranges, On state, Off
state, ac coupling, dc coupling, and so forth.
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HP-SL Notes
(Continued)

Whenthe command parameter is acting like a switch, “ON”, “OFF”,
“1”, or “0” may be sent (ON=1 and OFF=0). But when responding to a
query, either a “1” or a “0” will be sent.

Where MINimum and MAXimum are listed as command parameters,
they will set that function to its specified minimum or maximum value.
For example, the command statement “FREQ MAX” will set the standard
HP 8645A to 1030 MHz. MINimum and MAXimum may also be
coupled to a subsystem state. For example, if FM is off, FM? MAX is not
limited by the RF frequency and would be 10 MHz. But if FM is on, FM?
MAX is reduced by the synthesis mode and may be less than 10 MHz.

All HP-SL entries in the dictionary are arranged in a manner that
explicitly defines its hierarchy in the tree structure. The keyword at the
root is located at the extreme left, branching from the root is indicated
by indentation. For example, a portion of the FM subsystem command
tree is as follows: s 5

o &

[:DEViation] 'NCREME_NT
:STEP Pl B 1 S
[:INCRement]
:STATe
:COUPling

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

FM

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

FM:STEP: INCRement

FM:STATe

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

(Continued)  ,CLS) is treated as though the leading asterisk were a colon. For
example, “FM:SOURce EXTernal;«*CLS” is interpreted as “FM:SOURce
EXTernal” and “*CLS".

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

To read instrument settings over HP-IB, send the query form of the

command statement with the correct syntax as specified with a “?” in
the dictionary, and address the HP 8645A to talk.

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

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

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

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

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

<ampl unit term> When found in the dictionary, indicates that a “dBm”, “dBmW", “V",
or “dBuV” termination must be specified in the command statement.

<angle term> When found in the dictionary, indicates that a “DEG", “RAD", or
no termination must be specified in the command statement. If no
termination is specified, then a “RAD” (radian) value is assumed.

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

<freq term> When found in the dictionary, indicates that “HZ’, “KHZ", “MHZ",
“MAHZ", “GHZ", or no termination is required in the command
statement. If the command statement is not terminated, then “HZ"
is assumed.

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

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

<non-decimal numeric program data> When found in the dictionary, indicates that the pound symbol “#”
should be followed by either a “B” and a binary representation of a
number, or “Q” and a octal representation of a number, or “H” and a
hexadecimal representation of a number. For example, the number
943 could be represented as “B1110101111”, or “Q1657", or “H3AF".

<nrf> When found in the dictionary, indicates that an ASCIl representation
of a number is required in the command statement. The number
may be integer or floating-point, and may include a decimal
exponent. (nrf stands for - flexible numeric representation - for
further information, refer to the IEEE 488.2 standard.)

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

<source list> When found in the dictionary, indicates that “INTernal”, or “EXTer-
nal”, or more than one source separated by commas is required
in the command statement. For example: “INTernal,EXTernal” or
“EXTernal,INTernal”.

<time term> When found in the dictionary, indicates that “S”, “mS”, “uS”, “nS”
or no termination is required in the command statement. If the
command statement does not have a termination “S” (seconds) is
assumed.
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AM Subsystem
AM

[:DEPTh]? [ MINimum | MAXimum |

[:DEPTh] <nrf> [<AM term>] | UP | DOWN | MINimum | MAXimum
Sets AM depth in percent. +RST value is 0%.

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

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

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

:STATe?

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

:SOURCce?

:SOURce <source list>
Selects AM source: “EXTernal” or “INTernal”. “INTernal, EXTernal” is accepted but will cause an
execution error since the HP 8645A does not use both the internal audio source and an external
audio source at the same time. *RST value is INTernal.

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

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

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

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

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

AMPLitude or POWer
[:OUT] or :SOURce
[:LEVel]? [ MINimum | MAXimum ]

[(LEVel] <nrf> [<ampl term>] | UP | DOWN | MINimum | MAXimum
Sets CW AMPLitude. LEVel is assumed if omitted in the command statement. *RST value
is -137.0 dBm.

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

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

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

:UNIT?

:UNIT <ampl step unit>

Sets/queries the UNIT for amplitude steps. Allowable values of UNIT are V
and dB.

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

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

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

:STATe ON | OFF |10
Turns RF output ON or OFF. OFF disables the output. Setting LEVel does not turn this ON
implicitly. «*RST value is OFF.
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:UNIT?

:UNIT <ampl unit term>

Specifies the units of AMPLitude for the HP 8645A. This command sets the implied
UNIT for all parameters which have units of power or amplitude (except when the
AMPLitude:STEP:UNIT command is sent). It is also used in a query response for these
parameters.

If AMPLitude is set with a units suffix different than AMPLitude:UNIT, that UNIT is used
in the command, but AMPLitude:UNIT is not changed. *+RST is dBm.

:ULIMit? [ MINimum | MAXimum |

:ULIMit <nrf> [<ampl term>] | MINimum | MAXimum

Sets MAXimum upper limit for AMPLitude. This command is equivalent to activating
Special Function 103 from the front panel.

ULIMit is affected by POWer:GAIN in the same way as AMPLitude. If AMPLitude:ULIMit
is set to less than AMPLitude, then AMPLitude is set to AMPLitude:ULIMit and an error
is issued.

The MINimum value that can be set is 1 dB more than the minimum allowable amplitude
setting. *RST value is 19.9 dBm.

:ATTenuation? [ MINimum | MAXimum |]

:ATTenuation <nrf> [ dB ] | UP | DOWN | MINimum | MAXimum

Sets or reads the value of the attenuator. This command is equivalent to activating Special
Function 101 from the front panel.

Units are in dB of attenuation. Setting attenuation in dB sets POW:ATT:AUTO to OFF.
Changing attenuation in dB changes the output level. +RST value is dependent on the
option configuration, and is coupled to POWer:LEVel.

:STEP

[[INCRement]?

Reads the attenuator step size.
:AUTO?

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

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

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

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

{ALC
:BANDwidth
:AUTO?

:AUTO ON |OFF |10

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

:MUTing?

:MUTing ON|OFF |10
The muting command is equivalent to activating Special Function 105 from the front panel.

Calibration Subsystem
CAlLibration

[:ALL]?
Performs an instrument self-calibration, and then returns an error code (an error code of “0”
indicates no failures). Alias to *CAL?

:AMPLitude
:STATe?
:STATe ON | OFF |10

Enables or disables the use of AMPLitude correction data. This command is equivalent to
activating Special Function 102 from the front panel. +RST value is ON.

Diagnostic Subsystem
These command descriptions are detailed in the Service Diagnostics Manual (part number 08645-90024).
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Display Subsystem
Front Panel display and annunciators may be blanked completely or in selective function groups.
DISPlay
:STATe?

.STATe @ ON | OFF |10

:ANNotation

[:ALLJ?

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

:FREQuency?

:FREQuency ON |OFF|1]|0

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

:MODulation?

:MODulation =~ ON | OFF |10

Enables/disables front-panel display of modulation. This command is equivalent to
activating Special Function 193 from the front panel. +RST value is ON.

:AMPLitude?

:AMPLitude ON |OFF|1|0

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

:LFSource?

:LFSource ON|OFF |10

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

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

is US.

FM Subsystem

The HP 8645A cannot do simultaneous FM and PM. If PM is on, and someone requests FM, the
following will happen: FM is turned on, PM is turned off, and an error is displayed on the front panel.

FM
[:DEViation]? [ MINimum | MAXimum ]

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

[:INCRement]? [ MINimum | MAXimum |

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

Set/query the step size for FM. MINimum/MAXimum refers to the smallest/largest
programmable step size, not the smallest/largest allowed change. *RST value is
1 kHz.

:STATe?

:STATe ON | OFF |1|0
Queries/turns FM ON or OFF. *RST value is OFF.

:SOURce?
:SOURce <source list>

Selects FM source: “INTernal”, “EXTernal”, or “INTernal, EXTernal”. «RST value is INTernal.
:COUPling?

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

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

:FREQuency? [ MINimum | MAXimum |

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

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

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

:IMPedance? MINimum | MAXimum

:IMPedance <nrf> [<ohms term>] | MINimum | MAXimum
Sets the ®M Modulation Input connector as an FM input to provide a port with an external
input impedance of 600 (2. The front-panel FM Modulation Input connector (which has an
external input impedance of 50 () is then disabled. This command is equivalent to activating
Special Function 123 from the front panel.
A query will respond with either 50 or 600 ohms.

Frequency Subsystem
FREQuency
[:CW]? [ MINimum | MAXimum |

CW]  <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Set/query non-swept frequency. Does not disable SWEep. +RST value is 100 MHz.

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

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

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

MINimum/MAXimum refers to the smallest/ largest programmable step size, not
the smallest/largest allowed change. *RST value is 10 MHz.
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:STARt? [ MINimum | MAXimum ]

:STARt <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Sets STARt frequency for a sweep. Does not enable SWEep. May change other SWEep
parameters as listed in the following “Rules for Couplings Between:”. *RST value is
251,464.85 Hz.

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

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

:STOP? [ MINimum | MAXimum ]

:STOP <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Sets STOP frequency for a sweep. Does not enable SWEep. May change other SWEep
parameters as listed in the following “Rules for Couplings Between:”. «*RST value is 1030 MHz.
:STEP
[(INCRement]? [ MINimum | MAXimum ]

[(INCRement] <nrf> [<freq term>] | MINIMUM | MAXIMUM
Alias to FREQuency:STEP.

:CENTer? [ MINimum | MAXimum ]

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

(STARt+STOP)/2.
:STEP
[(INCRement]? [ MINimum | MAXimum ]

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

:SPAN? [ MINimum | MAXimum ]

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

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

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

Rules for
Couplings Between: FREQuency:STARt, FREQuency:STOP,
FREQuency:CENTer, and FREQuency:SPAN

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

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

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

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

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

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

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

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

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

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

:MANual? [ MINimum | MAXimum ]

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

:OFFSet? [ MINimum | MAXimum ]

:OFFSet <nrf> [<freq term>] | MINimum | MAXimum
Sets a reference frequency for other absolute frequency settings in the HP 8645A (CW, STARt,
STOP, but not FM or SPAN).
Changes entered/displayed values but does not change RF output frequency. *RST value is
0 Hz. The coupling equation is as follows:

Entered/Displayed Frequency = (Hardware Freq x Multiplier) + Offset
:MULTiplier? [ MINimum | MAXimum }

:MULTiplier <nrf> | MINimum | MAXimum
Sets a reference multiplier for other frequency settings in the HP 8645A (CW, STARt, STOP,
as well as FM and SPAN). This command is equivalent to activating Special Function 111 from
the front panel.
This command changes the entered/displayed values, but does not actually change the RF
output frequency.
Resolution for this command is integer values, or one over integer values (1/2, 1/3, 1/4 ...).
*RST value is 1.
The coupling equation is as follows:

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

:SYNThesis <nrf>
Sets synthesis mode for the HP 8645A. This command is equivalent to pressing one of the
Synthesis Mode keys on front panel.
Setting this value sets FREQuency:SYNThesis:AUTO to OFF. *xRST value is dependent on
hardware configuration.

:AUTO?

:AUTO ON |OFF |1|0
Turning AUTO to ON, allows the firmware to select the synthesis mode. This
command is equivalent to pressing the Synthesis Mode key AUTO on the front
panel.
Turning AUTO to OFF, leaves the HP 8645A in its current synthesis mode. +RST
value is ON.

:MODE?

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

:INSTantaneous?
Returns the instantaneous RF output frequency during DIGitized FM. This command is
equivalent to activating Special Function 121 from the front panel.

Frequency Hop Subsystem

These commands will work only when the HP 8645A is put into the Mode 5, Fast Hop position
(FREQuency:SYNThesis 5). At other times, these commands may be queried, but attempting to set
them when not in the Mode 5, Fast Hop, causes an error.

FHOP

[[IMMediate]
Triggers a hop when the FHOP:MODE is set to STEPped, and the source is set to INTernal.

:ALC
:STATe?

:STATe ON|OFF|1]0
Selects whether ALC is in closed loop (ON) or open loop (OFF) operation in Mode 5, Fast
Hop. This command is equivalent to activating Special Function 202 from the front panel
(in which case, off = closed and on = open). *RST value is ON.
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:BUFfering?

:BUFfering ON |OFF|1]|0
Selects whether frequency hop channel sequences from the Fast Hop Bus are buffered (ON)
or sent unbuffered (OFF) to the Fast Hop Controller. This command is equivalent to activating
Special Function 201 from the front panel (in which case, on = buffered and off = unbuffered).
*RST value is ON.

:MODE?

:MODE SINGle | STEPped | CONTinuous | FBUS
Used in selecting one of the nine frequency hop modes as shown below. *RST value is
CONTinuous.
Nine frequency hop modes:

Ext Repetitive FHOP:MODE CONT;SOUR EXT
Int Repetitive FHOP:MODE CONT;SOUR INT
Ext Stepped Int Dwell FHOP:MODE STEP;SOUR EXT;DWEL:SOUR INT
Ext Stepped Ext Dwell FHOP:MODE STEP;SOUR EXT;DWEL:SOUR EXT

Int Stepped FHOP:MODE STEP;SOUR INT
Ext Single FHOP:MODE SING;SOUR EXT
Int Single FHOP:MODE SING;SOUR INT

Fast Hop Bus Int Dwell FHOP:MODE FBUS;DWEL:SOUR INT
Fast Hop Bus Ext Dwell FHOP:MODE FBUS;DWEL:SOUR EXT
:SOURce?

:SOURce INTernal | EXTernal
Selects source for fast hop control with one of the nine frequency hop modes. «RST value is
INTernal.

:DWELI? [ MINimum | MAXimum ]

:DWELI <nrf> [<time term>] | MINimum | MAXimum | UP | DOWN
Sets dwell time for the frequency hop. *RST value is 2 mS.

:SOURce?

:SOURce INTernal | EXTernal
Determines whether DWELL is controlled by the INTernal timer or by EXTernal control for
the selected frequency hop mode. «RST value is INTernal.

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

Sets the increment value for the dwell time. MINimum/MAXimum refers to the

smallest/largest programmable increment, not the smallest/largest allowed change.
«RST value is 100 pusec.

rev.24APR91
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:RATE? [ MINimum | MAXimum ]

:RATE <nrf> [<freq term>] | MINimum | MAXimum | UP | DOWN
Sets hop rate for the frequency hop. *RST value is 250 Hz.

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

Sets the increment value for the hop rate. MINimum/MAXimum refers to the
smallest/largest programmable increment, not the smallest/largest allowed change.
*RST value is 10 Hz.

:STATe?

:STATe IDLE | LEARn | HOP
Controls the state that the HP 8645A is put into. Three conditions are available when the
HP 8645A is set to Mode 5, Fast Hop: the IDLE state, the LEARn state, and the HOP state.
Changing any FHOP or RF output parameters will force STATe to be IDLE.
Final error checking to ensure correct programming is done when the transition is made from
the IDLE state, to the LEARn state. The HP 8645A cannot go directly from the IDLE state, to
the HOP state without first going through the Learn State. +RST value is IDLE.

:SCHannel <nrf>
Store current frequency and amplitude settings in a channel register. There are 2400 (or 8000
channel registers for instruments with serial prefix 3019A and above) channel registers available
from 0 to 2399. «+RST does not affect the channel register.

:RCHannel <nrf>
Recall the frequency and amplitude settings from any channel register in the channel table.
The channel table consists of 2400 channel registers available from 0 to 2399 (or 8000 channel
registers for instruments with serial prefix 3019A and above).

:CLISt?

:CLISt <chan_list>
The CLISt command is used to clear all entries in the channel table when a null list is sent.
Also, the CLISt command sets up the channel table when <chan_list> is specified as shown
below. The channel table consists of 2400 channel registers available from 0 to 2399 (or 8000
channel registers available from 0 to 7999 for serial prefix 3019A and above).
The syntax used to generate a <chan _list> is:

chan_list figure goes here

<chan> = — <freq> [<freq term>] , <ampl> [<ampl term>] —>

The CLISt? command is a query that lists the contents of the channel table (NOTE: When
queried, frequency units are always returned in HZ, and amplitude units are returned in the
units set by AMPLitude:UNIT). *RST does not change CLISt.
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:BCList?

:BCList <binary_chan_list>
The BCList/BCList? commands are the same as the CLISt/CLISt? commands, except that data is
sent/returned faster in a binary format. To get data in a binary form, load a list of channels into
the HP 8645A using the CLISt command, then read the data out using the BCList? command.
Save the data on a disc for use later on. +RST does not change BCList.

:SLISt?

:SLISt <seq_list>
The SLISt command is used to clear all entries in the sequence table when a null list is sent.
Also, the SLISt command sets up the sequence table when <seq_list> is specified as shown
below. The sequence table consists of 4000 registers available from 0 to 3999 (or 8000 registers
available from 0 to 7999 for instruments with serial prefix 3019A and above).
The syntax used to generate a <seq_list> is:

<seq.list> = l > >

-—( , )Q—j
L—<chcn_no>—T

<chan_no> = number of next channel in the sequence.

The SLISt? command is a query that lists the contents of the sequence table (NOTE: If the
sequence list is clear, a default sequence of 0,1,2...N-1 is used where N is the number of
channels programmed). *RST does not change SLISt.

:BSList?

:BSList <binary_seq_list>
The BSList/BSList? commands are the same as the SLISt/SLISt? commands, except that data is
sent/returned faster in a binary format. To get data in a binary form, load a list of sequences into
the HP 8645A using the SLISt command, then read the data out using the BSList? command.
Save the data on a disc for use later on. +*RST does not change BSList.

:RSEQuence <nrf>
Recalls the frequency and amplitude settings of the any channel in the sequence table. The

sequence table has 4000 registers available from 0 to 3999 (or 8000 registers available from 0 to
7999 for instruments with serial prefix 3019A and above).

:AOFFset?

:AOFFset <nrf> [<ampl term>] | MINimum | MAXimum | UP | DOWN
Allows you to extend the amplitude level variation of the RF output by —15 dB during the Hop
State without causing the HP 8645A to enter the Learn State. This command is equivalent to
activating special function 203 from the front panel.
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HP-SL System Commands

SYSTem
:ERRor? { NUMeric | STRing ]

Reads an error from the system error queue. Returns a zero if the queue is empty. If
SYSTem:ERRor? or SYSTem:ERRor? NUMeric is used, the HP 8645A returns only a number
as described in the table shown below. If SYSTem:ERRor? STRing is used, the HP 8645A
returns a number followed by a comma, and a quoted string containing a standard generic
error message, a colon, and a specific ert - message.

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

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

:STATe

:CALL

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

Controls the security mode of the HP 8645A. This command is equivalent to activating Special
Function 173 from the front panel. When in the secure mode, any display annunciators which
have been disabled cannot be re-enabled. This value is not affected by *RST or *RCL. This
value is not effected by power cycles unless memory is lost during power down. When this
value is switched from ON to OFF, all memory in the HP 8645A is erased when the equivalent
of Special Function 172 (RAM Wipe) is performed.

IEEE 488.2 Common commands

*CAL? Self calibration query

Causes the HP 8645A to perform an internal self-calibration and returns an integer error code. An
error code of zero indicates no failures, other numbers indicate some error. A list of specific error
codes are defined in the Service Diagnostics Manual (part number 08645-90024). This command is
equivalent to activating Special Function 171 from the front panel.

*CLS Clear status command

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

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

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

+ESE? Event status enable query

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

+*ESR? Event status register query

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

*IDN? Identification query
Returns an identification string which is 4 fields separated by commas.
Field 1 : Is always HEWLETT-PACKARD.

Field 2 : Is model number like 8645A.

Field 3 : Is a serial number in HP format e.g. 2419A00873 or a 0 if the serial number is
unknown (Equivalent to activating Special Function 190).

Field 4 : Is the firmware version number.
For example: HEWLETT-PACKARD,8645A,2813A09875,REV 1.0.0
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*OPC Operation complete command

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

+*OPC? Operation complete query

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

*OPT? Option query

Identifies reportable options in current instrument configuration. Each option is indicated by a
mnemonic and multiple reportable options are separated by commas. If the HP 8645A has no
reportable options in place, the option query returns a zero.

«*RST Reset command

Causes the HP 8645A to do an instrument preset. Sets all operating parameters to the known states
listed in this Dictionary. It does not effect the status reporting information, nor does it clear the
error or message queue, and does not affect the contents of the 50 storage registers, or the channel
table and sequence table registers.

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

*SAV <nrf> Save instrument state

Saves the instrument state in the specified register number. The HP 8645A has 50 available storage
registers. The first ten registers (0-9) accepts all front panel settings (except for some Special
Functions). The next forty registers (10-49) accepts only frequency and amplitude settings.

*SRE <nrf> <non-decimal numeric program data> Service request enable command

Sets the Service Request Enable Register. A more detailed description of the status reporting is
included in the “HP-IB Device Status Dictionary”.

+*SRE? Service request enable query

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

+*STB? Read status byte query

Sets or queries the HP-IB Status Byte. A more detailed description of the status reporting is included
in the “HP-IB Device Status Dictionary”.

*RCL <nrf> Recall instrument state

Recalls the instrument state which was stored in the specified register number. The HP 8645A has
50 available storage registers. The first ten registers (0-9) accepts all front panel settings (except
for some Special Functions). The next forty registers (10-49) accepts only frequency and amplitude
settings.
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*RCL <nrf> Recall instrument state

Recalls the instrument state which was stored in the specified register number. The HP 8645A has
50 available storage registers. The first ten registers (0-9) accepts all front panel settings (except for

some Special Functions). The next forty registers (10-49) accepts only frequency and amplitude
settings.
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*TST? Self-test query

Causes the HP 8645A to perform internal instrument level diagnostics and returns an integer error
code. An error code of zero indicates no failures, other numbers indicate some error. A list of
specific error codes are defined in the Service Diagnostics Manual (part number 08645-90024). This
command is equivalent to activating Special Function 170 from the front panel.

*WAI Wait-to-continue command

Causes the HP 8645A to not accept any further input or output between the end of the message
containing *WAI, and the completion of all command processing for that message.

Initialize Subsystem
INITialize
:STATe?

:STATe  PAUSe | RUN

Returns PAUSe or RUN to determines if the HP 8645A is actually sweeping or idle. This
parameter only has meaning when FREQuency:MODE is SWEep, and when SWEep:MODE is
AUTO. *RST value is PAUSe.

:MODE?

:MODE CONTinuous | SINGle

Determines if the HP 8645A is performing single sweep or continuous sweep. After a single
SWEpep is done, INITialize:STATe becomes PAUSe, and an INITialize command is required to
restart the SWEep. *RST value is CONTinuous.

:ABORt

Aborts any current sweep. Sets INITialize:STATe to PAUSe.

[.IMMediate]

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

LFSource
[:FREQuency]? [ MINimum | MAXimum ]

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

Sets the step for the audio source. MINimum/MAXimum refers to the small-
est/largest programmable step size, not the smallest/largest allowed change. *RST
value is 100 Hz.

:STATe?

:STATe ON |OFF |1]|0

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

Any attempt to turn LFSource:STATe OFF while any <mod_type>'s STATe is ON, and its
SOURCce includes INTernal will result in an error. In other words, the HP 8645A will not turn
off the LFSource while it is being used for modulation. *RST value is OFF.

:WAVeform?

:WAVeform SINe | SQUare | SAWTooth | WGNoise

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

:LEVel? [ MINimum | MAXimum ]

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

Sets level of the audio source in volts. *RST value is 1 V.
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:STEP
[:INCRement]? [ MINimum | MAXimum ]
[[INCRement] <nrf> [<lin amp] term>] | MINimum | MAXimum

Sets the LFSource:LEVel step. MINimum/MAXimum refers to the smallest/largest
programmable step size, not the smallest/ largest allowed change. +RST value is
0.1V.
‘TRIGger
[[IMMediate]
Causes a one-shot trigger of the LFSource if SOURce is set to EXT. This command is
equivalent to activating Special Function 132 with 131 turned ON, from the front panel.
:SOURCce?

:SOURce EXTernal | CONTinuous
Defines whether the LFSource is continuous or triggered by an external transition. This
command is equivalent to activating Special Function 131 from the front panel. In which
case, 1M would be EXTernal and I F F would be CONTinuous. *RST value is CONTinuous.
:FREQuency2? [ MINimum | MAXimum ]
:FREQuency2 <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum

Sets the frequency of the audio source in Channel 2. This command is equivalent to setting
frequency for the second audio source with Special Function 133 turned ON. *RST value is 400

Hz.
:STEP

[(INCRement]? [ MINimum | MAXimum ]

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

:WAVeform2?

:WAVeform2 SIN | SQUare | TRIangle | SAWTooth | WGNoise

Selects a waveform for the audio source in Channel 2: SINe, SQUare, TRIangle, SAWTooth or
White Gaussian Noise (WGNoise). This command is equivalent to activating Special Function
135 from the front panel. *RST value is SINe.
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:STATe2?

.STATe2  ON |OFF [1]0

Turns the audio source in Channel 2 either ON or OFF. Setting the frequency or level does
not by itself turn the audio source in Channel 2 ON. This command is equivalent to activating
Special Function 133 from the front panel. +RST value is OFF.

:LEVel2? [ MINimum | MAXimum }

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

Sets the level of the audio source in Channel 2. This command is equivalent to activating Special
Function 134 from the front panel. *RST value is 100 mV.

:STEP
[(INCRement]? [ MINimum | MAXimum ]
[[INCRement] <nrf> [<lin ampl term>] | MINimum | MAXimum

Sets the LFSource:LEVel2 step size for the audio source in Channel 2. MINi-
mum/MAXimum refers to the smallest/largest programmable step size, not the
smallest/largest allowed change. *RST value is 100 mV.

:PHASe2
[:ADJust]? [ MINimum | MAXimum ]

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

Adjusts the phase of the audio source in Channel 2 in terms of degrees or radians. This
command is equivalent to activating Special Function 136 from the front panel. *RST value

is 0°.
:STEP
[INCRement]? [ MINimum | MAXimum ]
[:INCRement] <nrf> [<angle term>] | MINimum | MAXimum
Sets the LFSource:PHASe2 step size for the audio source in Channel 2.

MINimum/MAXimum refers to the smallest/largest programmable step size, not
the smallest/largest allowed change. *RST value is 1°(0.017 radians).
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:AM
[:DEPTh}? [ MINimum | MAXimum |

[:DEPTh] <nrf> [<am term>] | UP | DOWN | MINimum | MAXimum

Sets the percentage of AM depth applied to the audio source in Channel 1. This command
is equivalent to setting AM depth on the sub-carrier with Special Function 137 turned ON.
*RST value is 0%.

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

Sets the LFSource:AM:DEPTh step size for the AM source in Channel 1.
MINimum/MAXimum refers to the smallest/largest programmable step size, not
the smallest/largest allowed change. *RST value is 1%.

:STATe?

:STATe ON | OFF |1]0
Turns the AM source in Channel 1 either ON or OFF. Setting AM frequency or depth does
not by itself turn the AM source in Channel 1 ON. This command is equivalent to activating
Special Function 137 from the front panel. *RST value is OFF.
:FREQuency? [ MINimum | MAXimum |]
:FREQuency <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum
Sets the frequency rate for the AM source in Channel 1. This command is equivalent to
activating Special Function 138 from the front panel. +RST value is 100 Hz.
:STEP
[:INCRement]? [ MINimum | MAXimum |]
[[INCRement] <nrf> [<freq term>] | MINimum | MAXimum

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

:WAVeform?

:WAVeform SIN | SQUare | TRIangle | SAWTooth | WGNoise

Selects a waveform for the AM source in Channel 1: SINe, SQUare, TRIangle, SAWTooth
or White Gaussian Noise (WGNoise). This command is equivalent to activating Special
Function 139 from the front panel. *RST value is SINe.
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:PHASe
[:ADJust]? [ MINimum | MAXimum ]
[:ADJust] <nrf> [<angle term>] | UP | DOWN | MINimum | MAXimum

Adjusts the phase of the AM source in Channel 1 in terms of degrees or radians. This
command is equivalent to activating Special Function 140 from the front panel. «+RST
value is 0°.

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

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

:FM
[:DEViation]? [ MINimum | MAXimum ]

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

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

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

Sets the LFSource:FM:DEViation step size for the FM source in Channel 1.
MINimum/MAXimum refers to the smallest/largest programmable step size, not
the smallest/largest allowed change. *RST value is 10 Hz.

:STATe?

:STATe  ON |OFF [1|0

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

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

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

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

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

:WAVeform?

:WAVeform SIN | SQUare | TRIangle | SAWTooth | WGNoise

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

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

Adjusts the phase of the FM source in Channel 1 in terms of degrees or radians. This
command is equivalent to activating Special Function 144 from the front panel. *RST
value is 0°.

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

Sets the LFSource:FM:PHASe step size for the FM source in Channel 1.
MINimum /MAXimum refers to the smallest/largest programmable step size,
not the smallest/largest allowed change. *RST value is 1°(0.017 radians).
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‘PM
[:DEViation]? [ MINimum | MAXimum |

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

:PULSe
:STATe?

.STATe  ON | OFF |10

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

:FREQuency? [ MINimum | MAXimum }

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

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

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

1. MINimum/MAXimum refers to the smallest/largest programmable step size,
not the smallest/largest allowed change. *RST value is 100 Hz.
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:PHASe
[:ADJust]? [ MINimum | MAXimum ]
[:ADJust] <nrf> [<angle term>] | UP | DOWN | MINimum | MAXimum
Adjusts the phase of the Pulse source in Channel 1 in terms of degrees or radians.
This command is equivalent to activating Special Function 151 from the front panel.
*RST value is 0°.
:STEP
[[INCRement]? [ MINimum | MAXimum |
[FINCRement] <nrf> [<angle term>] | MINimum | MAXimum
Sets the LFSource:PULSe:PHASe step size for the Pulse source in Channel 1.

MINimum/MAXimum refers to the smallest/largest programmable step size,
not the smallest/largest allowed change. *RST value is 1°(0.017 radians).
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:AVIonics
:SETup
:VOR

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

:LOCalizer

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

:GSLope

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

:OMBeacon

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

:MMBeacon

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

:IMBeacon

Configures the instrument for Inner Marker (IM) beacon testing. This command is
equivalent to activating Special Function 225 from the front panel.
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Marker Subsystem
The HP 8645A firmware contains three markers. The behavior of all of the markers is identical, however,
MARKer 1 has two references (that is, MARKer or MARKer1, MARKer2, and MARKer3).
MARKer or MARKer1l or MARKer2 or MARKer3
[:FREQuency]? [ MINimum | MAXimum ]
[:FREQuency] <nrf> [<freq term>] | UP | DOWN | MINimum | MAXimum

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

The markers will have the same offset and multiplier values as determined by FREQ:OFFSet
and FREQ:MULT. *RST value is 251,464.85 Hz.

:STEP

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

Alias to FREQuency:STEP.
:STATe?
:STATe ON|OFF |1}0

Turns the specified marker ON or OFF. Marker state is not turned ON when the marker
frequency is set. *RST condition is OFF.

:AOFF

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

Modulation Subsystem
MODulation
:STATe?
:STATe ON | OFF |10

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

The command MODulation:STATe OFF turns off all modulation types, and turns LF-
Source:5TATe OFF.

The command MOD:STATe? will give the response “1” if any modulation state is on, and will
give the response “0” if all modulation states are off. xRST causes the list of “previously active

modulation types” to be FM.
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Phase Modulation Subsystem

The HP 8645A cannot do simultaneous FM and PM. If FM is on, and someone requests PM, the
following will happen: PM is turned on, FM is turned off, and an error displayed on the front panel.

PM
:STATe?
:STATe ON|OFF|1]|0
Turns PM ON or OFF. «RST value is OFF,
:SOURce?
:SOURCce <source list>
Selects PM source: “INTernal”, “EXTernal”, or “INTernal, EXTernal”. *RST value is INTernal.
:COUPling?

:COUPling <coupling type>

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

:FREQuency? [ MINimum | MAXimum |

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

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

Alias to LFSource:FREQuency:STEP.
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Phase Subsystem

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

PHASe
[:ADJust]? [ MINimum | MAXimum ]

[:AD]Just] ‘<nrf> [<angle term>] | UP | DOWN |MINimum | MAXimum

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

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

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

:REFerence

This event resets the PHASe value to 0 without changing the actual PHASe of the HP 8645A.
This means that any further references to PHASe will be considered to be relative to the PHASe
at the time this command was last issued.

Power Meter Subsystem
PMETer

[:POWer]?

Queries the internal power meter. This command is equivalent to activating Special Function 182
from the front panel.
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Pulse Subsystem
PULSe
[:STATe]?
[:STATe] ON|OFF|1]0
Turns PULSe ON or OFF. «RST value is OFF.
:SOURce?

:SOURCce <source list>

Selects the PULSe source. The only allowable value for the HP 8645A is EXTernal.
INTernal EXTernal or INTernal will cause execution errors. *RST value is EXTernal.

Reference Oscillator Subsystem
ROSCillator
:CALibration? [ MINimum | MAXimum ]

:CAlLibration <nrf> | UP | DOWN | MINimum | MAXimum

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

:STEP
[[INCRement]?
The reference oscillator calibration increment is always one. This command is
included to meet an HP-SL requirement of allowing the step size to be queried
on any value which can be stepped.
:SOURce?

A SOURCe? query returns the status of the current reference source (INT or EXT). The query
command is equivalent to activating Special Function 161 from the front panel.
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Sequence Subsystem
SEQuence

:REGister?

:REGister <register list>

Sets up a list of save/recall registers to step through. All registers are cleared from memory when
you send the null list SEQuence:REGister. The REGister command sets up registers 0-9 only.
The maximum sequence length is 10 registers. Sending any command statement or message
over HP-IB aborts the Auto Sequence state.

The syntax used to generate a <register list> is:

<register list> = 1 —>
-—( , )4———1
L<register number>—T

<register number> = number of save/recall register

—_—

[:IMMediate]

Causes a step to the next register in the sequence list.
:STATe?

.STATe = ON | OFF |10

When ON, the HP 8645A will automatically step through the registers in the sequence list. The
step time for each register is 1 second, except if a fast hop sequence occurs (in which case the
step time lasts for the duration of one cycle through the sequence table), or if a sweep sequence
occurs (in which case the step time lasts for the duration of the sweep).
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Status Subsystem
STATus
[:DEVice]

[:EVENt]?
Queries the Device Dependent Event Status Register.

:CONDition?
Queries the Device Dependent Condition Status Register.

:ENABIle <nrf> | <non-decimal numeric program data>

:ENABIle?
Sets/queries the Device Dependent Event Enable Register.

:PTRansition?

Queries the Device Dependent Positive Transition Filter. Always returns 65535.

:NTRansition?
Queries the Device Dependent Negative Transition Filter.

Always returns 0.
:DQUestionable
[:EVENt]?

Queries the HP-SL Signal Integrity Event Status Register.
:CONDition?

Queries the HP-SL Signal Integrity Condition Status Register.
:ENABIle <nrf> | <non-decimal numeric program data>
:ENABIle?

Sets/queries the HP-SL Signal Integrity Event Enable Register.
:PTRansition?

Queries the HP-SL Signal Integrity Positive Transition Filter. Always returns 65535.
:NTRansition?

Queries the HP-SL Signal Integrity Negative Transition Filter. Always returns 0.
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:SINTegrity
[FEVENt]?
Queries the HP 8645A Signal Integrity Event Status Register.
:CONDition?
Queries the HP 8645A Signal Integrity Condition Status Register.
:ENABIe <nrf> | <non-decimal numeric program data>
:ENABIle?
Sets/queries the HP 8645A Signal Integrity Event Enable Register.
:PTRansition?
Queries the HP 8645A Signal Integrity Positive Transition Filter. Always returns 65535.
:NTRansition?
Queries the HP 8645A Signal Integrity Negative Transition Filter. Always returns 0.
:HARDware
[:EVENt]?
Queries the HP 8645A HARDware Integrity Event Status Register.
:CONDition?
Queries the HP 8645A HARDware Integrity Condition Status Register.
:ENABIle <nrf> | <non-decimal numeric program data>
:ENABIle?
Sets or queries the HP 8645A HARDware Integrity Event Enable Register.
:PTRansition?

Queries the HP 8645A HARDware Integrity Positive Transition Filter. Always returns
65535.

:NTRansition?

Queries the HP 8645A HARDware Integrity Negative Transition Filter. Always returns 0.
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:AMPLitude
[:EVENt}?
Queries the AMPLitude Integrity Event Status Register.
:CONDition?
Queries the AMPLitude Integrity Condition Status Register.
:ENABIe <nrf> | <non-decimal numeric program data>
:ENABIle?
Sets or queries the AMPLitude Integrity Event Enable Register.
:PTRansition?
Queries the AMPLitude Integrity Positive Transition Filter. Always returns 65535.
:NTRansition?
Queries the AMPLitude Integrity Negative Transition Filter. Always returns 0.
:FREQuency
[:EVENt]?
Queries the FREQuency Integrity Event Status Register.
:CONDition?
Queries the FREQuency Integrity Condition Status Register.
:ENABIle <nrf> | <non-decimal numeric program data>
:ENABle?
Sets or queries the FREQuency Integrity Event Enable Register.
:PTRansition?
Queries the FREQuency Integrity Positive Transition Filter. Always returns 65535.

:NTRansition?

Queries the FREQuency Integrity Negative Transition Filter. Always returns 0.
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:REFerence
[:(EVENt]?
Queries the REFerence Integrity Event Status Register.
:CONDition?
Queries the REFerence Integrity Condition Status Register.
:ENABle <nrf> | <non-decimal numeric program data>
:ENABIle?
Sets or queries the REFerence Integrity Event Enable Register.
:PTRansition?
Queries the REFerence Integrity Positive Transition Filter. Always returns 65535.
:NTRansition?
Queries the REFerence Integrity Negative Transition Filter. Always returns 0.
:MODulation
[FEVENt]?
Queries the MODulation Integrity Event Status Register.
:CONDition?
Queries the MODulation Integrity Condition Status Register.
:ENABIle <nrf> | <non-decimal numeric program data>
:ENABIle?
Sets or queries the MODulation Integrity Event Enable Register.
:PTRansition?
Queries the MODulation Integrity Positive Transition Filter. Always returns 65535.
:NTRansition?

Queries the MODulation Integrity Negative Transition Filter. Always returns 0.
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Sweep Subsystem
Other commands used with the sweep function are found in the Initialize Subsystem.

SWEep
[:FREQuency]
:TIME? [ MINimum | MAXimum ]

:TIME <nrf> [<time term>] | UP | DOWN | MINimum | MAXimum

Sets the sweep time. The commands UP and DOWN will step to the next/previous valid
setting since the HP 8645A has 1, 2, 5, 10, 20, 50 ... steps on sweep time.

This command does not turn the SWEep ON. The command statements FREQ:MODE
SWEep or INITialize:STATe RUN activate the SWEep. *RST value is 1 second.

:STEP
[[INCRement]?

Always returns 3. This indicates that the step on the sweep time is 3 steps per
decade.

:MODE?
Always returns LOG. This indicates that the sweep time is stepped logarithmically.
:MODE?

:MODE AUTO | MANual

Selects sweep type. AUTO allows single or continuous sweeps, MANual allows control of
frequency with FREQuency:MANual. «+RST value is AUTO.

:SPACing?
:SPACing LINear | LOGarithmic
Selects LINear or LOGarithmic sweep. *RST value is LINear.

:GENeration?

:GENeration STEPped | ANALog

Selects STEPped, or phase continuous (ANALog) SWEep. This command is equivalent to
activating Special Function 112 from the front panel. *RST value is STEPped.
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Take Sweep Subsystem
TSWeep
Has the same effect as:

INIT:ABORt
SWE:MODE AUTO
FREQ:MODE SWEEP
INIT:MODE SINgle
INIT:IMMediate

This causes any sweep action to stop and a single sweep to take place.

Voltmeter Subsystem

VMETer
[:VOLTage]?
Uses the internal voltmeter to measure voltage at the rear panel voltmeter port.

:MODE?

:MODE  AC|DC

Selects DC or AC (rms) measurement for voltmeter. This command is equivalent to activating
Special Functions 180 or 181 from the front panel. +RST is DC.

rev.02JUN89
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HP-IB Device
Status Dictionary

Table of Contents

The HP 8645A has a great amount of status information available for
your needs via the HP-IB bus. Unfortunately, the single 8 bit status byte
register defined in the IEEE 488 standard is not large enough or flexible
enough to contain the necessary information for an instrument with the
complexity of the Agile Signal Generator. Consequently, the HP 8645A
contains different levels of registers to overcome this limitation.

The new IEEE 488.2 standard, does however, expand the status byte
definition to provide an extremely flexible mechanism for organizing
status information. In addition, Hewlett Packard Systems Language
(HP-SL) defines a portion of the 488.2 device status model in order
to promote as much commonality as possible within various HP
instruments. The HP-IB Device Status Dictionary describes in detail the
HP 8645A implementation of the IEEE 488.2 standard, and HP-SL
device status models.

To use the HP-IB Device Status Dictionary, refer to the table of contents
shown below. All entries in the table of contents are arranged in an
order of progressive dependency.

Figure 5-3 helps you understand how each set of registers are
progressively dependent upon each other. For example, a bit in the HP-
IB Status Byte Register “DEV” is dependent upon the status of bits in
the Device Dependent Condition/Event Status Register, and so forth.

IEEE 488.2 Definitions ............ ..., 5-58
IEEE 488.2 HP-IB Status Byte Register ....................... 5-61
IEEE 488.2 HP-IB Standard Event Status Register.............. 5-62
HP-SL Device Dependent Condition/Event Status Registers .... 5-64
HP 8645A Signal Integrity Condition/Event Status Registers.... 5-67
IEEE 488.2 and HP-SL Status Register Syntax . ................ 5-70

rev.02JUNS9
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Event Enable Register

Queue

Summary Bit

Status Register Model

Event enable registers select which event bits in the corresponding event
register will cause a TRUE summary message when set. Each event bit
will have a corresponding enable bit in the event enable register. Each
event enable register will be the same length as the corresponding event
status register.

All unused bits are read as a value of zero and cannot be written to
by the associated event enable command. Any time a bit in the event
status register or the event enable register changes, a logical AND is
performed on all bits of the event status register and the event enable
register. If the result is not zero then the associated summary message
is set TRUE.

A queue is a data structure containing a sequential list of data. Data
may be placed in the queue in any order and a single item of data is
removed every time the queue is read. A rjueue has a summary message
that is TRUE whenever there is data in the queue and FALSE when the
queue is empty.

The data in a queue may be in any format, but all data items must be
in that same format. A queue may be cleared using the +CLS command
(except for the IEEE 488.2 output queue).

A summary bit is a condition bit that reflects the current status of the
associated summary message. The summary message may be generated
by the current values of an event status register and an event enable
register or the contents of a queue.

The diagram in figure 5-4 shows the relationship between the various
components of a status register.
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IEEE 488.2
HP-IB Status
Byte Register

Device Dependent
Summary Bits

MAV Summary Bit

RQS and MSS
Summary Bits

The IEEE 488.2 standard and HP-SL defines the 8 bit HP-IB status byte
register as follows :

Table 5-2. Status Byte Register.

Bit # | Mnemonic ‘ Definition

7 DEV HP-SL device dependent event status register summary
bit.

6 RQS or MSS| IEEE 488.2 master status summary bit.

ESB IEEE 488.2 standard event status register summary bit.
4 MAV IEEE 488.2 output queue summary bit.
0-3 - Device dependent summary bits.

Bits 0 through 3 are not defined in IEEE 488.2 or HP-SL and may be
used as the device designer sees fit, as long as their use does not violate
the IEEE 488.2 rules for summary bits. Bits 0 through 3 are not used in
the HP 8645A implementation and will always be read as zero.

The status byte register is accessed using the *STB common command
and *STB? common query or by performing a HP-IB serial poll
operation.

Bit 4, the MAV (message available) summary bit indicates that there are
characters in the instrument output queue. The output queue is read
by addressing the instrument to talk and reading data bytes until a line
feed character is sent with the EOI control line asserted.

A complete description of the behavior of the output queue is beyond
the scope of the HP-IB Device Status Dictionary. Interested readers
should refer to IEEE 488.2 for the complete definition and behavior of
the output queue.

Bit 6 of the HP-IB status register has two definitions, depending on the
method used to access the status register.

If the register is accessed via the HP-IB serial poll mechanism, then the
bit is called the RQS (request service) bit and indicates to the active
controller that the instrument is asserting the service request control
line (SRQ). The RQS bit is cleared after the active controller performs
a serial poll operation.

When the register is accessed via the IEEE 488.2 *STB? common query,
then the bit is called the MSS (master status summary) bit and indicates
that the device has at least one reason for requesting service. Unlike the
RQS bit, the MSS bit is not cleared as a result of a serial poll and will
always reflect the current status of all of the instrument status registers.
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IEEE 488.2
Service Request
Enable Register

The service request enable register is an 8 bit register that enables
corresponding summary bits in the status byte regisier. When a status
bit is enabled and makes a FALSE to TRUE transition, the instrument
will generate a service request.

A service request will also be generated when a status bit is enabled
and the bit is already set. The service request enable register is accessed
using the *SRE common command and the *SRE? common query. Bit 6
of the service request enable register is unused and will always be read
as a zero. The service request enable register may be cleared when the
instrument is turned on.

IEEE 488.2
Standard Event
Status Register

Power On Bit

User Request Bit

The standard event status register is a 16 bit event register with the
following bit definitions :

Table 5-3. Standard Event Status Register.

Bit # | Mnemonic Definition
8-15 | - Reserved for future use by IEEE.

7 PON Power on.

6 URQ User request.

5 CME Command error.

4 EXE Execution error.

3 DDE Device dependent error.

2 QYE Query error.

1 RQC Request control.

0 OoPC Operation complete.

The standard event status register is accessed using the +ESR common
command and the *ESR? common query. Because this is an event
register, the register is cleared after it is read.

The power on event bit 7 is set TRUE whenever there has been an OFF
to ON transition of the instrument power supply.

The user request bit 6 is set whenever one of a set of device dependent
local instrument controls is activated. At present this feature is not
implemented in the HP 8645A firmware and the bit will always be read
as a zero.
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Command Error Bit

Execution Error Bit

Device Dependent
Error Bit

Query Error Bit

Request Control Bit

Operation
Complete Bit

Standard Event Status
Enable Register

The command error bit 5 is set whenever the parser detects an error
in the format or contents of a program message. The HP 8645A
implementation will place an HP-SL defined error code in the HP-
SL error queue that may specify the exact error (bad header, missing
argument, wrong data type, etc.).

The execution error bit 4 is set whenever the current command cannot
be processed due to an out of range parameter, conflicting settings, etc.
The HP 8645A implementation will place an HP-SL defined error code
in the HP-SL error queue.

The device dependent error bit 3 is used to indicate an error that
is neither a command error or an execution error. The HP 8645A
implementation uses this bit to indicate a hardware failure. An HP-SL
defined error code will be placed in the HP-SL error queue that may
specify the exact error (self test failure, ROM CRC error, etc.).

The query error bit 2 indicates that there is a problem with the output
queue. Either there has been an attempt to read the queue when it was
empty or the output data has been lost. For a complete description of
query errors consult the IEEE 488.2 standard.

The request control bit 1 is used to initiate the IEEE 488.2 pass control
protocol. The feature is not implemented in the HP 8645A firmware
and the bit will always be read as a zero.

The operation complete bit 0 is set in response to the *OPC
common command and indicates that all overlapped commands have
completed execution. The HP 8645A firmware supports two overlapped
operations; the frequency sweep, and the fast hop learn cycle. For a
complete description of the ‘operation complete flag’, consult the IEEE
488.2 standard.

The standard event status enable register is a 16 bit register that
allows one or more event bits in the standard event status register to
be reflected in the ESB summary message in the HP-IB status byte.
This register follows all the rules of an event enable register. The
standard event status enable register is accessed using the *ESE common
command and the *ESE? common query. The standard event status
enable register may be cleared when the instrument is turned on.
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HP-SL Device
Dependent
Condition/Event
Status Registers

Device Dependent
Bit Definitions.

HP-SL defines a group of status registers used to contain device
dependent status information. These registers include a condition
register, an event register, two transition filters, and an enable register.
Each register has the following bit definitions :

Table 5-4. Device Dependent Condition/Event Status Registers.

' Bit # rMaemonic : Definition
11-15 | - Device dependent.
9-10 | - Reserved for use by HP-SL language subset.
8 RNG Autorange operation in progress.
7 CAL Calibration in progress.
6 STLD Signal is settled.
2-5 | - Reserved for future use by HP-SL.
1 swp A sweep cycle is in progress.
0 pQu HP-SL signal integrity summary bit.

The commands used to access these registers are too complex to explain
in the HP-IB Device Status Dictionary. Refer to IEEE 488.2 and HP-SL
Status Register Syntax found later on in this chapter for a complete
description of the status register syntax.

The HP 8645A firmware defines the device dependent bits 11-15 in the
Device Dependent Condition/Event Status Register as follows :

Table 5-5. Device Dependent Bit 11-15 Definitions.

Bit # l Mnemonic ; Definition
15 TEMP Temperature drift.
14 HOP Fast hop active.
13 RHOP Ready to start hopping.
12 LRBN Fast learn active.
11 SINT HP 8645A signal integrity summary bit.
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Note

Temperature Drift Bit

Fast Hop Active Bit

Ready for Fast Hop Bit

Fast Learn Active Bit

Signal Integrity Bit

Autorange Bit

Calibration Bit

Signal Settled Bit

The programmer should be aware that in order to write fully
transportable device status routines, only HP-SL mnemonics that
do not use any device dependent status bits should be used.

The temperature drift bit 15 is set when the internal instrument
temperature has changed by more that 10 degrees C since the last time
the instrument was calibrated.

The fast hop active bit 14 is set when the instrument exits the learn
state and enters the fast hop active state. The bit is cleared when the
instrument exits the fast hop active state.

The ready for fast hop bit 13 is set when the instrument has completed
at least one learn cycle and is able to enter the fast hop active state.
The bit is cleared when the instrument exits the fast hop learn state.

The fast hop learn active bit 12 is set when the instrument is actively
performing a learn cycle. The bit is cleared when the instrument exits
the fast hop learn state or prepares to start a new learn cycle.

The signal integrity summary bit 11 is described in detail later on in this
chapter in the section titled HP 8645A Signal Integrity Condition /Event
Status Registers.

The autorange bit 8 is set whenever the instrument halts the current
measurement in order to automatically select the proper range. The
HP 8645A firmware does not support any autorange operations and
this bit will always be read as a zero.

The calibration bit 7 is set whenever the instrument is performing
a calibration operation. Because the HP 8645A calibration is not an
overlapped command, the condition register bit will always be read as
a zero but the event register bit may be used to see if the instrument
has been calibrated since the last time the event register was read.

The signal settled bit 6 is set when the output signal has settled to its
final value. The HP 8645A firmware does not currently support this
feature and this bit will always be read as a one.
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Sweep in Progress Bit

Data Questionable Bit

The sweep in progress bit 1 is set whenever the instrument is in the
sweep active state.

The data questionable bit 0 refers to the HP-SL signal integrity status
registers in the following ways.

The HP-SL signal integrity status registers have the same bit definitions
as the device dependent signal integrity registers with the following
critical difference.

The HP-SL signal integrity condition status register bits are current
device conditions, not summary bits. These device conditions are
derived from the condition and enable registers associated with the
corresponding summary bits in the device dependent signal integrity
condition status register.

The HP 8645A firmware provides these two redundant registers so that
novice programmers can follow the exact HP-SL model while expert
programmers can expand the signal integrity condition bits to the full
resolution of the instrument.
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HP 8645A
Signal Integrity
Condition/Event
Status Registers

Note

Hardware Integrity
Summary Bit

The HP 8645A firmware defines a group of status registers used to
contain information about the integrity of the output signal. These
registers include a condition register, an event register, two transition
filters, and an enable register. Each register has the following bit
definitions :

Table 5-6. HP 8645A Signal Integrity
Condition/Event Status Registers.

Bit # | Mnemonic Definition
15 HDW Misc. hardware integrity summary bit.
8-14 | - Device dependent summary bits.
5-7 | - Reserved for future use by HP-SL.
4 MOD Moduiation integrity summary bit.
3 REF Reference integrity summary bit.
2 FREQ Frequency integrity summary bit.
1 AMPL Amplitude integrity summary bit.
0 CALI Calibration integrity condition bit.

Each of the summary bits in these registers refer to other groups
of condition /event registers whose format is device dependent.

The hardware integrity summary bit 15 indicates that there is some
reason to suspect that the miscellaneous support hardware is not
performing correctly. The HP 8645A firmware defines the hardware
integrity condition/event register bits as follows :

Table 5-7. Hardware Integrity Summary Bit.

Bit # | Mnemonic Definition
4-15 | - Reserved for future use.

3 FPE Front panel hardware error.

2 I0E 1/O board hardware error.

1 PSE Power supply error.

0 CPE CPU hardware error.
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Modulation Integrity
Summary Bit

Reference Integrity
Summary Bit

The modulation integrity summary bit 4 indicates that there is some
reason to suspect that the modulation performance of the instrument is
not correct. The HP 8645A firmware defines the modulation integrity
condition/event register bits as follows:

Table 5-8. Modulation Integrity Summary Bit.

Bit # | Mnemonic | Definition
5-15 | - Reserved for future use.
4 ASCE Audio source calibration error.
3 ASOL Audio source PLL out of lock.
2 MCE Mod distribution calibration error.
1 MLO External modulation too low.
0 MHI External modulation too high.

The reference integrity summary bit 3 indicates that there is some
reason to suspect that the instrument reference frequency is not correct.
The HP 8645A firmware defines the reference integrity condition/event
register bits as follows:

Table 5-9. Reference Integrity Summary Bit.

Bit# | Mnemonic Detfinition
3-15 | - Reserved for future use.

2 RCE Reference calibration error.

1 ROL Reference out of lock.

0 OVEN 10811 crystal reference oven cold.
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Frequency Integrity
Summary Bit

Amplitude Integrity
Summary Bit

Calibration Integrity
Condition Bit

The frequency integrity summary bit 2 indicates that there is some
reason to suspect that the output frequency performance of the
instrument is not correct. The HP 8645A firmware defines the frequency
integrity condition/event register bits as follows :

Table 5-10. Frequency Integrity Summary Bit.

Bit-# ‘| Mnemonic ’ Definition
7-15 | - Reserved for future use.

6 CDCE 140 nS coax FLL calibration error.

5 CDFL 140 nS coax FLL out of lock.

4 VCE VCO calibration error.

3 VFL VCO 70 nS FLL out of lock.

2 - Reserved.

1 NCE NF calibration error.

0 NPL NF PLL out of lock.

The amplitude integrity summary bit 1 indicates that there is some
reason to suspect that the output amplitude of the instrument is
not correct. The HP 8645A firmware defines the amplitude integrity
condition/event register bits as follows :

Table 5-11. Amplitude Integrity Summary Bit.

[ Bit # ! ‘Mnemonic ‘Definition
13-15 | - Reserved for future use.
12 DCE Freq doubler calibration error.
11 DOL Freq doubler ALC out of lock.
10 ATCE Attenuator calibration error.
4-8 | - Reserved.
3 ACE ALC calibration error.
AOL ALC out of lock.
1 LCE Level calibration error.
0] REV Reverse power detected.

The calibration integrity condition bit 0 indicates that an error has
occurred during a calibration or diagnostic operation. This bit will
remain set until the entire instrument has been re-calibrated with no
errors using the *CAL? query.
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IEEE 488.2 and All of the §tatus registe1§ defined in the previous sections may be
HP-SL Status accessed using the following commands :

Register Syntax

Table 5-12. IEEE 488.2 and HP-SL Status Register Syntax. (1 of 2)

Command syntax Definition
*CLS Clears all event registers and queues.
*STB? HP-IB status byte register.
*SRE <nrf>|? HP-IB service request enable register.
*ESR? IEEE 488.2 standard event status register.
*ESE <nrf>|? IEEE 488.2 standard event status enable register.
STATus
[:DEVICE]
[:EVENt]? HP-SL device dependent event status register.
:CONDition? HP-SL device dependent condition status register.
:PTRansition(!) 2 HP-SL device dependent positive transition filter.
:NTRansition(!) ? HP-SL device dependent negative transition filter.
:ENABle <nrf>|? HP-SL device dependent event enable register.
:DQUestionable
[:EVENt]? HP-SL signal integrity event status register.
:CONDition? HP-SL signal integrity condition status register.
:PTRansition{!) 2 HP-SL signal integrity positive transition filter.
:NTRansition(!) 2 HP-SL signal integrity negative transition filter.
:ENABIe(?) < nrf>|? HP-SL signal integrity event enable register.
:SINTegrity
[:EVENt]? HP 8645A signal integrity event status register.
:CONDition? HP 8645A signal integrity condition status register.
:PTRansition{!) ? HP 8645A signal integrity positive transition fitter.
:NTRansition(!) ? HP 8645A signal integrity negative transition filter.
:ENABIe(?) <nrf>|? HP 8645A signal integrity event enable register.
:HARDware
[:EVENt]? HP 8645A hardware integrity event status register.
:CONDition? HP 8645A hardware integrity condition status register.
:PTRansition(1) 2 HP 8645A hardware integrity positive transition filter.
:NTRansition(l) ? HP 8645A hardware integrity negative transition filter.
:ENABIe(?) <nrf>|? HP 8645A hardware integrity event enable register.
(1) The HP 8645A firmware does not implement programmable transition filters. All positive transition filters will be fixed at all
ones and all negative transition filters will be fixed at all zeros.
{2) The HP 8645A firmware will set the default value of these event enable registers to all ones.
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Table 5-12. IEEE 488.2 and HP-SL Status Register Syntax. (2 of 2)

Command syntax Definition
:SINTegrity (cont’d)
:MODulation
[[EVENTt]? HP 8645A modulation integrity event status register.
:CONDition? HP 8645A modulation integrity condition status register.

:PTRansition(®) ?
‘NTRansition(®) ?
:ENABIe(*) <nrf>|?
‘REFerence
[:EVENt}?
:CONDition?
-PTRansition(® ?
:NTRansition®) ?
:ENABle() <nrf>|?
:FREQuency
[:EVENt]?
:CONDition?
‘PTRansition(®) ?
:NTRansition(®) ?
:ENABIe(*) <nrf>|?
:AMPLitude
[:EVENY]?
:CONDition?
‘PTRansition(3) ?
:NTRansition(®) ?
:ENABIe(®) <nrf>|?

HP 8645A modulation integrity positive transition filter.
HP 8645A modulation integrity negative transition filter.
HP 8645A modulation integrity event enabie register.

HP 8645A reference integrity event status register.
HP 8645A reference integrity condition status register.
HP 8645A reference integrity positive transition filter.
HP 8645A reference integrity negative transition filter.
HP 8645A reference integrity event enable register.

HP 8645A frequency integrity event status register.
HP 8645A frequency integrity condition status register.
HP 8645A frequency integrity positive transition filter.
HP 8645A frequency integrity negative transition filter.
HP 8645A frequency integrity event enable register.

HP 8645A amplitude integrity event status register.
HP 8645A amplitude integrity condition status register.
HP 8645A amplitude integrity positive transition filter.
HP 8645A amplitude integrity negative transition fitter.
HP 8645A amplitude integrity event enable register.

(3) Thne HP 8645A firmware does not implement programmable transition filters. All positive transition filters will be fixed at all

ones and all negative transition filters will be fixed at all zeros.

{(4) The HP 8645A firmware will set the default vaiue of these event enable registers to all ones.
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Example HP-SL
Programs

Table of Contents

A Tool for Developing
HP-SL Programs

In this section, you will find example programs to assist you in
becoming familiar with HP-SL. Also, a program to help you develop
HP-SL code is provided for your use.

All of the following examples have been written in BASIC Pro-
gramming Language, however, you may convert the examples into
PASCAL or into any other language.

The example HP-SL programs are alphabetically arranged. A table of
contents for all examples is as follows:

A Tool for Developing HP-SL Programs ......................... 5-73
AMExamples ..........c.ooiiiiiiiiiiiiiiii e 5-73
Amplitude Examples ...l 5-74
FEMEXample......oouiiniiiiiiiiii i iieiiaieeiaeanns 5-74
Frequency Examples..............ooooiiiiii i 5-75
Frequency Hop Example .............cooooiiiiiiiiiiiiiiinoae. 5-76
EMF Mode Example ........coooiiiiiiiiiiiii i 5-76
HP-IB Device Status Examples ...............ovviiiiiiiiin... 5-77
Initialize Example ..............cooiiiiiiiiiiiinn 5-78
Modulation Example ... 5-78
Phase Examples ..........cooiiiiiiiiiiiiii i 5-79

Programs written in HP-SL are not instrument dependent; that is, HP-
SL has removed the one-to-one correspondence between front-panel
keystrokes and HP-IB codes. In previous instruments, development of
controller programs could be done by trying out functions on the front
panel, and then converting the keystrokes into HP-IB codes to send to
the instrument.

The following program, written in BASIC, allows you to send
command statements and messages to test their effect on the HP
8645A. In addition, the program traps error conditions and reads the
error messages back to the controller in an underlined format.

The program is written for HP 8645A instruments with an HP-IB
address of 19. You may modify the program to have any HP-IB
address.

When you run the program, simply type in the command statement
or message and press the ENTER key. For example, the command
statement:

FREQ 1.234 MHz
Will set an RF output frequency of 1.234 MHz. If the command

statement or message contains a query “?”, the program will generate
a response in an inverse video window.
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100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900

A Tool for Developing HP-SL Programs

DIM A$[255],L$[255] ,E$[255]

PRINT "ENTER MESSAGE STRING TO SEND TO 8645. REPLIES ARE SHOWN IN INVERSE"
PRINT "AND ERROR MESSAGES ARE UNDERLINED."

PRINT '
ON KBD GOSUB 1100

CLEAR 719

QUTPUT 719;"*ESE 60;*SRE 48"

GOSUB 1600

ON INTR 7 GOSUB 1600

GOTO 1000

OUTPUT 2;KBD$;

INPUT "ENTER MESSAGE STRING TO SEND TO 8645:",A$
PRINT A$

OUTPUT 719;A$

RETURN

Z=SPOLL(719)

IF BIT(Z,4)=0 THEN GOTO 2000

ENTER 719;L$

PRINT CHR$(129);L$;CHR$(128)

OUTPUT 719;"*ESR?"

ENTER 719;Z

QUTPUT 719;"SYST:ERR? STR"

ENTER 719;E$

IF E$[1;1]="0" THEN GOTC 2700

PRINT CHR$(132);E$;CHR$(128)

GOTO 2200

ENABLE INTR 7;2

RETURN

END

AM Examples

Set the AM depth to a value of 57% and select External AC, AM.

100 ! Set the Source to external and the coupling to AC.

200 OUTPUT 719;"AM:SOUR EXT;COUP AC"

300 ! Set the AM depth to a value of 57/ and turn AM on.
400 OUTPUT 719;"AM:DEPT 57%;STATE ON"

Set the AM depth to 73% with internal AM at 2.5 kHz modulation frequency.

100 ! Set the Source to internal and no coupling.
200 OUTPUT 719;"AM:SOUR INT"

300 ! Set the AM depth to a value of 73%.

400 OUTPUT 719;"AM 73 %"

500 ! Set the LFSource Frequency to 2.5 kHz.

600 OUTPUT 719;"LFS:FREQ 2.5 KHZ"
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Amplitude Examples

Set amplitude to 100 mV, increment in 0.1 dB steps until some other measurement returns proper
reading. Query amplitude in volts.

100 ! Set output level to 100 mV and enable RF output

200 OQUTPUT 719;"AMPL 100mV; AMPL:STATE ON"

300 ! Set default instrument amplitude units to return volts
400 ! and default instrument amplitude step to dB this allows

500 ! logarithmic stepping of the amplitude in volts.

600 OUTPUT 719;"AMPL:UNIT V;STEP:UNIT DB"

700 ! Set increment to 0.1 dB.

800 OUTPUT 719;"AMPL:STEP:INCR 0.1"

900 ! Loop testing value and incrementing output level by 0.1 dB
1000 ! Make what ever tests are required here, if proper level
1100 ! has been reached, goto line 1700
1200 ! Increase source amplitude by 0.1 dB.

1300 OUTPUT 719;"AMPL UP"
1400 ! Jump back to test.
1500 GOTOD 1000

1600 ! Read current amplitude back from source.

1700 OUTPUT 719;"AMPL?"

1800 ENTER 719;Level
1900 PRINT "Level required was '';Level;" Volts."

FM Example
Set the FM deviation to a value read in from controller keyboard. Also set the FM Source to external.

100 ! Set the Source to external and the coupling to DC.
200 OUTPUT 719;"FM:SOUR EXT;COUP DC"

300 ! Input the FM deviation from the console.

400 INPUT "Enter the FM Deviation in kHz: " ,Fm_deviation
500 ! Set the FM deviation to the value given as input.
600 OUTPUT 719;"FM ";Fm_deviation;"KHZ"

700 ! Now turn FM on.

800 OQUTPUT 719;"FM:STATE ON"
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What About Programming? 5-75

X

Frequency Examples

Reset the instrument, then set frequency to 137 MHz, and turn amplitude on at 4.5 dBm:

100
200
300
400
500
600

! Set instrument to known state.

OUTPUT 719;"*RST"

t Set frequency to 137 MHz

OUTPUT 719;"FREQ 137MHZ"

! Set output level to 4.5 dBm and enable RF output
OUTPUT 719;"AMPL 4.5DBM;AMPL:STATE OKR"

Reset the instrument, turn amplitude on and set frequency and amplitude to values read in from
controller keyboard:

100
200
300
400
500
600
700

! Set instrument to known state.

OUTPUT 719;'"*RST"

! Input the Frequency and the Amplitude from the console.
INPUT ‘"Enter frequency in MHz: ",Freq

INPUT "Enter amplitude in dBm: ",Ampl

! Set the Frequency and Amplitude to the input values.

OUTPUT 719;"FREQ ";Freq;"MHZ;AMPL '";Ampl;'"DBM;AMPL:STATE ON"

Reset the instrument, turn amplitude on at 0 dBm and step frequency from 200 to 300 MHz in 1 MHz
steps, making some measurement at each frequency:

100
200
300
400
500
600
700
800
900
1000
1100
1200

! Set instrument to known state.
OUTPUT 719;"*RST"
! Set frequency to 200 MHz and set frequency increment to 1MHz.
OUTPUT 719;"FREQ 200MHZ;FREQ:STEP 1iMHZ"
! Turn RF on at 0 dBm
OUTPUT 719;"AMPL O; AMPL:STATE ON"
FOR X = 0 TO 100
' Add code to make whatever
! measurement is needed here.
! Increase frequency by iMHz
OUTPUT 719;"FREQ UP"
NEXT X

The instrument is to be used as a local oscillator where it’s output frequency will be doubled, and that
signal will be mixed with the “frequency of interest” and put through a 10.7 MHz L.F. bandpass filter.

This means (Frequency of interest) = (L.O. Frequency) X 2 - 10.7 MHz. Set up frequency offsets and
multipliers to allow the signal generator to be programmed to the frequency of interest, rather than
the L.O. frequency.

100 ! Set freq multiplier to two and frequency offset to —-10.7MHz
200 OQUTPUT 719;"FREQ:MULT 2;0FFSET -10.7MHZ"

300 ! Set signal generator so that frequency of interest will be
400 ! 107.7 (actual signal generator output frequency is 59.2 MHz).
500 OUTPUT 719;"FREQ 107.7MHZ"
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Frequency Hop Example

The following example will reset the signal generator, put the generator in Mode 5, Fast Hop condition,
set the dwell time to 5 milliseconds, set the hop rate to 100 hops/second, define channels 0-2, define
the sequence to frequency hop through the 3 channels, and set the HP8645A to hop continuously.

100 Qutput 719; "*RST"
200 Output 719; "FREQ:Synt 5"
300 Output 719; "FHOP:Dwell 5 mS"
400 Output 719; "FHOP:Rate 100 Hz"
500 Output 719; "FHOP:CLIST 50 MHz,0 dBm,100 MHz,0 dBm,150 MHz,0 dBm"
600 Output 719; "FHOP:SLIST 0,1,1,2"
700 Output 719; "FHOP:Mode Cont"
EMF Mode Examples
10 ! SAMPLE PROGRAM TO TURN EMF MODE ON AND OFF IN PSG.
20 !

30 Address=T719
40 OUTPUT Address; "AMPLITUDE:SOURCE:UNIT V" ! SETS EMF MODE

50 !

60 OUTPUT Address; "AMPLITUDE:OQUT:UNIT V" ! SETS NON EMF MODE

70 !
80 END
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HP-IB Device Status Examples
The following section presents several examples of the use of HP 8645A device status mnemonics.
Example 1:

Configure the instrument to generate a service request whenever an error is placed in the error queue.

*ESE 60;*SRE 32

Enable the CME, EXE, QYE, and DDE bits in the standard event status register and the ESB
summary message in the HP-IB status byte.

Example 2:

Configure the instrument to generate a service request whenever the fractional-N phase locked loop
goes out of lock.

STAT:ENAB 2048;SINT:ENAB 4;FREQ:ENAB 1;*SRE 128

Enable the signal integrity summary message, the frequency
integrity summary message, the NPL event bit, and the DEV
summary message in the HP-IB status byte.

Example 3:

Respond to a service request and decode the instrument status.

*STB? Read the HP-IB status byte.
data = 128 The DEV summary message is set.
STAT? Read the device dependent event status
register.
data = 2048 The HP-SL signal integrity summary bit is set.
STAT:DQU? Read the HP 8645A signal integrity event
' status register.
data = 4 The frequency integrity summary bit is
set.
STAT:SINT:FREQ? Read the HP 8645A frequency integrity event
status register.
data = 1 The NF PLL has been out of lock.

STAT:SINT:FREQ:COND? Read the frequency integrity condition
status register.
data = 0 The NF PLL is not currently out of lock.

It is clear from this dialog that there has been a transient out of lock in the NF PLL.
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Initialize Example

Set up a ten second logarithmic sweep. Prompt user for the start frequency and sweep over a 200 MHz
span. Put markers at start freq +50 MHz, +100 MHz, and +150 MHz. Make a single sweep.

100 ! Get start frequency from user.
200 INPUT "Enter Start Frequency in Hz: ";Startfreq
300 ! Set start frequency and span for sweep.

400 OUTPUT 719;"FREQ:START ";Startfreq;';SPAN 200MHZ"

500 ! Set sweep time to 10 Sec. and select log sweep

600 OUTPUT 719;"SWEEP:TIME 10;SPACING LOG"

700 ! Set markers

800 OQUTPUT 719;"MARKER ";Startfreq+50000000;" ; MARKER:STATE ON"
900 OUTPUT 719;"MARK2 ";Startfreq+100000000;";MARK2:STATE ON"
1000 OUTPUT 719;"MARK3 '";Startfreq+150000000;";MARK3:STATE ON"
1100 ! Become sweeper, enable auto sweeping and select single.
1200 OUTPUT 719;"FREQ:MODE SWEEP; :SWEEP:MODE AUTQ"

1300 OUTPUT 719;"INITialize:MODE SINGle"

1400 ! The next line will cause the sweep to begin.

1500 OUTPUT 719;"INITialize:IMMediate"

Modulation Example

If in the middle of some procedure, it may be necessary to make some measurement which require that
the HP 8645A be at the current RF output frequency and output amplitude level, but all modulation
must be turned off.

The following example will disable all modulation, make necessary measurements, and then turn back
on whatever modulation was on before this section of code started. (Note: this section of programming
code will work regardless of what modulation(s) were on when it was executed.)

7100 ! Shut off all modulation.

7200 OUTPUT 719;"MOD:STATE OFF"

7300 ! Make any necessary tests/measurements ...

7400 !

7500 ! Return modulation to the state it was in before line 7200
7600 OUTPUT 719;"MOD:STATE ON"
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Phase Examples
Adjust the phase to set the quadrature between two sources.
100 ! Set the phase step to 1 degree

200 OUTPUT 719;"PHAS:STEP 1DEG"
300 ! Continue adjusting the Phase by 1 degree until the voltage is

400 ! equal.

450 DONE = 0

500 REPEAT

600 ! Measure mixer voltage using appropriate equipment and store
700 ! the value as "Measurement'.

800 ! If measurement is greater than 0.1 V increment phase.
900 IF (Measurement) $>$ 0.1V THEN

1000 OUTPUT 719;"PHAS UP"

1100 ELSE

1200 ! If measurement is less than -0.1 V decrement phase.
1300 IF (Measurement) $<$ -0.1V THEN OUTPUT 719;"PHAS DOWN"
1400 ! If measurement is okay then set done to quit looping.
1500 ELSE

1600 Done = 1

1700 UNTIL (Done = 1)

Shift Carrier Phase by 30 degrees and make a measurement. Then set the Phase back to 0.

100 ! Set Phase value to 0.

200 OQUTPUT 719,"PHAS:REF"

300 ! Shift Phase by 30 degrees.

400 OUTPUT 719,"PHAS 30DEG"

500 ! Make some appropriate measurement.
600 ! Set Phase back to zero.

700 OUTPUT 719,"PHAS ODEG"
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Installation

Unpack Your
HP 8645A

Inspect the shipping container for damage. If the shipping container is
damaged or the cushioning material inside is stressed, keep them until
you have checked the shipment for completeness and the instrument
for proper operation.

If items are missing from your shipment, or if there is mechanical
damage or defect, notify the nearest Hewlett-Packard office. If the
shipping container or cushioning material shows signs of stress, notify
the carrier as well as the Hewlett-Packard office. Keep the shipping
materials for inspection by the carrier.

Connect Power

Warning

The HP 8645A Agile Signal Generator requires a power source of 100
to 120 V ac (£10%) at 48 to 440 Hz, or 220 to 240 V ac (+10%) at 48 to
440 Hz. Power consumption is 500 VA maximum. If you need further
information about the power requirements for your instrument, refer to
the HP 8645A Operation and Calibration Manual.

This is a Safety Class I product (i.e., provided with a protective earth
terminal). An uninterruptible safety earth ground must be provided from
the Main power source to the product input wiring terminals, power cord,
or supplied power cord set. Whenever it is likely that the protection has
been impaired, the instrument must be made inoperative and be secured
against any unintended operation.

Turn On
Instrument

If you are operating this instrument in extreme environmental condi-
tions, refer to the HP 8645A Operation and Calibration Manual for
specific operating limitations.

Press the POWER key to the ON position. The front panel annunciators
momentarily light up for a quick visual inspection.

If the MSSG annunciator is displayed in the lower right corner of the
FREQUENCY /STATUS display, an instrument error has occurred. Press
the UTILITY MSSG key as many times as needed to scroll through the
error messages. Refer to appendix D for error message descriptions.






Options and Accessories

Available for
the HP 8645A

re.02JUN89

The following table lists the options and accessories that are presently
available for the HP 8645A. Refer to your nearest Hewlett-Packard office
for ordering information, and for an update on options that have been

made available since the printing of this Operation Guide.

Option:
001: High Stability Time Base.
002: . 2 GHz Output
003: . . Rear Panel Inputs/Outputs (deletes front panel
inputs/outputs)
807:  Front Handle Kit (5061-9690)
908: . Rack Flange Kit (5061-9678)
909: ' Combined Front Handle/Rack Flange Kit (5061-9684)
910: ' Extra Manual Set (includes Service Manual)
915:  Add Service Manual
W03: 90 day On-site Warranty (replaces 1-year standard
warranty)
Accessories Available:
HP 11845A 2 GHz Retrofit Kit
Service Kit (08645-61116)
Transit Case (9211-2662)
Transit Case Wheels (1490-0913)
Non-tilting Rack Slide Kit (1494-0059)
Titting Rack Slide Kit {1494-0063)
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Special Functions

How to Access
the Special
Functions

There are two ways to access special functions for the HP 8645A.

1. Press the SPECIAL key and then turn either the knob or press one
of the knob 810 keys to show the available special functions in the
FREQUENCY /STATUS display. Access the special function of your
choice by pressing the ENTER key.

-OR-

2. Press the SPECIAL key and enter the special function number of your
choice. Access the special function by pressing the ENTER key.

The yellow annunciator above the SPECIAL key lights up to indicate that
a special function is invoked. At any time, you may display all of the
special functions that are invoked by pressing the DISPLAY key, and then
the SPECIAL key.

Listed numerically, the special functions are as follows:
186 AUt Attenuation

This special function allows you to lock or unlock the attenuators at
their present setting. When ON (unlocked), the instrument’s output
amplitude can be set at any level within the range of the instrument.
When OFF (locked), the instrument’s output amplitude can only be set
within the vernier range of the locked attenuators.

1

-~

Al At tenuation

This special function gives you the choice of manually selecting which
attenuators to switch in for operating the instrument. Activating this
special function essentially turns off Auto Attenuation described in
Special Function 100.

182 :Amptd Correctian

This special function allows you to either have a calibrated or an
uncalibrated output amplitude level. When ON, internal calibration data
is used. When OFF, the internal calibration data is not used.

183 :Hmptd Limit

This special function allows you to specify the upper limit for the
instrument’s output amplitude.
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184 :Wideband ALC

This special function allows you to determine the ALC bandwidth.
When OFF, the ALC is configured for the most narrow bandwidth.
When ON, the ALC is configured for the widest bandwidth possible
for the RF output selected.

185 Amplitude Muting

This special function, when OFF, allows you to minimize the affect
of changes that occur when the HP 8645A is in transition from one
output amplitude level to another or from one center frequency value
to another as seen at the RF Output. Typically, the carrier frequency can
swing several MHz while in transition, and the output amplitude may
change +6 dBm while in transition. In the default condition, Amplitude
Muting ON, output amplitude and center frequency changes occur with
20 to 40 dB of attenuation.

118:Rel & Hd ju=st

This special function allows you to increment or decrement the phase
of the RF output signal in one-degree steps relative to the present
frequency reference.

111:Freq Multiplier

This special function allows you to use an external divider or multiplier
on the RF output and still have the instrument display the final RF
output signal. A positive integer, for example +2 would cause the
frequency display to be multiplied by 2. A negative integer, for example
—2 would cause the frequency display to be divided by 2. The front-
panel OFFSET annunciator turns on when the frequency multiplier is a
value other than +1.

112 :Phase Cont Swe

[} 1]

FI

This special function allows you to put the instrument’s sweep in a
phase-continuous mode. During phase-continuous frequency sweep,
the instrument sweeps between two selected endpoints in a linear,
phase-continuous manner. This sweep function resembles a true
sweeper in that it has no frequency transients; yet it is fully synthesized,
yielding a very linear, precise sweep.

126:FM Sunthesiszs

This special function allows you to have the instrument synthesize the
FM signal in a digitized or linear manner. Digitized FM is best for
single-tone modulation and provides a very accurate center frequency
at low deviation rates. Linear FM is best for multi-tone modulation and
provides a more constant group delay than the Digitized FM.
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121 Fatl

This special function displays the phase-locked loop frequency during
digitized FM. The display is continually updated.

122688 Ohm FM

r.l_.l

This special function allows you to use the ®M Modulation Input
connector as an FM input to provide a port with an input impedance
of 600 Q. The front-panel FM Modulation Input connector (which has
an input impedance of 50 Q) is then disabled.

138 :Audiao Mawe

This special function allows you to select the waveform for the audio
source. You have five choices: Sine, Square, Triangle, Sawtooth, or
White Gaussian Noise.

1721 Audio Trigaered
This special function (when ON) enables Special Function 132.
122:Trig Audino

This special function, when enabled by Special Function 131, allows
you to trigger the audio source to output a single 360° cycle. When the
audio is triggered for a single cycle of White Gaussian Noise, the result
is a burst of noise for the duration of “1/audio frequency”. You can
output any one of the five audio waveforms. Triggering is done from
either the front-panel ON key or from the rear-panel HOP connector.

1323 :Auds Freqg

This special function allows you to turn on and off the audio source
for Channel 2, and it allows you to set the audio source frequency for
Channel 2. The audio source frequency for Channel 2 may be set to a
minimum of 0.1 Hz, a maximum of 400 kHz, or any value in between.

124 Audz2 Lewel

This special function allows you to adjust the level of the audio source
for Channel 2. The level for the audio source in Channel 2 may be set
to a minimum of 0 V, a maximum of 1 V, or any value in between.

125 Hudz Mawve

This special function allows you to select the waveform for the audio
source in Channel 2. You have five choices: Sine, Square, Triangle,
Sawtooth, or White Gaussian Noise.
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13a Audz o

r

This special function allows you to adjust the phase of the audio source
in Channel 2. Phase may be expressed in terms of radians or degrees.
The front panel display immediately changes units of degrees and
radians when you switch between the deg and rad keys. Entries may
be scaled; for example, entering 560° would yield —160°.

137 Hud AM Depth

This special function allows you to turn on and off the AM source in
Channel 1, and it allows you to set the percentage of depth for the AM
source. Depth may be set to a minimum of 0%, a maximum of 100%,
or any value in between.

132 :Hud AM Freg

This special function allows you to set the frequency for the AM source
in Channel 1. The frequency may be set to a minimum of 0.1 Hz, a
maximum of 400 kHz, or any value in between.

129 :Aud AM Hawe

This special function allows you to select the waveform for the AM
source in Channel 1. You have five choices: Sine, Square, Triangle,
Sawtooth, or White Gaussian Noise.

148 :Aud AN @

This special function allows you to adjust the phase of the AM source in
Channel 1. Phase may be expressed in terms of radians or degrees. The
front panel display immediately changes units of degrees and radians
when you switch between the deg and rad keys. Entries may be scaled;
for example, entering 560° would yield —160°.

141:Aud FM Dew

This special function allows you to turn on and off the FM source in
Channel 1, and it allows you to set the amount of deviation for the FM
source. Deviation may be set to a minimum of 0 Hz, a maximum of
400 kHz, or any value in between.
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142:Aud FM Freq

This special function allows you to set the frequency for the FM source
in Channel 1. The frequency may be set to a minimum of 0.1 Hz, a
maximum of 400 kHz, or any value in between.

14Z2:Rud FHM Hawve

This special function allows you to select the waveform for the FM
source in Channel 1. You have five choices: Sine, Square, Triangle,
Sawtooth, or White Gaussian Noise.

144:Aud FM &

This special function allows you to adjust the phase of the FM source in
Channel 1. Phase may be expressed in terms of radians or degrees. The
front panel display immediately changes units of degrees and radians
when you switch between the deg and rad keys. Entries may be scaled;
for example, entering 560° would yield —160°.

145 :Aud oM Dew

This special function allows you to turn on and off the &M source in
Channel 1, and it allows you to set the amount of deviation for the 2M
source. Deviation may be set to a minimum of 0° , a maximum of 179.9°,
or any value in between. ®M deviation may be expressed in terms of
radians or degrees. The front panel display immediately changes units
of degrees and radians when you switch between the deg and rad keys.

14 Aud oM Freq

This special function allows you to set the frequency for the &M source
in Channel 1. The frequency may be set to a minimum of 0.1 Hz, a
maximum of 400 kHz, or any value in between.

147 :Aud oM Hawve

This special function allows you to select the waveform for the &M
source in Channel 1. You have five choices: Sine, Square, Triangle,
Sawtooth, or White Gaussian Noise.
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142 :Aud oM &

This special function allows you to adjust the phase of the ®M source in
Channel 1. Phase may be expressed in terms of radians or degrees. The
front panel display immediately changes units of degrees and radians
when you switch between the deg and rad keys. Entries may be scaled;
for example, entering 560° would yield —160°.

149 :Aud Ful=se

This spedial function allows you to turn on and off the Pulse source in
Channel 1.

158 :Aud FPul=se Freg

This special function allows you to set the frequency for the Pulse source
in Channel 1. The frequency may be set to a minimum of 0.1 Hz, a
maximum of 50 kHz, or any value in between.

151 :H8ud Ful=se @

This special function allows you to adjust the phase of the Pulse source
in Channel 1. Phase may be expressed in terms of radians or degrees.
The front panel display immediately changes units of degrees and
radians when you switch between the deg and rad keys. Entries may be
scaled; for example, entering 560° would yield —160°.

160 FEef Calibration

Dy

This special function allows you to adjust the frequency of the internal
reference oscillator. Values used to adjust the reference frequency are
in the range of 0 to 255. A change in the value of “1” corresponds to
about a 4 Hz change in the reference frequency. The value required to
set the reference to approximately 10 MHz will vary from instrument
to instrument. When an instrument preset or power on/off is done, the
reference frequency value is returned to its calibrated value. (Activate
service Special Function 331 to save the reference calibration value.)

151 :Ref Source

This special function monitors whether the instrument is using its
internal reference oscillator source or if an external timebase source
is connected. (The High Stability timebase Option 001 is seen by the
HP 8645A as an external timebase source to the rear panel REF IN
connector.) The display is continuously updated.
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This special function tests the instrument and module hardware for
failures. Turn the knob to select the test you want, and then press the
ENTER key. The message ezl t Code = H indicates that the
instrument is operating normally. A result code other than the numeral
“0” appearing on the front-panel display indicates a failure. All error
codes are defined in the Service Diagnostics Manual.

171 :Fecal

This special function allows you to recalibrate the whole instrument.
A recalibration takes about three minutes. The message Fe=wult
Code = B appears if the recalibration passes. All error codes are
defined in the Service Diagnostics Manual.

172 FEAM HWipe

This special function allows you to do a ‘hard’ reset of the instrument to
wipe out the memory contents of RAM (including the calibration data).
This eliminates any instrument settings entered by the user through
the front panel or through HP-IB. An instrument recalibration is then
automatically done.

1723  Security

This special function allows you to secure Special Functions 191 to 195.
When ON, Special Functions 191 to 195 cannot be turned off without
first forcing an automatic RAM wipe as described in Special Function
172. When this special function is active (turned ON)), it executes a RAM
wipe when turned OFF. Also, if the instrument’s power switch is turned
to STBY and then back to ON, a RAM wipe will be executed.

126:0C Yaltmeter

This special function allows you to use the instrument as a DC voltmeter.
DC voltages are monitored from the rear-panel VOLTMETER IN connector.
The front-panel displays a continuously updated DC voltage reading.
The following typical operating characteristics apply:

Range: +£50 V dc

Sensitivity: 0.5 V dc

Maximum Input Voltage: +180 V dc
Input Impedance: 130 kQ
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This special function allows you to use the instrument as an AC
voltmeter. AC voltages are monitored from the rear-panel VOLTMETER IN
connector. The front-panel displays a continuously updated AC voltage
reading in V rms. The following typical operating characteristics apply:

Range: +50 Vpk

Bandwidth: 10 kHz

Sensitivity: 0.5 Vpk

Maximum Input Voltage: +180 Vpk
Input Impedance: 130 kQ

122:Power Meter

This special function allows you to use the instrument as a power meter.
Power is monitored from a connector located under the instrument’s top
cover. The front-panel displays a continuously updated power reading
in dBm. The following typical operating characteristics apply:

Power Range: —10 to +20 dBm
Frequency Range: 250 kHz to 2 GHz
Accuracy: +5 dBm at —10 to 0 dBm
+3 dBm at 0 to +10 dBm

+1 dBm at +10 to +20 dBm
Maximum Input Power: 25 dBm
Input Impedance: 50 2 AC coupled

128 Zerial #
This special function displays the instrument’s serial number.
131 :Elank Displady

This special function allows you to blank out all instrument settings
displayed on the front panel (including the LED annunciator lights).
User interaction with the instrument is not displayed on the front panel.

1922:Blank Frequerncy

This special function allows you to blank out just the frequency setting
from being displayed on the front panel. When ON, each segment
in the Frequency/Status display will show a dash, Mode Select LED
annunciators turn off, and any special functions relating to frequency
are blanked.
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122:Blank Modolation

This special function allows you to blank out just the modulation
level setting from being displayed on the front panel. When ON,
each segment in the Modulation Level display will show a dash,
Modulation LED annunciators turn off, and any special functions
relating to modulation are blanked.

194:EBlank HAudio

This special function allows you to blank out just the audio frequency
setting from being displayed on the front panel. When ON, each
segment in the Modulation Frequency display will show a dash, and
any special functions relating to audio frequency are blanked.

195:Elank Amptd

This special function allows you to blank out just the RF amplitude
setting from being displayed on the front panel. When ON, each
segment in the Amplitude display will show a dash, and any special
functions relating to RF amplitude are blanked.

126 European Radix

This special function allows you to determine which ‘radix mark’ and
which ‘separator mark’ to use in a number. A radix mark is the divider
between the integer portion of a number and the fractional portion of a
number. The separator mark is the separator between groups of digits
in a large number.

When OFF, the radix mark displayed on the front panel is a period and
the separator mark is a comma. When ON, the radix mark displayed
on the front panel is a comma, and the separator mark is a period.
For example, 123456789 Hz would be shown as 123,456,789.00 Hz in
normal operation, however, it would be shown as 123.456.789,00 with
the European Radix ON.

288 Fast Hop Demo

This special function sets up the HP 8645A for a frequency hop
demonstration. When you activate (turn ON) this special function,
the sequence table is cleared and sample frequency and amplitude
parameters are entered into the channel table. Then, the HP 8645A
is set up to receive an external DCFM signal programmed to 5 kHz
deviation. Finally, after about 10 seconds in the Learn State, the
HP 8645A goes into the Hop State. When the Fast Hop Demo is
activated, the current front-panel settings for the instrument are lost.
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ZE1:Buffered Hop Bus

This special function allows you to choose whether or not to buffer
the FAST HOP BUS connector on the rear panel (the instrument must be
in the Fast Hop Buz Int Dusll mode to use this special function).
When ON, the Fast Hop Bus is buffered, and the sequence position
addressed by the instrument will be delayed by one hop. When OFF,
the Fast Hop Bus is not buffered, resulting in a 5 usec slower frequency
switching time without the one-hop delay.

282 0pen Loop Hop

This special function allows you to open the ALC loop when frequency
hopping the instrument. When OFF, the ALC loop is closed; closed
loop operation has less spectral splatter, more linear AM control of
output level, better isolation when power is off between frequency
hops, better level accuracy, power off during learning, and a shorter
learn time. When ON, the ALC loop is open; open loop operation
provides a shorter switching time between frequency hops.

2BZ:Fast Lwl Shift

This special function allows you to vary the amplitude level of the
RF output by —15 dB during the Hop State without causing the HP
8645A to enter the Learn State. However, using this special function
degrades the Fast Hop Operation , Amplitude accuracy specification, and
the Amplitude Modulation, AM indicator accuracy specification (refer to
the Specification table in Section 1 of the Calibration Manual for details).

Vary the amplitude level of the RF output by:

« turning the knob counter-clockwise to reduce the amplitude level
and then clockwise to reverse the amplitude level variation,

« or by entering the amplitude level variation with the front-panel
DATA keys.

2zE: VIR Setup
This special function allows you to generate a composite VOR test

signal. The instrument is set for a bearing of 0° to the station on a
carrier of 108.0 MHz.

rev.01MAR90
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22ltbocalizer Setup

This special function allows you to generate a composite Localizer test
signal. The instrument is set for 0 DDM on a carrier of 108.1 MHz.

Z2Zizlideslope Setup

This special function allows you to generate a composite Guideslope
test signal. The instrument is set for 0 DDM on a carrier of 334.7 MHz.

Z2R:0M Beacon Setup

This special function allows you to generate an OM Beacon test signal.
The instrument is set for a 2 Hz pulsed tone beacon.

224:MM Beacon Setup

This special function allows you to generate an MM Beacon test signal.
The instrument is set for a 2 Hz pulsed tone beacon.

225:IM Beacon Setup

This special function allows you to generate an IM Beacon test signal.
The instrument is set for a 2 Hz pulsed tone beacon.

2R6 Serwvice Mods

This special function allows you to run the instrument’s service
diagnostic routines. The service-diagnostic switch (referred to in the
Service Diagnostics Manual) must be in the correct position in order to
access and run any of the diagnostic tests.
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The Signal Generator interacts with the user to communicate error
messages about its operating condition. The error messages suggest
or imply that a problem exists either with the instrument or the way
in which the user is operating the instrument. Error messages are
presented to the user in two ways.

First, if the user attempts to operate the instrument beyond its
capabilities, intentionally or not, an error message is immediately
shown in the FREQUENCY/STATUS display. Refer to table D-1
for a description of the error messages that occur under these
circumstances.

Second, if the instrument detects a malfunction at power up, or as a
result of performing service diagnostics or calibration, an error message
is put into the message queue. You will know that this has occurred
because the MSSG annundiator lights up in the FREQUENCY/STATUS
display. Refer to table 7-2 for a description of the error messages that
occur under these circumstances.

The error messages in the message queue can then be viewed at the
users request by simply pressing the Utility MSSG key on the front
panel; repetitively pressing the MSSG key allows you to view all of the
error messages.

To view the error messages again, simply press the blue SHIFT key, and
then the MSSG key. If you have corrected the malfunction shown in the
error message list, the message for that error will not reappear.

A hardware failure message does not always indicate that a
hardware problem exists. Certain operating conditions may also
cause a hardware problem.

Also, if you program the Signal Generator to operate outside of
its specified operating ranges a hardware failure may occur. For
example, if the current output amplitude and AM depth results in
an output signal greater than approximately +16 dBm you may get
a hardware failure message.
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Table D-1. Error Messages Immediately Shown to the User. (1 of 9)

Error Message

f

Description

® cormt and hop conflict

AM depth foo larae

A depth too small

AM irmcr too large

AM incr too small

Amptd incr too larae

Amptd incr too small

Amptd limit too high

Amptd limit too low

Arptd offzet too laras

Amptd offset too small

Hraptd rara

i
s+
o
[
ot
e
5
[1a3
4

Arptd setting too low

Arptd setting too high

Argument oul of range

An attempt was made to initiate a Fast Hop sweep with phase-
continuous sweep active (Special Function 112), or an atlempt was
made to start phase-continuous sweep with the Fast Hop Mode 5 active.

The entered amount of AM depth is greater than the maximum
permitted (100%). Also, AM depth is limited by the current amplitude
setting, by Special Function 103 (Amptd Limit). For example, if the
current amplitude setting is +19.9 dBm, the maximum AM depth is
0%.

The AM depth value entered is less than the minimum permitted (0%).

The AM increment value entered is greater than the maximum
permitted (100%).

The AM increment value entered is less than the minimum permitted
(0.1%).

The amplitude increment value entered is greater than the maximum
permitted (100 dB or 1V).

The amplitude increment value entered is less than the minimum
permitted (0.1 dB or 0.001 xV).

The Amplitude Limit value entered is greater than the maximum
permitted (+19.9 dBm specified by Special Function 103).

The Amplitude Limit value entered is less than the minimum permitted
(—137 dBm specified by Special Function 103).

The amplitude offset value entered is greater than the maximum
permitted (50 dB).

The amplitude offset value entered is less than the minimum permitted
(--50 dB).

The range of amplitudes requested for the frequency hop are too
large. The HP 8645A does not switch attenuator pads during frequency
hopping, this would result in very slow switching times. The maximum
allowed variation of all amplitudes entered in the channel table may
vary from 20 to 30 dB.

The carrier amplitude value entered is less than the minimum permitted
(—137 dBm).

The carrier amplitude value entered is greater than the maximum
permitted (+19.9 dBm).

An attempt was made over HP-IB to send an invalid numeral in the
command parameter. For example, sending “FM:STATE 2"(there is no
STATE 2), or “FREQ:SYNT 6~ (there is no Mode 6 synthesis) would
give you this error.
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Table D-1. Error Messages Immediately Shown to the User. (2 of 9)

Error Message : Description
Attenuation too large The attenuation value entered is greater than the maximum permitted
(145 dB).
Attenuation too s=mall The attenuation value entered is less than the minimum permitted
(0 dB).
Audicz freq too hiagh The frequency of the audio source in Channel 2, entered from Special

Function 133, is greater than the maximum permitted (400 kHz).

Audioz freq too low The frequency of the audio source in Channel 2, entered from Special
Function 133, is less than the minimum permitted (0.1 Hz).

Audioz lewel too high The level of the audio source in Channel 2, entered from Special
Function 134, is greater than the maximum permitted (1 V).

Audioz lewel too laow The level of the audio source in Channel 2, entered from Special
Function 134, is less than the minimum permitted (0 V).

Audio & incr too large The increment vaiue for phase in the audio source is greater than the
maximum permitted (359.9°).

Audic & incr too s=mall The increment value for phase in the audio source is less than the
minimum permitted (0.1°).

Audio &M dew too larae The M deviation for the audio source in Channel 1, entered from
Special Function 145, is greater than the maximum permitted (179.9°).

Audio &M dev too small The &M deviation for the audio source in Channel 1, entered from
Special Function 145, is less than the minimum permitted (0°).

Audic &M freq toc hiah The $M frequency for the audio source in Channel 1, entered
from Special Function 146, is greater than the maximum permitted
(400 kHz).

Audio &M freq too low The &M frequency for the audio source in Channel 1, entered from

Special Function 146, is less than the minimum permitted (0.1 Hz).

The increment value of $M deviation for the audio source in Channel 1,
entered from Special Function 145, is greater than the maximum
permitted (179.9°).

Audio &M incr too zZmall The increment value of ®M deviation for the audio source in Channel 1,
entered from Special Function 145, is less than the minimum permitted
(0.1°).

Audic AM depth too larage The AM depth for the audio source in Channel 1, entered from Special
Function 137, is greater than the maximum permitted (100%).

Audic &M incr too 1

i
1]

Audio AM depth too small The AM depth for the audio source in Channel 1, entered from Special
Function 137, is less than the minimum permitted (0%).
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Error Message Description

Audio AM freq too hiah The AM frequency for the audio source in Channel 1, entered
from Special Function 138, is greater than the maximum permitted
(400 kHz).

Audio HM freq too low The AM frequency for the audio source in Channel 1, entered from
Special Function 138, is less than the minimum permitted (0.1 Hz).

Fudio BHM incr too large The increment value of AM depth for the audio source in Channel
1, entered from Special Function 137, is greater than the maximum
permitted (100%).

Audio AM incr too small The increment value of AM depth for the audio source in Channel 1,
entered from Special Function 137, is less than the minimum permitted
(0.1%).

Sudico FM dew too large The FM deviation for the audio source in Channel 1, entered
from Special Function 141, is greater than the maximum permitted
(400 kHz).

Audio FM devw too small The FM deviation for the audio source in Channel 1, entered from
Special Function 141, is less than the minimum permitted (0 kHz).

FBudio FM freq too hiah The FM frequency for the audio source in Channel 1, entered
from Special Function 142, is greater than the maximum permitted
(400 kHz).

Hudic FM freq too low The FM frequency for the audio source in Channel 1, entered from

Special Function 142, is less than the minimum permitted (0.1 Hz).

The increment value of FM deviation for the audio source in Channel 1,
entered from Special Function 141, is greater than the maximum
permitted (400 kHz).

Audico FM incr too 1

i
=
1

Fudio FM incr too =s=mall The increment value of FM deviation for the audio source in Channel 1,
entered from Special Function 141, is less than the minimum permitted
(0.1 Hz2).

Hudio freq incr too low The audio frequency increment value entered is less than the minimum
permitted (0.1 Hz).

Hudia freq incr too high The audio frequency increment value entered is greater than the
maximum permitted (400 kHz).

Hudio freq too low The audio frequency value entered is less than the minimum permitted
(0.1 Haz).

Hudio freq too high The audio frequency value entered is greater than the maximum

permitted (400 kHz).
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Error Message

Description

Hudi

Hudi
Hudi

Fudi

Hud

Hud

Hud

Bad

Ead

Ead
Ead

Bad

Smissing

Canmnot

e freg

Channel

o 1 1-AH conflict

14
m

"

1]
1

u

wel conflict
wel

En

14

o 1
1 incy khiah

b

o level incr low

conflict
too high
1 g

T oo

char during numeric

chan address

-,
[
It

-
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w
0
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2q address

+l
Lk
[}
—+
1
m

quernze entry

exponent

contirue

too hiah

2y freq
1o

T

takble empty

The sum of the audio levels in Channels 1 and 2 cannot exceed 1V (pk)
with the AM source in Channel 1 ON.

The sum of the audio levels in Channels 1 and 2 cannot exceed 1V (pk).

The audio level increment value entered is greater than the maximum
permitted (1 V).

The audio level increment value entered is less than the minimum
permitted (1.0 mV).

The sum of the audio levels in Channels 1 and 2 cannot exceed 1V (pk),
and too many audio sources are turned ON.

The frequency of the audio puise entered from Special Function 150
is greater than the maximum permitted (50 kHz).

The frequency of the audio pulse entered from Special Function 150
is less than the minimum permitted (0.1 Hz).

While the instrument was reading in a numeric argument, a character
other than “0" through “9” occurred at a place where it is not valid to
end the number.

An attempt was made to access an invalid channel table address.
An attempt was made to access an invalid sequence table address.

An attempt was made to enter invalid channels into the sequence table.
Refer to chapter 3 for information about the sequence table.

After getting a valid mantissa and an “E” (for exponential), a character
was found that was not a digit “0” through “9” or a = sign, or the
character was not a digit “0” through “9” after an “E+" or an “E-".

The recalled Save Register does not contain a SAVE setting, or the
recalled Save Register is less than 0 or greater than 49,

An attempt was made to enter a register value less than 0 or greater
than 9 into the Save/Recall Sequence list.

An attempt has been made to restart diagnostic testing after altering
an internal cable or module without being in the repair mode, or you
have come to the point where no additional tests are available or the
test sequence has ended.

The center frequency value entered for the sweep is greater than the
maximum permitted.

The center frequency value entered for the sweep is less than the
minimum permitted.

An attempt was made to frequency hop with an empty channel table.
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Empty sequence 1

EOC during numer

EOM during numer

EOM in #EB-8-H MW~

EOM in

Error~E0OC after

Error~E0C after

Error~EOM after

Error-EO0M after

ton big
dusll 1

dwell 1

-
»
A
%
i
-
id
-~
Q

izt

ic

ic

0 dats

arbitrary block

colon

Comma

calon

COMmns

after colon

oo 1a

oD small

Error Message Description
Dwell incr too large The dwell time increment value entered is greater than the maximum
permitted (100 msec).
Dwell incr too small The dwell time increment value entered is less than the minimum permitted

(1 psec).

An attempt was made to sequence through an empty Save/Recall
sequence list.

While the instrument was reading in a numeric argument, an end-of-
command (EOC) condition occurred at a piace where it is not valid to end
the number (for example, after a + sign, after a decimal with no leading
digits, or after an “E” for exponential).

While the instrument was reading in a numeric argument, an end-of-
message (EOM) condition occurred at a place where it is not valid to end
the number (for example, after a = sign, after a decimal with no leading
digits, or after an “E" for exponential).

Anemkﬁnw&mgaﬁOM)ww;awmmmmdnmetgxmatmydma
in, or without getting the “B” {for binary), “Q" (for octal), or “H" (for
hexadecimal) while the instrument was reading in a non-decimal numeric
argument.

An end-of-message (EOM) was encountered before the end of data while
the instrument was reading in an “arbitrary block program data”.
An end-of-command (EOC) was encountered after a colon in the

command header. A colon in the command header must always be
foliowed by a keyword mnemonic.

An end-of-command (EOC) was found after a comma. A comma in the
data string must be followed with an additional data item(s).

An end-of-message (EOM) condition was encountered after a colon in
the command header. A colon in the command header must always be
foliowed by a keyword mnemonic.

An end-of-message (EOM) was found after a comma. A comma in the
data string must be foliowed with an additional data item(s).

A space character was encountered after a colon in the command header.
A colon in the command header must always be foliowed by a keyword
mnemonic.

The numeric exponent was either less than —127 or greater than 127.

The dwell time value entered is greater than the maximum permitted.
Refer to chapter 3 for information about correct dwell times.

The dwell time value entered is less than the minimum permitted. Refer
to chapter 3 for information about correct dwell times.

The hop rate value entered is greater than the maximum permitted. Refer
to chapter 3 for information about correct hop rates.

The hop rate value entered is less than the minimum permitted. Refer to
chapter 3 for information about correct hop rates.

rev.02JUNSSY




Error Messages

Table D-1. Error Messages Immediately Shown to the User. (6 of 9)

Error Message

m‘m' -3 :

Fast level shift too high

Fact level shift too low

FM deviation too large

FM deviation too small

FM incr too large

FM incr too small

FM out of range for mods

divider too large

incyr too large

incr too small

mult too large

cffset too large

Freq offset too small

Freq range high for FH

Freq range too large

Freq setting too high

Freq zsetting too low

0

Frequencdy span too large

Frequency span too small

[

The amplitude level entered, with Special Function 203 active, was to0
high.
The ampiitude level entered, with Special Function 203 active, was to0
low.

The FM deviation value entered is greater than the maximum permitted.
Refer to the specifications in the technical data sheet or to section 1 in
the Calibration Manual for FM deviation limits.

The FM deviation value entered is less than the minimum permitted. Refer
to the specificati in the technical data sheet or to section 1 in the
Calibration Manual for FM deviation limits.

The FM increment value entered is greater than the maximum permitted
(100 MH2).

The FM increment value entered is less than the minimum permitted (0.01
Hz).

An attempt was made to change from a Synthesis Mode setting with a
mgwrmMmbnmmpJnaSwmwﬁsMmks&ﬁgwﬂ1m§dmmmm
range for the set RF output. Push the Synthesis Mode AUTO key to let

the HP 8645A determine the best mode for the deviation and RF output
you have selected.

The frequency divider value entered is greater than the maximum
permitted (—10 from the front panel, 0.1 over HP-1B).

The frequency increment value entered is greater than the maximum
permitted (10 GHz).

The frequency increment value entered is less than the minimum permitted
(0.01 Hz).

The frequency multiplier value entered is greater than the maximum
permitted (10).

The frequency offset value entered is greater than the maximum permitted
(50 GHz).

The frequency offset value entered is less than the minimum permitted
(—~50 GHz).

An attempt was made to frequency hop over a frequency range of more
than 3 specified HP 8645A octaves with FM turned on.

The range of frequencies requested for the frequency hop are too large
(refer to the specifications for limits).

The frequency value entered is greater than the maximum permitted.
The frequency value entered is less than the minimum permitted.

The frequency span value entered for the sweep is greater than the
maximum permitted.

The frequency span value entered for the sweep is less than the minimum
permitted.
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Error Message Description

Hardware not installed An attempt was made to activate a Synthesis Mode setting presently
not installed in the instrument.

Hop and sweep contlict An attempt was made, while the HP 8645A is a Fast Hop sweeper, to
set a Fast Hop parameter (ldle, Hop, Sto Chan, etc.). Or, an attempt
was made, while the HP 8645A is frequency hopping, to set a sweep
parameter (Start, Stop, Center, Span, etc.) when in the Learn State.

HE-IB Command srror This is a generic HP-1B command error. Something is wrong with the
command, but the firmware does not recognize the specific problem.

HF-IB Mo response data The instrument was given the HP-IB interface command to talk, but

HF-IB fuery

HF-IE Query unterminated

Insufficient capability

Int modulation enabled

Invalid char after .

Invalid char atter =zigan

data mhemonic

Invalid

Invalid header mremonic

Invalid suffix

Leg allowed

Sesp ot

Marker freq too hiah

i

Marker fregq too low

has not been told to say anything.

The instrument was given a command to return some data, then given
another command before the entire response was read back from the
instrument.

The instrument was given the HP-IB interface command to talk, and
has received part of a message inciuding a command to return some
data, but the message was not terminated (not completely sent, or no
end-of-message sent).

An attempt has been made to activate a function or feature presently
not configured or accessible.

An attempt has been made over HP-IB to turn off the audio source
with the internal modulation source turned on.

While the instrument was reading in a numeric argument, a character
other than “0” through “9", or an “E" {for exponential) with no digits
before the decimal occurred.

While the instrument was reading in a numeric argument, a character
other than “0” through “9”, or a decimal point occurred after the = sign.

A mnemonic was not recognized as the instrument was reading in a
non-numeric parameter.

A keyword mnemonic in the command header is not recognized as a
keyword. Incorrect protocol or a spelling mistake might be the cause.

While the instrument was reading in a numeric argument, an invalid
suffix occurred after a comma, semicolon, or end-of-command.

An attempt has been made to do phase continuous log sweep.

The marker frequency value entered is greater than the maximum
permitted.

The marker frequency value entered is less than the minimum
permitted (251,464.85 Hz).

A non-blank character other than a semicolon followed a question
mark. The question mark must either be followed by an end-of-
message, an end or command, or a space before a parameter.
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Table D-1. Error Messages Immediately Shown to the User. (8 of 9)

Descripti

Error Message
Mod and zweep conflict
Hesds space after hesader

Ho manual @ cont, sweep

Ho such special

Mot allowed-Security on

Hotice >> FM turrned off

Motice >> &M turned off

Hotice Aud state changed

Hot in Faszt Hop Mode

Hot in serwice mode

Numesric oawverflow

Fate and dwell conflict

Fate incr too larg

WD

Fate incr too small

Ui

taos khigh

o a]
14
+l
1]
%
[
il
1]
n
iy
et

too low

2e
e
oy
jg
-
i
3
I
i 3
1
o
—

Feverse power detected

BE mu=s1 turned O

-+
[ w3
[

An attempt was made to phase continuous sweep with internal
modulation on, or with internal or external FM, &M, or the audio source
turned on.

The characters following the command header must have a space or
an end-of-command message.

An attempt was made to do Manual phase continuous sweep.

An invalid Special Function number was entered. Refer to appendix C
for a list of available Special Functions.

An attempt has been made to turn on a “Blanked” display area when
the security Special Function 173 is active.

An attempt was made to turn on ®M with FM on, or an attempt was
made to go from CW to sweep or from sweep to CW with FM setto a
value out of range for the frequency that was entered.

An attempt was made to turn on FM with ®M aiready on.

A conflict has occured which causes a subcarrier modulation source
to be turned off in order to allow modulation on the RF carrier.

An attempt was made to enter or modifg a frequency hop parameter
without having first activated the MODE 5, FAST HOP key.

An attempt has been made over HP-IB to access a service Special
Function that is not accessible because the service mode switch has
been turned off.

The number was out of range for the parameter being set.

Hop rate and dwell time values conflict. (Modify the values according
to the instructions found in chapter 3 for Rate and Dwell.)

The hop rate increment value entered is greater than the maximum
permitted (100 kHz).

The hop rate increment value entered is less than the minimum
permitted (1 Hz).

The reference calibration value entered is greater than the maximum
permitted (255).

The reference calibration value entered is less than the minimum
permitted (0).

A reverse power condition was detected at either the RF Output.
(Disconnect the affected output from any external equipment and re-
enter the key sequence that originally resulted in the error. If an error
is still detected by the instrument, a reverse power problem still exists.)

An attempt was made to activate the Fast Hop Learn State without
having the RF output turned on.

An attempt was made to enter more than 10 entries into the
Save/Recall Sequence list.
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Table D-1. Error Messages Immediately Shown to the User. (9 of 9)

!

Error Message
Settings conflict
Start frequency too hiahk
Start frequency too low
Stop frequencdy too high
Stop frequency too low
Swesp settirgs conflict
Sweep time too large
Sweep time too small
Too mand audic sources
Too mand commands
Unexpected 1570
Unexpected colon
Unexpected comma
Unexpected EOC
Uhexpected EOM
Unrecoanized ' '"#'' format
Wrong char after zuffix
Mrong position for '3

Certain operating conditions are in conflict. For example, an attempt
was made over HP-IB to set the Amplitude Limit to a value less than
the current amplitude setting.

The start frequency value entered for the sweep is greater than the
maximum permitted.

The start frequency value entered for the sweep is less than the
minimum permitted.

The stop frequency value entered for the sweep is greater than the
maximum permitted.

The stop frequency value entered for the sweep is less than the
minimum permitted.

An attempt was made over HP-IB to send a command message with
conflicting sweep statements.

The sweep time value entered is greater than the maximum permitted
(refer to the specifications for limits).

The sweep time value entered is less than the minimum permitted (refer
to the specifications for limits).

There cannot be more than three other audio sources turned ON with
the audio source in Channel 1 turned ON.

Too many commands were sent in a single message. The message
must be broken up into several messages with less commands in each
one.

A guestion mark was found in the data string. A question mark shouid
only occur immediately after the command header.

A colon was found in the command header in an invalid location (for
example, after another colon, after a question mark, or found with a
command parameter).

A comma was found in the command header, before the first argument,
or after another comma. Commas are only allowed between certain
arguments in the command header or message.

An unexpected end-of-command (EOC) condition was found by the
instrument before a valid command was compiete. This includes not
having a required parameter in a command.

An unexpected end-of-message (EOM) condition was found by the
instrument before a valid command was complete. This includes not
having a required parameter in a command.

In a non-decimal numeric argument you must use a binary, octal,
hexadecimal, or “arbitrary block program data” format.

An unexpected character was encountered by the instrument after
reading in a numeric suffix. This may indicate a missing comma,
semicolon, or an end-of-message.

A question mark was found at the start of the message, after a colon
Or a space, or after an argument or a suffix. Question marks must
follow directly after command header mnemonics.
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Table D-2. Error Messages Put In the Message Queue for the User. (1 of 4)

Error Message , Description

Hardware Failure 1 A communications discriminator failure has been detected at power up,
or detected as a result of a self-calibration or self-test. Refer to figure
D-1 for corrective action.

Hardware Failurs 2 A VCO failure has been detected at power up, or detected as a result of
a self-calibration or self-test. Refer to figure D-1 for corrective action.

Hardware Failure A Fractional-N failure has been detected at power up, or detected as a
result of a self-calibration or self-test. Refer to figure D-1 for corrective

action.

Hardwars Failure 4 A modulation distribution failure has been detected at power up, or
detected as a result of a self-calibration or self-test. Refer to figure D-1
for corrective action.

Hardware Failure 5 An ALC failure has been detected at power up, or detected as a result
of a self-calibration or self-test. Refer to figure D-1 for corrective action.

Hardwars Failure & An attenuator failure has been detected at power up, or detected as a
result of a self-calibration or self-test. Refer to figure D-1 for corrective
action.

Hardware Failure 7 An audio source failure has been detected at power up, or detectedas a
result of a self-calibration or self-test. Refer to figure D-1 for corrective
action.

[xx]

Harduware Failure A reference failure has been detected at power up, or detected as a
result of a seif-calibration or self-test. Refer to figure D-1 for corrective

action.

Hardware Failure 9 A doubler failure has been detected at power up, or detected as a result
of a self-calibration or self-test. Refer to figure D-1 for corrective action.

[

Hardwars Failure 1 A front panel failure has been detected at power up, or detected as a

result of a self-calibration or self-test. Refer to figure D1 for corrective

action.

Hardware Failure 14 A power supply failure has been detected at power up, or detected as a
result of a self-calibration or self-test. Refer to tigure D-1 for corrective
action.

Hardwares Failure 135 An I/0 board failure has been detected at power up, or detected as a
result of a self-calibration or self-test. Refer to figure D-1 for corrective
action.
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Table D-2. Error Messages Put In the Message Queue for the User. (2 of 4)

Error Message

Description

Harduware

Harduars

Harduar

e

Hardware

Hardwarse

Hardwars

Harduare

Hardwars

Hardware

Hardware

Hatrdwars

Hardwars

Failure 18

-
(12

Failure

3]
o

Failurs

)
Dk

Failure

Failure 24

Failures 235

Failure 28

Failure 27

Fot
o

Failure

0
—

Failure

(1A
[

Failure

o
[

Failure

A controller failure has been detected at power up, or detected as a
result of a self-calibration or self-test. Refer to figure D1 for corrective
action.

A frequency counter failure has been detected at power up. Refer to
figure D-1 for corrective action.

A communications discriminator out-of-lock (OOL) condition exists.
Refer to figure D-1 for corrective action.

A Fractional-N (NF) phase-locked-loop (PLL) out-of-lock (OOL) condition
exists. Refer to figure D-1 for corrective action.

A VCO frequency-locked-loop (FLL) out-oflock (OOL) condition exists.
Refer to figure D-1 for corrective action.

A VCO phase-locked-loop (PLL) out-ofslock (OOL) condition exists.
Refer to figure D-1 for corrective action.

A fast controller failure has been detected at power up, or detected as a
result of a self-calibration or self-test. Refer to figure D1 for corrective
action.

An audio source out-of-lock (OOL) condition exists. Refer to figure D-1
for corrective action.

A reference out-of-lock (OOL) condition exists. Refer to figure D-1 for
corrective action.

A ROM failure has been detected at power up, or detected as a result
of a self-calibration or self-test. Refer to figure D-1 for corrective action.

A ROM failure has been detected at power up, or detected as a result
of a self-calibration or self-test. Refer to figure D-1 for corrective action.

A ROM failure has been detected at power up, or detected as a result
of a self-calibration or self-test. Refer to figure D-1 for corrective action.
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Table D-2. Error Messages Put In the Message Queue for the User. (3 of 4)

Error Message Description

Hardware Failuwres 34 A ROM failure has been detected at power up, or detected as a result
of a self-calibration or seff-test. Refer to figure D-1 for corrective action.

ft

A voitmeter failure has been detected at power up, or detected as a
resutlt of a seif-calibration or self-test. Refer to figure D-1 for corrective

action.

[£X]

Harduware Failure

8

A RAM failure has been detected at power up, or detected as a result
of a self-calibration or self-test. Refer to figure D-1 for corrective action.

(4]
(x5

Hardware Failure

Calibration Error 1 A condition occurred where invalid level calibration data resides in
either the Output or the Attenuator modules. Follow the external
calibration procedures outlined in figure D-1 .

o3

Celibration Error At some time during the calibration or self-test, a condition occurred
where some hardware was unable to be calibrated. Fix the hardware
and re-calibrate. Refer to figure D-1 for corrective action. This error

message will always be accompanied by other error messages.

A sensor indicates that inside temperature has varied +10° Centigrade
(£18° Fahrenheit) from where the temperature was when the instru-
ment was last calibrated. A re-calibration by activating Special Function
171 may be necessary for the instrument to maintain its specifications.

0y

Calibration Error

FAmplitudse Erroar 1 An Automatic-Level-Control (ALC) out-of-lock (OOL) condition exists.
An operating condition may have caused the OOL error, or a hardware
problem may exist; check out both possibilities.

Arplitude Error & A doubler amplitude out-of-lock (OOL) condition exists. An operating
condition may have caused the OOL error, or a hardware problem may
exist; check out both possibilities.

Ugser Memory Clearsd A memory failure has been detected, all battery backup memory is lost.
Refer to figure D-1 for corrective action.

Reuverse powsr detected A reverse power condition was detected at the RF Output. (Disconnect
the affected output from any external equipment and re-enter the key
sequence that originally resulted in the error. If an error is still detected
by the instrument, a reverse power problem still exists.)
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Note The “Transient Errors” listed in the following table (4 of 4) will
only appear if Special Function 328 is activated. Refer to the Service
Documentation for corrective action if you see one of these messages.

Table D-2. Error Messages Put In the Message Queue for the User. (4 of 4)

Error Message f Description

Transient Error 1 A transient communications discriminator out-of-lock (OOL) condition
occurred. Refer to the service documentation for corrective action.

A transient Fractional-N (NF) phase-locked-loop (PLL) out-of-lock (OOL)
condition occurred. Refer to the service documentation for corrective
action.

A transient Automatic-Level-Control (ALC) out-of-lock (OOL) condition
occurred. Refer to the service documentation for corrective action.

L]

Tranzient Error

n

Tranzient Error

A transient audio source out-of-lock (OOL) condition occurred. Refer to
the service documentation for corrective action.

=4

Tramzient Error

[

A transient reference out-of-lock (OOL) condition occurred. Refer to
figure D-1 for corrective action.

Transient Error

(V1)

Transient Error A transient doubler out-of-lock (OOL) condition occurred. Refer to figure

D-1 for corrective action.

A transient VCO frequency-locked-loop (FLL) out-of-lock (OO0L) con-
dition occurred. Refer to the service documentation for corrective
action.

A transient VCO phase-locked-loop (PLL) out-of-lock (O0L) conditian
occurred. Refer to the service documentation for corrective action.

o
5o

Transient Error

o

Transient Error 2
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Questions and Answers

Answers to
Commonly
Asked Questions

Question #1

Answer #1

Question #2

Answer #2

This appendix is intended to provide answers to some of the most
commonly asked questions about the HP 8645A Agile Signal Generator.
While this is not an exhaustive list of questions, it is a forum for dealing
with issues pertaining to operation of the HP 8645A.

The following list in the left column shows the topic for each subject
discussed. The list in the right column shows you where to find a
corresponding question and answer to the subject.

Demomode ........ooiiiiiiiiiiiiiniiiii i Q/A #1
Simultaneous modulation .......... ... ... ol Q/A #2
Pulseshaping.............. ... . oot Q/A #3
FMbandwidth.............. .. o o i Q/A #4
Learn State ....... ..ot Q/A #5
Spectral Purity ............... i Q/A #6
FastHopBus ........... ..o i Q/A #7
Recalibration ......... ... .. . i i Q/A #8
Frequency Accuracy ............oiviiiiiiinnniinnnnn. Q/A #9
Frequency Switching ..................... ... Q/A #10
Pseudo random hopping ............. ... ... ... Q/A #11
Amplitude control . ............ .. .. Q/A #12

Does the HP 8645A have a “demo mode” to display its frequency
hopping capabilities with a modulated signal?

Yes, the HP 8645A does have a “demo mode”. If you activate Special
Function 200, sample frequency and amplitude parameters are entered
into the channel table. Then, the HP 8645A is set up to receive an
external DCFM signal programmed to 5 kHz deviation. rate. Then, after
about 10 seconds in the Learn State, the HP 8645A goes into the Hop
State.

Will the HP 8645A perform simultaneous AM, FM, and Pulse
modulation while frequency hopping?

Yes, the HP 8645A performs simultaneous AM, FM, and Pulse
modulation while frequency hopping. However, the HP 8645A is only
specified for internal or external AM & FM, or simultaneous AM and
FM.
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Question #3 Can we shape pulses between hop frequencies? If we can, how is it
done?

Answer #3 Yes, by putting a DCAM signal into the AM Modulation Input connector
while frequency hopping you can emulate a transmitter that uses a
rigorous shaping technique; this also allows you to even decrease
spectral splatter since energy is spread over adjacent channels as a result
of pulsing the RF output on and off during frequency hopping.

Pulse shaping is done by the use of timers built into the HP 8645A that
first, as power is being shut off at a specific frequency, send a negative
step into the ALC loop so the amplitude drops at a rate consistent with
the ALC bandwidth. After several microseconds, the pulse modulator
is actuated to get an additional 35 dB or more off ratio. The timing is
reversed for the power coming up at the new frequency, and the pulse
modulator is activated first and then the ALC loop is allowed to return
to its normal level delayed by several microseconds.

Pulse shaping cannot take place when the ALC loop is open (as a result
of activating Special Function 202 or by using the HP-SL command
statement FHOP:ALC:STATE OFF).

Question #4 What is the FM bandwidth when the HP 8645A is frequency hopping?

Answer #4 The FM bandwidth when the HP 8645A is frequency hopping is the
same when in normal operation. FM bandwidth is a function of the
maximum rate at which the RF output is modulated. The following
table will help to illustrate the FM bandwidth (note: the lower 3 dB
bandwidth limit is typically 20 Hz for ac coupling).

Carrier M’;a":'e"m
Frequency (3 dB BW)

(MHz) )
1030 to 2060 10000
515 to0 1030 10000
257 10 515 5000
128 to 257 2500
64 to 128 1250
32 to0 64 625
16 to 32 313
810 16 156
41t08 78
2to 4 39
1t02 19.5
05t01 8.7
0.25 10 0.5 48
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Question #5 How long does the HP 8645A take to learn frequency and amplitude
settings before it can frequency hop, and how often does it need to be
done?

Answer #5 It takes at least 10 seconds and as much as 2.5 minutes to learn all
of the frequency and amplitude settings before frequency hopping can
occur. The time it takes depends upon the number of unique channels
set up in the sequence table.

Since the frequency accuracy of the RF output is temperature depen-
dant, the Learn State should be kept active when not frequency hop-
ping, or re-initiated if the ambient temperature has changed significantly
since the last completed learn operation. This ensures the most accurate
RF output while frequency hopping. Refer to chapter 3 in this Operation
Guide for more information about the Learn State.

Question #6 What is the spectral purity while frequency hopping?

Answer #6 The spectral purity depends upon the carrier frequency during the
frequency hop operation. The following table summarizes the SSB
phase noise specifications (which are typically 6 dB better) at the
different carrier frequency bands for CW, AM, or FM operation. Refer to
chapter 1 in the HP 8645A Calibration Manual for specific information
about spurious signals:

) Fast Hop
Carrier Operation
Frequency | g Kz Offset
(MHz) dBc/Hz)
1030 to 2060 —-117
515 to 1030 —~124
257 t0 515 -130
128 to 257 -~133
64 to 128 -137
32 to 64 -139
16 to 32 —141
81016 —142
4108 —143
2to4 ~144
1to2 —~144
05¢t01 —~144
0.25t0 0.5 —144
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Question #7

Answer #7

Question #8

Answer #8

Question #9

Answer #9

What is the Fast Hop Bus, and how do I use it?

The Fast Hop Bus is a DB-25 pin connector located on the rear-panel of
the HP 8645A. Its purpose is to provide a means of external control and
synchronization for the frequency hop sequence. Specific control and
synchronization information on the Fast Hop Bus is found in chapter 3
of this Operation Guide.

How temperature sensitive is the HP 8645A, and how often do I need
to perform a recalibration?

The HP 8645A has a general operating temperature range of 0 to +55°C.
Whenever the instrument senses a temperature variation of +10°C, a
recalibration should be done to ensure that all specifications are being
met. The error message Temp [Orift. Eecalibrateis
put into the message queue if the temperature variation occurs. Activate
Special Function 171 to recalibrate the instrument.

If an instrument failure occurs, the MSSG annunciator will appear in
the FREQUENCY/STATUS display. Acitivate Special Function 171 to
recalibrate the innstrument.

Depennding upon use and environnmental conditions, the instument
should be checked using the Performance Tests in the Calibrationn
Manual every three years.

What kind of frequency accuracy does the HP 8645A have with FM on,
and will I get the same kind of accuracy when frequency hopping?

Carrier frequency accuracy for FM is specified in the HP 8645A technical
data sheet. You get the best carrier frequency accuracy when Digitized
FM synthesis is active. Linear FM synthesis (activated by Special
Function 121) produces slight carrier frequency inaccuracies that are
more apparent as FM deviation increases.

During frequency hopping, carrier frequency accuracy is +2 ppm and
typically is £1 ppm.

One important fact to remember is that all HP 8645A specifications are
warranted to apply 24 hours after the unit has been connected to a
power line and 10 minutes after turning on the POWER switch (except
frequency hopping in Mode 5 which has a 2 hour warm up after turn
on).
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Question #10

Answer #10

Question #11

Answer #11

Question #12

Answer #12
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How fast does the HP 8645A switch from one frequency to another
when frequency hopping?

To answer this question, you need to understand the concept of dwell
time in relation to switching time. Dwell time is the duration of the RF
output power for any channel at the RF Output connector. The duration
covers a time period between two points where the RF output power is
turned 90% on and 10% off. Sp with this in mind, the user has a limited
amount of control over the speed in which the HP 8645A switches by
controlling the dwell time.

The amount of control the user has over the dwell time is dependent
upon the internal switching time of the hardware in the HP 86454, and
upon the hop rate you choose. If you refer to chapter 3 in this Operation
Guide for more information, you will see that switching time is a function
of the frequency range over which the HP 8645A is commanded to
frequency hop.

Can you frequency hop to channels in a pseudo random manner?

Yes, the HP 8645A will frequency hop in a pseudo random manner
when the user provides the external triggering, timing control, and
synchronization. Pseudo random frequency hopping may also be done
with internal triggering if a pseudo-random sequence is loaded into the
sequence table from the front panel or through HP-IB. The HP 8645A
by itself does not generate pseudo random frequency hops.

Can I control the output amplitude while frequency hopping for receiver
sensitivity measurements?

The HP 8645A has a 20 dB output amplitude dynamic range over which
frequency hopping can occur. You can extend the output amplitude level
variation of the RF output by —15 dB during the Hop State without
causing the HP 8645A to enter the Learn State by activating special
function 203.

Connecting an external attenuator to the RF output will allow you to
further reduce the output amplitude.
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HP-SL Quick Reference Guide

Introduction to
HP-SL Syntax
Drawings

Command Statements

Command Message

This appendix provides syntax drawings with Hewlett-Packard System
Language (HP-SL) information for remote operation of the HP 8645A
over the Hewlett-Packard Interface Bus (HP-IB). Use this appendix
once you are familiar with the basic structure of HP-SL. Refer to
chapter 5 What About Programming? for an introduction to HP-SL, and
for programming reference information.

Command statements are used to either modify or query the HP 8645A.
A general representation of a command statement is shown in
figure F-1. Keywords are recognized in the command statement as those
listed in either the HP-IB Control Language Dictionary or the HP-SL
Device Status Dictionary.

Keywords may be followed by a question mark for a query, or by a
space and then a command parameter (as described in the HP-SL Notes
in chapter 5).

:—\KEYWORD} \
L—@—j ‘L—-(space S command parometer)—j

Figure F-1. Command Statement Syntax Drawing.

One or more command statements on a line of programming code
make up a command message. A general representation of a command
message is shown in figure F-2. All command messages are terminated
by either a new line (ASCII character 10), or an HP-IB end-or-identify
(EOI). (The EOI is not a separate character but is a bus message sent
along with a data character “new line” or the last character of the
command statement.)

e ASCH
NS LINE -FEED
CNL D
HP-IB

END 'OR IDENTIFY

Figure F-2. Command Message Syntax Drawing.
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Subsystem Syntax All subsystem syntax drawings are represented pictorially. The follow-
ing rules apply to all syntax drawings:

e A rounded envelope indicates that the HP-SL command must be
included in the command statement.

] e A rectangular box indicates an optional HP-SL command which
may or may not be included in the command statement.

B i - ¢ A diamond shaped envelope usually indicates a command param-
eter preceeded by a space, and in some cases the diamond shaped
envelope is used to indicate that a “term” (terminator) is required
to finish the command statement. Refer to the HP-SL Notes shown
below for a description of each command parameter.

Mimum ¢ Any HP-SL command written in italics is an alias to another HP-SL
command.

HP-SL Notes indicates that a “%” or “PCT” termination is required. “ % ”
is assumed as the default value .

indicates that a “dB”, “V”, “mV”, “uV” termination is
required. “dB” is assumed as the default value.

indicates that a “dB”, or “V” termination must be specified.

indicates that “dBm”, “dBmW” (“dBmW"” is alias for “dBm”),
“dBuV”, “V”, “mV”, “uV”, or no termination is required.

indicates that a “dBm”, “dBmW”, “V”, or “dBuV” termi-
nation must be specified.

indicates that a “DEG”, “RAD”, or no termination must be
specified. “RAD” (radian) is assumed as the default value.

indicates that sources “AC”, “DC”, “GROund”, or “GND”
are available.

indicates that “HZ”, “KHZ”, “MHZ", “MAHZ", “GHZ", or no
termination is required. “HZ” is assumed as the default value.

indicates that “V”, “mV”, “uV”, or no termination is
required. “V” is assumed as the default value.

indicates that “AM”, “FM”, “PM”, or “PULSe” is required.

(non-decimal numeric program datay indicates that the pound symbol “#”
should be followed by either a “B” and a binary representation of a
number, or “Q” and a octal representation of a number, or “H” and a
hexadecimal representation of a number.
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@) indicates that an ASCII representation of a number is required.

indicates that an “OHM”, “KOHM~”, “MOHM" or no
termination is required. “OHM” is assumed as the default value.

indicates that “INTernal”, or “EXTernal”, or more than one
source separated by commas is required.

indicates an ASCII character in the range of 0 through 9 or 11
through 32 decimal.

indicates that “S”, “mS”, “uS”, “nS” or no termination is
required. “S” (seconds) is assumed as the default value.
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Miscellaneous Operating Features

Everything
Else You
Need to Know

Table of Contents

The chapters and appendixes in this Operation Guide have provided
you with operating information for most of your needs. This appendix
describes the operating features that include everything else you need
to know to operate the HP 8645A.

The miscellaneous operating features are alphabetically arranged. A
table of contents for each feature is as follows:

Amplitude Offset .......... ..o G-2
AUtO SEQUENCE .. ..\ttt G-2
Clear All ...ttt i e e G-3
DASPlaY . . oo e G-3
EME i e G-4
Frequency Offset .......... ..., G-4
Knob Hold . . ... o i e G-5
KnobIncrement .........ooiiiiiiiiiiiiiiiiin i G-5
Phase Decrement ..........couiniiiiiiiiiiiinnaneeeeerennnn. G-6
Phase INCrement . . ... ovvvnve e iiiiie i G-6
SEQUENCE ...ttt vttt eit e e G-6

Set SEqUENCE . ... vttt e G-6
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Amplitude Offset

The CARRIER AMPTD OFS key allows you to change the output
amplitude displayed on the front panel by a value ranging from +50 dB
to —50 dB without changing the actual output amplitude value. Press the
blue SHIFT key, and then the AMPTD OFS key; you will see the following
in the FREQUENCY /STATUS display:
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Simply enter the amplitude offset that you want. The default amplitude
offset value is 0 dB.

Auto Sequence

The UTILITY AUTO SEQ key allows you to continually sequence through
the first 10 storage registers (0-9) in the order you determine by using
the SET SEQ key; any storage register 0-9 may be recalled more than
once in the Auto Sequence.

Press the blue SHIFT key, and then the AUTO SEQ key to start the Auto
Sequence routine. The Auto Sequence routine will perform frequency
sweep and frequency hopping under the following conditions:

o If a frequency sweep occurs when the Auto Sequence is active, the
HP 8645A outputs a single sweep and then proceeds to output
the settings recalled from the next sequence. (Frequency sweep
parameters must be saved while the HP 8645A is sweeping.)

o If frequency hopping occurs when the Auto Sequence is active,
the HP 8645A cycles through channels in the sequence table once
and then proceeds to output the settings recalled from the next
sequence. (Frequency hop parameters must be saved while the
HP 8645A is frequency hopping. The Learn State occurs each
time the Auto Sequence comes to a storage register that contains
frequency hop parameters.)

A frequency hop and frequency sweep cannot occur in the same
sequence. The HP 8645A uses the same memory locations for the
channel table and for calculating sweep steps. Stop the Auto Sequence
by pressing the blue SHIFT key, and then the EXIT key.
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Clear All

The UTILITY CLEAR ALL key allows you to clear all storage registers from
memory. When you press the CLEAR ALL key, you will see the following
in the FREQUENCY /STATUS display:

» " i
- ’ S ? R e e .
SE O HE g e

bl )
¥
o

| 4
RC I
¥K]

T

¢
1
in
1

:

Simply press the ON key to execute the clear all function.

Display

Display Special

Display Recall

The UTILITY DISPLAY key allows you to see the settings for three things:
e The currently active special functions.
o The settings for any storage register.

o The storage register numbers used with the sequence function.

Press the DISPLAY key, and you will see the following:
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Press the SPECIAL key to see the numeral of any special function that has
been activated. For example, if Special Functions 112, and 130 are active,
you would see the following in the FREQUENCY/STATUS display:
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Press the RECALL key to see the following in the FREQUENCY /STATUS
display:
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Simply enter the number of the storage register you want to recall, and
press the ENTER key. Then for approximately 5 seconds, the contents of
the storage register are displayed. The RF output does not change to
the settings in the displayed storage register.
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Display Sequence

Press the SEQ key to see the storage register sequence that was set up
by using the SET SEQ key. For example, if a sequence was set up using
storage registers 0, 5, 2, and 6, you would see the following in the
FREQUENCY /STATUS display:

e
l%

.

s um— %
im—.

L7 i
e
5 e
-
‘ (W
¥

...
?i»‘ -‘
e
i
L L
ol
i‘
]
.y

.
3 %
» »

Only 10 storage registers are allowed in a sequence. The storage
registers may be any from 0 through 9; storage registers 10 through
49 are not allowed in the sequence.

EMF

The CARRIER emf key allows you to display the output amplitude
in emf units. When emf units are active, the output amplitude is
referenced in volts to an open circuit output impedance. Press the
blue SHIFT key, and then the emf key; you will see the following in the
FREQUENCY /STATUS display:
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Simply press the ON key to activate the emf function. You will notice
that the emf annunciator appears in the AMPLITUDE display. The emf
function has no effect on output amplitude values in dBm. However, if
the displayed output amplitude is 1 V, for example, it would be 2 Vemf.

Frequency Offset

The CARRIER FREQ OFS key allows you to change the RF output
displayed on the front panel by a value from +50 GHz to ~50 GHz
without changing the actual RF output value. Press the blue SHIFT
key, and then the FREQ OFS key; you will see the following in the
FREQUENCY/STATUS display:
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Simply enter the frequency offset that you want. The default value of
frequency offset is 0 Hz.
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Knob Hold The INCR/DECR KNOB HOLD key allows you to hold knob control to
one of the following functions:

e Frequency

e Amplitude

Audio Frequency
AM Depth
e FM Deviation

Start Frequency

Stop Frequency
¢ Center Frequency
e Span Frequency
e Marker Frequency

When the Knob Hold is active, you may change any other function by
entering the parameter value with the Data keys, or the INCR/DECR

EI and [U] keys.

“ ”

To activate the Knob Hold, select a function (so the “7” cursor is located
in that area), press the blue SHIFT key, and then the KNOB HOLD key.

When you select another function, a duplicate “7” cursor appears to
indicate that the function is active.

Knob Increment The INCR/DECR KNOB INCR key allows you to set knob increment
values for any front-panel function that can be modified by turning the

knob, or pressing the |0 or El keys. Use the following directions:
1. Select the function you want.
2. Press the blue SHIFT key, and the KNOB INCR key.
3. Press the INCR SET key, and then enter the new Knob Increment
value.
There are two ways to turn off the Knob Increment, as follows:
e Press the KNOB OFF key.

« Press either the INCR/DECR [«v] or [v=] keys.
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Phase Decrement The INCR/DECR & DECR key allows you to decrease the phase of the
RF output in one-degree decrements each time the key is pressed. If the
& DECR key remains pressed, the phase of the RF output continues to
decrease in one-degree decrements.

Phase Increment The INCR/DECR & INCR key allows you to increase the phase of the
RF output in one-degree increments each time the key is pressed. If the
& INCR key remains pressed, the phase of the RF output continues to
increase in one-degree increments.

Sequence The UTILITY SEQ key allows you to sequence through the first 10
storage registers (0-9), one register at a time, in the order you determine
by using the SET SEQ key; any storage register may be recalled more than
once in the sequence.

Repetitively press the SEQ key to cycle through each storage register in
the sequence. The HP 8645A will output the settings for each storage
register that was saved in the sequence.

A frequency hop and frequency sweep cannot occur in the same
sequence. The HP 8645A uses the same memory locations for the
channel table and for calculating sweep steps.

Set sequence The UTILITY SET SEQ key allows you to recall storage registers 0-9 in
any order. You may only set up 10 sequences; however, storage registers
0-9 may be recalled more than once. Storage registers 10 through 49
are not allowed in the sequence. The AUTO SEQ key or the SEQ key are
used to recall the set sequences.

Press the blue SHIFT key, and then the SET SEQ key; you will then see
the following in the FREQUENCY /STATUS display:
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Simply enter the storage register you want in the #0 sequence position,
and then press the ENTER key. The sequence position number increments
up one number at a time to #9 and then automatically exits the
set sequence mode. If you want less than 10 storage registers in the
sequence, exit the sequence mode by pressing the blue SHIFT key, and
then the EXIT key.

You may display the sequence positions set for each storage register.
Refer to the “Display” directions in this appendix.
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Synthesized Audio Oscillator

In this Appendix
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This appendix describes how to use the Synthesized Audio Oscillator
in the HP 8645A. The Synthesized Audio Oscillator provides multi-
function synthesis capabilities that allows you to generate a subcarrier
from complex audio signals from 0.1 Hz to 400 kHz. The subcarrier is
applied, in turn, as a modulating wave to the RF carrier signal. You
will also see that the AUDIO connector provides access to the complex
audio signals for external applications.

The Synthesized Audio Oscillator consists of two audio source
channels; each may be summed together. In addition, the audio signal
in one channel may be modulated with a combination of AM, FM,
®M, or Pulse. Five fundamental waveforms are at your disposal:
sine, square, triangle, sawtooth, and white Gaussian noise. Read this
appendix to:

e Learn how to use the audio source as a subcarrier to modulate the
RF carrier.

o Understand the multifunction synthesis capabilities by reviewing
block diagrams.

o Create complex audio signals by activating Special Functions.

o Apply the multifunction synthesis feature set to your specific
testing or experimental needs.

The Synthesized Audio Oscillator uses Special Functions 130 through
151 and 220 through 225. As you will see, these special functions
control the multifunction synthesis for the Internal Audio Source. (A
brief description of each special function is found in appendix C.)
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The Directory  Use the illustration shown below as your guide for each subject in this
appendix. Two choices are recommended for first time users:

1. Get some “hands on” experience by doing the Quick Demonstration
starting on the next page.

2. Otherwise, turn to the section titled An Explanation of the Synthesized
Audio Oscillator for specific information about the multifunction
synthesis capabilities of the HP 8645A.

Refer to the section titled Typical Applications once you are familiar with
generating complex audio signals.

A Quick Demonstration
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Synthesized Audio Oscillator H~3

A Quick
Demonstration

Procedure to
Sum Channel 1
with Channel 2.

STEP 5 & 4

In the following procedure (which takes about 15 minutes), you will
learn how to make the HP 8645A sum the audio source in Channel 1
with the audio source in Channel 2 to simulate dual-tone modulation
on a subcarrier. The next section of this appendix An Explanation of the
Synthesized Audio Oscillator fully describes both Channels 1 and 2.

Use an oscilloscope to observe the results of the following procedure:

HP 86454
AGILE_SIGNAL GENERATOR

OSCILLOSCOPE

Figure H-1. Equipment Setup for the Quick Demonstration.

Set Up and Adjust the Oscilloscope

1. Connect the HP 8645A to the oscilloscope as shown in figure H-1.
Turn on the equipment and make the following adjustments:

On the Oscilloscope:

Volts /Div. ..o e 500 mV
Time/Div. ...t 300 usec

Adjust the Audio Source in Channel 1

2. Press the green INSTR PRESET key. Doing so presets the HP 8645A
to a known state for the following steps.

3. Press the AUDIO FREQ key, and then the ON key. An audio frequency
of 1 kHz should be displayed on the front panel.

4. Press the blue SHIFT key, and then the AUDIO LEVEL key. The
HP 8645A should now show the following in the MODULA-
TION/AMPLITUDE display:
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5. Turn the knob counterclockwise to reduce the audio level to
500 mV. In a following step, the audio source in Channel 2 will
also be set to 500 mV; this is because the HP 8645A cannot sum
together more than 1 Vpk from both channels.

A 1 kHz sine wave 500 mV is then applied to the oscilloscope from
the 600 (2 AUDIO output connector.
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Adjust the Audio Source in Channel 2
6. Press the SPECIAL key, number “134”, and press the ON key.

Se e F T 7. Adjust the audio source level in Channel 2 to be 500 mV (pk).
FEE tor @ BnEts w The HP 8645A should now show the following in the FRE-
QUENCY/STATUS display:
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8. Press the SPECIAL key, number “133”, and press the ON key.
The HP 8645A should now show the following in the FRE-
QUENCY /STATUS display:
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9. Press the ON key, and then adjust the audio source of Channel 2
to a frequency of 1 kHz. A 1 kHz sine wave 1 Vpk should appear on
the oscilloscope display. The 1 Vpk signal is the result of Channel 1
and Channel 2 being summed together.
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Observe and Modify the Resuits

10. Press the SPECIAL key, number “135”, and press the ON key.
The HP 8645A should now show the following in the FRE-
QUENCY /STATUS display:
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11. Turn the knob. For each waveform, a different composite signal
appears on the oscilloscope display:
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Remember The signal from the Internal Audio Source can be used to modulate

the RF carrier. The same signal taken from the AUDIO connector may
also be used for external applications (for example, on an external
speaker).

12. Turn the knob to display the sine wave on the oscilloscope.
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13. Press the SPECIAL key, number “136”, and press the ON key.

14. Turn the knob to adjust the audio source in Channel 2 to be
+180° out of phase with the audio source in Channel 1. Notice the
sine wave shown in the oscilloscope display decreases in amplitude
until 0 V dc is left.

15. Press the SPECIAL key, number “135”, and press the ON key. Turn
the knob. For each waveform, a different composite signal appears
on the oscilloscope display (the Volts/Division setting on your
oscilloscope may need to be changed to get the same displays
shown below):
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Note The subcarrier waveforms shown above do not refer to a specific

application. They are simply shown to provide you with an example
of the multifunction synthesis that takes place. Refer to “Typical
Applications” for specific application examples.
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An Explanation of
the Synthesized
Audio Oscillator

If You Need to Know: Refer to:
e how the Internal Audio
Source generates Complex
audio signals ........................ Block Diagrams -
An Introduction
(H-8)
® how many subcarrier sources
can be active at any time ........... Subcarrier Sources -
Maximum that

e what is the maximum output voltage
from the Internal Audio Source .....

e about the main audio

o how to modulate the
main audio source ..................

o how to modulate the
RF carrier ........ouviiiiiiininann.

o how to set increment and
decrement values ....................

e how to save and recall
storage registers ....................

may be Active (H-10)

Subcarrier Sources -
Maximum
Voltage Levels (H~10)

Audio Source:
Channel 1 (H-11)

Audio Source:
Channel 2 (H-12)

Subcarrier
Modulation Sources
in Channel 1 (H-14)

Modulating the
RF Carrier (H-19)

Increment/Decrement
the Internal Audio
Source (H-21)

Save and Recall
Settings (H-21)
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Block Diagrams The HP 8645A Signal Generator is depicted by the simplified block
- An Introduction diagram shown in figure H-2. The Internal Audio Source shown in
figure H-2 produces audio frequency signals from 0.1 Hz to 400 kHz.
By activating Special Function 130, the audio frequency waveform may
be changed; five waveforms, sine, square, triangle, sawtooth, and white

Gaussian noise are available.

MODULATION

& =
S

INTERNAL AUDIO
SOURCE

Figure H-2. Simplified Overall Block Diagram.
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When you use Special Functions 133-135, the Internal Audio Source be-
comes a two channel multifunction synthesizer as shown in figure H-3.
The audio source in Channel 1 may be modulated; AM, FM, ®M, and
Pulse subcarrier modulation are available.

ooooollo o
oooo O
oooo
odoollooo

o o é
CARRIER

=

INTERNAL AUDIO
SOURCE

Subcarrier W
Modulation
Sources

Audio Souce:
Channel 1

Audio  Souce:
Chonnel 2

Figure H-3. The Internal Audio Source Using Special Functions 133-135.
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Subcarrier Sources

- Maximum that

may be Active

——

1 %gb

Note

Subcarrier Sources

- Maximum

Voltage Levels

Note

It is not permissible to turn ON all the subcarrier sources at once. The
following rule applies to the maximum allowed ON at any time:

Rule: The audio source in Channel 1 may be turned ON
in combination with any three other sources.

Besides the audio source in Channel 1, there are five other sources, as
follows:

e Audio Source: Channel 2
¢ Subcarrier AM Source
¢ Subcarrier FM Source
¢ Subcarrier #M Source

o Subcarrier Pulse Source

The error message “Ton mand audio Sources” ap-
pears if you exceed the maximum limit described above.

The Internal Audio Source may have a maximum of 1 Vpk summed
(Z) together from the audio sources in Channels 1 and 2. The preset
condition of the HP 8645A sets the AUDIO LEVEL of the audio source
in Channel 1 to 1 Vpk into 600 €. You must reduce this level before
turning ON any one of the other five sources.

The error message “Auidic lewel conflict”appearsif
you attempt to exceed the maximum summed limit of 1 Vpk for
Channels 1 and 2.

Also, the error message “Audic levwel AN conflict”
appears if you attempt to exceed the maximum summed limit of
1 Vpk for Channels 1 and 2 with the subcarrier AM source in
Channel 1 turned ON.
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Audio Source: The Quick Demonstration showed that frequency, level, and on/off

Channel 1 state are controlled by keys on the front panel; whereas, waveform is
controlled only after Special Function 130 is activated. As shown in
figure H-4, the audio source in Channel 1 has four parts:

¢ Audio Frequency

;} s Audio Level
o Waveform

e On/Off State

AUDIO SOURCE: CHANNEL 1

L

SPECIAL 130

Figure H-4. Block Diagram of the Audio Source in Channel 1.

Note The audio source in Channel 1 is the reference to which the phase
of the other sources is relative to.
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The audio source in Channel 1 operates within the limits shown in
table H-1. You'll receive an appropriate error message if the limits are
exceeded. (appendix D provides error message descriptions.)

Table H-1. Limits for the Audio Source in Channel 1.

r_ Limits YI Frequency ‘Level
Minimum 0.1 Hz 0 Vpk
Maximum 400 kHz" 1 Vpk
Resolution 4 digits 0.001 Vpk

" The AUDIO output has a typical bandwidth of 400 kHz for all
waveforms. This affects compiex waveforms with frequency
components greater than 400 kHz.

Audio Source: The Quick Demonstration showed that special functions are used to
Channel 2 control the audio source in Channel 2. As shown in figure H-5, the
audio source in Channel 2 has five parts:

e On/Off State
¢ Frequency
o Level

o Waveform

o Phase

AUDIO SOURCE: CHANNEL 2

ir

SPECIAL 134 SPECIAL 135 SPECIAL 136

SPECIAL 133
Figure H-5. Block Diagram of the Audio Source in Channel 2.
Remember The phase of the audio source in Channel 2 is relative to the phase

of the audio source in Channel 1.
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The audio source in Channel 2 operates within the limits shown in
table H-2. You'll receive an appropriate error message if the limits are
exceeded. (Appendix D provides error message descriptions.)

Table H-2. Limits for the Audio Source in Channel 2.

Limits Frequency Level Phase™
Minimum 0.1 Hz 0 Vpk -179.9°
Maximum 400 kHz" 1vpk +180°

Resolution 4 digits 0.001 Vpk 0.1°

* The AUDIO output has a typical bandwidth of 400 kHz for all waveforms. This
affects complex waveforms with frequency components greater than 400 kHz.
Phase may also be expressed in terms of radians by pressing the front pane! rad
key. Any entry beyond the maximum and minimum limits will be scaled. For
example, entering 560°would yield —160°.

x*
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Subcarrier Modulation  Four subcarrier sources (AM, FM, M, and Pulse) are available to
Sources in Channel 1 modulate the audio source in Channel 1. Each subcarrier modulation
source may be modified to control frequency, phase, level, depth, or
deviation; also, each may be turned ON and OFF.

%gb AM Modulating the Audio Source in Channel 1.

SUBCARRIER AM SOURCE

AN

SPECIAL 137 SPECIAL 138 | SPECIAL 139 SPECIAL 140

Figure H-6. Block Diagram of the Subcarrier AM Source.

Remember The phase of each subcarrier modulation source is relative to the
phase of the audio source in Channel 1.

The on/off state, depth, frequency, waveform, and phase of the
subcarrier AM source in Channel 1 is controlled by special functions
as shown in figure H-6. The subcarrier AM source operates within
the limits shown in table H-3. You'll receive an appropriate error
message if the limits are exceeded. (Appendix D provides error message
descriptions.)
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Note

A common operator’s mistake occurs when the subcarrier AM
source is turned ON with the AUDIO LEVEL of the audio source
in Channel 1 set to 1 Vpk (the preset condition), or to a value
greater than the amount allowed for the desired AM depth. The
error message Audic level -AM conflict will then
appear. Simply reduce the AUDIO LEVEL to an appropriate value for
the amount of subcarrier AM depth selected.

Table H-3. Limits for the Subcarrier AM Source.

e

Minimum 0% 0.1 Hz -179.9°
Maximum ' 100 % 400 kHz" +180°
Resolution 0.1% 4 digits 0.1°

*

The AUDIO output has a typical bandwidth of 400 kHz for all waveforms. This
affects complex waveforms with frequency components greater than 400 kHz.

" Phase may also be expressed in terms of radians by pressing the front panel rad
key. Any entry beyond the maximum and minimum fimits will be scaled. For
example, entering 560°would yeild —160°.
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j FM Modulating the Audio Source in Channel 1

SUBCARRIER FM SOURCE

SPECIAL 141 SPECIAL 142 SPECIAL 143 SPECIAL 144

Figure H-7. Block Diagram of the Subcarrier FM Source.

The on/off state, deviation, frequency, waveform, and phase of the
subcarrier FM source in Channel 1 is controlled by Special Functions
as shown in figure H-7. The subcarrier FM source operates within the
limits shown in table H-4. You'll receive an error message if the limits
are exceeded. (Appendix D provides error message descriptions.)

Table H-4. Limits for the Subcarrier FM Source.

Limits Deviation Frequency Phase™”
Minimum 0 Hz 0.1 Hz —179.8°
Maximum 400 kHz 400 kHz™ +180°
Resolution 0.001 Hz 4 digits 0.1°

The AUDIO output has a typical bandwidth of 400 kHz for all waveforms. This
affects complex waveforms with frequency components greater than 400 kHz.
Phase may also be expressed in terms of radians by pressing the front panel rad
key. Any entry beyond the maximum and minimum limits will be scaled. For
example, entering 560°would yeild —160°.

e e
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&M Modulating the Audio Source in Channel 1

SUBCARRIER &M SOURCE

SPECIAL 145

SPECIAL 146

SPECIAL_ 147 _

SPECIAL 148

Figure H-8. Block Diagram of the Subcarrier ®M Source.

The on/off state, deviation, frequency, waveform, and phase of the
subcarrier ®M source in Channel 1 is controlled by Special Functions
as shown in figure H-8. The subcarrier ®M source operates within the
limits shown in table H-5. You'll receive an error message if the limits
are exceeded. (Appendix D provides error message descriptions.)

Table H-5. Limits for the Subcarrier ®M Source.

Limits Deviation Frequency Phase™"
Minimum 0° 0.1 Hz —179.9°
Maximum +179.9° 400 kHz" +180°
Resolution 0.1° 4 digits 0.1°

* The AUDIO output has a typical bandwidth of 400 kHz for all waveforms. This
affects complex waveforms with frequency components greater than 400 kHz.

" Phase may also be expressed in terms of radians by pressing the front panel rad
key. Any entry beyond the maximum and minimum limits will be scaled. For
example, entering 560°would yeild —160°.
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Puise Modulating the Audio Source in Channel 1

S—

—

SUBCARRIER PULSE SOURCE

SPECIAL 149 SPECIAL 150 SPECIAL 151

Figure H-9. Block Diagram of the Subcarrier Pulse Source.

The on/off state, frequency, and phase of the subcarrier Pulse source
in Channel 1 is controlled by Special Functions as shown in figure H-9.
The subcarrier Pulse source operates within the limits shown in
table H-6. You'll receive an error message if the limits are exceeded.
(Appendix D provides error message descriptions.)

Table H-6. Limits for the Subcarrier Pulse Source.

Limits Frequency Phase”
Minimum 0.1 Hz —179.9°
Maximum 50 kHz +180°
Resolution 4 digits 0.1°

Phase may aiso be expressed in terms of radians by
pressing the front panei Fad key. Any entry beyond the
maximum and minimum limits will be scaled. For example,
entering 560°would yeild —160°.
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Modulating
the RF Carrier

INTERNAL AUDIO
SOURCE

Subcarrier
Modulotion
Sources

1 Vpk

Audio Souce:
Chennel 1
Audio  Souce: ’
Chonnel 2

In standard operation (no special functions active), the Audio Source
on the HP 8645A provides a sinusoidal waveform with an AUDIO LEVEL
that may be reduced from a value of 1 V (pk) to 0 V (pk). Reducing the
AUDIO LEVEL allows you to turn ON the audio source in Channel 2, and
to set depth for the subcarrier AM source.

As shown in figure H~10, the HP 8645A requires a 1 Vpk signal from
an external audio source, and/or a 1 Vpk signal from the Internal
Audio Source to provide calibrated operation when the RF carrier is
being modulated. Voltage levels less than these reduce the amount of
modulation on the RF carrier.

oooo O

oooo

ooogllooo
23000 © ©

‘MODULATION

2
3

1 Vpk

EXTERNAL AUDIO
SOURCE

Figure H-10. Voltage Levels to Produce a Calibrated RF Output.
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Internal Audio Source voltage originates from:
e Channel 1 only, or

e summing Channel 1 with any of the other subcarrier modulation
sources, Or

¢ summing Channels 1 and 2, or

e summing Channels 1 and 2 with any of the other subcarrier
modulation sources.

If you use the Internal Audio Source, you can calculate the amount of
modulation on the RF carrier by using the following formulas:

% Depth = (Vpk from Int. Aud. Source o displayed AM depth)
FM Deviation = (Vpk from Int. Aud. Source e displayed FM deviation)
&M Deviation = (Vpk from Int. Aud. Source o displayed M deviation)

For example, if you FM the RF carrier with the Internal Audio Source at
an audio level of 0.5 Vpk (Channel 1 only), you will get half the specified
amount of deviation shown in the MODULATION display. However, if you
also turn on the audio source in Channel 2 and set its level to 0.5 Vpk
(summing Channels 1 and 2 to get 1 Vpk), the HP 8645A will output
the full amount of deviation.

Audio frequency rates up to 400 kHz are allowed, which is also the
typical bandwidth of the audio output circuitry. This bandwidth affects
complex waveforms with frequency components greater than 400 kHz,
causing waveform degradation.

When the Internal Audio Source is used, the maximum bandwidth is
specified as the maximum rate (AM bandwidth is a function of the
carrier frequency). Refer to the specification table in the Calibration
Manual for maximum rates.

rev.02JUN89



Synthesized Audio Oscillator H-21
R R A e

Increment/Decrement The INCR SET key allows you to change increment and decrement values
the Internal  for frequency, level, phase, depth, and deviation of the Internal Audio
Audio Source Source. Use the following procedure:

1. Select the special function. For example, after an instrument
preset, if Special Function 138 is active, you would then see the
following in the FREQUENCY /STATUS display:
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2. Press the INCR SET key. With Special Function 138 active, you would
see the following:

3. Change the increment value. If you want the Audio Frequency
Increment to be 10 Hz instead of 100 Hz, simply press the 1, 0, and
Hz keys. You can then verify that the new increment value is 10 Hz
by pressing the INCR SET key once again.

Increment values can have a global affect. In the previous example,
the new increment value of 10 Hz for Special Function 138 would be
effective whenever frequency is incremented or decremented for any
audio source. Increment values for phase exhibit the same global affect
in the Internal Audio Source.

Save and The HP 8645A has 50 available storage registers. The first 10, Registers
Recall Settings 0-9, accept all front panel settings for Special Functions 133-151. The
remaining 40, Registers 10-49, accepts only RF frequency and output

amplitude settings.

Performing an Instrument Preset, or unplugging the HP 8645A does
not alter the contents of the 50 storage registers.
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Typ'ca[ The multifunction synthesis capabilities of the HP 8645A creates
complex signals for:

Applications o

1. VHF omnidirectional range (VOR),

2. ILS two-tone signaling,

3. dual-tone modulation,

4. audio-tone sweep,

5. AM radio testing,

6. amplitude sweep,

7. modem testing,

8. AM noise generation,

and more...
The following collection of waveforms present a sample of the many
different waveforms possible using the HP 8645A. The collection is
intended to give you an indication of the capabilities of the instrument
and to stimulate ideas for creating other waveforms. In most cases,
the waveforms may be altered to match your specific application by
changing frequency, phase, waveforms, or their amplitudes.
Each waveform in the collection is numerically organized by the list
shown above. Use the foldout in figure H-11, and the list of special
functions in table H-7 to assist you in generating waveforms with your
HP 8645A.
Note Waveforms in the collection are output at the AUDIO connector

(600 ), and viewed on an oscilloscope. If the waveform is
designated as being applied to an RF carrier, the display is output
from the RF OUTPUT connector, and viewed on a spectrum analyzer.




Synthesized Audio Oscillator H~23
. ________________________________________________________|]

Table H-7. Special Functions 130 to 151.

SPECIAL FUNCTIONS

Number | Name (Abbremted)I © Limits omber | Naiins (Abbreviated) Limits
130 Audio Wave 5 Waveforms 141 Aud FM Dev 0 Hz to 400 kHz
131 Audio Triggered ON/JOFF 142 Aud FM Freq 0.1 Hz to 400 kHz
132 Trig Audio Press ON 143 Aud FM Wave 5 Waveforms
133 Aud2 Freq 0.1 Hz to 400 kHz 144 Aud FM & *-179.9° to +180°
134 Aud2 Level OVtotlv 145 Aud &M Dev 0° to +179.9°
135 Aud2 Wave 5 Waveforms 146 Aud &M Freq 0.1 Hz to 400 kHz
136 | Aud2 @ " ~179.9° to +180° 147 | Aud M Wave 5 Waveforms
137 | Aud AM Depth 0 to 100% 148 | AuddM & ¥ -179.9° to +180°
138 Aud AM Freq 0.1 Hz to 400 kHz 149 Aud Puise ON/OFF
139 Aud AM Wave 5 Waveforms 150 Aud Pulse Freq 0.1 Hz to 50 kHz
140 | Aud AM & " -179.9° to +180° 151 Aud Pulse *-179.9° to +180°

* Phase may also be expressed in terms of radians by pressing the front panel fad key. Any entry beyond these limits will be
scaled. For example, entering 560° would yield ~160°.
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No. 1. HP 8645A Synthesized Audio Oscillator Waveform

Waveform Name/Description:
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composite signal.

VHF omnidirectional range (VOR)

Waveform Application: Avionics receiver test and metrology for VOR

test equipment.

Instrument Settings
Audio-Channel 1 9960 Hz 0° Sine 05V -
Audio-Channel 2 30 Hz O° Sine os5v -
Subcarrier FM 30 Hz 0ot Sine - 480 Hz
(1) The phase of the FM Source sets the bearing direction.

Waveform Applied to an RF Carrier: The RF carrier has AM at a 90%

depth.
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No. 2. HP 8645A Synthesized Audio Oscillator Waveform
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Waveform Name/Description: ILS two-tone composite signal.
Waveform Application: ILS receiver testing.

instrument Settings

Source Frequency Phase Waveform Amplitude
Audio-Channel 1 80 Hz 0° Sine LAY
Audio-Channel 2 150 Hz2 0° Sine o5V

Comments: Difference in depth of moduiation is set by the relative amplitudes of Channels 1 & 2.

Waveform Applied to an RF Carrier: The RF carrier has AM at a 50%
depth.

RS |
o
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No. 3. HP 8645A Synthesized Audio Oscillator Waveform

Waveform Name/Description: Dual-tone modulation.
Waveform Application: Sub-audible squelch testing, pocket pagers.

instrument Settings
Source i Frequency ‘ Phase l Waveform Amplitude
Audio-Channel 1 1 kHz 0° Sine o5V
Audio-Channel 2 150 Hz 0° Sine 05V

Waveform Applied to an RF Carrier: The RF carrier has AM at a 50%
depth.

!
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Synthesized Audio Oscillator H-27

HEH

Waveform Name/Description: Audio-tone sweep.

Waveform Application: Audio response of FM receiver.

Instrument Settings
Source l Frequency Phase Waveform Amplitude Deviation
Audio-Channel 1 2.5 kHz 0° Sine 1V -
Subcarrier FM 150 Hz(1) 0° Sawtooth - 2.5 kHz

) Change the FM Source frequency to vary rate for the audio-tone sweep.
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No. 5. HP 8645A Synthesized Audio Oscillator Waveform

Waveform Name/Description:
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peak modulation.

Waveform Application: AM radio testing.

AM signal with over

100% negative

instrument Settings
Source Frequency I Phase Waveform Amplitude Depth
Audio-Channel 1 50 kHz 0° Sine 450 mvV -
Audio-Channet 2 50 kHz 180° Sine 100 mV -
Subcarrier AM 1 kHz 0° Sine - 100%
Comments: A 180° phase inversion of the carrier occurs at the trough of the modulating waveform.
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No. 6. HP 8645A Synthesized Audio Oscillator Waveform

RN
Fitt

FURENEN]
tt

nExssal

HALHE R B R

Waveform Name/Description: Amplitude sweeps.
Waveform Application: Receiver testing.

Instrument Settings
Source T Frequency ‘Phase Waveform Amplitude Depth
Audio-Channel 1 1 kHz 0° Sine 500 mvV -

Subcarrier AM 50 Hz 0° Sawtooth - 100%
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No. 7. HP 8645A Synthesized Audio Oscillator Waveform
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Waveform Name/Description: Two-tone FSK with 50% duty cycle.
Waveform Application: Modem testing.

instrument Settings
Source v Frequency Phase Waveform l Amplitude Deviation
L S -
Audio-Channel 1 10 kHz 0° Sine 1V -
Subcarrier FM 2 kHz 0° Square - 5 kHz
Comments: The frequencies of the two tones are the frequency of Audio-Channel 1 plus or minus the amplitude of the
FM Source. The data rate is set by the frequency of the FM Source.
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No. 8. HP 8645A Synthesized Audio Oscillator Waveform
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Waveform Name/Description: Sine wave with AM noise.
Waveform Application: Receiver rejection of AM noise.

Instrument Settings
Source Frequency Phase Waveform Ampiitude
Audio-Channel 1 1 kHz 0° Sine 800 mv

Subcarrier AM 100 Hz 0° Noise 20%
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Alias.

A keyword or command statement in a program that is an alternate
(synonymous) term for commands of the same type. For example, the
command statement FM:FREQuency:STEP is an alias for the command
statement LFSource:FREQuency:STEP.

Argument.

An argument is an independent variable (command parameter) whose
value or state determines the value or state of a function. For example,
the argument in the command statement FREQ:CW 150MHZ is
“150MHZ".

Auto Select.

When the front-panel AUTO key is active, the HP 8645A will choose a
signal path with the best possible spectral purity for the present control
setting.

Channel.

A channel, with reference to frequency hopping, is an internal memory
location comprised of a frequency and amplitude setting.

Channel Address.

A channel address is a numeral used to designate one of the 2400
(or 8000 for instruments with serial prefix 3019A and above) channel
locations for storing frequency and amplitude settings for frequency
hopping.

Channel Table.

The channel table is a set of up to 2400 (or 8000 for instruments with
serial prefix 3019A and above) storage registers located in non-volatile
memory. The channel table is set up by the user to contain pairs
of frequency and amplitude settings for frequency hopping. Refer to
chapter 3 Channels and Sequences for more information.

Command Header.

The command header is the first part of the command statement which
is used to direct the control of the command. For example, in the
command statement FM:STATE ON, the command header is simply
“FM:STATE".
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Command Message.

A command message is a line of information in a program containing
one or more command statements. For example, the command
statements to set FM deviation to 10 kHz, and to turn FM deviation on
would make a command message as follows: FM 10KHZ;FM:STATe
ON.

Command Parameter.

A command parameter is an independent variable (argument) whose
value or state determines the value or state of a function. For exam-
ple, the command parameter in the command statement FREQ:CW
150MHZ is “150MHZ".

Command Statement.

A command statement is a string of mnemonics used to accomplish
one task, that is, either to set or query a function. For example,
the string of mnemonics used to set the Auto selection of frequency
synthesis would be as follows: FREQ:SYNT:AUTO ON.

Dwell Time.

Dwell time is the duration of the output power for any channel at the
RF Output connector. The duration covers a time period between two
points where RF output power is turned 90% on and 10% off. Refer to
chapter 3 Rate and Dwell for the formula to calculate dwell time.

External Triggering.

External triggering, with reference to frequency hopping, refers to the
user providing synchronized TTL voltage levels and signals to activate
frequency hopping. Six frequency hop modes use external triggering
to generate frequency hops.

Fast Hop.

Fast Hop specifically refers to Mode 5, the synthesis mode that must
be active to initiate frequency hopping. The term “Fast Hop” is
synonymous with the term “frequency hop”.

Fast Hop Bus.

The Fast Hop Bus is a DB-25 pin connector located on the rear-panel of

the HP 8645A. Its purpose is to provide a means of external triggering
control and synchronization for frequency hop sequences.

rev.24APR91
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Frequency Hop Modes.

The HP 8645A has nine frequency hop modes (not to be confused
with the front-panel SYNTHESIS MODE keys). Each frequency hop mode
determines how the RF output is controlled during a frequency
hop. There are three frequency hop modes that are controlled by
internal triggering, and six frequency hop modes that are controlled
by external triggering. Refer to chapter 3 Frequency Hop Modes for more
information.

Glidesiope.

The Glideslope signal is part of the Instrument Landing System. It
provides up and down orientation for the ideal angle of descent to the
runway.

Header.

Same as “Command Header”. This is the first part of the command
statement which is used to direct the control of the command. For
example, in the command statement FM:STATE ON, the header is
simply “FM:STATE".

HP-SL.

HP-SL is the acronym for “Hewlett-Packard System Language”. Refer
to chapter 5 for a thorough discussion of HP-SL.

Hop Rate.

Hop rate is the number of frequency changes per second expressed in
Hertz. Hop rate is internally or externally controlled.

Hop State.

The Hop State refers to a condition the HP 8645A is in when frequency
hopping, or when it is waiting for a trigger to initiate frequency

hopping.
Idle State.

The Idle State refers to a condition the HP 8645A is in when it accepts
entries or modifications to the channel table, sequence table, hop rate,
dwell time, and frequency hop modes or other instrument parameters.
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ILS.

ILS is the acronym for “Instrument Landing System”. ILS is a group
of navigation signals used for aircraft landings.

Internal Audio Source.

The internal audio source refers to the circuitry that generates the
modulation source for the RF carrier. Modulation rates are from 0.1
Hz to 400 kHz, which exceeds the typical audio frequency range of 20
kHz.

Learn State.

The Learn State refers to a condition that calibrates HP 8645A internal
circuitry to quickly switch from one channel to another when frequency
hopping. The HP 8645A must “learn” the internal settings to prepare
for frequency hopping.

Localizer.

Localizer is one of the Instrument Landing System signals. It provides
left and right orientation to the center of the runway.

Marker Beacon.

The Marker Beacon signals are part of the Instrument Landing System.
The three markers indicate distance from the end of the runway.

Multifunction Synthesis.

This term refers to the operating capabilities that allow the HP 8645A
to generate complex waveforms for modulating the RF carrier.

Sequence Table.

The sequence table is a set of up to 4000 (or 8000 for instruments
with serial prefix 3019A and above) storage registers located in non-
volatile memory. The sequence table is set up by the user to contain
channel numbers for frequency hopping. Refer to chapter 3 Channels
and Sequences for more information.

Short Form.

HP-SL commands may be written in a long or short form. The short
form of any command will be three or four characters in length. For
example the short form of the command AMPLitude is AMPL. The HP-
IB Control Language Dictionary in chapter 5 lists all short form commands
in upper case lettering.
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Subcarrier Sources.

The subcarrier sources are used to generate a modulated wave which is
apphed in turn, as a modulating wave to the RF carrier. As described
in appendix F, there are four subcarrier sources (AM, FM, ¢M, and
Pulse) that may be applied to the audio source in Channel 1.

Synchronization.

Synchronization refers to the arrangement in time, of events that must
take place for the frequency hop to occur. Refer to chapter 3 Timing
Control and Synchronization for timing diagrams.

Syntax.

Syntax refers to the make-up or structure of command statements and
messages in HP-SL for use over the HP-IB bus.

Synthesis Mode.

A row of SYNTHESIS MODE keys on the front panel represent the internal
signal paths that are used to minimize phase noise and spurs on the
RF output, as a function of the selected FM deviation. The AUTO key is
used to choose the signal path that provides the best possible spectral
purity for any control setting. The MODE 5 key is primarily used for
frequency hopping, or for the fast hop sweep.

Synthesized Audio Oscillator.

This internal modulation source uses digital synthesis to generate
waveforms of sine, sawtooth, triangle, squarewave, and white Guas-
sian noise, all with variable frequency, amplitude, and relative phase.
Refer to appendix F for more information.

Timing Control.

Timing control refers to implementation of the nine frequency hop
modes. There are two types of triggering mechanisms for timing
control, internal and external.
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Tree Structure.

HP-SL commands are organized in a tree structure. Commands start
at a “root level” and proceed to branch out from the root. Multiple
branching occurs with tree structure organization.

VOR.

VOR is the acronym for VHF Omni-Range. The VOR signal provides
directional information to in-flight aircraft.
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600 ohm FM, C-3

abort, 5-12

AC coupling, for AM 2-14

AC coupling, for FM 2-2

AC coupling, for Pulse, 2-23

AC coupling, HP-SL parameter, 5-14
AC voltmeter, C-8

accuracy, carrier frequency, 2-3
address output enable, Fast Hop Bus, 3-21
address selection, HP-IB, 5-10

adjust phase, C4

ADRS, key, 5-10

ALC bandwidth, C-2

ALC loop, E-2

ALC loop, is closed or open, 3-18
ALC, open and closed loop, 3-36
alias, 1-1

AM accuracy specification, 2-14, 2-28
AM bandwidth, H-20

AM example, HP-SL, 5-73

AM noise generation, H-22

AM noise, example, H-31

AM radio testing, H-22, H-28

AM signal, example, H-28

AM source, C4

AM source, audio level, H-15

AM source, audio subcarrier, H-14
AM subsystem, HP-SL, 5-18

AM term, F-2

AM term, description, 5-16

AM using external audio source, 2-19
AM using internal audio source, 2-15
AM, ac coupling, 2-14

AM, an exercise, 2-15

AM, an introduction, 2-14

AM, an overview, 2-14

AM, coupling, 2-14

AM, dc coupling, 2-14

AM, equipment, 2-15

AM, things to remember, 2-22

ampl step term, F-2

ampl step term, description, 5-16
amp] step unit, F-2

ampl step unit, description, 5-16
ampl term, F-2

ampl term, description, 5-16
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ampl unit term, F-2

ampl unit term, description, 5-16
amplitude control, E-1

amplitude control, introduction, 3-36
amplitude example, HP-SL, 5-74
amplitude integ. summary bit, 5-69
amplitude level, control, 3-36
amplitude muting, C-2

amplitude offset, G-2

amplitude subsystem, HP-SL, 5-19
amplitude sweep, example, H-29
amptd correction, C-1

amptd limit, C-1

AMPTD OFS, key, G-2

amptd range too large, error, 3-4
angle term, F-2

angle term, description, 5-16
annunciator, EXT HI, 2-11, 2-20, 2-31
annunciator, EXT LOW, 2-11, 2-20, 2-31
ANSI standard, mc1.1, 5-11
appendix D, error messages, 5-8
argument, I-1

ASCI], linefeed character, 5-14
ASCII, new line, F-1

asterisks, in a command message, 5-16
ATE programming, 1-2

attenuation, C-1

Aud ¢M ¢, C-6

Aud ¢M Dev, C-5

Aud M Freq, C-5

Aud sM Wave, C-5

Aud AM ¢, CH4

Aud AM Depth, C-4

Aud AM Freq, C+4

Aud AM Wave, C+4

AudFM ¢, C-5

Aud FM Dev, C+4

Aud FM Freq, C-5

Aud FM Wave, C-5

Aud Pulse, C-6

Aud Pulse ¢, C-6

Aud Pulse Freq, C-6

Aud2 ¢, C4

Aud2 Freq, C-3

Aud2 Level, C-3

Aud2 Wave, C-3

audio connector impedance, H-22
audio freq. rates, max., 2-3

audio freq. waveform, change, 2-8, 2-17



audio frequency rates, 2-3, 2-14, 2-22, H-20 B
audio level, for AM source, H-15
audio level, maximum voltages, H-10
audio level, on RF carrier, H-19
audio level, voltages, H-19

audio mod. signal, complex, 2-4
audio mod., complex, 2-3

audio mod., single-tone, 2-3

audio oscillator, 1-2, H-1

audio output, bandwidth, H-13
audio response, FM receiver, H-27
audio signals, H-1

audio source ¢M deviation, H-20
audio source bandwidth, H-20

audio source channels, H-1

audio source decrement, H-21

audio source degredation, H-20
audio source frequency, C-3

audio source increment, H-21

Bad fast chan address, error, 34

Bad fast sequence entry, error, 3-6
bandwidth, affecting audio source, H-20
bandwidth, ALC, C-2

bandwidth, FM, 2-2

bandwidth, for AM, H-20

bandwidth, for FM, H-20

bandwidth, of audio output, H-13

audio source phase reference, H-11 beacon, marker, I-4

audio source, Channel 2, C—4

audio source, Channel 1, H-11
audio source, Channel 2, H-12
audio source, Channel 1 limits, H-12
audio source, Channel 2 limits, H-13
audio source, depth, H-20

audio source, external, 2-3

beacon, IM, 5-44.1, C-11
beacon, MM, 5-44.1, C-11
beacon, OM, 5-44.1, C-11

audio source, FM deviation, H-20 blank amptd, C-9

audio source, internal, 2-3

audio source, internal output level, 2-33 blank audio, C-9
audio source, modulated, H-14
audio triggered, C-3

audio wave, C-3

audio, connector, H-1

audio-tone sweep, H-22
audio-tone sweep, example, H-27
auto attenuation, C-1

blank display, C-8
blank frequency, C-8

blank modulation, C-9

AUTO select, I-1 buffered hop bus, C-10
AUTO select mode, 2-5
AUTO SEQ, key, G-2 buffering off, one hop delay, 3-31, 3-34

auto sequence, G-2
auto sweep, 4-11 buffering on, for faster switching speed, 3-31,
autorange bit, 5-65

avionics, 5-44.1 3-34
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calculation example, for dwell time, 3-9
calibration bit, 5-65

calibration data, C-1

calibration integ. summary bit, 5-69
calibration subsystem, HP-SL, 5-21
carrier frequency accuracy, 2-3, 2-13
center frequency, 4-3

channel, I-1

Channel 1, audio source, H-11
channel address, 1I-1

channel table, I-1

channel table, description, 3-4
channel table, example, 34

channel table, introduction, 3-3
channel table, local keys, 3-4

channel table, storage registers, 3-4
channels in sequence table, 3-6

clear all, G-3

CLEAR ALL, key, G-3

clear lockout/set local, 5-12

clear, HP-IB, 5-11

closed loop ALC, 3-36

closed loop ALC operation, 3-9, 3-37
closed loop ALC, advantages, 3-36
closed loop ALC, disadvantage, 3-36
CLR CHAN key, 3-4

CLR SEQ key, 3-6, 342

colon, in command statements, 5-14
command error bit, 5-63

command header, 1-1

command message, 1-2

command message, definition, F-1
command message, introduction, 5-6
command message, syntax, F-1
command message, with an asterisk, 5-16
command parameter, -2

command parameter, introduction, 5-4
command parameter, maximum, 5-15
command parameter, minimum, 5-15
command parameter, syntax, F-1
command parameters, vertical bar, 5-14
command statement, 1-2

command statement, definition, F-1
command statement, introduction, 5-4
command statement, syntax, F-1
command statements, aliases, 5-15
command statements, ambiguous, 5-7
command statements, colon, 5-14
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common command, *RST, 5-8
common commands, for IEEE 488.2, 5-33
common commands, IEEE 488.2, 5-13
communication systems, 1-2
complex audio mod., 2-3

complex audio signals, H-1

complex signal generation, 1-2
condition register, 5-58, 5-64
conflicting conditions, HP-SL, 5-7
connector impedances, 2-28
connector, FAST HOP BUS, 1-2
connector, HOP, 1-2

connector, HP-IB, 1-2

connector, SEQuence, 1-2

control language dictionary, 5-13
coupling type, F-2

coupling type, description, 5-16
coupling, AM signals, 2-14

coupling, FM signals, 2-2

coupling, Pulse modulation, 2-23

cushioning material, A-1



data input/output operations, 5-9
data questionable bit, 5-66

data valid line, 3-31, 3-34

data valid, Fast Hop Bus, 3-21

dc coupling, for AM, 2-14

dc coupling, for FM, 2-2

dc coupling, for Pulse, 2-23

dc coupling, HP-SL parameter, 5-14
dc voltmeter, C-7

dcAM, E-2

decrement, the audio source, H-21
deg, key, CH4, C-5, C-6

demo mode, E-1

depth, for audio source, H-20
deviation, FM, 2-1, C4

device dependent bits, 5-64

device dependent error bit, 5-63
device specific commands, 5-2
device status dictionary, 5-56
device status reporting, 5-58
device status routines, 5-65
diagnostic subsystem, HP-SL, 5-21
digital FSK, 2-2

digitally stepped, sweeping, 1-2
digitally-stepped sweep, 4-7
digitized FM, C-2

digitized FM synthesis, 2-1, 2-3, 2-4, 2-13

DISPLAY, G-3

DISPLAY recall, G-3

DISPLAY sequence, G4

DISPLAY special, G-3

display subsystem, HP-SL, 5-22
DISPLAY, key, C-1, G-3

divider, external, C-2

driver electronics, 5-12

dual-tone modulation, example, H-26
DWELL key, 3-10

dwell time, 1-2

dwell time resolution, 3-10

dwell time, calculation example, 3-9
dwell time, definition, 1-6, 3-8
dwell time, first example of, 1-3
dwell time, formula, 3-8

dwell time, introduction, 3-7

dwell time, limits, 1-7

dwell time, variable, 3-33

dynamic range, E-5

emf, G-4

emf, key, G-4

enable register, 5-64

EOI, 5-14

equipment recommended, list of, 1-1
error messages, A-1, D-1

error messages, appendix D, 5-8

error, Amptd range too large, 3-4
error, Bad fast chan address, 3-4

error, Bad fast sequence entry, 3-6
error, Not in fast hop mode, 3-15
error, Rate and dwell conflict, 3-10
error-space after colon, 5-7

european radix, C-9

event enable register, 5-59

event register, 5-58, 5-64

example HP-SL programs, 5-72
example programs, HP-SL, 5-8
execution error bit, 5-63

EXIT, key, G-6

EXT HI annunciator, 2-11, 2-20, 2-31
EXT LOW annunciator, 2-11, 2-20, 2-31
ext repetitive, description, 3-26

ext repetitive, mode, 3-13

ext single, description, 3-27

ext single, mode, 3-13

ext stepped ext dwell, description, 3-29
ext stepped ext dwell, mode, 3-13

ext stepped int dwell, activate, 3-44
ext stepped int dwell, description, 3-28
ext stepped int dwell, mode, 3-13

ext stepped int dwell, triggering, 3-39
extended talker/listener, 5-12

external audio source, 2-3

external control and synchronization, 3-20
external control, frequency hop, 3-1
external divider, C-2

external frequency hop modes, 6, 3-20
external multiplier, C-2

external single sequence, 3-27

external trig, status message, 3-14
external triggering, 3-12, 3-16, 3-19, 3-21, -2
external triggering, modes, 3-26
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f(t), C-3

FAST HOP BUS, connector, 1-2
FAST HOP, 1-2

Fast Hop Bus, E-1, E4, [-2

FAST HOP BUS connector, 3-12, 3-30, 3-33

fast hop bus ext dwell, description, 3-33
fast hop bus ext dwell, mode, 3-13

fast hop bus external dwell, mode, 3-21
fast hop bus int dwell, description, 3-30
fast hop bus int dwell, mode, 3-13

fast hop bus internal dwell, mode, 3-21

FAST HOP BUS, connector drawing, 3-20

fast hop bus, description, 3-20

fast hop bus, pin descriptions, 3-21, 3-22

fast hop demo, C-9

FAST HOP key, MODE 5, 34, 3-13
fast hop sweep, 4-8

FAST HOP, annunciator, 1-3

fast hop, frequency switching, E-5
faster switching speed, 3-31, 3-34
FM bandwidth, 2-2, E-1, E-2, H-20
FM deviation, 2-1, 2-2, 2-13, C4
FM deviation, greater, 2-5

FM deviation, on audio source, H-20
FM example, HP-SL, 5-74

FM indicator accuracy, 2-3

FM input impdeance, HP-SL, 5-24
FM receiver, audio response, H-27
FM source, subcarrier, H-16

FM subsystem, HP-SL, 5-23

FM switching time, 2-1

FM synthesis, 2-3, 24, 2-13, C-2
FM synthesis, digitized, 2-1

FM synthesis, linear, 2-1

FM telemetry, 2-2

FM using external audio source, 2-10
FM using internal audio source, 2-5
FM, ac coupling, 2-2

FM, an exercise, 2-5

FM, an introduction, 2-2

FM, an overview, 2-2

FM, coupling, 2-2

FM, dc coupling, 2-2

FM, digitized or linear, C-2

FM, equipment, 2-5

FM, external mod. signals, 2-2

FM, generation, 2-3

FM, internal mod. signals, 2-2
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FM, things to remember, 2-13

free running, status message, 3-14
freq multiplier, C-2

FREQ OFS, key, G4

freq term, F-2

freq term, description, 5-17
frequency accuracy, E-1, E4
frequency accuracy, sweeping, 4-9
frequency accuracy, temperature, 3-18
frequency agile, radios, 1-2

frequency agile, testing, 1-2
frequency divider, C-2

frequency examples, HP-SL, 5-75
frequency hop example, HP-SL, 5-76
frequency hop modes, 3-12, I-3
frequency hop mode, status, 3-14
frequency hop modes, 9 in all, 3-13
frequency hop modes, access to, 3-13
frequency hop modes, HP-SL, 5-29
frequency hop modes, int. & ext., 3-20
frequency hop subsystem, HP-SL, 5-28
frequency hop, exercise, 3-39
frequency hop, external control, 3-1
frequency hop, HP-IB control, 3-1
frequency hop, procedure, 1-2, 1-3
frequency hop, remote control, 3-1
frequency hop, sequence table, 3-31
frequency hop, six basic steps, 3-2
frequency hopping, control, 1-2
frequency integ. summary bit, 5-69
frequency multiplier, C-2

frequency offset, G4

frequency range, of HP 8645A, 1-2
frequency shift, 2-3

frequency subsystem, HP-SL, 5-24
frequency sweep, phase-cont., c-2
frequency sweeping, 1-2

frequency sweeping, basic steps, 4-2
frequency switching, 3-9, E-1
frequency switching, fast hop, E-5
front panel, synthesis mode keys, 3-12
FSK, example, H-30

function generator, recommended, 1-1



glideslope, 1-3

glideslope, setup, 5-44.1, C-11
group delay, C-2

group delay, effects of, 2-4
group delay, graph, 2-4
GSLope, 5-44.1

hardware integ. summary bit, 5-67

harmonic content, on group delay, 24

header, 1-3
High-Q devices, 4-9

HOP Connector, 1-2, 3-12, 3-26, 3-27, 3-28,

3-29, 3-31, 3-34, C3
HOP connector, ext. trigger, 3-14
HOP key, 3-19

HOP line, 3-26, 3-27, 3-28, 3-29, 3-31, 3-33,

3-34
HOP line, fast hop bus, 3-22
HOP line, on fast hop bus, 3-14
HOP line, on the fast hop bus, 3-21
hop rate, 1-3
hop rate resolution, 3-10
hop rate, definition, 1-6, 3-8
hop rate, first example of, 1-3
hop rate, introduction, 3-7
hop rate, limits, 1-7
hop rate, maximum, 3-8
hop sequence, 34
hop state, 3-17, I-3
hop state, description, 3-19
HP-IB bus, 5-56
HP-IB control language, 5-13
HP-IB control, frequency hop, 3-1

HP-IB dev. status examples, HP-SL, 5-77

HP-IB device status dictionary, 5-56
HP-IB tutorial, 5-9

HP-IB, address selection, 5-10
HP-IB, capabilities, 5-11

HP-IB, connector, 1-2

HP-IB, read settings, 5-16

HP-SL, 1-3

HP-SL ?, 5-5

HP-SL commands, 5-13

HP-SL commands, in italics, 5-14
HP-SL commands, short form, 5-14
HP-SL hierarchy, 5-5, 5-15

HP-SL programming, 5-5

HP-SL programming control, 3-1
HP-SL query, 5-5

HP-SL quick reference, F-1

HP-SL reference information, 5-9
HP-SL short form, commands, 5-14
HP-SL subsystem syntax, F-2
HP-SL system commands, 5-32
HP-SL table of contents, F-3
HP-SL tree structure, example, 5-15
HP-SL, *RST, 5-8

HP-SL, a development tool, 5-72
HP-SL, colon, 5-4

HP-SL, command message, 5-6
HP-SL, command parameter, 5-4
HP-SL, command statement, 5-4
HP-SL, conflicting conditions, 5-7
HP-SL, example programs, 5-8
HP-SL, getting started, 5-3

HP-SL, introduction, 5-2

HP-SL, keywords, 5-6

HP-SL, more about colon, 5-6
HP-SL, not sequence dependent, 5-7
HP-SL, optional keywords, 5-14
HP-SL, semicolon, 5-6

HP-SL, short form, 5-6

HP-SL, square brackets, 5-14
HP-SL, tree structure, 5-3

HPIB messages, 5-11, 5-12
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idle state, 3-17, I-3

IEEE 488.2 common commands, 5-33

IEEE 488.2 definitions, 5-58
IEEE 488.2 standard, 5-2, 5-56, 5-61

IEEE 488.2, common commands, 5-13

ILS, 14

ILS, example, H-25

ILS, signaling, H-22

IM beacon, setup, 5-44.1, C-11
impedance, ¢M connector, 2-28
impedance, AM connector, 2-28
impedance, FM connector, 2-28
impedance, PULSE connector, 2-28
implicit couplings, 5-15

INCR SET, key, H-21

increment, the audio source, H-21
initialize example, HP-SL, 5-78
initialize subsystem, HP-SL, 5-35
installation, A-1

INSTR PRESET, 1-3

instrument preset, *RST, 5-8

int repetitive, description, 3-23
int repetitive, mode, 3-13

int repetitive, triggering, 3-39

int single, activate, 3-43

int single, description, 3-24

int single, mode, 3-13

int single, triggering, 3-39

int stepped, description, 3-25

int stepped, mode, 3-13

internal audio source, 2-2, 2-3, 2-14, 2-23,

H-1, H-8, 1-4

internal audio source, output level, 2-33
internal audio source, voltage, H-19, H-20

internal audio waveform, 2-3
internal audio waveforms, 2-14

internal frequency hop modes, 3, 3-20

internal modulation, 2-33

internal triggering, 3-12, 3-16, 3-19, I-3

internal triggering, modes, 3-23
italics, HP-SL commands, 5-14
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knob hold, G-5
KNOB HOLD, key, G-5
KNOB INCR, key, G-5

knob increment, G-5

LEARN key, 3-18

learn operation, time for, 3-18
learn state, 3-17, E-1, E-3, I-4
learn state time, shorter, 3-36
learn state, description, 3-18
learning cycle, 1-7

level accuracy, 3-36

LF source subsystem, HP-SL, 5-36
lin ampl term, F-2

lin ampl term, description, 5-17
linear am control, 3-36

linear FM, C-2

linear FM synthesis, 2-1, 2-3, 2-4,2-13

linear sweep, 4-12

linear sweep spacing, 4-10
linefeed character, in ascii, 5-14
local lockout, 5-11

local lockout, HP-IB, 5-11, 5-12
local, HP-IB, 5-11

LOCAL, key, 5-10, 5-11
localizer, 1-4

localizer, setup 5-44.1, C-11
log sweep, 4-12

log sweep spacing, 4-10

lowercase HP-SL commands, 5-14



man/HP-IB trig, status message, 3-14
manual sweep, 4-11, 4-12

marker beacon, 14

marker subsystem, HP-SL, 5-45
maximum audio freq. rates, 2-3
maximum hop rates, 3-9

maximum, command parameter, 5-15
mechanical damage, A-1

mechanical defects, A-1

memory address line, 3-31, 3-34
memory address lines, 3-30

memory address, Fast Hop Bus, 3-22
memory locations, for channel table, 3-4
memory, RAM, 1-3

messages, error, A-1, D-1

minimum, command parameter, 5-15
MM Beacon, setup 5-44.1, C-11

mod type, F-2

mod type, description, 5-17

MODE 5, FAST HOP key, 34, 3-13, 3-17
MODE key, 3-15

mode selection, 2-1

MODE 5, Synthesis Mode key, 3-15
modem testing, H-22, H-30

modes, for the frequency hop, 3-12
modulation example, HP-SL, 5-78
modulation formats, 1-2

modulation integ. summary bit, 5-68
modulation subsystem, HP-SL, 5-45
MSSG, key, A-1, D-1

multifunction synthesis, H-1, I-4
multiplier, external, C-2

narrowband devices, 4-9

new line, ASCII char.10, F-1

noise generation, H-22

non-decimal numeric prog. data, F-2
non-decimal numeric program data, 5-17
not in fast hop mode, error, 3-15

nrf, F-3

nrf, description, 5-17

off state, HP-SL parameter, 5-14
offset, amplitude, G-2

offset, annunciator, C-2

offset, frequency, G4

ohms term, F-3

ohms term, description, 5-17
OM Beacon, setup 5-44.1, C-11
on state, HP-SL parameter, 5-14
open loop ALC, 3-36

open loop ALC operation, 3-9, 3-38
open loop ALC, advantage, 3-38
open loop ALC, disadvantages, 3-38
open loop hop, C-10

operating features, misc., G-1
operation complete bit, 5-63
options, B-1

Option 001, timebase, C-6
optional keywords, HP-SL, 5-14
oscillator, audio, 1-2
oscilloscope, recommended, 1~1
out-of-lock, D-1

output amplitude, C-1

output amplitude control, E-5

output level, of internal audio source, 2-33
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P pulse width, 2-27

packaging material, A-1
pass/take control, 5-12
phase adjust, C-2, C4 a

phase cont sweep, C-2

phase continuous, freq. sweep, C-2
phase continuous, sweeping, 1-2

phase decrement, G-6

phase example, HP-SL, 5-79

phase increment, G-6

phase modulation subsystem, HP-SL, 5-46
phase noise, 2-1, 2-13

phase noise, lowest, 2-5

phase reference, for audio source, H-11
phase subsystem, HP-SL, 5-47
phase-continuous sweep, 4-8, 4-9

¢ DECR, key, G-6

6 INCR, key, G-6

#M deviation, for audio source, H-20
#M source, subcarrier, H-17

PM, as phase modulation, 5-16

pocket pagers, H-26

power meter, C-8

power meter subsystem, HP-SL, 5-47
power on bit, 5-62

power source, A-1

POWER, key, 5-11, A-1

preset, 1-3

programming language, 5-8
programming quick reference, F-1
programming reference information, 5-9
programming, ATE, 1-2

programming, HP-SL, 5-5

pseudo random hopping, E-1, E-5
pulse input damage, 2-27

pulse modulation, ac coupling, 2-23
pulse modulation, an exercise, 2-24
pulse modulation, an introduction, 2-23
pulse modulation, an overview, 2-23
pulse modulation, coupling, 2-23

pulse modulation, dc coupling, 2-23
pulse modulation, equipment, 2-24
pulse modulation, exercise review, 2-24
pulse modulation, input level, 2-27
pulse modulation, things to remember, 2-27
pulse rate, 2-27

pulse shaping, E-1, E-2

pulse source, subcarrier, H-18

pulse subsystem, HP-SL, 5-48

query, F-1

query a command, 5-16

query error bit, 5-63

queue, 5-59

quick reference, HP-SL, F-1

rev.0IMAR90



10

rad, key, C+4, C-5, C-6

radios, frequency agile, 1-2

RAM memory, 1-3

RAM wipe, C-7

RAM wipe, special function 172, 5-10
Rate and dwell conflict, error, 3-10
RATE key, 3-10

rates, audio frequency, 2-3

RCL CHAN key, 34

RCL SEQ key, 3-6

re-initialize, preset, 1-3

rear panel connectors, 3-12

recal, C-7

recalibration, E-1, E-4

RECALL, key, G-3

receiver rejection, example, H-31
receiver testing, H-29

recommended equipment, list of, 1-1
ref calibration, C-3, C-6

REF IN, connector, C-6

ref source, C-3, C-6

reference information, 5-9

reference integ. summary bit, 5-68
reference osc. subsystem, HP-SL, 5-48
register, status byte, 5-61

registers, status, 5-56

rel phase adjust, C-2

REM, annunciator, 5-10, 5-11
remote control, frequency hop, 3-1
remote mode, 5-11

remote, HP-IB, 5-11

request control bit, 5-63

request service, 5-12

resolution, dwell time, 3-10
resolution, hop rate, 3-10

RF carrier signal, H-1

RF dwell, Fast Hop Bus, 3-21

RF output connector impedance, H-22
RF output, calibrated, H-19

RF output, pulse duration, 2-27

RF output, temperature dependent, 3-18

RF output, transition, C-2
*RST, common command, 5-8
RST, common command, 5-8
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safty class 1, A-1

save and recall, audio source, H-21
save & recall registers, 2-1

sawtooth, int. waveform, 2-2, 2-13
sawtooth, waveform, 2-22

security, C-7

self-test, results of, 1-3

SEQ connector, 3-27, 3-30, 3-31, 3-33, 3-34
SEQ connector, on rear panel, 3-18
SEQ, key, G4, G-6

sequence, G-6

sequence dependency, 5-2

sequence subsystem, HP-SL, 5-49
sequence table, 1-4

sequence table entries, 3-31, 3-34
sequence table, description, 3-4
sequence table, how to set up, 3-42
sequence table, introduction, 3-3
sequence table, set up channels, 3-6
SEQuence, connector, 1-2

serial number, C-8

service diagnostics, 5-21

service mode, C-11

service request, 5-62

SET SEQ key, 3-6 G-6

set sequence, G-6

shipping container, A-1

short form, 14

short form, HP-SL, 5-6

signal integrity bit, 5-65

signal integrity status registers, 5-67
signal settled bit, 5-65

simultaneous mod., an exercise, 2-29
simultaneous mod., equipment, 2-29
simultaneous mod., exercise review, 2-29
simultaneous mod., things to remember, 2-33
simultaneous modulation, 2-28, E-1
sine, int. waveform, 2-2, 2-13

sine, waveform, 2-22

single sweep, 4-11

single-tone audio mod., 2-3

source list, F-3

source list, description, 5-17

space, F-3

span frequency, 4-3

special functions, 2-1, C-1

special function 100, 5-20

special function 101, 5-20

rev.01IMAR90

special function 102, 5-21
special function 103, 5-20
special function 104, 5-21
special function 105, 5-21
special function 110, 547
special function 111, 5-27
special function 112, 4-9, 5-54
special function 120, 2-3, 2-13, 5-24
special function 121, 5-28
special function 123, 5-24
special function 130, 2-2, 2-8, 2-13, 2-17, 2-22,
5-36
special function 131, 5-37
special function 132, 5-37
special function 133, 5-37, 5-38
special function 134, 5-38
special function 135, 5-37
special function 136, 5-38
special function 137, 5-39
special function 138, 5-39
special function 139, 5-39
special function 140, 5-40
special function 141, 5-40
special function 142, 5-41
special function 143, 5-41
special function 144, 5-41
special function 145, 5-42
special function 146, 5-42
special function 147, 5-42
special function 148, 5-43
special function 149, 5-43
special function 150, 5-43
special function 151, 5-44
special function 160, 5-48
special function 161, 5-48
special function 170, 5-35
special function 171, 5-33
special function 172, 5-10, 5-33
special function 173, 5-33
special function 180, 5-55
special function 181, 5-55
special function 182, 5-47
special function 190, 5-33
special function 191, 5-22
special function 192, 5-22
special function 193, 5-22
special function 194, 5-22
special function 195, 5-22
special function 196, 5-23

11



12

special function 201, 3-31, 5-29
special function 202, 3-36, 5-28
special function 220, C-10, H-1
special function 221, C-11, H-1
special function 222, C-11, H-1
special function 223, C-11, H-1
special function 224, C-11, H-1
special function 225, C-11, H-1
special function 300, C-11
special functions, recalled, H-21
special functions, saved, H-21
SPECIAL, key, C-1, G-3
spectral purity, E-1, E-3
spectral splatter, 3-36

spectrum analyzer, recommended, 1-1
square brackets, in HP-SL, 5-14
square, int. waveform, 2-2, 2-13
square, waveform, 2-22

squelch testing, H-26

start frequency, 4-3

status bit, 5-12

status byte, 5-12, 5-56

status byte register, 5-61

status byte, register syntax, 5-70

status messages, for frequency hop, 3-14

status registers, 5-56

status register model, 5-59

status register syntax, 5-70

status register, std. event, 5-62
status registers, signal integrity, 5-67
status subsystem, HP-SL, 5-50
status summary bits, 5-61

STB, common query, 5-61

std. event status enable register, 5-63
STO CHAN key, 34

stop frequency, 4-3

storage registers, 2-12, 2-21

storage registers, audio source, H-21
sub-audible squelch testing, H-26
subcarier sources, 1-5

subcarrier generation, H-1
subcarrier sources, active, H-10
subcarrier sources, modulation, H-14
subcarrier sources, voltage, H-10
subcarrier, ¢M source, H-17
subcarrier, AM source, H-14
subcarrier, FM source, H-16
subcarrier, Pulse source, H-18
summary bit, 5-59

summary bits, 5-61

summary bits, enabled, 5-62
sweep exercise, 4-13

sweep in progress bit, 5-66

sweep markers, 4-6

sweep spacing, 4-10

sweep span, maximum, 4-9
sweep span, minimum, 4-9
sweep steps, 4-9

sweep steps, synthesis mode, 4-12
sweep subsystem, HP-SL, 5-54
sweep time, 4-10, 4-12

sweep triggering, 4-11

sweep types, 4-7

sweep, audio-tone, H-22
sweeping, digitally stepped, 1-2
sweeping, frequency, 1-2
sweeping, phase continuous, 1-2
switching speed, faster, 3-31, 3-34
switching time, 2-13

switching time, FM, 2-1
switching time, quicker, 3-38
switching times, vs max. hop rates, 3-9
switching, speed, 2-5

synchronization, -5

synchronization, for 9 freq. hop modes, 3-16

syntax, I-5

syntax, for HP-SL, F-1

syntax, HP-SL subsystems, F-2
synthesis mode, -5

synthesis modes, 2-5

synthesis mode keys, on front panel, 3-12

synthesis mode, sweep steps, 4-12
synthesized audio oscillator, 1-2, 1-5

system commands, for HP-SL, 5-32
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take sweep subsystem, HP-SL, 5-55
talker/listener, HP-IB, 5-11

temperature dependent, RF output, 3-18
temperature drift bit, 5-65

temperature sensitivity, E4
temperature, frequency accuracy, 3-18
test, C-7

testing, frequency agile, 1-2

time term, F-3

time term, description, 5-17

timebase, high-stability, C-6

timing control, I-5

timing control, for 9 freq. hop modes, 3-16
transition filter, 5-58

transition filters, 5-64

tree structure, -6

tree structure, HP-SL, 5-3

triangle, int. waveform, 2-2, 2-13
triangle, waveform, 2-22

trig audio, C-3

trigger, Fast Hop Bus, 3-21

trigger, HP-IB, 5-11

triggering, internal & external, 3-12, 3-16, 3-19
tutorial, for HP-IB, 5-9

two-tone FSK, example, H-30

two-tone signal, example, H-25

typical applications, H-22

unpacking, 1-1
uppercase HP-SL commands, 5-14

user request bit, 5-62
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variable dwell time, 3-33

vernier range, attenuators, C-1
vertical bar, in command parameters, 5-14
VHF, example, H-24

VHF, range, H-22

voltage levels, for RF output, H-19
voltage levels, for subcarrier, H-10
voltage, for int. audio source, H-20
voltage, power source, A-1
voltmeter in, connector, C-8
voltmeter subsystem, HP-5L, 5-55
VOR, I-6

VOR, example, H-24

VOR, range, H-22

VOR, setup, 5-44.1, C-10

w.g. noise, int. waveform, 2-2, 2-13
w.g. noise, waveform, 2-22
waveform degredation, H-20
waveform selection, C-3

waveform, sawtooth, 2-2, 2-13, 2-22
waveform, sine, 2-2, 2-13, 2-22
waveform, square, 2-2, 2-13, 2-22
waveform, triangle, 2-2, 2-13, 2-22
waveform, w.g. noise, 2-2, 2-13, 2-22
wideband alc, C-2

x-axis output, 4-6

z-axis output, 4-6, 4-7
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Model 8645A General Information

Section 1
GENERAL INFORMATION

1-1. INTRODUCTION TO HP 8645A DOCUMENTATION

Documentation for the HP 8645A includes an Operation and Calibration Manual, and
a Service Diagnostics Manual. The Operation and Calibration Manual is made up of a
Operation Guide and a Calibration Manual both in the same 3-ringed binder. These manuals
contain all the information required to install, operate, test, and service the Hewlett-Packard
Model 8645A Agile Signal Generator. The Model 8645A will generally be referred to as the
Signal Generator throughout this manual.

The information to operate, calibrate, and service this instrument is as follows:
e The Operation Guide is provided with each instrument.
e The Calibration Manual is provided with each instrument.

e The Service Diagnostics Manual for assembly level repair is not included with the
instrument but is obtained separately by ordering through your nearest Hewlett-Packard
office.

Operation Guide

The Operation Guide documents front-panel operation, including special functions, error
messages, and HP-SL programming. All operating information for the Signal Generator is
found in the Operation Guide.

Calibration Manual

Section 1, General Information describes the Signal Generator, options, accessories, specifica-
tions, and other basic information.

Section 2, Installation provides information about initial inspection, preparation for use
(including address selection for remote operation), instrument storage, and shipment.

Section 3, Performance Tests documents the tests that verify performance of the instrument
against the critical specifications in table 1-1.

Service Diagnostics Manual

The Service Diagnostics Manual documents repairing the Signal Generator to the module
level. This manual does not include component level repair.

Additional copies of any operation, calibration, or service manual can be ordered separately
through your nearest Hewlett-Packard office. The part numbers are listed on the title
page of this manual, and in the paragraph 1-8, Additional Equipment Information under
Documentation Options.

1-1
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1-2. SPECIFICATIONS

Instrument specifications are listed in table 1-1, Specifications. These are the performance
standards, or limits, against which the instrument may be tested after a 24 hour warm-up
(connection to ac power line), and after 10 minutes turn-on. The Signal Generator has a
general operating temperature range of 0 to +55°C. Whenever the instrument senses an
ambient temperature variation of +£10°C, a recalibration should be done to ensure that all
specifications are being met. The error message Temp Drift. Recalibrate is put into the
message queue if the temperature variation occurs. Activate Special Function 171 to recalibrate
the instrument.

Information printed in Italics are Supplemental Characteristics, and are not warranted
specifications but are typical characteristics included as additional information for the user.

1-3. SAFETY CONSIDERATIONS

This product is a Safety Class I instrument (that is, one provided with a protective earth
terminal). Review the Signal Generator and all related documentation to become familiar
with safety markings and instructions before operation. Refer to the Warnings and Cautions
found in section 2 for safety information.

Safety information pertinent to the task at hand (installation, operation, performance testing,
adjustment, or service) are found throughout these manuals.

1-4. DESCRIPTION

1-2

The Hewlett-Packard Model 8645A Agile Signal Generator has an RF output range of 251 kHz
to 1030 MHz. Its output amplitude is leveled and calibrated from +16 to —137 dBm. AM,
FM, Pulse, or Phase Modulation functions can be selected. The RF output frequency, output
amplitude, modulation, and Fast Hop functions may be remotely programmed via the Hewlett-
Packard Interface Bus using the new Hewlett-Packard Standard Language (HP-SL). The
unique modular design, internal calibration, and service diagnostic features permit accurate
calibration and service.

RF Output

The Signal Generator covers an RF output range of 251 kHz to 1030 MHz which can be
extended to 2060 MHz with the optional Doubler Module (Option 002). Frequency resolution
is 0.01 Hz. A 12-digit display of the RF output in Hz, kHz, MHz, and GHz gives easy viewing
of the desired frequency. Pushbutton keys and rotation of the Knob permit accurate tuning,
and incrementing of the RF output.

Frequency accuracy and stability are dependent upon the reference source being used, which
will be either the internal reference oscillator or an external source operating at 10 MHz.
An optional 10 MHz reference with a temperature stabilized crystal is available for increased
stability (Option 001).

Output Amplitude

The Signal Generator has precise power levels from +16 to —137 dBm over the entire frequency
range. For instruments equipped with Option 002 (Doubler Module), the maximum output
levels are +14 dBm for frequencies from 251 kHz to 1030 MHz, and +13 dBm at frequencies
from 1030 to 2060 MHz. Output amplitude display resolution is 0.1 dBm. An 8 digit display
provides easy viewing of the desired output. Easy conversion of units between dBm, +V, EMF,
and so forth is possible.

Reverse Power protection is 50 Watts from a 50 2 source, 25 V dec.
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Modulation

The Signal Generator features AM, FM, &M, and Pulse modulation which can be si-
multaneously mixed, for example, AM/FM, AM/®M, AM/Pulse, FM/Pulse, ®M/Pulse,
AM/FM/Pulse, or AM/®M/Pulse. The Signal Generator also features versatile simultaneous
internal and external modulation capability for AM, FM, Pulse, and $M.

The Internal Audio Source produces sine, square, triangle, sawtooth, and white Gaussian noise
waveforms from 0.1 Hz to 400 kHz. However, the AUDIO output has a typical bandwidth of
400 kHz which affects complex waveforms with frequency components greater than 400 kHz.
A 16 digit display and LED annunciators shows information for the internal or external
modulation source. Direct keyboard entry for modulation selection is provided.

Frequency Hopping

The Signal Generator features frequency hop operation which can produce a modulated output
signal that “fast hops” over a pre-selected set of frequencies. In the Fast Hop mode, RF output
and output amplitude settings are entered into a channel table. A sequence table is used to
determine the order for the frequency hop. Internal or external AM, FM, or simultaneous
AM/FM Modulation is allowed while in frequency hopping.

Sweep

The Signal Generator has three types of sweep: phase-continuous, Fast Hop, and digitally-
stepped. Linear or log frequency spacing may be selected with Fast Hop or digitally-stepped
sweeping; only linear frequency spacing is available when phase-continuous sweeping.

1-5. HEWLETT-PACKARD INTERFACE BUS (HP-IB)

Compatibility

The Signal Generator is fully programmable via the HP Interface Bus. The The Signal
Generator’s capabilities are defined by the following interface functions: SH1, AH1, T6, TEO,
L4, LEO, SR1, RL1, PP0, DC1, DTO, C0, E2. The Signal Generator interfaces with the bus via
open-collector TTL circuitry. An explanation of the compatibility code may be found in IEEE
Standard 488.2, in IEEE Standard and Digital Interface for Programmable Instrumentation
or the identical ANSI Standard MC1.1.

For detailed information relating to programmable control of the Signal Generator over HP-1B
using HP-SL, refer to chapter 5 in the Operation Guide.

Selecting the HP-IB Address
The instrument’s HP-IB address is preset to 19 (decimal) when shipped from the factory.

The HP-IB address is front-panel programmable. To change your instrument’s HP-IB address,
press the blue SHIFT key, and then the ADRS key. You will see the current address in the
FREQUENCY/STATUS display. Key in the desired decimal number between 00 and 30 if
you want to change the HP-IB address, and then press the ENTER key.

1-3
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1-6. INSTRUMENTS COVERED BY THIS MANUAL

This manual documents Signal Generators supplied with electrical options 001, 002,
and 003. These, and various mechanical options are described in this manual under
paragraph 1-8, Additional Equipment Information.

Serial Numbers

This instrument has a two-part serial number in the form 1234A00123 which is stamped
on the serial number plate attached to the rear of the instrument (above and slightly to
the right of the fan louvre). The first four digits and the letter are the serial number prefix,
and the last five digits form the sequential suffix that is unique to each instrument. The
prefix is the same for all identical instruments; it changes only when a change is made to
the instrument.

The contents of these manuals apply directly to instruments having the same serial number
prefix(es) as listed under SERTIAL NUMBERS on the respective manual title pages.

1-7. MANUAL UPDATING

This manual may be revised as needed to make corrections and to document hardware
and firmware changes. The latest revision of the manual can be purchased from the
Hewlett-Packard locations shown below:

Inside the U.S.A.

Call HP Parts Direct Ordering at 800-227-8164. They can also help determine if a new
revision is available.

Outside the U.S.A.

Contact the local Hewlett-Packard Sales and Service office for ordering information.

i-4 rev.04NOVI2
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1-8. ADDITIONAL EQUIPMENT INFORMATION

Options are variations to the standard instrument which can be ordered during, or after the
original purchase. If options were not ordered with the shipment but are now desired, they
may be ordered from your nearest Hewlett-Packard office using the part number included
in the following paragraphs. The following list defines all currently available options.

Electrical Options

High Stability Timebase (Option 001). A 10 MHz crystal High Stability Time Base for
increased frequency accuracy and stability (less than 5 x 10-1%/day) is installed. A BNC 10
MHz time base output connector is provided on the rear panel as a time base reference.

2 GHz Doubler Output (Option 002). The Signal Generator RF output range is extended from
1030 MHz to 2060 MHz. Use the HP 11845A 2 GHz Retrofit Kit for instruments that do not
have the Option 002 installed.

Rear Panel Inputs/Outputs (Option 003). This option provides rear-panel (instead of front-
panel) connections for AM/FM/PULSE/PHASE MODULATION INPUTS, AUDIO and RF
OUTPUTs.

Mechanical Options

Front Handle Kit (Option 907). Ease of handling is increased with the front-panel handles.
Order HP part number 5062-3990.

Rack Flange Kit (Option 908). This kit contains all necessary hardware and installation
instructions for mounting the Signal Generator in a rack with 482.5 millimeter (standard
19-inch) spacing. Order HP part number 5062-3978.

Rack Flange and Front Handle Combination Kit (Option 909). This kit is simply a front handle
kit and a rack flange kit packaged together. The combination is made up of unique parts
which include both functions. Order HP part number 5062-3984.

Chassis Slide-Mount Kit. This kit is extremely useful when the Signal Generator is rack
mounted. Access to internal circuits and components or the rear panel is possible without
removing the instrument from the rack. Order HP part number 1494-0059 for 432 mm
(17 in.) fixed slides. (To order adapters for non-HP rack enclosures, use HP part number
1494-0023.)

Chassis-Tilt, Slide-Mount Kit. This kit is the same as the Chassis Slide Mount Kit above
except it also allows the tilting of the instrument up or down 90°. Order HP part number
1494-0063 for 432 mm (17 in.) tilting slides. To order adapters for non-HP rack enclosures,
use HP part number 1494-0023.

Documentation Options
Extra Manual Set (Option 910). Provides an additional copy of the Operation and Calibration

Manual (HP part number 08645-90023), and two copies of the Service Diagnostics Manual
(HP part number 08645-90024).
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Add Service Manual (Option 915). Provides a copy of the Service Diagnostics Manual (HP
part number 08645-90024) enabling a qualified service person to troubleshoot and repair
the Signal Generator to the module and cable level.

1-9. AVAILABLE ELECTRICAL AND MECHANICAL EQUIPMENT

Service Accessory Kit. A Service accessory Kit (HP 08645-61116) is available which
contains accessories (special test fixtures, cables, etc.) useful in servicing the Signal
Generator.

Transit Case. Protection when transporting is increased with the Transit Case. Order
HP part number 9211-2662. For ease of use when handling, Transit Case Wheels can be
ordered using HP part number 1490-0913 (includes 4 wheels).

1-10. ACCESSORIES SUPPLIED

The Accessories Supplied are pieces of equipment which are shipped with every Signal
Generator.

Line Power Cable. The line power cable may be supplied in several different plug config-
urations according to the Mains voltage available, and the country of destination of the
original shipment. For the part numbers of the power cables and Mains plugs available,
refer to Power Cables in section 2 of this Operating Information manual.

Fuses. Fuses with a 5A rating for 115 V ac (HP 2110-0010) and a 2.5A rating for 230 V ac

(HP 2110-0083) are supplied. One fuse is factory installed according to the voltage available
in the country of original destination. This same information (part numbers and ratings of
the fuses available) is in the paragraph Line Voltage and Fuse Selection in section 2 of this

Operating Information manual.

Coaxial Timebase Cable. A coaxial time base cable is supplied if the Signal Generator is
equipped with Option 001. This cable must be connected between the rear-panel OVEN
REF output connector from the High Stability Time Base, and the REF IN input connector.

1-11. RECOMMENDED TEST EQUIPMENT

Table 1-2, Recommended Test Equipment lists the test equipment required for testing,
adjusting, and servicing the Signal Generator. The Critical Specifications column describes
the essential requirements for each piece of test equipment. Other equipment can be
substituted if it meets or exceeds these critical specifications.
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General Information

Table 1-1. Specifications (I of 5)

HP8645A specifications

Spedifications describe the insument’s warranted performance and
apply 24 hours after the unit has been connected to the ac power line
and 10 minutes after turn-on (except Fast Hop: 2 hours warm-up). The
specifications assume the instrament is operating in the Auto mode
(except Fast Hop operation) which automatically optimizes the internal
hardware configuration for maximum performance.

Supplemental Characteristics are inanded to provide information
useful in applying the instrument by giving typical, but not warranted

ormance. These characteristics are shown in italics or labeled as
“typical®, “approximate’, or “nominal’.

Frequency

Range: 251.46485 kHz to 1030 MHz. 251.46485 kHz to
2060 MHz with Option 002 or with HP11845A 2 GHz
Retrofit Kit installed.

Frequency bands: Exact endpoints and their approximatons
for each frequency band of the instrument are shown below.

Approximate Frequency Specified Frequency
Band Endpoints (MHz) Band Endpoints (MHz)
1030 to 2060 1030 to 2060

515 to 1030 515 to 1029.99999999
257 to 515 2575 to 514.99999999
128 to 257 128.75 to 257.49999999
64 to 128 64.375 to 128.74999999
32 to 64 32.1875 to 64.37499999
16 to 32 16.09375 to  32.18749999
8 to 16 8.046875 to 16.09374999
4 ¢t 8 4.0234375 to 8.04687499
2 to 4 201171875 to 4.02343749
1 to 2 1.00585938 to  2.01171874
05 to 1 0.50292969 to  1.00585937
025t0 05 0.25146485to  0.50292968

Resolution: 0.01 Hz.

Stability: Same as reference oscillator. See Fast Hop for exception.
Frequency switching time: <110 msec. to within 100 Hz of final
frequency if FM is not active. <150 msec. to within 100 Hz of
fina! frequency if FM is active. See Fast Hop Operation for
exceptions.

Phase offset: Adjustable in 1° increments.

Internal Reference Oscillator =
Stability, Option 001: <5X10-'%/day aging after 10 day

Fast Hop Operation
Frequency switching time:
128 to 2060 MHz: <15 usec.
8 to 2060 MHz: <85 usec.
0.25 to 2060 MHz: <500 usec.
Add 5 usec for Option 002. in closed loop ALC operation.
Frequency hop range: 0.25 to 2060 MHz. With FM on, limited
to any three consecutive carrier frequency bands.
Frequency accuracy’: =2 ppm of carrier frequency.
Typically =1 ppm.
Amplitude accuracy: =1 dB, >-127 dBm output.

(£1.5 dB, > —127 dBm output when amplitude level is vaned
up to —5 dB from the constant learned value during Fest Hop.)

Channel and sequence tables: In Fast Hop each spedific
frequency and amplitude to be output is entered into a
channe] table. The order for the channels to be output is
entered in 2 sequence table.

Maximurm number of channels: 2400.

(3019A and above, Maximum number of channels: 8000

Maximum number of channels in sequence table: 8000)

Maximum number of channels in sequence table: 4000.

Hop rate range: Fixed rates from 8 Hz to 50 kHz using the
internal timer. An external trigger input allows extended
range and variable rates.

Dwell time range: Fixed times of 6.4 usec to 99 msec using
the internal timer. An external trigger input allows longer
and variable dwell times.

Learn cycle time: Typically 10 sec to 3.5 minutes depending
on sequence table length.

Fast Hop bus: Allows real-time selection of any channel for
output while fast hopping. Typically, frequency switching
time increases by 5 usec.

Modulation allowed: Internal or external AM, FM, or
simultaneous AM and FM.

Output level: Maximum allowed variation of all amplitudes
entered in channel table is 20 dB. Frequency switching time
and absolute accuracy degrade with increasing amplitude vari-
ation. Output level is reduced by >60 dB while switching
between channels. External dc AM can be used to shape the
output level while fast hopping.

Spectral Purity

warm-up.
Standard Option 001
Aging: =2 ppm [year gfter +3X10°'°/day after
1 year 10 days
Temperature: | =4 ppm, 0 to +55°C | =6X107, 0 to +55°C
Line Voltage: | =0.1 ppm, +10% =1X10%% =10%

Electronic frequency control, Option 001: =0.01 ppm for =1V
at rear panel connector. Voltage range is =10V. Input
impedance is 10 k.

Output: 10 MHz, >1V,_, level into 505, outpu' impedance of 50Q.

External reference oscillator input: Accepts 10 MHz = 1 kH:
and a level range of 0.5 to 2V, . Input impedance is 5051

* These internal Reterence Oscillator specifications apply

onty to instruments with a Senal Prefix 3026A and Below
See Tabie 1-1. Specificatons (5 of 5).
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Table 1-1. Specifications (2 of 5)

SSB phase noise (CW, AM, or FM? operation):

Standard Operation Fast Hop
Carrier Offset Frequency Operation
] 2Kz | 10kH: | 20kHz Offset

(dBc/Hz) (dBc/Hz) (dBc/Hz)
1030  to 2060 =120 -127 -116
515  to 1030 -127 ~-134 -123
257 to 515 -132 -137 ~128
128 to 257 -136 ~-140 -133
64 to 128 ~139 ~141 -137
32 to 64 -141 -141 -139
16 to 32 -142 ~142 ~-141
8 to 16 -143 -143 -142
4 to 8 -144 -144 -143
2 4 -144 ~-144 -144
1 to 2 ~144 -144 -144
05 to 1 -144 ~144 ~144
0.25 10 05 -144 -144 ~144

Typical SSB phase noise and spurs at 1 GH:.
Residual FM*¢ (CW, AM, FM? operation):

Post Detection Bandwidth
C""’&gg}“'“‘y 03 to 3 kHz 0.05 to 15 kHz
(Hz rms) (Hz rms)
0.25t0 257 <1 <1.2
257 1o 515 <12 <2
515  to 1030 <2 <4
1030  to 2060 <4 <8

Residual AM: <0.01% AM rms, 0.3 to 3 kHz post detection
bandwidth.

S5B AM noise floor, offsets > 100 kHz:
<~157 dBc/Hz at +16 dBm output, 0.25 1¢ 1030 MH:z
<—150dBc/Hz at +13 dBm output, 1030 1o 2060 MHz.

Spurious Signals
Harmonics: <-30 dBc, output <+10dB
Harmonics, Option 002:
<-30dBc, 0.25 to 1030 MHz, output <-2JBm.
<—25 dBc, 1030 to 2060 MHz, output <-2dBm
Subharmonics: None, 0.25 to 515 MHz
<-55 dBc¢, 515 to 1030 MHz.
<-40¢Bc. 1030 to 2060 MHz.
Nonharmonics®:
<-100 dBc, >20 kHz offset, 0.25 10 1050 MH2z
<-94 dBc, >20 kHz offset, 1030 10 2060 MH2

Output
Maximum level: +16 dBm, 0.25 to 1030 MHz.
Option 002: +14 dBm, 0.25 to 1030 MHz.
+13 dBm, 1030 to 2060 MHz.
Minimum level: ~137 dBm.
Display resolution: 0.1 dB.
Absolate accuracy: =1 dB, output 2~127 dBm
Typically =3 dB, output <-127 dBm.
Reverse power protection: 50 watts from a 504 source, 25 Vdc.
Third order intermodulation: <—50 dBc, up to 1300 MH:,
with two signals at +8 dBm and 25 kHz apart passing through a
resistive combiner (exception: Fast Hop operation). Decreases
10 dB for every 5 dBof combined level decrease.

[ Output level overrange: Typically 2 dB more than Maximum Leve!.

Output level switching time: <50 msec. See exception in Fast Hop.
SWR and output impedance: <1.7 : 1, output <—2dBm
<2:1, output 2—2 dBm; 50 output impedance. .
(or <24Al, output >—2 dBm; 50 ) output impedance. for Opt. 002}
Modulation
External modulation input: Coupling is ac or dc for AM, FM
and phase modulation. Pulse modulation input is dc
coupled. Displayed deviation or depth corresponds to =1V
external input.
Simultaneous modulation: AM/FM, AM /Phase, AM /Pulse,
FM/Pulse, Phase [Pulse, AM /FM /Pulse, AM /Phase /Pulse.
Simultaneous internal fexternal modulation: FM and Phase.

Amplitude Modulation

AM depth: 0 to 99.9%, for output <+7 dBm.

AM resolution: 0.1%.

AM indicator accuracy: = (6% of setting + 2%. AM). up to 90%
depth and 1 kHz rate for carmier frequencies >1 MHz
When amplitude level is varied up to —5 dB from the constant

learned value during Fast Hop: (7% of setting + 1% AM)
up to 80% depth. 1 kHz rate )

AM dislortion, at 400 Hz and 1 kHz rates:

Depth Carrier Frequency

(%) 1 to 1030 MHz With Option 002
0to 30 < 2% < 3%
30t0 70 < 3% < 3%
70 to 90 < 5% < R%

AM 3 dB bandwidths: >5kHz, 0.25 to § MH:
>50 kHz. 8 t0 128 MH:z
>100 kHz, 128 to 2060 MH:2

Incidental phase modulation: <0.2 radians peak, at 30%
depth and 1 kHz rate.
External AM input impedance: 600Q.

2 FM at munimum devaation. FM <17% of maximum deviaaon

3 Typically nonharmonic spurs at all offsets are <30 dB ahove the insoument ¢
phase noise level as measured in a 1 Hz bandwidth

¢ Specified for 48 10 63 Hz power line Tvpical for 400 Hz power Line and for
Fast Hop operanon

3 Deviavon <0.1% of maximum available

¢ Lower 3 dB bandwadth limut 1s nvpically 20 Hz for ac couphing U pper 3 dB
bandwadth limut is valid at 25°C :5°C
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Frequency Modulation
FM deviation and rate:

Maximum Peak Maximum
Carrier Deviation Rate
Frequency
MH2) Standard | Fast Hop’ |(3 dB BW)*
(kHz2) (kHz) (kHz)
1030  to 2060 20000 3520 10000
515 10 1030 10000 1760 10000
257 to 515 5000 880 5000
128 to 257 2500 440 2500
64 to 128 1250 220 1250
32 to 64 625 110 625
16 to 32 313 55 313
8 to 16 156 275 156
4 to 8 78 13.7 78
2 to 4 39 6.8 39
1 to 2 195 34 19.5
05 to 1 9.7 1.7 9.7
025t0 0.5 48 0.8 4.8

FM resoluation: 2.5% of setting.
FM indicator accuracy:

Standard Operation Fast Hop Operation

Deviation Maximum Deviation Maximum
(% of maximum) Rate (% of maximum) Rate
Specified Accuracy =10%
0t10 | S0kHz* |  0tw50 | 50kHze
Specified Accuracy =18%
0to17 [375MHz| 010100 | 3.75 MHz*
FM distortion®, rates 20 Hz to 100 kHz:
Deviation Standard Fast Hop
(% of maximum) Operation Operation
0to3 <2.7% <2.7%
3t0 15 <6% <2.7%
15 to 100 <6% <6%

Carrier frequency accuracy in FM: =0.4% of deviation
setting, ac or dc coupled. Typically add 1% of deviation to
frequency accuracy in Fast Hop operation.

Incidental AM: <0.5%, deviation £6% of maximum or
20 kHz, whichever is less.

External FM group delay: 30 usec for rates 20 Hz to 20 kHz,
decreases to <1 usec af rates above 200 kHz. Fast Hop: <1 usec.

External FM input impedance: 509 or 60051

Phase Modulation

Maximum phase deviation: 400 radians, 1030 to 2060 MHz,
decreases by half for each frequency band below this band.

Phase modulation indicator accuracy: =10%.

Phase modulation distortion: <1%.

Phase modulation 3 dB bandwidthé: >150 Hz.

External input impedance: 60051

rev.04NOV92

Pulse Modulation

On /off ratio: >35 dB.

Rise/fall time: <100 nsec, 10% to 90% response points.
Maximum pulse repetition frequency: 1 MHz.
Minimum pulse width: 0.5 usec.

Video feedthrough and overshoot: <10%, 10 to 2060 MH:.
Output level accuracy: =2 dB.

External input levels: On: >3.0V peak. Off: <0.8V peak.
Damage Level: 2210V peak.

External input impedance: 6004

Internal Modulation Source
Waveforms: Sine, square, sawtooth and white Gaussian noise.
Frequency range:

Sine, white Gaussian noise: 0.1 Hz to 400 kHz.

Square, sawtooth: 0.1 Hz to 50 kHz.
Frequency switching time: Typically <30 msec.
Frequency resolution: 0.1 Hz.
Frequency accuracy: Same as internal reference oscillator.
Maximum output level: Nominal 1V peak into 600%.

Typical accuracy: =20 mV, output <100 kHz.
Output level resolution: 2 mV. Typical output impedance: 6002.
Distortion: <0.1%, output at 1V peak and <15 kHz.

Frequency Sweep
Phase continuous sweep:
Sweep type: Linear, phase continuous.
Sweep time: 10 msec to 10 sec, not dependent on sweep
span selected.
Maximum sweep span:

Frequency Maximum span
Range (MHz) (MH2)
1030  to 2060 40
515  to 1030 20
257 to 515 10
128 to 257 5
64 to 128 25
32 to 64 1.25
16 to 32 0.625
8 to 16 0.312
4 to 8 0.156
2 to 4 0.078
1 to 2 0.039
05 to 1 0.019
025t0 05 0.009

Fast Hop sweep:
Sweep Type: Linear or log. frequency stepped.
Sweep Time Range: 10 msec to 100 sec, number of
frequency steps varies with sweep time selected. Typical
time per step is 30 usec for outputs within 128 to
2060 MHz, 170 usec for 8 to 2060 MHz, and 650 usec for
0.25 to 2060 MHz.

? Deviation is limited to the maximum available at the lowest carner frequency
output in the Fast Hop sequence

¥ Limited by the puximum FM rate available in each carmier band

* FM distortion in Mode 1 is <3% for devianons <50% of maxmum available
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Digitally stepped sweep: Dimensions: Approximately 177H X 426W X 624D mm
Sweep type: Linear or log, frequency stepped. (7% 16.8 X 24.6 in))

Sweep Time Range: 500 msec to 1000 sec, number of
frequency steps varies with sweep time selected. Typical ——
time per step is 90 msec.

X-axis output: Nominal 0 to +10V.

Z-axis output: Nominal +5V during retrace.

Markers available: 3.

%
Remote Programming we ToP
Interface: HP-1B (Hewlett-Packard’s implementation of
IEEE-488.2).

HP-TB select code range: 00 to 30. Interface function is
listener and tatker.

Control language: Hewlett-Packard Systems Language
(HP-SL).

Functions controlled: All front panel functions except power
switch and knob.

e

IEEE-488 functions: SH1, AH1, T6, TEQ, L4, LEO, SR1, RL1. I—
PPO, DC1, DTO, CO, E2.

Fast Hop bus interface: DB-25 connector accepting TTL levels. "7_"’) [ SIDE

General ,l =

Power requirements: =10% of 100V, 120V, 220V, or 240V; 48 o T o =
to 440 Hz; 500 VA maximum. s B @

Operating temperature range: 0 to +55°C.

Storage temperature range: —55 to +75°C.

Leakage: Leakage measured into a resonant dipole 1 inch from
the instrument’s surface with output level <0 dBm. (All
inputsfoutputs must be properly termunated. fc < 16 Hz2)

Into a resonant Typical two-turn
dipole loop equivalent
Standard unit 16 uV
. 1uV
(at front panel) (typical)

Acoustic noise: Typically <5.5 bels.

Internal calibration: The operator can initiate an internal cali-
bration and diagnostic function that will ensure all speaifi-
cations are being met with a confidence level exceeding the
accepted standard of 95%

Internal diagnostics: The instrument monitors its operation
and will alert the user to most intemal malfunctions.
Buiit-in test capability locates circuit malfuncnons to allow
repair through module or cable replacement

Calibration interval: 3 years (MTBC).

Retrofit kit, HP 11845A: Installation of 2 single module and
several cables extends the frequency range of the standard
instrument to 2060 MHz.

Storage registers: 10 full function and 40 frequency /amphtude
registers.

Memory erasure: All memory contents except genenc calibra-
tion data can be erased according to Mil Std 380-380

Weight: Approximately 29 to 31 kg (63 to 69 lbs) net and 40
to 42 kg (88 to 94 Ibs) shipping depending on the opnons
ordered.
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Serial Prefix 32034 and Above

Internal reference oscillator Standard high stability Option 001 high stabiiity with EFC
Aging: +1.5x10%/day after ten days +3x10"'%/day after ten days
Temperature: +7x10'°, 010 55°C +6x10'%, 010 55°C
Line voltage: 22x107'%, (+5%, -10%) +1x107'°, £10%
Output: 10 MHz, >0.15V,_ level into 500 10 MHz, >1V,_ fevel into 500
External reference input. Accepts 10 MHz = ppm and a level range of 0.5Vto 2V, into 500
Electronic frequency contro!
(EFC): Option 001 only, £0.01 ppm for * dc at rear panel connector, voltage range =10 dc,

input impedence 10kQ.
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Table 1-2. Recommended Test Equipment (1 of 2)

Instrument Critical Specificati Recommended
Type ritical Specifications Model
Audio Source Level: 1 Vpk into 50 ohms HP 3325A

Frequency: 1 kHz to 3.75 MHz

Distortion Analyzer Distortion Range: < 0.1% HP 339A, HP 8903B, or
Range: 20 Hz to 100 kHz HP 8903E

Frequency and Time The Performance Tests for Fast Hop Switching are | HP 5371A (with two

Interval Analyzer complex and the procedure has been written HP 54002A pods)
specifically using the HP 5371A, no substitutions are
recommended.

Measuring Receiver and | Frequency Range: 250 kHz to 1300 MHz HP 8902A and

Sensor Module Input Level: —127 to +17 dBm HP 11722A

RF Power: 0.2 dB
Tuned RF Level: 0.36 dB RSS
Referenced to —10 dBm input

Amplitude Modulation:

Rates: 20 Hz to 100 kHz

Depth: to 90%

Accuracy: +2% at 1 kHz

Demodulated Output Distortion: 0.5% for
50% depth; < 1.0% for 90% depth

Incidental ®M: <0.05 radians for 30% depth
at 1 kHz rate (50 Hz to 3 kHz bandwidth)

Residual AM: < 0.01% rms (0.3 to 3 kHz BW)

Frequency Modulation:

Rates: 20 Hz to 200 kHz

Deviation: to 400 kHz

Accuracy: +£3% at 1 kHz

Demodulated Output Distortion: <0.3%

Incidental AM: 0.2% depth at 20 kHz
FM deviation

Residual FM: See specifications for External
Local Oscillator for Measuring Receiver

Oscilloscope Vertical Sensitivity: 0.01 mV/div HP 1740A, or
Bandwidth: 100 MHz Tektronix 2245
Time/Div: 0.05us
Input: Dual Channel

Phase Noise The Performance Tests for SSB Phase Noise are HP 3048A Opt. 101
Measurement System complex and the procedure has been written

specifically using the HP 3048A, no substitutions are

recommended.
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Table 1-2. Recommended Test Equipment (2 of 2)

Model 8645A

Instrument Critical Specificati Recommended
Type ritical Specifications Model
Puise Generator Rates: to 1 MHz HP 8116A
(2 required) Pulse Width: 500 ns minimum
Output Level: 4 Vpk into 50 ohms
(One Pulse Generator must be a slave to the other
at half the frequency as used in Performance
Test 8.)
Reference Signal Residual FM: Less than or equal to the specification| HP 8645A
Generator for the HP 8645A.
SSB Phase Noise: Less than or equal to the HP 8642B

specification for the HP 8642B

Spectrum Analyzer, RF

Frequency Range: 0.1 to 7 GHz
Resoiution Bandwidth: <1 kHz to 3 kHz

HP 8559A/853A or
HP 8562B
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DECLARATION OF CONFORMITY

according to ISOAEC Guide 22 and EN 45014

Manufacturer's Name: Hewlett-Packard Co.
Manufacturer's Address: Spokane Division

24001 E. Mission Avenue
Liberty Lake, Washington 99019-9599

USA
declares that the product
Product Name: Name: Agile Signal Generator
Model Number: HP 8645A
Product Options: This declaration covers all options of the

above product.
conforms to the following Product specifications:
Safety: HD 401/1EC 348
EMC: CISPR 11:1990/EN 55011:1991 Group 1, Class A
IEC 801-2:1984/EN 50082-1:1992 4 kV CD, 8 kV AD
IEC 801-3:1984/EN 50082-1:1992 3 V/m
IEC 801-4:1988/EN 50082-1:1992 0.5 kV Sig. Lines, 1 kV Power Lines

Supplementary information:

The product herewith complies with the requirements of the Low Voltage Directive
73/23/EEC and the EMC Directive 89/336/EEC.

Safety qualification of this product was performed 9-1-89 (Report no. SA -PSG-89).

Spokane, Washingtion, USA November 6, 1995 \A}\}M

Date Vince Roland/Quality Manager

European Contact: Your local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH, Department
ZQ/Standards Europe, Herrenberger Strasse 130, D-71034 Béblinger, Germany (FAX +49-7031-14-3143)







Model 8645A Installation

Section 2
INSTALLATION

2-1. INTRODUCTION

This section provides the information needed to install the Signal Generator. Included is infor-
mation pertinent to initial inspection, power requirements, line voltage, fuse selection, power
cables, time base selection, HP-IB address selection, interconnection, mating connectors,
operating environment, instrument mounting, storage, and shipment.

2-2. INITIAL INSPECTION

To avoid hazardous electrical shock, do not perform electrical tests when
there are any signs of shipping damage to any portion of the outer enclosure
(covers and panels).

Inspect the shipping container for damage. If the shipping container or cushioning material
is damaged, it should be kept until the contents of the shipment have been checked for
completeness and the instrument has been checked mechanically and electrically. Procedures
for checking electrical performance are given in section 3, Performance Tests. If the contents
are incomplete, if there is mechanical damage or defect, or if the instrument does not pass
the electrical performance tests, notify the nearest Hewlett-Packard office. If the shipping
container is damaged, or the cushioning material shows signs of stress, notify the carrier as
well as the Hewlett-Packard office. Keep the shipping materials for the carrier’s inspection.

2-3. PREPARATION FOR USE

Power Requirements

The Signal Generator requires a power source of (£10%) 100, 120, 220, or 240 V ac from 48
to 440 Hz. Power consumption is 500 VA maximum.
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.

WARNING i

To avoid the possibility of hazardous electrical
shock, do not operate this instrument at line
voltages greater than 126.5 Vac with line fre-
quencies greater than 66 Hz (leakage currents
at these line settings may exceed 3.5 mA).

1. Open cover door, pull the FUSE PULL lever and rotate to left. Remove the fuse.

2. Remove the Line Voltage Selection Card. Position the card so the line voitage appears at top-left cover.
Push the card firmly into the slot.

3. Rotate the Fuse Pull lever to its normal position. Insert a fuse of the correct value in the holder. Close
the cover door.

Figure 2—-1. Line Voltage and Fuse Selection

This is a Safety Class I product (i.e., provided with a protective earth
terminal). An uninterruptible safety earth ground must be provided from
the Mains power source to the product input wiring terminals, power cord,
or supplied power cord set. Whenever it is likely that the protection has
been impaired, the instrument must be made inoperative and be secured
against any unintended operation.

If this instrument is to be energized via an external autotransformer for
voltage reduction, make sure that the common terminal is connected to the
earthed pole of the power source.
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Line Voltage and Fuse Selection

CAUTION

BEFORE PLUGGING THIS INSTRUMENT into the Mains (line) voltage,
be sure the correct voltage and fuse has been selected.

Verify that the Line Voltage Selection Card and fuse are matched to the power source. See
figure 2-1, Line Voltage and Fuse Selection.

Fuses may be ordered under the HP part numbers listed in table 2-1, Line Fuse Rating and

HP Part Number.

For protection against fire hazard, the line fuse should only be a 250 V fuse
with the correct current rating.

Table 2-1. Line Fuse Rating and HP Part Number

Line Voltage Rating Part Number
100, 120 V ac 5A, 250 V 2110-0010
220,240V ac 2.5A,250V| 2110-0083

Power Cables

BEFORE CONNECTING THIS INSTRUMENT, the protective earth
terminal of the instrument must be connected to the protective conductor
of the (Mains) power cord. The Mains plug shall only be inserted in
a socket outlet provided with a protective earth contact. The protective
action must not be negated by the use of an extension cord (power cable)
without a protective conductor (grounding). Grounding one conductor of a
two-conductor outlet is not sufficient protection.

This instrument is equipped with a three-wire power cable. When connected to an appropriate ac
power receptacle, this cable grounds the instrument cabinet. The type of Mains plug shipped with each
instrument depends on the country of destination. Refer to table 2-2, Power Cable and Mains Plug
Part Numbers for the part numbers of the power cables and Mains plugs available.
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Table 2-2. Power Cable and Mains Plug Part Numbers
Plug pane e Plug_ &‘;‘:& Cable For Use
Type Number D Description (inches) Color In Country
250V 8120-1351 | 0 | 90°/STR BS1363A* 90 Mint Gray United Kingdom,
e 8120-1703 | 4 | 90°/90° 0 Mint Gray Cyprus, Nigeria,
Rhodesia,
CL:I a Singapore
250V 8120-1369 | 0 | STR/STR 79 Gray Austrailia,
8120-0696 | 4 | NZSS198/ASC112* 80 Gray New Zealand
STR/90°
250V 8120-1689 | 7 | STR/STR" 79 Mint Gray East and West
- 8120-1692 | 2 | STR/90° 79 Mint Gray Europe, Saudi
Arabia, Egypt,
_ (unpolarized in
many nations)
125v 8120-1378 | 1 | STR/STR NEMAS5-15P* 80 Jade Gray United States,
8120-1521 | 6 | STR/90° 80 Jade Gray Canada, Mexico,
Phillipines, Taiwan
8120-1751 | 1 | STR/STR 90 Jade Gray U.S./Canada
100V 8120-4753 | 2 | STR/STR 90 Dark Gray | Japan only
(Same plug as above) | 8120-4754 | 3 | STR/90° 90 Dark Gray Japan only
250V 8120-2104 | 3 | STR/STR SEV1011 79 Gray Switzerland
1959-24507
8120-2296 | 4 | STR/90° 79 Gray
8120-3997 | 4 | STR/90° 177 Gray
250v 8120-0698 | 6 | STR/STR NEMAG6-15P 90 Black United States,
‘ Canada
250V 8120-2956 | 3 | 90°/STR 79 Gray Denmark
8120-2957 | 4 | 90°/90°
8120-3997 | 4 | STR/STR
250V 8120-4211 7 | STR/STR'IEC83-B1 79 Black South Africa, India
‘ 8120-4600 | 8 | STR/90° 79 Gray
250V 8120-1860 | 6 | STR/STR*CEE22-V1 59 Jade Gray
(Systems Cabinet Use)
DE D D 8120-1575 | 0 | STR/STR 31 Jade Gray
= = 8120-2191 | 8 | STR/90° 59 Jade Gray
8120-4379 | 8 | 90°/90° 80 Jade Gray

* Part number shown for plug is industry identifier for plug only. Number shown for cable is HP Part Number for complete
cable including plug. E = Earth Ground; L = Line; N = Neutral; STR = Straight
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2-4. TIME BASE SELECTION

If your instrument has option 001 installed, the High Stability Time Base is automatically selected
when the supplied coax cable is connected between the REF IN and OVEN REF OUT connectors on

the rear panel.

To select the standard, internal reference oscillator remove the coax cable from between the REF IN
and OVEN REF OUT connectors on the rear panel.

To confirm the time base selection, key in SPECIAL 161 ENTER. The FREQUENCY/STATUS
display will show “161: Ref Source Int” if the standard internal reference oscillator is sensed, or
“161: Ref Source Ext” if the High Stability Time Base oscillator is sensed.

The Signal Generator indicates any reference source connected (sensed) through the external rear panel
BNC connectors as “Ext”.

2-5. HP-IB ADDRESS SELECTION
The instrument’s HP-IB address is preset to 19 (decimal) when shipped from the factory.

The HP-IB address is front-panel programmable. To change your instrument’s HP-IB address, press the
blue SHIFT key, and then the ADRS key to show the current address in the FREQUENCY/STATUS
display. Key in the desired decimal number between 00 and 30, then press the ENTER key.

2-6. INTERCONNECTIONS

Interconnection data for the Hewlett-Packard Interface Bus is provided in figure 2-2, Hewlett- Packard
Interface Bus Connections.

Mating Connectors

Coaxial Connectors. Coaxial mating connectors used with the Signal Generator should be either 50(2
BNC male connectors or 502 Type N male connectors that are compatible with those specified in US
MIL-C-39012.

Interface Connector. The HP-IB mating connector is shown in figure 2-2, Hewlett-Packard
Interface Bus Connections. Note that the two securing screws are metric.

2-7. OPERATING ENVIRONMENT

The operating environment should be within the following limitations:

TOINPETALUTE . « -+« v s s e e eeeeemeaeseeeeeaaaessossssesasannsssonaeeeennns 0° Cto+55°C
Humidity ....ovciiiiii it i i i i e < 95% relative at 40° C
N 54 e (- S < 4570 meters (15,000 feet)

2-8. BENCH OPERATION

The instrument cabinet has plastic feet that are shaped to ensure self-alignment of instruments when
they are stacked.

2-5
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2-9. RACK MOUNTING

NOTE

The Signal Generator weighs approximately 29 to 31 kg (63 to 69 Ibs) net,
and 40 to 42 kg (88 to 94 lbs) shipping depending upon the options ordered.
Care must be exercised when lifting to avoid personal injury. Use equipment
slides when rack mounting.

Specific rack mounting information is provided with the rack mounting kits. If a kit was not ordered
with the Signal Generator as an option, it may be ordered through the nearest Hewlett-Packard office.
Paragraph 1-8, under Mechanical Options in section 1 includes information and part numbers for
other types of rack mount kits.

Slide rack mount kits allow the convenience of rack mounting with the flexibility of easy access. Slide
kits for the Signal Generator are listed below.

Standard Slide Kit for HP rack enclosures ............c.ccoiiiineiiennennnn... HP 1494-0059
Special Tilt Slide Kit for HP rack enclosures. ...........covviueerennnnnnn... HP 1494-0063
Slide Adapter Bracket Kit for Standard Slides (for non HP rack enclosures) .... HP 1494-0023

2-10. STORAGE AND SHIPMENT

2-6

Environment

The instrument should be stored in a clean, dry environment. The following environmental limitations
apply to both storage and shipment.

S350 o3 7 - —55° Cto + 75° C

Humidity ... i i i e i e < 95% relative

AlItude . ..o e e 15 300 meters (50,000 feet)
Packaging

Original Packaging. Containers and materials identical to those used in factory packaging are available
through Hewlett-Packard offices. If the instrument is being returned to Hewlett-Packard for servicing,
attach a tag indicating the type of service required, return address, model number, and full serial
number. Also, mark the container FRAGILE to assure careful handling. In any correspondence, refer
to the instrument by model number and full serial number.

Other Packaging. The following general instructions should be used for repackaging with commercially
available materials.

a. Wrap the instrument in heavy paper or plastic. (If shipping to a Hewlett-Packard office or service
center, attach a tag indicating the type of service required, return address, model number, and
full serial number.)

b. Use a strong shipping container. A double-wall carton made of 2.4 MPa (350 psi) test material is
adequate.

c. Use enough shock-absorbing material (75 to 100 millimeter layer; 3 to 4 inches) around all sides
of the instrument to provide a firm cushion and to prevent movement in the container. Protect
the front-panel with cardboard.

d. Seal the shipping container securely.

e. Mark the shipping container FRAGILE to assure careful handling.
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SIGNAL GROUND SHIELD =——CONNECT TO
P/0 TWISTED PAIR WITH 11 ATN EARTH
P/0 TWISTED PAIR WITH 10 SRQ GROUND
SHOULD BE GROUNDED ) P/O TWISTED PAIR WITH 9 IFC
NEAR TERMINATION P/0 TWISTED PAIR WITH 8 NDAC
OF OTHER WIRE OF P/0 TWISTED PAIR WITH 7 NRFD
TWISTED PAIR P/0 TWISTED PAIR WITH 6 DAV
REN EOI
DIO 8 DIO 4
Do 7 Do 3
DIO 6 DI 2
DIC 5 DIO 1

ISOMETRIC ————

THREAD M35 x 0.6 24-PIN MICRO-RIBBON

(SERIES 57) CONNECTOR

Logic Levels

The Hewlett-Packard Interface Bus logic levels are TTL compatible, i.e., the true (1) state is 0.0 vdc to +0.4
Vdc and the false (0) state is 2.5 Vdc to +5 Vdc.

Programming and Output Data Format

Refer to Section ill, “Operation”.

Maling Connector
HP 1251-0293; Amphenol 57-30240.

Mating Cables Available

. HP 10833A, 1 metre (3.3 ft.), HP 10833B, 2 metres (6.6 ft)
HP 10833C, 4 metres (13.2 ft.), HP 10833D, 0.5 metres (1.6 ft.)
Cabling Restrictions

1. A Hewlett-Packard Interface Bus system may contain no more than 2 metres (6.6 ft.) of connecting cable
per instrument.

2. The maximum accumuiative length of connecting cable for any Hewlett-Packard interface Bus system is
20 metres (65.6 ft.).

Figure 2-2. Hewlett-Packard I nterface Bus Connections m
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Section 3
PERFORMANCE TESTS

3-1. INTRODUCTION

The procedures in this section test the instrument’s electrical performance using the specifications
of table 1-1 as performance standards. All tests are performed without accessing the interior of the
instrument.

NOTE

Before beginning the performance tests, the Signal Generator should be
allowed a 24 hour warm-up period after being connected to the ac power
line, a 10 minute warm-up period after turn-on, and @ 2 hour warm up for
Fast Hop. Line voltage must be within +10% of nominal if the results of the
performance tests are to be considered valid.

The specifications assume the Signal Generator is operating in the Auto mode
(except for Fast Hop operation) which automatically optimizes the internal
hardware configuration for best performance.

3-2. EQUIPMENT REQUIRED

Equipment required for the performance tests is listed in table 1-2, Recommended Test Equipment.
Any equipment that satisfies the critical specifications provided in the table may be substituted for
the recommended model(s).

3-3. PERFORMANCE TEST RECORD

Results of the performance tests may be tabulated on the Performance Test Record at the end
of the procedures. The Performance Test Record lists all of the tested specifications and their
acceptable limits. The results, recorded at incoming inspection, can be used for comparison in periodic
maintenance and troubleshooting and after repairs or adjustments.

3-4. CALIBRATION CYCLE

This instrument requires periodic verification of performance. Depending on the use and environmen-
tal conditions, the instrument should be checked using the following performance tests at least every
three years.

3-5. INTERNAL VOLTMETER VERIFICATION

Internal to the Signal Generator is a precision dc voltmeter. This voltmeter is used to collect calibration
correction data when the Recal function is invoked. During normal instrument operation, Recal is
automatically run whenever a significant temperature change is noted by the instrument. Recal should
also be run prior to running the Performance Tests. The accuracy of the voltmeter is not explicitly
gpecified but must be within +1% of reading +0.25V for the Recal operation to give valid results.
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3-6. BASIC FUNCTIONAL CHECKS

The basic functions of the HP 8645A can be verified by performing the instrument operating examples
in the HP 8645A Operation Guide and comparing the output signals with the waveforms shown in the
guide. Table 3-1 lists the functions that can be verified using the Operation Guide.

If you suspect an instrument failure when performing the Basic Functional Checks, test the Signal
Generator by activating Special Function 170. Special Function 170 verifies most of the Signal
Generator’s circuitry. At the conclusion of the test, a result code equal to “0” indicates that the
instrument is operating normally. Refer to the Service Diagnostics Manual whenever a result code
other than “0” appears.

Table 3-1. Basic Functional Checks

Refer to Operation Guide Functions and Operations Verified
Chapter 1 Power Up and Self Check
Learning to Operate the HP 8645A Frequency Hop
Chapter 2 Special Functions, Save and Recall
What About Modulating? Digitized FM Synthesis

Linear FM Synthesis
Output Amplitude, Synthesis Mode
Modulation
Frequency, Amplitude
Pulse, Simultaneous
Chapter 3 Channel Tabie, Sequence Table,
What About Frequency Hopping? Hop Rate, Dwell Time,
Frequency Hop Modes,
Timing Control, Synchronization,
internal and External Triggering,
Amplitude Control
Chapter 4 Start, Stop, Center, and Span
What About Sweeping? Frequencies
Sweep Markers
Frequency Range
Digitally-Stepped Sweep
Fast Hop Sweep
Phase-Continuous Sweep
Sweep Spacing
Sweep Triggering
Chapter 5 HP-SL Programming Frequencies
What About Programming? HP-IB Address
Appendix G Amplitude Offset, Auto Sequence,
Miscellaneous Operating Features Clear All, Display, EMF,
Frequency Offset, Knob Hold/Increment,
Phase increment/Decrement,
Sequence, Set Sequence
Appendix H Audio Level
Synthesized Audio Oscillator Audio Frequency

rev.27DECSS
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Preliminary Test

INTERNAL VOLTMETER VERIFICATION

Specification

The accuracy of the internal voltmeter is not explicitly specified but it should be +1% of reading
+0.25V for the Recal routine to be valid.

Description

A dc voltage is applied to the voltmeter input of the Signal Generator. The voltage is measured by
both the Signal Generator’s internal voltmeter and an external voltmeter and the two readings are

compared.
NOTE
This test should be run before beginning the Performance Tests.
Equipment
Digital VOIEMELET ... ...ttt ennne ettt eeens HP 3478A
POWET SUPDLY . . v e eeeeeie e HP 6218C or HP 6236B
Procedure

1. Remove any connection to the Signal Generator’s rear-panel VM IN connector.

2. On the Signal Generator, press INSTR PRESET then key in SPECIAL 180 ENTER to set the
internal voltmeter to read the voltage at the Signal Generator’s rear-panel VM IN connector. The
reading should be between —0.25 and +0.25 Vde.

Voltmeter Offset: —0.25 ___ +0.25 Vdc

3. Connect the dc power supply and digital voltmeter to the Signal Generator’s rear-panel VM IN
connector using a BNC tee. (If a dual power supply is used, stack the + and — outputs to obtain
the 40V if needed.)

4. Set the power supply to +40V and set the voltmeter to read +40 Vdc. The Signal Generator
should display approximately +40, but more importantly it should agree with the reading of the
external voltmeter within £0.65 Vdc (that is, £1% of 40V +0.25V).

Voltmeter Accuracy at +40V: —0.65 ____ +0.65 Vdc

5. Reverse the power supply leads to produce —40V at the Signal Generator’s VM IN connector.
The Signal Generator should display approxzimately —40 and should agree with the reading of
the external voltmeter within £0.65 Vdc (that is, +1% of 40V +0.25V).

Voltmeter Accuracy at —40V: —0.65 ______ +0.65 Vdc

rev.27DECS88 3-2.1
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Performance Test 1

CARRIER AMPLITUDE TEST

Specification

Characteristic Performance Limits Conditions
Output
Maximum Level +16 dBm 0.25 to 1030 MHz; standard
+14 dBm 0.25 to 1030 MHz; Option 002
+13 dBm 1030 to 2060 MHz; Option 002
Absolute Accuracy +1 dB output > —127 dBm

Description

The carrier amplitude specifications are verified with an HP 8902A Measuring Receiver.
The higher amplitudes are measured directly with the measuring receiver’s built-in power
meter. Lower amplitudes are measured using the very sensitive tuned RF level feature of the
measuring receiver. Carrier amplitude is set in the instrument both by switching attenuator
pads and also by voltage-variable gain control. Both types of amplitude control are checked.

Equipment
Measuring Receiver .. ... ... ... i i e HP 8902A
Sensor Module . . ..ot e e e HP 11722A
Procedure
Initial Setup

1. On the Signal Generator, press INSTR PRESET.
2. Preset the measuring receiver, then select the RF power measurement with units of dBm.

NOTE

Verify that the measuring receiver’s calibration factors match the sensor
module. Zero the power sensor and calibrate the power measurement using
the measuring receiver’s built-in power reference.

3. Connect the input of the measuring receiver’s sensor module directly to the Signal
Generator’s OUTPUTS RF connector.

Maximum Level

4. Set the Signal Generator’s carrier frequency and amplitude as indicated in the following
table. Also, key the frequency into the measuring receiver to invoke the appropriate
calibration factor. The carrier amplitude should be within the limits given in the table.

Performance Test 1 3-3
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Signal Generator Carrier Amplitude Limits (dBm)
Frequency (MHz) Amplitude (dBm) Minimum Actual
Standard
0.26 +17 +16
1 +17 +16
10 +17 +16
100 +17 +16
1030 +17 +16
Option 002
0.26 +15 +14
1 +15 +14
10 +15 +14
100 +15 +14
1030 +15 +14
2060 +14 +13

High-Amplitude Accuracy

5. Set the Signal Generator’s carrier frequency and amplitude as indicated in the following
table. Also, key the frequency into the measuring receiver to invoke the appropriate
calibration factor. The output power should be within the limits given in the table.

Signal Generator Carrier Amplitude Limits (dBm)
Frequency (MHz) Amplitude (dBm) Minimum Actual Maximum
1030 +6 +5 +7
1030 +7 +6 +8
1030 +8 +7 +9
1030 +9 +8 +10
1030 +10 +9 +11
1030 +11 +10 +12
1030 +12 +11 +13
1030 +13 +12 +14
1030 +14 +13 +15
2060 (V) +13 +12 +14
100 +14 +13 +15
10 +14 +13 +15
1 +14 +13 +15
0.26 +14 +13 +15
(1) Option 002 only.

Performance Test 1

Table continued on next page
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Table continued from previous page

Signal Generator Carrier Amplitude Limits (dBm)
Frequency (MHz) Amplitude (dBm) Minimum Actual Maximum
0.26 +10 +9 - +11
1 +10 +9 — +11
10 +10 +9 —_ +11
100 +10 +9 - +11
2060 (2) +10 +9 - +11
2060 (2 +5 +4 - +6
1030 +5 +4 - +6
100 +5 +4 —_— +6
10 +5 +4 — +6
1 +5 +4 —_ +6
0.26 +5 +4 - +6
0.26 +0 -1 —_— +1
1 +0 -1 — +1
10 +0 -1 _— +1
100 +0 -1 — +1
1030 +0 -1 —_— +1
2060 () +0 -1 - +1
(2) Option 002 only.

Low-Amplitude Accuracy
6. On the Signal Generator key in FREQ 1030 MHz and AMPTD 0 dBm.

7. Set the measuring receiver to the tuned RF level measurement mode and key in
automatic operation to tune the measuring receiver to the Signal Generator’s output.

8. Set the Signal Generator’s carrier amplitude as indicated in the following table and note
the measured amplitude. The carrier amplitude should be within the limits given in the

table.

NOTE

When the recalibration annunciator appears on the measuring receiver’s
display, press the CALIBRATE key, wait for completion of the calibration, then

proceed.

Other frequencies can be tested if they are in the range of the measuring
receiver. For high frequencies, a down-converter may be required.
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Signal Generator Amplitude Limits (dBm)
Carrier
Amplitude (dBm) Minimum Actual Maximum
-5 —6 -4
-10 -11 -9
-15 -16 —-14
-20 -21 -19
-25 —-26 -24
-30 -3 -29
-35 —36 -34
—40 —41 -39
—45 ~46 —44
-50 -51 —49
-55 —56 -54
—60 —61 —59
~65 —66 —64
-70 -71 —-69
-75 -76 —74
-80 —81 ~79
-85 -86 —84
-90 -91 -89
-95 -96 -94
-100 -101 -99
-105 —106 —-104
-110 -111 —-109
-115 -116 -114
-120 —121 -119
-127 —128 -126

Performance Test 1
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Performance Test 2
AM TEST
Specification
Characteristic Performance Limits Conditions
Spectral Purity
Residual AM <0.01% rms 0.3 to 3 kHz post-detection bandwidth

Amplitude Modulation

Indicator Accuracy

+(6% of setting + 1%)

to 90% depth; 1 kHz rate

Distortion 400 and 1000 Hz rates
<2% 0 to 30% depth; 0.25 to 1030 MHz
<5% 0 to 30% depth; 1030 to 2060 MHz; Option 002
<3% 30 to 70% depth; 0.25 to 1030 MHz
<5% 30 to 70% depth; 1030 to 2060 MHz; Option 002
<5% 70 to 90% depth; 0.25 to 1030 MHz
<8% 70 to 90% depth; 1030 to 2060 MHz; Option 002

3 dB Bandwidth >5 kHz 0.25 to 8 MHz
>50 kHz 8 to 128 MHz
>100 kHz 128 to 1030 MHz
>100 kHz 1030 to 2060 MHz; Option 002

Incidental Phase <0.2 rad peak at 30% depth; 1 kHz rate

Modulation
Description

The AM specifications are verified directly with an HP 8902A Measuring Receiver.

Equipment

Measuring Receiver

Procedure

Initial Setup

................................. HP 8902A

1. On the Signal Generator, press INSTR PRESET.

rev.15DEC89
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2. Preset the measuring receiver, then set it as follows.

a. Select the AM measurement.

NOTE

Verify that the measuring receiver’s AM is calibrated using its built-in AM
calibrator.

b. Set the high-pass filter to 300 Hz.
c. Set the low-pass filter to 3 kHz.
d. Set the detector to RMS.

3. Connect the Signal Generator’s OUTPUTS RF directly to the RF input of the measuring
receiver or, if a sensor module is being used, connect it to the input of the sensor module.

Residual AM

4. Set the Signal Generator’s carrier frequency and amplitude as indicated in the following
table. Allow the measuring receiver to retune. The residual AM should be within the
limits given in the table.

Signal Generator Carrier Settings Residual AM Limits (%)
Frequency (MHz) Amplitude (dBm) Actual Maximum
1000 +15 —_ 0.01
1000 +6 - 0.01
1300(%) +6 - 0.01
1300V +13 - 0.01
(1) Option 002 only.

Indicator Accuracy
5. Set the measuring receiver as follows.

a. Set the detector to peak+ /2 (that is, to average peak+ and peak-). (To do this
press the PEAK + and PEAK - keys simultaneously.)

b. Set the high-pass filter off.
c. Set the low-pass filter off.
6. Set the Signal Generator as follows.
a. Key in FREQ 1 GHz.
b. Key in AMPTD 0 dBm.

c. Key in AM ON. (Note that the modulation source is set to internal with a modulation
rate of 1 kHz.)

7. Set the Signal Generator’s AM depth as indicated in the following table. The AM depth,
as read on the measuring receiver, should be within the limits shown in the table.

3-8 Performance Test 2
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Signal Generator AM Depth Limits (%)
AM Depth
(%) Minimum Actual Maximum
10 8.4 11.6
20 17.8 222
30 27.2 328
40 36.6 434
50 46.0 54.0
60 55.4 64.6
70 64.8 75.2
80 74.2 85.8
90 83.6 96.4
Distortion

8. Set the measuring receiver to measure the audio distortion on the demodulated 1 kHz
AM.

9. Set the Signal Generator’s AM depth as indicated in the following table. The AM
distortion, as read on the measuring receiver, should be within the limits shown in the

table.
Signal Generator AM Distortion Limits (%)
AM Depth
(%) Actual Maximum
30 2
70 3
90 5

10. If the Signal Generator has Option 002, set its carrier frequency to 1.3 GHz. Repeat
step 9 using the following table.

Signal Generator AM Distortion Limits (%)
AM Depth
(%) Actual Maximum
90 8
70 5
30 5

Incidental Phase Modulation
11. On the Signal Generator key in FREQ 1 GHz and AM 30 %.

12. Set the measuring receiver to read phase modulation (2M) and set its detector to peak+.
The phase deviation of the phase modulation should read 0.2 rad peak or less.

0.2 rad peak

rev.15DEC89
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3 dB Bandwidth
13. Set the measuring receiver to measure AM depth.
14. On the Signal Generator key in AM 90 %.

15. Set the Signal Generator’s carrier frequency and its audio frequency as indicated in the
following table. For each setting perform the following steps.

a. After setting the Signal Generator’s carrier frequency, allow the measuring receiver
to retune.

b. On the Signal Generator key in AUDIO FREQ 1 kHz.

c. Set the measuring receiver ratio display off (if it is on). Then set the ratio back on
to establish a new ratio reference. (Also, set the ratio to read in dB, that is, log.)

d. Set the Signal Generator’s audio frequency as shown in the table.

e. Note the dB change in AM depth on the measuring receiver. The depth should be
between —3 and +3 dB (relative).

Signal Generator Settings Relative AM Depth Limits (dB)
Carrier Frequency (MHz) | Audio Frequency (kHz) Minimum Actual Maximum
0.26 5 -3 - +3
11 50 -3 - +3
129 100 -3 - +3
1030 100 -3 - +3
1300V 100 -3 —_— +3
(1) Option 002 only.
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Performance Test 3

FM TEST (LOW DEVIATIONS AND RATES)

Specification

Characteristic

Performance Limits

Conditions

Spectral Purity

Residual FM 0.3 to 3 kHz post-detection bandwidth
<1 Hzrms 0.25 to 257 MHz carrier
<1.2 Hz rms 257 to 515 MHz carrier
<2 Hzrms 515 to 1030 MHz carrier
<4 Hz rms 1030 to 2060 MHz carrier; Option 002
0.05 to 15 kHz post-detection bandwidth
<1.2 Hz rms 0.25 to 257 MHz carrier
<2 Hz rms 257 to 515 MHz carrier
<4 Hz rms 515 to 1030 MHz carrier
<8 Hz rms 1030 to 2060 MHz carrier; Option 002
Frequency Modulation
Maximum Peak Auto Mode
Deviation
20 MHz 1030 to 2060 MHz carrier; Option 002
10 MHz 515 to 1030 MHz carrier
5 MHz 257 to 515 MHz carrier
2.5 MHz 128 to 257 MHz carrier
1.25 MHz 64 to 128 MHz carrier
625 kHz 32 to 64 MHz carrier
313 kHz 16 to 32 MHz carrier
156 kHz 8 to 16 MHz carrier
78 kHz 4 to 8 MHz carrier
39 kHz 2 to 4 MHz carrier
19.5 kHz 1 to 2 MHz carrier
9.7 kHz 0.5 to 1 MHz carrier
4.8 kKHz 0.25 to 0.5 MHz carrier
Fast Hop Mode
3.52 MHz 1030 to 2060 MHz carrier; Option 002
1.76 MHz 515 to 1030 MHz carrier
880 kHz 257 to 515 MHz carrier
440 kHz 128 to 257 MHz carrier
220 kHz 64 to 128 MHz carrier
110 kHz 32 to 64 MHz carrier
55 kHz 16 to 32 MHz carrier

Performance Test 3
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Characteristic

Performance Limits

Conditions

Maximum Peak
Deviation (cont’d)

Maximum Rate
(3 dB Bandwidth)

Indicator Accuracy

Distortion

Incidental AM

Carrier Frequency
Accuracy in FM

27.5 kHz
13.7 kHz
6.8 kHz
3.4 kHz
1.7 kHz
0.8 kHz

10 MHz
10 MHz
5 MHz
2.5 MHz
1.25 MHz
625 kHz
313 kHz
156 kHz
78 kHz
39 kHz
19.5 kHz
9.7 kHz
4.8 kHz

+10%
+18%
+10%

+18%

<1.3%
<6%
<1.3%
<6%

<0.5% depth

+0.4% of deviation
setting

8 to 16 MHz carrier

4 to 8 MHz carrier

2 to 4 MHz carrier

1 to 2 MHz carrier

0.5 to 1 MHz carrier
0.25 to 0.5 MHz carrier

20 to 30C

1030 to 2060 MHz carrier; Option 002
515 to 1030 MHz carrier
257 to 515 MHz carrier
128 to 257 MHz carrier
64 to 128 MHz carrier
32 to 64 MHz carrier

16 to 32 MHz carrier

8 to 16 MHz carrier

4 to 8 MHz carrier

2 t0 4 MHz carrier

1 to 2 MHz carrier

0.5 to 1 MHz carrier
0.25 to 0.5 MHz carrier

limited by the maximum FM rate available in
each carrier band

Auto Mode; 50 kHz rate;

10% of maximum peak deviation
Auto Mode; 3.75 MHz rate;

17% of maximum peak deviation
Fast Hop Mode; 50 kHz rate;

50% of maximum peak deviation
Fast Hop Mode; 3.75 MHz rate;

100% of maximum peak deviation

20 Hz to 100 kHz rates

Auto Mode; 3% of maximum peak deviation

Auto Mode; 100% of maximum peak deviation
Fast Hop Mode; 15% of maximum peak deviation
Fast Hop Mode; 100% of maximum peak deviation

deviation <6% of maximum or 20 kHz, whichever
is less

Internal Modulation
Source

Distortion

<0.1%

output at 1V peak; <15 kHz rate

Performance Test 3
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Description

The FM specifications which can be verified directly with an HP 8902A Measuring Receiver
are checked in these tests. The restrictions are that (1) the peak deviation must be less than
400 kHz, (2) the modulation rate must be less than 200 kHz, and (3) the local oscillator’s
residual FM must be less than the HP 8645A. This latter restriction can be overcome by
choosing an external local oscillator with better or equal performance (such as a second
HP 8645A).

This test is followed by Performance Test 4, FM Test (High Deviations and Rates), which
uses an HP 3048A Phase Noise Measurement System. This system can measure some FM
specifications outside the range of the HP 8902A. Performance Tests 3 and 4 have some

overlap.
The distortion of the internal modulation source is checked directly using a distortion
analyzer.
Equipment
Distortion Analyzer........ccovviiiiiiinenneanreeeennns HP 8903B or HP 8903E
Measuring Receiver..........oooiuiiieeninieeeeninnenaanns HP 8902A Option 003
Reference Signal Generator. .. .........ooiueeneenieerennnnneeneennns HP 8645A

NOTE

If the Signal Generator being tested has Option 002, the reference signal
generator must have Option 002 also.

B HP_ 8645A
[ —] ] ] et
Dol |looo|loql |o||ooooa||a _ o
cgisee 59 225285 | O || o wNeuT |  MEASURING
[mjou]llm]e]m]i{nio]n]R]m]{os]usjon){m]a]hym]m]m) (REAR PANEL) RECE'VER
oo:: @66 6 fOaoasdasn @
RF 500 INPUT
REFERENCE
ESIGNEAL DISTORTION HIGH
GENERATOR _| ANALYZER  |INPUT
QUTPUT

Figure 3—1. FM (Low Deviations and Rates) Test Setup
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Procedure
Initial Setup

1. Connect the equipment as shown in figure 3-1. (If the measuring receiver does not have
series 030 options (high selectivity), remove the rear-panel coaxial jumper from the local
oscillator’s input and output. Connect the reference signal generator’s output to the
measuring receiver’s rear-panel local oscillator input.)

2. Set the reference signal generator’s carrier to 251.5 MHz at 0 dBm.

3. On the Signal Generator under test, press INSTR PRESET.

4. Preset the measuring receiver, then set it to read FM with the RMS detector. (If the
measuring receiver has series 030 options (high selectivity), invoke special function 23.1
to switch the local oscillator to external.)

5. Connect the Signal Generator-under-test’s OUTPUTS RF directly to the RF input of the
measuring receiver or, if a sensor module is being used, connect it to the input of the
sensor module.

Residual FM
6. On the Signal Generator under test, key in AMPTD 0 dBm.

7. Set the Signal Generator-under-test’s carrier frequency, the reference signal generator’s
carrier frequency, and the measuring receiver’s high-pass and low-pass filters as indicated
in the following table. For each setting, allow the measuring receiver to retune. The
residual FM should be within the limits given in the table.

Signal Generator Carrier Frequency (MHz) Measuring Receiver Filter Residual FM Limits (Hz rms)
Under Test Reference High-Pass Low-Pass Actual Maximum
250 251.5 300 Hz 3 kHz —_ 1
500 501.5 300 Hz 3 kHz —_ 1.2
1000 1001.5 300 Hz 3 kHz - 2
1300 (V) 1301.5 300 Hz 3 kHz - 4
1300 (V) 1301.5 50 Hz 15 kHz — 8
1000 1001.5 50 Hz 15 kHz —_— 4
500 501.5 50 Hz 15 kHz —_— 2
250 251.5 50 Hz 15 kHz - 1.2
(1) option 002

Indicator Accuracy

8. If the measuring receiver does not have series 030 options, disconnect the reference
generator from the rear panel and re-connect the coaxial jumper. If the measuring
receiver has series 030 options, invoke special function 23.0 to switch the local oscillator
to internal.

NOTE

Verify that the measuring receiver’s FM is calibrated using its built-in FM
calibrator.
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9.

10.

Performance Tests

Set the measuring receiver as follows.

a. Set the detector to peak+ /2 (that is, to average peak+ and peak-). (To do this
press the PEAK + and PEAK - keys simultaneously.)

b. Set the high-pass filter off.

c. Set the low-pass filter off.

On the Signal Generator under test, press the FM key, then key in AUDIO FREQ 50 kHz.
Set the Signal Generator’s carrier frequency and FM peak deviation as indicated in the
following table. For each step the FM peak deviation, as read on the measuring receiver,
should be within the limits shown in the table (that is, within +10%).

Signal Generator Settings FM Deviation Limits (kHz peak)
Carrier Frequency (MHz) FM Deviation (kHz peak) Minimum Actual Maximum
500 360 324 - 396
260 360 324 -_— 396
250 250 225 —_— 275
130 250 225 —_ 275

Record the FM Deviation for the 500 MHz carrier for use in Performance Test 4.

FM Deviation for 500 MHz carrier: ____ kHz
11. On the Signal Generator under test, press FAST HOP (in the SYNTHESIS MODE key
group). Repeat step 10 using the following table.
Signal Generator Settings FM Deviation Limits (kHz peak)
Carrier Frequency (MHz) | FM Deviation (kHz peak) Minimum Actual Maximum
130 200 180 - 220
250 200 180 -_ 220
260 360 324 - 396
500 360 324 - 396
Distortion
12. Connect the distortion analyzer to the modulation output of the measuring receiver.
(Refer to figure 3-1.)
13. Set the distortion analyzer to measure the distortion on the demodulated FM which will
have an audio rate of 100 kHz. (Switch any low-pass filter off.)
14. Set the Signal Generator under test as follows.

a. Key in FREQ 130 MHz.
b. Key in AUDIO FREQ 100 kHz.
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15. On the Signal Generator under test, set the FM peak deviation as indicated in the
following table. For each step read the distortion on the distortion analyzer. The
distortion should be within the limits shown in the table.

Signal Generator FM Distortion Limits (%)
FM Deviation
(kHz peak) Actual Maximum
66 - 1.3
400 - 6

16. On the Signal Generator under test, press AUTO (in the SYNTHESIS MODE key group).
Repeat step 15 using the following table.

Signal Generator FM Distortion Limits (%)
FM Deviation
(kHz peak) Actual Maximum
400 - 6
75 - 13

Incidental AM
17. On the Signal Generator under test, key in FREQ 17 MHz and FM 18 kHz.
18. Set the measuring receiver to read AM. The AM depth should read 0.5% or less.

Incidental AM Limit: ______ 0.5%

Maximum Rate (3 dB Bandwidth)
19. Set the measuring receiver to measure FM peak deviation.

20. On the Signal Generator under test, set the carrier frequency, FM deviation, and audio
frequency as indicated in the following table. For each setting perform the following steps.

a. After setting the Signal Generator-under-test’s carrier frequency, allow the measur-
ing receiver to retune.

b. On the Signal Generator key in AUDIO FREQ 1 kHz.

c. Set the measuring receiver ratio display off (if it is on). Then set the ratio back on
to establish a new ratio reference. (Also, set the ratio to read in dB, that is, log.)

d. Set the Signal Generator’s audio frequency as shown in the table.
e. Note the dB change in FM deviation on the measuring receiver. The deviation
should be between —3 and +3 dB (relative).
NOTE

In some cases it will be necessary to set the FM deviation of the
Signal Generator before entering its carrier frequency because the interim
combination of the two may be incompatible.
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Signal Generator Settings Relative FM Deviation Limits (dB)
Carrier Frequency FM Deviation Audio Frequency - .
(MHz) (kHz peak) (kHz) Minimum Actual Maximum
32 300 200 -3 - +3
17 300 200 -3 - +3
1 150 150 -3 - +3
0.8 9.6 9.6 -3 - +3
0.4 4.7 47 -3 - +3

21. On the Signal Generator under test, press FAST HOP. Repeat step 20 using the following

table.
Signal Generator Settings Relative FM Deviation Limits (dB)
Carrier Frequency FM Deviation Audio Frequency .. .
(MHz) (kHz peak) (kHz) Minimum Actual Maximum

0.4 0.7 4.7 -3 —_— +3
0.8 1.6 9.6 -3 - +3
11 274 150 -3 —_— +3
17 54 200 -3 - +3
32 54 200 -3 - +3

Carrier Frequency Accuracy in FM
292. Set the measuring receiver to measure carrier frequency.

23. On the Signal Generator under test, press AUTO (to exit the Fast Hop mode) and press
INT (to turn off the internal modulation oscillator).

24. On the Signal Generator under test, set the carrier frequency and the FM peak deviation
as indicated in the following table. For each step press FM OFF then press FM ON and
note the shift in carrier frequency as read on the measuring receiver. (The frequency
error measurement mode in the measuring receiver can also be used to measure carrier
shift.) The carrier shift should be within the limits shown in the table.

NOTE

The FM system in the Signal Generator is turned on but no actual FM is
generated because the audio source is turned off.
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Signal Generator Settings Carrier Shift Limits (kHz)
Carrier Frequency FM Deviation .
(MHz) (MHz peak) Actual Maximum
10 0.15 0.6
20 0.3 1.2
50 0.625 25
100 1.25 5
200 2.5 10
500 5 20
1000 10 40

Internal Modulation Source Distortion

Model 8645A

25. Connect the input of the distortion analyzer directly to the Signal Generator’s OUTPUTS

AUDIO connector.

26. On the Signal Generator key in SHIFT AUDIO LEVEL 1 V. Key in the audio frequency as

listed in the following table. For each setting measure the audio distortion. The distortion
should be within the limits indicated.

Audio Distortion Limits (%)
Frequency
(Hz) Actual Maximum
15 000 0.1
2 000 0.1
200 0.1
20 0.1
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Performance Test 4

FM TEST (HIGH DEVIATIONS AND RATES)

Specification

Characteristic

Performance Limits

Conditions

Frequency Modulation

Maximum Peak
Deviation

Maximum Rate
(3 dB Bandwidth)

20 MHz
10 MHz
5 MHz
2.5 MHz
1.25 MHz
625 kHz
313 kHz
156 kHz
78 kHz
39 kHz
19.5 kHz
9.7 kHz
4.8 kHz

3.52 MHz
1.76 MHz
880 kHz
440 kHz
220 kHz
110 kHz
55 kHz
27.5 kHz
13.7 kHz
6.8 kHz
3.4 kHz
1.7 kHz
0.8 kHz

10 MHz
10 MHz
5 MHz
2.5 MHz
1.25 MHz
625 kHz
313 kHz
156 kHz -
78 kHz

Auto Mode

1030 to 2060 MHz carrier; Option 002
515 to 1030 MHz carrier
257 to 515 MHz carrier
128 to 257 MHz carrier
64 to 128 MHz carrier
32 to 64 MHz carrier

16 to 32 MHz carrier

8 t0 16 MHz carrier

4 to 8 MHz carrier

2 to 4 MHz carrier

1 to 2 MHz carrier

0.5 to 1 MHz carrier
0.25 to 0.5 MHz carrier

Fast Hop Mode

1030 to 2060 MHz carrier; Option 002
515 to 1030 MHz carrier
257 to 515 MHz carrier
128 to 257 MHz carrier
64 to 128 MHz carrier
32 to 64 MHz carrier

16 to 32 MHz carrier

8 to 16 MHz carrier

4 to 8 MHz carrier

2 to 4 MHz carrier

1 to 2 MHz carrier

0.5 to 1 MHz carrier
0.25 to 0.5 MHz carrier

20t030C

1030 to 2060 MHz carrier; Option 002
515 to 1030 MHz carrier

257 to 515 MHz carrier

128 to 257 MHz carrier

64 to 128 MHz carrier

32 to 64 MHz carrier

16 to 32 MHz carrier

8 to 16 MHz carrier

4 to 8 MHz carrier

Performance Test 4
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Characteristic Performance Limits Conditions
Maximum Rate 39 kHz 2 to 4 MHz carrier
(3 dB Bandwidth) 19.5 kHz 1 to 2 MHz carrier
(cont'd) 9.7 kHz 0.5 to 1 MHz carrier
4.8 kHz 0.25 to 0.5 MHz carrier
Indicator Accuracy limited by the maximum FM rate available in
each carrier band
+10% Auto Mode; 50 kHz rate;
10% of maximum peak deviation
+18% Auto Mode; 3.75 MHz rate;
17% of maximum peak deviation
+10% Fast Hop Mode; 50 kHz rate;
50% of maximum peak deviation
+18% Fast Hop Mode; 3.75 MHz rate;
100% of maximum peak deviation
Distortion 20 Hz to 100 kHz rates
<1.3% Auto Mode; 3% of maximum peak deviation
<6% Auto Mode; 100% of maximum peak deviation
<1.3% Fast Hop Mode; 15% of maximum peak deviation
<6% Fast Hop Mode; 100% of maximum peak deviation
Description

Measurements are made on signals with FM peak deviations up to 880 kHz and rates up to
3.75 MHz. These signals cannot be made directly by the HP 8902A Measuring Receiver which
was used in Performance Test 3. (However, Performance Tests 3 and 4 have some overlap.)

FM is demodulated by an HP 3048A Phase Noise Measurement System. A power splitter and
delay line (both supplied with the system) and an RF phase detector (built into the system’s
interface) are used as a delay-line FM discriminator. The demodulated FM is analyzed by an
RF spectrum analyzer (optionally supplied with the system) and an oscilloscope. The test is
not run by a system program; rather, the system’s interface is manually controlled from the
controller’s keyboard.

Equipment
Audio SOUICe ... .ooiini i e HP 3325A
Oscilloscope . ....ooviiiie i HP 1740A or Tektronix 2245

Phase Noise Measurement System

...................... HP 3048A Option 101

NOTE

Since this test is written specifically for the HP 3048A, no substitute of
equipment is recommended.

For this test, the HP 3048A is assumed to have the HP 11848-60132 Noise
Floor Test Fixture (supplied with system) and an HP 3585A spectrum
analyzer (which must have a 1 M input). The HP 3561A Dynamic Signal
Analyzer is required for the system but is not used in this test.

Performance Test 4



Model 8645A

Procedure

Performance Tests

Initial Setup and Establishing Quadrature

1. Run Performance Test 3, FM Test (Low Deviations and Rates). Record the values
measured in step 10 for use later in this test.

2. Connect the equipment as shown in figure 3-2. Check that the SPECTRUM ANALYZER
output connector on the front panel of the HP 11848A Phase Noise Interface is
terminated in 50 Q. Also, check that the delay line connectors are tight.

3. On the Signal Generator press INSTR PRESET then key in FREQ 400 MHz and AMPTD
17 dBm (or the highest amplitude allowed for Signal Generators with Option 002 or 005).

HP _3585A SPECTRUM ANALYZER

e w— ——

T o ooog .
(=1=ps S oooo|ooo
ooo|0 o

coollo o ooo0o

oo 0oooo o
ocCOoOOooDOoOOoo||IpDoo

OSCILLOSCOPE EZ‘]EEEI ocoooooo| D

[l =]= i =1=I=]=
o OO0 O 0000 O

oo

R
\ STEP 22 1 M INPUT STEP 2
H P 8 6 4_ 5 A N T o S T T T T T T T T T LT e
L HP 11848A PHASE
[ il ] NOISE INTERFACE MONITOR
EEEEREEE 235@ o) [Blp prfoo
fomm 1 o o oo s o o o oo o O O
an 7

Qo0 ono) |0 (B0 oao

ool P06 Lpoood O
L____JN

FM RF

AUDIO SOURCE {

NOISE FLOOR TEST FIXTURE

ouUTPUT

Figure 3-2. FM (High Deviations and Rates) Test Setup

4. Boot up the phase noise measurement system to the Main Software Menu level then set
the system as follows.

a.
b.

C.

Press the softkey available at the Main Software Level menu.
Press the softkey to initiate manual control of the system’s interface.
Press the softkey to preset the interface.

Use the cursor control keys to move the cursor to the “SELECTED ‘K’ SWITCHES:” line
then key in 10 and 12. (Refer to Figure 3-3.)

. Use the cursor control keys to move the cursor to the “SELECTED ‘S’ SWITCHES:” line

then key in 3 while not changing the “8” already present on the line.
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3-22

f. Press the [Send Command] softkey to initiate the commands. The display should appear
as in figure 3-3 except for the cursor position, the values following “ca1ni:” and

“GaIN2:” (which will be entered later), and the bottom line.

. Tune the Signal Generator’s carrier frequency until the front-panel meter of the system’s

interface reads approximately 0.

. Set the phase noise measurement system as follows.

a. Use the system’s cursor control keys to move the cursor to the “ca1x1:” line then
key in 28.

b. Use the system’s cursor control keys to move the cursor to the “cain2:” line then
key in 20.

c. Press the softkey to initiate the commands.

. Fine tune the Signal Generator’s carrier frequency until the front-panel meter of the

system’s interface reads approximately 0. This establishes quadrature in the interface’s
phase detector to make it function as a linear phase detector. (The display should now
appear as in Figure 3-3.)

. Set the RF spectrum analyzer to span 0 to 100 kHz. Set the input impedance to 1 Mq.

HP 11848R CONTROL Refer to Block Diagram

DAC1: © v GAINt: 28 dB ATTENL: x1
DACZ: © v GAINZ: f 20 & ATTENZ: x1
DAC3: © v GAIN3: x2 ATTEN3: x1

H SWITCH NUMBER:
F SWITCH NUMBER: ©
LAG-LEAD FILTER: ©

SELECTED ‘K’ SWITCHES: 10 12
SELECTED ‘L° SWITCHES: 3
SELECTED ‘S” SWITCHES: 3 8

Acceptable Values: 6 T0 20

DONE I Clear |Clear kI HELP | I Preset Send

Overld [Outofl Command

Figure 3-3. HP 11848A Control Display for FM Test
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Indicator Accuracy

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Let D equal the value in kHz of FM deviation measured in Performance Test 3, step 10,
for a carrier frequency of 500 MHz. Calculate 720 — D. (For example, if the value for D
is 350 kHz, 720 - 350 = 370.)

720 Minus the Value of D: kHz

On the Signal Generator key in AUDIO FREQ 50 kHz. Also press FM then key in the
value (720 - D) calculated in step 9 above (for example 370) then press kHz.

Adjust the RF spectrum analyzer’s reference level so that the 50 kHz signal is at a
convenient graticule line. (This line represents 360 kHz peak deviation.)

On the Signal Generator key in FM 500 kHz. The 50 kHz signal should move up between
1.9 and 3.7 dB (that is, to a peak deviation between 450 and 550 kHz).

FM Indicator Accuracy,
Auto Select, 500 kHz Peak Deviation, 50 kHz Rate: 19___ 3.7dB

On the Signal Generator key in FM 440 kHz and press FAST HOP. The 50 kHz signal
should move up from the reference graticule line of step 11 between 0.8 and 2.6 dB (that
is, to a peak deviation between 396 and 484 kHz).

FM Indicator Accuracy,
Fast Hop, 440 kHz Peak Deviation, 50 kHz Rate: 0.8 2.6 dB

Set the audio source to +10 dBm at 50 kHz and connect it to the Signal Generator’s
MODULATION INPUTS FM connector. (Refer to Figure 3-2.)

Set the Signal Generator as follows.
a. Press INT to turn the internal modulation oscillator off.
b. Press EXT AC to select the external audio input.
c¢. Key in FM 880 kHz.

Adjust the audio source level until neither the EXT LOW nor the EXT HI FM indicator in
the Signal Generator’s display is on. Now, set the audio source frequency to 3.75 MHz.

Set the RF spectrum analyzer to span 0 to 7.5 MHz. The 3.75 MHz signal should move
up from the reference graticule line of step 11 between 6.3 and 9.2 dB (that is, to a peak
deviation between 746 and 1038 kHz).

FM Indicator Accuracy,
Fast Hop, 880 kHz Peak Deviation, 3.75 MHz Rate: 6.3 __ 9.2 dB

On the Signal Generator press AUTO SELECT and key in FM 850 kHz. The signal should
move up from the reference graticule line of step 11 between 6.1 and 8.8 dB (that is, to
a peak deviation between 726.5 and 994.5 kHz).

FM Indicator Accuracy,
Auto Select, 850 kHz Peak Deviation, 3.75 MHz Rate: 6.1 8.8 dB
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Distortion

19. Set the Signal Generator as follows.

20.
21.

a. Key in AUDIO FREQ 100 kHz.

b. Press EXT AC to turn off the external audio input.

c. Press INT to turn on the internal modulation oscillator.
Set the RF spectrum analyzer to span 0 to 500 kHz.

On the Signal Generator, set the synthesis mode and FM deviation as indicated in the
following table. For each setting, note the level of the harmonics of the 100 kHz signal
relative to the fundamental. The harmonics should be below the limits shown in the table.

Signal Generator Settings Harmonics Limits (dB)
Synthesis Mode | FM Deviation (kHz peak) Actual Maximum
AUTO SELECT 150 - -37.7
AUTO SELECT 5000 _— —-24.4
FAST HOP 132 - -37.7
FAST HOP 880 —— —24.4

Maximum Rate (3 dB Bandwidth)

22

23

24.
25.

26.
217.

28.

29.
30.
31.
32.

Connect the auxiliary monitor output of the interface to the high impedance, ac coupled
input of the oscilloscope. (Refer to figure 3-2.)

On the Signal Generator press INT to turn off the internal modulation oscillator and
press EXT AC to turn on the external audio input.

Set the audio source’s frequency to 1 kHz.

On the system’s interface, use the cursor control keys to move the cursor to the “sELECTED
‘x> sWITCHES:” line then key in 11 without overwriting the “10” and “12” already on the
line, then press the softkey. (Note that a “14” also appears in the display.
Switches 11 and 14 are coupled together.)

Adjust the oscilloscope’s vertical gain until the 1 kHz signal spans 5 divisions.

Increase the audio source’s frequency to 5 MHz. The 5 MHz signal should span 3.5 to
7.1 divisions.

FM Maximum Rate,
Fast Hop, 880 kHz Peak Deviation, 5 MHz Rate: 3.5 7.1 divisions

On the system’s interface, blank out the “11” and “14” on the “SELECTED ‘K’ SWITCHES:” line
without blanking out the “10” and “12” on the line. Press the softkey.

On the Signal Generator press AUTO SELECT and key in FM 5§ MHz.
Set the audio source’s frequency to 1 kHz.
Adjust the oscilloscope’s vertical gain until the 1 kHz signal spans 5 divisions.

Increase the audio source’s frequency to 5 MHz. The 5 MHz signal should span 3.5 to
7.1 divisions.

FM Maximum Rate,
Auto Select, 5 MHz Peak Deviation, 5 MHz Rate: 3.5 _____ 7.1 divisions
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Performance Test 5

SPECTRAL PURITY TEST (SSB PHASE NOISE)

Specification

Characteristic Performance Limits Conditions

Spectral Purity
SSB Phase Noise CW, AM, or FM <1% of maximum deviation

Auto Mode; 20 kHz frequency offset

—120 dBc/Hz 1030 to 2060 MHz carrier; Option 002
—127 dBc/Hz 515 to 1030 MHz carrier

~-132 dB¢/Hz 257 to 515 MHz carrier

—136 dBc/Hz 128 to 257 MHz carrier

—139 dBc/Hz 64 to 128 MHz carrier

—141 dBc/Hz 32 to 64 MHz carrier

—142 dBc/Hz 16 to 32 MHz carrier

—143 dBc/Hz 8 to 16 MHz carrier

—144 dBc/Hz 0.25 to 8 MHz carrier

Auto Mode; 100 kHz frequency offset

—127 dBc/Hz 1030 to 2060 MHz carrier; Option 002
—134 dBc/Hz 515 to 1030 MHz carrier

—137 dBc/Hz 257 to 515 MHz carrier

—140 dBc/Hz 128 to 257 MHz carrier

—141 dBc/Hz 32 to 128 MHz carrier

—142 dBc/Hz 16 to 32 MHz carrier

—143 dBc/Hz 8 to 16 MHz carrier

—144 dBc/Hz 0.25 to 8 MHz carrier

Fast Hop Mode; 20 kHz frequency offset

—116 dBc/Hz 1030 to 2060 MHz carrier; Option 002
—123 dBc/Hz 515 to 1030 MHz carrier
—128 dBc/Hz 257 to 515 MHz carrier
—133 dBc/Hz 128 to 257 MHz carrier
—137 dBc/Hz 64 to 128 MHz carrier
—139 dB¢/Hz 32 to 64 MHz carrier
—141 dBc/Hz 16 to 32 MHz carrier
—142 dBc/Hz 8 to 16 MHz carrier
—143 dBc/Hz 4 to 8 MHz carrier
—144 dBc/Hz 0.25 to 4 MHz carrier

Nonharmonic >20 kHz offset frequency

Spurious Signals

<—100 dBc 0.25 to 1030 MHz carrier
<—94 dBc 1030 to 2060 MHz carrier; Option 002
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Description

The single-sideband (SSB) phase noise and non-harmonic spurious signals are measured by a
system that is specifically designed to measure these parameters—the HP 3048A Phase Noise
Measurement System. Measurements are made using a phase detector in a phase lock loop.

This method requires a reference signal generator that must have lower phase noise than the
source being tested. A second HP 8645A can be used as this source (and thus both sources
are measured as a pair) but the following considerations apply: (1) If the measured results are
within specification, both generators meet the specification individually. (2) If the measured
results are out of specification, at least one generator is out of specification and a third source
must be measured against the first two to determine which one is faulty.

Equipment
Phase Noise Measurement System ............cooiiieuinieriinennnnann HP 3048A
Reference Signal Generator..............ooiiiiiiiiiiiiiiiiiiiiiaa., HP 8642B
NOTE
Neither the reference source nor the HP 8645A will be under remote control.
If a suitable reference source is unavailable, the 10 MHz A oscillator in the
HP 11848A Phase Noise Interface to the HP 3048A system can be used as
reference for a 10 MHz carrier.
Procedure
Initial Setup

1. Connect the equipment as shown in figure 3-4. (Note the connection to the #M input of
the HP 8645A.)

HP 3561A
DYNAMIC SIGNAL ANALYZER

HP 8645A SOURCE OUT
= —_ (REAR PANEL)
| L )| o

HP 3561A

ool |joool||loo| o]/l ocoooo||ja_o
ool |ooolioo) |0 |jooooo INPUT
ool |oog||lodgl o I:1D:1|:1|:| O NOISE INPUT
ool |looo|loog| ollooooo)|loogl |FROM HP 3561A

S P e RO LhoonaC SOURCE OUTPUT
ool 00Qe opooao &\(REAR PANEL)
\@M RF

HP 11848A
PHASE NOISE
INTERFACE

“——— VOLTAGE
QUTPUT

REFERENCE NOTE
SIGNAL COMEET.
GENERATOR ANAYLYZER OR

50 LOAD HERE

Figure 3—4. SSB Phase Noise Test Setup
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2. Set the reference signal generator’s carrier to 550 MHz at 6 dBm.
3. Set the Signal Generator under test as follows.
a. Press INSTR PRESET.

b. Key in AMPTD 17 dBm (or the highest amplitude allowed for Signal Generators
with Option 002 or 005).

c. Key in FREQ 550 MHz.

d. Key in FM 2 kHz.

e. Press INT in the MODULATION key group to turn the internal modulation source
off.

f. Press EXT DC in the MODULATION key group to enable DC FM.

g. Key in SPECIAL 123 ENTER ON. This sets the FM input resistance to 600 © with
the ®M connector serving as the actual input to the FM system.

4. Set the HP 3048A to the Main Software Level menu. Refer to figure 3-5.

HP3048A PHASE NOISE SYSTEM MAIN SOFTWARE LEVEL

TO MAKE A PHASE NOISE MEASUREMENT:

1) Define the measurement.................... [ Press ‘Define Msrmnt” 1

2) Measure the noise. . .
R. using current calibr. constants...[ Press ‘Repsat Msrmnt’ ]
OR  E. after generating new constants....[ Press ‘New Msrmnt” ]
To describe the system hardware configuration...... [ Press "System Config’ 1
To access the latest graph of test results......... [ Press 'Access Graph” 1
To load a typical measurement and its graph........ [ Press 'System Preset’ ]
To perform advanced-user operations................ [ Press “Spel. Funet'n’]

Spel.
Funct'n

Access
Graph

Define
Msrmnt

System
Config

System

Repeat
Preset

Msrmnt

I HELP

Figure 3-5. Main Software Level Menu
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Example Measurement

NOTE

The following steps are the procedure for making a single-sideband phase
noise measurement on a 550 MHz carrier and standard (not fast hop)
operating mode. For other carrier frequencies and for fast hop, the
procedure is similar. If these measurements are to be repeated in the future
for this or other HP 8645A generators, it will be advantageous to record the
test file entries for each carrier frequency; these test files can be recalled as

needed later on instead of having to re-enter them each time.

Model 8645A

5. On the HP 3048A press the softkey to obtain the Measurement Definition

menu. Refer to figure 3-6.

MEASUREMENT DEFINITION

TO DEFINE A MEASUREMENT:
1) Specify Measurement Type and Freg. Range..[ Press 'Type / Range’ 1
2) Enter Source and Interface Parameters..... [ Press ‘Instr. Farams’ 1
3} Specify a Calibration Process............. [ Press ‘Calibr Process’]
4) Specify the Control of Signal Sources..... [ Press “Source Control’l
S) Define the Graph of Results............... [ Press ‘Define Graph’ 1
To store/load a test definition to/from disk....... [ Press ‘Test Files’ ]
To view a summary of current parameters............ [ Press 'Param Summary’ ]
To return to the MAIN SOFTWARE LEVEL............... [ Press ‘DONE’ 1

DONE Test

Type /
Files

Range

Faram

I HELF
Summary

Instr.
Params

Cal
Process

Source
Control

1hr

Figure 3—6. Measurement Definition Menu
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6. On the HP 3048A press the softkey to obtain the Measurement Type and
Frequency Range Specification menu. Set the measurement type and offset frequency

range as shown in figure 3-7. When done, press the softkey.

MEASUREMENT TYPE AND FREQUENCY RANGE SPECIFICATION

MEASUREMENT TYPE: OFFSET FREQUENCY RANGE:

TO SELECT..[ Press ‘Next Type’] ENTER THE FOLLOWING.......
Fhase Noise Using a Phase Lock Loop Start Freq..[f 10 Bl Hz
Phase Noise Without Using a PLL Stop Freq..[ 106.E+3 1H:z
Phase Noise Using an FM Discriminator Averages....[ 4 j
fM Noise
Noise Measurement Using HF3561A Only Acceptable Values: 1.E-3 TO 10.E+7

Baseband Noise Measurement

To return to “MEASUREMENT DEFINITION'......... [ Press 'DONE’ 1

Figure 8—-7. Measurement Type and Frequency Range Specification Menu
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7. On the HP 3048A press the softkey to obtain the Source and Interface
Parameter Entry menu. Set the parameters and phase detector as shown in figure 3-8.

When done, press the softkey.

SELECT A PHASE DETECTOR..........oeviiiviiinnnnnn, [ Press *

SOURCE AND INTERFACE PARAMETER ENTRY

ENTER THE FOLLOWING PARAMETERS:

Carrier Frequency......coviiviiiiii s [§ 550.E+6
Detector/Discr. Input Frequency................ [ 550.E+6
VCO Tuning Constant........ccoiiiiiiiieninnnn, [ 2.E+3
Center Voltage of VCO Tuning Curve............. [ o
Voltage Tuning Range of VCO............... +/- [ 10

VCO Tune-port Input Resistance................. [ 600

Acceptable Values: 1 TO 110.E+7

Internal Phase Detector: 5 MHz to 1600 MHz
Internal Phase Detector: 1.2 GHz to 18 GHz
External Phase/AM Detector

Select Detect.’ ]

l z
z/Volt
olts
olts

]
]
1
]
]
1 Ohms

D < << T T I

To return to "MEASUREMENT DEFINITION................. [ Press

I HELF

‘DONE” ]

Figure 3-8. Source and Interface Parameter Entry Menu
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8. On the HP 3048A press the softkey to obtain the Determination of Phase

DETERMINATION OF PHASE DETECTOR CONSTANT AND VCO TUNI

NG CONSTANT

Select a method for determining the PHASE DETECTOR CONSTANT.

Use the current Detector Constant

Mzasure the Detector Constant

Select a method for determining the VCO TUNING CONSTANT.

Use the current Tuning Constant
Measure the VCO Tuning Constant
Compute from expected T. Constant

Computed Const. =

1.546E+3 Hz/Volt

The computed PLL suppression WILL ke verified.

To return to the previous menu................ [ Press ‘DONE’

I HELF I Detec
Const

Figure 3—9. Determination of Phase Detector and VC0 Tuning Constant Menu

]

t |Tuning [Verify
Const | Suppr

Performance Test 5

Detector Constant and VCO Tuning Constant menu. Set the method of determining the
phase detector and VCO tuning constants and the verification of the phase lock loop
suppression as shown in figure 3-9. (The displayed Computed Constant may be quite
different from the one in figure 3-9. It will be updated later.) When done, press the
softkey.
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9. On the HP 3048A press the softkey to obtain the Source Control for
Measurement Using a Phase Lock Loop menu. Set the various devices in the system as

shown in figure 3-10. When done, press the softkey.

SOURCE CONTROL FOR MEASUREMENT USING A PHASE LOCK LOOP

DN CONV. : HF 11842A

Ut NOT IN USE
USER'S SRCE
7| MANUAL CNTRL I
_REF SOURCE__
USER’S SRCE

MANUAL CNTRL —‘|

__TIME BASE___
NOT IN USE

- 1 TUNE VOLTAGE

Down
Convert

Time
Base

Tune
Vol tag

DONE

Control el HELP DUt I Ref.
Source

Figure 3—-10. Source Control for Measurement Using a Phase Lock Loop Menu
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10.

11.
12.
13.

Performance Tests

A ——.

ENTER THE FOLLOWING PARAMETERS:

Title..[ﬁ HF 8645A in MODE Z (S/N 2727R00102) vs. HP 8642R H]
Minimum X coordinate...........cc.viiveeinnn, [ 10 Hz 1
Maximum X coordinate......ccovvvnnrrnnennnans [ 100.E+3 Hz ]
Minimum Y coordinate........... .., [ -170 ]
Maximum Y coordinate.......ovvvinviinnneean.n [ o 1
SELECT A GRAPH TYPE. . cvttiiiir vt itnineeennennnnnes [ Press ‘Graph Type’ ]

Single Sideband Phase Noise (dBc/Hz)

Phase Modulation Spectral Density (dB/Hz)
FM Spectral Density (Hz/SQR(Hz))
Spectral Density of Fractional Freq. Fluctuations (1/SQR(Hz))

To return to "MEASUREMENT DEFINITION ............. [ Press ‘DONE’ ]

I HELF }

Figure 3-11. Graph Definition Menu

On the HP 3048A press the softkey to obtain the Graph Definition menu.
Set the graph parameters and graph type as shown in figure 3-11. Change the title as
appropriate for your particular setup. (You may wish to include the serial number of the
device under test for example. Note that date, time, and carrier frequency information
will automatically appear on the measurement result graph.) When done, press the
softkey.

On the HP 3048A press the softkey again to obtain the Main Software Level menu.
On the HP 3048A press the softkey then press the softkey.

When the connect diagram appears on the display, verify that the instrument connections
are properly made then press the softkey. (Note that even though the user’s DUT
shows a connection to FM 1N, in the case of the HP 8645A the connection should be to the
&M input.) The phase noise measurement should proceed without error and the phase
noise plot should appear as in figure 3-12. Ignoring spurious signals, the phase noise
(£(f)) should be less than —127 dBc at a 20 kHz offset frequency and less than —134 dBc
at 100 kHz. Spurious signals for offset frequencies greater than 20 kHz should be down
more than 100 dBc.

Spec

DONE
Lines

SSB phase noise, 20 kHz offset: ___ 127 dBc
SSB phase noise, 100 kHz offset: __ 134 dBc
Non-harmonic spurious signals, 0.25to 1030 MHz: ___ -100 dBc
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NOTE

Figure 3-12 also shows a listing of measurement parameters. This listing
with the graph itself can be printed by pressing the keyboard’s SHIFT key

while pressing the softkey.

If you intend to make measurements of this same type frequently, the setup
information (carrier frequency, tuning constant, source control, etc.) can be
easily stored as test files, then loaded as needed. Refer to the HP 3048A
Reference Manual on storing and loading test files.

Measurement Type: PHASE LOCKED K_VCO Method : COMPUTED
Start Offset Freq: 10 Hz Tuneport Resist. : 600 Ohms
Stop Offset Freq: 100.E+3 Hz VCO Tune Constant: 1.546E+3 Hz/Volt

Minimum Averages: 4

Loop Suppression : VERIFIED

Carrier Frequency: 550.E+6 Hz Closed Pl1 Bandw.: 1.327E+3 Hz
Detect. Input Frg: 550.E+6 Hz Peak Tuning Range: 16.33E+3 Hz

Assumed Fole 2 4.149E+3 Hz
Entered K_VCO 1 2.E+3 Hz/Volt
Center Voltage : O Volts Dev. Under Test : USER’S SRCE, MAN
Tune-voltage Rnge: +/- 108 Volts Reference Source : USER’S SRCE, MAN, VCO
Phase Detector : 5 T0O 1600 MHz Ext. Timebase : NOT IN USE

Down Converter  : NOT IN USE
K_Detector Method: MEASURED
Detector Constant: 227.2E-3 V/Rad HP 11842R LNR : IN

Figure 3—-12. Phase Noise Plot and Pertinent Measurement Parameters

Performance Test 5

f HP 8645R in MODE 2 (S/N 2727AB2102) vs. HP SC42A \
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Further Measurements

14.

To measure single-sideband phase noise for other carrier frequencies and modes of
operation, set the signal generators and phase noise measurement system as outlined in
the following table. The phase noise should be within the limits indicated in the table.
Spurious signals for offset frequencies greater than 20 kHz should be down more than 100
dBc for carrier frequencies to 1030 MHz and more than 94 dBc for carrier frequencies
between 1030 and 2060 MHz.

Non-harmonic spurious signals, 0.25 to 1030 MHz: _____ 100 dBc
Non-harmonic spurious signals, 1030 to 2060 MHz (Option 002): ________ -94 dBc
. HP 8645A Settings HP 3048A Phase Noise Limits (dBc)
Carrier vCO
Frequency i 20 kHz Offset 100 kHz Offset
(MHz) D |  Synthesis FM Peak T:"'“g
Mode Deviation (H2) (Hz/V) Actual Maximum Actual Maximum
1100 (2) AUTO 4000 4000 - -120 - —127
1100 (3) | FAST HOP 4000 4000 S -116
550 FAST HOP 2000 2000 N —-123
550 AUTO 2000 2000 —_— -127 - -134
300 AUTO 1000 1000 - -132 _— —137
300 FAST HOP 1000 1000 —_— —-128
150 FAST HOP 500 500 —_ —-133
150 AUTO 500 500 — —136 - —140
80 AUTO 250 250 — —-139 - -141
80 FAST HOP 250 250 - -137
40 FAST HOP 100 100 - —-139
40 AUTO 100 100 T 141 - —141
20 AUTO 50 50 —_ —-142 - —142
20 FAST HOP 50 50 - —-141
10 FAST HOP 25 25 — —142
10 AUTO 25 25 _— —143 - —143
(1) Make the carrier frequency change to the HP 8645A, the reference source, the HP 3048A Source and Interface Parameter
Entry menu (for Carrier Frequency and Detector/Disc. input Frequency), and the Graph Definition menu (in the Title).
(2) option 002
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SPECTRAL PURITY TEST (HARMONICS)

Specification

Characteristic Performance Limits Conditions

Spectral Purity

Spurious Signals

Harmonics <-30dBc output <10 dBm; except Option 002
<-30dBc output <8 dBm; 0.25 to 1030 MHz carrier; Option 002
<—25 dBc output <8 dBm; 1030 to 2060 MHz carrier; Option 002
Subharmonics none 0.25 to 515 MHz carrier
<-55 dBc 515 to 1030 MHz carrier
<—-40 dBc 1030 to 2060 MHz carrier; Option 002
Description

Harmonics and subharmonics are observed directly on an RF spectrum analyzer while the
Signal Generator is swept slowly over its frequency range.

Equipment
RF Spectrum Analyzer............ccovinenieinnnanns HP 8562B or HP 853A/8559A

Procedure
Initial Setup
1. Set the Signal Generator as follows.
a. Press INSTR PRESET.

b. Key in AMPTD 10 dBm or if the Signal Generator has Option 002, key in AMPTD 8
dBm.

c. Key in SWEEP TIME 10 s.

d. Press AUTO (in the SWEEP key group). This initiates a continuous, 10s sweep from
0.25 to 1030 MHz (or 2060 MHz for Option 002).
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2. Set the spectrum analyzer as follows.

a. Set the frequency span 0 to 3 GHz (or for Option 002, 0 to 6 GHz) with compatible
resolution bandwidth and display smoothing. (If this span width is not available,
use the widest span possible and, as the measurement progresses, retune the center
frequency as needed to span the complete range in segments.)

b. Set the vertical scale to 10 dB per division log.

c. Set the vertical sensitivity and attenuation to view a 10 dBm signal with at least
40 dB of uncompressed range.

3. Connect the Signal Generator’s OUTPUTS RF to the spectrum analyzer’s input.
Harmonics

4. Set the spectrum analyzer sensitivity so that the peak of the sweeping fundamental is
at a convenient horizontal graticule.

5. Observe the second and third harmonics of the signal as the fundamental sweeps over
its range. If necessary, change the spectrum analyzer’s center frequency to observe the
harmonics at higher frequencies. The harmonics should be down more than 30 dBc over
the 0.25 to 1030 MHz range, and, if the instrument has Option 002, more than 25 dBc
from 1030 to 2060 MHz.

Harmonics (0.25 to 1030 MHz span): 30 dBc
Harmonics (1030 to 2060 MHz span, Option 002): -25 dBc

Subharmonics

6. Set the spectrum analyzer to span 0 to 1 GHz (or 0 to 2 GHz for Option 002). Increase
the vertical gain, sweep time, resolution bandwidth, and display smoothing as necessary
to generate a dynamic range of 60 dB. (A slight compression of the signal is acceptable.)

7 Observe the subharmonics of the signal as the fundamental sweeps over its range. The
subharmonics should be unobservable over the fundamental range to 0.25 to 515 MHz,
more than 55 dBc from 515 to 1030 MHz range, and, if the instrument has Option 002,
more than 40 dBc from 1030 to 2060 MHz.

Subharmonics (0.25 to 515 MHz span): unobservable
Subharmonics (515 to 1030 MHz span): -55 dBc
Subharmonics (1030 to 2060 MHz span, Option 002): _____ -40 dBc
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Performance Test 7

PULSE MODULATION TEST

Specification
Characteristic Performance Limits Conditions

Pulse Modulation >10 MHz carrier
On/Off Ratio <-35dB
Rise/Fall Time <100 ns 10% to 90% points
Maximum Pulse Repetition Rate 1 MHz
Minimum Pulse Width 500 ns

Description

For low carrier frequencies, the characteristics of the RF pulses are observed directly on an
oscilloscope. For high frequencies, a crystal detector is used to peak-detect the pulse envelope
which is then viewed on the oscilloscope. The pulse on/off ratio is measured statically on a
spectrum analyzer by setting a CW reference then noting how far the amplitude drops when
the Signal Generator is switched to the pulse modulation mode with no pulse input.

Equipment
Crystal Detector. .. oovi it et i i it ittt HP 423B
600 Q@ Feed Thru Termination. . ........oiiiiiiiiiiii i iiiiiinennnnns. HP 11095A
OSCIllOSCODE .« oot ettt e e HP 1740A or Tektronix 2245
Pulse Generator . ..ottt ittt s ettt e et e et HP 8116A
Spectrum Analyzer ..........ciiiiiiiiiiiiiiieann, HP 8562A or HP 853A/8559A
Procedure
Initial Setup

1. Connect the equipment as shown in figure 3-13.

2. Set the oscilloscope as follows.
a. Set the input coupling to dc with 50 Q input impedance.
b. Set the vertical scale to view a 2 V peak-to-peak signal.
c. Set the time sweep to 200 ns per division.

d. Set the triggering to trigger on the rising transition of the pulse generator’s trigger
output.
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HP 8645A

[ —] ] H]

el [=I=I= === [=1=]==]=] [=]=!
ool oool|oo| o |jooooo Q

52 258! 5w |2 50 oon) looo OSCILLOSCOPE
Col: @06 Dooons ©
— N
PULS& I T INPUT TlSLGUGTER
[ ]
PULSE CRYSTAL 1
GENERATOR DETECTOR
TRIGGER —//
OUTPUT

Figure 3-13. Pulse Modulation Test Setup

3. Set the pulse generator as follows.

a. Set the frequency (rate) to 100 kHz.

b. Set the pulse width to 1 us.

c. Set the amplitude to switch from OV to 4V.
4. Set the Signal Generator as follows.

a. Press INSTR PRESET.

b. Key in AMPTD 10 dBm.

c¢. Key in FREQ 10 MHz.

d. Key in PULSE ON.

Risetime and Falltime (Using an Oscilloscope)

5. Set the equipment as indicated in the following table. For each step, observe the 10%
to 90% risetime and falltime of the RF burst relative to its steady-state value. (Refer to
figure 3-14 for details.) The risetime and falltime should be within the limits shown in
the table.

NOTE

Figure 3-14 shows the RF burst envelope as displayed on a digitizing
oscilloscope. The X and O markers are at the approximate 10 and 90%
points on the envelope. The reading for AT is the approximate risetime.

If the oscilloscope does not have adequate bandwidth at the higher
frequencies shown in the table, proceed with the following steps which use
a crystal detector.
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1.00 V/div 0.00 V 200 ns/div 0.000 s
Vg 184 mV
Tx 518.0 ns
Vg 1.81V
To 554.0 ns
AV 1.61V
AT 36.00 ns

Figure 3—14. Pulse Modulation Envelope Waveform

Carrier Frequency Risetime Limits (ns) Falltime Limits (ns)
(MHz) Actual Maximum Actual Maximum
10 —_— 100 - 100
20 - 100 —_— 100
50 - 100 —_— 100

Risetime (Using a Crystal Detector)

6. Connect the the crystal detector input to the Signal Generator’s OUTPUT connector.
Connect the feed-thru termination to the output of the detector then connect the output
of the feed-thru to the oscilloscope’s input.

7. Set the oscilloscope to high impedance, dc coupled.

8. Set the Signal Generator’s carrier frequency as indicated in the following table. For each
setting, observe the 10% to 90% risetime and falltime of the RF burst relative to its
steady-state value as in step 5. Notice, however, that the waveform on the oscilloscope
is now the peak-detected envelope (which may be negative). The risetime and falltime
should be within the limits shown in the table.

NOTE
If there is RF feedthrough from the detector, measure the envelope of it.
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Carrier Frequency Risetime Limits (ns) Falltime Limits (ns)

(MHz) Actual Maximum Actual Maximum

100 100 100

200 100 100

500 100 100

1000 100 100

2000 (V) 100 100

(1) option 002

Pulse On/Off Ratio

9. Set the Signal Generator as follows.

a. Key in AMPTD 0 dBm.
b. Key in FREQ 100 MHz.

10. Remove the crystal detector from the Signal Generator’s OUTPUTS RF and connect the
OUTPUTS RF to the spectrum analyzer’s input. (The spectrum analyzer is not shown in

figure 3-13.)

11. Set the pulse generator to produce a 0.5 Hz squarewave.

12. Set the spectrum analyzer as follows.

a. Set the center frequency to 100 MHz.

b. Set the vertical gain and the input attenuation to view the 0 dBm signal without

compression.

c. Set a span suitable for viewing the RF signal which is switching on and off at a 0.5

Hz rate.

13. Set the Signal Generator’s carrier frequency and the spectrum analyzer’s center frequency
as indicated in the following table. For each carrier frequency, observe the change in
amplitude as the Signal Generator is pulsed on and off. The amplitude should drop at
least 35 dB between pulse on and pulse off.

Carrier Frequency On/Off Ratio (dB)

(MHz) Minimum Actual
100 35
200 35
500 35

1000 35

2000 (1) 80

(1) Option 002
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Performance Test 8

FAST HOP SWITCHING TEST

Specification

Characteristic Performance Limits Conditions

Fast Hop Mode (1)

Frequency Switching Time <15 us 128 to 2060 MHz carrier hop range (@)
<85 us 8 to 2060 MHz carrier hop range (?)
<500 us 0.25 to 2060 MHz carrier hop range (%)

add 5 us Option 002

Frequency Accuracy +2 ppm of the programmed

carrier frequency

Amplitude Accuracy +1dB >—127 dBm output

1) Typically, £2 ppm of carrier frequency multiplied by the temperature change in C must be added if ambient temperature
changes occur between the “learn” operation and the conclusion of frequency hopping.

(2) Option 002. Without Option 002 the carrier range is to 1030 MHz.

Description

The output from the Signal Generator is mixed with a fixed reference to produce a beatnote
(that is, a frequency equal to the difference between the two RF frequencies) that is examined
on a frequency and time-interval analyzer and an oscilloscope. The Signal Generator is set to
hop between two frequencies: one frequency (1 GHz) that produces a beatnote within range
of the measuring instruments and one frequency that does not. (The frequencies are chosen
to tune the Signal Generator’s VCO over its total range.) The fast hop characteristics of the
Signal Generator are measured in several stages. (Refer to figure 3-15 for waveform details.)
The data for measurements made on the frequency and time-interval analyzer is presented in
statistical form.

1. The CW amplitude of the beatnote is measured by the oscilloscope. The measured result
is used as an amplitude reference.

2. The CW frequency of the beatnote is measured by the analyzer with the Signal Generator
in its normal synthesized operating mode. The measured result is used as a frequency
reference.

3. The Signal Generator is set to the Fast Hop mode. RF bursts from the Signal Generator
are triggered by an external pulse generator which also triggers the analyzer and
oscilloscope.

4. The pulse burst’s envelope is measured with the oscilloscope and compared with the CW
amplitude.

5. The time delay between the hop trigger and the occurrence of the first measurable cycle
of the beatnote is measured with the analyzer.
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6. The frequency of several beatnote cycles is measured with the analyzer beginning at
a time after the hop trigger when measurable cycles of the beatnote are guaranteed to
be present, but within the specified settling time. (The presence of beatnote cycles was
confirmed by the previous measurement.)

The tests are made with the carrier hopping to 1 GHz from a frequency in one of the specified
carrier bands as follows:

e 515 MHz in the 128 to 1030 MHz band
e 65 MHz in the 8 to 1030 MHz band
¢ 5 MHz in the 0.25 to 1030 MHz band

Two pulse generators are required. One is used to frequency hop the Signal Generator. The
other is synchronized to the first and divides its output by two; it is used to trigger the
oscilloscope and analyzer on the pulse burst that produces the in-range beatnote.

400 mvV/div 0.00 V 50.0 ws/div 0.000 s

RF BURSTS 1:

This burst 1

must occur
filrst—F

TRIGGER 2
] N
Figure 3—15. Fast Hop Switching Waveforms
Equipment

Frequency and Time Interval Analyzer .............cooiiiiieiininanen. HP 5371A

Pods (2 required) for HP 5371A. ... coiiiiiiiiiiiiineinnne. HP 54002A
OSCIllOSCOPE +vvvvveeeeiirenaaiaeeniinaaanns HP 1740A or Tektronix 2245
Phase Noise Measurement System ..........c.ceeereeeierorinenaennaeens HP 3048A
Pulse Generator (2 required) . . .. .covvi it HP 8116A
Signal Generator ............coiiiiiiiiiiann. HP 8642B or HP 8645A or HP 8662A

NOTE

Since this test is written specifically for the HP 5371A and the HP 30484,
no substitute of this equipment is recommended.
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Procedure

NOTE

Performance Tests

Before beginning this performance test, the Signal Generator should be
allowed a 24 hour warm-up period after being connected to the ac power
line and an additional 2 hour warm up after being switched on.

In the following procedure, after entering the Fast Hop mode all measure-
ments pertaining to that mode should be completed with with an ambient
temperature drift of no more than +0.5 C. In other words, do the test as
quickly as possible.

Initial Setup

1. Connect the equipment as shown in figure 3-16.

HP _8645A

REF IN

—

)

oo
s}
oo

coo
ocoo
ooo

(REAR PANEL)

[om e ot e fos

oo
oo
oo
a0g

HOP

(REAR PANEL)

10 MHz REF

L

QUTPUT

PULSE

GENERATOR 1 | [RIGCER

OUTPUT

SIGNAL
GENERATOR

OSCILLOSCOPE

OUTPUT

PULSE
GENERATOR 2

TRIGGER

INPUT A INPUT
o T
PHASE NOISE
INTERFACE ANALYZER
INPUT B
' [O] ¢ :_‘R ool [0 INPUT A
@1 = o] oo EJ_ I-LLTEE

-'J SPECTRUM ANALYZER

2.

3.

4.

Figure 8—16. Fast Hop Switching Test Setup

Set the reference signal generator (not the Signal Generator under test) frequency to
1001 MHz CW and the level to 16 dBm.

On the Signal Generator under test press INSTR PRESET then key in FREQ 1 GHz and
AMPTD 17 dBm (or the highest amplitude allowed for Signal Generators with Option 002
or 005).

Boot up the phase noise measurement system to the Main Software Menu level then set
the system as follows.
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Press the softkey available at the Main Software Level menu.
Press the softkey to initiate manual control of the system’s interface.
Press the softkey to preset the interface.

Use the cursor control keys to move the cursor to the “SELECTED ‘K’ SWITCHES:” line
then key in 12. (Refer to figure 3-17.)

Press the softkey to initiate the commands. The display should appear
as in figure 3-17.

HF 113428 CONTROL Refer te Block Diagram
DACL: O v GAINL: © b ATTENL: xi
DAC2: 0 v GAINZ: 6  dB ATTENZ:  x1
DAC3: 6 v GAIN3: 2 ATTEN3: x1
H SWITCH NUMBER: 6
F SWITCH NUMBER: 0
LAG-LEAD FILTER: ©
SELECTED ‘K’ SWITCHES:J 12 B

SELECTED ‘L’ SWITCHES: 3
SELECTED ‘S’ SWITCHES: &

lear

Preset Send
)vvrld Command

Clear HELF
Outoflk

DONE (

Figure 3—17. HP 11848A Control Display for Fast Hop Test

5. Set the first pulse generator as follows.

a.
b.

C.

Set the pulse repetition rate (frequency) to 10 kHz.

Set the pulse width to 10 us.

Set the amplitude to be compatible with TTL devices (for example, 0V low and 4V
high). (Do not allow the pulse to go below 0V.)

6. Set the second pulse generator as follows.

a.
b.

C.

Set the pulse repetition rate (frequency) to 5 kHz.
Set the pulse width to 10 us.
Set the amplitude to be compatible with TTL devices.

Set its external gate mode to trigger from the trigger output of the first pulse
generator. The output from the second pulse generator is correct when it outputs
5 kHz in synchronization with the 10 kHz of the first pulse generator. (The method
of synchronizing the two pulse generators may vary from model to model. Use the
oscilloscope to verify synchronization if necessary.)
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7. Set the oscilloscope as follows.
a. Set the input coupling of channels A and B to dc¢ with high input impedance.

b. Set the vertical scale of channel A to view a 1200 mV peak-to-peak signal.

c. Set the vertical scale of channel B to view a signal switching between 0 and 4 V dc.

d. Set the sweep time to 50 us per division.

e. Set the triggering to automatically trigger on the rising transition of the second

pulse generator’s output.

CW Amplitude

8. The oscilloscope should now display a 1 MHz (1 us) CW beatnote with an amplitude of
approximately 1200 mVpp. Record this level for future reference. (Note that the Signal

Generator is not yet in the Fast Hop mode.)
CW Anmplitude:

CW Frequency

NOTE

The configuration of the HP 5371A Frequency and Time Interval Analyzer
is modified by changing parameters within menu screens obtained by the
MENU SELECTION keys. When a new menu is to be modified, it is best
to start at the first highlighted function and to work down the display
modifying each highlighted function as needed.

9. Set the frequency and time-interval analyzer as follows.

a. Press the PRESET key.
b. Press the FUNCTION key and set the analyzer’s functions as shown below.

mVpp

Frequency A: 1.809 8 MHz
FUNCTION
Measurement Channel

Acquire block of EEER neas
Total Measurements = 164
Airming Mode
Start Arm:

After edge of [EECNENN, ([Oelay Refl

Delay B

Then arm each measurement

Stop Arm:

Following the Delay Ref edge,

Delay
Then arm the end of each measurement

Performance Test 8
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c. Press the INPUT key and set the analyzer’s inputs as shown below.

Model 8645A

Frequency A: 1.008 8 MHz SEPARATE
INPUT
Input Channels COMMON

Trigger Event:

Slope Mode Level
Chan A:
Chan B:

Ext Arm Level

Channel A Channel B
Input Pod HP 54882A HP 54882(
Impedance S8 ohm 58 ohm

Bias Leuel
Attenuation

Maximum Input 2 ¥V peak 5 V¥ peak

d. Press the MATH key and set the analyzer’s math channel processing as shown below.

Freguency A: 1.008 8 MHz OFF
MATH
Channel A Channel B ON
Reference PE+06 BE+B9
Set Ch R
Statistics Reference
Math: Clear Ch A
Reference
Limits:
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e.

f.
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Press the NUMERIC key. (Repeating blocks of 100 measurements should be
displayed.)

Press the softkey. The display should be similar to the one shown below.
The mean frequency should be approximately 1 MHz. Record this frequency for
future reference.

CW Frequency: _ MHz
Result
STATISTICS DISPLAY
Frequency A 14 Apr 1988 18:88:15
Block # 1 188 Measurements Statistics
Mean 1.6808 B85 MHz
Std Deu 90 Hz Result /
Maximum 1.888 3 MHz Statistics
Minimum 999.8 kHz =
RMS 1.6088 85 MHz Limit
Rt Al Var 68 Hz Status
Allan Var 3.5 kHz"™2
VYariance 8.4 kHz"2
Bold
Return to
Main Menu

g.

Key in SAVE 1 to save the instrument setup in register 1. (If an error message
indicates that the register is write-protected, press the INSTR STATE key and either
select a register that is not protected or turn the write protection for register 1 off.)

Puise Amplitude (Hopping from 515 MHz)
10. Set the Signal Generator as follows.

a.

Press FAST HOP (in the SYNTHESIS MODE key group).

b. Key in SHIFT CLR CHAN ENTER to clear out previously stored hop channels. (The

R om0 o

[ N
.

CLR CHAN key and many other keys used in this test are located in the DATA key
group.)

Key in SHIFT CLR SEQ ENTER to clear out previously stored hop sequences.

Key in SHIFT STO CHAN ENTER to store 1 GHz in channel 0.

Key in SHIFT SET SEQ ENTER to store 1 GHz as the frequency in sequence 0.

Key in FREQ 515 MHz.

Key in SHIFT STO CHAN ENTER to store 515 MHz in channel 1.

Key in SHIFT SET SEQ ENTER to store 515 MHz as the frequency in sequence 1.
Key in SHIFT DWELL then key in 20 us to set the internal dwell time to 20 us.

Key in SHIFT MODE then rotate the knob until the display reads Ext Stepped Int
Dwell.

. Key in SHIFT HOP to initiate the Fast Hop mode.
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11. After a 10s “learn” period, the waveform on the oscilloscope should appear as shown in

figure 3-15 (at the beginning of this procedure).

NOTE

Note that the waveform has two, alternating pulse bursts. The larger burst
occurs when the Signal Generator is at 1 GHz, the smaller at 515 MHz. The
larger burst should be triggered by the 5 kHz pulse generator. If it is not,
momentarily remove then reconnect the Signal Generator’s HOP input and
reconfirm the triggering. (More than one try may be required because the
synchronization is completely random.)

12. Note the peak-to-peak amplitude of the pulse envelope and compute the amplitude error

as follows:

Reading of Step 12

Amplitude Error = Reading of Step 8

The amplitude error should be between 0.88 and 1.12 (that is, +1 dB).
Amplitude Error (Hopping from 515 MHz): 0.89
Pulse Burst Time Delay (Hopping from 515 MHz)

13. Set the frequency and time-interval analyzer as follows.

a. Press the PRESET key.

b. Press the FUNCTION key and set the analyzer’s functions as shown below.

Time Int B -> fi: 11.361 4 us
FUNCTION

Measurement Channel
Acquire block of JEEEER meas
Total Measurements = 100

Airming Mode

Block Holdoff:
Arm a hlock of measurements automatically

Sample Arm: k
gﬁrm sampling on meas channel automatically |
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c. Press the INPUT key and set the analyzer’s inputs as shown below. (Note that the
difference between this menu and the menu shown in step 9c is the trigger event
level for channel A.)

Time Int B -> A: 11.285 8 us 1:1
INPUT
SEFHREHTE Input Channels 2.5:1
Trigger Euent:

Slope Mode Level

Chan A: MHNLAL
Chan B:

Ext arm Level INEER

Channel A Channel B
Input Pod HP 54882A HP 548082f
Impedance 58 ohm 58 ohm

Bias Level
Attenuation

Maximum Input 2 ¥ peak 5 ¥ peak

d. Press the MATH key and set the analyzer’s math channel processing as in step 9d.

e. Press the NUMERIC key. (Repeating blocks of 100 measurements should be
displayed.)
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f. Press the softkey. The display should be similar to the one shown below.
The maximum time interval should be less than 12.5 us. (Ignore the “Events have

been missed.” €rror message.)

STATISTICS DISPLAY

Time Interval B -> A

14 Apr 1988 18:18:16

Block # 1 1688 Measurements
Mean 11.425 33 us

Std Dev 248.35 ns
Maximum 11.938 6 us
Minimum 11.855 2 us

RMS 11.428 88 us

Rt Al Vvar 175.27 ns

Allan Var 38.728 148 4E-158"2
Yariance 61.678 871 3E-158"2

Resuit

Statistics

Result /

Statistics

Limit
Status

Bold

Return to
Main Menu

g. Key in SAVE 2 to save the setup in register 2.
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Pulse Frequency (Hopping from 515 MHz)

14. On the frequency and time-interval analyzer, key in RECALL 1, then press the NUMERIC
key. The display should be similar to the one shown below.

fleazurement Slze = Result

STATISTICS DISPLAY

Freguency A 14 Apr 1988 18:25:21
Block # 1 168 Measurements Statistics
Mean 999.43 kHz
Std Dev 470 Hz Result /
Max imum 1.860 1 MHz Statistics
Minimum 998.5 kHz —_—
RMS 999.43 kHz Limit
Rt Al Var 348 Hz Status
Allan Vvar 118.5 kHz"™2
vYariance 219.6 kHz"™2
Bold
Return to
Main Menu

15. Note the mean frequency and compute the frequency error as follows:

Frequency Error = Reading of Step 15 - Reading of Step 9f.

The frequency error should be between —2 and 2 kHz (that is, +2 ppm of 1 GHz).

Frequency Error (Hopping from 515 MHz): -2 2 kHz
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3-54

Measurements Hopping from 65 MHz

16.

17.
18.

19.

20.

21.

22.

23.

Set the repetition rate (frequency) of the first pulse generator to 2 kHz, and if necessary,
adjust the second pulse generator to produce a 1 kHz pulse rate synchronized to the first
pulse generator.

Set the oscilloscope as necessary to observe the slower pulse rate.
Set the Signal Generator as follows.

a. Key in SHIFT IDLE.

b. Key in FREQ 65 MHz.

c. Key in SHIFT STO CHAN 1 ENTER.

d. Key in SHIFT DWELL 50 us.

e. Key in SHIFT HOP.

After the “learn” period verify on the oscilloscope that the pulse burst begins within 70
us after the positive edge of the hop trigger pulse. If it does not, momentarily remove
then reconnect the Signal Generator’s HOP input. (The view on the oscilloscope will be
similar to figure 3-15 but the delay is longer and the second, smaller burst might not be
as visible.)

Note the peak-to-peak amplitude of the pulse envelope and compute the amplitude error
as follows:

Reading of Step 20
Reading of Step 8

Amplitude Error =

The amplitude error should be between 0.88 and 1.12.
Amplitude Error (Hopping from 65 MHz): 0.89 _____ 1.12

On the frequency and time-interval analyzer, key in RECALL 2 to recall the time interval
function setup. The numeric statistics display should show. The maximum time interval
should be less than 70 ps.

Set the frequency and time-interval analyzer as follows.
a. Key in RECALL 1 to recal the frequency function setup.
b. Press the FUNCTION key.
c. Change the start arm delay entry from 13 us to 75 ps.
d. Change the stop arm delay entry from 15 us to 85 us.
e. Press the NUMERIC key.

Note the mean frequency and compute the frequency error as follows:

Frequency Error = Reading of Step 23 — Reading of Step 9f.

The frequency error should be between -2 and 2 kHz.
Frequency Error (Hopping from 65 MHz): -2 2 kHz
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Measurements Hopping from 5 MHz

24.

25.
26.

217.

28.

29.

30.

31.

Set the repetition rate (frequency) of the first pulse generator to 500 Hz, and if necessary,
adjust the second pulse generator to produce a 250 Hz pulse rate synchronized to the
first pulse generator.

Set the oscilloscope as necessary to observe the slower pulse rate.
Set the Signal Generator as follows.

a. Key in SHIFT IDLE.

b. Key in FREQ 5 MHz.

¢. Key in SHIFT STO CHAN 1 ENTER.

d. Key in SHIFT DWELL 500 us.

e. Key in SHIFT HOP.

After the “learn” period verify on the oscilloscope that the pulse burst begins within 200
us after the hop trigger pulse. If it does not, momentarily remove then reconnect the
Signal Generator’s HOP input.

Note the peak-to-peak amplitude of the pulse envelope and compute the amplitude error
as follows:

Reading of Step 28

Amplitude Error = Reading of Step 8

The amplitude error should be between 0.88 and 1.12.
Amplitude Error (Hopping from 5 MHz): 0.89 ________ 1.12

On the frequency and time-interval analyzer, key in RECALL 2 to recall the time interval
function setup. The numeric statistics display should show. The maximum time interval
should be less than 200 us.

Set the frequency and time-interval analyzer as follows.
a. Key in RECALL 1 to recal the frequency function setup.
b. Press the FUNCTION key.
c. Change the start arm delay entry from 13 us to 300 us.
d. Change the stop arm delay entry from 15 us to 500 ps.
e. Press the NUMERIC key.

Note the mean frequency and compute the frequency error as follows:

Frequency Error = Reading of Step 31 — Reading of Step 9f.

The frequency error should be between —2 and 2 kHz.
Frequency Error (Hopping from 5 MHz): -2 ____ 2 kHz
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Table 3—2. Performance Test Record (1 of 8)

Hewlett-Packard Company
HP 8645A Tested By
Agile Signal Generator

Serial Number Date
Test L. Results
No. Test Description Minimum Actual Maximum
1 CARRIER AMPLITUDE PERFORMANCE TEST
Maximum Level-Standard
Frequency and Amplitude Settings
0.26 MHz; +17 dBm +16 dBm
1 MHz; +17 dBm +16 dBm
10 MHz; +17 dBm +16 dBm
100 MHz; +17 dBm +16 dBm
1030 MHz; +17 dBm +16 dBm
Maximum Level-Option 002
Frequency and Amplitude Settings
0.26 MHz; +15 dBm +14 dBm
1 MHz; +15 dBm +14 dBm
10 MHz; +15 dBm +14 dBm
100 MHz; +15 dBm +14 dBm
1030 MHz; +15 dBm +14 dBm
2060 MHz; +14 dBm +13 dBm
High-Amplitude Accuracy
Frequency and Amplitude Settings
1030 MHz; +6 dBm +5 dBm - +7 dBm
1030 MHz; +7 dBm +6 dBm - +8 dBm
1030 MHz; +8 dBm +7 dBm -_ +9 dBm
1030 MHz; +9 dBm +8 dBm SE— +10 dBm
1030 MHz; +10 dBm +9 dBm - +11 dBm
1030 MHz; +11 dBm +10dBm —_— +12 dBm
1030 MHz; +12 dBm +11 dBm ——— +13 dBm
1030 MHz; +13 dBm +12 dBm - +14 dBm
1030 MHz; +14 dBm +13 dBm —_— +15 dBm
2060 MHz; +13 dBm (Option 002) +12 dBm —_ +14 dBm
100 MHz; +14 dBm +13 dBm -_ +15 dBm
10 MHz; +14 dBm +13 dBm —_— +15 dBm
1 MHz; +14 dBm +13 dBm — +15 dBm
0.26 MHz; +14 dBm +13 dBm —_— +15 dBm
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Table 3-2. Performance Test Record (2 of 8)

Model 8645A

Test L. Results
No. Test Description Minimum Actual Maximum
1 CARRIER AMPLITUDE PERFORMANCE TEST (Continued)
High-Amplitude Accuracy (continued)
Frequency and Amplitude Settings
0.26 MHz; +10 dBm +9 dBm +11 dBm
1 MHz; +10 dBm +9 dBm +11 dBm
10 MHz; +10 dBm +9 dBm +11 dBm
100 MHz; +10 dBm +9 dBm +11 dBm
2060 MHz; +10 dBm (Option 002) +9 dBm +11 dBm
2060 MHz; +5 dBm (Option 002) +4 dBm +6 dBm
1030 MHz; +5 dBm +4 dBm +6 dBm
100 MHz; +5 dBm +4 dBm +6 dBm
10 MHz; +-5 dBm +4 dBm +6 dBm
1 MHz; +5 dBm +4 dBm +6 dBm
0.26 MHz; +5 dBm +4 dBm +6 dBm
0.26 MHz; +0 dBm —1 dBm +1dBm
1 MHz; +0 dBm —1dBm +1 dBm
10 MHz; +0 dBm —1dBm +1dBm
100 MHz; +0 dBm —1dBm +1 dBm
1030 MHz; +0 dBm —1dBm +1 dBm
2060 MHz; +0 dBm (Option 002) —1dBm +1 dBm
Low-Amplitude Accuracy
Amplitude Setting

—5 dBm —6 dBm —4 dBm
-10 dBm —11 dBm -9 dBm
—15 dBm —16 dBm —14 dBm
—20 dBm —21 dBm —-19 dBm
—25 dBm —26 dBm —24 dBm
—30 dBm —31 dBm —29 dBm
—35 dBm —36 dBm —34 dBm
—40 dBm —-41 dBm —39 dBm
—45 dBm —46 dBm —44 dBm
—-50 dBm —51 dBm —49 dBm
—55 dBm —56 dBm —54 dBm
—60 dBm —61 dBm —-59 dBm
—65 dBm —66 dBm —64 dBm
—70 dBm —71 dBm —69 dBm
—75 dBm ~76 dBm —74 dBm
—80 dBm —81 dBm —79 dBm
—85 dBm —86 dBm —84 dBm
—90 dBm -91 dBm —89 dBm
—95 dBm —96 dBm —94 dBm
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Table 3—-2. Performance Test Record (3 of 8)

Performance Tests

Test Test D . Results
No. est Description Minimum Actual Maximum
1 CARRIER AMPLITUDE PERFORMANCE TEST (Continued)
Low-Amplitude Accuracy (continued)
Amplitude Setting
~100 dBm —101 dBm —99 dBm
—105 dBm —-106 dBm —104 dBm
—-110 dBm —111 dBm —109 dBm
—115 dBm —116 dBm —114 dBm
—120 dBm —-121 dBm —-119dBm
-127 dBm —~128 dBm —126 dBm
2 AM TEST
Residual AM
Frequency and Amplitude Settings
1000 MHz; 4-15 dBm 0.01%
1000 MHz; +6 dBm 0.01%
1300 MHz; 46 dBm (Option 002) 0.01%
1300 MHz; +15 dBm (Option 002) 0.01%
Indicator Accuracy
AM Depth Setting
10% 8.4% 11.6%
20% 17.8% 22.2%
30% 27.2% 32.8%
40% 36.6% 43.4%
50% 46.0% 54.0%
60% 55.4% 64.6%
70% 64.8% 75.2%
80% 74.2% 85.8%
90% 83.6% 96.4%
Distortion

AM Depth Setting and Option

30%; Standard
70%; Standard
90%; Standard

90%; Option 002
70%; Option 002
30%:; Option 002

2%
3%
5%

8%
5%
5%

rev.15DECS89
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Table 83—-2. Performance Test Record (4 of 8)

Model 8645A

Test L Results
No. Test Description Minimum Actual Maximum
2 AM TEST (Continued)
Incidental Phase Modulation 0.2 rad peak
3 dB Bandwidth
Carrier Frequency and AM Rate Settings
0.26 MHz; 5 kHz -3dB +3dB
11 MHz; 50 kHz -3dB +3dB
129 MHz; 100 kHz -3dB +3 dB
1030 MHz; 100 kHz -3dB +3dB
1300 MHz; 100 kHz (Option 002) -3dB +3dB
3 FM TEST (LOW DEVIATIONS AND RATES)
Residual FM
Frequency Setting (300 Hz to 3 kHz bandwidth)
250 MHz 1 Hzrms
500 MHz 1.2 Hz rms
1000 MHz 2Hz rms
1300 MHz (Option 002) 4 Hz rms
Frequency Setting (50 Hz to 15 kHz bandwidth)
1300 MHz (Option 002) 8 Hz rms
1000 MHz 4 Hz rms
500 MHz 2 Hz rms
250 MHz 1.2 Hzrms
Indicator Accuracy (Auto Mode)
Frequency and FM Deviation Settings
500 MHz; 360 kHz peak 324 kHz 396 kHz
260 MHz; 360 kHz peak 324 kHz 396 kHz
250 MHz; 250 kHz peak 225 kHz 275 kHz
130 MHz; 250 kHz peak 225 kHz 275 kHz
Indicator Accuracy (Fast Hop)
Frequency and FM Deviation Settings
130 MHz; 200 kHz peak 180 kHz 220 kHz
250 MHz; 200 kHz peak 180 kHz 220 kHz
260 MHz; 360 kHz peak 324 kHz 396 kHz
500 MHz; 360 kHz peak 324 kHz 396 kHz
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Table 3—2. Performance Test Record (5 of 8)

Performance Tests

Test Jest D o Results
No. est Description Minimum Actual Maximum
3 FM TEST (LOW DEVIATIONS AND RATES) (Continued)
Distortion
FM Deviation Setting (Fast Hop)
66 kHz peak 1.3%
400 kHz peak 6%
FM Deviation Setting (Auto Mode)
400 kHz peak 6%
75 kHz peak 1.3%
incidental AM 0.5%
Maximum Rate (3 dB Bandwidth)
Frequency, FM Deviation, and Rate Settings (Auto Mode)
32 MHz; 300 kHz peak; 200 kHz -3 dB +3dB
17 MHz; 300 kHz peak; 200 kHz -3dB +3dB
11 MHz; 150 kHz peak; 150 -3dB +3dB
0.8 MHz; 9.6 kHz peak; 9.6 kHz -3dB +3 dB
0.4 MHz; 4.7 kHz peak; 4.7 kHz -3dB +3 dB
Frequency, FM Deviation, and Rate Settings (Fast Hop)
0.4 MHz; 0.7 kHz peak; 4.7 kHz -3dB +3dB
0.8 MHz; 1.6 kHz peak; 9.6 kHz -3dB +3 dB
11 MHz; 27.4 kHz peak; 150 -3dB +3dB
17 MHz; 54 kHz peak; 200 kHz -3dB +3dB
32 MHz; 54 kHz peak; 200 kHz -3dB +3dB
Carrier Frequency Accuracy in FM
Frequency and FM Deviation Settings
10 MHz; 0.15 MHz peak 0.6 kHz
20 MHz; 0.3 MHz peak 1.2 kHz
50 MHz; 0.625 MHz peak 2.5 kHz
100 MHz; 1.25 MHz peak 5 kHz
200 MHz; 2.5 MHz peak 10 kHz
500 MHz; 5 MHz peak 20 kHz
1000 MHz; 10 MHz peak 40 kHz
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Table 3—2. Performance Test Record (6 of 8)

Model 8645A

Test Test Describti Results
No. est Description Minimum Actual Maximum
3 FM TEST (LOW DEVIATIONS AND RATES) (Continued)
internal Modulation Source Distortion
Audio Rate Setting
15 000 Hz 0.1%
2 000 Hz 0.1%
200 Hz 0.1%
20 Hz 0.1%
4 FM TEST (HIGH DEVIATIONS AND RATES)
Indicator Accuracy
Mode, FM Deviation, and Rate Settings
Auto; 500 kHz peak; 50 kHz 1.9d8B 3.7dB
Fast Hop; 440 kHz peak; 50 kHz 0.8 dB 2.6dB
Fast Hop; 880 kHz peak; 3.75 kHz 6.3dB 9.2 dB
Auto; 850 kHz peak; 3.75 kHz 6.1 dB 8.8 dB
Distortion
Mode and FM Deviation Settings
Auto; 150 kHz peak —37.7 dB
Auto; 5000 kHz peak —24.4 dB
Fast Hop; 132 kHz peak -37.7 dB
Fast Hop; 880 kHz peak —24.4 dB
Maximum Rate (3 dB Bandwidth)
Mode, FM Deviation, and Rate Settings
Fast Hop; 880 kHz peak; 5 MHz 3.5 div 7.1 div
Auto; 5 MHz peak; 5 MHz 3.5 div 7.1 div
5 SPECTRAL PURITY TEST (SSB PHASE NOISE)
SSB Phase Noise
Frequency, Mode, and Offset Settings
1100 MHz; Auto, 20 kHz (Option 002) —120 dBc
1100 MHz; Auto, 100 kHz (Option 002) —127 dBc
1100 MHz; Fast Hop, 20 kHz (Option 002) —116 dBc
550 MHz; Fast Hop, 20 kHz -123 dBc
5§50 MHz; Auto, 20 kHz —127 dB¢
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Table 3—2. Performance Test Record (7 of 8)
Test T L Results
No. est Description Minimum Actual Maximum
5 SPECTRAL PURITY TEST (SSB PHASE NOISE) (Continued)
SSB Phase Noise (Continued)
Frequency, Mode, and Offset Settings
550 MHz; Auto, 100 kHz —-134 dBc
300 MHz; Auto, 20 kHz —132 dBc
300 MHz; Auto, 100 kHz -137 dBc
300 MHz; Fast Hop, 20 kHz —128 dBc
150 MHz; Fast Hop, 20 kHz —-133 dBc
150 MHz; Auto, 20 kHz —-136 dBc
150 MHz; Auto, 100 kHz ~-140 dBc
80 MHz; Auto, 20 kHz -139 dBc
80 MHz; Auto, 100 kHz —-141 dBc
80 MHz; Fast Hop, 20 kHz —-137 dBc
40 MHz; Fast Hop, 20 kHz -139 dBc
40 MHz; Auto, 20 kHz —141 dBc
40 MHz; Auto, 100 kHz —141 dBc
20 MHz; Auto, 20 kHz —-142 dBc
20 MHz; Auto, 100 kHz ~142 dBc
20 MHz; Fast Hop, 20 kHz -141 dBc
10 MHz; Fast Hop, 20 kHz -142 dBc
10 MHz; Auto, 20 kHz —-143 dBc
10 MHz; Auto, 100 kHz -143 dBc
Non-Harmonic Spurious
Worst Case, 0.25 to 1030 MHz —100 dBc
Worst Case, 1030 to 2060 MHz (Option 002) —94 dBc
6 SPECTRAL PURITY TEST (HARMONICS)
Harmonics
0.25 to 1030 MHz —-30dBc
1030 to 2060 MHz (Option 002) -30 dBc
Subharmonics
515 MHz Span none
515 to 1030 MHz Span —55 dBc
1030 to 2060 MHz Span (Option 002) —40 dBc
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Table 3-2. Performance Test Record (8 of 8)
Test Test D L Resuits
No. est Description Minimum Actual Maximum
7 PULSE MODULATION TEST
Rise and Fall Time
Frequency Setting and Measurement
10 MHz, Risetime 100 ns
10 MHz, Falltime 100 ns
20 MHz, Risetime 100 ns
20 MHz, Falltime 100 ns
50 MHz, Risetime 100 ns
50 MHz, Falitime 100 ns
100 MHz, Risetime 100 ns
100 MHz, Falltime 100 ns
200 MHz, Risetime 100 ns
200 MHz, Falltime 100 ns
500 MHz, Risetime 100 ns
500 MHz, Falltime 100 ns
1000 MHz, Risetime 100 ns
1000 MHz, Falltime 100 ns
2000 MHz, Risetime (Option 002) 100 ns
2000 MHz, Falitime (Option 002) 100 ns
On/Off Ratio
Frequency Setting
100 MHz 35 dB
200 MHz 35 dB
500 MHz 35dB
1000 MHz 35 dB
2000 MHz (Option 002) 35dB
8 FAST HOP SWITCHING TEST
Amplitude and Frequency Error
Amplitude Error, Hopping from 515 MHz 0.89 1.12
Frequency Error, Hopping from 515 MHz —2 kHz +2 kHz
Amplitude Error, Hopping from 65 MHz 0.89 1.12
Frequency Error, Hopping from 65 MHz —2 kHz +2 kHz
Amplitude Error, Hopping from 5 MHz 0.89 1.12
Frequency Error, Hopping from 5 MHz —2 kHz +2 kHz
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