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Test and Measurement ... Tektronix is committed
to the test and measurement needs of its customers.
We express this commitment by not only the design
and manufacture of innovative products, but also by
support after the sale.

To enhance our response to the needs of our test
and measurement customers, Tektronix has formed
the Test and Measurement Group. This action
brings together, under one common umbrella, the
traditional oscilloscope, digitizer, spectrum analyz-
er, logic analyzer, and measurement system activi-
ties.

For you, our customers, this means a closer link
between the sales and service of the various Tektronix Test and Measurement prod-
ucts. It also means a total solution for your measurements needs. For us at Tek-
tronix, this means an opportunity to closely integrate our design, manufacturing,
and support activities across the total Test and Measurement line.

In the last issue of HANDSHAKE, we introduced Tektronix as Your Visible
Edge in Measurements. We invite you to take a closer look at any of our test and
measurement products to see why they have the visible difference — a visible dif-
ference in design, manufacture, and measurement capability. Just call one of our
sales offices anywhere around the world and tell them you'd like to see the visible
difference that a Tek instrument can make in your measurements. We're sure you'll
see the difference the Tektronix commitment makes! ‘

Tektronix — Your Visible Edge in Measurements!

2N 4t

Richard I. Knight ,
Vice President, Test and Measurement Group
Tektronix, Inc.

Formula correction

In the article Establishing the basis
for differential TDR measurements
with the 11800-Series Oscilloscopes
printed in the Spring 1989 HAND-
SHAKE, we used the wrong formula
for measuring differential impedance di-

rectly. It should have been:
Zg= 100* (1+M1-M2)/(M1 +M2) For information or prices on
N . products described in this issue,
We hope this didn't cause any diffi- call the Tektronix National
culty for any of our readers. Our thanks Marketing Center
to Gilbert Gnudi from Tek Germany for 1-800-426-2200
calling this to our attention.

HANDSHAKE is provided free of charge by Tek-
tronix, Inc., as a forum for people interested in instru-
mentation and instrument systems. As a free forum,
statements and opinions of the authors should be taken
as just that — statements and opinions of individual au-
thors. Material published in HANDSHAKE should not
be taken as or interpreted as statement of Tektronix pol-
icy or opinion unless specifically stated to be such.
Also, neither HANDSHAKE nor Tektronix, Inc., can
be held responsible for errors in HANDSHAKE or the
effects of these errors. The material in HANDSHAKE
comes from a wide variety of sources, and, although the
material is edited and believed to be correct, the accura-
cy of the source material cannot be fully guaranteed.
Nor can HANDSHAKE or Tektronix, Inc., make guar-
antees against typographical or human errors, and ac-
coidingly no responsibility is assumed to any person us-
ing the material published in HANDSHAKE.
Copyright © 1989 Tektronix, Inc. All rights reserved.
Printed in U.S.A. Tektronix products are covered by
U.S. and foreign patents, issued and pending. Informa-
tion in this publication supersedes that in all previously
published material. Specification and price change priv-
ileges reserved.

Tektronix, Inc., is an equal opportunity employer.

TEKTRONIX, TEK, TEKWARE, and HANDSHAKE
are trademarks of Tektronix, Inc.

Analytek is a registered trademark of Analytek, Ltd.
IBM PC is a trademark of International Business Ma-
chines Corporation. Microstore is a trademark of Analy-
tek, Ltd.

FOR MORE INFORMATION:

United States readers can use the postpaid reply card in
this issue to request a free subscription to HAND-
SHAKE or more information on products described in
this issue. For product prices and information, call the
Tektronix National Marketing Center 1-800-426-2200.
International readers please contact the Tektronix Sales
Representative for your country. To find the address of
your representative, contact the following Tektronix
area offices:

Austria

Phone: 43 (222) 68-66-02-0

France, Africa

Phone: 33 (169) 86 81 81

Federal Republic of Germany

Phone: 49 (221) 77220

United Kingdom

Phone: 44 (6284) 6000

Italy

Phone: 39 (2) 8444-1

Other European Areas

Phone: 31 (2503) 13300

Central & South America, Asia, and Australia
Phone: (503) 627-1916

Canada

Phone: (705) 737-2700

Japan

Phone: 81 (3) 448-4611

Manager and Editor: A. Dale Aufrecht

Production Editor: Anita Hicks

Graphic Design: Phil Malyon

Use the reply card in this issue to request a free sub-
scription to HANDSHAKE.

For information on articles in this issue or to contribute
articles for publication, contact the HANDSHAKE
Staff toll free at 1-800-835-9433, Ext 157, or write to
HANDSHAKE, Group 157 (M/S 94-150), P.O. Box
4600, Beaverton, OR 97076.
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A look inside

In this issue, we bring you some more
insight into the new measurement tools
available from Tektronix. We start with
the article Breaking logic analysis bar-
riers which describes how the Prism
3000 Series can remove the barriers en-
countered in system integration by coor-
dinating all of the logic analysis tools
within one package.

In the article A new standard of per-
formance... The 2782 Microwave
Spectrum Analyzer you'll find how the
2782 has extended or improved per-
formance for every major aspect of
spectrum analysis — and in a portable
instrument too! Another spectrum ana-
lyzer, the 3052 Digital Spectrum Ana-
lyzer, is described in the article 3-D
analysis of interleaved harmonic sig-
nals. This shows one of the many diffi-
cult or previously impossible measure-
ments that are easily made with this
unique instrument.

VXI has recently become an impor-
tant topic in technical circles. Tektronix
is part of the VXI revolution. To find
out more about VXI and Tektronix VXI
products, read VXI — foundation for
the future.

If you're trying to make that difficult
choice between an analog and a digital
scope, you need to read the article Tak-
ing the plunge into DSOs. It provides
some basic questions and considerations
to help you feel confident with your
choice — whether you make the move to
digital or stay with analog technology.
This article is a good companion to the
Choosing test equipment to match
your application and Evaluating scopes
from A to D... articles in the Summer
1989 HANDSHAKE.

A new instrument for digitizer meas-
urements is described in The Analytek
Series 2000 Waveform Sampler. This
new modular digitizer allows you to
tailor the number of channels and digi-
tizer performance to your application.

The New Product Update introduces
some new instruments, software, and
accessories to expand Your Visible
Edge in measurements. Please contact
your local Tektronix Field Office or
sales representative for assistance with

any of your measurement needs. And
tell them HANDSHAKE sent you!

A. Dale Aufrecht
HANDSHAKE Editor

HANDSHAKE, FALL 1989

Table of contents

Prism 3000 Series... Breaking
logic analysis barriers ....cccceeese

Breaking logic analysis
barriers

A new standard of
performance... The 2782
Microwave Spectrum
Analyzer

VXI — foundation for the
future

3-D analysis of interleaved
harmonic signals .......ccencsnsensucsnsaceanes

Taking the plunge into DSOs

The Analytek Series 2000
Waveform Sampler .......ccceeeeereensenenee

Classes and Seminars
New Product Update



PRODUCT FEATURE

Breaking logic analysis barriers

The Prism 3000 Series offers a variety
of platforms and card-modular options
for complete, tightly integrated logic
analysis and microprocessor control.
This provides integrated solutions for
hardware, software, and system verifi-
cation, debug, and performance analy-
sis — all from a single, medium-cost
logic analysis platform.

Digital designers are taking full ad-
vantage of ASICs, microprocessors, and
a wide range of powerful CAE tools.
Digital processing and control designs
far too complex to even be attempted a
few years ago are now considered
standard fare. But, while design barriers
continue to fall, other new barriers are
cropping up in the design implementa-
tion and prototype stages.

These new barriers are logic analysis
barriers. They are barriers created by
complex system integration problems.
Some are hardware related; some are
software related; still others are hard-
ware/software integration related. In al-
most every instance, however, the bar-
riers actually center on difficulties in
coordinating logic analysis tools and
correlating results. Or at least that was
the case.

Now, with the Tektronix Prism 3000
Series, you have the power to solve vir-
tually any logic analysis problem, be it
hardware, software, hardware/software,
or multi-processor related. The Prism
3000 Series provides the key tools —
state and timing analysis, microproces-
sor control and analysis, and perform-
ance analysis — all tightly integrated
into a single high-performance, mid-
priced package.
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The power of tight integration

Much of the Prism 3000 Series analy-
sis power stems from its tightly integrat-
ed, card-modular architecture (Figure 1).
Multiple analysis and control tools are
combined into a single instrument with a
single operating environment and a sin-
gle, unified display of correlated results.
This immediately solves numerous logic
analysis barriers encountered when us-
ing individual standalone analyzers and
emulators. Probing is simplified. Multi-
ple analysis displays are combined on
one screen for easier viewing and inter-
pretation. And there’s only one instru-
ment operating interface to deal with.

But that’s only the beginning. With
inter-module event lines, many complex
triggering problems are also easily
solved. For example, when using a sep-
arate logic analyzer, a scope, and an em-
ulator, how would you go about getting
all three to trigger on a fault? Chances
are, you probably would never get satis-
factory cross triggering between three
separate instruments. And even if you
did, you’d have to wonder about timing
skews across the different instruments.

But with these same tools in a single
tightly integrated package, cross-
triggering is easy. For example, using a
standard triggering setup, the state ana-
lyzer section can be triggered on a sub-

I==r|

routine that’s taking too long to execute.
This in turn could trigger the timing an-
alyzer section, or the PDT (Prototype
Debug Tool) could be triggered to stop
microprocessor execution. State, timing,
and disassembly displays can be viewed
in any combination to gain further in-
sight into the problem. Then, depending
on what’s revealed, the PDT can be
used to examine registers, patch code,
single-step execution of code, or what-
ever else is necessary to define and fix
the problem (Figure 2). Once a fix is de-
veloped, the performance analysis sec-
tion can be applied to verify how good
that particular fix is.

Time-correlated displays

The ability to cross-trigger various
tools and view various mixes of acquired
data on a single display is not enough.
The displays must also be time correlat-
ed in order for various data relationships
to be correctly interpreted.

To accomplish time correlation, the
Prism 3000 Series samples, latches, and
time stamps all data at the probes. In es-
sence the analysis tool’s front end —
whether it’s state, timing, or multiple-
threshold waveform acquisition — has
been moved down into the probe.

This, along with a single system
clock, maintains proper timing across

HANDSHAKE, FALL 1989
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Figure 1. A card-modular architecture tightly integrated by
the TEKLink bus and a single system clock allows various
tools to be cross-triggered and acquired data to be displayed
in various time-correlated combinations.

all probes and provides time correlated
data across all acquisition memory. As a
result, data from different acquisition
and analysis tools can be viewed togeth-
er as a single time-correlated display.
No matter what viewpoint(s) you
choose for logic analysis, the results are
always seen in the proper perspective.

The right tools

Whether you're analyzing hardware,
debugging software, or verifying and
optimizing hardware/software integra-
tion, you need the right mix of tools for
the application. In most cases, this
means at least state and timing analysis
along with microprocessor control,
With the Prism 3000 Series MPM and
MPX (Microprocessor Analysis Mod-
ules), you get all of the basic tools and
more,

With either the MPM or MPX mod-
ule, the Prism 3000 Series provides:

* State analysis
* Timing analysis
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Figure 2. Emulator-like microprocessor control functions
can be used in combination with state and timing analysis, or
any other Prism 3000 analysis module, to verify, analyze,
and optimize hardwarelsoftware integration in single or mul-
ti-processor applications.

* Emulator-like mi-
croprocessor con-
trol

» Microprocessor
disassembly and
analysis

* Real-time per-
formance analysis
And, all of this is

on a single tightly integrated MPM or

MPX board. The only difference be-

tween the two boards is that the MPM

supports 8- and 16-bit microprocessors,

while the MPX supports 8-, 16-, and 32-

bit processors.

The MPM/MPX state analysis section
has an 8K-deep acquisition memory and
supports clock rates to 33 MHz, For ac-
quisition triggering needs, there are eight
word/range recognizers, eight counter/
timers, seven trigger states, and four
event lines over TEKLink to other mod-
ules.

The same triggering capabilities are
shared by the timing analysis section,
For timing data acquisition, there are
nine 200-MHz channels with 2K memo-
ry depth. Additionally, all data is transi-
tionally stored for most efficient memo-
ry usage.

Then, still within the same module
and sharing the same tight integration,
there’s the Prototype Debug Tool or
PDT. The PDT provides emulator-like

control of the system-under-test (see
Figure 2). You can patch and examine
registers and memory, set software
breakpoints, stop and restart the system,
single-step through code, and much
more.

Still more power is provided through
the PDT’s tight coupling to other MPM/
MPX capabilities. Tight coupling al-
lows the PDT to use the state analyzer’s
8K of memory as a trace buffer, Also,
the PDT has access to the full MPM/
MPX triggering capabilities for setting
complex hardware breakpoints,
Throughout, there is minimal logic ana-
lyzer interference with normal micro-
proceéssor operation, In fact, the target
microprocessor can run at full speed
with no wait states.

There’s microprocessor disassembly
and analysis, too. Software and probing
packages support most popular micro-
processors. No personality modules are
required, and the software automatically
loads and configures at power up if the
necessary probe adapter is present.

Topping all of this, there are also four
Performance Analysis (PA) modes.
Real-Time Timing Overview and Real-
Time Count Overview modes provide
accurate, nonstatistical histograms of
code execution times and event occur-
rences. Because these are real-time,
nonstatistical modes, a complete picture
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Breaking logic analysis barriers ...

Figure 3. A collapsible flat-panel display and key-
board stowage slot provide maximum mobility in the

multiple-module Prism 3002 Series.

of system activity is created, which is
extremely important in analyzing real-
time control applications. For more gen-
eral needs, there are also State Over-
view and Single-Event Measurements
modes. These provide statistical over-
views of system performance.

Keep in mind that all of these analy-
sis capabilities — state, timing, PDT,
and PA — are tied together in a single
MPM or MPX module. They also share
a single display, which allows multiple
display formats to be combined on a
single screen. For example a subroutine
display and state table can be combined,
allowing execution times for each sub-
routine to be seen at a glance.

In the same manner, other equally ex-
tensive and powerful modules can be
used alone or combined with MPM/
MPX modules for additional specialized
analysis. Such modules might include
high-speed hardware analysis capabili-
ties, waveform capture and analysis, or
any other tightly integrated set of analy-
sis capabilities that future digital de-
signs might demand.

All in the right package

Along with providing the right mix of
tools for the application, the Prism 3000
Series also makes the tools available in
the best package for the job. The Prism
3001MPM and 3001MPX, for example,
provide the full Microprocessor Analy-
sis Module capabilities in a single, port-
able logic analyzer format, That’s right.
State and timing analysis, microproces-
sor control, and performance analysis
— all in a standard portable analyzer
format, Plus, there’s a 3.5-inch DOS
format disk drive for loading software,
saving setups, and transferring data to
other systems.

Then, for more extensive needs,
there’s the Prism 3002 platform (Fig-
ures 3 and 4). Each platform accepts
two Prism application modules, allow-
ing two MPM or MPX modules or an
MPM/MPX combination to be used for
dual-processor applications. Or, for that
matter, any available application mod-
ules can be combined in the tightly inte-
grated Prism 3000 Series environment.
For even more extensive needs, four

Figure 4. Expansion units and a color monitor allow the Prism
3000 Series to provide big-system analysis capabilities without
carrying a big-system price tag.

two-module expansion units are availa-
ble, allowing up to ten tightly integrated
modules to be used in a single Prism
3000 system. Depending on the specific
Prism 3000 configuration, additional
support is also provided with an internal
hard disk and printer interfacing.

With all of these capabilities and con-
figurations available in a single tightly
integrated system, there are no more
barriers to efficient logic analysis —
even in multiple processor systems. In
fact, the only thing left for you to do is
to define your toughest logic analysis
problem, whether it’s in hardware, soft-
ware, or system integration. Then call
your local Tektronix Field Office or
sales representative for a Prism 3000
Series solution. U.S. customers can call
the Tektronix National Marketing Cen-
ter toll free — 1-800-426-2200. See
your visible edge in action! [ ST
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PRODUCT FEATURE

A new standard of performance ...
The 2782 Microwave Spectrum Analyzer

Ken Dawson

Product Marketing Manager
Microwave and RF Instruments
Tektronix, Inc.

The 2782 is at home in the field as well
as on the bench. Here, a rackmounted
2782 is used in manufacturing to test
insertion loss of the bandpass filter
used in a microwave IF assembly.

The Tektronix 2782 Microwave Spec-
trum Analyzer significantly extends the
state-of-the-art in microwave analysis.
It does this by extending or improving
performance for every major aspect of
spectrum analysis — i.e., frequency
range and overall dynamic range. It tru-
ly offers a new standard of performance
for design, installation, manufacturing
ATE, and service activities in pulsed RF
and broadband communication applica-
tions.

Precedent setting performance

While the 2782 is a portable spectrum
analyzer similar in size and shape to
other Tektronix portable spectrum ana-
lyzers, the resemblance ends there. Port-
able no longer means that you have to
give up performance for portability. The
2782 incorporates completely new tech-
nology in a completely new architec-
ture. Extensive use of surface mount
technology and multilayer boards has
allowed unprecedented levels of per-
formance, functionality, and ease-of-use
to be compressed into a convenient,
portable package.

Extended measurement range

The 2782 offers a 100 Hz to 33 GHz
coaxial frequency range with fundamen-
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tal mixing to 28 GHz. No other spec-
trum analyzer comes close to these ca-
pabilities. Fundamental mixing to 28
GHz means lower conversion loss in the
mixer for improved sensitivity at higher
frequencies. Fundamental mixing also
improves basic stability (residual FM).

The wider coaxial range provides
more measurement range without re-
sorting to complex external mixer set-
ups. Coaxial input also has the benefit
of wider dynamic range resulting from
use of an internal attenuator and prese-
lector convenience for eliminating inter-
nally generated spurious responses.

Improved dynamic range

The 2782 provides improvements in
all areas of dynamic range. This is im-
portant because, depending upon the ap-
plication, one or more of several major
specifications can affect the dynamic
range. These include:

» 100 dB display dynamic range: Dis-
play dynamic range is the range over
which the largest and smallest signals
can be simultaneously viewed (the
log amplifier’s range).

* 3 Hz to 10 MHz resolution band-
width (6 dB) in a 1-3-10 sequence:
The 3 Hz resolution bandwidth is usa-

ble to 28 GHz. It provides enhanced
close-in dynamic range for phase
noise, spurious, and sideband meas-
urements.

The 10 MHz resolution bandwidth
improves dynamic range for signals
with wide occupied bandwidths, such
as pulsed RF and broadband commu-
nications. It also allows signal modu-
lation characteristics to be passed
with higher fidelity. This means more
signals can be measured directly in
zero span with the 10-MHz band-
width.,

0-dBm, 1-dB compression point:
Historically, the 1-dB compression
point has been the primary limitation
to the allowable IF gain-to-RF attenua-
tion ratio. This ratio determines how
hard the mixer can be overdriven. The
2782 can be overdriven by as much as
30dB.

+15-dBm third-order intercept
point (TOI): A TOI of +15 dBm be-
low 6.5 GHz and +10 dBm above 6.5
GHz means that the distortion prod-
ucts resulting from two signals at 30
dBm will be -90 dBc and -80 dBc, re-
spectively.

Single-sideband phase noise: At
higher frequencies (e.g., 18 or 20
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- A new standard of performance ...

GHz), the 2782 excels by as much as
20 to 30 dB. As a result, phase noise
measurements can be made directly
and simply, without the very slow
and costly phase noise test systems
previously required.

» Improved sensitivity: Due to the
2782's fundamental mixing to 28 GHz,
higher sensitivities are gained as com-
pared to analyzers using harmonic
mixing. The higher the frequency, the
larger the improvement in sensitivity.

Built-in microwave counter

Accurate frequency measurements
can be made much faster using the
built-in counter because it's no longer
necessary to manually center the signal
and span down to the narrowest span to
obtain measurement accuracy. With the
2782's counter, you simply place the
marker on the signal to be counted and
activate the count. Signal frequency is
accurately measured, even on wide
spans.

A built-in counter linked to the marker
system also has several advantages over
general-purpose microwave counters.
Since it's closely linked to the display,
you can view the signal being counted.
Also, since it's linked to a high-
performance spectrum analyzer, you get

virn
LRI
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Figure 1. Signals can be displayed in either red or green
with trace overlap shown in yellow. Also notice the soft keys
on the right side of the display for menu selection.

high selectivity, —100 dBm sensitivity,
and 100 Hz to 325 GHz frequency range.

Functional display

The 2782 has a color display for
clearer, easier viewing of signals and
readout information (see Figure 1).
Spectrum traces can be displayed in ei-
ther red or green. Where two traces
overlap, color mixing highlights the
overlap with yellow. This use of color
heightens the user’s ability to quickly
interpret complex multi-waveform dis-
plays. Additionally, the polarizing ef-
fect of the liquid-crystal color shutter
display, provides very high-contrast
viewing, making the display easy to see,
even in direct sunlight.

With complex waveforms such as TV
and pulsed RF, it's important to see all of
the spectral detail including gray-scale in-
formation, However, many digital spec-
trum analyzers can't display all of these
details as well as an analog system, With
the 2782, however, you can simultane-
ously view digital and analog displays.

The 2782 also provides superb 1000 x
1000-bit digital resolution, And you can
view up to four traces simultaneously.
Digital averaging has also been en-
hanced; with the Peak/Average Cursor,
you can selectively average noise while
leaving the signal unaveraged.

[ A new human
‘ interface

The 2782 provides
an optimum mix of
. dedicated controls
and menu selection.
It has a menu system
that rarely goes to
three levels deep.
Additionally, menu
depth and menu path
are always shown so
that you never get
lost or confused.
This clarity is pro-
vided by means of
an overlapping
menu page structure.

Menu selections
are made via soft
keys on the right
side of the display
(see Figure1). At the
same time, the most

. W

commonly used functions have been
maintained as dedicated functions; func-
tions such as Frequency, Span, and Ref-
erence Level can all be controlled with-
out ever using a menu. Most of the
common marker functions also have
dedicated buttons.

Another major innovation is in the
way the control knobs operate. While
one knob is dedicated to frequency con-
trol, the other two knobs are user as-
signable. A wide range of functions —
Sweep Speed, Res BW, Span, Refer-
ence level, etc. — can be assigned to
these knobs. This allows users to “cus-
tomize” the front-panel controls to the
application. Knob assignments are re-
tained in nonvolatile memory for user
convenience.

Designed for ATE

The 2782 provides two GPIB inter-
face ports. This is of greatest potential
benefit in ATE system applications.
With two ports, the 2782 can use mac-
ros stored in internal nonvolatile NV
RAM memory to control other equip-
ment on one port while the ATE system
controller accepts data from the 2782 on
the other port.

To further enhance ATE applications,
the 2782 has three built-in signal pro-
cessing routines. This allows local pro-
cessing of signals to ease the load on the
system controller.

Continuing a long list of
industry firsts

The capabilities of the 2782 Micro-
wave Spectrum Analyzer add to a long
list of industry firsts set by the Micro-
wave and RF Instruments Division of
Tektronix. These industry firsts, ranging
from the first plug-in spectrum analyzer
to the first portable spectrum analyzer,
establish an impressive record of tech-
nological leadership for Tektronix — a
visible edge in spectrum analyzer meas-
urements,

To see what the 2782 and other Tek-
tronix Spectrum Analyzers can do for
you, contact your local Tektronix Field
Office or representative and ask for a
demonstration. U.S. customers can call
1-800-835-9433, Ext. 1858 for informa-
tion or prices. And tell them you read
about the 2782 in HANDSHAKE.
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PRODUCT UPDATE

ASUREMENT PRODUCTS FROM TEKTRONIX

The Tektronix 2232 Digital Storage Oscilloscope

provides 100 megasamples/second sample rates, 100
100 MHz analog and digital storage  ,¢0ahertz analog and digital bandwidth, and ability
bandwidth to capture single-shot events up to 10 megahertz. In
100 megasamples/second per addition, it features 10-nanosecond glitch capture ca-
channel sample rate pability and versatile triggering including trigger level
10 nanosecond peak detection at readout for setting the precise trigger point.
any sweep speed These are among the features that make the 2232 an
4K/1K record length ideal tool for such applications as troubleshooting
8-bit vertical resolution digital devices, testing microprocessor-based instru-
Dual time base ments, servicing systems containing both analog and
digital signals, viewing video signals, displaying

H.F LF reject tl:lggerln-g slowly changing signals such as electromechanical
Signal averaging (weighted) events, and many more.
Befarmat starwd wavefarms When used with off-the-shelf software such as the
* 30K battery-backed storage for up  Tektronix TeleServicing Support package, wave-
Price — $5,495 (U.S.) .28 WevElonn sc'als . forms can be transferred via telephone modem for re-
+ GPIB interface (with Option 10) view by an expert at a remote location (Option 12 re-

» RS-232-C interface (with Option 12)  quired). Or, up to 29 waveform sets can be stored in
internal memory for reference or later analysis at the

To order, or for information, call 1-800-426-2200 service center or other remote location.
S TN D R ey e e e g T 2 e e e e e s e o
2224 Digital Storage Oscilloscope The Tektronix 2224 Digital Storage Oscilloscope
i provides a high sampling rate and 10-nanosecond
* 60 MHz analog bandwidth glitch capture capability which is ideal for applica-
+ 10 MHz digital storage bandwidth tions such as electromechanical and biophysical meas-
- 100 megasamples/second per urements. Because single-shot capture is of prime im-
channel sample rate portance in these applications, the 2224 offers a peak
+ 10 nanosecond peak detection at detection mode with glitch capture capabilities as nar-
any sweep speed row as 10 nanoseconds. This peak detection feature
+ 4K/1K record length - enables the capture of signal details at any sweep
. Signal averaging speed. In addition, the roll/scan modes permit display
N of slow speed events down to 5 seconds/division, an
+ Trigger level readout important capability for monitoring slowly changing
* 8-bit vertical resolution phenomena such as temperature over time. Simultane-
* Dual time base ous sampling of both input channels allows the cap-
+ GPIB interface (with Option 10) ture of both the stimulus and response signals —a

feature particularly useful inbiomedical applications
such as muscle fiber research.

Buttons on the CRT bezel allow easy access to sav-
ing and recalling waveforms as well as quick selection
of the available menu options. On-screen measurement
cursors save time and promote measurement accuracy.

! diii ; g » RS-232-C interface (with Option 12)
Price — $4,495 (U.S.)

To order, or for information, call 1-800-426-2200

Produced by the HANDSHAKE Group, Tektronix, Inc., Group
157 (M/S 94-150), Box 4600, Beaverton, OR 97076, (800) 835-
9433, Ext 157.

For additional information on products and services listed in this
edition of the New Product Update, use the reply card in the accom-
panying issue of HANDSHAKE or call your local Tektronix field
office or sales representative. Tektronix has field offices or sales
representatives located in major cities around the world. For the lo-
cation of the nearest Tektronix sales office, check yourlocal phone
book or call (503) 627-7111.

Copyright © 1989, Tektronix, Inc. All rights reserved. Printed in
U.S.A. Specification and price change privileges reserved.
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492PGM Programmable Spectrum Analyzer

* 10 kHz to 21 GHz frequency cover-
age

» +100 kHz frequency measurement
accuracy at 10 GHz

* 80 dB dynamic range

» 1 kHz to 1 MHz resolution band-
widths

* Intelligent amplitude and frequen-
cy markers

* Full programmability

o Meets MIL-T-28800 Type 3 Class
IIT environmental specifications

e Hardcopy output to Tektronix
HC100 Plotter

* Non-volatile storage for nine wave-
forms and front-panel control setups

* Built-in signal processing

Price — $19,900 (U.S.)

To order, or for information, call 1-800-426-2200

The Tektronix 492PGM Programmable Spectrum
Analyzeris a cost-effective instrument for spectrum
measurements in applications such as terrestrial mi-
crowave system maintenance, military system mainte-
nance, commercial television, satellite system mainte-
nance, and RFI/EMI measurements. Full GPIB
programmability lets you automate your spectrum
analysis measurements. Software programs are avail-
able from Tektronix for use with the Tektronix PEP-
Series controllers or other IBM PC™-compatible
controllers.

The compact size and rugged construction of the
492PGM makes it ideal for on-site measurements.
The 492PGM is part of the Tektronix 490-Series of
portable spectrum analyzers which offer a wide array
of price/performance alternatives for your measure-
ments.

497P Programmable Spectrum Analyzer

* 100 kHz to 7.1 GHz frequency cov-
erage

1 kHz frequency measurement ac-
curacy at 1 GHz

e Built-in signal counter with 144 DB
dynamic range

° 90 dB dynamic range

» 100 Hz to 3 MHz resolution band-
widths

« Intelligent amplitude and frequen-
cy markers

* Full programmability

° Meets MIL-T-28800 Type 3 Class
IIT environmental specifications

» Hardcopy output to Tektronix
HC100 Plotter

 Non-volatile storage for nine wave-
forms and front-panel control setups

Price — $25,000 (U.S.)

To order, or for information, call 1-800-426-2200

The Tektronix 497P Programmable Spectrum Ana-
lyzer provides a cost-effective spectrum analysis so-
lution for applications such as mobile/cellular radio,
common carrier measurements, avionics communica-
tions equipment, satellite communications, RFI/EMI
measurements, consumer electronics (e.g., micro-
wave ovens), and quasi microwave. Full GPIB pro-
grammability lets you automate your spectrum analy-
sis measurements. Software programs are available
from Tektronix for use with the Tektronix PEP-
Series controllers or other IBM PC™-compatible
controllers.

The compact size and rugged construction of the
497P makes it ideal for on-site measurements. The
497P is part of the Tektronix 490-Series of portable
spectrum analyzers which offer a wide array of price/
performance alternatives for your measurements.

DM 5110/DM 511 Digital Multimeter

* 4 1/2 digits with autoranging

» 3 1/2 digit operation selectable for
faster measurements

* AC/DC volts and current
e True RMS measurements

* Resistance, temperature (with op-
tional probe), dBV, dBM, and dBr
measurements

* Null and hold modes
* Hi/Lo/Pass limit testing
* Compare mode with beeper

* Greater than 25 readings/second
over GPIB in 3 1/2 digit mode

* Single-width TM 5000/TM 500
modular plug-in

* DM 5110 fully programmable from
front panel and GPIB

Price — DM 5110 $895 (U.S.)
DM 511 $745 (U.S.)

To order, or for information, call 1-800-426-2200

The Tektronix DM 5110 Programmable Digital
Multimeter and DM 511 Manual Digital Multimeter
are the latest additions to the TM 5000/TM 500 fam-
ily of modular instruments.

Both the DM 5110 and DM 511 work well on en-
gineering lab benches, service test stations, or in edu-
cation/training labs. With it's easy-to-use front panel,
compact size, and adherence to Tektronix human-
readable Codes & Formats for GPIB, the DM 5110
is the perfect fit for benchtop ATE (Automatic Test
Equipment) applications. In addition, the DM 5110
is a compatible and convenient DMM for any EZ-
Test PC or TekTMS software based test system.

The DM 5110 is compatible with the Tektronix
TM 5000 programmable mainframe; the DM 511 is
compatible with the TM 500 and TM 5000 main-
frames (manual mode only). Either instrument can
be combined with over 50 TM 500/TM 5000 modu-
lar test instruments to form a complete stimulus and
measurement system.
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Tektronix Test Management System Software

53021

Typical TekTMS graphic display for user

e Runs under Microsoft Windows™
e Outline-view procedure generation
o Context-sensitive on-screen help

o Waveform acquisition, processing,
and display

o Stores waveform data as waveform
variables

e Procedure flow control

o String, numeric, and waveform
variables similar to BASIC

 String and math functions
o Picture displays assist test operators

Tektronix Test Management System (TekTMS) is a
Microsoft Windows™ -based software package for
repetitive test software development and execution.
TekTMS consists of three software components: In-
teractive Procedure Generator (S3FT100), VXI In-
strument Front Panel Library (S3FT200), and GPIB
Instrument Front Panel Library (S3FT300).

TekTMS develops automated test programs for
board and module test in manufacturing, repair/
rework facilities, and product evaluation testing.
Software instrument front panels create test steps and
interactively control on-line instruments. Operator
prompt steps provide a graphic display to assist in
component or adjustment location. An interactive ad-
justment step display provides real-time feedback of
the current adjustment compared to nominal and high-

prompts

Price — S3FT100, $2,500 (U.S.) ¢ Adjustment display speeds up in-  low test limits.
S3FT200, $495 (U.S.) teractive calibration adjustments TekTMS runs on Tek VXI system controllers,
S3FT300, $495 (U.S.) o Front-panel libraries for VXIand ~ PEP300-Series controllers, or other IBM-PC/AT™.-

GPIB instruments

compatible controllers.

To order, or for information, call 1-800-426-2200
e A R T e i i e i i ] S A S e e i U et e i S Y i

VX1405 C-Size VXI Mainframe The Tektronix VX 1405 C-Size VXI Mainframe

Price — $3,600 (U.S.)

» Five C-size VXI slots

o Fused backplane protects power
supply from damage

- Variable speed fans adjust air flow
to cooling requirements

- Auto-sensing power supply accom-
modates line voltages from 90 to
260 volts, 50 to 60 Hz without
switching

- Conforms to VXlbus standard

- Horizontal, vertical, or rackmounta-
ble options

- Designed for portability, for use in
the field, on a benchtop, or on the
manufacturing floor

provides five C-size VXI slots for Tektronix VXI
modules, VXI modules from other vendors, or cus-
tom-designed VXI modules. The VX1405 can be
used in a horizontal position for bench or rackmount-
ing. The removable carrying handle and stabilizing
feet allow use in a vertical position for portable or
bench use.

The C-size VX1405 is ideal for developing bench-
top ATE systems. Since it conforms fully to the
VXIbus standard, modules from various vendors can
be used along with custom-designed modules to tail-
or the system to your specific testing needs. In addi-
tion, the VX1405 can be used as an expansion chas-
sis along with existing C- or D-size VXI systems.

The VX1405 is fully compatible with the previ-
ously introduced Tektronix VX1500 D-Size VXI
Mainframe. Tektronix offers a growing family of
VXI products including mainframes, system control-
lers, counter/timers, digital multimeters, waveform
generators, and VXI development systems.
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VX4530- and VX5530-Series Embedded System Controllers

Price — VX4530 $11,750 (U.S.)
VX4535 $17,500 (U.S.)
VX4530 $17,900 (U.S.)
VX4530 $23,900 (U.S.)

VX4530 and VX 5530

» 16 MHz Intel™ 80386 processor
» 2 Mbytes RAM

VX4535 and VX5535

e 20 MHz Intel™ 80386 processor
- Math coprocessor

- 8 Mbytes RAM

Both VX4530- and VX5530-Series
- 40 Mbyte hard disk

- 1.4 Mbyte 3.5-inch floppy disk

¢ Includes keyboard, mouse, and
VGA display

> 2 Serial ports

 Parallel port

- GPIB port

* Runs MS-DOS™ -compatible software
- Conforms to VXIbus standard

TEK NEW PRODUCT UPDATE, VOL 1 NO 3, FALL 1989

The Tektronix VX4530-Series (C-Size) and
VX5530-Series (D-Size) Embedded System Control-
lers create a system that can use generic MS-DOS™-
compatible software, access the appropriate level of
VXIbus advanced instrumentation resources, and ad-
dress the full A32/D32 (4 gigabytes) of VMEbus
memory space.

Compatibility with the vast library of MS-DOS
software means that you can use available, proven
test software to implement your VXI test system.
This includes Tekware measurement software pack-
ages from Tektronix such as TekTMS Software, Tek
EZ-TEST, SPD Software, and GURU along with
LabWindows™ and DADisp™

The VX4530- and VX5530-Series fully imple-
ment the VXIbus standard and can be used with any
compatible systems. Tektronix offers a growing fam-
ily of VXI products including mainframes, system
controllers, counter/timers, digital multimeters,
waveform generators, and VXI development sys-
tems.



VXI — foundation for the future ...

P1 PROVIDES:

+ VME COMPUTER BUS
+16-BIT DATA TRANSFER BUS
+16 MEGABYTE ADDRESSING VME A SIZE
+ MULTI-MASTER ARBITRATION BUS
« PRIORITY INTERRUPT BUS

+ UTILITIES BUS

P2 ADDS:

+ VME 32-BIT DATA BUS

+4 GIGABYTE ADDRESSING
+10-MHZ CLOCK

+12-PIN LOCAL BUS

« ANALOG SUM BUS

+ MODULE IDENTIFICATION BUS
« TTL/ECL TRIGGER BUS

+ POWER DISTRIBUTION BUS

P3 ADDS:

«100-MHZ CLOCK

« SYNCHRONIZATION BUS

« ECL STAR BUS

« ECL TRIGGER BUS

+ 24-PIN LOCAL BUS

+ POWER DISTRIBUTION BUS

(3.9 x 6.3 INCHES)

Figure 1. Detail of the VXI board standard.

Tektronix VX4530/5 (C-size) and
VX5530/5 (D-size) controllers link the
Intel 80386 processor and the PC/AT
architecture to the VXIbus. This linkage
results in a family of controllers which
use PC software, all of the advanced in-
strumentation resources of the VXIbus,
and address the full A32/D32 VMEbus
memory space. Additionally, these VXI
system controllers provide GPIB Con-
troller and Talker/Listener capabilities.

The VXI system controllers imple-
ment Slot 0, Resource Manager, and
Message Manager functions. Available
with either a 16 or 20 Mhz CPU. Each
Tek VXI system controller comes stand-
ard with a PC/AT style keyboard, a
VGA color monitor, a serial mouse, and
software. Also standard are a parallel
printer port, a GPIB port, and two RS-
232-C ports. Software supplied with
each controller includes: TekTMS, DOS
4.1, Microsoft Windows 386, C and Ba-
sic Compilers, and VXI/GPIB Commu-
nication System.

For situations where an external con-
troller is appropriate, Tektronix pro-
vides a slot O/resource manager, 488 to
VXTI interface module; VX5520 D-size
and VX4520 C-size. These controllers
interface to a Tektronix PEP controller
to give the user a complete VXI devel-
opment environment.

VXI instrumentation

Tektronix is committed to offering an
ever expanding range of VXIbus instrumen-
tation. Currently available modules include:

* The VX5260 Waveform Digitizer is
a D-size, compact, high performance,
200 megasample/second acquisition
rate, dual-channel Waveform Digitiz-
er which uses the instrumentation re-
sources of the VXIbus. Five record-
ing modes emphasize the versatility
and power of the VX5260 for both
manufacturing ATE and high-speed
data acquisition applications.

» The VX5790 Arbitrary Waveform
Generator (AWG) generates com-
plex waveforms for use as unit-under-
test stimulus. These waveforms in-
clude common functions such as sine,
triangle, or square waves, or arbitrary
waveforms derived from complex
mathematical functions or recreated
waveforms downloaded from a digi-
tizer.

» The VX4236 Digital Multimeter is a
C-size, 6.5 digit full function Digital
Multimeter providing DC Voltage,
AC Voltage, and resistance measure-
ment capability.

» The VX4223 Counter/Timer C-size,
dual-channel, 16 MHz (option to 1.36
GHz) Counter/Timer module features
fourteen measurement functions in-
cluding phase and pulse parameters,

rise and fall times, and frequency pro-
filing.

» The VX4440 Scanner Master Digi-
tal I/O controls relay cards which
route signals between the test instru-
ments and the DUT. The Scanner
Master provides the necessary control
signals for Tek’s TSS4x series of re-
lay drivers, switch cards, and mod-
ules.

 Development and Prototyping
Modules are available in B
(VX1321), C (VX1421),and D
(VX1520 and VX1521) size modules.
These devices provide a hardware and
software interface from your custom
hardware to the VXIbus backplane.

* Future product introductions will
include more instrumentation and
mainframe options.

VXI software

» TekTMS (Tektronix Test Manage-
ment System) is an integrated test
software development and execution
system. TekTMS uses a standard MS-
DOS Windows user interface to pro-
vide an effective test procedure devel-
opment environment for GPIB and
VXI systems. Software-based instru-
ment front panels control instruments
interactively to create control steps in
the test procedure. TekTMS runs on
embedded VXI controllers as well as
external controllers such as the Tek-
tronix PEP300-Series or other IBM
PC compatible controllers. Optional
libraries of VXI and GPIB software
instrument front panels are available.

Consider the possibilities
Advent of the VXIbus standard is ex-

panding the possibilities for using ATE.

Downsized testing modules linked via
high performance VXI architecture and
user responsive, integrated TekTMS
software are capable of increased test
functionality over monolithic predeces-
sors. The Tektronix VXI product line
captures the promise of VXI — lower
cost, higher performance test solutions.

For more information on the Tek-
tronix line of VXIbus products, contact
your local Tektronix Field Office or
System Specialist. U.S. customers can
call the Tektronix National Marketing
Center toll free — (800) 426-2200. And
tell them you read about the Tek VXI-
bus in HANDSHAKE. [
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FOCUS ON APPLICATIONS

3-D analysis of interleaved harmonic signals

Doug Goodman

Marketing Manager

Digital Signal Processing Unit
Tektronix, Inc.

A difficult measurement encountered
in multimode radar systems is analyzing
interleaved harmonic signals. This appli-
cation describes how the Tektronix 3052
Digital Spectrum Analyzer can perform
rigorous three-dimension (3-D)* analy-
sis on these hard-to-measure signals.
The signals shown are baseband as
might be encountered in a down-
converted RF signal. The 3052 can
make measurements on baseband sig-
nals up to 10 MHz (to 2 MHz real-time).

A typical input signal, viewed in the
time domain, is shown in Figure 1. It's
composed of alternating bursts of 20 kHz
and 30 kHz square waves with 10%
duty cycle. Each burst has a duration of
10 milliseconds. The resulting ampli-
tude spectrum in the frequency domain
output is shown in Figure 2

When a square wave is converted to
the frequency domain, it consists of an
infinite series of harmonics. As a result,
the harmonics of the two square waves,
which have different and alternating fre-
quencies, appear interleaved. The indi-
vidual components of each square wave
are hard to separate and difficult to
measure. However, complex signals
such as this can be easily separated us-
ing the 3052 Block Capture mode. This
allows accurate measurements to be
made on each signal,

Color spectrogram display

Figure 3 shows two display windows.
The upper window was obtained in the
Color Spectrogram mode and shows a
color spectrogram analysis of the input
signal in terms of frequency, time, and
amplitude. Consider each column (or
bar) in the spectrogram to represent the
input signal during a specific time peri-
od.

Amplitude of the input signal is repre-
sented by changes in color — higher

* Three dimensional with amplitude, frequen-
cy, and time characterization of the signal.

HANDSHAKE, FALL 1989
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kHz

as a stacked bar
chart at the right of
the display.

Spacing between the columns (or
bars) represents frequency of the input
signal. Horizontal axis of the spectro-
gram is scaled in frequency (for this
spectrogram, the limits are 0 Hz and 2
MHz). The vertical axis represents time;
the latest acquisition is shown at the
bottom with earlier acquisitions shown
above.

Notice that the columns are not
aligned vertically with the row above or
below. This indicates the changing
spectral content of the input signal with
time; i.e., components of the input sig-
nal change with time.

The bottom window shows the spec-
trum of the portion of the signal
“flagged” by the red marker at the left
side of the upper window. This marker
can be moved throughout the display to
display specific portions of the spec-
trum. As the marker is moved upward,
the display is moved backward in time
to recall earlier
spectrums,

Further
analysis of
bursts

Figure 2 shows
the 3052 operating
in the Amplitude vs
Frequency mode
with the alternating
bursts of 20 kHz and
30 kHz square
waves applied.

This display
shows the harmonics
contained in the two
bursts. They are in-

Wed Mar 8 19,43,88 1989

Figure 1. Typical input signal showing interleaved 20 kHz and
30 kHz pulses (simulation).

nents. The 3052 display reveals infor-
mation about the signal that cannot be
shown by most conventional FFT spec-
trum analyzers because they lack the
necessary frequency resolution and dy-
namic range.

The display in Figure 2 is a fairly typ-
ical spectrum analyzer display of the in-
terleaved 20 kHz and 30 kHz square
wave. It's possible, but very tedious, to
determine which spectral line is related
to which burst using this display. How-
ever, since the 3052 can display the in-
put signal as it occurs over time, resolv-
ing interleaved harmonics becomes a
relatively easy task.

Figure 4 shows a spectrum of the in-
put signal as it exists during the 20 kHz
square wave burst using the Spectral
Display mode of the 3052, This isolated
spectrum clearly shows the relation of
the fundamental and its harmonics.

TEKTRONIX 3052 DIGITAL SPECTRUM ANALYZER

Wfm B
]
1]

SPAN CENTER FREQ
1.00 Mz £00.000 0 kz

terleaved but clearly Figure 2. Normal spectrum of interleaved 20 kHz and 30 kHz

shown as distinct
frequency compo-

square wave bursts. It's difficult to determine which frequency com-
ponents are related to each square-wave burst from this display.
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3-D analysis ...

3052 DIGITAL SPECTRUM ANALYZER

923,08 1989
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Figure 3. Top window shows a color spectrogram of the input sig-
nal in terms of frequency, time, and amplitude. Bottom window
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shows the spectrum corresponding to the red marker on the left

side of the upper window.

Individual spectrums of interleaved
pulses can be separated as follows:

 Trigger the 3052

* Pause

« Scroll the 3052 through the display
memory to the location of a 20 kHz
burst spectrum

» Examine the 20 kHz display

» Scroll to the location of a 30 kHz
burst spectrum

« Examine the 30 kHz display

ticular zone on an input signal to transform
to the frequency domain and analyzer,

In addition, the 3052 has signal gat-
ing capabilities to further aid in signal
analysis,

Spectral event detection

With Option 10, the 3052 can also
provide a means of selectively trigger-
ing in the frequency domain to capture
and analyze elusive spectral transients.

. .. . . Using spectral event
Triggering in the time domain  detection, the incom-
The 3052 can be set to trigger on a va-  in8 signal (after fre-
riety of input conditions: quency transforma-
« Continuous tion) is continuously
« Start compared against a
+ Single-shot user-defined detec-
tion mask or enve-
Each of the modes has scope-like arm- lope (see Figure 5).
ing conditions, trigger slope control, and Signals that go out-
polarity selections. These flexible trigger-  side the mask area
ing modes are useful in selecting the par- are detected.
Amplitude mﬁl
/'I l‘ a-Upper mask limit
Specg ”ﬂh“l Imwm..— Incoming signal
Event <« Lower mask limit
Detected
—
Frequency

Figure 5. Spectral event detection using a user-defined mask.

Figure 6. The 3052 can be used in conjunction with the 2782 Mi-
crowave Spectrum Analyzer for rigorous modulation tests.

Figure 4. Spectrum of the 20 kHz burst as isolated by the 3052. A
similar display can be obtained for the 30 kHz burst.

Available for other applications

This is only one of many applications
of the 3052 Digital Spectrum Analyzer.
For additional information or a demon-
stration, contact your local Tektronix
Field Office or representative. See for
yourself the visible edge that the 3052
can provide in your measurements. And
be sure to tell them you heard about the
3052 in HANDSHAKE. [ S
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TECHNOLOGY UPDATE

Taking the plunge into DSOs

Digitizing Storage Oscilloscopes
(DSOs) have become important test and
measurement tools because they offer
some features that you just can’t get
from an analog scope. Not only will a
DSO capture and store a waveform, it
will analyze it and make a hard copy.

If you are thinking about moving
from analog scopes to a DSO, don’t
throw away what you know about ana-
log scopes. Many of the critical per-
formance specifications don’t change at
all. And you don’t have to compromise
basic scope performance to get the spe-
cial capabilities of a DSO.

First, let’s consider what makes a dig-
ital scope different from its analog
counterpart. Figure 1 shows the basic
block diagrams for an analog and a digi-
tal scope. The DSO captures waveform
data with an analog-to-digital converter
and stores it in memory. Once the wave-
form is in memory it can be processed
by the microprocessor(s) using a limit-
less variety of software techniques.

Choosing the right tool

Because digital and analog scopes do
the same basic task — letting you see
your signals — it's important to have
some guidelines that will help you decide
which is the right choice for the measure-
ments you're making. Sometimes the de-
cision between analog and digital is not
an easy one. Figure 2 provides a decision
tree that may get you started.

Fundamentally, there are three basic
questions to consider when you're con-
sidering changing from analog scopes to
DSOs:

 Will a digital scope do as good a

job as my analog scope at capturing
important events?

 Will it match my analog scope in

accurately capturing and measuring
my signals?

» Will it trigger as well as my analog

scope?

The answers to these questions are of-
ten buried in data sheets — or not avail-
able at all. The best way to answer these
questions is to put any scope you're con-
sidering to the test by using it to meas-
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ure your actual signals. However before
you do that, you can narrow the field
somewhat by understanding the basic
performance considerations of a digitiz-
ing scope. These are:

 Analog characteristics

e Digital characteristics

e Advanced features

The basic analog characteristics of
ANY scope — analog or digital — are:

e Bandwidth

o Amplifier performance

e Trigger functionality

 Time-base flexibility

Add to this the following basic digital
characteristics:

e Sample rate

¢ Vertical resolution

» Update rate

e Peak detection

* Record length

First make sure the DSO has the ana-
log characteristics to provide the perform-
ance you need. You don’t have to settle
for less performance just to get a DSO.

Bandwidth and sample rate. If
you're familiar with the way analog

scopes have traditionally been specified,
you might expect that a DSO would
have the same bandwidth for both sin-
gle-shot and repetitive signals. This is
not generally the case. A DSO’s single-
shot bandwidth relates directly to its
sample rate. The higher the sample rate,
the faster the signals the DSO can cap-
ture. An analog scope has what could be
considered an “infinite” sampling rate
and tends to outperform digital scopes
in the acquisition of high-bandwidth
single-shot signals.

Like the analog scope, however, the
DSQ’s repetitive bandwidth relies main-
ly on the speed of the scope’s analog
amplifiers, independent of the sample
rate. Generally higher than the single-
shot bandwidth, it might even be higher
than the sampling rate. So be sure to
look beyond the simple bandwidth spec-
ification on a DSO data sheet.

Vertical resolution. Other DSO char-
acteristics affect what might appear to
be analog performance. The vertical res-
olution determines the level of visual
detail available and the accuracy of
voltage and timing measurements. For

Analog Oscilloscope

Veritical
DL?Aaey Output
Amp
Vertical
Preamp
Ramp 1 Horizontal
: Trigger Time Output
Base Amp
Digitizing Oscilloscope
AD : D/A .
4 Converter | MermEry . Converter | \(/)elﬁgﬁl
b ‘r . | s |
Vertical | Processing 3
Preamp e -
- i L Clock : D/A | Horizontal J
| Trigger TiCr)nCe i Converter Output

Figure 1. Block diagrams comparing analog and digital scopes.
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Taking the plunge ...

A

Obvious
applications
for digitizing
oscilloscope

Signals: single-shot or
low repetition rate
Yes (low to moderate bandwidth)
Application needs: waveform data logging
mathematical analysis
waveform hardcopy
signal characterization

Signals: single-shot or
low repetition rate

~ (high bandwidth)

Application needs: positive

capture of infrequent

or random events "

Begin

Yes

A

These applications
still rely on the
strengths of
analog scopes

: Digitizing A Microchannel

i1 oscilloscope is Plate scope or

4 astrong Digitizing Camera
possibility may best fit demanding

applications

Figure 2. Choosing the right scope isn't always easy. This decision tree should help you

make that critical decision.

many measurements, such as rise time,
pulse width, and overshoot, the vertical
resolution may be more critical than the
sample rate. Tektronix provides at least
eight bits of vertical resolution (without
averaging) in its scopes because that's
what most applications require.

Update rate measures how fast the
scope can acquire, process, and display
waveforms. With a high update rate, the
scope will feel responsive, not sluggish.
Low update rate decreases throughput
in data logging or automatic test appli-
cations. It also reduces your chances of
capturing infrequent or random events.

Peak detection ensures that you
don’t miss important events. It lets you
operate even at slower sweep speeds
without losing information that might
otherwise fall between samples. Peak
detection also improves a DSQO’s signal
acquisition capabilities — allowing it to
perform as if it had a much higher sam-
pling rate.

Record length is the amount of mem-
ory available to store waveform data.
Long records cost more than shorter
ones, so you need to determine when
long record length is truly needed and
when another time function, such as
Peak Detection, Delay by Time, or De-
lay by Events will do the job just as well.

Advanced features available on digi-
tizing scopes add to their flexibility and
ease of use. GPIB programmability and
automatic measurement capabilities suit
the scope to data logging and automatic
test system applications. Stored setups
make routine measurements available at
the touch of a button. Automatic measure-
ments and waveform mathematics use the
scope’s computing power to quickly pro-
vide answers without hand calculations,
data transfers, or computer programming.

What's the answer?

Have you found the answer to those
three questions we asked earlier? Often,

the best way to answer these questions
is to compare a DSO side-by-side with
the analog scope you have been using.
Use the signals you normally encounter
to be sure that you'll get the desired re-
sults.

In some instances you'll find that
DSOs aren’t yet ready to provide the
performance you need. For example, a
high-bandwidth analog scope with a Mi-
crochannel Plate CRT will display fast
single events far better than a DSO.
And an analog scope with a built-in
counter can measure signal timing more
accurately than a digital scope. Also, an
analog scope provides a real-time dis-
play of signals without frequency alias-
ing or the lengthy processing cycles
sometimes found in digitizing scopes.

If a DSO’s basic scope performance
is not adequate for your signals you
won't gain anything by switching. Use
the guidelines in this article as well as a
thorough “road test” on your own sig-
nals to be sure any DSO you're consid-
ering will do the job well and assure a
successful transition.

Tek is ready when you are!
Digitizing scopes can open a whole
new world of possibilities to scope us-
ers. A DSO allows you to store, trans-
fer, or print waveforms. Numerical
computations can be performed on
waveforms either by the scope or in an
external computer. Wave shape moni-
toring and pass/fail testing can be fully
automated. As digitizing scope technol-
ogy continues to advance, the number
of applications in which you can use
this power is constantly expanding.

Tek DSOs are especially suited to
helping you make an easy transition
from analog to digital scopes. Special
digital signal processing capability, cou-
pled with a unique operating interface
based on the time-tested analog scope
front panel assures you of a digital
scope that operates and measures with
the same reliability and ease long asso-
ciated with Tek scopes.

We can help you make this difficult
choice. We'll send you a special signal
board to help compare digital scope per-
formance. Just check “Scope Evaluation
Kit” on the reply card in this issue.
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PRODUCT FEATURE

The Analytek Series 2000 Waveform Sampler

Analytek is a Cupertino, CA
company with experience in
card modular instrumenta-
tion. Tektronix is marketing
the Analytek Series 2000 as
a complement to their exist-
ing line of Tek digitizers.

The Analytek 2000PR1 Waveform Sam-
pler system is a complete measurement
system in a compact package. Because
of its flexibility, it can be expanded and
adapted to a wide variety of applica-
tions.

The Analytek Series 2000 Waveform
Sampling system is a very high perform-
ance card modular digitizer executed in
the popular VME format. It differs from
existing digitizers in several key re-
spects; the most immediately obvious is
its ability to pack a very large number of
channels into a very compact package.

But more important than the number
of channels is the performance. It has a
maximum sample rate of 2 gigasamples/
second, a dynamic range of 1500 to 1,
and the highest effective bits perform-
ance of any digitizer yet available up to
its bandwidth of 300 MHz. With the ad-
dition of the Series 2000, Tektronix of-
fers a complete line of digitizers cover-
ing almost any customer application
above 100 megasamples/second.

The Series 2000 is, in reality, a series
of products with the card modular archi-
tecture fundamental to the overall per-
formance of the system. The minimum
configuration of the system is a three-
card set: The 2000T time base and trig-
ger module; The 2000P processing and
control module; and at least one 2004S
sampling module. A chassis, a mono-
chrome monitor, and a mouse complete
the minimal system configuration.

The 2000P Processing Module in-
corporates a Motorola 68020 micropro-
cessor and imbedded firmware provides
an extremely powerful and easy-to-use

mouse-and-menu driven operating sys-
tem. Data processing features include
full system calibration as well as option-
al signal averaging, interpolation, inte-
gration, and digital filtering functions.
The mouse-and-menu approach to in-
strument setup and data manipulation
results in a truly operator friendly instru-
ment. It's easy to learn so you'll be using
the Series 2000 in record time and won't
want to go back to knobs and buttons!

The 2000T Timing Module offers a
full range of scope-like timing and trig-
gering features. Access to the 1 GHz in-
ternal clock, as well as the ability to ac-
cept an external clock, are via the front
panel. The 2000T provides both exter-
nal and internal (free running) repetitive
or single-shot trigger options, and data
can be taken in either pre-trigger or
post-triggr modes.

The 2004S Sampling Module con-
tains four input channels, each with
2048 data words of memory and each
capable of taking data at rates program-
mable up to 500 megasamples/second.
Alternatively, each sampling card can
be configured to function as a two-
channel sampler at 1 gigasample/second
with 4096 data words of memory, or as
a single 2 gigasample/second channel
with 8192 words of memory through
the use of the appropriate signal splitter.

The Series 2000 Waveform Sampler

owes its superlative performance to
Analytek's patented Microstore™ analog
memory unit — a fast-in, slow-out inte-
grated circuit capable of extremely fast
and accurate sampling with very low
noise levels. The Series 2000 achieves a
breakthrough dynamic range of 1500 to
1 based upon a 12-bit analog-to-digital
converter and offers performance of sev-
en effective bits accuracy at a signal fre-
quency of 300 MHz. Once acquired, the
data can be manipulated with the aid of
powerful routines incorporated in firm-
ware or exported for later reduction via a
built-in GPIB (IEEE 488.2) port.

The 2000PR1 Waveform Sampler sys-
tem is comprised of a 2000P processor, a
2000T timing module, and a single
2004S sampling module mounted in a
2000B benchtop chassis along with a
monitor, mouse, and splitter. Contact
your local Tektronix Field Office or
sales representative for additional infor-
mation including price and availability
of the complete Analytek waveform
sampler line. U.S. customers can call
(800) 366-5060 for information.

The strength of the Analytek Series
2000 is its flexibility and expandability
for multichannel applications. Watch
the next issue of HANDSHAKE for de-
tail of the system structure and how it
can be used in a variety of applications.
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CLASSES AND SEMINARS

Tektronix offers classes and seminars for the convenience
of customers with application, operational, or service training
needs. Workshop and class sizes are limited. We recommend
that you enroll early. Other classes are planned beyond this
schedule. We retain the option to cancel or reschedule class-
es, seminars, or workshops. '

Measurement technology seminars

The Tektronix Measurement Technology Seminar provides a
hands-on opportunity to explore the strengths and weaknesses of
digital and analog real-time oscilloscopes side-by-side. These 3 1/2-
hour seminars help to put the terminology and specifications in per-
spective. Seminars are designed for engineers, senior technicians,

and managers concerned with selecting the right tools to improve, *

productivity, repeatability, and accuracy. There is no charge for
these seminars, but reservations are required due to limited class
space. Call the number listed below and ask for the T&M Seminar
Coordinator to reserve a space today.

Wichita, KS (913) 541-0322 Oct 9-10
Omaha, NE (913) 541-0322 Oct 12-13
Salt Lake City, UT (801) 977-0100 Nov 7-9
Victoria, B.C. (604) 291-1222 Nov 14
Vancouver, B.C. (604) 291-1222 Nov 15
Seattle, WA ' (206) 885-0900 Nov 27-29
Portland, OR (503) 620-9100 Nov 30-Dec 1
Sacramento, CA (415) 932-4949 (Jenny)  Dec 4-5
Concord, CA (415) 932-4949 (Jenny)  Dec 6
Oakland, CA (415) 932-4949 (Jenny)  Dec7

San Mateo, CA (415) 932-4949 (Jenny) Dec 8
Santa Clara, CA (408) 496-0800 Dec 11-15

Seminars will be held in the Los Angles, Irvine, and San Diego
area between January 15 and February 2. Contact the local Tek-
tronix Field Office for exact dates.

Microwave measurement symposiums

Tektronix and Wiltron are jointly sponsoring microwave meas-
urement symposiums. These one-day symposiums consist of eight
technical presentations and live demonstrations designed to help
customers solve difficult microwave measurement problems. There
is no charge for these symposiums, but reservations are required
due to limited class space. Call the number listed below and ask for
the Tektronix-Wiltron Symposium Coordinator to Teserve a space
today.

Product service training classes

Tektronix Service Training provides new technicians the skills
and techniques required for effective maintenance of Tektronix
products. In addition, it brings experienced technicians up-to-date
on maintenance of new products. Call Tektronix Service Training,
1-800-835-9433, Ext. WR1407 to register for the following classes.

DSA 600 Digital Signal Analyzer
GURU II/GPIB Data Communications

Personal Computer (PC) User/DOS
Familiarization

RF Spectrum Analyzer Concepts

TM 500 Calibration Package

"TM 5000 Digital Counter/Multimeter

465B/475A Portable Oscilloscopes
49x/275x Portable Spectrum Analyzers
1240/1241 Logic Analyzers
2215/2235/2236 Portable Oscilloscopes
2230/2232 Digital Storage Oscilloscopes
2245/2246/2247 Portable Oscilloscopes
2430/40 Digital Storage Oscilloscopes
2465/2467 Microprocessor Based Scopes
2710 Spectrum Analyzer

7904/7633 Lab Storage Oscilloscopes
1130x Analog Programmable Scope
1140x Digitizing Programmable Scope
1180x Digital Sampling Oscilloscope

Beaverton, OR Jan 15-19

Atlanta, GA  Oct 16-20
Beaverton, OR Nov 27-Dec 1

Beaverton, OR Oct 11-13
Adanta, GA Oct 11-13
Beaverton, OR Jan 10-12

Beaverton, OR Nov 29-Dec 1
Beaverton, OR Jan 10-12

Boston, MA  Nov 6-10
Beaverton, OR Oct 30-Nov 10
Dallas, TX Jan 8-12
Beaverton, OR Jan 15-Feb 2
Beaverton, OR Dec 4-15
Dallas, TX Jan 15-19
Beaverton, OR Jan 9-19
Dallas, TX Jan 22-26
Beaverton, OR Jan 29-Feb 9
Irvine, CA Oct 30-Nov 10
Beaverton, OR Dec 4-15
Dallas, TX Dec 4-15
Beaverton, OR Oct 16-20
Beaverton, OR Oct 23-27
Beaverton, OR Jan 22-26

In addition to classroom instruction, Tektronix Service Training
has a variety of training packages and video tapes available for self-
study. Classes are also available for maintenance of other Tektronix

products. Call for further information.

New self-study training packages

These self-study training packages consist of a workbook, a vid-
eo tape, and a signal-source board to demonstrate the signal meas-

urement concepts.
Operating the 2211
Operating the 2224
Operating the 2232

068-0311-xx
068-0310-xx
068-0312-xx

Order self-study training packages through your local Tektronix

Saddlebrook, NJ (201) 636-8616 (Ellie) ~ Nov 14 field office or the Tektronix National Marketing Center — 1-800-
Melville, NY (516) 756-9690 (Betty) ~ Nov 16 426-2200. Other self-study training packages are available. For a
Santa Clara, CA (408) 496-0800 (Chris) = Dec 12-13 complete listing, check the HANDSHAKE Reply Card. m -
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