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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation, service,
and repair of this instrument. Failure to comply with these precautions or with specific warnings
elsewhere in this manual violates safety standards of design, manufacture, and intended use of the
instrument. Hewlett-Packard Company assumes no liability for the customer’s failure to comply
with these requirements. This is a Safety Class 1 instrument.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to an
electrical ground. The instrument is equipped with a three-conductor ac power cable. The
power cable must either be plugged into an approved three-contact electrical outlet or used
with a three-contact to two-contact adapter with the grounding wire (green) firmly connected to
an electrical ground (safety ground) at the power outlet. The power jack and mating plug of
the power cable meet International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any
electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement and
internal adjustments must be made by qualified maintenance personnel. Do not replace
components with power cable connected. Under certain conditions, dangerous voltages may
exist even with the power cable removed. To avoid injuries, always disconnect power and
discharge circuits before touching them. '

DO NOT SERVICE OR ADJUST ALONE

. Do not attempt internal service or adjustment unless another person, capable of rendering first

aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute parts or
perform any unauthorized modification to the instrument. Return the instrument to a
Hewilett-Packard Sales and Service Office for service and repair to ensure the safety features
are maintained.

DANGEROUS PROCEDURE WARNINGS

Wamings;suchras the example below, precede potentially dangerous procedures throughout
this manual. Instructions contained in the warnings must be followed.

Warning Dangerous voltages, capable of causing death, are present in this
a instrument. Use extreme caution when handling, testing, and adjusting.




SAFETY SYMBOLS
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General Definitions of Safety Symbols Used On Equipment or In Manuals.
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“Instruction manual symbol: the product will be marked with this

symbol when it is necessary for the user to refer to the instruction
manual in order to protect against damage to the instrument.

Indicates dangerous voltage (terminals fed from the interior by voltage
exceeding 1000 volts must be so marked.)

Protective conductor terminal. For protection against electrical shock
in case of a fault. Used with field wiring terminals to indicate the
terminal which must be connected to ground before operating
equipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for a
signal common, as well as providing protection against electrical
shock in case of a fault. A terminal marked with this symbol must be
connected to ground in the manner described in the installation
(operating) manual, and before operating the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of the
equipment which normally includes all exposed metal structures.

Alternating current (power line.)
Direct current (power line.)

Alternating or direct current (power line.)

Warning The WARNING sign denotes a hazard. It calls attention to a procedure,
B practice, condition or the like, which if not correctly performed or adhered
“ to, could result in injury or death to personnel.

Caution The CAUTION sign denotes a hazard. It calls attention to an operating

procedure, practice, condition ar.the.like, which, if not correctly. performed or -- .
0 adhered to, could resultin damage to or destruction of part or all of the product.
Note The NOTE sign denotes important information. It calls attention to procedure,
# practice, condition or the like, which is essential to highlight.
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Before You Begin

Please take a moment to read this chapter. Then go to chapter 2 to get comfortable with your
new analyzer.

About the Analyzer

The Hewlett-Packard 3588A is a swept-tuned spectrum analyzer with a frequency range of 10 Hz to
150 MHz. As such, the instrument is a general-purpose design tool for measurement and evaluation
of many electronic devices. In addition, a built-in source (tracking generator) lets you perform scalar
network analysis for filters, amplifiers, and other devices. You can also operate the analyzer
remotely, via the HP-IB, to make automated measurements—a feature that’s particularly useful for
repetitive tasks (such as those encountered in production-line testing).

The HP 3588A offers two measurement types—Swept Spectrum and Narrow Band Zoom. Both
provide excellent resolution and operate at speeds far greater than conventional analyzers. Swept
spectrum measurements provide the performance and features found in traditional Hewlett-Packard
swept-tuned analyzers, but incorporate very sharp digital IF filters to provide improved frequency
resolution (down to 1.14 Hz). For narrow band zoom measurements, the analyzer uses an
implementation of the Fast Fourier Transform to provide faster measurements with even greater
resolving power.

Faster measurements are possible with swept spectrum measurements since the analyzer uses digital
IF filters. With selectivity nearly twice that of analog filters, digital filters offer faster measurements
while still resolving low-level carrier sidebands. Additionally, the inherent predictability of digital
filters permits the analyzer to sweep even faster, using a built-in correction algorithm. This provides
increased measurement speed (up to four times faster than conventional swept-tuned analyzers for
comparable measurements), with no additional amplitude error or resolution loss.

Narrow Band Zoom provides the fastest spectrum measurements (more than thirty times faster than
swept-tuned analyzers for comparable measurements), with resolution performance unequalled by
traditional technologies. Narrow Band Zoom can be used for spans of 40 kHz and less and is ideal
for narrowband-analysis of close=in'sidebands. -

1-1



Before You Begin

How is the HP 3588A Different than Previous Hewlett-Packard Swept-Tuned Analyzers?

For spans larger than 40 kHz, the HP 3588A functions exclusively as a traditional swept-tuned
analyzer (but faster than previous analyzers). For spans smaller than 40 kHz, you have the choice
of making swept spectrum measurements (with resolution down to nearly 1 Hz) or narrow band
zoom measurements (with resolution down to about 3 mHz—yes, that’s millihertz).

Narrow Band Zoom uses a Fast Fourier Transform (FFT) rather than a sweeping local oscillator
to convert input data from the time domain to the frequency domain. The distinction between
these two technologies is not important right now. The only important thing to know is that a
combined swept-tuned/FFT analyzer is an analyzer with both wide frequency range and excellent
frequency resolution/amplitude accuracy for small spans. For more detailed information about
these two measurement types, see the HP 35884 Operating Manual.
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Before You Begin
How to Use this Book

How to Use this Book
If You’ve Used a Spectrum Analyzer Before...

If you've used a spectrum analyzer before, you should have no trouble making measurements with
the HP 3588A. This instrument has many of the same features found in other Hewlett-Packard
spectrum analyzers—and some additional features as well.

To get comfortable with the analyzer, proceed directly to Part II: Typical Measurements. Here you'll
find two measurements tasks—source characterization and device characterization—that should be
very familiar if you've already used a spectrum analyzer.

To learn about additional analyzer features, spend some time with Part III: Beyond the Basics. Here
you'll find an introduction to limit testing and keystroke recording with HP Instrument BASIC—two
features that make it easy to build automated measurement routines. You will also learn about
plotting/printing measurement results and saving, recalling, and copying measurement data. Where
appropriate, each chapter contains sample measurements tasks to help you get comfortable with
these features.

If You Haven’t Used a Spectrum Analyzer Before...

If you haven’t used a spectrum analyzer before, you should carefully read Part I: The Basics. This
contains essential background material to help you understand and use the HP 3588A. In particular,
be sure to review chapter 3, “Measurement Basics.”

Afterwards, proceed to Part II: Typical Measurements. The two sample measurements here are
representative of many common measurements made with spectrum analyzers. And since each task
introduces the analyzer’s features in a sequential, easy-to-understand fashion, you’ll soon have the
skills necessary to use the analyzer with total confidence.

Keep in mind that simply looking over the measurement tasks is not enough to really learn how to
use the analyzer. If at all possible, gather the necessary equipment (outlined at the beginning of
each task), set things up, and step through each measurement task.

To learn about additional analyzer features, spend some time with Part III: Beyond the Basics. Here
you’ll find an introduction to limit testing and keystroke recording with HP Instrument BASIC—two
features that make it easy to build automated measurement routines. You will also learn about
plotting/printing measurement results and saving, recalling, and copying measurement data. Where
appropriate, each chapter contains sample measurements tasks to help you get comfortable with
these features.
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How to Use this Book

Softkeys and Hardkeys

Before you use this book, it’s important to understand the difference between hardkeys and softkeys.

Hardkeys are front-panel buttons whose functions are always the same. Hardkeys have a label
printed directly on the key itself. Throughout this book, they are printed like this: [ Hardkey ].

Softkeys are keys whose functions change with the analyzer’s current menu selection. A softkey’s
function is indicated by a video label to the left of the key (on the edge of the analyzer’s screen).
Throughout this book, softkeys are printed like this: [ SOFTKEY ]-

Some softkeys toggle through different settings. Toggle softkeys have a highlighted word in their
label that changes with each press of the softkey. Throughout this book, toggle softkeys are
depicted as they appear after you make the keypress. For example, “toggle to [ FREQ CNTR ONOFF ]”
means to press [ FREQ CNTR ON/OFF ] until the word ON is highlighted.

The Knob

The knob is an RPG (rotary pulse generator) that controls two things—movement of the on-screen
marker and continuous entry of numeric values. Usually, the knob simply moves the marker. But
after pressing a softkey that requires a numeric entry, the knob becomes dedicated to numeric entry.
Turn the knob to the right and the analyzer steps through larger numeric entries. Turn to the left
and the analyzer steps through increasingly smaller entries.

When numeric entry is active, an entry box appears at the top of the screen with the
currently-selected numeric value. This box remains on screen for several seconds to give you a
chance to enter a numeric value. After using the knob (or, alternatively, the numeric entry keypad)
this box soon disappears and the knob returns to marker movement.

Knob

- 3300
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Softkeys Hardkeys
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Where to find Additional Information

Using the [ Help ] key

The [ Help ] key on the analyzer’s front panel provides fast, easy-to-read information about specific
instrument controls and features. Using [ Help ] is particularly convenient when you need assistance
and you don’t have the analyzer’s Getting Started Guide or Operating Manual near at hand.

The [ Help ] key is also a good way to learn about the analyzer (or to refresh your memory if you
don’t use the analyzer very often). The help facility also has an index that lets you request
information by key name or by topic.

The Operating Manual

To learn more about the analyzer’s controls and features, refer to the HP 35884 Operating Manual.
The operating manual is a comprehensive reference that offers in-depth discussion of each analyzer
control and feature (and introductory tours of both front and rear panels). You will also find
in-depth discussion of specialized measurement techniques—for example, ways to increase the
dynamic range of the analyzer. There are also easy-to-follow tasks that show how to use certain
features to their best advantage.

Other Information

m For specifications, installation instructions, and performance tests, see the HP 35884
Performance Test Guide.

s For service information, see the HP 35884 Service Manual.

= To help you operate the analyzer remotely via HP-IB, see the HP 35884 HP-IB
Programming Reference.

s To learn more about HP Instrument BASIC (a subset of the HP BASIC programming
language), see Using HP Instrument BASIC with the HP 35884 Spectrum Analyzer.

Additionally, you will find applications information in numerous Hewlett-Packard application notes.
These are available from your local HP Sales.and Service Office. In particular, you might want to
request some of the following application notes:

s AN 150 series (several application notes—some recently updated—that cover many topics

dealing with spectrum analysis). ...
s AN 246-1: Optimizing the Dynamic Range of the HP 3585A Spectrum Analyzer
s AN 378-1: Harmonic Distortion Measurements.

1-5
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Your First Measurement

If you haven't used the analyzer before, take a few minutes to make this first measurement.

Task Overview

This task shows you how to look at a test signal; measure its frequency, and then find the level of the
second harmonic.

What you will need:

a One connecting cable, BNC male to BNC male—cable length must be 48 inches
(122 cm) or longer. '
a RF Generator (not required).

What you will do:

s Look at a 10 MHz test signal.

s Measure the frequency and amplitude of the fundamental.

s Look for the second harmonic of the fundamental frequency, and measure its amplitude.
s Create a title for the displayed trace. '

2-1
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Your First Measurement
The Task

‘ The Task
1. If you've already turned on the
analyzer, press [ Praset ].

If the analyzer is off, turn it on
and wait until it warms up and
calibrates. Then press [ Preset ]

2. Using a BNC cable, connect the
analyzer’s 10 MHz reference
signal (the REF OUT connector
on the rear panel) to the
analyzer’s input.

Alternatively, you can connect an
RF generator to the analyzer’s
input.

3. Now look at the analyzer’s
screen. You should see the
fundamental and at least one
harmonic.
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Your First Measurement
The Task

4. Press [ Avg/Pk Hld ]

[ VIDEO AVERAGE ].

S. Press [ Meas Restart ].

6. Press [ Marker ]
[ MKR --> PEAK ]

Note the frequency value

indicated by the marker readout.

7. Press [ Marker Fetn ]

Toggle to [ FREQ CNTR ONOFF ].

Rasge: 10 Om 28-Dec-1989 13451

Res B 17 006 B2 VL. O/F 39 Time: 240.5 ndes - - -
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Your First Measurement
The Task

8. Toggle to [ FREQ CNTR ONOFF].

9. Note the amplitude value
indicated by the marker readout.

10. Press [ Marker ]

[ NXT RIGHT PEAK ] until the marker
moves to 20 MHz.

11. Note the amplitude value
indicated by the marker readout.

12. Press [ Trace Data ]

[ TRACE TITLE ].

Then use the knob, the
numeric-entry keys, and the
alpha-shifted hardkeys to enter a
name for the stored trace.

Afterwards, press [ ENTER ]
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Spectrum Analyzer Basics

The following chapter is designed for people who haven’t used a spectrum analyzer before. ff you've
already used a spectrum analyzer (and feel comfortable with the basics of spectrum analysis), proceed
directly to PART II of this book.
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Spectrum Analyzer Basics
Time Domain versus Frequency Domain

Time Domain versus Frequency Domain '

If you haven’t used a spectrum analyzer before, it’s important to understand the difference between
time-domain displays and frequency-domain displays.

Time-domain displays show a parameter (usually amplitude) versus fime. This is the traditional way
of looking at a signal. Oscilloscopes display signals in the time domain.

Frequency-domain displays show a parameter (again, usually amplitude) versus frequency. A
spectrum analyzer takes an analog input signal—a time-domain signal—and converts it to the
frequency domain (the specific process used to make this conversion is not important right now).
The resulting spectrum measurement shows the energy of each frequency component at each point
along the frequency spectrum.

Amplitude

Frequency

[(s)]
Amplitude
4 Amplitude
2 ~ 4
2

(b)

{c) >
Frequency

Time;
The Relationship between Time and Frequency Domains

Now look at the nearby illustration. Notice the difference between the time-domain and
frequency-domain displays of the same input signal.

Many signals not visible in the time domain (such as noise and distortion products) are clearly visible-
in the frequency domain. Because spectrum displays show frequency components distributed along
the frequency axis, it’s possible to view many different signals at the same time. This is why the
spectrum analyzer is such a useful tool for looking at complex signals—it lets you easily measure

(and compare) the frequency and amplitude of individual components.
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Spectrum Analyzer Basics
Linear versus Logarithmic Amplitude Axis

Linear versus Logarithmic Amplitude Axis

Time-domain displays usually have a linear x-axis and a linear y-axis (think of an oscilloscope).
However, frequency-domain displays usually use a logarithmic y-axis (the amplitude axis) to show
both small signals and large signals.

Let’s look at the spectrum of a sine wave. .Because the amplitude of any harmonic is small relative to
the fundamental frequency, it’s nearly impossible to view a harmonic on the same display as the
fundamental unless the y-axis scale is logarithmic. That’s why most measurements made with
spectrum analyzers use a logarithmic amplitude scale—a scale based on decibels. And since the dB
scale is by definition logarithmic, there’s no need to use logarithmically-spaced graticule lines.

1+ (o
-20+
ST 404+
-60+

0 L -80

Small Signals can be Measured with a Logarithmic
Amplitude Scale
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Spectrum Analyzer Basics
The Frequency Span

The Frequency Span

You can vary the size and the center frequency of the measurement span to best suit your particular
needs. The HP 3588A always presents data with a 401-point resolution, regardless of the span
you've selected.

Full-span measurements let you view the entire frequency spectrum on one display. With the
HP 3588A, the spectrum will extend from 10 Hz to 150 MHz (information below 10 Hz can be
displayed, but is not guaranteed to be accurate).

Alternatively, you may wish to view smaller slices of the frequency spectrum. You can select any
number of different spans and position these spans where you want by specifying their start or center
frequencies. This process of viewing smaller spans-is sometimes called “zooming.”

- 34




Spectrum Analyzer Basics
Local Oscillator Feedthrough

. Local Oscillator Feedthrough

When viewing frequency spans that start at 0 Hz (or very close to 0 Hz), a spectral line is usually
visible at the extreme left of the analyzer’s display. This is the local oscillator
Jeedthrough—sometimes called “zero response.” The energy measured here, in the first few display
points, is not due to the input signal. Rather, it is energy measured from the analyzer’s own local
oscillator.

Local oscillator feedthrough is common to all swept-tuned analyzers. It is not specific to any
particular analyzer. Local oscillator feedthrough diminishes as you view frequency spans that start
significantly above 0 Hz. For more information, see the HP 35884 Operating Manual.

Range: © dBm 10-Jan-1989 18:51

Res BH: 4 680 H2 VBH: Off Swp Time: 332 mSec

A: EEEHEETNE  nkr 9 975 080 H2 -6.39 ¢Bm

e ! : : ; " : : g :

¢Bm H HE : H : :
LogMag
18 dB
/diy

Stop: 35 088 080 Hz

Typical Spectrum Analyzer Display, Showing L.O.
Feedthrough at 0 Hz (extreme left)
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Spectrum Analyzer Basics.
Measurement Speed, Amplitude Accuracy, and Frequency Resolution

Measurement Speed, Amplitude Accuracy, and Frequency Resolution

As you begin to use a spectrum analyzer, you will find that measurement speed, amplitude accuracy,
and frequency resolution are all related. For smaller frequency spans, the analyzer needs more time
to make a measurement. The analyzer also needs more time to make measurements with greater
amplitude accuracy. And the same holds true for measurements that require the greatest frequency
resolution. These relationships are common to all swept-tuned spectrum analyzers, not just the

HP 3588A.

Although the HP 3588A is much faster than previous Hewlett-Packard spectrum analyzers, the
relationship between measurement speed, amplitude accuracy, and frequency resolution is still
important because it determines just how fast you can make a measurement. To learn more about
all this, see the HP 35884 Operating Manual.

3-6




Spectrum Analyzer Basics
Measuring Frequency Response

Measuring Frequency Response

Like many other swept-tuned spectrum analyzers, the HP 3588A has a built-in sinusoidal signal
source (sometimes called a tracking generator). One type of measurement you can make using the
analyzer’s source is a swept frequency-response measurements. This is a good way to characterize
the amplitude versus frequency response of filters, amplifiers, and other electronic devices. We'll
show you how to do all these things in Part II: Typical Measurements.



Spectrum Analyzer Basics.
Measuring Frequency Response

Spectrum Analyzers and Radio Receivers

Understanding how a spectrum analyzer works is often easier if we compare a swept-tuned spectrum
-~ analyzer to a general-coverage communications radio receiver. Both devices, at the block level, are
actually quite similar. Consider the following:

The front-end of a swept-tuned spectrum analyzer and a communications radio receiver are
nearly identical. Both are superheterodyne devices that use local oscillators and multiple mixing
stages to convert the signals of interest down to intermediate frequencies, where fixed-tuned
filters can more easily provide good frequency resolution. And like many communications radio
receivers, swept-tuned spectrum analyzers use multiple conversion (several IF stages) to more
easily reject image frequencies. Both devices can also vary the bandwidth of the final IF filter to
control selectivity. In fact, it’s only after the detector stage that the circuit diagrams for a typical

‘spectrum analyzer and a radio receiver begin to look quite different.

Both devices have variable local oscillators to examine frequencies of interest. In the spectrum
analyzer, the local oscillator usually sweeps across a range of frequencies (this eventually
translates to a visual sweep between the start and stop frequencies of the spectrum you’re
examining). In the radio receiver, the local oscillator can also be varied, but is set to a single
frequency while listening to a particular broadcast station.

Both devices use a detector after the final IF stage to recover the incoming signal. In a spectrum
analyzer, the detected signal is converted to a dc value (representing its amplitude).and then sent
to the display-driver circuitry—where you can view the signal on a CRT display. In a radio
receiver, the detected signal is demodulated (to recover its original ac modulation) and then sent
to an audio amplifier and then to headphones or a loudspeaker that you can use to monitor the

signal.




Spectrum Analyzer Basics
Measuring Frequency Response
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Characterizing a Signal Source

Task Overview

This chapter steps you through a series of measurements to characterize a signal source.

What you will need:

= A connecting cable (BNC male to BNC male).
m Appropriate converters or terminators, if your RF generator has an output impedance other

than 509.

What you will measure:

Frequency and amplitude of the test signal. |

Relative amplitude of prominent harmonics (to calculate harmonic distortion).
Powerline sidebands.
Frequency drift.

What you will learn:

Viewing a spectrum to reveal a fundamental frequency and its harmonics.
Setting the proper input range.

Selecting an appropriate scale.

Using both the main marker and the offset marker.

Using video averaging.

Using the frequency counter to accurately set the center frequency.
Using the Peak Hold function.
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Characterizing a Signal Source

Task Setup
Task Setup ‘
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Characterizing a Signal Source
The Task

The Task

As you step through the following task, you may find that your measurement results differ slightly from
those shown here. Keep in mind that the tasks are designed to help you learn about the analyzer—not
to duplicate specific measurement results.

1. If you've already turned on the
analyzer, press [ Preset .

If the analyzer is off, turn it on
and wait until it warms up and
calibrates. Then press [ Presst ].

2. Connect the signal source to the
analyzer’s input.

If your source has an output
impedance of 50Q, proceed to
Step 5. '

3. If your signal source has a 75Q
output, press [ Range/Input ] and
then press [ 75 OHMS -

4. If your signal source has a
non-standard output impedance,
connect an appropriate
terminator across its output and
use the analyzer’s 1 MQ input
setting.

S. Press [ Range/input -




Characterizing a Signal Source
The Task

6.

44

Press [ Avg/Pk Hid ]

[ VIDEO AVERAGE ]

Range: @ @Bm -Det -
Res Bu: 17 690 Wz VBM: Off Sup Tisw: 268.8 mSec
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Characterizing a Signal Source
The Task

7. Press [ Meas Restart ].

8. Press [ Scale ]

[ VERTICAL/DIV ].

Using the numeric keypad,

enter 8 dB ].
Rerhu 1T a2 ew: orf bt 11 S 45
" E———— 75 @50 680 n: -62.17 a»
o
Legtiog

3
I§
3

.
Cantar: (1] 0 (49 OB 008 NI
a——
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Characterizing a Signal Source
The Task

9. Press [ AUTO SCALE ]

10. Press [ REFERENCE LEVEL ].

Turn the knob to shift the entire
display up or down.

11. Press [ Marker ]

[ MKR --> PEAK ].

Range: 8 @by 29-Dec-1989 ™3P
Res BU: 17 @8O Wz WBM: OfF Sup View: 200.8 adec
Py ® 941 750 Mz -3.29 an
T
L
Loghog i
]
i
1)
t
-8
Ceater: 73 930 690 12 3Wen: 149 00 0N M2
—
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Characterizing a Signal Source
The Task

12. Note the amplitude value
indicated by the marker’s y-axis
position.

13. Make sure the marker is at the
fundamental frequency. Ifitisn’t,
press
[ MKR --> PEAK ] again.

14. Press [ Marker ]-
Toggle to [ OFFSET ON OFF].

Press [ ZERO OFFSET ].

- o M - - i
. .



Characterizing a Signal Source
The Task

15. Turn the knob until the marker is
at the second harmonic.

16. Note the frequency value
indicated by the offset marker’s
x-axis position.

Rasge: & @Bn 29-Dec-19859 1104
Res BM: 17 080 %z  \VBM: Off Sy Vime: 260.85 mSec
Iy @ 84; T30 B2 -25.47 @
o i
Logag
LK)
181y
st
-s0:
Ceatar: T3 630 680 2 Spen: 149 PO 00 N2
L] L]

17. Note the amplitude value
indicated by the offset marker’s
y-axis position.

18. To calculate harmonic distortion,
make a note of the relative
amplitudes of the prominent
harmonics.




Characterizing a Signal Source
The Task

19. Now toggle to [ OFFSET ONOFF ].

20. Press [ Marker ]

[ MKR --> PEAK ].

21. Press [ MKR --> CTR FREQ }.

22. Press [ Freq]
[ SPAN].
Turn the knob untilyou select... . .
the 200 kHz span.
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Characterizing a Signal Source
The Task

23. Press [ Marker ]
[ MKR --> PEAK ]

[ MKR --> CTR FREQ]

24. There’s another way to place a
signal at the center of a frequency
span.

25. Press [ Freq ]

[ FULL SPAN ].

26. Press [ Marker Fetn ]

Then toggle to
[ FREQ CNTR ON OFF]
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27. Press [ Marker ]
[ MKR --> PEAK ]

[ MKR --> CTR FREQ ].

28. Press [ Meas Type ]

[ NARROW BAND ZOOM ].

29. Press

[ Marker Fetn ]

Then toggle to
[ FREQ CNTR ON OFF].

30. Press [ Scale ]

[ AUTOSCALE ]

Ranoe: 8 € 29-Dec:
2008 Kigh Recuracy neas 1
N: S Crtr S

LogMag
199

i

STt @ 976 A4 Wz Stop: 3@ Mé 14 W
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Characterizing a Signal Source
The Task

31. Press [ Freq]
[ sPAN .

Turn the knob until you select
the 625 kHz span.

32. Press [ Marker ]

[ ZERO OFFSET ]

33. Press [ Marker ].

Then use
[ NXT RIGHT PEAK ] and

[ NXT LEFT PEAK ] to examine the
powerline sidebands.

Range: & €

2oam Nien Accur ecy

o
o

29-Dec-1999 18112
nees Time: ¢4 @dac
40.9 W3 -62.2%5 43

Lograg
10 @
b1

Centari 49 996 AM1 K Wi 625 W

34. Press [ Freq ]

[ SPAN].

Turn the knob until you select
the 78.125 Hz span.
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35. Press [ Avg/Pk Hid ]

[ PEAK HOLD ].

36. Press [ Marker |
[ MKR --> PEAK ]

[ MKR --> CTR FREQ ]

37. Press [ ZERO OFFSET ).

Rasge: § Gn 29-Dec-1989 18:18

Zoan: Wigh Accurecy Mes Tiee: 3,12 tec
» IR 0 -2.93 Mr €24 02
o
Logneg
wa
Teiv 1
L\
. P —t—
-1 N
Coatari 49 996 44 ¥z oan FE.T W
L ]

Characterizing a Signal Source
The Task
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Making Scalar Network Measurements

Task Overview

This chapter steps you through a typical scalar network measurement with the HP 3588A. In this
example, we’re going to characterize the performance of a 70 MHz bandpass filter. However, you
can use a filter that has a different passband—the important thing is to understand the measurement
task, not to duplicate the measurement shown here.

What you will need:

s RF Band-pass filter (preferably with 50 input/output impedances).

= 50-to-75Q impedance converters (25Q series resistors) if your test device has 75Q inputs and
outputs.

s Feedthrough terminators or impedance converters to match a test device with non-standard
input/output impedances.

' = Appropriate connecting cables.

s Barrel connector (to take the place of the device-under-test during the normalization

procedure). '

What you will measure:

= Amplitude versus frequency response of the test device.
= Resonant and passband frequencies.
a Insertion loss.

What you will learn:

Making a scalar network measurement.

Using the offset-to-marker span feature.

Expanding the analyzer’s vertical scale.

Normalizing your results to cancel amplitude inaccuracies introduced by the test fixture (in this
case, the cables used to connect the RF bandpass filter to the analyzer).

» Using the front/back format to display both Trace A and Trace B at the same time.

5-1
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Making Scalar Network Measurements
Task Setup

Task Setup
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Making Scalar Network Measurements
The Task

The Task

As you step through the following task, you may find that your measurement results differ slightly from
those shown here. Keep in mind that the tasks are designed to help you learn about the analyzer—not
to duplicate specific measurement results.

1. If you've already turned on the
analyzer, press [ Preset ].

If the analyzer is off, turn it on
and wait until it warms up and
calibrates. Then press [ Preset ].

2. Connect the analyzer’s source to
the input of the RF filter.

Connect the output of the RF
filter to the analyzer’s input.

3. Press [ Range/Input .
Then press [ 50 OHMS ],
[75 OHMS ],

or
[ 1 MEGOHM ].

4. Toggle to [ AUTORANGE ONOFF ].




Making Scalar Network Measurements
The Task

5. Press [ RANGE ).
Then use the knob or numeric

keypad to specify an appropriate
input range.

6. Press [ Source ]
[ 50 OHMS OUTPUT Z ]

or
[ 75 OHMS OUTPUT Z ].

7. Toggle to [ SOURCE ON OFF }.

8. Press [ SOURCE AMPLITUDE ].
Then use the knob or numeric
keypad to specify an appropriate
output level.

9. Press [ Meas Type ].

Then toggle to
[ PEAK DET ON OFF].
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10. Press [ Avg/Pk Hid ]

11.

[ VIDEO AVERAGE ]. .
Ix? l!:__Tn s esn n.x -1.5% da
e | \
1a / \
/oy [ \
/ \
'.:--m: kel n&n 2 Wen: 149 YOO m L

Let’s examine the shape of the
RF filter.

Using the knob, move the marker

just to the left of the bandpass
response.

Then press [ Marker ]
[ ZERO OFFSET ]-
- -
' I \
101y ] \
i \
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Making Scalar Network Measurements
The Task

12. Now move the marker just to the
right of the bandpass response.

Press

[OFS MKR --> SPAN ].

29-Dec-190% 1N 32
3ug Time: 32478 mdec

Renge: 8 €Bn
Ras BM: 17 888 Nz  WBU: Off
» D 03 75 863 937 Hz 2.06 ¢5

Logheg
:aé \

Illv% / \

Canter: 74 282 T2B.7 W3 Ipan: 79 &4 9873 Wz
L] _—

13. Press [ Scale ]

[ VERTICAL /DIV ].

Then turn the knob until you

expand the vertical scale to your
liking.
Range: 6 @B 29-Dec-1939 13118
Res BW: 17 680 Nz VEM: Off 3 Timm: 3248 wdec
l* Ofs 75 443 937 k2 ; 3.n l!
L] Y i
Lootao r \
] l
|
) Centar: 74 282 728.7 n2 Span: 75 ed3 ”7?!!‘;
L]

14. Press [ Marker ]

[ OFFSET ON OFF].

56
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15.

16.

17.

Press [ Marker ]

[ MKR --> PEAK ].

The marker readout indicates the
resonant frequency and insertion

loss of the test device.

—

P \
Press [ OFFSET ON OFF)
[ ZERO OFFSET ]-
Turn the knob until the offset
marker value shows a
-3 dB offset to the left of the

resonant peak.

Note the frequency value
indicated by the offset marker’s

" X-axis position.

Range: § M 29-Dec-L9W® L33
Res DU 17 080 Nz VB Off 2oy Tiow: 824.8 mdec
o D 0fs -19 MY 449 Uz <318 43
- A
Ex ]
rird
- ... i
Centars 4 352 7287 Wt ismi 75«3 9173 ;2
N __

Making Scalar Network Measurements
The Task
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Making Scalar Network Measurements
The Task

18.

19.

20.

21.

22.

Now turn the knob until the
offset marker value shows a -3
dB offset to the right of the
resonant peak.

If you have time, complete the
next few steps to learn how to
normalize your measurement
results.

Disconnect your test device from
the analyzer, and install a barrel
connector in its place.

Press [ Meas Restart ].

Press [ Marker ]

[ OFFSET ON OFF ].




23.

24.

25.

® -

27.

Press [ Scale ]
[ AUTO SCALE J.
LD .i= Ty byt LR , .o
/
na L
iy /
e
A
v
S e mﬂn.v W e T e LI W
Press [ Trace Data ]

[ SAVE NORM REFERENCE ]-

Now remove the barrel connector

and reinstall the test device.

Press [ Meas Restart |
[ Scale ]

[ AUTO SCALE ].

Press [ Trace Data ]

[ NORMALIZED SPECTRUM ]

Press [ Marker ]

[ MKR --> PEAK ].

Making Scalar Network Measurements
The Task




Making Scalar Network Measurements
The Task

29. Press [ Trace Data ].

Now switch between the input
spectrum and the normalized
results by alternately pressing
[ INPUT SPECTRUM ] and

[ NORMALIZED SPECTRUM ].

30. Press [ Scale ]

[ VERTICAL /DIV ].
Then turn the knob until you

expand the vertical scale to your
liking.

31. Press [ Trace Data ]

[ INPUT SPECTRUM ].

32. At this point, you are viewing the
input spectrum on Trace A.
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33.

34.

35.

Press [ Active Trace ]

[ NORMALIZED SPECTRUM ].

Press [ Scale ]

[ VERTICAL /DIV ]-

Using the knob, enter the same
vertical scale you used for
Trace A.

Press [ Format ]
[ UPPER/LOWER .
Range: 0 dim 29-Dec~-1989 LN @S
Res Dt 17 880 Nz vauM: orr Sup Time: 52478 mdac
i:s&i"li?EC"\JH Mer 73 330 929 Wz . ~1.41 Bm
™ !
Loghes AN AL
e I )
| i
- ] L
Cester: 74 20T 720.7 Wz span: 75 63 957.3 iiz
l* L4 73 13 929 2 1,9 43
a8
Logmag N
58 bt
- . 1 :
Canter: 74 232 728.7 K3 pan: T3 443 937.3 k2
] L ]

Making Scalar Network Measurements
The Task
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Limit Testing

Introduction

This chapter provides an overview of limit testing. We’ve included several sample tasks that show
you how to build limits and then use them.

A limit test is a line (or set of lines) that you create to check the performance of a signal source or a
device-under-test. When limit testing is on, the analyzer compares a current measurement or a-
stored trace to the limit you've selected.

A limit appears as a single line (upper or lower limit) or two lines (upper and lower limit). If a trace
exceeds the boundaries of these lines, the limit test fails. Limit testing is useful for go/no go
checking since a limit test quickly tells you if your device-under-test passes or fails a particular limit
test.

You can build a limit line—an upper limit, a lower limit, or set of both upper and lower limits—in
‘ several different ways:

s By using the knob (or numeric entry) to arbitrarily construct a limit line.

s Bysaving a trace, recalling it as a limit, and shifting this newly-created limit up or down to form
an upper or lower limit.

. Via HP-1B.
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Limit Testing ,
Task 1: Building an Arbitrary Limit

Task 1: Building an Arbitrary Limit

Task Overview

This task shows you how to build an arbitrary limit line. In this example, we're going to test the
performance of a simple 20 MHz bandpass filter. However, you can use a filter that has a different
passband—the important thing is to understand the measurement task, not to duplicate the
measurement results demonstrated here. '

What you will need:

50Q RF Bandpass filter—preferably with adjustable response (in the example, we’re using a

simple bandpass filter using a 10 uH inductor, a 2-8 pF variable capacitor, and a S60Q resistor).

50-to-75Q impedance converters (25Q series resistors) if your test device has 75Q inputs and
outputs.

Feedthrough terminators or impedance converters to match a test device with non-standard
input/output impedances.

Appropriate connecting cables.

What you will do:

Build an arbitrary limit.
Compare your test device to this arbitrary limit.
Change the response of your test device to fail the limit test.

\




Limit Testing
Task 1: Building an Arbitrary Limit
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Limit Testing
Task 1: Building an Arbitrary Limit

The Task

As you step through the following task, you may find that your measurement results differ slightly from
those shown here. Keep in mind that the tasks are designed to help you learn about the analyzer—not
to duplicate specific measurement resulls.

1. Connect a bandpass filter to the
analyzer.

2. Make a scalar network
measurement, to characterize the
response of the bandpass filter.

3. Press [ Marker ]

[ MKR --> PEAK ]

[ MKR --> CTR FREQ ]

4. Press [ Scale ]

[ REFERENCE LEVEL ].

Turn the knob to position the
trace in the middle of the screen.
Ra t 8 @n 29-Dec-198% 15:05

nge
Res B 17 988 N  \BW: Off s Ticm: 19,2 mise
A O 29 008 080 u: -2.44°aan
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Limit Testing
Task 1: Building an Arbitrary Limit

. 5. Press [ Marker Fetn ]

[ LMIT TEST]

[ LINESON ]

6. Press [ ABSOLUTE LIMIT ].

7. Press

[ DEFINE UPPER LIM ].

8. Use the knob and the

[ MOVE MKR HORIZNTAL ] and

[ MOVE MKR VERTICAL ] softkeys to
move the limit cursor to a
convenient starting point.

9. When you've selected the
starting point, press
[ START SEGMENT ]
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Limit Testing .
Task 1: Building an Arbitrary Limit

10. Again, use the knob and the
[ MOVE MKR HORIZNTAL ] and
[ MOVE MKR VERTICAL ] softkeys to

move the marker cursor to the
end point of this first segment.

11. Press [ FINISH SEGMENT ].

Range: 0 @n 29-Dec-1989 13112
Res Bu: 17 680 42 \BM: OfF Moo Thea: 139.2 miec
o D 28 820 B0 W -2, 64°cdn
— g
- i
Legnag
b //\\
v
/- <
L T
-

12. Now use the knob and the

[ MOVE MKR HORIZNTAL ] and
[ MOVE MKR VERTICAL ] softkeys to
move the marker cursor to the

end point of the second segment.

Then press [ FINISH SEGMENT ].
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13. When you've finished drawing the
upper limit, press

[ CANCEL/RETURN ].

Then toggle to
[ TEST EVAL ON OFF]-

Renge: 8 g0 29| 1!

Res U 17 008 Nz VM OfF oy e

" -~r 8 680 889 N1 ~2.44 63a
TS

LogMmg
s @ ™\
Felv

Center: 76 640 080 Uz Spani 20 eoe W6 Nr

14. Press [ Avg/Pk Hid ]
[ VIDEO AVERAGE ]

[ OFF ].

15. Now vary the response of your
bandpass filter until the limit test

fails
Runge: 0 €In Z9-Dec-L98 1314
Reo B 17 008 K vasr Of e Timar 139.2 adec
LT3 e I8 600 @90 N1 2. 64 dhw
S =
Logmag
e F7ZN
A NN
\\\\
-
/
-
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Limit Testing
Task 1: Building an Arbitrary Limit
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Limit Testing ,
Task 2: Building a Limit from a Trace

Task 2: Building a Limit from a Trace

Task Overview

This task shows you how to build upper and lower limit lines from a stored trace. In this example,
we're going to test the performance of a simple 20 MHz bandpass filter. However, you can use a
filter that has a different passband—the important thing is to understand the measurement task, not
to duplicate the measurement results demonstrated here.

What you will need:

509 RF Bandpass filter—preferably with adjustable response (in the example, we’re using a
simple bandpass filter using a 10 uH inductor, a 2-8 pF variable capacitor, and a 560% resistor).
50-to-75Q impedance converters (25Q series resistors) if your test device has 75Q inputs and
outputs.

Feedthrough terminators or impedance converters to match a test device with non-standard
input/output impedances.

Appropriate connecting cables.

What you will do:

Save an input trace to a file, and then recall this file to form both an upper and lower limit.
Move limit lines to form an acceptable limit test.

Compare your test device to the newly-formed limits.

Change the response of your test device to fail the limit test.
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Limit Testing A
Task 2: Building a Limit from a Trace

The Task

As you step through the following task, you may find that your measurement results differ slightly from
those shown here. Keep in mind that the tasks are designed to help you learn about the analyzer—not
to duplicate specific measurement results. ;

1. Connect a 20 MHz bandpass
filter to the analyzer.

2. Make a scalar network
measurement, to characterize the
response of the bandpass filter.

