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Safety Considerations

GENERAL

BEFORE APPLYING
POWER

SAFETY EARTH
GROUND

Safety Symbols

L]
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).

Verify that the product is set to match the availabie line voltage and the correct
fuse is installed. Refer to instructions in Appendix B of the Operating Manual.

An uninterruptibje safety earth ground must be provided from the mains power
source to the product input wiring terminals or supplied power cable.

Instruction manual symbol; the product WARNING

will be marked with this symbol when it is THIS DENOTES A HAZARD. IT CALLS ATTEN-
/ ‘_\ necessary for the user to refer to the in-  TION TO A PROCEDURE, PRACTICE, OR THE

struction manual.

6 Indicates hazardous voltages.

LIKE, WHICH, IF NOT CORRECTLY PER-
FORMED OR ADHERED TO, COULD RESULT
IN PERSONAL INJURY. DO NOT PROCEED
BEYOND A WARNING SIGN UNTIL THE INDI-
CATED CONDITIONS ARE FULLY UNDER-

— Indicates earth (ground) terminal. STOOD AND MET.

Indicates terminal is connected to chassis

/7L7 OR L when such connection is not apparent. CAUTION

/'\/ Alternating current.

Direct current.

Safety Information

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

WARNING

il

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

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

If this instrument is to be energized via an autotransformer (for voltage reduc-
tion) make sure the common terminal is connected to the earthed pole terminal
(neutral) of the power source.

Instructions for adjustments while covers are removed and for servicing are for
use by service-trained personnel only. To avoid dangerous electric shock, do not
perform such adjustments or servicing unless qualified to do so.

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

When measuring power line signals, be extremely careful and always use a step-
down isolation transformer whose output voltage is compatible with the input
measurement capabilities of this product. This product’s front and rear panels
are typically at earth ground, so NEVER TRY TO MEASURE AC POWER
LINE SIGNALS WITHOUT AN ISOLATION TRANSFORMER.
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HP 5373A
Front Panel Features

DATA ENTRY - Key to enter/modify INSTRUMENT CONTROL - Keys to
numbers in numeric menu fields. resiart a measurement, clear results,
Entry/Marker knob changes numeric error messages, seiect  single
entries by smallest increment avaialable. measurement mode, and for manual
control of measurement gate.

Keys o display summary of instrument
settings, and to print/plot display screen
contents.

| MENU SELECTION - Keys for selecting
main menus.

RESULTS - Keys to display numeric and
graphic results.

HEWLETT G373 4
FOLCKARD  MYMHLARAGH DOWAM FUELEE AMAEYZER

HP-IB STATUS - Key 10 return
instrument to front panel control from
remote and LEDs to monitor remote
control operation.

e

INSTRUMENT STATE - Keys to set
instrument to a known operating
condition, save a front panel setup in
memory, or recall a previously stored
frort panel setup.

CHANNEL C INPUT

| CHANNEL B INPUY

CHANNEL A INPUT |

| EXTERNAL ARM INPUT

!

SOFTKEY AREA - Displays available

gsoﬂkey options for selected menu #eid. ENTRY/MARKER - Knob to move ;

|
f . ‘
% markers on the Graphic Screen, modify

E numeric field entries, and scroll §
E

CURSOR/SCROLL - Keys to move measurement results on Numeric sereen.

menu cursor among menu fields in Data
Area. Highlighted field determines
softkey menu oplions appearing in
softkey area. Scrolls measurement
results on Mumeric screen and graphs on
the Graph screen.
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Meet The HP 5373A
Modulation Domain Pulse Analyzer

WHATIS THE  The Hewlett-Packard 5373A Modulation Domain Pulse
HP 5373A?  Analyzer provides flexibility and high performance for Pulsed
or CW frequency, phase, and time interval measurements. It
has full HP-IB programmability and a powerful feature set for
a wide range of applications.

THE  The HP 5373A key features include:

MEASUREMENT .
FEATURES ™ Pulse or CW Carrier Frequency up to 500 MHz (2 GHz

with optional input channel)

Pulse Repetition Interval (PRI) or Frequency (PRF)

Pulse Width and Pulse Offtime

Pulse Duty Cycle

Pulse Envelope Power

Amplitude Modulation

Frequency, Phase, and Time Deviation

Continuous measurements up to a 13.3 Million per/second
Measurement arming by signal edge, time, or events
Measurement averaging for greater resolution

Pre-trigger for frequency and time interval measurements
Selectable hysteresis for measurements on noisy signals
—4.0 to +4.0 second time interval range

Histogram measurements via hardware for rapid
acquisition and analysis of very large data samples

m Input Pod Selection: 50Q Envelope Detector, 10 k€ active
probe, 50Q, and 1 MQ active pods

1-1
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THE ANALYSIS
FEATURES

HOW TO USE
THIS GUIDE

The HP 5373A has a powerful set of analysis features. It
provides:

Time Variation graph of measurements: frequency vs. time,
time-interval vs. time, phase vs. time, and envelope
parameters vs. time

Histogram graph
Event Timing graph
Limit testing

Statistics: mean, minimum, maximum, standard deviation,
variance, rms, Allan variance, root Allan variance

Modulation values (peak-to-peak deviation, center
frequency, modulation rate)

Follow these three simple steps to use this guide for your
pulse measurement applications:

Read the first chapter for a product overview.

Read the second chapter for basic front-panel operating
instructions.

Read each successive chapter for information about
increasingly complex pulse measurement procedures.
Example HP-1B programs are also included for the
pulse-envelope measurements and pulsed or CW carrier
frequency measurements.



2

Using The HP 5373A

CHAPTER  This chapter briefly explains the menu structure, provides basic
OVERVIEW  measurement definitions, and shows you how to start using the
HP 5373A Modulation Domain Pulse Analyzer (Analyzer) to
make measurements. The items covered in this chapter are:

m Front-panel layout pg-2-1
m Power-up pg. 2-2
® Quick Reference Guide pg. 2-5
m Measurement function menus pg. 2-11
m How to change menu parameters pg-2-15
m  Menu Selection Keys pg. 2-19
m Making a simple frequency measurement pg. 2-20
m Reviewing measurement results pg. 2-23
a Customizing your measurements pg. 2-26

ALOOK AT THE  This brief tour of the front panel in Figure 2-1 looks at the groups
FRONT PANEL of keys used most often in operating the Analyzer. A detailed
explanation of each front-panel feature can be found in
“Front Panel /Rear Panel,” chapter 6 of the Operating Manual.
A summary of the front-panel features appears on the inside
front cover of this manual.

2-1
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Menu Keys Preset Key

MFPOT_XH

Soft Keys Cursor Keys

Figure 2-1. Selected Front-Panel Keys

SWITCHING ON  This procedure assumes the Analyzer is already plugged into

THE ANALYZER the correct ac power source. (If not, refer to the Installation
instructions in “Appendix B” of the Operating Manual and
then return to this point.)

1. Set the power switch to ON.

The Analyzer executes some internal tests to verify basic
functionality. During this time the display shows,
PERFORMING SELF TEST...

The display warm-up and instrument self-test normally
take 10-15 seconds. Refer to “Test Menu,” chapter 13 of
Operating Manual, for a listing of the power-up tests.
When testing is completed, the first Function menu is
displayed, and the Analyzer is ready to use.

NOTE

Battery Backup Feature — The Analyzer can save
measurement setups in memory. This information is
saved by battery power when the instrument is set fo
Standby or is disconnected from a power source. The
battery can preserve stored setups for up to six months
with power disconnected.

2-2
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At the completion of the power-up procedure, the last
measurement setup before the power was interrupted is
recalled and the measurement is restarted. The
measurement and display memories are cleared, so no
past data is preserved.

Connect your input signal and press the green Preset key.

This sets the Analyzer to its default operating condition.
The first Function menu is displayed and should look
identical to the one shown in Figure 2-2. The Analyzer will
attempt to make measurements using the preset default
function of PRF/Frequency.

fAcquiring measurement gata.

PRF A

FUNCTION

PRF ¢
Frequency

fcquire
Pre-trigger

Bilock Holdoff:

Arm a block of measurements automatically Pulse

Sasple Are:

Measuresent Ehannel PRI /
biock of SN neas Period
Total Meas = 164

Pulse
Hidth

Arming Mode

0fftime

;nm sampling on

Duty Cycle

peas channe! autonatically

Figure 2-2. Preset Function Menu
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NOTE

Pressing the Preset key at any time brings you back to
the default instrument state . Use the Preset key to
quickly reset the Analyzer parameters to their default
settings. If you should ever press the Preset key by
mistake, your last instrument setup can be retrieved by
pressing the Recall key and 0 on the DATA ENTRY
keypad. The instrument setup at the time Preset is
selected is saved in storage register 0. Automatic
storage of the current instrument setup also occurs for
the Default Measurement Setup feature.

The Default Measurement Setup (selected by Shift key
and then Preset key) automatically configures the HF
5373A to make measurements and display the results
for the current measurement function. For more
information on saving and recalling instrument setups,
refer to “Instrument State Menu”, chapter 11 of the
Operating Manual. For a listing of the parameters
selected by the Preset function, refer to “Front
Panel/Rear Panel”, chapter 6 of the Operating Manual.

2-4
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HP 5373A QUICK REFERENCE GUIDE

All measurements made from the HP 5373A front panel require you to make some decisions
in several areas as part of a general measurement process. Regardless of the particular type of
measurement made, you'll probably think about:

m Measurement function, sample size, and arming: FUNCTION

m Input signal conditioning and event triggering: INPUT

® Math value inputs and statistics: MATH

m Repetitive or single-shot measurements: SINGLE/REPET - RESTART
m Results output as numeric or graphic displays: GRAPHIC - NUMERIC

These areas directly correspond to seven front-panel keys. You'll be using these keys much of
the time when setting up and making front-panel measurements.

The key sequence on the next five pages shows a very general relationship between the

HP 5373A measurement process and associated front-panel keys. The choices available from
the Function key for arming modes and measurement functions are all listed on the

“HP 5373A Function and Arming Summary”, located on the inside back cover of this manual.

Depending upon the nature of the signal you want to look at, and the complexity of the
measurement you’re making, one or more of these keys and associated variables may need to
be changed. (Some functions will limit these choices.)

Step through these keys/variables making changes where needed by:

1. Using the six softkeys located at the right side of the screen.

2. Pressing the Cursor/Scroll keys to move around inside each screen.

3. Using the data entry keypad or Entry/Marker knob to change current or default
settings.

If you get unexpected results (or none at all) consider these possibilities:

Is your input signal active at the front-panel input (LED flashing)?

Are the input signal coupling/attenuation/channel A,B,C choices correct?
Are the event triggering settings causing event counts?

Is the active arming mode appropriate for your signal?

Are the sample size parameters of “m” blocks of “n” measurements sufficient
(or too many) to display your signal in a meaningful way?

G W
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: Select measurement function, channel, sample size, and arming.

ficquiring wmeasurement data.

PRF /
PRF fi: Frequency
FUNCTIDN
O Measurement Channel IEEIEN FR! /
fAcquire block of weas Feriod
@ '(Pre—trigger Total Meas = 188 —
Pulse
, , Hidth
®——.———. HUTONATIC Arming Mode
Block Holdoff: :
firm a block of measuresents autosatically Pulse
0fftine
@——————» Sample Arm: v Duty Cycle
;nnn sampling on meas channel automatically i
; %
! i == More -~

i

Choose the Measurement function for channel A, B, or C. (More key calls
more function choices.)

Acquire m blocks of n measurements (with Pre-triggering On or Off).

Select Arming Mode within the Holdoff, Sample, Hld/Samp, or Default
[Auto] arm categories.

Set Block Holdoff: This condition is met prior to each block of
measurements. (For example, with Edge/Interval arming, the specified
edge must be detected before a block begins.)

The specified edge may be either a Pos or Neg edge on front-panel
inputs A, B, or Ext Arm.

Set Sample Arm: This condition is met prior to each measurement. (For
example, with Edge/Interval arming, a measurement is made after each
elapsed interval.)

2-6
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: Getting your input signal to generate samples.

ficquiring measurement data.

PRF A: Separate
INPUT
@ [NETEECE [nput Channels Conmon
Trigger Event:
Slope Mode Leuvel
2 v

Chan f: Gol mutoll 50 % M
@ (Ehan B: - ey
Chan C: POS  MANUAL gV
@——-— Ext Arm Level

Channel A Channel B Channel C

Input Pod HP 53782A HP 548B2R  -----
lupedance 56 2 S8 2 58 2
@_____, Bias Level AC GND
Attenuation it R Y3
Hysteresis in
Nax Input +20 (Bm 2 ¥ peak +28 dBa

Set Separate or Common Input Channels.
Set Trigger Event: Slope, Mode, or Level for channels A or B.

Set External Arm level select 0 V, TTL Preset [1.4 V], ECL Preset [-1.3 V].

® ® ©® ©

Set Impedance, Bias Level, Attenuation, or Hysteresis settings. Channel A is
always set as shown with the HP 53702A input pod installed.

Figure 2-3. Quick Reference Guide (Continued)
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Set up math operation, enter variables, and enable statistics.

Acquiring seasurement data.

PRF A: A
HATH
@ channel TN farrier Freg B
@
Reference BE+BB -
C
@—— stats
@— Linits: ®
wish _sETEd ] Phase Result
lov [Clasled [ ———0
_ set Ch A
Math: ot [ Reference
Dffset -
vors [ Tisabled ] Clear Ch R
Scale [ _Tisabled ] Reference

Select channel A, B, or C prior to setting up items 2 through 7 below.
Set Statistics: either On or Off.

Set Limits: On or Off for High or Low.

Set Math: On or Off for Offset, Norm, or Scale.

Set Carrier Frequency computed as Pulse, CW, Manual, or Linear.

®@ ® ® ® 6 6

Enter Carrier Freq value as Freq, Slope, or Start when Manual or Linear
are active.

Q

Set Phase Result as MOD 360 or Cumulative.

Figure 2-3. Quick Reference Guide (Continued)

2-8
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: Select measurement execution as Single or Repetitive.

Make another single-shot measurement when the analyzer is set to Single.

Display graphic results.

Acquiring measurement data. MENUIEEIL
Hist: PRF A Mrkr Zoca
O Mkr x: Disp Scal

y:

i_ —i Tiwe Var

_Etine N/A

@

BRID
on

QUTLINE
0ff

SHOW GRAPH

IEEMren

KalnsMen
¥ Copy

6raph to

Mewory

@ Histogram: Get simple statistics

@ Time Variation: Function vs. Time

Figure 2-3. Quick Reference Guide (Continued)
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Display numeric results.

Acquiring seasurement data.

Main
Number of Blocks = m'—® e
RESULT DISPLAY Forsats @— HIHE
PRF A Set
Paran Result
View Meas #
Meass Measurement e 4 -~
Xpan L
on Statistics
| Result /
Statistics
1 Limit
Prior Page Status
Next Page Rold
i
h s
@ Measurement Data: Examine individual results
@ Statistics: Examine summary values
NOTE: You must enable Statistics via the Math menu before summary

values can be displayed.

Figure 2-3. Quick Reference Guide (Continued)
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MEASUREMENT
FUNCTION MENUS

Using the HP 5373A

Four measurement function menus provide you with fast
access to twenty different types of easy-to-use measurements.
Each menu contains five measurement function softkeys and a
bottom key labeled More. The softkeys are lined up vertically
along the right side of the display bezel.

Pressing the More key causes the next menu to appear. When
the last menu appears, pressing the More key causes the first
measurement menu to reappear.

The following pulse envelope measurement functions require
use of either the included HP 53702A Envelope Detector ’od
in channel A or an external detector set up to output a video
signal into an HP 54002A input pod in channel A:

m Pulse Repetition Frequency (PRF)
m Pulse Repetition Interval (PRI}

w Pulse Width

m Pulse Offtime

m Duty Cycle

= Envelope Power

m Amplitude Modulation

When an external detector is used for channel A, envelope
parameters are reported as Frequency or Period results.
(Use of channel B for envelope parameters with either the
HP 53702A or an external detector is not supported.)

NOTE

The Envelope Power measurement can also be made
on channel B, but is derived as a function of signal
peak-to-peak voltage measurement rather than
detected envelope amplitude. (Refer to chapter 3 for
details of envelope power measurements.)

Whenever you select a measurement function, it will appear
on the screen under the upper left-hand label

FUNCTION . Each function also displays its
own set of measurement parameters that you can change to
suit your measurement needs.

2-11
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NOTE

The following figures and text introduce you to the
function menus. The next section of this chapter then
explains how to use both the front-panel measurement
function softkeys and menu selection hardkeys to make
these changes.

The menu screens are shown in Figures 2-2, 2-4, 2-5, and 2-6.
Each measurement function softkey can enable one (or two)
measurement functions. The actual measurement function can
vary depending on which input pod and associated channel is
currently active. For example:

If the PRI/Period function is active and a CW signal is
present at either selected input channel B (HP 54002A pod)
or C, the displayed measurement function and result is
Period. With input channel A (HP 53702A pod), the
displayed function is PRI

If the PRF/Frequency function is active and a pulsed RF or
IF signal is present at selected input channel A (HP 53702A
pod), the displayed measurement function and result is
Pulse Repetition Frequency (PRF). With input channel B
(HP 54002A pod), the displayed function is Frequency.

In addition, the following restrictions apply to the input
channels:

NOTE

Channel A is supported for use with pulse envelope
measurements when the HP 53702A Envelope Detector
Pod is present.

Channel B is supported for non-envelope signal
measurements such as Frequency (pulsed or CW), Period,
Time Interval, and is the recommended channel for Phase
Deviation measurements. (An exception to this is Envelope
Power. Refer to chapter 3 for more information.)

Channel C is supported only for pulsed or CW Frequency
and Period.

More details of measurement functions and the input
channels associated with them are described in the
Operating Manual,
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Detailed descriptions of pulse envelope terminology and
characteristics can be found at the beginning of the next
chapter.

Envelope

Kax Env Power A: t1.52 don P
ower

Kin Eny Power R;: -37,49 dBn
FUNCT ION

AT Neasurement % Rise Time
foquire [ T] block of Beas

Pre-trigger TJotal Meas = 1

Fall Time

Arking Mode
Block Holdoff:
Ara 2 block of weasuresents avtomatically Time
Interval

Continuous

§alpie Are: 1
|Ara saspling on meas thannel automatically ime Intul

1
|
L -- More --

Figure 2-4. Measurement Menu 2
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+/= Time

+/- Tige Int A = B ~14%8,057 & us Interval

FUNCTION

Measurement Channel Phase
acquire NN biock of EEEEEEN weas

Pre-trigger Total Meas = 1

Phase
Deviation

firming Mode

Block Haldoff:
Ara a block of measurenents automatically Freguency
Deviation

Time
Deviation

Sample Are:
|Arm sampling on weas channel autematically

Figure 2-5. Measurement Menu 3

NOTE

For all measurement menus, pressing the More softkey
calls the next measurement menu or returns the first menu.

2-14



Using the HP 5373A

Histogran
Kist TE A —» B: 1 Time
at bin &9 Interval
Histopgras

Measuresent Channel Continuous

neas TI
Pre-trigger Hiin T yvesve
Conver. - ISR His togras

start IENDNECEN Bin Width /- Tiee

Araing Mode Interval

Block Holdoff: =
Ara a block of NeasuTenents automatically

Totalize

Aup litude
Modulation

]Ars sampling on meas channet autosatically

-- More --

Sample Arm: z
f
E
i

Figure 2-6. Measurement Menu 4

HOW TO  Menu parameters specify how the Analyzer operates. These
CHANGE MENU  parameters are inside the inverse video (shown as
black-on-white) rectangles on the menu screens. These
PARAMETERS rectangles are called “fields” and are referenced by the words
preceding or following them on the screen.
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For example, in Figure 2-7, the Channel field is set for a
measurement on the signal at Channel A, the Sample Arm
intervals field is set to 1 ms.

ACcqulring measurement data. Holdoff
PRF A:

FUNCTION
Measuresent !:hanne! m Interval

hequire m block of KT Sampling
Pre-trigger Total Meas = 189

Tire
Sampling

IREICEIEEN SN Araing Mode
Block Holdoff:
Arm & block of measuredents automatically Eucle
Sampling

. Edge
S.alple Arn: sampling

iﬁm sampling on meas channel after
[INEIGNEE (ntervals Default

o [Autal
Reguisition Time/Block = 108.8888 ms

Figure 2-7. Menu Screen 1
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There are three steps to change a menu parameter, as shown in
Figure 2-8:

1. Select a menu with the Menu Selection hardkeys (callout 1
in Figure 2-8).

2. Use the Cursor/Scroll keys to move the menu cursor to
the field you want to modify (callout 2 in Figure 2-8).

3. Use the softkeys to select the desired option from the

list at the right-hand edge of the display (callout 3 in
Figure 2-8).

X

&

Figure 2-8. Three Steps to Change a Menu Parameter
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Softkey Operation =~ Where a softkey presents more than one option (Frequency,
measurement channel parameter), the active option is shown
in inverse video. Pressing the softkey causes the next option to
become active. The inverse video always highlights the current
selection. Where all options for a field do not fit on one “page”
of softkeys, a More softkey appears to allow access to
additional choices.

Figure 2-9 shows a pictorial description of softkey functions
from the Graphics screen. The detailed softkey options shown
here are described in, “Graphic Results”, chapter 16 of
Operating Manual.

weas X

Figure 2-9. Graphic Softkey Description (see text)
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MENU SELECTION
KEYS

Measurement
Setup Menus

Instrument
Management Menus

Using the HP 5373A

The Menu Selection keys give you access to the main functions
of the Analyzer. The menus can be divided into three groups:

Measurement setup (Function, Input, Math, Pre-trigger)

Instrument management (Instrument state, System, Test,
Status)

Operating information (Help)

The menu keys are discussed briefly here. If you want more
information on any of the menus, consult the Operating
Manual. Select each of the menus on the front panel as you
read the following menu descriptions.

There are four menus (front-panel keys) for setting up a
measurement:

Function selects the measurement type, the size of the data
set, and sets up arming conditions.

Input sets the conditions under which the Analyzer will
trigger on the input signal. A trigger event occurs when the
input signal satisfies two conditions defined on this menu.
One condition is the slope of the input signal, the otheris a
specific voltage of the input signal. The Analyzer will
trigger on a positive (rising) or negative (falling) slope of
the signal. The voltage at which the instrument will trigger
can be specified as a voltage level or a percentage of
peak-to-peak voltage.

Math selects post-measurement processing features such as
statistics, math processing features such as offset or scale,
limit testing values, and a specified carrier frequency for
measurements such as frequency deviation.

Pre-trigger captures measurement data occurring prior to a
specified time interval or external event. Data occurring
before and/ or after this event can be measured and analyzed.

These menus provide control of features separate from
measurement setup.

Instrument State lets you view saved instrument setup
conditions and protect storage registers from accidental
over-writing.
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n System contains:

-~ HP-IB mode and address selection
— Status of instrument options

— Measurement data width selection
— System clock

m Test provides control of operational checks and diagnostic
tests for the use of a trained service technician.

m Status gives a summary of the current instrument settings.
The summary includes the settings of the:

— Function menu

-~ Input menu

~ Math menu
Pre-trigger menu

Operating Help provides operating information on the following

Information Menu  topics:
: : — Function menu

- Input menu
— Math menu
— Pre-trigger menu
— Results
— Userinterface
- Graphs
- HP-IB
- Test menu

MAKING A SIMPLE  You can use the frequency standard output signal from the rear
FREQUENCY  panel to get started making measurements. Using this procedure
MEASUREMENT  Yyou can make some measurements and review the results.

1. Connect the Frequency Standard output from the rear
panel to the channel B Input as shown in Figure 2-10.

2. Press the Preset key to return the Analyzer to the default
state.

3. Press the Cursor-control right key to enter the
measurement channel parameter field.

4. Press the More softkey to move to the next page of the
measurement channel parameter field.

5. Press the B channel selection at the top of the softkey
menu choices.
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6. Press the Cursor/Scroll left key to return to the
measurement field.

7. Notice that the LED above the Channel B Input Pod starts
flashing. It indicates that there is a signal at Channel B
triggering the input circuitry. Use the LEDs near the input
pods as your first indication of the presence of an input
signal to the Analyzer.

NOTE

If you connect a signal to channel A, B, or External Arm,
and the input LED does not start flashing, first check the
Trigger Event settings on the input menu. The trigger
level may be set incorrectly for your signal. Then check
your signal source to ensure that its output meets the
input requirements of the Analyzer (+/- 2V limit with a
HP54002A input pod and the 1:1 attenuation setting).

Rear Panel Front Panel

MCCFM_X3!

Figure 2-10. Cable Connection for Simple Frequency Measurement
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Notice also the Gate LED located near the right-hand side
of the Analyzer under the words, INSTRUMENT
CONTROL. The LED is illuminated whenever data is
being acquired by the Analyzer. For this setup selected by
the Preset key, a measurement sequence consists of 100
measurements, as shown on the Function menu. Use the
Gate LED to monitor the acquisition of data.

The Analyzer is currently making 100 measurements at a time.
As you can see on the Function menu, the text reads, “Acquire
1 block of 100 meas.” A block is one or more measurement(s}
collected in a group.

The Function menu only has space to show you one result. It is
found near the top of the display. This result is always the first
measurement of each block. You can see the other 99 results by
using the measurement review features of the Analyzer.



REVIEWING
MEASUREMENT
RESULTS

Numeric Results
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The entire list of results can be shown on the Numeric screen.
Use the following procedure to display individual
measurement results via the Numeric display.

1. Access the 100 measurement results by pressing the
Numeric key.

— The first twelve results are displayed as shown in
Figure 2-11.

Heasw
881
Baez
8983
6ee4
oees
e8ne
fe8?
gees
121 : 3
8e1d
811
@12

RESULT DISPLARY
Freguency B 16 Nov 1998 BB:51:55 sSet

view keas + [HENEN

Forsats

Hunbher af Riorie =

180 Measurements Param

Heasurement

Expand
on

T
Prior Page

Hext Page
{

Figure 2-11. Numeric Results

2. Press the top softkey to select Main.

3. Press the Next Page softkey to see additional results.

Press this softkey and the one above it. You can move
forwards and backwards through your measurement
results. Notice the bar indicator to the left of the softkey
labels as you press the Prior/Next softkeys. It shows you
the relative position of where you are in the list of results
and the portion of the resuits currently displayed. The
first measurement is at the top; the last is at the bottom.
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Other Numeric
Result Screens

Here are two additional ways the data results can be
scrolled:

- Entry/Marker knob

-or-

¥’ Cursor/Scroll keys

Before using the knob to scroll the results, make sure the Set
Param/Meas # softkey function is set to Meas #. A specific
measurement result can be displayed by entering the number
at the numeric keypad and pressing the Enter key to complete
the entry.

and

Notice the Number of Blocks = field near the top of the
display. This feature allows you to alter numeric entries
normally found on other menu screens. This feature is
demonstrated later in this chapter.

There are additional screens for reviewing numeric results.
The following steps display them.

1. Press the top softkey to select Formats.

~ The softkey labels show the options for the result
displays. (See Figure 2-12.)

2. Press the Statistics softkey.

— The message on the screen indicates that the statistics
function is turned off. This feature is enabled on the
Math menu. The next two steps demonstrate how to
enable Statistics.

3. Press the Math key.

4. Make sure the Channel B Stats field is highlighted. If not,
press the Cursor-control down key to highlight Stats by
selecting the B softkey option, and then press the On
softkey.

— The statistics feature is enabled for Channel B. See
Figure 2-13.
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Kain
i ——

RESULT DISPLAY
Frequency B 16 Now 1998 BB:53:31

188 Neasurements Result
view Meas « KN

Reas# Neasurement
8682 18.88 MHZ
gae3 18.88 WMz —_———
1113 18.688 KHz Result /
egas 19.80 MH2z Statistics
1111 19.80 NHz —
age? 18,86 AHz Limit

9008 16,08 Wiz Status
08e9 18.88 MHz
AL 18,88 MH2
CLRE] 19.80 MHz Bold
8812 18.68 MHz

Figure 2-12. Numeric Screen Result Formats

5. Press the Numeric key.
— Eight statistical values are displayed.
6. Press the Result/Statistics softkey.

— You can now see eight measurement results and four
statistical values.

7. Press the Limit Status softkey.

- Asyou can see, Limits are disabled, but also accessible
on the Math menu. The Limits feature is not
demonstrated here. For more information, refer to
“Math Menu,” chapter 9 of Operating Manual.

8. Press the Bold softkey.

—  One measurement result and two statistical values are
displayed in an enlarged size for easy viewing.
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Frequency B: 18.80 MHz

HATH
channel T Carrier Fre

Reference

Stats L rn |

Limits:
wigh CTispIed ) Phase Result

Lo¥ [ Disabled ] Howdi lo 36k

) Sset Ch B

Math: Refarence
offset [_Tisapled | —
vorn [ Disapled ] Clear Ch B
Scale [ DisabJed™ ] Reference

Figure 2-13. Math Menu Showing Statistics On

CUSTOMIZING  Up to now you have demonstrated features for reviewing data
YOUR  onceit's collected. The next series of steps let you modify the

MEASUREMENTS measurement function and other instrument parameters to
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control how the measurements are made. This procedure shows
how to change from Frequency to Time Interval measurement:

1. Press the Function hardkey and ensure that the
Frequency function is highlighted (press the
Cursor/Scroll left key if necessary).

2. Press the More softkey.

3. Change the measurement function from Frequency to
Time Interval by pressing the Time Interval softkey.

NOTE

Time Interval may not be displayed as a softkey option
when the menu cursor is at the Measurement field. If
not, just press the More softkey until you see Time
Interval as a sofikey selection. Then press that softkey.




Change the
Arming Mode

Using the HP 5373A

4. Observe the 100.0 ns result at the upper right-hand
portion of the screen.

One of the most powerful aspects of the Analyzer is its arming
capability. With arming, it is possible to specify when and
where on an input signal the Analyzer will start and stop a
measurement, or a series of consecutive measurements. For
now, just be aware that there are four general categories of
arming modes, and within each category are individual
arming modes that present you with alternatives to select the
amount of control you want to impose on your measurement.
For detailed arming information, refer to “Arming,” chapter 5
of Operating Manual.

The following procedure introduces you to arming through
the use of a general-purpose arming mode.

1. Return to the Frequency measurement function by
pressing the appropriate measurement function softkeys.

2. Move the menu cursor to the Arming Mode field by
pressing the Cursor/Scroll down key.

~ The next two steps let you change the arming mode
from Automatic to Interval Sampling.

NOTE

The Automatic arming mode lets the Analyzer take
samples on the measurement signal as quickly as
possible. Interval sampling is an arming mode that lets
you control the rate at which samples of data are
collected (see Figure 2-14)

3. Press the top softkey to select Sample.

4. DPress the Interval Sampling softkey.

- Aninterval of 10 microseconds is the default setting
for this arming mode. Use of the Interval Sampling
arming mode is similar to setting a gate timeon a
traditional counter. The Analyzer differs from
traditional counters in that these measurement
intervals are continuous, or back-to-back.
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Sample ‘-Sample -Sample “-Sample “-Sample

ampi .éample

Sample Sample

pot——10 p § — =1t 10 P8 — =110 Y 5 —]

Figure 2-14. Automatic vs. Interval Sampling

5. Check the measurement result at the top of the display
and note the increase in measurement resolution over the
Automatic arming mode.

NOTE

Measurement Resolution - The resolution of your
measurement results is determined by the input
frequency and the interval between samples. The
longer the sampling interval, the greater the resolution
of results. Figure 2-15 shows the single-shot resolution
of the Analyzer as a function of sampling interval and
input frequency.

For example, taking samples at 100 us intervals on a
10 MHz input signal will yield a resolution of 10 Hz
(10. 000 00 MHz).

6. Switch between Automatic (bottom softkey) and interval
Sampling while you observe the measurement result.
Select Interval Sampling before continuing to the next
step.

7. Go to the Numeric screen. (If Statistics is highlighted,
press Results.)
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Sample Interval

\
—

10 MHz l
1 MHz ‘(@d'\ /
1606 kHz
10kHz

5 1

-

3 100H

2

Q@ 10 M2

v

5 1Hz = 4 ms sample intervar

c |

g‘wmm _lomsmphhh‘r\mr

[0 1] )

@ womk - . .
w 1mm?umphnrr\rd
100 pe | IN—
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o0 Hz 1&kMHz 1okMz 100kHz 1MMz 10MHz 100MHz 1GHz  10GHz
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* 1mV rms noise, 2 Vp-p sine wave

** 10Q pV rms noisa, 2 Vp-p sine wave

Freguency resolution is a functon of measured frequency,
sampie interval, and input signal noise.

Figure 2-15. Frequency Resolution

8. Press the top softkey to select Main.

9. Set the Expand feature to On.

- Theelapsed time for each measurement is displayed
after each measurement result as shown in Figure 2-16.

10. To see the gate time for measurements with Automatic
arming, return to the Function menu, change the arming
mode back to Automatic, and return to the Numeric
screen.

- The gate time for this measurement using Automatic
arming is 100 ns. This is the time over which the
measurement was made. It is also the period of the
10 MHz signal. The Analyzer is measuring 100
consecutive cycles of the 10 MHz signal.
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Heagk
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Change the Interval
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RESULT DRISPLAY
Freguency B
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Figure 2-16. Gate Data Display

Here you will further increase measurement resolution by
lengthening the interval over which each measurement will be
collected .

1. Go to the Function menu and set the arming mode to
Interval Sampling.
2. Move the menu cursor to the intervals field.

— The next two steps let you set the interval to
1 millisecond.

3. Press 1 on the DATA ENTRY keypad.
- Notice the softkey choices now available.
4. Press the ms softkey and then go back to the Numeric screen.

— The gate data now reflects the increased time over
which each measurement is collected. Note that the
gate time may not be exactly 1 ms.

— In the next step you will use a field on the Numeric
screen to again modify the interval.
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5. Press the Set softkey to select Param (abbreviation of
Parameter) if not already selected.

— Now you can enter a new value for the interval at the
top of the display.

6. Press 1, then the Exp key, then 6, then the +/-key, and
finally the Enter key.

A new block of 100 measurements is acquired immediately
with a 1 us sample interval as shown in Figure 2-17.

SSzwnle Peried = 6 s |
RESULT DISPLAY Forsais
Freguency B 19 Nou 1998 14:28:16 sSet
188 Measuresents
View Meas # Neas #
Neasw Measurement/Gate Time
8813 Meas 18.980 WHz Expand
Gate 1.888 8 us EIN off

ga14  Meas 18.088 HHz

Bate 1.888 8 us
Be1S  Meas 10.068 MHZ
6ate 1.988 8 us
8816 Meas 18.6888 MHZ Tt
Gate 1.9880 B us Prior Page
egi? Meas 18.288 MHz
bate 1.868 68 us Next Page
eg18 fMeas 16.088 MHZ
Bate 1.868 B8 us

Figure 2-17. Parameter Field on the Numeric Screen
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NOTE

You can modify numeric entry fields from the Numeric
screen. Here’'s how: Whatever numeric entry field is
selected by the menu cursor on the Function, Input,
Math, or Pre-trigger menu is displayed at the top of the
Numeric screen. The field will always reflect whichever
was the last numeric field from one of these that was
displayed.

For example, go to the Input menu and set the menu
cursor to a numeric entry field such as Trigger Event
Level. Return to the Numeric screen and see that the
same field is displayed. The Entry/Marker knob can be
used to modify the value in this field.

With this feature you don't have to return to one of the
menus if you want to see the effect on measurement
results of changing one numeric parameter.

PRE-TRIGGER  This feature allows the Analyzer to capture measurement data
that occurs before some event or interval that you specify.

If you want to use the Pre-trigger feature for a measurement,
one or more steps may be needed to turn Pre-trigger On and

_ verify the setup on the Pre- trigger menu. Refer to, “Pre-trigger
Menu,” chapter 10 of Operating Manual for more information.
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Simple Pulsed Radar

This chapter provides measurement procedures for
fundamental signal parameters of a simple pulsed-radar
system. Front-panel operating steps are covered first, followed
by HP-IB program examples for selected measurements. The
pulsed-radar signal parameter measurements explained in this
chapter are as follows:

® Pulsed Radar Summary pg- 3-1

m Pulse Envelope Terminology pg. 3-2

m Pulse Envelope Measurements pg- 3-4

m Carrier Frequency and Period pg- 3-9
Measurements

m FMOP Assessment pg. 3-12

Most simple pulsed-radar systems are capable of automatic
search, single-target tracking, and crude real-beam ground
mapping. A typical limitation of this radar is its inability to
detect airborne targets in ground clutter. The primary
performance parameters for this radar are range accuracy and
resolution.

Important measurements are carrier frequency stability, pulse
repetition interval (PRI) stability, pulse width, and peak
envelope power. Additional parameters of interest could
include duty cycle and pulse offtime.

These pulse envelope characteristics and terminology are

described next followed by the front-panel measurement
procedures and an example HP-IB program.
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NOTE

Although the measurement examples apply directly to
simple pulsed-radar signals, they can also be used on
more complex radars described in subsequent chapters
of this manual.

Basic Pulse Envelope The HP 5373A can make several kinds of pulse burst
Characteristics and measurements that include:

Terminology A)

B)

Q)

D)

E)

F)

G)

3-2

Pulse Repetition Frequency (PRF) is the number of
pulses per second.

Pulse (or CW) Carrier Frequency is measured in Hertz
(Carrier period is defined as 1/Carrier, and is
measured in time.)

Pulse Repetition Interval (PRI) is the time interval
between the leading edges of two consecutive pulses
and is the reciprocal value of PRF (1/PRF).

Pulse Width is the time interval from the leading edge
to the trailing edge of a single pulse.

Pulse Offtime is the time interval between two
adjacent pulses, measured from the trailing edge of the
first pulse to the leading edge of the second pulse.

Duty Cycle is the Pulse Width divided by PRI, and is
expressed in percentage (PW /PRI x 100).

Envelope Power is the maximum (peak) detected
pulse envelope power derived from the formula
shown below. This corresponds to:

(G-1) - Maximum envelope power for the HP 53702A
Envelope Detector pod.

(G-2) - Minimum envelope power for the HP 53702A is
pulse offtime power.

(G-3) - Maximum envelope power for the HP 54002A
50Q Input Pod is the maximum positive input
signal power.

(G~4) - Minimum envelope power for the HP 54002A is
the maximum negative signal power.
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2
Power in dBm =10 log [Q%{()%-)m / 1mW]

Figure 3-1 shows each pulse parameter characteristic
corresponding to these definitions. Table 3-1 lists the
measurement function softkeys with a selected channel and
actual measurement.

: Detocted Envelope

Figure 3-1. Pulse Burst Measurement Parameters

Table 3-1. Pulse/CW Measurement Functions*

SOFTKEY CHANNEL | MEASUREMENT FUNCTION
PRF/Frequency A Pulse Repetition Frequency (PRF)
B Pulse/CW Carrier Frequency
C Pulse/CW Carrier Frequency
PRI/Period A Pulse Repetition Interval (PRI)
B Pulse/CW Carrier Period
C Pulse/CW Carrier Period
Pulse Width A Pulse Width
Pulse Offtime A Pulse Offtime
Duty Cycle A Duty Cycle [(PW/PRI) x 100]
Envelope Power A Detected Envelope (Vpeak)
B ac signal maximum positive power
*" The remaining measurement functions and Softkeys are listed in the previous chapter in the “Measurement
Function Menus” section. Details of the standard Time Interval, Frequency, Period, and Histogram
measurements along with the Arming can be found in chapters 1 through 8 of the Operating Manual.
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General Test  Figure 3-2 shows a general test setup for use with the
Set-up/Measurement HP 5373A Modulation Domain Pulse Analyzer. The use of a
Considerations  power splitter is mandatory for test measurement accuracy
when an input signal is shared with another test instrument.

Use the following checklist prior to setting up any
pulsed-radar measurements:

1. Ensure that all input signals are within the normal operating
power and voltage levels for the External Arm, Channel A,
Channel B, (or Channel C) front panel inputs. (See Front
panel for details - Use external attenuators if necessary. )

2. Ensure that all input signals are within the normal operating
frequency ranges for the appropriate front-panel inputs. (Use
external mixers/oscillators if needed or obtain measurement
signal from radar IF hardware.

PULSE ENVELOPE  Pulse envelope measurements can be made on channel A.

MEASUREMENTS Front-panel measurement steps appear first followed by an
example HP-IB program that can be used to make the same
measurements and report results. This procedure
demonstrates the following pulse envelope measurements:

s Pulse Repetition Frequency (PRF)
m Pulse Repetition Interval (PRI}
m  Pulse Width
w Pulse Offtime
m Duty Cycdle
m Envelope Power
® Rise/Fall Time
HP 5373A SPECTRUM ANALYZER OSCILLOSCOPE _
O ol
e ]eToTi} :_J ;
EXTARM ! [ A « INPUT INPUT}
©PTIoNAL) ¢ | e _:______"___________________________:
P [ i POWER
: SPUITTER
: HP 11667A
H or equivelent

T I AT R0

3 OUTPUT

Ts01 X3

Figure 3-2. General Radar Test Setup
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Front-panel Procedure

PRF fA:

FUNCTION

acquliring measurement data.

Simple Pulsed Radar

Use the following procedure to make a PRF measurement on
channel A via the front-panel controls. The input signal for
this measurements has these approximate characteristics:

m 70 MHz intermediate frequency
m 1msPRI

m 10 us pulse width

m 0 dBm peak envelope power

Figure 3-3 shows the first menu display that always appears
when the Preset key is pressed. Figure 3-4 shows the basic
statistical results summary that can be displayed for a group of
pulse envelope measurements.

Frequency

ficgulire
Pre-trigger

Sample Ara:

!
{

Arning Mode
Block Holdoff:
Arm a block of measurements autosatically Pulse

iArw campiing on meas channel automatically
1

Neasuresent Channel PRE /
block of neas Period
Total Meas = 189

Pulse
Nidth

offtime

Duty Cuycle

Figure 3-3. Preset Function Menu
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Hnghar nf Eloaés =

STATISTICS DISPLAY
FRF A Z7 Now 1998 15:14:57
188 Measurements

fean 999,842 58 Hz

Std Daw 89.85 mHz Statistics
naximum 1.808 PA2 8 kH2

Minimum 999.663 9 Hz

RHS 999,842 56 Hz Result /
Rt Al var 45.73 mH2Z Statistics
Allan Var 2.898 877 2 mHz2

Yariance 6.536 445 2 mHZ™2 Limit

Status

Figure 3-4. Numeric Results Display with Statistics

1.  Connect the input signal to the channel A.
2. Preset the Analyzer to the default state.

3. Observe the first PRF measurement result in the
upper-right hand corner of the screen display. You can
view the first measurement result for any of the following
envelope measurements in the upper right-hand corner of
the same measurement function screen used to call the
measurement.
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You can use the following keystrokes to display
statistical results for a group of pulse envelope
measurements:

1.

Press the Math menu selection hardkey fo access
the statistics function.

Press the On Softkey to activate the statistics
function for channel A.

Press the Numeric Hardkey for preliminary display
of the PRF results.

Press the top Softkey of this menu to highlight the
formats choice.

Press the Statistics softkey to display the
measurement mean value along with other
standard statistical values.

Press the Single/Repet Hardkey in the Instrument
Control front-panel group to momentarily freeze the
data collection process and view the results for one
measurement sample.

If desired, you may display the statistical results for any
of these measurements by pressing the Numeric
hardkey.

9.

Press the PRI /Period Softkey to measure PRI.

Press the Pulse Width Softkey to measure pulse width.

Press the Pulse Offtime Softkey to measure pulse offtime.

Press the Duty Cycle Softkey to measure duty cycle.

Press the Envelope Power Softkey to measure envelope
power. (You can also make this measurement via channel B.)

Press the Rise Time Softkey to measure rise time.

10. Press the Fall Time Softkey to measure fall time.



HP 5373A — Application Guide

Remote Operation  The program listed here makes the same measurement
described above via remote HP-IB operation with HP BASIC
for a Series 200/300 9000 Controller. Use the same input signal
connections as the previous measurements.

Ensure that the Analyzer is in the “Talk/Listen” addressing
mode by pressing the System hardkey and selecting
Talk/Listen as the active addressing mode. Then, load the
program and begin program execution.

10 tEnvelope Parameter Demcnstration Program

20 'For HP 5373A Modulation Domain Pulse Analyzer

30 !******\******

40 !

50 'Equipment Required:HP 5373A Modulation Domain Pulse Analyzer
60 !

70 IConnection Diagram:Figure 3-2 General Radar Test Setup

80 !

90 tManual Reference:HP 5373A Modulation Domain Pulse Analyzer
100 Application Guide

110 ! IEPETEEEEEEEEFEEE SRR RS R RR R AR R R RS NN ERES LS RS S

120 !This program is intended t¢ produce the same results as the
130 'Envelope Parameter measurement precedures in the HP 5373A Modulaticn Domain Analyzer
Application Guide

140 !

150 !

1a8 Analyzer=703

170 !

180 PRINT

180 PRINT "Install an HP 53702A Envelope Detector Pod *

200 PRINT "in the HP 53732 CHANNEL A input position,®

210 PRINT "if one is not already there.*®

220 PRINT "Press Continue when done”

230 PAUSE

240 PRINT

250 PRINT "Connect the input signal to the CHANNEL A pod.”
260 PRINT "Press Continue when dene”

270 PAUSE

280 PRINT

290 PRINT *Press the HP 5373A "*System"" key."®

300 PRINT *Press Continue when done"

310 PAUSE

320 PRINT

330 PRINT "Select ""Addressing Mode"" = "*"Talk/Listen™"."

340 PRINT "Press Continue when done®

350 PAUSE

360 PRINT

370 PRINT *Select ""Device Addresg®"™ = ""3""."

380 PRINT "Press Continue when done*

390 PAUSE

400 PRINT

410 PRINT "This program will now cause the HP 5373A to display the statistics for a single
block ¢f PRF measurements, *;

420 PRINT "then cause one klock of measurements to he taken."
430 PRINT

440 OUTPUT Analyzer;"preset;meas; func,prf;sour a;proc;sour a;statistics onj;smode
single;men, num”

450 !

460 OUTPUT Analyzer;"num;display statistics;restart”

470 PRINT *"The program will now cause the analyzer to display other pulse parameters.”



480
490
500
510
520
530
540
550
560
570
580
530
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
T&C
770
780
790
8400
810
820
830
840
850
§60
870
880

Simple Pulsed Radar

PRINT "Press Continue to see next measurement.”
PAUSE

PRINT

PRINT "PRI measurement”®

OUTPUT Analyzer;"meas;func pri-

PRINT *Press Continue to see next measurement.”®
PAUSE

PRINT

PRINT "Pulse Width measurement”

QUTPUT Analyzer;"func pwidth”®

PRINT *Press Continue te see next measurement.®
PAUSE

PRINT

PRINT *Pulse Offtime measurement”®

OUTPUT Analyzer;*func ocfftime*

PRINT *Press Continue to see next measurement.”
PAUSE

PRINT

PRINT "Duty Cycle measurement”

OUTPUT Analyzer;"func duty"

PRINT "Press Continue to see next measurement.”
PAUSE

PRINT

PRINT "Envelope Power measurement*®

QUTPUT Analyzer;*func power®

PRINT *Press Continue to see next measurement.®
PAUSE

PRINT

PRINT "Rise Time measurement®

OUTPUT Analyzer;"func rtime”

PRINT "Press Continue to see next measurement.”
PAUSE

PRINT

PRINT *Fall Time measurement’®

QUTPUT Analyzer;"func ftime"

PRINT I************t************i*i********wt*‘
BEEP

PRINT *"END OF PROGRAM"

PRINT "Press RUN to restart program."*

PRINT

END

CARRIER  Carrier frequency and period measurements can be made on

FREQUENCY/PERIOD channel B up to 500 MHz, or channe] C between 100 MHz and

MEASUREMENTS  2GHz. Front-panel measurement steps appear first followed
by an example HP-IB program that can measure carrier
frequency.

A reported frequency that is derived from pulse offtime will
be lower than that reported by a measurement occurring
entirely within the pulse width. Frequency values that result
from pulse offtime are NOT used to compute statistical results
for the pulse carrier measurement.
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Front-panel Procedure  Use the following procedure to make pulsed/CW carrier

3-10

frequency/period measurements on channel B or C. The input
signal for this measurement has these characteristics:

m 70 MHz carrier frequency
m -15dBm peak power
m 1 percent duty cycle

Figure 3-5 shows the numeric results display with statistics
that can be used to summarize carrier stability and center
frequency. Figure 3-6 shows the pulsed carrier in the
modulation domain.

Himber of Blovks

Forgats

STRTISTICS DISPLAY ‘
freguency B Z7 Now 1998 15:21:55
1,088 Neasurements Result

Mean £9.999 MHz

Std Dew 188 kHz Statistics
naxisum 78.3 MH2z

Rinimum 68.2 MNHz ——m=
RMS 69.99% NHz Result /7
Rt Al var 6.125 NH2 Statistics
fAllan ¥Yar 37.517 S14E+12HZ"2 _—
yariance 9,911 BHz"2 Limit

Status

Bold

Figure 3-5. Numeric Results with Statistics

1. Press the Preset key to return the Analyzer to the default
state.

2. Connect the input signal to the channel B pod when the
input frequency is 500 MHz or less. (If the input
frequency is greater than 500 MHz, connect it to the
optional 2 GHz channel C input.)
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Figure 3-6. Modulation Domain Display (F vs. T)

NOTE

Simple Pulsed Radar

If you want to measure the carrier period, press the
PRV Period Softkey on the first measurement function
menu before completing the next step.

Press the Cursor-control right key to enter the
measurement channel parameter field.

Press the More softkey to move to the next page of the
measurement channel parameter field.

Press the B channel softkey to select channel B as the
active measurement channel.

Press the Cursor-control left key to return to the first
measurement function menu.

Press the Math menu selection hardkey to access the
statistics function.

3-11
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FMOP Assessment

10.

11.

12,

13.

Press the second softkey from the top to select the channel
B math functions.

Press the Cursor-control down key to select the channel B
statistics parameter field, then press the On Softkey to
activate the statistics function for channel B.

Press the Numeric Hardkey for preliminary display of the
carrier frequency results.

Press the top Softkey of this menu to highlight the
formats choice.

Press the Statistics softkey to display the carrier
frequency mean value along with other standard
statistical values.

Press the Single/Repet Hardkey in the Instrument
Control front-panel group to momentarily freeze the data
collection process and view the results of one sample.

Unwanted Frequency Modulation On Pulse “FMOP” degrades
radar performance by creating added spectral sidelobes. These
additional sidelobes introduce resolution ambiguities and
reduce useful radiated power by subtracting energy from the
mainlobe.

You can easily identify variations in pulse carrier frequency by
using the following procedure:

NOTE

This procedure shows you how to “expand” displayed
data on either axis for not only the Frequency, Phase,
and Time-interval versus Time display but also the
Histogram display.

The generalized form of this procedure can be used to
magnify any displayed parameter for any Modulation
Domain measurement made by the Analyzer.

Use the previous procedure to make a pulsed carrier
frequency measurement.

Press the Graphic hardkey to view the graphic display.

Ensure that the Main MENU option is displayed in
inverse video as the active choice.
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4. Press the second Softkey from the top to move from the
Hist selection to the Time Var graphic display.

5. Press the fourth Softkey from the top to turn ON the
CONNECT DATA display function.

6. Press the top menu Softkey to move from the Main
selection to the Mrkr display function.

7. Press the MARKER ORIENT Softkey to select the vertical
arrows.

8. Rotate the ENTRY/MARKER knob until the dashed
horizontal cursor line lies on top of the pulse carrier. (See
Figure 3-7)

fvar: Freguency B 27 Nou 1998 15:37:58
n Mkr y: 78.56 MHz

WARKER
ORIENT
Zoon In
Around

30 Karker
2oom Qut
Around

1o Marker

Return to
8.7588 us Fyl1) Stale

Figure 3-7. Modulation Domain Display (F vs. T)
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9. Press the top menu Softkey to move from the Mrkr
selection to the Zoom display mode.

10. Press the fourth Softkey from the top as needed to Zoom
In (magnify) the pulse carrier frequency variation over
time until the desired result is obtained (See Figure 3-8.).

MENU Maln

Tvar: Frequency B 28 Nov 1938 11:87:05 JurrJERRH
& Mkroy: 70.81 MKz Disp Scal

|

78.51
fHz

Ie Marker

Zoom Out
Around

1e Marker

Return to

8.7588 us Fy13 Scale

Figure 3-8. Modulation Domain Display (F vs. T)



NOTE

Simple Pulsed Radar

If you want quantitative values for the magnified
frequency variation (modulation), follow the next set of
front-panel keystrokes:

1.

Press the top menu Softkey to move the Zoom
selection to the Mrkr display mode.

Press the MARKER ORIENT Softkey to select the
vertical orientation.

Press the MARKER Softkey to select a marker you
wish to move first.

Rotate the ENTRY/MARKER knob until the dashed
horizontal cursor line lies at the lowest peak
location of the modulation you want to quantify.

Press the MARKER Softkey to select the next
marker you wish to move.

Rotate the ENTRY/MARKER knob until the dashed
horizontal cursor line lies at the highest peak
location of the modulation you want to quantify.

Press the fourth menu Softkey from the top to select
the Mod Vals choice.

Read the Pk-Pk, Center, and Rate values located
in the upper half of the graphic screen display.

You can use this procedure to measure delta time
events by choosing the horizontal marker
origntation in step ‘b”.

11. Press the fifth Softkey to Zoom Out or press the bottom
SoftKey to return to fullscale presentation.

3-15



HP 5373A — Application Guide

Remote Operation  The program listed here makes the same measurement
described above via remote HP-IB operation with HP BASIC
for a Series 200/300 9000 Controller. Use the same input signal
connections as the previous measurements.

Ensure that the Analyzer is in the “Talk/Listen” addressing
mode by pressing the System hardkey and selecting
Talk/Listen as the active addressing mode. Then, load the
program and begin program execution.

10 icarrier Frequency and Period Measurement Demonstration Program
20 'For HP 5373A Modulation Domain Pulse Analyzer

30 !**************

40 !

50 tEgquipment Required:HP 5373A Modulation Domain Pulse Analyzer

60 !

70 !Cennection Diagram:Figure 3-2 General Radar Test Setup 80 !

90 IManual Reference:HP 53734 Modulation Domain Pulse Analyzer
100 !Application Guide

110 !\il'lr'&*i!i***************W*ii******* [TEE S A2 XS RS E X & 8]

120 !This program is intended to produce the same results as the
130 !'Carrier Frequency/Periocd Measurement

Procedures in the HP 5373A Modulation Domain Analyzer Application Guide
140 !

150 !

160 DIM Func$[20],Meas_sours[20},Proc_sour$i20]

170 Analyzer=703

180 !

190 PRINT

200 PRINT "Install an HP 540022 50-ohm Input Pod -

210 PRINT "in the HP 5373A CHANNEL B input positicn,”

220 PRINT *if one is not already there.”®

230 PRINT "Press Continue when done”

240 PAUSE

250 PRINT

260 PRINT "Cecnnect the input signal to the CHANNEL R pod.*®

270 PRINT

280 PRINT "If the input signal frequency is greater than 500 MHz,®
290 PRINT "and the HP 5373A has an (optional} 2 GHz CHANNEL C,*
300 PRINT "connect it to that input.®

310 PRINT *"Press Continue when done*

320 PAUSE

330 PRINT

340 PRINT "Press the HP 5373A ""System"" key."

350 PRINT "Press Continue when done"

360 PAUSE

370 PRINT

380 PRINT *Select ""addressing Mode®" = "*Talk/Listen™". *

390 PRINT "Press Continue when done”

400 PAUSE

410 PRINT

420 PRINT "Select *"Device Address"* = ""3°'".°

430 PRINT "Press Continue when done®

440 PAUSE

450 PRINT

460 INPUT *Do you want to make a carrier period measurement?®, Carr_per_ flag$
470 IF UPCS (Carr_per_flag$)="Y" THEN

480 Funcs="Periocd"

430 ELSE

3-16



500
510
520
530
540
550
560
570
580
590

6C0
610
620
630
640
650
660
870
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
300
910

Func$="Frequency"

END IF
PRINT

Simple Pulsed Radar

TNPUT "What HP 5373a Channel are you using for your measurement?*,Hp_5373a _ chang

IF UPCS (Hp_5373a_chan$)<"B"> AND UPCS (Hp_5373a_chanf$)<"C"> THEN

PRINT

GOTC 540

END IF

PRINT "This program will now cause the HP 5373A
to display the statistics for a single block of ";Funch;” measurements,
PRINT "then cause one block of measurements tc be taken.*®

PRINT
!

Func$="meas; func, "&Func$
Meas_sour$="meas;gsour, "&Hp_5373a_chan$
Proc_sour$="proc;sour, "&Hp_5373a_chans$

Regtart: !

OUTPUT
CGUTPUT
oUTPUT
OUTPUT
QUTFUT
QUTPUT
QUTPUT
QUTPUT

I

PRINT "Press Proceed to take another measurement.®
PRINT "

Analyzer;‘*preset"
Analiyzer;"";Func§;*"
Analyzer;"";Meas_sour$;:""
Analyzer;"";Proc_sour$;""
Analyzer;"proc;statistics on”
Analyzer; "smode single®
Analyzer;*num;display statistics®
Analyzer; "men, num"

Press any cther key to end.®

wWait_for_input: !

ON KEY
ON KBD

2 LABEL "Proceed" GOTO Restart
GOTO End

GOTO Wait_for_input

I

End: 1!

BEEP
PRINT TR R I 2222222222232 AR 22 22 R0 R0 S A RS A
PRINT "END OF PROGRAM®
PRINT "Press RUN to restart program.®
PRINT
END

L
!
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Coherent Pulse-Doppler Radar

CHAPTER  This chapter provides front-panel measurement procedures to
OVERVIEW assess signal parameters typically found in a coherent
pulse-doppler radar system. The signal parameter
measurements explained in this chapter are as follows:

m Pulse-to-Pulse Phase pg- 42
w Staggered PRI pg- 4-5

COHERENT PULSE  Coherent pulse-doppler radar adds four performance
DOPPLER RADAR improvements over the basic capabilities of simple-pulsed
SUMMARY  radar. These include: relative target velocity and direction,
increased ability to distinguish moving targets from ground
clutter/stationary objects, improved signal-to-noise ratio, and
reduced false alarms.

Important measurements for this radar include pulse-to-pulse
phase, and staggered PRI. These measurements are described
below.

Refer to the general test setup/measurement considerations

subsection in chapter 3 for instrument connections and
checklist.

4.1
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COHERENT
PULSE-TO-PULSE
PHASE
MEASUREMENT

Front-panel Procedure

Measurement of pulse-to-pulse phase coherence is necessary
not only to optimize performance of a coherent pulse doppler
radar system but also to aid in the assessment of threat
classification.

Use the following three-part procedure to make pulse-to-pulse
phase measurements on channel B up to 500 MHz. The input
signal for this measurement example has these characteristics:

50 MHz intermediate frequency
13 ps pulse width

1 ms pulse PRI

-15 dBm peak power

Phase coherent

Figure 4-1 shows how this signal may appear in the time domain
while Figure 4-2 shows its pattern in the modulation domain. .

U U U uu .

Figure 4-1. Coherent Phase Signal in Time Domain

4-2

PART I - Set up the input signal conditioning, sampling, arming,
and measurement function:

1. Connect the input signal to the BNC connector of the
50-Ohm input pod located in channel B.

2. Connect an arming signal to the External Arm front-panel
BNC connector.

3.  Preset the Analyzer to the default state, then press the
Single/Repet key for single-measurement data sampling.

4. Select the Phase Deviation measurement function
(Menu 3) to measure pulse-to-pulse phase and select
channel B as the active measurement channel.

5. Ensure that the Acquire field is set to 1 block and move to
the block of field. Enter 100 in this field using the numeric
keypad then press the Enter key.
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6. Move to the Arming Mode field and select the HId/Samp
choice (top softkey), then select Edge/Interval.

7. Select the Block Holdoff arming parameters for Pos and
Ext Arm.

8. Move to the Sample Arm field, enter 1 on the keypad, and
then select us by pressing the fourth softkey from the top.

NOTE

You may need to set the External Arm input or Channel
B trigger level for the signal you intend to measure:

Press the Input Hardkey, move to the Ext Arm Level
or Channel B field and make any adjustments
necessary.

PARTII - Set up the Math menu and make a measurement:

1.

Go to the Math menu and select channel B (B softkey).
Select the Carrier Freq parameter field, and press the
Compute Carrier Manual softkey.

Move to the manual frequency data entry field
10.00000E+06 and enter the carrier frequency (50 MHz) of
the input signal via the keypad. Terminate with the
appropriate softkey data terminator.

Move to the Phase Result parameter field and press the
Phase Result MOD 360 softkey.

Press the Restart Hardkey to collect a block of 100
pulse-to-pulse phase measurements.

PART III- Set up the Display menu to view the graphic results.

1.

Select the Graphic display (Graphic Hardkey) and press
the top softkey to select Scal

Press the bottom More softkey twice, then press the MAN
SCALE Y-AXIS softkey to highlight on.

Press the Y MINIMUM softkey and enter 250 via the
front-panel keypad.

Press the Y MAXIMUM softkey and enter 250 via the
front-panel keypad.

4-3
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5.

6.

Press the top softkey once to return to the graphics Main
menu, then select the Time Var display choice (second
softkey from the top).

(Remember to turn manual scale off before you go on to
another measurement function.)

Observe the graphic display of phase-deviation versus
time. Each pulse-phase plot should line up exactly with
every other pulse-phase plot in a straight line if a
coherent-phase carrier is present (see Figure 4-2).

(If extra events are present between the expected pulses,
go to the Input screen and readjust channel B hysteresis
for Max.)

Try changing the Function screen Sample Arm interval
from 1 s to 20 ps. This action will cause many more pulse
measurements to appear on the display showing an
overall phase trend.

T¥ar: Phase Dev B
0 Kkr y: 258 deg

NENU Main
88 Jan 1989 20:21:54 |Mrkr Zoow
WFEL oo ]

Carr:  58.0808 WH2 NARKER

il e e

- ) NN e

WAN SCALE
Y-AKIS
Y oft

Y MININUR

Y MAXINUM

O
126.8 ns ?7.9403768 mg - More --

Figure 4-2. Modulation Domain Display




STAGGERED PRI
MEASUREMENT

Front-panel Procedure

Coherent Pulse-Doppler Radar

Pulse repetition intervals that are too short can introduce
range ambiguities. The variations of a staggered PRI
eliminates these ambiguities but requires additional signal
processing and very precise PRI time sequencing. This PRI
time sequencing can only be as accurate as the measurement
techniques used to assess and test the radar-pulse iming.

Use the following procedure to make staggered-PRI
measurements on channel A. The input signal for this
measurement example has these characteristics:

s 50 MHz intermediate frequency

m 10 ps pulse width

m 0 dBm peak power

m 920, 730, 444, 333, 222, and 110 ps staggered PRI

Figure 4-3 shows the accumulated PRI values over a period of
time via the Histogram display. Figure 4-4 shows how this
signal appears in the Modulation domain.

§raph shows 20 meas ( 189%). MeNVIZETES
Hist: PRI # B4 Jan 1989 P3:86:19 |[Mrkr Zoow
0O Mkr x: 113.0388 us B ¢ win |pisp Seal

y: 3_meag B > max

8
neas

View 16:1

Tine Var
Etime N/A

et ——— P —————)

BRID
On

BUTL.IKE
DN off

SHOW BRAPH

IEE T en
HainANen

a
169.7972 us 928.1972 us ©5raph to

Copy

6.4832 us/disp binfemory

Figure 4-3. Staggered PRI Histogram Display
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Tvar: PRI
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Figure 4-4. Staggered PRI Modulation Domain Display

1. Connect the input signal to the BNC connector of the
Envelope Detector pod located in channel A.

2. Connect an arming signal to the External Arm front-panel
BNC connector.

3. Preset the Analyzer to the default state, then press the
Single/Repet key for single-measurement data sampling,.

4. Select the PRI /Period measurement function to measure
PRI

5. Ensure that the Acquire field is set to 1 block and move to
the block of field. Enter 20 in this field using the numeric
keypad then press the Enter key.

6. Move to the Arming Mode field and select Hld/Samp
(top softkey), then select Edge/Interval.

7. Select the Block Holdoff arming parameters for Neg and
Ext Arm.

8. Move to the Sample Arm field, enter 1 on the keypad,
press Enter, then select us (us softkey).
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NOTE

You may need to set the External Arm input level
appropriately for the signal you intend to measure:

Press the Input Hardkey, move to the Ext Arm Level
field and make any adjustments necessary.

10.

Press the Restart Hardkey to collect a block of 20 PRI
measurements. Observe the PRI modulation Histogram as
shown in Figure 4-3.

Select the Graphic display, select Main, then select the
Time Var display choice (second softkey). Observe the
Staggered PRI signal as shown in Figure 4-4.

4-7
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Linear-Chirp Radar

CHAPTER
OVERVIEW

LINEAR-CHIRP
RADAR SUMMARY

This chapter provides front-panel measurement procedures to
assess signal parameters typically found in a linear-chirp radar
system. The signal parameter measurements explained in this
chapter are as follows:

m Carrier Frequency Profile pg- 5-2
s Frequency Deviation pg- 54

Linear-chirp radar adds three performance improvements
over the basic capabilities of simple-pulsed radar. These
include: longer detection range with increased resolution,
improved subclutter visibility, and multiple- target acquisition.

Important measurements for this radar include intra-pulse
carrier frequency profile (chirp profile), frequency deviation,
and phase deviation. Frequency profile and Frequency
deviation measurements are described below.

Refer to the general test setup/measurement considerations
subsection in chapter 3 for instrument connections and
checklist.
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CARRIER
FREQUENCY-
PROFILE
MEASUREMENT

Front-panel procedure

5-2

Measurement of pulse carrier frequency profile provides a
direct view of intra-pulse modulation on a single-pulse basis
(multiple measurements can be averaged for more resolution).
This allows for the study and comparison of several individual
pulses not available with repetitive techniques.

Use the following procedure to make pulse carrier
frequency-profile measurements on channel B up to 500 MHz.
Channel C can be used for frequencies between 100 MHz and
2 GHz. The input signal for this measurement example has
these characteristics:

30 - 70 MHz intermediate frequency
2 MHz/us linear chirp modulation
20 ps pulse width

60 us PRI

-15 dBm peak power

Figure 5-1 shows how this signal appears in the modulation
domain.

1. Connect the input signal to the BNC connector of the HP
54002A input pod located in channel B.

2. Connect an arming signal to the External Arm front-panel
BNC connector.

3. Preset the Analyzer to the default state (if necessary), then
press the Single/Repet key for single-measurement data
sampling,

4. Select the PRF /Frequency measurement function to
measure Intra-pulse chirp modulation and select channel
B as the active measurement channel.

5. Ensure that the Acquire field is set to 1 block then move
to the block of field. Enter 160 using the numeric keypad
then press Enter.

6. Move to the Arming Mode field, select Hld/Samp (top
softkey), then select Edge/Interval (second softkey).

7. Select the Block Holdoff arming parameters for Pos and
Ext Arm.

8. Move to the Sample Arm field, enter 100 on the keypad,
then select the ns Softkey.
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NOTE

You may need to set the External Arm input level and
channel B triggering appropriately for the signal you
intend to measure:

Press the Input Hardkey, move to the Ext Arm Level
andChan B field and make any adjustments necessary.

9. Press Restart to make one Intra-pulse chirp-modulation
measurement.

10. Select the Graphic display, go to Main, then choose the
Time Var display (second softkey).

Observe Figure 5-1 for a profile of the pulse frequency
modulation (chirp).
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rieas % 168 Memory

Figure 5-1. Modulation Domain Display
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FREQUENCY
DEVIATION
MEASUREMENT

Front-panel procedure

The measurement of frequency deviation extends the
usefulness of single-shot pulse carrier frequency-profiling.
This measurement is a curve-fit test providing quantitative
data that describes how well the input signal pulse chirp
conforms to a desired modulation rate. As with the previous
procedure, multiple measurements will increase the resolution
of frequency deviation results.

The measurement technique requires you to input the desired
modulation rate in the form of a start frequency and slope. The
results of this measurement show you how far (in Hertz) the
pulse chirp deviates from linearity.

Use the following procedure to make frequency-deviation
measurements on channel B up to 500 MHz. The input signal
for this measurement example has the same characteristics as
used in the previous example.

Figure 5-1 shows how a chirped signal appears in the
modulation domain while Figure 5-2 shows the curve-fit
frequency deviation from linearity.

1. Use the Carrier Frequency-Profile procedure to set up the
Analyzer for Frequency Deviation measurements (steps
1-9) with these exceptions:

a. Select the Frequency Deviation measurement
function.

b. Set the Function screen block of field for 99.
¢.  Set the Function screen Sample Arm field for 200 ns.

7. Move to the Math menu then select channel B. Go to the
Stats field and press the On softkey.

3. Move to the first choice of the Carrier Freq parameter
field (Cursor/Scroll keys) then select Compute Carrier
Linear (fourth softkey).

4. Move to the Slope parameter field, enter the desired slope
in Hz/us (via keypad) and press the softkey
corresponding to the required exponent. (For this example
2, then terminate entry with the M softkey.)
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5.  Move to the Start parameter field, enter the desired start
frequency and press the softkey corresponding to a
required exponent. (For this example 30, then terminate
entry with the M softkey.)

NOTE:

The entered start-frequency value should be as close
as possible to the actual pulse-start frequency. This
helps ensure the best absolute accuracy of the
Frequency Deviation measurement.

6. Press Restart to collect one Intra-pulse chirp modulation
measurement.

NOTE:

You'll need to manually re-scale the display y-axis
depending on the modulation rate and start frequency
ofyour signal. A good rule for manually setting the y-axis
is to make Y MINIMUM and Y MAXIMUM equal to (or
slightly larger than) the min/max values of your signal’s
modulation rate (slope in MHz).

Follow the procedure below to manually scale the
Y-axis.

1. Select the Graphic display (Graphic Hardkey) and
press the top softkey to select Scal

2. Press the bottom More softkey twice, then press the
MAN SCALE Y-AXIS softkey to on.

3. Press the Y MINIMUM softkey and enter -1.5 MHz
via the front-panel keypad.

4. Press the Y MAXIMUM softkey and enter 1.5 MHz
via the froni-panel keypad.

5. Press the top softkey once to return to the graphics
Main menu.

(Remember to turn manual scale off before you go on
to another measurement function.)
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7. Ensure that Main appears as the active choice, then select
Time Var (second softkey).

8. Observe the display for a curve fit of the frequency
modulation (chirp) linearity as shown in Figure 5-2.

The displayed slope of the plot provides a good visual
indication of the extent of deviation from the expected
chirp rate.
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I ]

E ) K= e
————

1.880088
HHz HARKER
DRIERT
r_:'_—-._‘»._‘_'-v_-_ e W~ Serv ] falta

Mod vals
MRKR NERT
Data Pt
-1.580608
WH2 -

* =]
2.5996 us 22,3496 ys - ore --
Feas % 99

Figure 5-2. Modulation Domain Display



CHAPTER
OVERVIEW

PHASE-CODED
RADAR SUMMARY

6

Phase-Coded Radar

This chapter provides front-panel measurement procedures to
assess signal parameters typically found in a phase-coded
radar system. The signal parameter measurements explained
in this chapter are as follows:

m Demodulated Barker Code pg. 6-2
m Phase Transition Timing pg. 6-4
m Phase Accuracy pg- 6-6

Phase-coded radar adds three performance improvements
(similar to linear chirp) over the basic capabilities of simple
pulsed radar. These include: longer detection range with
increased resolution, improved subclutter visibility,
multiple-target acquisition, and improved range resolution.

Important measurements for this radar include intra-pulse
carrier phase-transition timing and phase accuracy. These
measurements are described for a 13-bit Barker code sequence
as shown in Figure 6-1.

Refer to the general test setup/measurement considerations

subsection in chapter 3 for instrument connections and
checklist.
[+] - l -+

Figure 6-1. 13-bit Barker-Code Signal Sequence

M12_X3
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Phase-Code
Demodulation

Front-panel procedure

6-2

Measurement of pulse carrier phase-transition provides a
direct view of intra-pulse modulation on a single-pulse basis.
This allows for the study and comparison of individual
pulse-to-pulse code transitions not available with repetitive
techniques.

Use the following two-part procedure to make pulse carrier
phase-transition measurements on channel B up to 500 MHz.
The input signal for this measurement example has these
characteristics:

13-bit Barker sequence

70 MHz intermediate frequency
13 ps pulse width

1 ms PRI

-15 dBm peak power

Figure 6-2 shows how this signal appears in the modulation
domain.

PART I - Set up the input signal conditioning, sampling, arming,
and measurement function:

1. Connect the input signal to the BNC connector of the
HP 54002A input pod located in channel B.

2. Connect an arming signal to the External Arm front-panel
BNC connector.

3. Preset the Analyzer to the default state, then press the
Single/Repet key for single-measurement data sampling.

4. Select the Phase Deviation measurement function to
measure intra-pulse phase modulation and select channel
B as the active measurement channel.

5. Ensure that the Acquire field is set to 1 block then move
to the block of field and ensure that this field displays 65.

6. Move to the Arming Mode field, select the Hld/Samp
choice, then select Edge/Interval.

7. Select the Block Holdoff arming parameters Pos and Ext
Arm .

8. Move to the Sample Arm field, enter 200 (keypad), then
select ns.
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NOTE

You may need to set the External Arm input or channel
B trigger level appropriately for the signal you intend to
measure.

Press the Input Hardkey, move fo the Ext Arm Level
or Chan B: field and make any adjustments necessary.

PART II - Set up the Math/Display menus and make a
measurement:

1. Select the Math menu, go to the Channel field and
select B.

2. Move to the first choice of the Carrier Freq parameter
field then select Compute Carrier Manual (third softkey).

3. Go to the Carrier Freq entry field (cursor/scroll down
key), enter 70, and press the M softkey.

4. Go to the Phase Result parameter field (cursor/scroll
down key) and press the Phase Result MOD 360 softkey.

5. Press Restart to collect one Intra-pulse phase modulation
measurement.

6. Select the Graphic display, ensure that Main is the active
choice, choose Time Var (second softkey), then press the
CONNECT DATA softkey to highlight On.

7. Observe the display for phase deviation versus time in
modulo 360 format which clearly shows the 13-bit Barker
sequence. If desired, use the procedure in chapter 4 to
manually scale the display y-axis for + 250° (page 4-3).

6-3
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Figure 6-2. Modulation Domain Display

PHASE-TRANSITION TIMING

Once the phase-transition events are captured in the
modulation domain, you can place markers on the time axis to
measure the exact transition time. Use the following
front-panel steps to make high-resolution measurements of
phase-transition timing as shown in Figure 6-3.

1.

Use the previous procedure to capture a'phase-coded
event sequence.

Move from the Main Graphics display selection to the
Mrkr display function (top softkey).

Press MARKER ORIENT to select the horizontal arrows,
then select (MARKER softkey) a marker you wish to
move first.

Rotate the ENTRY/MARKER knob until the dashed
vertical cursor line lies at the lowest peak location (-181
degrees) of the phase transition you want to quantify.
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5. Select the next marker you wish to move (MARKER
softkey).

6. Rotate the ENTRY/MARKER knob until the dashed
vertical cursor line lies to the right of the first marker and
locate it exactly at the next phase transition (+181 degrees).

7. Select the Delta choice (fourth softkey) and read the exact
phase transition time value (392.8 ns) located in the upper
half of the graphic screen display immediately to the right
of Mkr.

Belta O-®: from meas ¥ 34 1o meas # 36 MENU Maln
Tvar: Phase Dev B 11 Jan 1989 22:13:41 oon
A Mkr x: 392.8 ns 26 B evts [pisp Scal

y: 181 dey
I

NARKER

e —rm
#———m.

:: WARKER
1
1
n
I
[ Mod Vals
Uil NHRKR NEXT
1 fata Pt
f
11 e
)
2.5022 us 15,5822 us - Mare --
fieas # 36

Figure 6-3. Modulation Domain Display
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PHASE ACCURACY

You can also Zoom in on the phase axis to greatly magnify the
measurement of phase deviation (just as you did for
phase-transition timing). Use the following front-panel steps
to make high-resolution measurements of phase deviation
accuracy as shown in Figure 6-4.

1. Use the first procedure in this chapter to capture a
phase-coded event sequence.

2. Move from the Main Graphic display selection to the
Mrkr display function.

3. Press MARKER ORIENT to select the horizontal arrows,
then select the marker (MARKER softkey) you wish to
move first.

4. Rotate the ENTRY/MARKER knob until the dashed
vertical cursor line lies at the lowest peak location of the
phase transition you want to quantify.

5. Select the next marker you want to move (MARKER
softkey).

6. Rotate the ENTRY/MARKER knob until the dashed
vertical cursor line lies to the right of the first marker and
locate it exactly at the next phase transition.

7. Select the Mod Vals choice (fourth softkey).

8. Read the exact peak-to-peak phase-transition value (+186)
in degrees at the upper half of the graphic screen display
just to the right of Pk-Pk:.

- The median of the peak-to-peak value (-81) is read just
underneath to the right of Center:.
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-- More --

Phase-Coded Radar
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Frequency Agile Radar

This chapter provides front-panel measurement procedures to
assess signal parameters typically found in a frequency agile
radar system. The signal parameter measurements explained
in this chapter are as follows:

m Frequency Sequence pg- 7-2
m Frequency Distribution pg- 7-4
m Frequency Transition (VCO) pg- 7-5
s Transient Overshoot pg. 7-6
m  Settling Time pg- 7-7

Frequency-agile radar adds four performance improvements
over the basic capabilities of simple pulsed radar. These
include: resistance to jamming, lower probability of intercept,
improved clutter rejection, and imaging capability.

Important measurements for this radar include carrier
frequency sequence in time and frequency distribution. These
measurements are described below.

Refer to the general test setup/measurement considerations
subsection in the third chapter for instrument connections and
checklist.



HP 5373A — Application Guide

FREQUENCY
SEQUENCE

Front-panel Procedure

Measurement of pulse carrier frequency sequence provides a
direct view of inter-pulse modulation on a frequency vs. time
basis. You can directly see the pattern of agile frequency
changes and assess settling time necessary to optimize
performance of this radar.

Use the following procedure to make pulse carrier frequency
sequence measurements on channel B up to 500 MHz, or on
channel C between 100 MHz and 2 GHz. The input signal for
this measurement example has these characteristics:

94 MHz center frequency

60 MHz deviation range
Pseudo-random frequency hopping
50 ps pulse width

125 ps PRI

-15 dBm peak power

Figure 7-1. shows how this signal appears in the modulation
domain.

1. Connect the input signal to the BNC connector of the
HP 54002A input pod located in channel B.

2. Connect an arming signal to the External Arm front-panel
BNC connector.

3. Preset the Analyzer to the default state (if necessary), then
press the Single/Repet key for single-measurement data
sampling.

4. Select the PRF /Frequency measurement function softkey
to measure the agile frequency modulation and select
channel B as the active measurement channel.

5. Ensure that the Acquire field is set to 1 block and move to
the block of field. Enter 500 (numeric keypad) then press
Enter key.

6. Move to the Arming Mode field, select the Hld/Samp
choice (top softkey), then select Edge/Interval {second
softkey).
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7. Select the Block Holdoff arming parameters Pos and Ext
Arm.

8. Go to the Sample Arm field, enter 1 on the k.eypad, then
select us (third softkey).

NOTE

You may need to set the External Arm input
appropriately for the signal you intend to measure.
Press the Input Hardkey, move to the Ext Arm Level
field and make any adjustments necessary.

9. Press Restart to collect a block of 500 measurements.

10. Move to the Graphic display, select Main (top softkey),
then choose the Time Var display choice (second softkey).

TVar: Frequency 8 12 Jan 1989 21:45:25 [Arkr Zoos
a Mkr w: 28289 us 3% B evts {pisp Scal
ys 50.89 Mhz Aist
el _—...:.A T Mar
250.6808 — 19 Etime N8
AHz —_

GRID

on NEEH
CONNECT
BaTA

On
SHOM GRAPH
- T T e
Mainbfen
Copy

jn]
2.8209 us 1.1678289 ng 5raph
Feas & 1 Hemory

Figure 7-1. Modulation Domain Display
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FREQUENCY
DISTRIBUTION

Front-panel Procedure

Graph shows 588 meas ¢ 196%). nenuREE
Rist: Frequency B 19 Jan 1989 23:05:58 |Mrkr Zoon
0 Mkr x: 648 kHz 8 < min |Disp Seal

Yy: 9 meas 9 > max [HiT=t |

B
Reas

View 16:1

Measurement of pulse carrier frequency sequence is enhanced
by generating a histogram that displays the statistical
distribution of utilized frequencies for the agile frequency
input signal. You can directly see the pattern of agile
frequency usage and easily assess cumulative distribution
characteristics for this type of radar.

Use the following procedure to make pulse carrier
frequency-distribution measurements on channel B up to 500
MHz, or on channel C between 100 MHz and 2 GHz. Figure
7-3. shows how the agile signal shown in Figure 7-2 appears as
a frequency distribution (histogram).

1. Use the previous procedure to collect and measure an
agile carrier frequency sequence.

2.  Go to the Graphic, select Main, then choose the Hist
display choice (second softkey).

3. Use the graphic display markers to examine the frequency
distribution represented by the bins. (Refer to the marker
analysis keystrokes for phase transition/accuracy
measurements that were explained in chapter 6.)

11 0 1 1 Time Var
Etime N/A

BRID
D

p—

OUTLINE

NainAMen

WM 0+f
SHOW BRAPH
[ tiain o]

a
6 Hz 168.60 w4z 6raph to

Copy

1.28 MHz/disp binMEROrY

Figure 7-2. Modulation Domain Histogram Display
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FREQUENCY  The characterization of Voltage Controlled Oscillator (VCO)

TRANSITION (VCO) dynamic performance is easily accomplished with the
HP 5373A.

The dynamic frequency transition (also known as Step
Response) of a VCO or other agile source can be assessed in
two stages. First, the Frequency step can be measured for
transient overshoot, then the overall settling time can be
assessed.

Front-panel Procedure  Use the following procedure to make VCO frequency
transition measurements on channel B up to 500 MHz or on
channel C between 100 MHz and 2 GHz. The input signal for
this measurement example has these characteristics:

m ~70 MHz Start Frequency

s ~84 MHz Stop Frequency

m 365 s total transition time

m -15dBm peak power

Figure 7-3. shows how the VCO frequency transition appears
in the modulation domain graphic display with the markers
set for measurement of overshoot. Figure 7-4 shows the entire
VCO frequency transition measurement with markers set for
settling time.

1. Connect the input signal to the BNC connector of the
HP 54002A input pod located in channel B.

2. Connect an arming signal to the External Arm front-panel
BNC connector.

3. Preset the Analyzer to the default state, then press
Single/Repet for single-measurement data sampling.

4. Select the PRF /Frequency measurement function to
measure the frequency profile of a VCO tuning step, then
choose channel B.

5. Ensure that the Acquire field is set to 1 block then move
to the block of field. Enter 190 (numeric keypad) then
press Enter.

6. Move to the Arming Mode parameter field (cursor/scroll
down key), select Sample (top softkey), then choose
Interval Sampling (second softkey).
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7.  Go to the Sample Arm field, enter 5 on the keypad, then
select us (third softkey).

8. Press Restart to collect a block of 190 measurements.

9. Go to the Graphic display, select Main, choose the Time
Var display choice (second softkey), then press
CONNECT DATA to highlight On.

10. Observe the graphic display for a profile of VCO tuning
response and use the following keystrokes to set graphic
markers for tuning overshoot and settling time.

TRANSIENT OVERSHOOT

Perform the following steps to determine the transient

overshoot:

1. Use the previous procedure to capture a VCO
step-response profile.

2. Move the Main Graphic display selection to the Mrkr
display function (top softkey).

3. Select the horizontal arrows (MARKER ORIENT softkey).

4. Select a marker you wish to move first ( MARKER
softkey).

5. Rotate the ENTRY/MARKER knob until the dashed
vertical cursor line lies at the first settled VCO post-tune
output frequency.

6. Select the next marker you wish to move (MARKER
softkey).

7. Rotate the ENTRY/MARKER knob until the dashed
vertical cursor line lies on the peak overshoot of the VCO
tuning profile.

8. Press the fourth menu softkey from the top to select the
Mod Vals choice.

9. Read the exact overshoot frequency (1.460 MHz) located

in the upper half of the graphic screen display
immediately to the right of Pk-Pk:. The median of the
marker peak-to-peak value is read just underneath to the
right of Center:.
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Figure 7-3. Modulation Domain Display

SETTLING TIME

Perform the following steps to determine the settling time:

1. Use the first VCO transition measurement procedure to
capture a VCO step response profile.

2. Move from the Main Graphic display selection to the
Mrkr display function (top softkey).

3. Select the horizontal arrows (MARKER ORIENT softkey).

4. Select a marker you wish to move first (MARKER
softkey).

5. Rotate the ENTRY/MARKER knob until the dashed
vertical cursor line lies at the beginning of the VCO step.

6. Select the next marker you wish to move (MARKER
softkey).
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7. Rotate the ENTRY/MARKER knob until the dashed
vertical cursor line lies at the new VCO post-tune
frequency

8. Select the Delta choice (fourth softkey).

9. Read the exact settling-time value (360.0040 us) located in
the upper half of the graphic screen display immediately
to the right of Mkr x:.
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Figure 7-4. Modulation Domain Display
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HP 5373A Function and Anning Summary

PULSE PHASE
WIDTH, DEVIATION,
TIME CONTINUCLUS + TIME PRF, OFFTIME, ENVELOPE TIME
INTERVAL | TIME INTERVAL | INTEAVAL OR FREQUENCY, RISE TIME, POWER, DEVIATION,
OR HISTOGRAM PRI, FALL TIME, | PHASE i AMPLITUDE | FREQUENCY
HISTOGRAM Tt |HISTOGRAM CT! =T PERIOD TOTALIZE DUTY CYCLE MCDULATION | DEVIATION
A A=B A A->B A DUAL’ DUAL' A Arel B A A
B B—A 8 B B—A 8 RATIO? RATIO? Brel A B B
sum? SuM®
DIFF* DIFF*

AUTOMATIC c- [ e [ ¢ [ c- Jec- | c- | c [ ¢ N c*
EDGE HOLDOFF c c [ ¢ c c
TIME HOLDOFF c c c

EVENT HOLDOFF

INTERVAL SAMPLING

TIME SAMPLING

CYCLE SAMPLING

EDGE SAMPLING

ooz

PARITY SAMPLING

REPET EDGE
SAMPLING

REPET EDGE-PARITY
SAMPLING

RANDOM SAMPLING

EDGE/INTERVAL

EDGE/TIME

EDGE/EDGE

EDGE/CYCLE

EDGE/EVENT

200|020

EDGE/PARITY

EOGE/RANDOM

TIME/ANTERVAL

TIME/THME

EVENT/INTERVAL

SVENT/EVENT

EXTERNALLY GATED

o|lZ|o|Z|0

MANLAL

N

ARMING CATEGORIES

Non-Continuous arming, {Start/Stop Arming), setups are limited to M blocks of 1 measurement.

DUAL. Simultaneous Dual-channel, {2 results). Frequency and Period options are: A&B, A&C, B&C. Totalize option is: A&E.
RATIQ. Frequency and Period ratio options are: A/B, A/C, B/A, B/C, C/A, C/B. Totalize ratio options are: A/B, B/A.
SUM. Frequency and Period sum options are: A+B, A+C, B+C. Totalize sum option is: A+B.
DIFFERENCE. Frequency and Period difference options are: A-B, A~C, B-A, B-C, C-A, C-B. Totalize difference options are: A-B, B-A.

g

Sample Arm is Automatic

Block Holdolt is Automatic

nonea

Sym

C = Continuous Arming, (Block/Sample Arming)

N =

1.

2.

3.

4.

* = Default Arming
Catogary
Automatic
Holdoff Modes

Sample Arm is Automatic

Biock Holdol is User-defined

none

Sampling Modes

Block Holdel! is Automatic

Sampie Arm is Usar-definad

Start Arm s Automatic
Stop Arm is User-definad

Holdofl/Sampling
Medes

Block Holdolt is User-defined
Sample Arm is Usaer-defined

Start Arm s User-defined
Stop Arm is User-defined

kol Cor N indicates that a measurement can be made using the corresponding combination of Function, Channel, and Arming selections.





