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JUST RELEASED!

Believable Performance at an Unbelievably Low Price...

A powerful, versatile, dual channel instrument that gives premium performance at a surprisingly low price.
Take a look at the outstanding features the 9410 brings to your bench.

100 MS/s single shot sampling rate
4 GS/s for repetitive signals

o 150 MHz bandwidth

T5Groy 841 DL 758 iz oL Loscone T = 2 independent channels

Long record lengths

standard, FFT and complex math optional)

Fully programmable, GPIB and RS232-C
Optional 512 K “credit card” mass storage

About the Cover ...

Cover: The front cover represents a stylized variety of waveform capture,
display, processing and generation functions characteristic of LeCroy digital
waveform instruments.

Top: Analog signal is captured and displayed. Digital representation is stored
and available for processing or other purposes.

Second: Modulated sine wave is captured and Fourier transformed.

Third: Noisy damped sine wave is captured and signal averaged, eliminating
random noise.

Fourth: Ragged high frequency sine wave generated from a DAC is captured
and “smoothed” in a digital scope.

Bottom: Digital data is converted to an analog waveform within an arbitrary
function generator, and is available for signal generation.

Automatic waveform parameter measurements

Signal processing (math, XY display, and averaging

Advanced trigger modes, including TV trigger

Due to the recent release of the 9410, details are not
contained within this catalog. For more information, please
either send in the return card, or call 1-800-5-LeCroy in the
USA or your local LeCroy office listed in Appendix G.



NEW PRODUCTS

Model 9424 Quad-Channel 350 MHz
Digital Oscilloscope

350 MHz bandwidth, 8- bit digitizing

100 MS/sec single shot; 10 GS/sec random mterleaved
sampling

Wide 50 K memory per channel

Large, bright display shows 4 traces simultaneously

2% DC accuracy and 0.001% horizontal resolution
Built-in arithmetic, XY mode, and pulse parameters
Simultaneous summation averaging on all channels
SMART triggers: FASTGLITCH, pattern, interval, TV, ...

LeCrov 72oossaﬁﬂ%~mm , | Model 7200 Modular Digital Oscilloscope

Anti-obsolescence — A plug-in based instrument that can
grow as needs and technology change

2-Channels, 4-channels, and more

1 GS/sec single shot; 20 GS/sec random interleaved
sampling

400 MHz bandwidth, 875 psec risetime

8 bits with enhancement to 11 bits

50 K memory per channel, with mass storage built in
SMART triggering — more than 25 options

FET, waveform math, averaging, statistics, trending
Control, decision making

Model 2112 High Resolution, High Accuracy
Arbitrary Function Generator

Two independent channels

Amplitude resolution, 12 bits

Flatness: <0.1 dB

DC accuracy of 0.3% into any load from 49 Ohms to 1 MQ
Both analog signal and digital pattern outputs

Supported by EASYWAVE® waveform creation software

Model 7900 Series Wavecorder Mass Memory
Digitizing System

Captures waveform data from 0-200 Mbytes/sec for each
of 2 channels

10-640 Mbytes of seaniless storage

Supports 8 or 12-bit sample sizes

Real time analog playback available

Supports VAX®, MicroVAX®, VME-based systems, and
IBM-PC/AT® hosts




The LeCroy Organization

= Corporate
Headquarters
Chestnut Ridge,
New York USA

European
Headquarters
Geneva,
Switzerland

LeCroy Corporation is a 26 year old, service-oriented U.S.
owned company with extensive R&D and manufacturing
both in the USA and in Europe. It has wholly-owned sales
and service organizations in six European countries and
regional sales/service-centers and field sales engineers
throughout the USA. Representatives are used in other
locations. LeCroy’s dedication to local product support and
service is manifest in its responsive service facilities and its
selection of consultative sales engineers and service-
qualified distributors.

Structurally, LeCroy is comprised of dynamic business units,
each responsible for defining, developing, marketing, and
producing its own products.

Automated Test Systems Division (ATS):

Responsible for Modular Digitizer Systems in the |IEEE-583
(CAMAC) standard, and LeCroy’s latest high performance
benchtop digital oscilloscopes, Series 7200.

Research Systems Division (RSD):
Responsible for ultra-wide-memory modular digitizer
systems (7900 Series Wavecorder), and all high energy
physics research products.

Interactive Test Instruments Division (ITI):
Responsible for high performance portable digital
oscilloscopes.

Signal Sources Division (SSD):
Responsible for Arbitrary Function Generators and an
expanding line of other signal sources.

Sales and Service Division (CSD):

- Responsible for field sales, service and customer support,
the LeCroy sales organization represents all LeCroy
divisions and markets, worldwide.
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Tel: (914) 425-2000 « FAX: (914) 425-8967 « TELEX: 710-577-2832

Twenty-six Years of Service and Growth

1990 marks LeCroy Corporation’s twenty-sixth year of
service to engineers and scientists in the field of high-
speed electronic measurement instrumentation, and
our twenty-sixth year of steady growth.

We are grateful for the acceptance shown our products
over the years. To find our instruments serving working
engineers and scientists in so many diverse areas of
research, development and manufacturing is a great
source of pride and satisfaction.

Our consistent aim has been to provide imaginative,
reliable instruments...instruments that meet real needs,
and that represent the best solutions that current
technology can offer to the problems they address.

Our strategy for our own success is straight-forward:
we try to do whatever is necessary to make our cus-
tomers successful. This is reflected, we think both in
the features of our products and in the level of service
and support we provide to our users.

Wherever it makes sense, we welcome the opportunity
to become partners with our users, bringing joint
resources to bear on problems in a more effective way
than the usual buyer-seller relationship permits. This
helps our users, and it helps us. We learn about the
strengths and weaknesses of our products and the real
needs of our users, making sensible product improve-
ment possible. We encourage similar relationships
with our own vendors. Teamwork pays, for everyone.

If you are presently among our customers, we’d like to
express our gratitude and the hope that we can
continue to be of service to you. And if you are not,
please give us an especially careful look. Perhaps
some of our products can help make your next project
a little surer, more straight-forward, more rewarding.

Walter O. LeCroy
Chairman of the Board




Welcome to LeCroy’s 1990 Catalog and
Reference Guide to Digital Waveform Instruments
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This publication is the first complete compendium of
LeCroy waveform generation and measurement
products oriented to the research, test and measure-
ment fields. It provides selection guides, descriptions
and specifications in enough detail to enable you to
select items for demonstration or further consideration
that are most appropriate for your application. How-
ever, this edition of the catalog does not document the
entire LeCroy product line. A separate volume contains
our instruments for High Energy Physics research.

As the attributes of digital wavefrom instruments involve
concepts foreign to their analog counterparts, a
selection of tutorial material is included in this book for
ready reference. A convenient glossary in the Appendix
defines terms used herein, and a tutorial section
describes concepts from the fundamentals of waveform
digitizing and digital oscilloscopes to the hows and

whys of arbitrary function generators. Other convenient
references, like cable attenuation charts, conversion
factors, and resistor codes are also provided.

In addition, realizing that digital instruments generally
cost more than their analog counterparts, attention is
given to explaining how conversion to digital waveform
instruments pays in the long run. Hopefully, the
concepts presented therein will be of interest to you.

LeCroy instruments strive to give you the high perform-
ance and convenience of operation that you should
expect from your equipment. Similarly, this catalog and
reference guide is intended to help make the decision
process more efficient.

Please feel free to call if we can be of further service.

CREDITS

ASYST is a registered trademark of Asyst Software
Technologies Inc.

Centronics is a registered trademark of Data Computer
Corporation.

Compaq, Compagq IlIl and Compaq 386 are trademarks of
Compag Computer Corporation.

EASYWAVE is a registered trademark of LeCroy Corporation.
Epson is a registered trademark of Epson America, Inc.

FASTGLITCH and WAVEFORM CATALYST and SMART are
Trademarks of LeCroy Corporation.

Graphtec is a registered trademark of Graphtec Corporation.

HP, Thinkjet, Quietjet, and Laserjet are registered trademarks
of Hewlett Packard Corporation.

IBM,IBM PC,IBM PC/XT,IBM PC/AT, and IBM Personal
System 2 are registered trademarks of International Business
Machines Corporation.

MS-DOS is a registered trademark of Microsoft Corporation.
PC-2 and PC-2A are trademarks of National Instruments Inc.
Philips is a registered trademark of Philips Test &
Measurement Inc.

VAX, MicroVAX, VMS, QBUS, and UNIBUS are registered
trademarks of Digital Equipment Corporation.

© 1990, LeCroy Corporation. LeCroy is a registered trade-
mark of LeCroy Corporation. All right reserved. Information in
this publication supercedes all earlier versions. All specifica-
tions within are subject to change without notice.
20M-CMA-10 :

UNIX is a registered trademark of AT&T
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Introduction

The LeCroy Tradition

1964 1970 1975 1980 1985
LeCroy
Founded
TR8818 and TR8828
High Density 100/200 MS/s Digitizers
Multi-Input win IR100 Awards
Digitizer | B
Systems
3001 gVt
Charge/Voltage/ I
Time Digitizer

WD2000
1 GS/s Real Time

Transient Digitizer 6880 1.3 GS/s

Real Time
Transient
Digitizer wins
IR100 Award

1986 1987 1988/9 1989

7200 Digital
Oscilloscopes in
modular format
D 424 with 1GS/s real
9100 Dual 200 scopes with time sampling,

built-in hard disk

Megapoint/sec  SMART triggering, et ple

Arbitrary analog feel and

Function extensive signal processing
9400 Dual Generator wins  processing
Portable Digital |R100 Award
Oscilloscope
wins IR100
Award

LeCroy Corporation was established in 1964, designing and
producing equipment for High Energy Physics research. It has
since risen to become the major supplier of modular, high-
speed, high precision analog and digital measuring instru-
ments for a wide range of basic research disciplines. These
products include instruments for small pulse measurement,
high-rate pulse counting, precise time interval measurement,
precise coincidence measurements, multichannel analysis,
high speed waveform digitizing, analog and digital fiber optic
signal transmission, and programmable high voltage distribu-
tion systems. Full details on those research instruments
geared to the Physics Research field may be found in the
LeCroy Nuclear Products Catalog, available upon request.

SINCE LeCROY'S EARLY YEARS IN PHYSICS
RESEARCH INSTRUMENTATION, "INNOVATION"
HAS BEEN ITS GUIDING PRINCIPLE

The principle characteristic of LeCroy's research-oriented in-
struments has always been "innovation”, a tradition so strong
that it has been the company's slogan, "Innovators in Instru-
mentation”. Starting in the 1960's, LeCroy pioneered the
development of precise, high density instruments, first pack-
aging one channel, and then 2,4,8,12,24,48, and then 96
channels of complete, independent charge and time measure-
ment into individual modular plug-ins. Today there are sys-
tems with up to 30,000 individual time or analog signal meas-
urement channels of LeCroy instruments in operation in
physics research environments.

LeCroy was the first to pioneer the use of custom hybrid
circuits and monolithics in such measuring instruments, the
first to create a multichannel analyzer for the spectroscopy
market that measured charge and time as well as voltage, the
first to provide large scale computer-controllable high voltage
distribution systems. Even as early as1969, LeCroy was
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marketing a 1 nsec per sample real time waveform digitizer,
truly a revolution from then-current travelling wave and
storage oscilloscope fast signal measurement techniques.
LeCroy's tradition of innovating has earned multiple recogni-
tions in the form of IR-100 Awards, sponsored by the “Re-
search & Development” journal. Six such awards for new
products recognized in the “100 most significant new techni-
cal products of the year” were awarded to LeCroy since 1983.

LeCROY PRODUCTS GO BEYOND THE EXPECTED,
OFFERING CAPABILITIES THAT FACILITATE
AUTOMATION AND REPLACE OTHER INSTRUMENTS

The products covered by this catalog have been developed
by applying research measurement techniques to the prob-
lems in Test & Measurement. Because of the company’s
different background, the instruments that have resulted are
different from those generally offered by traditional suppliers.
For instance, since the physics research products were digital
and computer-based from inception, LeCroy instrument
development more fully exploited and made greater use of
digital rather than analog-only technology. LeCroy products
don't just use digital measurement and storage techniques
to make the common functions easier to use, but to extend
the instrument’s capability. One good example of this is the
extensive signal processing that is connected with each
instrument. This capability facilitates automation, getting an-
swers (not just data), and permits emulating and thus replac-
ing other instruments. '

Other differences are speed, accuracy and reliability. LeCroy
products grew up in an environment where 100 MHz was
deemed slow. A lot of proprietary technology had to be
developed to support wide bandwidth, low noise instruments.
Extensive custom IC’s offered greater performance than
would be available if the company were solely dependent
upon commercial suppliers. LeCroy products typically excel
at higher frequencies. For example, while the cost of a DSO
is a strong function of its bandwidth, this is very often where
its performance becomes marginal. The area for which you
pay a premium is where it misbehaves! Not so with LeCroy.
Our instruments are designed to operate “at speed,” provid-
ing assured fidelity of the measurements without introducing
aberrations or distortions.

vi

The uniqueness and appropriateness of high performance feattres in
new LeCroy instruments has led to continual recognition in the form
of IR-100 awards for the most significant new products of the year.

LeCROY ADVERTISES SPECIFICATIONS THAT APPLY AS
THE GENERAL RULE, NOT AS THE EXCEPTION

Accuracy in measurement is part of the tradition required by
the heritage of serving research disciplines. These areas,
habitually subjecting data to computer calibration and analysis,
have demanded unquestioned accuracy. LeCroy instruments
that have grown out of this environment typically offer more
resolution (indicated by memory length, bits, or signal-to-noise
resolution) than comparable equipment.

In the field of particle physics, experiments run 24 hours a day
for months or even years in remote operating areas subject to
harsh electrical and other operating conditions. LeCroy instru-
ments have had to be very reliable...another tradition which
increases the value of the T&M products. You can see this
tradition in the long warranty periods and guaranteed 3-day
service turnaround offered, and in products that self calibrate
so that preventive maintenance is virtually non-existent.
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The tradition of innovation has even carried through to
aesthetic aspects of LeCroy T&M equipment. Digital scopes
are designed with a very easy-to-use “analog feel,” intended
to make the transition from the analog scope world to the
digital scope world as transparent as possible in complexity to
the new user. The displays on LeCroy scopes are large and
bright, quite a contrast from that classically expected of oscil-
loscopes. In the latest LeCroy oscilloscope product, the
instruction manual is even built in and readily accessible.

LeCROY TRADITION DOESN'T STOP WITH INNOVATIVE
TECHNICAL ACCOMPLISHMENTS. IT CARRIES
THROUGH TO THE TO WAY THE COMPANY SERVICES
ITS CUSTOMERS AND CARRIES ON ITS BUSINESS.

“Service” is a key philosophy throughout LeCroy’s facilities.
Innovative service products that insure rapid solutions to user
problems are available. LeCroy endeavors to provide field en-
gineers who are capable of understanding your needs and
adapting solutions to meet them. |t provides competent and
helpful field engineering assistants who delight in handling all
the administrative details associated with quotations, comple-
tion of forms and certifications, order negotiations and accep-
tance, delivery expedites, and post-sale follow-up functions.
LeCroy service managers and customer service representa-
tives take pride in finding solutions to application or usage
questions.

Implementing this service philosophy has recently resulted in
LeCroy receiving the prestigious honor of the National Small

LeCroy Corporate Headquarters, located near metropolitan New York
in Chestnut Ridge.

LeCroy European Headquarters in Geneva, Switzerland.

Vii
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Region Il Small
Business Subcon-
tractor of the Year
award. LeCroy also
won the National
Award in the

same year.

The President's

“E’ Award for
excellence in
exports, recently
awarded to
LeCroy.

the Export Expansion
of America

viii

Business Subcontractor of the Year. The circumstances
leading to this honor involved many years of close working
relationship with Los Alamos National Laboratory, through
appropriate products, close administrative support, rapid
deliveries, and exemplary repair service.

It has also resulted in an award for serving the nation for
excellence in Exports. In 1988, LeCroy received the coveted
President's “E” Award, for excellence in Exports. At least half
of LeCroy business originates outside of the U.S.A. A series
of direct sales and service subsidiaries as well as competent
distributors help carry LeCroy service philosophy to other
areas of the world. Continued growth and success is a
tribute to the influence of LeCroy’s traditions and practices.

Take a look at LeCroy. See a demo of a LeCroy instrument
or system, rent a LeCroy scope or signal source, borrow one
from a field engineer or borrow one from your neighbor.
LeCroy instruments will not disappoint you.
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Justifying Digital
Instruments

Why Digital Instruments?

In many ways, the practical benefits of digital instruments
such as the digital oscilloscope over their analog counter-
parts can be demonstrated by comparison to the word
processor’s superiority over the typewriter.

The word processor has never been price competitive to the
typewriter. Then why do managers accept the new technology
which is five to ten times more expensive than the traditional
equipment? On the surface, the functions and applications
are the same: the creation of documents. The answer is that
word processing does MORE, offering capabilities which are
either impossible for a typewriter to perform or that improve
productivity. Similarly, while the functions of both kinds of
scopes appear to be identical, ie., waveform recording, it is
the added capability, generally leading to increased produc-
tivity, that justifies the premium of the digital technology.

As with the word processor, the digital oscilloscope achieves
much of its power because it stores the information in mem-
ory. Once there, it can be viewed and processed as much as
necessary to obtain the desired result.

Similar to the word processor’s capturing a text document for
operator editing and automated processing for spelling,
formatting, or typesetting, the digital scope captures a wave-
form for operator manipulation (using expansion and cursors)
and then automatically processes it to detect errors, extract
precise measurement information, translate it into a format
more readily understood, eliminate interference from random
noise or known perturbations, and even make decisions
(including generation of signals to control external equipment)
based upon operator-entered standards or pre-loaded
“golden” waveforms.

Just as with the word processor, digital scopes can operate in
conjunction with magnetic disks or central computers for
storage of information, maintaining frequently used settings of
the equipment, or transferring applications between workcen-
ters. Not to be forgotten is the printed output. The ability of a
digital scope to transfer its waveform data or processed
information to plotters, printers or desktop publishing systems
greatly facilitates generation of reports, publications, and
historical files of important work.

This practical analogy between the word processor and the
digital oscilloscope carries further to the general role they play
in the workplace. Compared to the typewriter, which requires
highly specialized operators, the word processor (in the form
of a personal computer) is a comprehensive tool for a broad
range of applications that can be operated by individuals with
responsibilities as different as typist or president, and with
widely-separated skill or training levels.

So too with digital oscilloscopes. With their added power, they
are able to replace a wide variety of conventional equipment
that would otherwise require separate purchase and separate
operator training. As important as the obvious economic
aspects, these tools are available when they are needed.
Typically the oscilloscope is used in problem-solving and
investigative applications. The ready and convenient access
that comes from having many functions in a single familiar
instrument can make the difference between being able to find
an answer or not, or can convert a week’s project into a
several minute task.

Why LeCroy Digital Instruments?

LeCroy digital instruments generally have characteristics
which make them different, sometimes more expensive,
and, frequently better. Unlike instruments created by firms
who for many years made the corresponding analog product,
there is little tendency for LeCroy products to limit perform-
ance by emulating that of the traditional product (e.g. provid-
ing only 6 bits resolution or several percent accuracy), or to
limit features, such as to protect the market for traditional
products.

LeCroy digital instruments have their heritage in research
laboratory instrumentation, where measurement fidelity,
flexibility, fast signal processing, and remote control are
primary requirements. This background has encouraged
LeCroy to approach measurement problems from a direction
that emphasizes capability and performance. LeCroy tries to
make digital instruments do as much as they can possibly do,
and do it better. The instruments frequently incorporate
innovative features (trending, histogramming, SMART trigger,
sequence mode, and long memories to name a few in
oscilloscopes) which provide users with poweriul new tools
that extend the ease of use, accuracy, utility and productivity
beyond that which is commonly available. Some benefits of
this product philosophy follow.
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Multi-Function Capability

With traditional instruments, each function in a system
requires a separate piece of equipment, additional operator
training, and often complex means of interconnecting or
systemizing the individual instruments.

With digital instruments, the built-in memory and
microprocessor(s) give them a unique ability to process
data in different ways. Comparative functionality of
Digital Oscilloscopes and Arbitrary Function Generators
with conventional instruments is presented in the
following table:

A Digital Oscilloscope
has much of the
functionality of:

Instrument Est. Cost
Real Time Storage Scope $ 7000
Sampling Scope $ 9000
Digital Voltmeter : $ 5800
AC Voltmeter $ 2000
Spectrum Analyzer $12000
Frequency Counter $ 2000
Scope Camera $ 300
Strip Chart Recorder $ 800
X-Y Recorder $ 800
Time Domain Reflectometer $15000
Network Analyzer $30000

One fast AFG has
much of the
functionality of:

Instrument Est. Cost
Function Generator $2500
Sinewave Generator $1600
Pulse Generator $3000
Protocol Analyzer $4000
Digital Word Generator $7200
Sweep Generator $4000
Frequency Synthesizer $7500

This flexibility allows one instrument to replace many, with
substantial savings in investment, space, system complexity,
software development, training, and maintenance.

Productivity Gains

A major contribution of digital instruments to productivity
is made through their facilitation of automation. Digital
scopes and AFGs not only measure or generate signals via
digital techniques, they are also fully digitally controllable and
are optimized for use with digital computers for operational
control and decision-making. While this does not usually
eliminate the need for a human operator, automated or remote
control increases the rate of testing considerably, and in some
cases, is the only practical way to adequately exercise today’s
increasingly complex devices.

In addition to being fast, automated instruments are
tireless. They happily perform the same measurements,
without error, repeatedly day after day and are particularly
well-suited to repetitive tasks that both consume and bore
highly qualified personnel. There are many productivity gains
that can be developed through improving quality or performing
tasks with less expensive personnel.

Automated applications have traditionally been difficult and
expensive to implement due to the many different instruments
that were required and the complexity of programming them.
Digital instruments offer a versatility that greatly simplifies the
test system organization, and are supported by a wide variety
of advanced software tools which significantly reduce system
implementation time.
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The following table highlights some of the features of LeCroy
instruments that support automation and productivity gains.

Built-in Signal Processing: Many LeCroy digital instru-
ments offer high speed processing (FFTs, averaging,
pulse parameters, histogramming), designed to support
rapid analysis ‘and data collection with little or no operator
programming or intervention.

High-speed GPIB: LeCroy high-speed data transfer soft-
ware/hardware can achieve rates that are notably faster
than other instruments (eg., 400 KB/s under actual
laboratory conditions).

Auto-setup: Most LeCroy digital scopes can set their own
controls based upon the signal received. This process
simplifies programming and enables the instrument to
capture and store signals with unknown characteristics.

Familiar Panel: LeCroy
digital scopes look and
operate like the analog
scopes with which operators
are familiar. This virtually
eliminates initial training
time, reduces errors, and
makes it possible for these
instruments to become
general purpose equipment
for both experienced and in-

experienced people.

High Performance: High-frequency instruments are pre-
ferred in automated applications since they can more
readily measure unanticipated worst-case conditions.

Multichannel Capability: Remote controlled test stands
frequently require relatively large numbers of waveform
acquisition and generation channels. The multichannel,
often modular nature of LeCroy instruments is designed
specifically to facilitate creation and operation of such
systems.

LeCroy Features that Enhance Automation and Productivity

4 independent inputs

Multiproduct Compatibility: LeCroy products are
designed to operate together, and facilities are provided for
transferring data and set-ups between instruments, using
common interfaces or hard copy devices.

Software Support: LeCroy T&M products are supported
by an extensive library of LeCroy software products for
control, analysis, archiving, and calibration that allow
obtaining immediate results, often without programming.
One doesn't have to spend weeks learning how to do
traditionally complicated things, such as creating wave-
forms for an arbitrary function generator, automating a
series of scope meas-
urements or setting up
an oscilloscope
metrology workstation.
In addition, there is also
compatibility with a
large selection of third
party programs such as
ASYST, Labwindows,
Labview, ILS, WAVE,
and Compuwave, that
facilitate generation of
custom programs.

Xi
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Capability Gains

The increased capability offered by digital instruments allows
the user to do things that are extremely difficult or impossible
with traditional instruments. The benefit can range from
convenience (eg., being able to direct an image of a
digital oscilloscope screen directly to a desktop publish-
ing system to ease report generation), to changing the
way in which measurements are made (eg., using arbi-
trary waveforms to exercise devices under test with a
variety of worst-case signals).

In many areas, the new capabilities provide the essential
tools to take advantage of technological developments. A
good example of this is a digital scope's ability to capture and
display low-rate glitches. This is a critically important diag-
nostic tool for the development and testing of the ever-more
complex digital circuits. Likewise, the ability of an AFG to
create signals with glitches (or random noise) has become
very important in the development of communications
systems such as local area networks.

LeCroy digital instruments are distinctive in that they provide
the broadest array of capability enhancing features as
indicated by the table below:

LeCroy Features that Provide Capability Gains

FEATURE vs. CAPABILITY GAIN
Digital Oscilloscopes

Long Memories: Protection
against aliased results at
slower timebases; X100
expansion; better time res-
olution; easier to capture
transients.

Sequence Mode: Captures waveforms at highest rate;
ideal for video; enables time resolved measurements.

Dual Zoom: Expand two sections of the same or different
traces.

Individual ADCs: Simultaneous sampling on all channels;
no reduced sampling rate with increase in channels.

8-bit Resolution: Four times the accuracy and dynamic
range of 6 bits; <1% measurements.

Enhanced Accuracy: Up to 11 bits for transient signals at
reduced bandwidth.

Signal Averaging Modes: Up to 14 bits for repetitive
signals; optimize for accuracy or update rate.

30-50K Point FFTs: Higher frequency resolution.
Vector Display: Crisp, closest to analog-type display.
Multi-trace Display: View raw and processed data on

same screen; overlay raw, processed or stored (reference)
waveforms.

Pulse Parameter/Cursor Measurements: High accuracy
measurements of amplitudes, times, delays, frequencies;
on screen with trace.

Waveform Math: +,- x,/ different waveforms, integrate,
differentiate, square root, log, etc.; on screen with trace.

Chain Calculations: Compound processing in real time
(eg., average the FFT or FFT the average).

Trigger: Capture waveforms based upon pulse width
(glitch), interval, state qualified, time/event qualified, or
pattern criteria.

Auto Save/Recall: Record and playback up to last 2000
traces.

Disks/DOS File: No programming for MS-DOS machines;
Structure personal waveform and setup disks; floppy distri-
bution of scope enhancements.

Autosequence: Learned keystroke sequences automate
frequent operations.

Program Language: Scope control language supports
automated GO/NO-GO testing and decision making in
instrument without external computer.

Multi-media Output: Plots screen on printers, plotters,
and desk-top publishing systems.

Statistics/trending: Powerful analysis buiit in.

High-speed Transfers: >400 MB increases system
throughput.

Common GPIB Commands: Control compatibility
between instruments.
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LeCroy Features that Provide Capability Gains

Arbitrary Function Generators

Dual Channel: Simultaneous testing; waveform mixing;
differential signal output.

Long Memory: High fidelity reproduction of longer signals.

Non-volatile Storage: Enables immediate download without
calculation or transfers.

Waveform Linking: Increases the effective waveform length
to billions of points.

Multiple Function: Allows operation as pulse, function or
arbitrary function generator.

External Summing: For mixing with other waveforms.

Digital Outputs: Generates high-speed digital se-
guences.

EASYWAVE Software: Simplifies creation of waveforms
or digital patterns using either equations, library elements,
spreadsheet editor, or transfer from a digital oscilloscope.

Self Calibration: Ensures high accuracy, < 1% for 8-bit,
< 0.3% for 12-bit.

Parameter Scaling: Delay, frequency, amplitude and offset
can all be rescaled in real time without editing memory data.

Multiple Trigger Modes: Provides unparalleled flexibility.

Mixed Signal Outputs: Analog and digital outputs are
simultaneously available.

Frequency Stability: Crystal reference phase locked loop
time base maintains frequency to 5 ppm.

Digital Oscilloscope Compatability: Permits “single
button” transfer of waveforms captured by LeCroy digital
oscilloscopes.

Low Harmonic Distortion: Guarantees precise generation
of high frequency signals.

Xiii




Introduction

Economic Justification

Creating an economic justification for any piece of capital
equipment generally involves balancing the true cost of
ownership against the gains in productivity resulting from the

use of the product.

The true cost of ownership reflects all the costs associ-
ated with the product, including those incurred after
delivery. This calculation is also a useful method of compar-
ing products on a cost basis. To arrive at the cost of owner-
ship, estimate the following expenses and add them up.
(Note: Appendix H provides an example of the cost of
ownership and productivity calculations)

Equipment Cost
+
Financing Charges
9

Maintenance Contracts
+
Service Costs

+

Periodic Maintenance

Lost Opportunity/
Business Interruption

Software Update Charges
+

Personnel Training

Software Development

Product Life/Obsolescence

Total Cost of Ownership

The basic cost of the equipment. If an instrument is multi-functional, then allowances need
to be made to reflect the other instruments replaced. [See table on Page x]

Typically 50% of purchase price if lease-purchased.

If required, can be up to 10-15% of purchase cost. [LeCroy has available post-warranty
extended maintenance at 6% of the equipment cost per year]

Estimate of typical repair cost times the number of expected failures over the life of the
product. [The reliability of digital instruments, spurred by requirements in the military,
commercial and communications sectors, is extremely high. The long MTBF’s enable
LeCroy to offer longer (2 year) warranties].

Is calibration or calibration-confirmation required? If so, how often and by whom? Must the
equipment leave the premises for simple confirmation of operation? The cost is the
frequency of maintenance over the life of the product times the cost per event. [LeCroy
digital instruments are self-calibrating and little, if any, periodic maintenance is required.
For scope users required to certify traceability to NBS, LeCroy can provide this as a service
or users can purchase the CALSOFT calibration package].

Organizations suffer significant costs whenever equipment is down for maintenance. These
costs are typically incurred for as long as the equipment is out of service, and this varies
from day to weeks depending on the manufacturer. Costs may be calculated by consider-
ing one or more of: overtime premium for personnel, lost gross profit on lost revenues,
direct and overhead costs added due to project delay, purchase of spare equipment.
[LeCroy offers a guaranteed 2-day service turn-around plus yearly calibration and other
services as part of its Blue Ribbon Service Plan available at a nominal cost].

Some manufacturers charge for bug-fix upgrades. [Covered in LeCroy warranty].

Estimate of the time required for initial familiarization plus periodic refreshers, if necessary.
[Digital instruments like LeCroy's, whose controls operate similarly the familiar analog
counterparts greatly reduce time and cost of special training. LeCroy’s products also go to
great lengths to preserve software and operational compatibility between products, so
experience with one instrument is easily transferred to the next].

This is often one of the major costs of ownership for modern instruments. Like mainte-
nance, it has both direct expense and lost opportunity costs associated with it. [LeCroy
products minimize this investment by:

E  Building many applications into the instruments (eg., FFT, waveform processing, pulse
parameters, loading AFG waveforms from DSO acquisitions).

B  Maintaining compatibility with commercially developed signal processing and
instrument control packages.

B Providing LeCroy supported software packages that perform most of the device
dependent operations.

B Supporting users with technical “hot lines”.

The useful life of high-performance equipment is determined in large part by when its
design is overtaken by technology. Is the equipment state-of-the-art to begin with? Is it
supported after sale with upgrades? Is it expandable? Is it modular so it can take
advantage of future changes in technology? If a product exhibits a longer useful life, then
its comparative cost of ownership is proportionally decreased. (For example, adding one
year to a three year life extends the life by 33%, providing a significant reduction in the
yearly costs). [LeCroy digital products reduce obsolescence by providing modularity which
allows upgrading or expanding as requirements or technology changes, and through
making available software upgrades which improve the future versatility.]
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Customer Service Information
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PRODUCT ASSISTANCE

Answers to questions concerning
installation, calibration, and use of
LeCroy equipment are available from
your local field service office or from our
Customer Services Department, 700
Chestnut Ridge Road, Chestnut Ridge,
New York 10977-6499, (914) 425-2000.

If calling the factory, select the extension
according to the following:

Digital Scopes (9400 Series): X3290
Digital Scopes (7200 Series): X6042
Wavecorder Systems: (7900 Series):
X6015

Signal Sources: X3180

WARRANTY

LeCroy warrants its instrument products
to operate within specifications under
normal use and service for a period of
one year from the date of shipment.
Component products, replacement parts,
and repairs are warranted for 90 days.
This warranty extends only to the original
purchaser. Software is thoroughly
tested, but is supplied “as is” with no
warranty of any kind covering detailed
performance. Accessory products not
manufactured by LeCroy are covered by
the original equipment manufacturer’s
warranty only.

In exercising this warranty, LeCroy will
repair or, at its option, replace any
product returned to the factory or an au-
thorized service facility within the
warranty period, provided that the
warrantor's examination discloses that
the product is defective due to workman-
ship or materials and has not been
caused by misuse, neglect, accident or
abnormal conditions or operations.

The purchaser is responsible for the
transportation and insurance charges
arising from the return of products to the
servicing facility. LeCroy will return all in-
warranty products with transportation
prepaid.

This warranty is in lieu of all other
warranties, express or implied, including
but not limited to any implied warranty of
merchantability, fitness, or adequacy for
any particular purpose or use. LeCroy
will not be liable for any special, inciden-
tal, or consequential damages, whether
in contract, or otherwise.

SOFTWARE LICENSING AGREEMENT

Software products are licensed for a
single machine. Under this license you
may:

« Copy the software for backup or
modification purposes in support of
your use of the software on a single
machine.

o Modify the software and/or merge it
into another program for your use on a
single machine.

» Transfer the software and the license
to another party if the other party
accepts the terms of this agreement
and you relinquish all copies, whether
in printed or machine-readable form,
including all modified or merged
versions.

UNPACKING AND INSPECTION

LeCroy recommends that the shipment
be thoroughly inspected immediately
upon delivery. All material in the
container(s) should be checked against
the enclosed Packing List and shortages
reported to the carrier promptly. If the

shipment is damaged in any way, please
notify the carrier. If the damage is due to
mishandling during shipment, you must
file a damage claim with the carrier. The
LeCroy field service office can help with
this. LeCroy tests all products before
shipping and packages all products in
containers designed to protect against
reasonable shock and vibration.

SERVICE PROCEDURE

Products requiring maintenance should
be returned to the factory or authorized
service facility. If under warranty, LeCroy
will repair or replace the product at no
charge. The purchaser is only respon-
sible for the transportation charges
arising from return of the goods to the
service facility.

For all LeCroy products in need of repair
after the warranty period, the customer
must provide a Purchase Order Number
before any inoperative equipment can
be repaired or replaced. The customer
will be billed for the parts and labor for
the repair as well as for shipping.

RETURNS

All products returned for repair should be
identified by the model and serial
numbers and include a description of the
defect or failure, name and phone
number of the user. In the case of
products returned, a Return Authorization
Number is required and may be obtained
by contacting the Service Office in your
area. Any returned goods should be
shipped in the original packaging
material. Returned goods that have not
been packed in the original packing
material and have been damaged in
shipping will not be repaired under
warranty. Any goods returned for cradit
are subject to a 20% restocking charge.
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LeCroy USA Service Offices:
Chestnut Ridge, NY (914)578-6059
Albuquerque, NM (505) 293-8100
Pleasanton, CA (415) 463-2600
Manassas, VA (703) 368-1033

LeCroy International Service Offices:
Switzerland: LeCroy SA

(022) 719.21.11

West Germany: LeCroy GmbH
(06221) 49162

France: LeCroy SARL
16.907.3897

United Kingdom: LeCroy LTD
(0235) 33114

Italy: LeCroy S.r.l.

(06) 302.96.46
Belgium/Netherlands: LeCroy B.V.
(04902) 89285

LeCroy Corporation Headquarters
700 Chestnut Ridge Road

Chestnut Ridge, NY 10977-6499 USA
Tel: (914) 425-2000

TWX: 710-577-2832

INNOVATIVE SERVICE AND
EXTENDED WARRANTY OPTIONS
FOR SUPERIOR PRODUCT SUPPORT

Blue Ribbon Service

Extended Warranty

Calibration

Supplemental Support Agreement
On-Call Repair Service

Expedited Repair Service
Installation and Training

Training Seminars and Programs

Even the most advanced and sophisti-
cated test instruments may suffer
degraded performance if they are not
properly maintained. Many LeCroy
customers are well-satisfied by the
LeCroy reputation for high quality and
the standard warranty covering parts and
labor. However, you may wish to
implement additional service and
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warranty provisions to ensure continued
peak performance of your LeCroy
instruments.

Calibration

LeCroy, as well as most other manufac-
turers, recommends annual calibration of
test instruments. Standard calibration
certifies that LeCroy products meet all
published specifications. Most wave-
form measurement products, including
digital oscilloscopes, can be certified
according to MIL-STD 45662 using
sources traceable to the National Bureau
of Standards.

Blue Ribbon Service

e Guaranteed three-day turnaround on
repairs

e Toll-free number for service assis-
tance

e Extra instruction manual, prior to
delivery

In applications where downtime is very
critical, Blue Ribbon Service provides a
guarantee of three-day turnaround on
repair. If your repair cannot be com-
pleted within three days, a loan unit is
shipped to you for use until the repairs
are completed.

When you choose Blue Ribbon Service,
you have toll-free, direct access to a
service specialist in the local LeCroy
service office.

Blue Ribbon Service provides you with
an extra copy of the equipment manual,
shipped immediately upon receipt of the
equipment order. The opportunity to
study the manual before arrival of the
product often proves helpful in enabling
immediate use of the product upon its
receipt.

Extended Warranty

* Fixed price for parts labor and return
shipping
Annual calibration

e Full standard warranty coverage

* Free implementation of design
improvements

Extended Warranty is designed for
customers who prefer to budget mainte-
nance costs in advance and avoid
additional paperwork when the original
equipment warranty expires. It is usually
implemented in increments of one year,
and may be paid annually or quarterly.

When you purchase a multi-year
contract, you receive fixed pricing for the
length of the Extended Warranty.

Under the Extended Warranty, units may
be shipped to LeCroy for annual calibra-
tion even if no repairs are needed. All
other conditions and requirements of the
standard LeCroy warranty apply.
Standard calibration, certifying products
to meet all published specifications, is
provided at no charge. Certification of
most waveform measurement products
to meet MIL-STD-45662, using sources
traceable to the National Bureau of
Standards, can also be provided.

LeCroy will implement two top levels of
engineering changes at no expense to
you on equipment returned for service
under Extended Warranty. Addition of
the high-priority design improvements
will help keep your units technically
comparable to the latest production
models.

Supplemental Support Agreement
Supplemental Support is designed for

customers who prefer to have direct
LeCroy product support performed on
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site. The basic plan provides up to 32-
hours of on-site visits by LeCroy Techni-
cal Support Specialists per year.
Additional visits may be provided at a
quantity discount price. You may
choose to allocate service time for
installation, training, repair, addition of
engineering changes, or preventive
maintenance. There are no labor or
travel charges for any Supplemental
Support visit.

A Field Service Engineer will be avail-
able for on-site repair requests within
less than 72-hours after LeCroy receives
notification of equipment malfunction.
You may request 48-hour or 24-hour
response.

Parts needed for repair or engineering
improvements are billed at standard
rates unless the product is under
warranty.

On-Call Repair Service

If you do not have a service contract but
need on-site service, you can rely on
LeCroy On-Call Repair Service. On-site
assistance by a factory-trained repair-
man can usually be provided within five
working days from your request. The
price of this service depends on travel
costs, the length of time needed for the
repair, and the cost of parts. For

products covered by warranty, there will
be no charge for parts or labor time
spent on site; however, you will be billed
for travel time and expenses.

Expedited Repair Service

Several options are offered by most
LeCroy service-centers to give you the
option of immediate repair turnaround.
These service products increase the
priority of your repair to as quickly as 24-
hour response time as given below.
Normal parts and labor charges are
additional to the prices of these options,
unless the repair item is under warranty.
In many cases, your normal repair
turnaround will achieve these times.
However, as this is dependent upon
existing workloads, the repair expedite
options provide you the insurance that
your unit is repaired ahead of others.

Expedite-1 24 hours
Expedite-2 48 hours
Expedite-3 72 hours
Expedite-5 5 days
Expedite-10 10 days

Installation and Training

You should have no major difficulty
operating LeCroy equipment using the
documentation provided with each

product. However, if you want to get a
new system running in a minimum
amount of time, you may find the
installation and training option especially
useful. It provides the services of a
LeCroy Field Service Engineer to help
set up the system and provide instruc-
tions concerning its use.

Additional training courses covering
operation, testing, maintenance, and
repair are also available. The price for
this service depends on the number of
people attending a training course and
its length.

Training Seminars and Programs

Besides on-site installation and training
associated with specific product pur-
chases, LeCroy often holds training
seminars at its main facilities or regional
service centers. These seminars are
announced in general mailings and
newsletters, and an effort is made to
send invitations to existing customers
having purchased equipment related to
the area being emphasized. These
programs provide an ongoing opportu-
nity for new or reassigned personnel
within a facility to train off-site long after
LeCroy equipment has been purchased.
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Portable and Benchtop Digital Oscilloscopes

LeCroy Portable and Benchtop
Digital Oscilloscopes
B s e o s

Left Top: Model 9424 Portable Four-Channel Digital Oscilloscope.

Left Bottom: 7200 Series Modular Digital Oscilloscope.

Right Top: Model 9420 Portable Dual-Channel Digital Oscilloscope.
Right Middle: Model 9450 Portable Dual-Channel Digital Oscilloscope.
Right Bottom: Model 9400A Portable Dual-Channel Digital Oscilloscope.
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Digital Oscilloscope Selection Guide

9424

Model 9450 9420 9400A 7200/4 7200/2
Architecture
Total Channels 2 4 2 2 4 2
Hard Disk N N N N Y p
Floppy Disk N N N Option Y Y
XY Display Y Y Y- N Y Y
External Clock Y Y Y N Y ¥
Remote Software Y ¥ Y Y Y Y
Rate
Analog Bandwidth 350 MHz 350 MHz 350 MHz 175 MHz 400 MHz 400 MHz
Maximum Sample Rate 400 MS/s 100 MS/s 100 MS/s 100 MS/s | 1GS/s 1 GS/s
Memories
Memory/Channel 50K 50K 50K 32K 50K - BOK
Reference Memory 200K 200K 200K 64K 400K 400K
Memory Segmentation Y Y Y e Y Y
Signal Processing :
Pulse Parameters Y Y Y N Y Y
+ - %7 ¥ Y Y Opt ¥ Y
Averaging Y Y Y Opt i Y
Trending N N N N Y Y
Histogramming N N N N Y Y
Window Functions Opt Opt Opt Opt Y Y
FFT Opt Opt Opt Opt Y Y
IFT N N N N Y Y
Triggering Via
Amplitude Y Y Y Y Y Y
Slope Y Y Y Y Y Y
Bi-Slope Y Y ¥ Y Y Y
Pattern ¥ ¥ Y N Y ¥
State Qualified Y b Y N Y Y
Holdoff by Events Y Y N b Y
Holdoff by Time Y Y Y N ¥ Y
Pulse Width Y ¥ Y N Y Y
Pulse Interval i Y Y N Y Y
TV Trigger b ¥ Y N Y Y
Page Number | -4 1-12 |-8 |-23 | - 40 |- 40




Portable and Benchtop Digital Oscilloscopes

About Digital Oscilloscopes

What Are the Advantages
of Going Digital?

Productivity: Digital oscilloscopes bring new levels of
productivity to engineers and scientists by providing wave-
form storage and measurement automation. Acquired
waveforms are immediately stored in the oscilloscope’s
memory and transmitted to to the screen for display. The
memory storage allows continuous regeneration of the
waveform on the screen; transient waveforms may be held
indefinitely with no loss of intensity.

Archiving: Storage of signals also makes them available for
subsequent recall and display, for comparison with other
stored or live signals as well as for further processing and
analysis. Screen and memory information can be directly
read out on to a range of digital plotters and printers for
instant hardcopy archiving.

Automation: You can also use a digital oscilloscope in
computer automated testing applications. Full programmabil-
ity allows control of the entire front-panel so that cumbersome
sequences of measurements can be easily programmed and
rapidly performed. LeCroy oscilloscopes also offer compatibil-
ity with waveform analysis, editing and generation packages
such as EASYWAVE, ASYST and Catalyst software.

What to Consider When
Choosing a DSO

BANDWIDTH: SINGLE SHOT OR REPETITIVE

The bandwidth of an oscilloscope is defined as the frequency
at which a reference signal is attenuated to 70.7% (-3 dB) of
its original amplitude. High bandwidth is often described as
being the most important specification of an oscilloscope.
This statement should be used with caution when considering
a digital instrument.

The bandwidth figure quoted by manufacturers usually refers
to overall analog bandwidth. It is measured using repetitive
signals. Repetitive signals allow the use of interleaved
sampling techniques and subsequently allow higher equiva-
lent sampling rates. For this oversampling (sample rate >>
Nyquist frequency), the oscilloscope can fully utilize its
generally advertised bandwidth.

[-2

However, for digital oscilloscopes, it is also worthwhile to
consider bandwidth conditions for single as well as repetitive
signals. For single-shot (transient) phenomena, digital
sampling theory implies that to capture and characterize a
signal, more than two conversions must be made for each
cycle of the signal’s highest frequency component (often
called the Nyquist frequency). This indicates that the maxi-
mum sampling rate will limit an instrument’s usable single-
shot bandwidth, (i.e., single-shot bandwidth < (maximum
sample rate)/2).

For example, the LeCroy 7242 samples at 1 GS/s and has a
single-shot bandwidth of 400 MHz. In contrast, sampling
oscilloscopes have high repetitive-signal bandwidth but
deliver very poor single-shot performance because they have
a low single-shot sampling rate.

Thus, before selecting an oscilloscope on bandwidth criteria,
you should examine both your single-shot and repetitive
signal requirements.

VERTICAL ACCURACY

A number of factors contribute to the overall vertical accuracy
of a digital oscilloscope. These include amplifier gain and
offset accuracies as well as ADC accuracy. A limit on ADC
accuracy is vertical resolution. Resolution is dependent on
the number of bits used when the signal is digitized, i.e., a 6-
bit ADC has 25-1 (63) discrete levels for a full scale signal.
This means that the theoretical resolution would be 1.6%
(1/63 x 100). Theoretical ADC resolution is only the best
case limit of accuracy. Digital and analog noise, bandwidth
effects and non-linearities all contribute to the degradation of
the performance of the ADC.

Effective-bit and signal-to-noise ratio (SNR) specifications
provide a simplified means of comparing oscilloscope
performance at a particular frequency and signal amplitude.
They combine the effects of most error sources into one
specification. For example, the 9400A oscilloscope uses 8-bit
ADCs which provide exceptionally high effective-bit rates
(better than 7.0 bits, i.e. SNR = 41.9 dB, for a 50 MHz signal).

An oscilloscope’s SNR is very important as it provides a true
indication of how well you can detect small signals. Noise can
bury (or mask) low amplitude signals, thereby negating the
benefit of a high resolution ADC. Waveform averaging and
digital filtering routines can reduce this noise and may extend
resolution by several bits.
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LeCroy oscilloscopes combine outstanding ADC performance
with excellent overall DC accuracy, better than + 2% (optional
+ 1% for the model 9400A).

LONG MEMORIES

Only long memories allow high fidelity recording in digital
oscilloscopes. Long memories allow fast sampling rates (and
therefore better timing resolution) on all time-base settings.
Because of their long memories, LeCroy scopes can continue
to sample at their highest rates (400 MS/s, 1 GS/s) even on
relatively long time base settings. For repetitive signals, long
memories help to maintain usable bandwidth at slower time
base settings. Maintaining the fast sampling rate is essential
for preventing aliasing errors. Fast sampling ensures accurate
measurements on high-frequency signals (like rise time, fall
time, pulse width etc.) .

Long memories also allow you to view more of your signal.
Live, stored and processed waveforms can be expanded up
to 1000 times (100 times for the model 9400A) to reveal
glitches, spikes and high frequency signal components that
oscilloscopes with short record lengths simply fail to capture!

Long memories can be segmented to allow sequential
waveform storage, for multiple back-to-back acquisitions of
single-shot phenomena. The technique minimizes the dead
time between sequential acquisitions and preserves horizon-
tal resolution. It is ideal for logging intermittent faults or moni-
toring randomly occurring phenomena.

DISPLAY RESOLUTION

Providing accurate data means more than just acquiring it
with quality ADCs. A clear, high-resolution display allows data
to be analyzed with ease and precision such as in LeCroy
DSO's. It also enables cursors (for time, voltage and fre-
quency measurements to be positioned with better accuracy.
In LeCroy DSQO's, an electronically generated grid removes
parallax errors and requires no periodic adjustment. Setup
and measurement information is presented around the edge
of the grid, leaving it clear for many waveforms to be com-
pared and analyzed simultaneously.

LeCroy oscilloscopes also feature a unique Min/Max display
technique that provides built-in peak detection and shows the
extremes (envelope) of a waveform. This technique creates a
“painting” effect when displaying slow waveforms which have
high frequency components. You immediately have a visual

indication that you can expand the waveform to reveal finer
details in the signal.

GETTING INSTANTANEQOUS ANSWERS

To get the most from your oscilloscope, an extensive range of
processing capabilities are available including arithmetic,
square, square root, exponential, logarithm, integration, dif-
ferentiation, smoothing, extrema and FFT's. For applications
that require noise reduction or improved resolution LeCroy's
averaging capabilities are faster and more flexible than in any
other digital oscilloscope. For example, summation averaging
can be performed on up to 1,000,000 signals at rates in
excess of 100 waveforms per second (100,000 points per
second). Even on single-shot waveforms, vertical resolution
can be enhanced by as much as 3 bits using LeCroy’s
special low-pass filtering technigues.

LeCroy digital oscilloscopes also function as spectrum
analyzers. Fast Fourier processing presents spectral infor-
mation in an instant. Frequency constituents can be exam-
ined in terms of magnitude, power density and phase.

ANALOG FEEL FOR FAMILIAR OPERATION

To help bridge the gap between analog and digital scopes,
familiarity of operation is a critical consideration when
choosing a DSO. LeCroy oscilloscopes are designed with a
front-panel layout like an analog oscilloscope to ensure that
you operate it intuitively from the very first moment. Rotary
knobs and single function buttons allow fast and fine adjust-
ments with ease. High speed processing emphasizes the
analog feel, as waveforms are presented instantly on the
display.
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9450iPortable Dual-Channel

Digital Oscilloscope

Main Features

DC - 350 MHz Bandwidth

400 MS/s single shot sampling
for transient signals

B 10 GS/s random interleaved
sampling for repetitive signals

B High Fidelity 8-bit ADCs

Non-volatile 50K Memcries

B Segmentable Memories with Trigger
Point Time Stamps

B  FASTGLITCH Trigger Mode

B Pulse Parameters and Auto-setup

B  Signal Processing and FFT Analysis

|

TV Trigger and XY Display

The Ultimate for Design,
Research and Test

The LeCroy 9450 Dual-channel Digital
Oscilloscope is a powerful high-resolu-
tion instrument for waveform recording
and sophisticated analysis. It combines
high bandwidth, fast sampling rates, high
fidelity, extensive trigger capabilities and
signal processing. Aimed at meeting the
demands of researchers and engineers
working in fields as diverse as telecom-
munications, electronic design and test,
lasers, computers, NDT, physics and
defense, the 9450 will rapidly become an
indispensable measurement tool in any
laboratory. Like all LeCroy oscillo-
scopes, the 9450 is designed to serve as
a range of different instruments: oscillo-
scope, transient recorder, counter/timer,
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frequency meter, signal averager, data
logger and digital voltmeter. It offers the
highest performing data acquisition and
processing system available in any
portable instrument.

ANALOG FEEL, DIGITAL PRECISION

The 9450 employs Flash technology in
its two high-resolution 8-bit ADCs (one
per channel) which digitize waveforms
with speed and precision. By integrating
this technology with ease of use,
LeCroy’s portable instrument provides
the best features of both analog and
digital oscilloscopes.

The front-panel controls of the 9450
have been laid out in the style of an
analog oscilloscope, making it easy to

use from the first moment. The analog
feel is enhanced by the rapid instrument
response and the fact that waveforms are
presented instantly on a bright high-
resolution screen. For automated test
applications all front-panel controls,
including cursor positions and internal
functions, are fully programmable over
RS-232C or GPIB interfaces.

Capturing and measuring signals has
never been easier. For repetitive signals
an auto-setup facility is available that will
find and display signals in less than 2
seconds. For one-time phenomena the
9450’s long 50K memories and its
extensive triggering capabilities enable
signals to be captured the very first time,
even when signal speed and duration are
uncertain.
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LONG NON-VOLATILE MEMORIES

Only long memories allow high-fidelity
recording over extended periods of time.
On equal time-base settings the 9450,
with 50K of memory per channel, will
sample waveforms up to 50 times faster
than an oscilloscope with only 1K of
memory. Faster sampling means better
single-shot bandwidth, better time
resolution and the power to expand
waveforms up to 1000 times to see
details that completely elude other digital
oscilloscopes. In addition, when seg-
mented, the 9450's non-volatile acquisi-
tion memories can store up to 200
waveforms/ channel (complete with date
and time stamps).

TRIGGER

Pushbutton control enables the user to
choose the appropriate trigger functions
for his signal: standard triggering for
basic measurements and advanced
triggering to meet highly sophisticated
requirements.

The standard trigger facility provides all
the conventional trigger functions. Front-
panel controls select and adjust parame-
ters such as pre- and post-trigger
settings, trigger level, slope, mode and
coupling. To help users quickly deter-
mine the 9450’s trigger mode and
conditions, LeCroy has created a series
of illustrative trigger graphics.

SMART triggering offers a solution to
even the most intricate triggering prob-
lems. For example, FASTGLITCH trigger
can be used to locate and reveal

glitches and spikes less than 2.5 nsec
wide. Time-qualified trigger is ideal for
ranging applications and can be used to
ignore unwanted signal reflections. Other
trigger features include hold-off (by time
or number of events), gated triggering
and conditional triggering, qualified
trigger, and trigger delayed by time or
number of events.

SINGLE-SHOT BANDWIDTH (NYQUIST FREQUENCY) Vs. TIME-BASE SETTING
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Single-shot bandwidth is a function of sampling rate. Long memories and LeCroy’s patented compaction technique enable higher sampling rates
at equal time-base settings. Above, the 9450 (solid line) is compared to oscilloscopes with 1K (dotted line) and 512 points (dashed line) of
memory. At slower time-base settings, the single-shot bandwidth of the 9450, expressed as Nyquist frequency, is typically 50 times higher than in
oscilloscopes with 1K memory and 100 times higher than in those with only 512 points.
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9450 Specifications

VERTICAL ANALOG SECTION

Bandwidth (- 3 dB):

@ 50 Q: DC to 350 MHz.

@1MQAC: <10 Hz to 250 MHz typical at
the probe tip.

@ 1 MQ DC: DC to 250 MHz typical at the
probe tip.

Input impedance: 1 MQ // 30 pF and

50 Q + 1%.

Channels: Two independent channels;
standard BNC connector inputs.

Sensitivity range: 5 mV/div to 2.5 V/div;
continuously variable from 1 to 2.5 times the
fixed setting. Fixed settings range from

5 mV/divto 1 V/div (ina 1, 2, 5 sequence).
Vertical expansion: up to 5 times (with
averaging, up to 10 times or 500 pV/div
sensitivity).

Scale factors: Probe attenuation factors of
X1, X10, X100, X1000, X10000 may be
selected and are remotely programmable.
Offset: £12 times the fixed sensitivity setting
in 0.02 division increments up to +10 V max.;
+24 div @ 10 mV/div; + 48 div @ 5 mV/div.
DC accuracy: < + 2%.

Bandwidth limiter: 80 MHz (- 3 dB) typical.
Max input voltage: 250 V (DC + peak AC) at
1 MQ, £5V DC (500 mW) or

5V RMS at 50 Q.

VERTICAL DIGITAL SECTION

ADCs: One per channel, 8-bit Flash.
Conversion rate: Up to 400 megasamples/
sec for transients, up to 10 gigasamples/sec
for repetitive signals, simultaneously on both
channels.

Aperture uncertainty: + 10 psec.
Acquisition memories, Channel 1 and 2:
Non-volatile memories (battery backed for a
minimum of 2 years) of 50 kilowords per
channel can be segmented into 2, 5, 10, 20,
50, 100 or 200 blocks.

Reference memories, C and D: 50K, 16-bit
word memories which can store one acquired
and/or processed waveform, or up to 200
waveforms when segmented.

Function memories E and F: Two 50K,
16-bit word memories for waveform pro-
cessing.

Peak and glitch detection: Minimum and
maximum peaks, as fast as 0.002% of the
record length (minimum 2.5 nsec), are
captured and displayed with 100% probability.
Using LeCroy’s new FASTGLITCH trigger
technique (see the trigger section below),
glitches faster than 2.5 nsec can be detected
on all time-base settings.

HORIZONTAL SECTION

Time Base

Range: 1 nsec/div to 5000 sec/div.

Clock accuracy: <+ 0.01%.

Interpolator resolution: 5 psec.

Sampling clock output: BNC connector on
rear panel.

External clock in: BNC connector on rear
panel.

Acquisition Modes

Random Interleaved Sampling (RIS) for re-
petitive signals from 1 nsec/div to 5 psec/div.
Single shot for transient signals and
repetitive signals from 10 nsec/div to

200 msec/div;

Roll for slowly changing signals from

500 msec/div to 5000 sec/div.

Sequence mode divides the acquisition
memory into 2, 5, 10, 20, 50, 100, or 200
segments.

Horizontal expansion: DUAL ZOOM mode
allows two different signals or two different
sections of the same signal to be expanded
up to 1000 times.

Trigger

Pretrigger recording: Adjustable in 0.2%
increments to 100% of full scale (grid width).
Post-trigger delay: Adjustable in 0.02division
increments up to 10,000 divisions.

External trigger input: 1 MQ, < 20 pF,

250 V max. (DC + peak AC).

External trigger range: + 2 V in EXT,

+20 Vin EXT/A0.

Rate: Up to 500 MHz using HF trigger
coupling.

Timing: Trigger timing (date and time) is
logged in the memory status menu. The
timing of subsequent triggers in sequence
mode is measured with 0.1 sec absolute
resolution, or nanosecond resolution relative
to the time of the first trigger.

Trigger output: BNC connector on rear
panel.
Trigger veto: BNC connector on rear panel.
Standard Trigger
Sources: CHAN1, CHAN2, LINE, EXT,
EXT/10. CHAN1, CHANZ2 and EXT have
independent trigger circuits allowing slope,
coupling and level to be set individually for
each source.
Slope: Positive, negative.
Coupling: HF, AC, LF REJ, HF REJ, DC
Modes:
Auto: Automatically re-arms after each
sweep. If no trigger occurs, one is
generated at an appropriate rate.
Normal: Re-arms after each sweep. If
no trigger occurs after a reasonable
length of time, the warning message
“NO or SLOW TRIGGER” is displayed.
Single (hold): Holds display after a
trigger occurs. Re-arms only when the
"single" button is pressed again.
Sequence: Stores multiple events in
segmented acquisition memories.
SMART Trigger
Single-source trigger modes:
Hold-off by time: 25 nsec to 20 sec.
Hold-off by events: 0 to
1,000,000,000 events.
Width-based trigger modes:
Pulse width < (FASTGLITCH):
Triggers on opposite slopes of pulses
narrower than a value between
2.5 nsec and 20 sec.
Pulse width >: Triggers on opposite
slopes of pulses wider than a value in
the range
2.5 nsec to 20 sec.
Interval width <: Triggers on similar
slopes of signals narrower than a value
in the range 10 nsec to 20 sec.
Interval width >: Triggers on similar
slopes of signals wider than a value in
the range 25 nsec to 20 sec.
Multi-source trigger modes:
Pattern: Triggers on the logic AND of
the three sources CHAN1, CHANZ2 and
EXT, where each source can be
defined as high (H), low (L) or don't
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care (X). The trigger can be selected at
the beginning (entered) or the end
(exited) of the specified pattern.
Bi-level: This is a special condition of
pattern trigger which allows the 9450 to
trigger on any signal that exceeds a
certain preset high or low trigger level.
State qualified: Allows the 9450 to
trigger on any source (CHAN1, CHAN2
or EXT), while requiring that a certain
pattern of the other two channels is
present or absent. A delay by time or
by number of events can be selected
from the moment the pattern is valid.
Time/Event qualified: Allows the 9450
to trigger on any source (CHANT,
CHANZ2 or EXT), as soon as a certain
pattern of the three channels is entered
or exited. From the moment of validity,
a delay can be defined in terms of time
or number of events.
TV: Allows stable triggering on TV
signals that comply with PAL, SECAM
or NTSC standards. Selection of both
line and field number is possible. Active
on EXT only.
DISPLAY
CRT: 12.5 X17.5 cm (5 X 7 inches); magnetic
deflection; vector type.
Resolution: 4096 X 4096 points.
Real-time clock: Date, hours, minutes, sec.
Grid: Internally generated; separate intensity
control for grid and waveforms. Single, dual
and pulse parameter measurement grid mode.
XY mode: Plots any two sources (CHAN1 and
2, EXPAND A and B, Memories C and D and
Functions E and F) against one ancther.
Operates on live waveforms with full cursor
readout.
Hard copy: Single or multi-pen digital plotters
as well as printers can be used to make hard
copies of the display. Screen dumps are
activated by a front-panel pushbutton or via
remote control. Plotters supported are: the HP
7400 and 7500 series, Philips PM 8151,
Graphtek FP 5301, and compatible models.
Printers supported are: IBM, EPSON and the
HP ThinkJet, QuietJet and LaserJet. Plotting
can be done in parallel with normal 9450
operation.
Cursors:
Relative time: Two cursors provide time
measurements with a resolution of £0.2% of
full scale for unexpanded traces; up to 10% of
the sampling interval for expanded traces. The
corresponding frequency information is also
provided.
Relative voltage: Two horizontal bars
measure voltage differences to + 0.2% of full
scale for each trace.

Absolute time: A cross-hair marker
measures absolute voltage versus signal
ground, as well as the time relative to the
trigger.

Absolute voltage: A reference bar measures
absolute voltage with respect to ground.
Pulse parameters: Two cross-hair cursors
are used to define a region of interest for
which pulse parameters will be calculated
automatically.

Graphics: Waveforms and display informa-
tion are presented using vector (linear)
graphics. Expanded waveforms use LeCroy's
DOT-LINEAR graphics that highlight actual
data points and interpolate linearly between
them.

Menus: Waveform storage; acquisition
parameters; memory status; save/recall front-
panel configurations; SMART trigger;
waveform parameters, RS-232-C configura-
tion; hardcopy setup and real-time clock
setup, averaging, and arithmetic.

AUTO-SETUP

Pressing the auto-setup button automatically
scales the time-base, trigger and sensitivity
settings to provide a stable display for a wide
range of repetitive input signals.

Type of signals detected: Repetitive signals
with amplitudes between 2 mV and 8 V,
frequency above 50 Hz and a duty cycle
greater than 0.1%.

Auto-setup time: Approximately 2 sec.

WAVEFORM PROCESSING

Waveform processing routines are set up via
menus. These include arithmetic functions
(add, subtract and invert), and summation
averaging (up to 1000 signals).

Pulse parameters: Based on ANSV/IEEE Std
181-1977 “Standard on Pulse Measurement
and Analysis by Objective Techniques”. The
terminology is derived from IEEE Std 194-
1977 “Standard Pulse Terms and Definitions”.
Automatic measurements determine:

Maximum Period
Minimum Pulse width
Mean Risetime
Standard deviation Falltime
RMS Delay

Sources: CHAN1, CHAN2, MEMORY

C or D, FUNCTION E or F,

EXPANSION A or B. Cursors define the
measurement zone. With more than 1 pulse
present in the measurement zone, averaged
results for period, width, risetime and falltime
are presented.

REMOTE CONTROL

Front-panel controls, including variable
gain,offset, position controls and cursors, as
well as all internal functions are
programmable.

RS-232C port: For computer/terminal control
or plotter connection. Asynchronous up to
19200 baud.

GPIB port: (IEEE-488). Configured as talker/
listener for computer control and fast data
transfer. Address switches on rear panel.
Local/remote: Remote control can be
interrupted for local (manual) control at any
time (except when in remote control with the
lock-out state selected) by pushing a button
on the front panel.

PROBES

Model: Two P9020 (X10,10 M // 3.33 pF)
probes supplied.

Probe calibration: 1 kHz square wave,
1Vpp.

Probe power: Two rear-panel power outlets
for use with active probes provide = 15V,
+5VDC.

SELF TESTS

Auto-calibration ensures accuracy of:
Overall DC accuracy:

+ 3% full scale at 5 mV/div.

+ 2% full scale at > 5 mV/div.

Time: 20 psec RMS.

GENERAL

Temperature: 5t0 40° C (41 to 104° F)
rated; 0to 50° C (32to 122° F) operating.
Humidity: < 80%.

Power required: 110 or 220 V AC, 45 to
440 Hz, 275 W.

Battery backup: Lithium batteries maintain
front-panel settings and waveform data for 2
years.

Dimensions: (HWD) 19.2 X 36.5 X 46.5 cm,
(7 1/2 X 14 3/8 X 18 3/8 inch).

Weight: 15 kg (33 Ibs) net, 20 kg (44 Ib)
shipping.

Warranty: 2 years

ORDERING INFORMATION
Oscilloscope and Options

Code Description

9450 Digital Oscilloscope

9450WPO01 Waveform Processing Option

9450WP02 Fast Fourier Processing
Option

9450M CIIL/MATE Option

OM9450 Operator's Manual
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9420 Portable Dual-Channel

Digital Oscilloscope

Main Features

B DC - 350 MHz Bandwidth

B 100 MS/s sampling for
transient signals

B 10 GS/s random interleaved
sampling for repetitive signals

B 8-bit Flash ADCs
B Non-volatile 50K Memories

B Segmentable Memories with
Trigger Point Time Stamps

Non-volatile Storage for Data
and Settings

FASTGLITCH Trigger Mode
Pulse Parameters
1,000 X Waveform Expansion

Built-in Processing: Waveform
Mathematics and Averaging

Auto-setup

Ideal for Design
and Test Engineers

Combining all the features which have
become standard in LeCroy oscilloscopes
(speed, precision, long memories, exten-
sive processing and ease of use), the
9420 is a cost effective instrument for
high-frequency applications in areas such
as electronics development, telecommu-
nications, applied research, and auto-
mated testing. In replacing analog oscillo-
scopes, the 9420 provides high fidelity
recording, measurement automation and
extensive signal processing.

SPEED, PRECISION and FIDELITY

Providing 8-bit (up to 12-bit with averag-
ing) vertical resolution, superior dynamic
performance, with very low noise, the
9420’s Flash ADCs ensure measure-
ment precision and fidelity. High

350 MHz bandwidth and fast sampling
rates, up to 100 megasamples/sec for
single events and 10 gigasamples/sec
for repetitive signals, give the 9420 the
speed required to handle current and
future high-frequency applications.
Waveforms are stored in long non-
volatile memories which allow better

horizontal resolution, faster sampling
rates and higher single-shot bandwidth
for all time-base settings.

The front panel has been designed in
the style of an analog oscilloscope,
making it easy to use from the very first
minute. Multi-processor technology
enhances the analog feel and presents
waveforms instantly on the bright high-
resolution display. For automated test
applications all the front-panel controls,
including cursors and internal functions,
are programmable over the RS-232C or
GPIB ports.
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INNOVATIVE TRIGGERING

The 9420 features a trigger system which
enables even the most elusive events to
be captured. Each of the inputs (CHAN1,
CHANZ2 and EXT) has independent
circuits which allow individual adjustment
of the trigger level, slope and coupling.
As a result, switching between trigger
sources is fast and convenient. Simple
push-button controls let the user select
and adjust all the appropriate trigger
parameters, such as pre- and post-trigger
settings, trigger level, slope and coupling.
lllustrative trigger graphics summarize
the trigger configuration on the screen.

Other trigger features include FAST-
GLITCH mode which can trigger on
glitches or spikes less than 2.5 nsec wide
even when they are buried in other
complex signals. INTERVAL trigger mode
can be used to trigger on rare phenom-
ena, such as missing bits or drop-outs, in

long digital or analog data streams. By
combining the three individual inputs, the
9420 can also perform logic and condi-
tional triggering. STATE QUALIFIED,
TIME/EVENT QUALIFIED and PAT-
TERN trigger modes provide the versatil-
ity to cover a diverse range of design
applications. Users can choose between
triggering on entering or exiting a prede-
termined logic state, and can also specify
the duration for which a particular condi-
tion must exist.

In SEQUENCE trigger mode the 9420’s
long memories can store up to 200
waveforms without the need for any
other storage medium. A real-time clock
associates each trigger with a date and
time stamp to allow precise time meas-
urements between events.

ANSWERS IN AN INSTANT

Up to ten pulse and waveform parame-
ters are rapidly and accurately calculated
at the touch of a button. By positioning a
set of cursors the user selects a region of
interest or operates on the full 50,000
data points in live, stored or processed
waveforms. All ten results are automati-
cally recalculated after any front-panel
adjustment or with each new waveform
acquisition.

The 9420 also includes built-in arithmetic
(add, subtract and invert) and summation
averaging (up to 1000 waveforms) for
situations that require noise reduction or
improved dynamic range, sensitivity and
vertical resolution. All computed answers
can be read over the GPIB or RS-232C
ports. Documentation of results is rapid
and simple. All displayed information can
be copied directly onto a variety of digital
plotters and printers.
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Single-shot bandwidth is a function of sampling rate. Long memories enable higher sampling rates at equal time-base settings. Above, the 9420
(solid line) is compared to oscilloscopes with 1K (dotted line) and 512 points (dashed line) of memory. At slower time-base settings, the single-
shot bandwidth of the 9420, expressed as Nyquist frequency, is typically 50 times higher than in oscilloscopes with 1K memory and 100 times

higher than in those with only 512 points.
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9420 Specifications

VERTICAL ANALOG SECTION

Bandwidth (- 3 dB):

@ 50 Q: DC to 350 MHz.

@ 1 MQ AC: <10 Hz to 250 MHz typical at
probe tip.

@ 1 MQ DC: DC to 250 MHz typical at
probe tip.

Input impedance: 1 MQ // 30 pF and

50 Q+ 1%.

Channels: Two independent channels;
standard BNC connector inputs.

Sensitivity range: 5 mV/div to 2.5 V/div;
continuously variable from 1 to 2.5 times the
fixed setting. Fixed settings range from

5 mV/divto 1 V/div (ina 1, 2, 5 sequence).
Vertical expansion: up to 5 times (with
averaging, up to 10 times or 500 pV/div
sensitivity).

Scale factors: Probe attenuation factors of
X1, X10, X100, X1000 and X10000 may be
selected and are remotely programmable.
Offset: +12 times the fixed sensitivity setting
in 0.02 division increments up to + 10 V max.;
+ 24 div @ 10 mV/div; + 48 div @ 5mV/div.
DC accuracy: < * 2%.

Bandwidth limiter: 80 MHz (- 3 dB) typical.
Max Input voltage: 250 V (DC + peak AC) at
1MQ, +5V DC (500 mW) or 5 V RMS at
50 Q.

VERTICAL DIGITAL SECTION

ADCs: One per channel, 8-bit Flash.
Conversion rate: Up to 100 megasamples/
sec for transients, up to 10 gigasamples/sec
for repetitive signals, simultaneously on both
channels.

Aperture uncertainty: = 10 psec.
Acquisition memories, Channels 1 and 2:
Non-volatile memories (battery backed for a
minimum of 2 years) of 50 kilowords per
channel can be segmented into 2, 5, 10, 20,
50, 100 or 200 blocks.

Reference memories C and D: 50K, 16-bit
word memories which store one acquired or
processed waveform, or up to 200 segmented
waveforms.

Function Memories E and F: Two 50K,

16 bit word memories for waveform
processing.

I-10

Peak and glitch detection

Minimum and maximum peaks, as fast as
0.002% of the record length (minimum

10 nsec), are captured and displayed with
100% probability.

Using LeCroy’s new FASTGLITCH trigger
technique (see the trigger section below),
glitches faster than 2.5 nsec can be detected
on all time-base settings.

HORIZONTAL SECTION

Time Base

Range: 1 nsec/div to 5000 sec/div.

Clock accuracy: <+ 0.01%.

Interpolator resolution: 5 psec.

Sampling clock output: BNC connector on
rear panel.

External clock: BNC connector on rear
panel.

Acquisition Modes

Random Interleaved Sampling (RIS) for
repetitive signals from 1 nsec/div to

20 usec/div.

Single shot for transient signals and
repetitive signals from 50 nsec/div to

200 msec/div.

Roll for slowly changing signals from

500 msec/div to 5000 sec/div.

Sequence mode divides the acquisition
memory into 2, 5, 10, 20, 50, 100, or 200
segments.

Horizontal expansion: DUAL ZOOM mode
allows two different signals or two different
sections of the same signal to be expanded
up to 1000 times.

Trigger

Pre-trigger recording: Adjustable in 0.2%
increments to 100% of full scale (grid width).
Post-trigger delay: Adjustable in 0.02
division increments up to 10,000 divisions.
External trigger input: 1 MQ, < 20 pF,

250 V max. (DC + peak AC).

External trigger range: £ 2 Vin EXT, 20 V
in EXT/10.

Rate: Up to 500 MHz using HF trigger
coupling.

Timing: Trigger timing (date and time) is
listed in the memory status menu. The timing
of subsequent triggers in sequence mode is

measured with 0.1 sec absolute resolution, or
nanosecond resolution relative to the time of
the first trigger.
Trigger output: BNC connector on rear
panel.
Trigger veto: BNC connector on rear panel.
Standard Trigger
Sources: CHAN1, CHAN2, LINE, EXT,
EXT/10 have independent trigger circuits
allowing slope, coupling and level to be set
individually for each source.
Slope: Positive, negative.
Coupling: HF, AC, LF REJ, HF REJ, DC.
Modes:
Auto: Automatically re-arms after each
sweep. If no trigger occurs, one is
generated at an appropriate rate.
Normal: Re-arms after each sweep. If
no trigger occurs after a reasonable
length of time, the warning message
“No or Slow Trigger” is displayed.
Single (hold): Holds display after a
trigger occurs. Re-arms only when the
“single” button is pressed again.
Sequence: Stores multiple events in
segmented acquisition memories.
SMART Trigger
Single-source trigger
operational modes:
Hold-off by time: 25 nsec to 20 sec.
Hold-off by events: 0to 10° events.
Width-based trigger modes:
Pulse width < (FASTGLITCH):
Triggers on opposite slopes of pulses
narrower than a value in the range
2.5 nsec to 20 sec.
Pulse width >: Triggers on opposite
slopes of pulses wider than a value in
the range
2.5 nsec to 20 sec.
Interval width <: Triggers on similar
slopes of signals narrower than a value
in the range 10 nsec to 20 sec.
Interval width >: Triggers on similar
slopes of signals wider than a value in
the range 25 nsec to 20 sec.
Multi-source trigger operational modes:
Pattern: Triggers on the logic AND of
CHAN1, CHANZ2 and EXT, where each
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source can be defined as high (H), low
(L) or don’t care (X). The trigger can be
selected at the beginning (entered) or
at the end (exited) of the specified
pattern.

Bi-level: This is a special condition of
pattern trigger which allows the 9420 to
trigger on any signal that exceeds a
certain pre-set high or low trigger level.
The signal must be connected
simultaneously to two channels. The
third trigger channel must be set to
don't care (X).

State qualified: Allows the 9420 to
trigger on any source (CHAN1, CHAN2
or EXT), while requiring that a certain
pattern of the other two channels is
present or absent. In addition a delay
by time or by number of events can be
selected from the moment the pattern is
valid.

Time/Event qualified: Allows the 9420
to trigger on any source (CHANT,
CHAN2 or EXT), as soon as a certain
pattern of the three channels is entered
or exited. From the moment of validity,
a delay can be defined in terms of time
or number of events.

TV: Allows stable triggering on TV
signals that comply with PAL, SECAM
or NTSC standards. Selection on both
line and field number is possible. Active
on EXT only.

DISPLAY

CRT: 12.5 X 17.5 cm (5 X 7 inches); magnetic
deflection; vector type.

Resolution: 4096 X 4096 points.

Real-time clock: Date, hours, minutes,
seconds.

Grid: Internally generated; separate intensity
control for grid and waveforms. Single, dual
and pulse parameter measurement grid mode.
XY mode: Plots any two sources (CHANA1,
CHAN2, EXT, MEMORY C or D, FUNCTION
E or F and EXPAND A and B against one
another. Operates on live waveforms with
cursor readout.

Hard copy: Single or multi-pen digital plotters
as well as IBM, HP QuietJet, HP ThinkJet, HP
LaserJet and EPSON printers can be used to
make hard copies of the display. Screen
dumps are activated by a front-panel button or
via remote control. Plotters supported are: the
HP 7400 and 7500 series, Philips PM 8151,
Graphtek FP 5301, and compatible models.
Plotting is done in parallel with normal 9420
operation.

Graphics: All waveforms and display
information are presented using vector (linear)
graphics. Expanded waveforms use LeCroy's

DOT-LINEAR graphics that highlight actual
data points and interpolate linearly between
them.

Menus: Waveform storage; acquisition
parameters; memory status; save/recall front-
panel configurations; SMART trigger;
waveform parameters, RS-232C
configuration; hardcopy setup and real-time
clock setup, averaging, and arithmetic.
Cursors

Relative time: Two cursors provide time
measurements with a resolution of £ 0.2% of
full scale for unexpanded traces; up to 10% of
the sampling interval for expanded traces.
The corresponding frequency information is
also provided.

Relative voltage: Two horizontal bars
measure voltage differences to + 0.2% of full
scale.

Absolute time: A cross-hair marker
measures absolute voltage versus signal
ground, as well as the time relative to the
trigger.

Absolute voltage: A reference bar measures
absolute voltage with respect to ground.
Pulse parameters: Two cross-hair cursors
are used to define a region of interest for
which pulse parameters will be calculated
automatically.

AUTO-SETUP

Pressing the auto-setup button automatically
scales the time-base, trigger and sensitivity
settings to display a wide range of repetitive
input signals.

Type of signals detected: Repetitive signals
with amplitudes between 2 mV and 8 V,
frequency above 50 Hz and a duty cycle
greater than 0.1%.

Auto-setup time: Approximately 2 sec.

WAVEFORM PROCESSING

Waveform processing routines are called and
set up via menus. These include arithmetic
functions (add, subtract and invert), and
summation averaging (up to 1000 signals).
Pulse parameters: Based on ANSI/IEEE Std
181-1977 “Standard on Pulse Measurement
and Analysis by Objective Techniques”. The
terminology is derived from |IEEE Std 194 -
1977 “Standard Pulse Terms and Definitions”.
Automatic measurements determine:

Maximum Period
Minimum Pulse width
Mean Risetime
Standard deviation Falltime
RMS Delay

Sources: CHAN1, CHAN2, MEMORY C or D,
FUNCTION E or F, EXPAND A or B. Cursors
define the measurement zone. When more

than one pulse is present in the measurement
zone, averaged results for period, width,
risetime and falltime are presented.

REMOTE CONTROL

Front-panel controls, including variable gain,
offset, position controls and cursors, as well
as all internal functions are programmable.
RS-232C port: For computer/terminal control
or plotter connection. Asynchronous up to
19200 baud.

GPIB port: (IEEE-488). Configured as talker/
listener for computer control and fast data
transfer. Address switches on rear panel.
Local/remote: Remote control can be
interrupted for local (manual) control at any
time (except when in remote control with the
lock-out state selected) by pushing a button
on the front panel.

PROBES

Model: Two P9010 (X10,10 MQ // 3.33 pF)
probes supplied.

Probe calibration: 1 kHz square wave,

1V p-p.

Probe power: Two rear-panel power outlets
for use with active probes provide £ 15V,
+5VDC.

SELF TESTS

Auto-calibration ensures accuracy of:
Overall DC accuracy: + 2% full scale;
Time: 20 psec RMS.

GENERAL

Temperature: 510 40° C (41 to 104° F)
rated; 0 to 50° C (32 to 122° F) operating.
Humidity: < 80%.

Power Required: 110 or 220 V AC, 45 to 440
Hz, 275 W.

Battery Backup: Lithium batteries maintain
front-panel settings and waveform data for 2
years.

Dimensions: (HWD) 19.2 X 36.5 X 46.5 cm,
(71/2 X 14 3/8 X 18 3/8 inch).

Weight: 15 kg (33 Ibs) net, 20 kg (44 Ib)
shipping.

Warranty: 2 years

ORDERING INFORMATION
Oscilloscope and Options

Code Description

9420 Digital Oscilloscope

9420WP01 Waveform Processing Option

9420WP02 Fast Fourier Processing
Option

9420M CIIL/MATE Option

OM9420 Operator’'s Manual

[-11



Portable and Benchtop Digital Oscilloscopes

9424 Portable Quad-Channel

Digital Oscilloscope

Main Features

B Four Channels with 350 MHz
Bandwidth

50K of Non-volatile Memory per
Channel

FASTGLITCH Trigger Mode

Pulse Parameters and Auto-setup
TV Trigger and XY Display Mode
Signal Processing and FFT Analysis

Functional Description

The LeCroy 9424 offers a breakthrough
in digital oscilloscope technology,
combining 350 MHz bandwidth, 50K of
non-volatile acquisition memory per
channel, advanced triggering capabilities
and digital design, the instrument offers
many advantages over traditional multi-
channel oscilloscopes. Independent 8-bit
ADCs (for each channel) sample
repetitive waveforms at up to 10 giga-
samples/sec (single-shot phenomena at
up to 100 megasamples/sec) to enable
measurements with better timing
resolution and precision. Extensive
signal processing (including pulse
parameters, averaging, mathematics and
FFT analysis) performs complex
measurements in a fraction of a second.
Hard copies can be made directly over
RS-232C or GPIB onto a wide range of
digital plotters and printers.

ACCURACY AND PRECISION

Using the latest ideas in digital technol-
-ogy the Model 9424 features the speed
and precision that have become
standard in all LeCroy oscilloscopes. |
Waveforms are digitized by independent
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8-bit (12-bit with averaging) Flash ADCs
that provide a high signal-to-noise ratio
and superior dynamic resolution.
Sampling rates of up to 10 gigasamples/
sec are available for repetitive signals
and up to 100 megasamples/sec for
transient signals.

Each channel of the 9424 features a
massive 50K of non-volatile acquisition
memory for easy waveform capture,
better horizontal resolution and fast
sampling rates on all time-base settings.

ADVANCED TRIGGERING

The 9424 features the most advanced
trigger system available in any four-

channel oscilloscope. Each of the inputs
(Channel 1, 2 and 4) has independent
circuits to allow individual adjustment of
the trigger level, slope and coupling.

Simple push-button controls and rotary
knobs let the user select and adjust all
the appropriate trigger parameters, such
as hold-off or pre- and post-trigger
settings, with ease and precision.
Unigue trigger graphics summarize the
trigger configuration at a glance.
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Tracking rare glitches, spikes, missing
bits and drop-outs is easy using the
9424’s FASTGLITCH or INTERVAL
trigger modes. Both modes can be used
to provide stable triggering on even the
most troublesome phenomena. For
television or video development and test
the 9424 includes a TV Trigger facility
that is ideal for use on NTSC, PAL

or SECAM systems. Triggering on lines
and fields enables jitter-free viewing (and
expansion) of any portion of a TV signal
under investigation.

High-speed logic testing is effortless
using the 9424’s PATTERN trigger
mode. Logic status on three inputs may
be simultaneously examined enabling

the 9424 to trigger on entering or exiting
any predefined pattern. Users can even
specify the length of time for which a
pattern must remain valid before
allowing a trigger to occur.

For conditional triggering applications
the 9424 includes both STATE QUALI-
FIED and TIME/EVENT QUALIFIED
modes of operation.

FOUR CHANNEL PROCESSING

For situations that require noise reduc-
tion or improved dynamic range the
9424 includes summation averaging (up
to 1000 waveforms) simultaneously over
four channels. Built-in arithmetic (add,

subtract and invert) and pulse parameter
measurements are also standard. Up to
10 parameters can be automatically
calculated on live, stored or processed
waveforms.

Computations are made using high-
speed processing so that values appear
instantly on the screen. Additional
processing power can be added by
installing LeCroy’s waveform processing
options. WP02 performs spectral
analysis and WPO01 provides waveform
characterization and extended mathe-
matical analysis (integration, differentia-
tion, etc.) as well as averaging.

SINGLE-SHOT BANDWIDTH (NYQUIST FREQUENCY) Vs. TIME-BASE SETTING
4100
NYQUIST 50 ..
FREQUENCY .
(MHz) Bt \
10 e <
5 \\
LY
o .
ARG e
L]
1 Y [
0.5 Y \
Nt \
N .. \
0.1 N .
10n 500 100n 500n 1x  5p 10p 50p 100p 500p 1m  5m 10m
TIME-BASE SETTING
(sec/div)

Single-shot bandwidth is a function of sampling rate. Long memories enable higher sampling rates at equal time-base settings. Above, the 9424
(solid line) is compared to oscilloscopes with 1K (dotted line) and 512 points (dashed line) of memory. At slower time-base settings, the single-
shot bandwidth of the 9424, expressed as Nyquist frequency, is typically 50 times higher than in oscilloscopes with 1K memory and 100 times

higher than in those with only 512 poinis.
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9424 Specifications

VERTICAL ANALOG SECTION
Bandwidth (- 3 dB):

@ 50 Q: DC to 350 MHz.

@ 1 MQ AC: < 10 Hz to 250 MHz typical at
the probe tip.

@ 1 MQ DC: DC to 250 MHz typical at the
probe tip.

Input impedance: 1 MQ // 30 pF and 50 Q
+1%.

Channels: Four independent channels;
standard BNC connector inputs.

Sensitivity range: 5 mV/div to 2.5 V/div;
continuously variable from 1 to 2.5 times the
fixed setting. Fixed settings range from 5 mV/
divto 1 V/div (ina 1, 2, 5 sequence).
Vertical expansion: up to 5 times (with
averaging, up to 10 times or 500 pV/div
sensitivity).

Scale factors: Probe attenuation factors of
X1, X10, X100, X1000 or X10000, may be
selected and are remotely programmable.
Offset: £ 12 times the fixed sensitivity setting
in 0.02 division increments up to + 10 V max;
+ 24 div @ 10 mV/div; +48 div @ 5 mV/div.
DC accuracy: < + 2%.

Bandwidth limiter: 80 MHz (- 3 dB) typical.
Max Input Voltage 250 V (DC + peak AC)
at1 MQ+5V DC (500 mW) or 5 V RMS at
50 Q.

VERTICAL DIGITAL SECTION

ADCs: One per channel, 8-bit Flash.
Conversion rate: Up to 100 megasamples/
sec for transients, up to 10 gigasamples/sec
for repetitive signals, simultaneously on all
channels.

Aperture uncertainty: + 10 psec.
Acquisition memories, Channel 1, 2, 3

and 4: Non-volatile memories (battery
backed for a minimum of 2 years) of 50
kilowords per channel can be segmented into
2,5, 10, 20, 50, 100 or 200 blocks.
Reference memories, C and D: 50K, 16-bit
word memories, each storing one acquired or
processed waveform, or up to 200 segmented
waveforms.

Function memories E and F: Two 50K, 16-
bit word memaries for waveform processing.

Peak and Glitch Detection

Minimum and maximum peaks as fast as
0.002% of the record length (minimum
10 nsec) are captured and displayed with
100% probability.
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Using LeCroy’s new FASTGLITCH trigger
technique (see the trigger section below),

glitches faster than 2.5 nsec can be detected

on all time-base settings.

HORIZONTAL SECTION

Time Base

Range: 1 nsec/div to 5000 sec/div.

Clock accuracy: +0.01%.

Interpolator resolution: 5 psec.

Sampling clock output: BNC connector on
rear panel.

External clock input: BNC connector on
rear panel.

Acquisition Modes

Random Interleaved Sampling (RIS) for
repetitive signals from 1 nsec/div to 20 psec/
div.

Single shot for transient signals and
repetitive signals from 50 nsec/div to

200 msec/div.

Roll for slowly-changing signals from

500 msec/div to 5000 sec/div.

Sequence mode divides the acquisition
memory into 2, 5, 10, 20, 50, 100, or 200
segments.

Horizontal expansion: MULTI ZOOM mode
allows different signals or different sections of
the same signal to be expanded up to 1000
times.

Trigger

Pre-trigger recording: Adjustable in 0.2%
increments to 100% of full scale (grid width).
Post-trigger delay: Adjustable in 0.02
division increments up to 10,000 divisions.
Rate: Up to 500 MHz using HF trigger
coupling.

Timing: Trigger timing (date and time) is
listed in the memory status menu. The timing
of subsequent triggers in sequence mode is
measured with 0.1 sec absolute resolution, or
nanosecond resolution relative to the time of
the first trigger.

Trigger output: BNC connector on rear
panel.

Trigger veto: BNC connector on rear panel.

Standard Trigger

Sources: CHAN1, CHAN2, CHAN4, LINE.
CHAN1, CHAN2 and CHAN4 have
independent trigger circuits allowing slope,
coupling and level to be set individually for
each source. (CHANS is used for TV trigger).

Slope: Positive, negative.

Coupling: HF, AC, LF REJ, HF REJ, DC.

Modes:
Auto: Automatically re-arms after each
sweep. If no trigger occurs, one is
generated at an appropriate rate.
Normal: Re-arms after each sweep. If no
trigger occurs after a reasonable length of
time, the message “No or Slow Trigger” is
displayed.
Single (hold): Holds display after a trigger
occurs. Re-arms only when the “single”
button is pressed again.
Sequence: Stores multiple events in
segmented acquisition memories.

SMART Trigger

Single-source trigger operational modes:
Hold-off by time: 25 nsec to 20 sec.
Hold-off by events: 0 to 10° events.
Width-based trigger modes:

Pulse width < (FASTGLITCH): Triggers on
opposite slopes of pulses narrower than a
value in the range 2.5 nsec to 20 sec.

Pulse width >: Triggers on opposite slopes
of pulses wider than a value in the range

2.5 nsec to 20 sec.

Interval width <: Triggers on similar slopes of
signals narrower than a value in the range 10
nsec to 20 sec.

Interval width >: Triggers on similar slopes of
signals wider than a value in the range

25 nsec to 20 sec.

Multi-source trigger operational modes:
Pattern: Triggers on the logical AND of
CHAN1, CHANZ2 and CHAN4, where each
source can be defined as high (H), low (L) or
don't care (X). The trigger can be selected at
the beginning (entered) or at the end (exited)
of the specified pattern.

Bi-level: This is a special condition of pattern
trigger which allows the 9424 to trigger on any
signal that exceeds a certain pre-set high or
low trigger level. The signal must be
connected simultaneously to two channels.
The third trigger channel must be set to don't
care (X).

State qualified: Allows the 9424 to trigger on
any source (CHAN1, CHAN2 or CHAN4),
while requiring that a certain pattern of the
other two channels is present or absent. In
addition a delay by time or by number of
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events can be selected from the moment the
pattern is valid.

Time/Event qualified: Allows the 9424 to
trigger on any source (CHAN1, CHANZ2 or
CHAN4), as soon as a certain pattern of the
three channels is entered or exited. From the
moment of validity, a delay can be defined in
terms of time or number of events.

TV: Allows stable triggering on TV signals
that comply with PAL, SECAM or NTSC
standards. Selection of both line and field
number is possible. Active on CHAN3 only.

DISPLAY

CRT: 125X 17.5cm (5 X 7 inches);
magnetic deflection; vector type.

Resolution: 4096 X 4096 points.

Real-time clock: Date, hours, minutes,
seconds.

Grid: Internally generated; separate intensity
control for grid and waveforms. Single, dual,
quad and pulse parameter measurement grid
mode.

XY mode: Plots any two sources (CHAN 1,
CHANZ2, CHAN3, CHAN4, MEMORY C or D,
FUNCTION E or F and EXPAND A and B
against one another. Operates on live
waveforms with cursor readout.

Hard copy: Single or multi-pen digital plotters
as well as IBM, HP QuietJet, HP ThinkJet, HP
LaserJet and EPSON printers can be used to
make hard copies of the display. Screen
dumps are activated by a front-panel button
or via remote control. Plotters supported are:
the HP 7400 and 7500 series, Philips PM
8151, Graphtek FP 5301, and compatible
models. Plotting is done in parallel with
normal 9424 operation.

Graphics: All waveforms and display
information are presented using vector
(linear) graphics. Expanded waveforms use
LeCroy’s DOT-LINEAR graphics that highlight
actual data points and interpolate linearly
between them.

Menus: Waveform storage; acquisition
parameters; memory status; save/recall front-
panel configurations; SMART trigger;
waveform parameters, RS-232C
configuration; hardcopy setup and real-time
clock setup, averaging, and arithmetic.

Cursors

Relative time: Two cursors provide time
measurements with a resolution of + 0.2% of

full scale for unexpanded traces; up to 10% of
the sampling interval for expanded traces.
The corresponding frequency information is
also provided.

Relative voliage: Two horizontal bars
measure voltage differences to £ 0.2% of

full scale.

Absolute time: A cross-hair marker
measures absolute voltage versus signal
ground, as well as the time relative to the
trigger.

Absolute voltage: A reference bar measures
absolute voltage with respect to ground.
Pulse parameters: Two cross-hair cursors
are used to define a region of interest for
which pulse parameters will be calculated
automatically.

AUTO-SETUP

Pressing the auto-setup button automatically
scales the time base, trigger and sensitivity
settings to display a wide range of repetitive
input signals.

Type of signals detected: Repetitive signals
with amplitudes between 2 mV and 8 V,
frequency above 50 Hz and a duty cycle
greater than 0.1%.

Auto-setup time: Approximately 2 sec.

WAVEFORM PROCESSING

Waveform processing routines are called and
set up via menus. These include arithmetic
functions (add, subtract and invert), and
summation averaging (up to 1000 signals).
Pulse parameters: Based on ANSI/IEEE Std
181-1977 “Standard on Pulse Measurement
and Analysis by Objective Techniques”. The
terminology is derived from IEEE Std 194-
1977 “Standard Pulse Terms and Definitions”.

Automatic measurements determine:

Maximum Period
Minimum Pulse width
Mean Risetime
Standard deviation Falltime
RMS Delay

Sources: CHAN1, CHAN2, CHAN3, CHAN4,
EXPAND A or B. Cursors define the
measurement zone. When more than one
pulse is present in the measurement zone,
averaged results for period, width, risetime
and falltime are given.

REMOTE CONTROL :

All internal functions and front panel controls
are programmable.

RS-232C port: For computer/terminal control
or plotter connection. Asynchronous up to
19200 baud.

GPIB port: (IEEE-488). Configured as talker/
listener for computer control and fast data
transfer. Address switches on rear panel.
Local/remote: By front panel push button.

PROBES

Model: Four P9020 (X10, 10 MQ //3.33 pF)
probes supplied.

Probe calibration: 1 kHz square wave,

1V p-p.

Probe power: Two rear-panel power outlets
provide + 15V, + 5V DC.

SELF TESTS
Auto-calibration ensures accuracy of:
DC accuracy: + 2% full scale > 5 mV/div
+ 3% full scale at 5 mV/div
Time: 20 psec RMS.

GENERAL

Temperature: 5t0 40° C (41to 104° F)
rated; 0 to 50° C (32 to 122° F) operating.
Humidity: < 80%.

Power required: 110 or 220 V AC, 45 to
440 Hz, 275 W.

Battery backup: Lithium batteries maintain
front-panel settings and data for 2 years.
Dimensions: (HWD) 19.2 X 37.0 X 49.5 cm,
(71/2X 14 1/2 X 19 1/2 inches).

Weight: 15 kg (33 Ibs) net, 20 kg (44 Ib)
shipping.

Warranty: 2 years

ORDERING INFORMATION

9424 Digital Oscilloscope
9424WP01 Waveform Processing Option
9424WP02 Fast Fourier Processing Option
OM9424  Operator's Manual
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WPO1 Waveform Processing Firmware
for 9450/20/24 Digital Scopes

Main Features

m Averaging
Summation and Continuous

m  Arithmetic - including Addition,
Subtraction, Ratio and Multiplication

B Functions - including Integration,
Differentiation, Log, Exp, ABS and
Square Root

m Extrema Mode - Storage of Extreme
Positive and Negative Values

®m High-Resolution Mode for 11-bit
Performance

For Signal
Characterization and
Analysis

The LeCroy WP01 Waveform
Processing package offers powerful
routines that extend the processing
capabilities of the Models 9420, 9424
and 9450 Digital Oscilloscopes. All
processing is built in to eliminate the
need for external computers and
controllers. High-speed microprocessors
are used to ensure that computed
waveforms are displayed instantly on the
screen. The package is fully
programmable over the GPIB or RS-
232C interface and hard copies can be
directly made on a wide range of digital
plotters or printers.
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Added as a factory option or retrofitted in the field, the WP01 Waveform Processing Package
adds high-speed averaging, filtering and mathematical capabilities fo the Models 9420, 9424 or
9450 digital oscilloscopes.

Functional Description

The WPO01 waveform processing
package for the Models 9420, 9424 and
9450 Digital Oscilloscopes is optimized
for processing signals in real time. A
powerful 68020 microprocessor and
68881 co-processor enable very rapid
representation of results such as
averages, integrations, exponentials and
multiplications.

Waveform operations can be performed
on live, stored, processed or expanded
waveforms. They are selected through

simple menus that allow functions to be
chained together allowing more complex
computations. For example, it is possible
to perform the integration of an averaged
waveform or the multiplication of a
differentiated waveform.

All processing occurs in function
memories E and F (C, D, E and F for the
Model 9424) which may be displayed on
the screen by simply pressing the
appropriate function button. Processing
is fully automatic and is simultaneous
whenever more than one function has
been selected.
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SIGNAL AVERAGING

WPO01 offers two powerful, high-speed
averaging modes that can be used to
reduce noise and improve the signal-to-
noise ratio. Vertical resolution can be
extended by several bits to improve
dynamic range and increase the overall
input sensitivity to as much as 500 pV/
division.

Summed Averaging consists of the
repeated addition (with equal weight) of
recurrences of the selected source
waveform. The number of acquisitions
averaged can be selected between 2
and 1,000,000 sweeps with the accumu-
lation automatically stopping when the
number is reached. Signals exceeding
the range of the oscilloscope’s ADC can
be automatically rejected to ensure valid
summed averaging results.

The user may choose to "dither” the
programmable offset of the input
amplifier after each acquisition. Dithering
uses slightly different portions of the
ADC for successive waveforms so that
the differential non-linearities are also
averaged. As a result, in low-noise
applications, the measurement precision
and dynamic range are improved.

Continuous Averaging, sometimes called
exponential averaging, is the repeated
weighted average of the source wave-

form with the previous average. Averag-
ing goes on indefinitely with each new
acquisition and the effect of previous
waveforms gradually tends to zero.
Relative weighting factors can be
chosen from 1:1 to 1:127. The method is
particularly useful for monitoring noisy
signals which may change slowly over a
period of time.

HIGH RESOLUTION

The WP01 package provides a selective
filtering technique that improves vertical
resolution for reduced bandwidth
applications. By effectively removing
high-frequency noise, with digital
smoothing functions, waveforms can be
analyzed with resolution from 8 to 11
bits. The technigue can be used with
both single-shot and repetitive signals
and provides an ideal method for
smoothing transient phenomena.

EXTREMA MODE

Tracking rare glitches or monitoring
signals drifting in time and amplitude is
made easy with EXTREMA mode.
EXTREMA waveforms are produced by
repeatedly comparing acquisitions of a
source waveform with a stored
waveform that contains previous
maximum and/or minimum excursions.
Whenever a given data point of a new
acquisition exceeds the existing data

point of the stored waveform, the old
data point is replaced by the new. In this
way the envelope of all waveforms is
accumulated for up to a maximum of
1,000,000 sweeps.

ARITHMETIC

WPO1 offers basic arithmetic operations
such as addition, subtraction, division
and multiplication. These arithmetic
functions can be performed on any
source waveform on a point by point
basis. Different vertical gains and offsets
of the source waveforms are automati-
cally taken into account in the computed
result.

MATHEMATICAL FUNCTIONS

Functions including differentiation,
integration, square, square root,
logarithm (base 10 and e), exponential
and absolute value may be performed
on any source waveform. The wave-
forms may be multiplied by a constant
factor or offset by a constant. Arithmeti-
cal and mathematical functions can also
be chained together to construct more
complex processing routines.
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9450/20/24 WPO1 Specifications
R e E SR DR T R R

complex processing routines.
SUMMATION AVERAGING

Number of sweeps: 1 to 1,000,000.
Number of input points: 50 to 50,000.
Offset dithering: only on acquisition
channels; ON/OFF.

Artifact rejection: ON/OFF.

Vertical expansion: 10 X maximum.
Maximum sensitivity: 500 uV/div after
vertical expansion.

Speed: up to 300,000 words/sec.

CONTINUOUS AVERAGING

Possible weighting factors: 1:1, 1:3, 1.7,
1:15, 1:31 and 1:127.

Number of input points: 50 to 50,000.
Vertical expansion: 10 X maximum.
Maximum sensitivity: 500 uV/div after
vertical expansion.

ARITHMETIC

Identity, negation and reciprocal of any
waveform. Addition, subtraction,
multiplication, and ratio on any two
waveforms.

Number of input points: 50 to 50,000.
Multiplicative constant on first input: from
0.001 X 10 to 999.999 X 10%*
Additive constant on first input: from
-999.999 X 10**t0 999.999 X 10%*
Vertical expansion: 5 X maximum.

FUNCTIONS

Integration, differentiation, square, square
root, logarithm and exponential (base e and
10).

Number of input points: 50 to 50,000.
Multiplicative constant on input: from 0.001
X 10 {0 999.999 X 10%.

Additive constant on input: from -999.999 X
10 t0 999.999 X 10%.

Vertical expansion: 5 X maximum.

HIGH RESOLUTION

Choice of four low-pass filters for vertical
resolution improvement from 8 to 11 bits at
reduced bandwidth.

Vertical expansion: 10 X maximum.
Maximum sensitivity: 500 uV/div after
vertical expansion.

Maximum bandwidth (for 11 bit resolution):

RIS mode: 80 MHz.
Single-shot mode: 3.2 MHz (9450), 800
kHz (9420 and 9424).
Speed: from 50 kilowords/sec up to 300
kilowords/sec.

EXTREMA

Logs all extreme values of a waveform over a
programmable number of sweeps. Maxima
and minima can be displayed together, or
separately by choosing ROOF or FLOOR

28-Jun-89
17:35:24

traces.

Number of sweeps: 1 to 1,000,000.
Number of input points: 50 to 50,000.
Glitches as short as 0.002% of the time base
(down to 2.5 nsec for the 9450, 10 nsec for
the 9420 and 9424) are displayed.

Vertical expansion: 5 X maximum.

CHAINING OF OPERATIONS

Two functions can be automatically chained
using Functions E and F (four functions in the
9424). Using memory C and D for
intermediate results, any number of
operations can be chained manually or via
remote control.

REMOTE CONTROL

All controls and waveform processing
functions are fully programmable using the
oscilloscope’s GPIB or RS-232-C interfaces.
Simple English-like commands are used.

STORED FRONT PANELS

Up to 7 front-panel setups, including WPO01
settings, can be stored in non-volatile memory
and recalled using the menu buttons at the
left side of the screen or via remote control.

:x hres (1)
120ns .2V
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Iﬂﬂﬂkgig=!%Lv
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Whether it's sophisticated functions (like integration, differentiation
or logarithm) or simple mathematics (like addition, subtraction and
multiplication), the WPO01 package can calculate the results with
Just a touch of a button. Above, a ramp (top trace) and a square
wave (lower trace) are multiplied together. The result is shown in
the middle trace complete with cursor readout.
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7 1e WPO1 package performs digital filtering techniques that allow
irnproved vertical resolution and sensitivity. The above example
shows the ringing on a step response (top trace) expanded 5 times
vertically and 25 times horizontally (middle trace). The lower trace
shows the same expansion but with 9-bit resolution. The second
and third oscillations are now clearly visible.
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WPO02 Spectrum Analysis Firmware
for 9450/20/24 Digital Scopes

Main Features

50,000 Point FFTs - Extremely long
record FFTs provide significant signal-to-
noise ratio improvement over two (or
four) channels simultaneously.

Wide-band frequency analysis -
Over DC to 350 MHz bandwidth range
with high resolution.

Sampling rates up to 10 GS/sec -
effectively eliminate aliasing errors.

Frequency Resolution from 20 uHz to
100 MHz - permits identifying narrow-
spectral components within broad
frequency ranges.

Broad spectrum coverage - FFTs are
executed over record lengths as long as
50,000 data points giving up to 25,000
spectral components.

Multi-channel Analysis - All input
channels can be analyzed simultane-
ously to allow comparison of independent
signals for common frequency-domain
characteristics.

Versatile display formats - Frequency-
domain data may be presented as
magnitude, phase, real, imaginary, log-
power and log-PSD (power spectral
density). These display formats can all be
selected via menu options after signal
capture.

Standard window functions - Rectan-
gular for transient signals; von Hann
(Hanning) and Hamming for continuous
waveform data; Flattop for accurate
amplitude measurements; Blackman-
Harris for maximum frequency
resolution.

The instrument at the top (Model 9450) shows a modulated signal (top trace) analyzed in the
frequency domain. Both power spectrum (middle) and magnitude (lower) are displayed. Side
lobes 5 kHz from the fundamental frequency are clearly visible. The instrument at the boftom
(Model 9420) shows a train of rectangular pulses (top trace) and the relative power spectrum
(bottom).

Calibrated vertical scaling - Flatiop
truncation window provides precisely
calibrated vertical scaling for all spectral
components.

Time-domain averaging - Averaging
real-time signals prior to FFT execution
can increase the dynamic range up to
70 dB.

Frequency domain averaging - Up to
250 FFT results may be averaged to
reduce base-line noise and enable
analysis of phase-incoherent signals or
signals which cannot be triggered on.
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Frequency cursors - Cursors give up to
0.004% frequency resolution and
measure power or voltage differences to
0.2% of full scale.

Automatic DC suppression - DC signal
components may be suppressed
automatically prior to FFT execution
(menu selected).

Full documentation - The oscillo-
scope's status in the frequency domain
is fully documented on one comprehen-
sive display page which specifies
parameters such as Nyquist frequency,
number of points, vertical scaling and
window function.

Chaining of operations - Two opera-
tions (four in the 9424) can be automati-
cally chained, e.g., Function F = FFT of
(CH1 X CH2). Any number of operations
can be performed sequentially, either
manually or via remote control.

Full remote control - All front-panel
settings and waveform processing
functions are programmable via GPIB or
RS-232C interfaces. Acquired and
processed waveforms can be down-
loaded to a computer and can later be
retrieved and displayed on the oscillo-
scope.

Color archiving - Provides color hard
copies of the screen using a wide range
of digital plotters.

Processing of expansions - Up to two
regions (four in the 9424) of the same
waveform, or of different waveforms,
can be expanded and processed
simultaneously.

FFT on segmented waveforms -
Individual waveform segments can be
expanded and then analyzed using FFT.
Time and date information is automati-
cally recorded for each segment.
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Functional Description

FOURIER PROCESSING

Fourier processing is a mathematical
technique which enables a time-domain
waveform to be described in terms of fre-
quency-domain magnitude and phase, or
real and imaginary spectra. It is used, for
example, in spectral analysis, where a
waveform is sampled and digitized, then
transformed by a Discrete Fourier
Transform (DFT). Fast Fourier Trans-
forms (FFTs) are a set of algorithms used
to reduce the computation time (by better
than a factor of 100 for a 1000 point FFT)
needed to evaluate a DFT. The principal
advantage of FFT is the speed with
which it can analyze large quantities of
waveform samples. Using standard
measurement techniques, FFT converts
a time-domain measurement instrument
into a digital spectrum analyzer.

The WPO02 Spectrum Analysis package
enhances the outstanding features of the
LeCroy Models 9450, 9420 and 9424
Digital Oscilloscopes. It provides high
resolution, wide-band spectrum analysis
capabilities together with sophisticated
window functions and fast processing.

FFT AND LeCROY OSCILLOSCOPES

In FFT mode LeCroy oscilloscopes
provide measurement capabilities
superior to those of common swept
spectrum analyzers. In particular, it is
now possible to perform spectral analysis
on repetitive and single events at an eco-
nomic price. Users can obtain time and
frequency values simultaneously and
compare phases of the various frequency
components with each other.

Rather than the commonly used “power
of two” record lengths, the routines used
in the WP02 package feature decimal
record lengths, which can be selected in
a1, 2, 5 sequence. Resulting spectra are

also calibrated in convenient decimal
Hertz values.

The WP02 package is supported by the
exceptional acquisition characteristics
which are the hallmark of LeCroy
oscilloscopes (+ 2% DC accuracy, high
effective bits, improved resolution
through averaging). Computations are
made using 16-bit processing that allows
high accuracy, stability and repeatability.
With LeCroy oscilloscopes, signals may
be acquired and processed simultane-
ously using Channels 1 and 2 (1 to 4 in
the 9424). This is particularly useful for
network characterization or when looking
for common frequency-domain charac-
teristics on multiple signals.

IMPROVED RESOLUTION

The Fast Fourier Transform calculates
equally-spaced frequency components
from DC to the full instrument bandwidth.
By lowering the sampling rate, it is
possible to make measurements with

20 pHz resolution up to 0.5 Hz (Nyquist).
By increasing the sampling rate to 10
gigasamples/sec (100 psec/point) in
random interleaved sampling mode, the
widest resolution becomes 100 MHz and
the Nyquist frequency 5.0 GHz, comforta-
bly above the highest frequency compo-
nents recordable by the oscilloscope,
thus virtually eliminating aliasing effects.

VERSATILE WINDOW FUNCTIONS

The WP02 FFT software provides a
selection of window functions designed
to minimize leakage and to maximize
spectral resolution of single and non-
cyclic events. These include the rectan-
gular or unmodified window typically
used for transient events, the Von Hann
(Hanning) and Hamming windows for
continuous signals, and also the Flattop
and Blackman-Harris windows for more
precise amplitude (power) measurements
or strong suppression of side lobes
respectively.
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9450/20/24 WP02 Specifications
e e e

MEMORIES

Acquisition memory: 50K, 8-bit word
memories per channel.

Reference and Function memories: for the
9450/20 - 2 x 50K, 16-bit word reference
memories which can each store one acquired
or processed waveform (or up to 200
segmented waveforms) and 2 x 50K, 16-bit
word function memories for waveform
processing. The 9424 has 4 x 50K, 16-bit
word memories which can be used both as
reference or as function memories.

FREQUENCY

Frequency range: DC to > 350 MHz.
Frequency resolution: 20 uHz to 100 MHz.
Nyquist frequency range: 0.5 Hz to 5 GHz.
The Nyquist frequency can be adjusted and
optimized after signal acquisition and prior to
FFT execution.

Frequency scale factors: 0.05 Hz/div to

0.5 GHz/div in a 1-2-5 sequence.

Frequency accuracy: 0.01%

Horizontal expansion: up to 1000 times.
Selection of the transform size: 50 to 50000
data points in 10 steps in a 1-2-5 sequence.
The transform size defines the decimation
applied to the signal after the acquisition. The
Nyquist frequency can be adjusted and
optimized after signal acquisition and prior to
FFT execution.

AMPLITUDE AND PHASE

Amplitude accuracy: better than 2%.
Amplitude accuracy may be modified by the
window function (see the window functions
table below).

Signal overflow: a warning is provided at the
top of the display when the input signal
exceeds the ADC range.

DC suppression: selected via the menu
(ON/OFF). It removes the DC component
prior to FFT execution.

Number of traces: Time domain and
frequency domain data can be displayed
simultaneously (up to 4 waveforms).

Phase range: - 180° to + 180°.

Phase accuracy: = 5° (for amplitude

> 1.4 div).

Phase scale factor: 50° /division.

Zero base line: 0 div (center of screen).

Spectrum Display Formats and Scaling
Frequency scale: linear, real, imaginary or
complex spectrum, in V/div, zero base line at
0 div (center of screen).

Power spectrum in dBm (1 mW into 50 Q).
Power spectral density (PSD) in dBm.

Phase display: linear.

Magnitude display: linear.

Power and PSD spectra displays have 80 dB
range (10 dB/div), expandable to 5, 2 or

1 dB/div.

Frequency Domain Power Averaging

Up to 250 spectra for power, PSD or
magnitude.

Vertical Expansion

All spectral formats, up to 10 times, in a 1-2-5
sequence.

Window Functions

Rectangular, von Hann (Hanning), Hamming,
Flattop and Blackman-Harris. The table below
indicates the filter pass band shape and the
resolution:

FILTER PASS BAND AND RESOLUTION

Filter Noise

bandwidth | Highest | Scallop| band-
Window at -6 dB side lobe| loss width
type [freq. bins]| [dB] [dB] [freq.bins]
Rectangular | 1.21 -13 3.92 1.0
von Hann 2.00 -32 1.42 1.5
Hamming 1.81 -43 1.78 1.36
Flattop 1.78 -44 0.01 2.96
Blackman-
Harris 1.81 -67 1.13 1.1
Definitions

Filter bandwidth at -6 dB characterizes the
frequency resolution of the filter.

Highest side lobe indicates the reduction in
leakage of signal components into
neighboring frequency bins.

Scallop loss is the maximum loss of
amplitude accuracy of the magnitude
spectrum.

Noise bandwidth is the bandwidth of an
equivalent rectangular filter.

FFT EXECUTION TIME

0.10 sec for a 1,000-point FFT.
1.14 sec for a 10,000-point FFT.
6.6 sec for a 50,000-point FFT.

CURSORS

Absolute (cross-hair) and relative (arrows)
cursors provide frequency and amplitude
(phase, power, power density) measurements.
Horizontal bars provide absolute and relative
amplitude, and power and power density
measurements.

REMOTE CONTROL

All WP02 processing functions are fully
programmable via the GPIB and RS-232C
interfaces. Simple English-like commands are
used.

Remote read and write: All waveform
formats including complex can be read by
computer for storage or further processing.
Externally generated waveforms can be
written into the Memories C and D for FFT or
other processing.

STORED FRONT PANELS

Up to 7 front-panel setups, including WP02
menu settings can be stored in non-volatile
memory and recalled by the menu buttons at
the left side of the screen.

WPO02 INSTALLATION

A WPO02 package may be retrofitted to a
LeCroy 9450/20/24 Digital Oscilloscope.
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The sum of two sinusoids of 500 kHz and
527.5 kHz is digitized over 200 points and
transformed to the frequency domain. Four
different window functions (see left) are
applied to indicate their effect on leakage
suppression and spectral resolution.

ORDERING INFORMATION

Code Description
= 9450WP02 FFT Firmware for 9450
Flattop von Hann (Hanning) 9420WP02 FFT Firmware for 9420

9424WP02 FFT Firmware for 9424

[ |x-trFre2n
Miz 10 B

P===aalll -

Ch1 20my ~
T/div20pus Ch2>20mY B
Trig- 1.56div + CHAN 2=

Long records give wide frequency span. FFT of a 1000 Hz A 2 MHz signal is frequency modulated with a 99 kHz sine wave.

amplitude modulated square wave, recorded over 50,000 points, To improve the signal-to-noise raiio on the phase-incoherent FM
shows harmonics up to 51 kHz. Expansion shows side bands at Signal, 64 spectra are averaged (bottom trace). The part of the
10 Hz and - 19.6 dBm. spectrum at the right-hand side is the 2nd harmonic of the carrier

with side bands.

22-Har -89
11:12:18
Definttion of Function £

Class: Fourier Tromform
Type: Power Spectrum
HMax number of points: 50000

Source: Chonnel 1
HMultiplication Foctor: 1.000 »°
Additive constont: +0.000 o°V

Hindow Type:

Zero Suppression: ON

FE = PS(FFT(C1)
For 2000 points

Nyguist = 200 MHz
AF = 200 kHz

T/div .Sps

A frequency coded radar signal has been captured in single shot The FFT menu documents all the relevant parameters.
(upper trace). Two time windows have been applied (not visible on

the screen) to isolate different portions of the signal and the

respective FFTs have been calculated. The middle and the lower

irace show the two amplitude spectra. A frequency shift of 30 MHz

is clearly visible.
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9400A Portable Dual-Channel
Digital Oscilloscope
Eia s sasrmmene o s e e

Main Features

175 MHz Bandwidth - Each of two in-
dependent channels has 175 MHz band-
width and its own high-performance
8-bit ADC.

High Vertical Precision - Each inde-
pendent channel converts input signals
with better than £2% DC accuracy (£1%
optional).

1024 x 1024 Display - The 9400A’'s
large display screen produces bright,
stable, razor-sharp pictures of your signal
under any repetition rate conditions. Very
accurate signal comparisons are possible
as up to four waveforms (live, expanded
or processed) can be displayed simulta-
neously.

Precise Time- Base Resolution -Long
memorigs and a versatile cursor system
(including voltage, time and cross-hair
cursors), give time measurements with
an accuracy of £0.02% of the time-base
setting, and resolution of +£0.002% full
scale.

Long 32K Memories - The long 32K
acquisition memories of the 9400A
capture waveforms with high fidelity. At
similar time-base settings, the 9400A’s
long memories allow sampling rates up to
25 times faster than that of instruments
which have only 1K of acquisition
memory (see graph next page). Faster
sampling rates ensure higher single shot
bandwidth as well as significantly
reducing problems caused by under-

v
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sampling and aliasing. The 9400A’s
long memories allow displayed wave-
forms to be expanded up t0100 times to
show the finest signal details.

5 GS/sec Sampling - The 9400A
features sampling rates of up to 5 gi-
gasamples/sec for repetitive signals.

100 MS/sec Transient Recording -
With a sampling rate of 100
megasamples/sec, the 9400A is an
extremely powerful transient recorder.

Long 32K data point acquisition memo-
ries, combined with a continuously
adjustable trigger (from 100% pre-trigger
to 10000 divisions post-trigger at any
time-base setting), ensure that rare
events cannot be missed. Both channels
are sampled simultaneously so that exact
time correlation is maintained between
channels.
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Full Programmability - All the 9400A’s
front-panel controls are fully program-
mable via the two RS-232C interface
ports or the GPIB port. A single pushbut-
ton initiates a Screen Dump for accurate
color hard copies of the display via a
wide range of digital plotters. The GPIB
port comes complete with LeCroy
“MASP” software, offering computer
control and mass storage on any PC
compatible with the IBM® standard.

Signal Processing - The waveform
processing options extend the applica-
tions of the 9400A to high bandwidth
signal characterization, as well as mathe-
matical and spectral analysis. The
routines include averaging (summed and
continuous),smoothing, integration, differ-
entiation, square, square-root, full arith-
metic, FFT spectral analysis, and
Extrema monitoring.

Mass Storage and Remote Control -
A sophisticated mass storage and
remote control package is available to
assist users involved in automated and
computer-aided testing. Convenient
portability for field applications is also
provided by a laptop computer.

SINGLE-SHOT BANDWIDTH (NYQUIST FREQUENCY) VS. TIME BASE SETTING

§ 100
50
2 NS N
N\
ISIII'I ~N N\ N \
LI 10 N - u\
S \
3 I N
z S\ N
1 XN N
A Y \
0.5 NS \
NN
N Ny
NN
NN
10n 50n 100n  500n 1p S5p 10p 50pn 100p  500n 1m
TIME BASE SETTING
(sec/div)

Single-shot bandwidth is a function of sampling rate. Long memories enable higher sampling rates at equal time-base settings. Above, the
9400A (solid line) is compared to oscilloscopes with 1K (dotted line) and 512 points (dashed line) of memory. At slower time-base settings, the
single-shot bandwidth of the 9400A, expressed as Nyquist frequency, is typically 25 times higher than in oscilloscopes with 1K memory and
50 times higher than in those with only 512 points.
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9400A Specifications

VERTICAL ANALOG SECTION

Bandwidth (-3 dB):

@50Q:DC - 175 MHz at 10 mV/div,

up to 225 MHz at 1 V/div;
DC - 150 MHz at 5 mV/div.

@1 MQ AC: <10 Hz - 100 MHz typical,

@1 MQ DC: DC - 100 MHz typical.
Single shot: DC - 50 MHz (Nyquist).
Input impedance: 1 MQ //50 pF and 50Q
1%
Channels: Two; standard BNC connector
inputs.
Sensitivity: 5 mV/div to 1 V/div at 50Q and
5mV/div to 5 V/div at 1MQ impedance;
detents at 1-2-5,1: 2.5 continuously variable.
Offset: +8 divisions in 0.04 division incre-
ments.
DC accuracy: Standard < £2%,
optional € £1%.
Noise: <0.45% RMS.
Bandwidth limiter (-3 dB): 30 MHz.
Max input voltage: 250V (DC + peak AC) at
1MQ, 5V DC (500 mW) or 10 V peak AC at
50Q.

VERTICAL DIGITAL SECTION

ADC: One per channel, 8-bit flash.
Conversion rate: Up to 100 megasamples/
sec for transient signals, up to 5 gigasamples/
sec for repetitive signals, simultaneously on
both channels.

Aperture uncertainty: +10 psec.

Overall dynamic accuracy (typical): Sine
wave applied to the BNC input for RMS curve
fit at 80% full scale. The accuracy measure-
ment includes front-end amplifier, sample &
hold and ADC.

Input frequency Nyquist

(MHZ) 1 10 | 50 | 100 | 175
Signal-to-noise

ratio (dB) 41.9(41.9(41.9 | 37.1| 29.9
Effective Bits 70 [Z.0|572.0:56:2: 50

Acquisition memories Channel 1 and 2:
Two, 32K 8-bit word memories (64K total)
which can be segmented into 8, 15, 31, 62,125
or 250 blocks.

Reference memories C and D: Two 32K 16-
bit word memories (64K total) which can store
two acquired and/or processed waveforms.
Function memories E and F (optional) Two,
32K 16-bit word memories (64K total) for
waveform processing.

Glitch detection: Permanent glitch detection
for events down to 0.04% of the time-base
setting,10 nsec minimum.

HORIZONTAL SECTION

Time base

Range: 2 nsec/div - 100 sec/div

Accuracy: Better than +0.002% of the time-
base setting.

Interpolator resolution: 10 psec.

Acquisition modes:

Random Interleaved Sampling (RIS) for
repetitive signals from 2 nsec/div to 2 pusec/div;
Single shot for transient signals and repetitive
signals from 50 nsec/div to 200 msec/div;

Roll for slowly changing signals from

500 msec/div to 100 sec/div;

Sequence for capturing transients in seg-
mented memories of 8,15, 31, 62, 125 or 250
blocks.

Trigger
Sources: CH1, CH2, LINE, EXT, EXT/10.
Slope: Positive, negative, window.
Coupling: AC, LF REJ, HF REJ, DC
Modes:
Sequence, stores multiple events in seg-
mented acquisition memories.
Auto, automatically re-arms after each
sweep. If no trigger occurs, one is gener-
ated at 2 Hz repetition rate.
Normal, re-arms after each sweep. If no
trigger occurs after 2 sec, the display is
erased.

Single (hold), holds display after a trigger
occurs. Re-arms only after the single-
button is pressed again.
Pre-trigger: Adjustable in 0.2% increments,
to 100%.
Post-trigger delay: Adjustable in 0.02
division increments up to 10000 divisions.
External trigger input: 1 MQ, <30 pF, 250 V
max., +2 V in EXT,+ 20 V in EXT/10.
Rate: =200 MHz.

SELF TESTS

Auto-calibration: Performed every 20
minutes or whenever the gain or time-base
parameters are changed; provides accuracies
of:
DC gain: £2% (+1% optional) of full scale;
Offset: £0.5% of full scale (50 Q only);
Time: 20 psec RMS.
During the warming-up period, auto-calibration
is carried out at 1 minute intervals unless the
oscilloscope is in single or sequence trigger
mode.

DISPLAY

CRT: 12.5 x 17.5 cm (5 x 7 inches); magnetic
deflection; vector graphics system.
Resolution: 1024 x 1024 addressable points.
Grid: Internally generated; separate intensity
control for grid and waveforms. Single and
dual grid mode.

Expansion: Dual zoom horizontal expansion
operates simultaneously on live, stored and
processed waveforms, expanding up to 100
times. Vertical expansion from 0.4 up to 2
times for non-processed waveforms, up to 10
times for processed waveforms.

Screen dump: Single or multi-pen digital
plotters are menu selected. The 9400A sup-
ports the HP7400 series, as well as the
Tektronix 4662, Philips PM 8151, Graphtek
WX 4638/6, and compatible models. Screen
dumps are activated by a front-panel push-
button.
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Cursors: Two time cursors give time
resolution of £0.2% of full scale for unex-
panded traces; up to +0.002% for expanded
traces. The corresponding frequency informa-
tion is also provided. Two voltage cursors
measure voltage differences to 0.2% of full
scale for each trace.

A cross-hair marker measures absolute volt-
age versus signal ground as well as the time
relative to the trigger. Time and cross-hair cur-
sors indicate Hz and dB or volt values when
an FFT spectrum analysis is made.

Menus:

Standard Waveform storage; Acquisition
parameters; Memory status; Store/recall front-
panel configurations; RS-232-C

configuration; Plotter setup.

Optional: (WP01/WP02) Averaging, arithme-
tic, functions, extrema, smoothing, FFT and
frequency domain averaging.

REMOTE CONTROL

All the front-panel controls, including variable
gain, offset and position controls (not cursor
positioning), and all the internal functions are
programmable.

RS-232C ports: Two: for computer/terminal
control and plotter connection. Asynchronous
up to19200 baud.

GPIB port: (IEEE-488). Configured as
talker/listener for computer control and fast
data transfer; 400 kilobytes/sec maximum,
ASCII or binary. The address switches are on
the rear panel. This also includes LeCroy
MS02 (MASP) IBM PC-based software for
mass storage and remote control applications.
For further details on MASP software, please
refer to the MS01/02

data sheet.

PROBES

Probe calibration: 976 Hz square wave,
1Vpp+i.

Standard probes: Two Model P9010, x10
attenuating passive probes with 10 M€ input
impedance in parallel with a 5.5 pF capaci-
tance.

Probe power: Two power outlets on the rear
panel provide £15 V and £5 VDC for active
probes.

[-26

GENERAL

Temperature: 5 to 40°C rated; to 50°C
operating.

Humidity: 80%.

EMI immunity: The 9400A complies with the
following standards: IEC 801, VDE 0871, FCC
PART 15 and SEV.

Safety standards: The 9400A complies with
the following: |IEC-348, ASE 3453 and

VDE 0411.

Power required: 110 or 220 VAC, 48 to

65 Hz, 200 W.

Battery back-up: NiCd batteries maintain
front-panel settings for 6 months minimum.
Dimensions: (HWD) 19.2 x 36.5 x 46.5 cm,
(7 1/2 x 14 3/8 x 18 3/8 inch).

Weight: 14 kg (30 Ibs) net, 20 kg (44 Ibs)
shipping.

Warranty: 2 years

CERTIFIED CALIBRATION CS9400

Certified traceable calibration to NBS or any other national standard

ORDERING INFORMATION

Oscilloscope and Options

Code
9400A
9400A0P01
9400AWPO1

9400AWP02

9400AMSO01

9400AIMO1

9400CS01

is obtained by specifying C59400 when ordering the 9400A

Description

Digital Oscilloscope
High-precision option
(£1% DC accuracy)
Waveform process-
ing option

Fast Fourier process-
ing option (requires
9400AWPO01)

Mass storage and re-
mote control pack-
age, including an
IBM lap-top control
ler, interface, cables
and software

GPIB interface for
IBM-PCC computers
Calibration Software
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WPO1 Waveform Processing Firmware
for 9400A Digital Oscilloscopes

Main Features

Averaging: Summation and

Continuous

B Summation averaging up to
1,000,000 waveforms.

B Continuous averaging with weight-
ing factors up to 128. Averages up
to 100,000 words/sec in summation
mode.

B Increases dynamic range to pVolt
sensitivity.

Offset Dithering - Improves the vertical
resolution for low-noise measurements
by several bits in summation averaging
mode. Reduces the effect of ADC differ-
ential nonlinearities.

Artifact Rejection - Rejects waveforms
that exceed the dynamic range of the
ADC to ensure statistical validity of
summed average results.

"Extrema" Mode - Keeps track of time
and amplitude drift by storing extreme
positive and negative values, such as
glitches, over a programmable number
of sweeps.

Powerful Arithmetic - Processes
addition, subtraction, multiplication, or
division on pairs of waveforms stored in
the 9400A’s memory locations CH1,
CH2, C,D, and E. Waveform data can be
normalized by additive or multiplicative
constants.

Complex Functions - Computes
integration, differentiation, square,
square root and negation on single
waveforms stored in the 9400A memory
locations CH1, CH2, C, D, and E.
Waveform data can be multiplied by
constants.

By chaining different mathematical functions together, the WP01 waveform processing package
can perform complex measurement sequences with ease. Above, a damped sine wave (fop) is
squared (middle) and then integrated (bottom) allowing RMS measurements to be calculated.

Smoothing - Allows two smoothing

modes to reduce unwanted noise on

single events:

B Mean value smoothing down to 50
segments;

B N-point smoothing with up to
9-point filter.

Vertical Expansion - Provides vertical
scale expansion by a factor of up to 10 in
signal averaging mode.

Chaining of Operations - Automatically
chains two operations. Example: F(E) =
Average (CH1-CH2). An indefinite

number of operations can be performed
sequentially, either manually or via
remote control.

Remote Control - Controls remotely all
front-panel settings, as well as all wave-
form processing options via either GPIB
or RS-232C interfaces.

Color Archiving - Copies screen in

color using a wide range of digital
plotters.
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Functional Description

WPO01, an optional waveform processing
firmware package for the 9400A Digital
Oscilloscope, is optimized for processing
signals in real time. The powerful 68000-
based system permits rapid representa-
tion of processed results such as
averages, differentiations, multiplications,
integrations and smoothing of wave-
forms.

Waveform operations can be performed
on live or stored signals, or a combina-
tion of both. They are selected through
simple menus, and it is even possible to
chain them and compute, for example,
the integral of the multiplication of two
traces, or average the difference of CH1
and CH2.

WPO01 includes an additional 512 KB
random access memory for accumula-
tion, computation and waveform buffer-
ing. It permits the accumulation of up to
1,000,000 waveforms of 32,000 points
each.

All processing occurs in waveform
memories E and F which may be
displayed on the screen by pressing
FUNCTION E, F buttons. Whenever one
of the FUNCTIONS E or F or their
expansions (EXPAND A or B) is turned
on, the corresponding waveform process-
ing is executed and the result displayed.

SIGNAL AVERAGING

Summed averaging - consists of the
repeated addition, with equal weight, of
recurrences of the selected source
waveform. Whenever the required
number of waveforms is reached, the
averaging process will stop. The total
number of waveforms to be accumulated
can be selected between 10 and
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1,000,000 sweeps in a 1-2-5 sequence.
Signals exceeding the dynamic range of
the 9400A’s 8-bit ADC at any point may
be automatically rejected to ensure valid
summed averaging results.

Continuous averaging - sometimes
called exponential averaging, consists of
the repeated weighted average of the
source waveform with the previous
average. This mode of averaging is a
continuous process. The effect of
previous waveforms gradually tends to
zero. Relative weighting factors can be
chosen from 1:1 to 1:127. This averaging
mode is most useful for setting up
measurements or observing noisy signals
that change with time.

EXTREMA MODE

Tracking rare glitches or monitoring
signals drifting in time and amplitude is
made easy with the unique EXTREMA
mode. The computation of extrema
consists of a repeated comparison of
recurrences of the source waveform with
the accumulated extrema waveform.

Whenever a given data point of a new
acquisition exceeds the existing data
point of the stored waveform, the old data
point is replaced by the new. In this way
the maximum and/or minimum envelope
of all waveforms is accumulated up to a
maximum of 1,000,000 sweeps.

ARITHMETIC

WPO01 also offers basic arithmetic
operations such as addition, subtraction,
division, and multiplication. These
arithmetic functions can be performed on
two source waveforms on a point-by-point
basis. Different vertical gains and offsets
of the two sources are automatically
taken into account. However, both
source waveforms must have the same

time base setting. The first waveform
may be multiplied by a constant factor
and offset by a constant.

MATHEMATICAL FUNCTIONS
Mathematical functions such as negation,
square, square root, integral and differen-
tiation are performed on a single source
waveform. The waveform may be multi-
plied by a constant factor and may be
offset by a constant. Arithmetical and
mathematical functions may be chained
with memory C and D.

SMOOTHING

Mean value smoothing divides the
acquired signal into a chosen number of
segments and then generates the
smoothed waveform in which each
displayed point corresponds to the mean
value of "n” points contained in the
corresponding segment. The number of
segments can be between 50 and
32,000. Mean value smoothing takes all
digitized points on the screen into
account.

N-point smoothing applies a moving:
average of N points symmetrically placed
around each of the 50 to 32,000 selected
points for display.

Each selected point Yk is replaced in the
smoothed waveform by a processed
point Y’k corresponding to:

(N-1)/2

Y'(k) = Y. C(n) Y(k+n)
n=-(N-1)/2

where, in case of a 3-point filter,
N=3,C, =1/4;C, =1/2;C, =1/4

The number of points N can be selected
tobe 3,5,7, or9.
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9400AWPO01 Specifications
—

SUMMATION AVERAGING

Number of sweeps: 10 to 1,000,000 can be
selected in a 1-2-5 sequence.

Number of points averaged over CH1, CH2:
50 to 32,000 in 10 steps.

Offset dithering: Up to 6 LSBs may be
chosen.

Artifact rejection: ON/OFF

Theoretical signal-to-noise improvement
achievable: 57 dB

Vertical expansion: 10 times maximum.
Maximum sensitivity: 500 pV/div after
vertical expansion.

CONTINUOUS AVERAGING

Number of sweeps: Infinite

Weighting factors selectable: 1:1, 1:3, 1.7,
1115, 1:31, 1:127.

Number of points averaged: 50 to 32,000 in
10 steps

Vertical expansion: 10 times maximum
Maximum sensitivity: 500 uV/div after
vertical expansion.

AVERAGING SPEED
The figures below assume that the display
time between triggers is negligible:

record length summation
(# of points) (sweeps/sec)
32000 3
25000 4
12500 6
6250 13
2500 32
1250 51
625 73
250 100
125 112
50 118

In interleaved sampling mode, the averaging
speed is reduced as more signals are required
to complete a displayed waveform.

WAVEFORM ARITHMETIC

Addition, subtraction, multiplication, and ratio
can be performed on two live waveforms from
CH1 and CH2, or from stored waveforms in
memories C, D and E.

Example: E=CH1-CH2
F = CH2*D
F=CH1+E

Number of points processed: from 50 to
32,000 can be selected in 10 steps.
Multiplicative constants: from 0.01 to 9.99
can be selected in steps of 0.01.

Additive constant: from -9.99 to 9.99
divisions can be selected in steps of 0.01.
Vertical expansion: 2 times maximum.
Typical execution time for 1250 points:
600 msec.

WAVEFORM FUNCTIONS
Integration, differentiation, square, square
root, negation (invert).

Examples: E = [CH1 dt
F = -CH2
E = dD/dt

Number of points processed: from 50 to
32,000 can be selected in 10 steps.
Multiplicative constants: from 0.01 to 9.99
can be selected in steps of 0.01

Additive constant: from -9.99 divisions to
9.99 divisions can be selected in steps of
0.01.

Vertical expansion: 2 times maximum.
Typical execution time for 1250 points:
400-1000 msec.

MEAN VALUE SMOOTHING

Number of adjacent blocks processed: 50
to 32,000 in 10 steps.

Number of points per block: varies with the
time base and the number of blocks selected.
Typical execution time for 1250 points:
700 msec.

N-POINT SMOOTHING

Filter coefficients with weighting factors for
successive data points:

3 point - (1:2:1) 1/4

5 point - (1:4:6:4:1) 1/16

7 point - (1:6:15:20:15:6:1) 1/64

9 point - (1:8:28:56:70:56:28:8:1) 1/256.

Number of points processed: 50 to 32,000
in 10 steps

Vertical expansion: 2 times maximum.
Typical execution time of 1250 points:

500 msec.

EXTREMA MODE

Logs all extreme values of a waveform over a
programmable number of sweeps. Maxima
and minima are displayed separately by
ROOF and FLOOR traces.

Number of sweeps: selected ina 1-2-5
sequence from 1 up to 1,000,000.

Number of points processed: 50 to 32,000
in 10 steps. Glitches as short as 10 nsec or
0.04% of the time base setting are displayed.
Vertical expansion: 2 times maximum.
Typical execution time for 1250 pointis:
300 msec.

CHAINING OF OPERATIONS

Two functions can be automatically chained
using functions E and F.

E =CH1-CH2
F = summed average of E

Example:

Manual chaining using memory C and D for
intermediate results may continue indefinitely.

REMOTE CONTROL

All front-panel controls and Waveform
Processing functions are fully programmable
via either the 9400A’s GPIB or RS-232-C
interfaces. Simple English-like mnemonics
are used.

STORED FRONT PANELS

Up to 7 front panel setups, including WP01
menus, can be stored and recalled by the

menu buttons at the left side of the 9400A
screen.

A fast negative going signal at 5 nsec/div
(upper trace) recorded in Random Interleaved
Sampling mode is inverted and stored in
memory C (lower trace). Integral and
differential are shown in function E and
function F. The area under the inverted
curve is measured by first defining the area
with the time cursors and then reading the
value of C. In this case: 8.616 nVs.
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WPO02 Spectrum Analysis Firmware
for 9400A Digital Oscilloscope
. ]

Main Features

50 to 25,000 Point FFTs - Long record
FFTs provide significant signal-to noise
ratio improvement on single phenomena
and yield up to 12,500 spectral compo-
nents at almost any sampling rate.

DC to 175 MHz Frequency Domain
Analysis - Covers a wide bandwidth
with 1 mHz to 50 MHz resolution.

Simultaneous Dual Channel
Analysis - Both input channels can be
analyzed simultaneously to allow
comparison of independent signals for
common frequency characteristics.

Fast FFT Processing - A 1250 point
waveform is transformed in < 1.8 sec; a
50 point waveform within .3 sec.

Versatile Display Formats -
Frequency domain data may be pre-
sented as magnitude, phase,
real,imaginary, log-power, log-PSD
(power spectral density) via menu
options after signal capture.

Standard Window Functions - Rectan-
gular for transient signals; von Hann
(Hanning) and Hamming for continucus
waveform data; Flattop for accurate
amplitude measurements; Blackman-
Harris for best frequency resolution.

User-definable Window Functions -
Specially defined window functions can
be loaded over GPIB and stored in the
9400A’s reference memories.

[-30

A modulated signal (top trace) is analyzed in the frequency domain using the 9400A’s FFT
processing capability which provides power (middle) and magnitude (lower) information. Side
lobes 6 kHz from the fundamental frequency are clearly visible.

Calibrated Vertical Scaling - Flattop
truncation window provides precisely
calibrated vertical scaling for all spectral
components.

Frequency Domain Averaging -
Averages up to 200 FFT results to
reduce base-line noise and allows
analysis of phase-incoherent and non-
triggerable noisy signals.

Time Domain Averaging - Can
increase the dynamic range up to 72 dB
or more when averaging real-time

signals prior to FFT execution. Offset
dithering helps to improve dynamic range
and reduces ADC non-linearity effects.

Frequency Cursors - Cursors give up to
0.008% frequency resolution and
measure power or voltage differences to
0.2% of full scale.

Automatic DC Suppression - DC signal
components may be suppressed
automatically prior to FFT execution
(menu selected).
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Full Documentation Displayed - The
9400A DSO status in the frequency
domain is fully documented on one
comprehensive display page specifying
Nyquist frequency, number of points,
vertical scaling, window function, etc.

Chaining of Operations - Chains two
operations automatically, e.g., Function
F = FFT of (CH1 X CH2). Any number
of operations may be performed sequen-
tially, either manually or via remote
control.

Full Remote Control - All front panel
settings and waveform processing
functions are programmable via GPIB
and/or RS-232C interfaces. Acquired
and processed waveforms can be
downloaded to a computer and can later
be retrieved and displayed on the
9400A.

Color Archiving - Provides color hard
copies of the screen, using a wide range
of digital plotters.

Functional
Description

FOURIER PROCESSING

Fourier processing is a mathematical
technigue which permits a time-domain
waveform to be described in terms of
frequency domain magnitude and phase,
or real and imaginary spectra. In
spectral analysis, a waveform can be
sampled and digitized, then transformed
by a discrete Fourier transform (DFT).
Fast Fourier Transforms are a set of al-
gorithms used to reduce the computation
time (by better than a factor of 100 for a
1000 point FFT) needed to evaluate a
DFT. The principal advantage of the
FFT is the rapidity with which it can
analyze large quantities of waveform

samples. In effect, using standard
measurement techniques, it converts a
time-domain instrument into digital
spectrum analyzer.

The WP02 Fast Fourier Processing
package enhances the outstanding
features of the LeCroy 9400A Digital
Oscilloscope. It provides high resolution,
wide-band spectrum analysis capabilities
along with sophisticated window func-
tions and fast processing.

FFT AND THE LeCROY 9400A
DIGITAL OSCILLOSCOPE

In FFT mode, the 9400A provides
measurement capabilities superior to
those of common swept spectrum
analyzers. In particular, it is now possible
to perform spectral analysis on continu-
ous and single events at an economic
price. And it enables users to obtain
time and frequency values simultane-
ously and to compare phases of the
various frequency components with each
other. Rather than the commonly used
“power of two” record lengths, the
routines used in the WP02 package
feature decimal record lengths, which
can be selected in a 1-2-5 order.
Resulting spectra are therefore also
calibrated in convenient decimal Hertz
values.

The FFT’s digital nature ensures high
accuracy, stability and repeatability.
These are strongly supported by the
9400A’s superb DC and dynamic
accuracy specifications, such as the
standard £ 2%, optional £ 1%, DC
accuracy, high effective-bit count and
increased resolution through signal
averaging and dithering. With the 9400A,
signals may be acquired and processed
simultaneously using Channels 1 and 2.
This is particularly useful when looking

for common frequency-domain charac-
teristics in both signals or for characteri-
zation of networks.

IMPROVED RESOLUTION

The Fast Fourier Transform calculates
equally-spaced frequency components
from DC to the full 9400A bandwidth. By
lowering the sampling rate, it is possible
to make measurements with 1 milli-Hertz
resolution up to 12.5 Hertz (Nyquist). By
increasing the sampling rate to 5 giga—
samples/sec (200 psec/point) in Randem
Interleaved Sampling mode, the widest
resolution becomes 50 MHz and the
Nyquist frequency 2.5 GHz... comfortably
above the highest frequency components
recordable by the 9400A, thus virtually
eliminating aliasing effects.

VERSATILE WINDOW FUNCTIONS

The WP02-FFT software provides a
selection of window functions, designed
to minimize leakage and to maximize
spectral resolution of single and non-
cyclic events. These include the familiar
rectangular or unmodified window
typically used for transient events, the
von Hann (Hanning) and Hamming
windows for continuous signals, and in
addition, Flattop and Blackman-Harris
windows for more precise amplitude
(power) measurements or strong
suppression of side lobes respectively.

Furthermore, user-defined window
functions may be loaded onto the 9400A
via the GPIB interface. Through multipli-
cation, they modify the acquired signal
followed by FFT in an automated
fashion.
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9400AWPO02 Specifications

FREQUENCY

Frequency range: DC to >175 MHz.
Frequency resolution: 1 mHz to 50 MHz.
Nyquist frequency range: 25 mHz to

2.5 GHz.

Frequency scale factors: 5 mHz/div to
500 MHz/div in 1-2-5 sequence
Frequency accuracy: 0.008% at center
lobe.

Horizontal expansion: Up to 100 times.
Cursors: Differential (arrows) and absolute
(crosshair) provide frequency and related
amplitude measurements.

AMPLITUDE AND PHASE

General

Amplitude accuracy: See window functions
table below.

Signal overflow: A warning indication is
provided at the top of the 9400A display when
the input signal exceeds the ADC range.

DC suppression: Selected via the menu
(ON/OFF), removes DC component prior to
FFT execution.

Cursors: Horizontal bars provide differential
amplitude measurements.

Number of traces: Time domain and
frequency domain data can be displayed
simultaneously (up to 4 traces).

Spectrum Display Formats and Scaling:
Real spectrum, in V/div, zero base line at

0 div (center of screen)

Imaginary spectrum in V/div, zero base line
at 0 div.

Power spectrum in dBm.

Power spectral density in dBm.
Frequency domain averaging up to 200
spectra for power, PSD or magnitude.

Log display applies to power and PSD
spectra in 10, 5, 2 or 1 dB/div, 80 dB display
range. Markers at left edge of screen give
absolute dBm reference (0 dBm is 1 mW into
50 Q).

Phase

Phase range: +180 degrees to - 180
degrees.

Phase accuracy: = 5 degrees.
Phase scale factor: 50 degrees/div.
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Zero base line: 0 div (center of screen).
Calibrated Vertical Expansion

All spectra formats, up to 10 times, in 1-2-5
sequence.

Window Functions

Selected in menu: Rectangular, von Hann
(Hanning), Hamming, Flattop, Blackman-
Harris and user definable. The table below
gives filter pass band shape and resolution:

FILTER PASS BAND AND RESOLUTION

Filter band-

width at  |Highest |Scallop Noise band
Window 6dB side lobe |Loss width
type (freq. bins) |(dB) (dB @ bin) |(freq. bins)
Rectangular 1.21 -13 3.92 1.0
von Hann 2.00 -32 1.42 1.5
Hamming 1.81 -43 1.78 1.36
Flattop 1.78 -44 0.01 2.96
Blackman-
Harris 1.81 -67 1.13 1.71

Definitions

Filter bandwidth at -6dB characterizes the
frequency resolution of the filter.

Highest side lobe indicates the reduction in
leakage of signal components into neighbor-
ing frequency bins.

Scallop loss gives amplitude accuracy of the
magnitude spectrum.

Noise bandwidth is the bandwidth of an
equivalent rectangular filter.

FFT EXECUTION TIME (Sec)
~

50 zs 250 625 1250 2500 6250 12500 25000

RECORD LENGTH { Points)

Von Hann (Hanning)

The sum of two 1 V p-p sinusoids of 500 kHz and
527.5 kHz Is digitized over 2,500 points and
transformed to the frequency domain. Four different
window functions are applied to indicate their effect
on leakage suppression and spectral resolution. The
vertical scale factor is 10 dB/div, 80 dBm full scale.

FFT EXECUTION TIME

FFT execution times, including window calcu-
lations and display generation, are provided in
the graph to the left:
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REMOTE CONTROL WPO2-FFT INSTALLATION 9400AWPO1 Waveform processing option
All front-panel controls and WP01 and WP02 A WP02-FFT package may be retrofit to a 9400AWP02 Fast Fourier processing
processing functions are fully programmable LeCroy 9400A Digital Oscilloscope. The option(requires 9400AWPQ1)
via the 9400A GPIB and RS-232-C interfaces. WPO01 Signal Processing hardware and 9400AMS01 Mass storage and remote
Simple English-like mnemonics are used. software is a prerequisite for installation of control package, including
WPO02. an IBM lap-top controller,
STORED FRONT PANELS interface cables and
Up to 7 front-panel setups, including WP01 ORDERING INFORMATION software.
and WP02 menu settings can be stored and Oscilloscope and Options 9400AIMO1 GPIB interface for IBM PC
recalled by the menu buttons at the left side of  cgoge Description computers
the 9400A screen. 9400A Digital Oscilloscope OM9400A Oper_ator‘s Manual
9400AOP01  High-precision option (+ 1% SMI400A Service Manual
B CS9400 Certified Calibration

DC accuracy)

FETCEY
-19.60 dn

CH1 37.6mY . DC CH1T 20m¥ =~ Chi 20my *
2 CH2- 20 mV = T/div20 e Ch2>»20mY §
T/div 50 ms i 5 < Trig-1.86div+CHAN 2
Long records give wide frequency span. FFT of 1000 Hz sine-amplitude A 2 MHz signal is nequency modulated with a 99 kHz sine ware. To improve
modulated square wave shows harmonics up to 51 kHz. Expansion shows the signal-to-noise ratio on the phase-incoherent FM signal, spectral
sidebands at 10 Hz and -19.6 dBm. averaging of 64 specta is used (bottorn trace). The part of the spectrum at

the right-hand side is the 2nd harmonic of the carrier with sidebands.

Definition of Function E
e e

X-{FFT1))

Function Clows: Fi Tronef
L 2M>20my = oL, ot

Disploy Type: . . Powsr Oeneity
P ® Pointe: o

- Séuroe Troce: Chon2 :
Wintlow Type: 5 Homming -
Multiplioation Factor: 1.00
Additive Corstont: .o-ép div :
Zero-Suppression: oFF

Function £ = FFTChan2)
for 25000 pris. Nyquist=825Mt

SRrCh 2R
T/div20ps Ch2 1 ¥ 7
Trig- .20div +CHAN 1~

Long records allow higher sampling rates, to reduce aliasing. A 110 kHz The FFT menu documenits all the relevant parameters.
square wave is recorded over 1250 and 6250 points with sampling rates of

200 and 40 nsec/point respectively. The bottom trace, a short record

transform. has considerable aliasing whereas the longer record transform

(top) is alias-free.
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MS01/MS02 Mass Storage
for 9400A Digital Oscilloscope

Main Features

Storage/Retrieval of Waveform Data-
The mass storage package enhances
the capabilities of the 9400A oscillo-
scope by providing storage for large
amounts of data for later analysis.
Acquired waveforms, waveforms stored
in memory, and processed waveforms
can be stored and retrieved.

Storage/Retrieval of Oscilloscope
Settings - All the 9400A front-panel and
internal programmable functions (except
cursors) can be set, stored and re-
trieved. Automated sequences of
waveform acquisition are also provided.

Easy-to-Use Menu System - Single
function keystrokes activate storage and
retrieval of waveforms.

Whole or Partial Waveform Storage -
Users may choose to record all or part of
a waveform.

Easy Access to Files - A directory pro-
vides a detailed listing of all the files,
including their size as well as the date
and time of recording.

On-line Help Facility - Users may
access "Help” at any time.

Automatic Warnings - Diagnostic
messages alert the user to errors such
as incorrect file names or GPIB errors.

User’s Comments - Space is provided
in the “STORE” menu for inclusion of
comments which the user may add to
the recorded data.
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The MSO01 package is easily attached to or removed from the 9400A. It can be powered from
the 9400A or a separate AC outlet. Two 3 1/2" floppy disk drives (720 kilobytes each) and a

GPIB interface are included.

MS01 Only:

Programmable Controller - The MS01
consists of a delachable programmable
coniroller with a flexible disk capacity of 2 x
720 kilobytes/disk, an 80-column by 25-line
LCD screen, full keyboard, and GPIB
interface.

MS02 Only:

IBM-PC Compatible Software - The MS02 is
compatible with IBM PC’s via a National
Instruments GPIB interface. It performs multi-
trace waveform data acquisition and permits
automation of measurements in the laboratory.
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Functional Description

The MS01 Mass Storage Package is a
comprehensive and fully portable
storage/retrieval system, including a pro-
grammable controller, for waveforms re-
corded by the LeCroy 9400A Digital
Oscilloscope. Addition of this option
broadens the range of applications to
field, laboratory, and automated meas-
urement tasks.

With the MS01 Option, the user may
store, recall and analyze waveform data
recorded in bench-top or field applica-
tions. Oscilloscope control settings may
also be stored and retrieved. For
portable operation, the MS01 option can
be powered from the 9400A. File
formats on the 3 1/2 inch flexible disk are
compatible with any IBM-PC.

Stored waveform files can be converted
to ASYST or BCD formats, or to formats
compatible with LeCroy’s EASYWAVE
and CATALYST packages.

For applications that do not require mass
storage, the MS01 option may be
detached.

The MS02 Mass Storage Package is a
comprehensive storage/retrieval software
for laboratory applications. The MS02
Option combined with an IBM-PC or
compatible and a National Instruments
Inc. GPIB interface offers all the possibili-
ties of the MS01 Option. Taking full
advantage of the capabilities of the IBM-
PC, it provides faster processing, color
screen displays and control of multiple
9400As. This package supports mono-
chrome, CGA and EGA displays, as well
as hard disks.

OPERATION

MS01 and MSO02 provide four basic
options: Store, Recall, Utilities and
Help. Windowing permits easy access
to sub-menus. Menus are further
enhanced with color display, (MS02
only). The Help option is always avail-
able and complete diagnostic messages
are automatically displayed.

STORAGE

File names can be automatically gener-
ated or specified by the user. Waveform
traces and oscilloscope settings may be
stored together with comments as re-
quired. To store a waveform, the user is
prompted to specify the channel, function
or memory location in the 9400A. Users
may store all or part of a waveform.
After each measurement, oscilloscope
control settings may be redefined, until a
given measurement sequence is
completed. These features ensure
optimum use of the available storage
capacity of the controller.

RETRIEVAL

Detailed directories simplify file identifi-
cation and retrieval. Files are |labeled by
name, size and time of recording. File
recognition is further clarified through a
file-naming system which automatically
adds a three-character suffix for easier
association of store waveforms and
control settings.

REMOTE CONTROL MODES

Batch Mode: By stepping through front-
panel settings and via GPIB addressing,
the user may sequentially control from 1

to 15 oscilloscopes. Conditions which

may result in a measurement sequence
include a pre-programmed time delay or
receipt of a trigger signal.

Direct Mode: The 9400A is programmed
directly from the keyboard via a GPIB
interface. Syntax and programming
errors are instantly reported on the
screen. Assistance is provided by the
help facility.

CHOOSING YOUR MASS

STORAGE PACKAGE

For portable applications, the most
suitable configuration is the 9400A
oscilloscope with the MS01 package.
The MS01 package consists of two
principal units:

1) the “PCO1” Programmable Controller
and

2) the “IM01” Interface Module which
includes a National Instruments GPIB
interface, GPIB cable, power cable, Mass
Storage Program (MASP), operator’s
manual and mounting hardware.

For automated measurement applica-
tions in the laboratory, the most effective
configuration would be the MS02 pack-
age with IBM-PCs or compatible sys-
tems. A National Instruments GPIB
interface must be available in the PC to
ensure proper operation. The MS02

_package consists of the Mass Storage

Program (MASP) and operator's manual.
Users must specify the size of the
diskette on which the software is to be
supplied. The Mass Storage Program
makes use of all the processing or hard
disk facilities available on IBM Personal
Computers.
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9400AMSO01 Specifications

9400AMS01 MASS STORAGE PACKAGE
Controller: PC0O1 programmable controller.
Medium: 720 kilobyte 3 1/2 inch flexible
diskettes

Disk Drives: Two

Operating System: MS DOS 3.3.

Internal Memory:

384 kilobyte CMOS RAM.

64 kilobyte CMOS ROM.

Bus Transfer Rate: 220 kilobytes/sec.
Display: LCD; 80 columns; 25 lines.
Display Buffer: 16 kilobyte RAM.

Real Time Clock: Date and Time.
Keyboard: 79 full size keys, 10 function keys.
Power: Rechargeable batteries for 6-10 hours
operation. MS01 is powered from the 3400A
Oscilloscope in portable applications. An
international AC power adapter for 110 to
250V, 50-60 Hz is also included.
Interfacing: 9400AIMO1 Interface Module
including:

- National Instruments GPIB interface,
Model 80400-50, attached to the rear
side of the PCO1

- GPIB cable

- Power cable

- Mass Storage Program (MASP)

- Manual and mounting belt

MSO01 Dimensions: 2.7 x 12.3 x 15.9 inch,
6.9 x 31.2 x 40.5 cm. Weight: 13 Ib; 6 kg.
9400A MS02 MASS STORAGE PACKAGE
Controller Compatibility: IBM-PC and
compatible models with memory capacity of
384K or higher, MS DOS 2.1 or higher.

Bus Transfer Rate: Up to 400 kilobytes/sec.
Interface Requirement: National Instruments
GPIB/PC-2 or PC-2A installed in Personal
Computer.

Software: Mass Storage Program (MASP)
including manual.

Data Medium: Size of diskette 3 1/2 or

5 1/4 inch.

MASS STORAGE MODES

Full Waveforms: Waveform (Channel 1, 2;
Memory C, D; Function E, F) to be transferred
must be specified.

Partial Waveforms: First and last position to
be specified in % of screen width: (0%: left
edge of grid; 100% right edge of grid).
Number of Data Points: Enable the user to
select only every nth data point, where n is an
integer (1, 2, 3, etc.).

ORDERING INFORMATION

Model Description

9400A General Purpose Digital
Oscilloscope

Options

9400A0P01  High Precision £1% DC
accuracy.

9400AWPO1 Waveform Processing
Package.

9400AWPQ2 Fast Fourier Processing
Package.

9400AMSO01 Mass Storage Package
including:

- PCO1 “Programmable

Lap-top Controller”,

- National Instruments
GPIB Interface + soft-
ware + cable,

- Mounting belt,

- Mass Storage Program
(3 1/2" diskette),

- Operating System
MS DOS 3.3.

GPIB Interface Module,
Mass Storage Program,
connecting cable and
instruction manual to
integrate a “Program
mable Controller” with the
9400A when purchased
separately.

Mass Storage Program
(31/2" and 5 1/4" disk-
ettes) for existing 9400
users.

9400AIMO1

9400AMS02

Accessories

6900 IC National Instruments
GPIB/PC-2 interface
card for IBM-PC and
compatible.

DC/GPIB-2 GPIB cable, length 2 meters

WARRANTY

Two years for parts and labor on Model
9400A + Options OP01, OP02, WP01, WP02
and MS02.

Three months for parts and labor on options
9400AMSO01 and 9400AIMO1.

LeCroy’s EASYWAVE® advanced signal processing software is fully
compatible with the Mass Storage Packages.

[-36

L
& . bl et bl Formy

o

The MSO2 Storage package, operating with a color IBM-PC,
provides storage/retrieval capabilities and low-cost system automa-
tion with multiple 9400As.
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CS01 Calibration Sofftware Packages
for 9400 Series Digital Oscilloscpes
e ]

Main Features

B Computer Controlled Verification of
the Important DSO Specifications

B Traceability to Reference Standards
B Computer Aided Readjustment

B Software Compatible with
the IBM-PC® Standard

Complete Check
and Adjustment

FUNCTIONAL DESCRIPTION

The LeCroy test and calibration software
provides a convenient, unambiguous
check of LeCroy’'s DSOs specifications.
Designed to benefit users who require
traceability to reference standards
(NBS), this package is ideally suited for
use in calibration laboratories where
these DSOs are checked at fixed
intervals.

Results of the calibration check are fully
documented on hard copy, or they can
be archived on hard disk or diskette.
This software works on any PC compat-
ible with the IBM-PC® standard. It
remotely controls the DSO under test
and the calibration sources through a
National Instruments Inc® . GPIB
interface.

CALIBRATION PRACTICE

LeCroy DSOs are auto-calibrating digital
oscilloscopes and therefore do not
require regular calibration like analog
oscilloscopes. However, for users who

require traceability to reference stan-
dards (such as those provided by the
National Bureau of Standards), and for
calibration laboratories which must
inspect incoming instruments and
perform recalibration at prescribed
intervals, the CS01 computer-aided test
and calibration package provides an
easy solution.

Under guidance of this program, some
adjustments to the DSO can be made by
an electronics technician. However,
major deviations from specifications
usually require repair by a trained
service engineer. LeCroy regularly
schedules classes to train engineers. If
no in-house trained person is available,

the nearest LeCroy service center can
carry out repairs and calibration, and
provide traceability to reference
standards.

USING THE LeCroy
CALIBRATION PACKAGES

For calibration checking, digital oscillo-
scopes have a great advantage over
analog oscilloscopes because wave-
forms can be transferred to a host
computer. This simplifies the calibration
procedure enormously, makes it poten-
tially faster, and allows an extensive
range of tests with unambiguous inter-
pretation of the results.
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The calibration packages perform an
extensive series of tests which verify the
specifications of the DSO. This includes
many tests relevant to analog scopes
such as Noise and Linearity tests.
Although these tests are difficult and
time consuming to do on an analog
oscilloscope, they can be computer
controlled and are quickly and easily
performed on a digital oscilloscope.
Tests which are specific to digital oscillo-
scopes, such as Sinefit tests are also
included.

The various test possibilities are pre-
sented to the operator in the form of a
simple menu system. The user has the
choice of performing an automated
calibration check of the oscilloscope, or
individually testing any of the specifica-
tions. Some of the tests require the use
of high-quality external signal genera-
tors. The user receives instructions on
the screen when it is necessary to
change the cable connections, but apart
from this minor intervention, the tests are
fully computer controlled when GPIB
programmable instruments are used.

RECOMMENDED ACCESSORIES

The software works on any PC compat-
ible with the IBM-PC standard and
equipped with a mathematical coproces-
sor and a National Instruments Inc. GPIB
interface. An automated check of the
calibration is possible using the following
external instruments:
(1) Marconi 2019A or 2022
Sine Wave Generator
or
Hewlett Packard 8642 A/B
Synthesized Signal Generator
or
Fluke 6060B
or
Rhode & Schwarz SMX
(2) Tektronix PS5004 High Precision
Power Supply
(3) Tektronix CG5001 Calibrator
for voltage step generation
(4) WWV or HBG1500 OSTRAC
Frequency Standard Receiver
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For an automated calibration check, one
LeCroy Programmable Multiplexer is
required to multiplex the generated
signals to the inputs of the oscilloscope.
A full calibration kit can be ordered from
LeCroy for calibration or repair activities.
It includes all the necessary cables,
adapters, splitters, filters and board
extenders for computer-aided adjust-
ments, as well as the Programmable
Multiplexer.

USE OF OTHER INSTRUMENTS

It is also possible to perform the calibra-
tion check with other signal sources.
However, the user is then required to set
up these instruments manually and to
perform one measurement at a time. The
packages guide the user step by step,
and control the DSO, the data acquisi-
tion, and the computation of the results.

The signals measured by the oscillo-
scope are compared with the signal it
would expect to receive from the genera-
tor. Warning messages are displayed
whenever tolerances are exceeded.
Some of the adjustments may be carried
out by the user when the test sequence
is finished. In this case the software will
guide the user through the correct
adjustment procedure. At the end of the
calibration check, a printout can be
generated to list the results.
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CS01 Specifications

Computer Required: Any PC compatible

with the IBM-PC standard, and equipped with
a mathematical coprocessor and the National
Instruments Inc. GPIB interface, can be used.

Language Used: C
Operating System: DOS 3.0 upward
Medium: 5 1/4" or 3 1/2" diskette

MAJOR TESTS SUPPORTED BY THE
CALIBRATION

Bandwidth:

To calculate the bandwidth, the amplitudes of
sine waves of increasing frequencies are
measured.

This test is executed on all channels for 1 MQ
and 50 Q input impedance and for all vertical
sensitivities. It requires a sine wave generator
with a frequency range up to 500 MHz,
excellent flatness and high spectral purity.
Linearity:

Different known DC voltages, varying from
5% to 95% of full screen, are applied by the
external voltage reference source. For each
voltage value, the DSO acquires a trace. The
mean value of the data points is compared to
the known input voltage. The linearity is
determined through a linear regression fit to
the measurements. The slope, the offset and
the chi-square of the fit are computed.

With the linearity test, many other related
tests are performed: accuracy of the probe
calibrator, response time of the overload
protection of the 50 Q input, linearity of the
variable gain calibration, range and linearity of
the offset setting, and quality of the input
coupling.

The procedure is executed on all channels for
both 1 MQ and 50 Q input impedance. The
test requires a DC source with a precision
and time stability of 0.1%, a voltage range of
0 V to 20 V adjustable in steps of 5 mV, and
an output current capability of 300 mA.

Noise:

The noise tests are executed on all channels
for both 1 MQ and 50 Q input impedance, with
AC and DC input coupling, different time-base
settings. Data points are measured for
different offset values. The peak-to-peak as
well as the RMS values of each measurement
are computed, and the maximum values are
recorded. The program also indicates the
occurrence of any “flyers”, i.e. short noise
peaks generated by the ADCs.

The noise tests also include:

- checking the linearity of the variable offsets
of both channels between 2.5% and 97.5% of
full screen.

- checking the stability of the ground line
when switching the inputs between
GROUND and DC coupling modes.

Rise Time/Overshoot:

Executed on all channels for all 1 MQ and

50 Q input impedance, these tests measure
the rise time of the oscilloscope response to
the input voltage step, as well as the amount
of pre-shoot and overshoot. They require a
voltage step generator with a calibrated fast
rise time of the order of 500 psec and 1 V
amplitude.

Sinefit:

The performance of the analog-to-digital
converter is evaluated in terms of the number
of effective bits (a measure of the signal-to-
noise ratio). It is measured on all channels, at
a sensitivity of 50 mV/div, by applying pure
sine waves at a set of reference frequencies:
This test is a measurement of dynamic
linearity. It shows the effect of such errors as
noise, non-linearities and aperture jitter.

Time Base:

The time-base test compares the internal
clock with a very precise and stable external
time base reference (clock generator) such as
the WWYV standard or HBG 1500.

Trigger:

The trigger capabilities are tested for all
possible configurations of:

- trigger sources
- couplings
- level, and slopes settings.

If relevant, the external trigger is also
measured, as well as the different
combinations of the SMART trigger facility.

Miscellaneous:
The miscellaneous tests include:

- The cross talk between the trigger input and
the signal inputs, and the cross talk between
the signal inputs.

- The feed-through of the input coupling
commutation relays.

- The propagation time difference between
the channels.
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7200 Series

Precision Digital Oscilloscope
[ A B S TR S R e e G R R

Main Features

B Modular - Expandable

B Simultaneous digitizing - 4 channels
at 1 GS/sec for transients or
20 GS/sec for repetitive signals

H 400 MHz bandwidth
B 50k waveform memory per channel

B 1000 waveform mass storage
built-in

B FFT, math, pulse parameters,
statistics

The LeCroy 7200 is a powerful, expand-
able, digital oscilloscope with complete
analysis functions. With the 7242 plug-
in, it becomes a 2 or 4 channel,

400 MHz, precision oscilloscope. The
7200 has more computing power than
any other digital oscilloscope available
today.

AN OSCILLOSCOPE
YOU KNOW HOW TO USE

The 7200 feels like an analog oscillo-
scope. The screen updates almost
instantly with new waveform data. The
controls are knobs and buttons. You
know how to use it right away.

The 7200 can precisely digitize both
transient and repetitive signals. You can
measure the digitized waveform data
with cursors, compare it to previously
recorded data, analyze it, hardcopy it, or
store it to a built-in floppy disk.

Plus, you can quickly configure the
oscilloscope to your most commonly
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used settings. Just recall them from a
“personal” front-panel settings disk.

MODULARITY

Expand channels at any time. The plug-
ins are digitizing sub-systems, complete
with ADCs, trigger facilities, and memo-
ries. Therefore, the 7200 digital oscillo-
scope can grow as your needs change
and as technology advances.

With additional plug-ins, a single 7200
can solve different measurement
problems requiring extremes in sample
rate, bandwidth, resolution, or number of
channels. The oscilloscope automati-
cally configures and calibrates itself to
accommodate the module(s) you install.

The recallable front panel settings make
multiple applications easy.

Expansion is simple. Insert another plug-
in and connect your probes or signal
cables. You can operate the second
plug-in with independent timebase and
trigger setups or synchronize it with the
first plug-in.

MULTIPLE CHANNELS,
MULTIPLE TRACES

With a second 7242 plug-in, the 7200
provides 4 channels of simultaneous

1 GS/sec (gigasample per second)
digitizing for transient signals. The 7200
clearly displays 1 to 8 traces of “live,”
stored, or analyzed waveforms.
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7242 PLUG-IN

7200 series plug-ins contain much more

than amplifiers and front end circuitry. A

single 7242 plug-in provides the following
for each of its two channels:

* 400 MHz bandwidth

« 1 GS/sec, 8 bits for transient signals

« 20 GS/sec, 10 bits for repetitive signals
» 50k waveform memory per channel

« SMART TRIGGER™ Spattern, interval,
pulse, TV, and others

COMPLETE ANALYSIS

The 7200 Oscilloscope is a complete
measurement and analysis instrument
which captures waveforms and extracts
their information content. Built-in capabili-
ties (without an external computer)
include:

* Up to 8 waveforms analyzed and dis-
played simultaneously
* > 20 waveform math functions

« Spectrum analysis with 100 to 50,000
point FFTs

For repetitive signals, vertical resolution is up to 0.09% at full 400 MHz
bandwidth. You get all the details with clarity.

« Waveform parameters with statistics
and trending

« Custom PASS/FAIL testing

The 7200 quickly responds with updated
answers as soon as you acquire new
waveforms.

Time domain features include automatic
readout of pulse characteristics, X-Y plots,
and waveform math.

Waveform parameters can be histogram-
med or trends plotted.

Single waveform math operations include
absolute value, square, square root, log,
antilog, integral, differential, 1/x, smooth-
ing, averaging, floor, roof, and extrema.
Multiple waveform math includes sum,
difference, multiply, and divide.

Frequency domain analysis includes the
Fast Fourier Transform (FFT) and its
inverse, with displays of phase, magni-
tude, power spectrum, cross-spectrum,
and other functions. The 100 to 50,000
point FFT’s provide high resolution fre-
quency measurements.

MASS STORAGE

The 7200 contains both a built-in hard
disk and floppy disk drive for storing
waveforms, screen dumps, and front
panel settings. Stored waveforms can
be analyzed, compared, and transferred
over GPIB or RS-232C, just like “live”
waveforms. Built-in mass storage
provides:

= Convenient data transfers to a host
computer via MS-DOS format
floppies

» 2 Mword waveform buffer

= “Personal” waveform/settings
diskettes for each operator

= Simple waveform graphics transfers
to desktop publishing packages

ACCURATE SINGLE-SHOT
MEASUREMENTS

For events that occur only once, the
7242 digitizes at 1 GS/sec. This fast
digitizing rate provides excellent time
resolution for waveforms from fast TTL,

The 7200 is a complete oscilloscope, optimized for precision measure-

ments. lts familiar operation places ready answers at your fingertips.
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ECL, and GaAs circuits, communication
signals, pulsed-laser responses, electro-
magnetic pulses, and other high speed
phenomena. Selectable pretriggering
allows you to see what occurred before
the trigger.

ACCURATE REPETITIVE
MEASUREMENTS

For waveforms that repeat, the 7242 has
a random interleaved sampling (RIS)
mode which effectively digitizes at 20
GS/sec. This dramatic oversampling
provides you with extremely accurate
pulse parameter measurements. Since
the sample points are only 50 pico-
seconds apart in the digitized waveform,
the 7200 displays a very accurate digital
rendition of the input signal. Pre-trigger
data is available in the RIS mode.

VERTICAL RESOLUTION MODES

High vertical resolution plus advanced
display algorithms provide smooth
waveform displays from digitized data
and expose small signal details. 7242
resolution lets you expand vertically to
closely examine overshoot and small
signal anomalies.

MORE MEMORY FOR MORE
BANDWIDTH, MORE PRECISION

The 7242 digitizing plug-in contains a
50,000 sample waveform memory per
channel, and the 7200 displays it all. The
long memory allow you to use higher
sampling speeds at longer timebase
settings than any other digital oscillo-
scope. Long waveform memory equates
to more closely spaced digital samples,
more usable bandwidth, and hence,
better waveform definition.

Even on the 5 psec/div timebase setting,

a single-shot digitized waveform is repre-
sented by 50,000 samples
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The 7242 contains
one 8-bit digitizer per
channel. Using real-
time digital filtering,
you can trade
bandwidth for
resolution as shown.
For repetitive signals,
resolution can be
further enhanced with
signal averaging.

Number of Bits

]
Repetitive Signals ;
(20 GS/sec RIS) |

1

Translent Signals
(1 GS/sec)

Bandwidth

T ATl
NIRRT
IIIIIIII!I!I I!I!I!
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T

The solid line depicts 7242 performance. The 50,000 sample waveform memory lets you
use the 7200 without concern for loss of waveform details as you change timebases. In
contrast, short-memory digital oscilloscopes (dotted line) must reduce their sample rate on

slower timebases.
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1.13 % T2:ovsn

Ta:dly #

200 ps

SMART TRIGGER lets you view conditions in a microprocessor-based
system under user selectable logic states such as a particular address or
data value. You can also delay from the condition by a selectable time or

The 7242 fast RIS sample rate, high vertical resolution, and deep
waveform memory capture more signal details. These details result in
very accurate waveform parameter calculations.

spaced 1 nsec apart. Most other high
speed digital oscilloscopes only show
500 points out of a longer record.

Thanks to LeCroy's unigue display
compacting method, you always see the
full 50,000 sample record represented
on screen. The 7242 delivers up to 100
times better resolution and usable
bandwidth on most timebase settings
than other leading oscilloscopes!

TRIGGERING TO CAPTURE
ELUSIVE EVENTS

SMART TRIGGERIng lets the 7200
capture a waveform on various condi-
tions. Trigger on a particular data or
address condition in a microprocessor-
based system by setting logic threshold
levels for the inputs and setting logic

number of events.

conditions (CH1, CH2, EXT TRIG) to
trigger on. Capture a dropout glitch in a
clock signal or find the missing bit during
a disk drive read using pulse-width
triggering. Or, wait for a specified
number of event occurrences and then
trigger. lts finally your choice.

CONVENIENT DATA TRANSFERS

The 7200 eliminates the need to write
GPIB programs to transfer waveforms to
your PC. The 7200 floppy drive uses
MS-DOS formatted diskettes. To transfer
waveforms, just store them to a floppy.
Then remove the diskette and insert it in
your PC. The data is transferred.

Pressing the RECALL button displays
diskette-stored waveforms for compari-
son, analysis, or hardcopy. Plus, each

operator can use "personal” settings
diskettes to quickly set up his/her often-
used configurations.

A SCOPE THAT REMEMBERS

No more backtracking to reconstruct an
event because you didn’t note it the first
time you saw it. The special “Record
Traces" feature automatically stores
every waveform as it is displayed into a
non-volatile buffer (2 Msamples). To
review a past.event, just press a button
and enter the “Replay Traces” mode.
Scroll through events (time stamped)
until you find the one you're interested
in. Then analyze it, save it to floppy, or
hardcopy it just like it was a “live”
waveform.
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UP TO 16 SIMULTANEOUS
CALCULATIONS

The 7200 can display up to 8 traces.
Each trace represents either raw wave-
form data or a waveform modified by
calculation(s). For each trace, one or
two analysis functions (math, FFT, etc.)
can be applied to the data. So, eight
separate signals can be analyzed simul-
taneously. Or, the analyses can be
chained for up to 16 cascaded calcula-
tions on one signal!

ANSWERS IN THE FORMAT
YOU NEED

Single trace math functions, multiple
trace operations, scientific units, and
user-defined labels provide answers in
the format you need.

For example, measure the voltage
across a resistor on your circuit board
and read out in milliAmps. Integrate a
current waveform to obtain electrical

charge (Coulombs) vs time. Differentiate
a velocity measurement to display accel-

eration. Accentuate the difference
between waveforms by subtracting one
from the other. Multiply voltage times
current and display power in Watts.

WAVEFORM PARAMETERS,
TRENDING, AND HISTOGRAMMING

Automatically calculate and display 14
basic waveform parameters on any one
trace. Or choose up to 20 parameters
from a complete selection and distribute
them in any fashion amongst the dis-
played traces. Either way, the super-
accurate parameters update on screen
as fast as you can read them. To
optimize accuracy, the 7200 employs up
to 50,000 samples when calculating
waveform parameters.
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Pulse width jitter can cause
serious problems in some
designs. The 7200 lets you detect
jitter in one of several ways: 1)
with a roof/floor envelope, 2)
variable persistence display. or 3)
a pulse width histogram. Shown
here is a roof/floor envelope, also
called extrema.

Trending and histogramming further
enhance this measurement power. For
example, plot a parameter against time
on the screen to easily monitor tempera-
ture effects of your circuit as you apply
a heat gun. Print out a histogram of
measurements from an entire test lot for
statistical quality control reporting.

WAVEFORM OR SPECTRAL INFOR-
MATION

Freguency spectrum analysis, signal
averaging, and roof/floor enveloping
help you extract the information of

Signal averaging enhances
vertical resolution and reduces
uncorrelated noise. The signal
must be repetitive with a stable
trigger point. The 7200 aver-
ages over 100 waveforms per
second.

Record
Troces

JITTIR.006 100
10nms .5V

CLOCK1
10ns BV

Reploy Troces

Stort Leorn
Program

interest - even when it is modulated,
jittering, harmonically distorted, buried in
noise, or drifting.

Spectrum analysis exposes signal
information which can be difficult to
discern in the time domain. Such signals
include a sine wave with phase noise,
with frequency modulation, or with
harmonic or intermodulation distortion.
The 7200 spectrum analysis includes
both the FFT and IFFT.



Portable and Benchtop Digital Oscilloscopes

The 7200 transfers waveform data
blocks at up to 600 kbytes per second.
Local processing and decision making
provide for PASS/FAIL result readouts.

: : The 7200 executes custom programs for
g??hgﬁgn?;oiﬁf?gﬂgfgg ;‘;ze conditional testing without a host com-
50,000 points. puter connected.

SPECIAL PURPOSE TESTING

Spectrum analysis can expose
signal details which are difficult
to detect in the time domain.

Choose the spectral resolution

Off-line PC programming lets you
generate 7200 executable programs.
When executed, these programs cus-
tomize the 7200 to make decisions
program can be outlined by creating a internally, so it operates as a special-
Learn Program. Then store it to disk, purpose tester. For example, it could
and load it into a PC for completion. operate like a dedicated spectrum
analyzer, frequency drift monitor, time
domina reflectometer, incoming inspec-
tion tester, data logger, trend monitor, or
almost any other measurement instru-

UNATTENDED MONITORING
AND AUTOMATED TEST

The 7200 can automatically run tests

while you pursue other tasks. It can even ADVANCED ATE SYSTEM
monitor for elusive transients of interest! OPERATION

Once detected, it can capture, time

stamp, test, and conditionally save the The 7200 is fully programmable from a ment thinkable. Just change the_program
waveforms to disk - even when you are computer with a GPIB port or from an and the 7200 becomes another instru-
not there. Tests include waveshape out- RS-232C terminal. Bus commands can ment. Custom menus let the op_erator
of-limit checks, up to 20 pulse parameter  set up the instrument, control cursors, select from various tests or testing
measurements on up to 8 traces, and and readout data. parameters.

any logical combination of the above.
The fast GPIB data transfers and local

The 7200 reduces test time. When data reduction cut overall testing time.

integrated into an ATE system, its
extended processing and local program
execution features let you transfer

answers, not block data.

LEARN MODE

The 7200's Program Learn Mode
simplifies operation when running
repetitive tests. It records any sequence
of front panel operations as a program.
An operator can start this program, and
the 7200 will execute these commands
flawlessly, time after time.

Learn mode also serves as an on-line
help to GPIB programming. The Learn
Program commands and the GPIB
commands are identical. Thus, a GPIB

When used within
a larger ATE
system, process-
ing inside the
7200 reduces
data transfers and
therefore test
times. Shown
here, during a
device propaga-
tion delay test,
the 7200 reads
out just the result,
not two waveform
data blocks.

Controller
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7200 Specifications

7200Series Architecture

Plug-in includes amplifier, trigger circuitry,
timebase, waveform digitizer, etc. Mainframe
includes two plug-in slots, ports, floppy disk,
hard disk, signal processors, display, etc.

7242 Plug-In Specifications

Channels: 2

Channel Settings: Independent gain, offset,
coupling, probe attenuation, enhanced
resolution, and BW limit. Timebase and
triggering are common to both channels.

Analog Bandwidth: 400 MHz minimum
Gain Accuracy: + 2% at DC

Input Coupling: AC, DC, or DC/50 Q

Input Protection: 7 VDC on 50 Q input;
250 VDC pk on 1 MQ input

Waveform Memory: Selectable 2k, 20k or
50k samples

Pre-trigger: 0 to 100%, continuously settable

Segmentable Memory Mode: Memory is
divided into 2 to 100 segments. Each
segment is 250 to 25,000 samples long and
contains a trigger point time stamp (1 nsec
resolution).

VERTICAL

Single-Shot Resolution: 8 bits at 400 MHz
BW, 11 bits at 8 MHz BW, selectable in 0.5 bit
steps

Repetitive Resolution: 9.5 bits at 400 MHz
BW, 10 bits at 330 MHz, 10.5 bits at

240 MHz, 11 bits at 150 MHz; more with
averaging

Offset Range: + 12 divisions typical,
continuously variable

Input Sensitivity: 5 mV/divto 1 V/divin a
1,2,5 sequence, to 2.5 V/div using calibrated
variable gain

Sample Clock: Internal or external

SMART TRIGGER

Trigger Modes:
Auto: Automatically rearms and triggers
after each sweep
Normal: Rearms after each trigger
Single: Arms for a single trigger and holds
display after trigger occurs
Sequence: Stores multiple events in
segmented acquisition memories
Sources: EXT, EXT/10, CH1, CH2, or LINE.

CH1, CH2, and EXT have independent slope,

coupling, and level settings.
Slope: Positive, negative
Coupling: AC, DC, LF reject, HF reject
External Source: + 2.5V or + 25 V ranges
Settability: 0.6 mV or 6 mV
Overload Protection: +250 V overload for

0.5 usec
Internal Source: + full scale input range

Settability: £0.025% of full scale

Level Accuracy: +3% of full scale
(DC coupling only)

Delay: Up to 680 sec

Single Source Conditions:
Hold-off By Time: 30 nsec to 680 sec
Hold-off By Events: 1 to 10" events

Pulse Width: Triggers on opposite slopes
of pulses narrower or wider than a specified
limit of 1 nsec to 680 sec.

Interval Width: Triggers on same slopes of
signal intervals narrower or wider than a
specified limit of 30 nsec to 680 sec

TIMEBASE
QOG-—rGUOlu e e 9

o
1
T

Digitizing Rate
(samples/sec)

40K

200ps 5ns

Repetitive Signals Only

Transient or Repetitive Signals

..'.

L s A B e S
200 ns
Time Per Division

S5us
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Multi-source Conditions:

Pattern: Triggers on entering or exiting a
specified CH1, CH2 and EXT, EXT/10 logic
pattern (low, high, don't care). The trigger
can be held off:

1) by a selected time or number of events,
OR

2) until a selected interval width occurs,
OR

3) until a selected time between patterns
occurs.

State Qualified: Triggers on a CH1, CH2,
or EXT, EXT/10 source while a specified
pattern of the other two sources is present
or absent. A delay by time or number of
events can be selected from the moment
the pattern is valid.

Time Qualified: Triggers after entering or
exiting a specified CH1, CH2, and EXT,
EXT/10 logic pattern (low, high, don't care)
and after a selected delay by time or
number of events from the moment the
pattern is valid.

TV Triggering: Up to 65 kHz scan rates

7200 Mainframe Specifications

MULTIPLE PLUG-IN CONFIGURATION

Timebases: Independent or locked (master/
slave)

Triggers: Independent or locked (master/
slave)

DISPLAY

CRT: 9 inch (23 cm) diagonal, vector type
Resolution: 2000 vertical x 500 horizontal
points (trace area)

Grids: Single, dual, quad, or octal. Single
contains 10 horizontal and 8 vertical divisions.
Traces: 1108

Waveform Display: Straight line or sinx/x
interpolation. A max/min algorithm exposes all
the waveform glitches and spikes when the
acquired waveform contains more sample
points than the CRT can display.

Variable Persistence Mode: Overlays a
selected number of most recent traces (1 to
infinity).

AUTO SETUP

Automatically scales the timebase, trigger,
and gain settings to provide a stable display
for repetitive signals.

Requires 2 mV to 8 V pk-pk, > 50 Hz, > 0.1%
duty cycle.
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MASS STORAGE

Hard Disk: Built-in storage for 2 million
sample points (e.g. one thousand 2000-point
traces). Traces are sequentially numbered
and time stamped. Storage time for 50,000
point waveform is approximately 1 second.
Storage is non-volatile. Also stores 10 front
panel setups.

Floppy Disk Drive: Each diskette provides
720 kbytes of portable storage in MS-DOS
format. Each diskette stores approximately
310 ksamples of waveforms, or up to 10 front
panel setups, or a combination.

On-line Manual: Complete description of
every function and operation, indexed.

CURSORS

Marker Cursor: Reads absolute time or
frequency and voltage.

Vertical Cursors: Reads absolute or delta
amplitude.

Horizontal Cursors: Reads delta time or
frequency and voltage.

SIGNAL ANALYSIS FUNCTIONS

Math Functions: +, -, X, /, sinx/x, enhanced
resolution, negate, 1/, d/dt, integral, square,
square root, log, log 10, exp, exp 10, abs,
value, smoothing (1,3,5,7, or 9 point), floor,
roof, extrema (both floor and roof), etc.

Engineering Units: %, dB, ppm, degrees
Kelvin, Amperes, Hz, Coulombs, Watts, etc.

Signal Averaging: > 100 waveforms (2000
points each) per second; continuous mode,
summation mode, or average of memory
segments; up to 50,000 waveforms, FFT's.

Spectrum Analysis: 100 to 50,000 point
FFT; Rectangular, Hamming, Hanning,
Blackman Harris windows

Basic Pulse Parameters: Maximum,
minimum, peak-to-peak voltage, rise time, fall
time, pulse width, mean, standard deviation,
rms, frequency, period, time to first cursor,
time to last cursor, and delay from trigger to
first edge

Extended Pulse Parameters:

Time Domain Parameters: Time to first
cursor, time to last cursor, number of
points between, max., min., peak-to-peak,
pulse amplitude, base, top, mean,
standard dev., rms, median, mode,
overshoot, undershoot, frequency, period,
cycle, width, 10-90% rise time, 90-10% fall
time, 20-80% rise time, 80-20% fall time,
delay from trigger, time to max. pt., time to
min. pt., time to first rise, time to first fall,
area, etc

Frequency Domain Parameters:
Amplitude, frequency, and phase of
fundamental and harmonic components
Parameter Statistics: Trending and histo-
gramming
HARDCOPY
Ports Supported: RS-232C, Centronics, or
internal floppy (screen dump in direct printer/
plotter output format)
Printers/ Plotters Supported: IBM and
Epson printers or compatibles, HP Laser
Printers, HP 7400 and 7500 series, Philips
PM 8155, Graphtec FP 5301 plotters, and
compatibles
Output Type: Screen dump, waveform
listing, program listing
User Comment Field: 40 characters
PORTS
GPIB (IEEE-488):

Communication: Talk/Listen or Talk Only
Transfer Rate: > 600 kbytes per second
Address: Rear panel switch selectable
RS-232C:
Communication: Asynchronous,
bidirectional
Baud: 110 to 19200
Connector: DB-9 male
Centronics:
Communication: Output only
Connector: DB-25 female
Remote Control (IEEE-488 and RS-232C
only): All commands can be sent in English-
like format or in abbreviated format for
increased throughput. Command format is
based upon IEEE-488.2 Standard. Com-
mands control all front-panel settable
functions. Front panel operation can be
locked out.
PROGRAM MODE
Custom local decision making, custom
operator menus, and special purpose testing
require a user-written program.
Development Environment: MS-DOS based
computer (> ver 2.0)
Execution modes: Fast (full speed) or Slow
(to view each step of an executing program)

Program storage/recall: Hard or floppy disk

Command Format: Same as remote control
commands

Control Flow Statements: IF/ELSE/ELSEIF,
WHILE, FOR, BREAK, CALL/RETURN, etc

User Menus: Programmer labels, standard
7200 menu format, use of definable softkeys
for user selections

7200 Access: All remote controllable
features; oscilloscope status via “WAIT" (e.g.
“WAIT HARDCOPY DONE"); external ports
via “PRINT"

Operators: Variables with math and Boolean
(+, -, /, X, OR, XOR, AND, MOD, etc.)

Math Functions: Trig, log, exponentiation,
etc

MECHANICAL/ ENVIRONMENTAL

Power Required (with two 7242 Plug-ins
installed): 850 W max.; 90-125 VAC or
180-250 VAC, 47-63 Hz

Dimensions: 17" (435 mm) wide x 9.5" (240
mm) high x 24" (610 mm) deep

7200 Weight: 42 |bs (19 kg) without plug-ins
7242 Weight: 15 Ibs (6.8 kg)
Operating Temperature: 5 to 40° C

Operating Humidity: Up to 80% r.h. non-
condensing

Operating Elevation: To 7,000 ft. (2.2 km)
Storage Temperature: -40 to +75° C
ORDERING INFORMATION

7200 Precision Digital Oscilloscope
Mainframe with:

-Two year warranty with software updates
-Operator's and Programmer's Manuals
-Getting Started Guide

7242 Dual-Channel Digitizing Plug-in with:

-Two year warranty with software updates -
(2) 7200-P10 probes

-Operator's and Programmer's Manuals
7200-P10 10:1 Oscilloscope Probe
7200-P21 500 Q Oscilloscope Probe
7200-RKMT Rackmount kit
7200-SHIP Rugged shipping case
7200-OM Operator's Manual
7200-PM Remote Programmer's Manual
7200-SM Service and Calibration Manual
7242-OM Operator's Manual
7242-PM Remote Programmer's Manual
7242-SM Service and Calibration Manual
7200-SUP 1 year additional Software Update
DC/GPIB-2 2 meter GPIB cable
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LeCroy Digital Oscilloscopes

Give You More

Approx. Bondwidth; 350 / 1.96ns = 179 Mz

Ch1 10wV
F 510.2M& T/divE0ne Ch2 10m¥ l
Trig 1.12div+CHAN 1=

Wide Bandwidth: A fast step response is characterized
using the 9420’s pulse parameter capability. The
instrument's 350 MHz bandwidth and excellent low-noise
digitizing makes rise-time measurements in the nanosecond
region with accuracy and precision.

6 ns glitch coptured in 0 5 me time window

‘Ch1 20m¥ ~
T/div .5ms Ch2 60wV ~
Trig .00div+CHAN 1=

Advanced Display: The 9400A’'s “Min/Max" display capa-
bility ensures that any glitches will always be shown.
Glitches as short as 10 nsec or 0.04% of the time base
setting are captured with 100% probability in both normal
and extrema modes. In this example, the glitches in the
pulse train (lower trace) are captured in extrema mode
(middle) and expanded (upper). The glitches are 6 nsec
wide compared to the entire trace of 5 msec.
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Chonrel 2 [ 304.0ns, 42.3340 ps] 16812 pts
minimm period m 4.2114 s
width m 3.;%1.2;-.
- m'g"‘ Spe>.2V

2y
cH2>.2 v

T/div 5=

Pulse Parameters: Based on IEEE recommendations, the
9450 provides up to 10 waveform parameters in a fraction
of a second. Parameters can be averaged over the total
number of periods (max 100) found within the measurement
zone. The start parameter allows propagation delay
measurements over two channels.

CH2 -176mY OC

Duol Zocs Exporwion shows woveforwm detoils.

Chi>5 ¥ |

T/divS0 ps Ch2 SOV
Trig .S2div-0HN 1=

Long Memories: The 9400A’s time cursors and long
memories enable you to perform measurements with

+ 0.002% accuracy and up to 40 psec resolution. Unique
dual zoom expansion (lower traces) reveals that the glitches
in the upper trace are actually double pulses. In this
example, the time delay between the glitches is measured
with 5-digit resolution.
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W 28.57 kHz

Segmented Memories: The memories of all 9400 series
oscilloscopes can be segmented into as many as 200
partitions. Power switching events are logged over 50
segments (bottom). DUAL-ZOOM expansion (top) allows
accurate comparison of events 6 and 9.

SEQUENCE TIMES of of 50 Segments
First Trig Time: 15-Jun-1988 15:15:24.1
Durat 1on : 55.145 s

1 Ons
2y 766239998 s
3 1909615995 s
4 2603663999 =
5) 3475727991 =
6 4.704 4159088 =
7) 6627935983 s
a) B8.405503979 s
91 10.441 775974 &
10) 16.395 350959 s
1) 18.338 767 954 =
12) 19548415951 ©

Trigger Time Stamps: Every trigger in the 9420, 9424 or
9450 is stamped with date and time. The events of the
previous example (left) were recorded over a period of
55.145 sec. The first trigger (segment # 1) was logged at
15:15:24 .1 hours. Subsequent triggers are measured with
nanosecond resolution.

Glitch Characterization: Pulse parameters and
FASTGLITCH trigger are outstanding complementary tools.
A glitch 1.51 nsec wide is caught using the 9450's
FASTGLITCH trigger mode. Pulse parameters are used to
characterize this phenomenon after expansion (bottom).

Interval Trigger: A missing bit in a disk read/write cycle is
discovered using interval width trigger. The important trigger
condition was the absence of a signal for a duration greater
than 3.4 usec. A dropout duration of 3.52 psec is indicated
by the cursors.
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amm
i
i

Pottern LHX exited g‘g: :g : I
Pulse < 15.0na W e
Pattern Trigger (Exiting): The 9450 triggers on the logic
condition CH1 low (top), CH2 high (middle, expanded lower)
and EXT don’t care (not shown) with the further condition
that the width of the pulse should be <15 nsec. The arrow
under the grid indicates the trigger position.

e ?1.43Mz

EXTREMHA mode shows the wovefors erwelops

(1) 1000
.6 2V

F(1) 1000
. Eps .2V

‘Channel 1
. Gm 2V

Chl 2 v~
T/div .6ps Ch2 10aY §
Trig-2.76div +CHAN 1=

Extrema Mode: Using the 9400 series' unique extrema
mode, time and amplitude drift, glitches, and spikes can be
accurately recorded for a programmable number of sweeps.
Above, a waveform from a gated signal generator (middle
trace) shows serious gate synchronization problems. The
upper and lower traces show the full envelope after

1000 sweeps.
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Signol perturbotion is averoged & exponded

Charrel 2
.00 m¥

Chi 20mY *
Tsdiv 2pa Ch2 GmY

Trig .20V + EXT =

Signal Averaging: As well as improving the signal-to-noise
ratio, averaging increases the sensitivity and vertical resolu-
tion (up to 12 bits after 256 averages). Above, a function
generator signal (lower trace) with a small perturbation is
averaged 200 times (middle), then expanded for further
study (upper). The signal shows severe ringing at

33.78 MHz.

AR X-(FFT(1))
ane 35.7 0B
STATUS

. X-<E>p 25
Memory 1 1 ) £ 41.6 J

Store
PANEL
Recall

Special
Modes

RS232
SETUP
Plotter
Ch1 20my #
T/div20ps Ch2 1 Y -
Trig- .20d1iv + CHAN 1~

Menu OFF AF 744 kHz

Fast Fourier Transforms (FFT): LeCroy oscilloscopes
combine two instruments in one. Built-in FFT can perform
spectrum analysis on time domain signals. Shown above, a
small non-triggerable datacom signal is analyzed, and then
averaged in the frequency domain. lts frequency spectrum
indicates a principal component of 744 kHz. Averaging
improves the signal-to-noise ratio by 5.9 dB.



Portable and Benchtop Digital Oscilloscopes

Digital Oscilloscope Accessories

m Cameras
m Soft Covers

B Transit Cases

m High Voltage Protector

PROBES:

m Digital Plotters

m Probes

M ‘Scope Carts

B High Impedance Divider

A variety of probes with attenuation factors from 1:1 to 100:1

are available.

For 7200 Series
Digital Oscilloscopes:
7200-P10: 10:1 Probe
7200-P21: 500 Ohm
Probe

For 9400 Series
Digital Oscilloscopes:

P9010: 10:1 Probe
P9010/2: 10:1 Probe with

2 meter cable
P9020: 10:1 Probe, 300 MHz
P9100: 100:1 Probe
P9011:10:1/1:1 Probe

PLOTTERS AND PRINTERS:

DP9001: For instant hard copies, LeCroy’s digital oscillo-
scopes feature a screen dump facility which sends data
directly to the DP9001 8-pen color digital plotter. Suitable for
both 9400 and 7200 Series DSOs.

DP9003: For screen dumps of waveforms and setups,
LeCroy offers an Epson FX850 Printer, available with serial
interface, as the Model DP9003.

DC/RS232: RS-232C Cable for use with the DP9001 and
DP9003.
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HIGH VOLTAGE PROTECTOR:

SG9001: If you are working with high voltage inputs, you may
isolate your Digital Oscilloscope from excessive input voltage
excursions that may damage the front end input stage. The
Model SG9001 Surge Protector is recommended if you
expect to be encountering input conditions that exceed 250
volts. It is a spark gap protection device, which adds mini-
scule capacitance to your signal, thus ensuring clean signal
measurement. The SG9001 is placed in-line on the BNC
input connector. Suitable for both 9400 and 7200 Series
Scopes.

IP-2: INSTAPULSER

« 50Q matched output impedance
» 10 KC pulse rate

« 2 nsec risetime

= 1.2 V amplitude into 50Q

» 5 nsec duration

« Direct-coupled

* No controls, always ON
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HIGH IMPEDANCE DIVIDER:

D9010: For high impedance applications that require more
than the standard 2.5 volt/division sensitivity setting with the
Models 9420/24/50, a 10:1 divider is now available. The
D9010 is packaged so that it plugs directly onto the input BNC
of the scope, and matches the bandwidth characteristics with
almost any type of probe. The 9420/24/50 attenuation factors
now include a setting for 10000:1, making it possible to use
the D9010 and a suitable 1000:1 probe at sensitivities of over
10,000 volts/division.

GPIB CARD FOR IBM COMPATIBLE PCs:

IF/PC2: The National Instruments GPIB/PC-2 Interface Card
is available as LeCroy’s Model IF/PC2 for one-vendor
purchase requirements. It is used in a personal computer as
a GPIB interface for compatibility with LeCroy digital oscillo-
scope and arbitrary function generators. (Note: The GPIB
card required for LeCroy “digitizer” systems comes with
FORTRAN software, and should be ordered under model
number 6900IC).

CAMERA AND ADAPTER:

In the field, screen photographs can be taken with the
CA9001 Camera (using Polaroid film) and hood system. For
slides or higher resolution photography, a 35 mm camera can
be used with the CA9002 adapter and hood system.

CA9001: Polaroid Camara and Hood
CA9002: 35mm Camera Adapter and Hood
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‘SCOPE CART: TRANSIT CASES:

Oscilloscopes can be easily transported around the laboratory
on Oscilloscope Carts which roll on large locking castors.

0OC9001: For 9400 Series or
7200 Series

For 9400 Series:

TC9001: The TC9001 is a heavy duty reinforced aluminum
transit case. Light weight and measuring 30 x 50 x 60 cm, the
case is ideal for transporting oscilloscopes by air, road or
sea.

TC9003: The TC9003 is a transit case of similar composition
) to the TC9001 but has been structured to accomodate both
CARRMNEILISE the 9400A DSO and the IBM Laptop Computer, which is often
used for the Mass Storage option (MS01).

For 7200 Series:

7200-SHIP: Similar to the cases above, the 7200-SHIP
shipping container allows ruggedized transport of your 7200
Series DSO mainframe.

RACK MOUNTS:

RM9400: For 9400 Series
7200-RKMT: For 7200 Series

These soft cloth carry bags have an internal pouch for
instruction manuals and accessories. Designed for customers
who use their oscilloscope in several different locations, the
carry bag also acts as a protective cover.

TC9002: For 9400 Series
7200-SOFT: For 7200 Series
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LeCroy Arbitrary Function Generators
[ e L L e U S s e S e e A

9100 High Speed Dual Channel
Arbitrary Function Generator

The 9100 is a dual channel AFG designed for uncompromised
high speed performance. Dual channels for summed, phased,
or differential outputs. Output arbitrary waveform to 100 MHz.

9101 High Speed Single Channel
Arbitrary Function Generator

The 9101 is a high speed single channel AFG. This unit
offers the high performance of the 9100 at a low cost. The
9101 is an excellent entry level AFG. Upgrades available to
convert the 9101 to a 9100 or a 9109.

9109 High Speed Dual Channel Arbitrary
Function Generator with Digital Outputs

= Ea

The 9109 adds dual 8-bit digital outputs and longer waveform
memaory to the 9100. An excellent choice for high speed
digital pattern generation or mixed mode analog/digital testing.

9112 High Resolution, High Accuracy Dual
Channel Arbitrary Function Generator

The 9112 is a dual channel 12-bit AFG optimized for signal
fidelity and accuracy. Load compensation and self calibration
maintain 0.3% DC accuracy. Dual 16-bit digital outputs
permit independent mixed analog/digital testing.
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Arbitrary Function Generator
Selection Guide
BBE BT S b T S S R R TR R e T S

Model 9100 9101 2109 9112
Architecture
Number of Channels 2 1 2 2
Resolution (Bits) 8 8 8 12
Maximum Sample Rate 200 MHz 200 MHz 200 MHz 50 MHz
Waveform Length (Std.) 64 Kpts 64 Kpts 128 Kpts 64 Kpts
Accuracy
Amplitude (DC) Accuracy 1% 1% 1% 0.3%
Frequency 5 ppm 5 ppm 5 ppm 5 ppm
Self Calibration Yes Yes Yes Yes
Load Compensation No No No Yes
Analog Output(s)
Full Scale Output (50 Q) 10 Vpp 10 Vpp 10 Vpp 10 Vpp
Risetime <5 nsec <5 nsec <5 nsec <8 nsec
Interchannel Sum Yes No Yes No
External Sum Yes Yes Yes No
Programmable Filters Yes Yes Yes No
Harmonics and Noise
Harmonic Distortion
<200 KHz —50 dBc —-50 dBc —50 dBc —65 dBc
<1 MHz —50 dBc —50 dBc —50 dBc —55 dBc
<5 MHz —35 dBc —35dBc —-35 dBc —45 dBc
Signal-to-Noise Ratio >45 dB >45 dB >45 dB >70 dB
Digital Output(s)
Digital Word Output No No Yes Yes
Max. Digital Word Size N/A N/A Dual 8 bits Dual 16 bits
Logic Level N/A N/A TTL/ECL TTL
Computer Interfaces
RS-232/GPIB Yes Yes Yes Yes
Options Compatibility
Control Panel (2100/CP) Yes Yes Yes Yes
EASYWAVE® (9100/SW) Yes Yes Yes Yes*
Memory Expansion Yes Yes No No
Page Number -4 -8 I-10 I-12

*Requires Easywave Version 2.0 or higher
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About Arbitrary
Function Generators

What is an Arbitrary Function
Generator?

The Arbitrary Function Generator (AFG) is a signal source
that uses digital techniques to produce user specified custom
analog waveforms. You might think of it as a digital oscillo-
scope operating in reverse. The shape, pattern, and har-
monic content of the waveform to be generated are defined
by a sequence of numeric values loaded into a high speed
waveform memory. Each successive memory location
contains a value proportional to the amplitude of the wave-
form point to be generated. A high precision programmable
time base is used to clock the memory address counter which
loads the next value to be output into a digital-to-analog
converter (DAC). This produces an analog equivalent to the
numeric waveform description. Like other digitally synthe-
sized signal sources it is characterized by high accuracy,
stability, repeatability, and ease of computer control. The dis-
tinctive benefit of an arbitrary function generator is the ability
to produce structurally complex waveforms as well as
standard sine, square, and triangle waves.

Generates Multiple Periodic Waveforms: Many users, like
the telecommunications industry, need to generate wave-
forms which use multiple periodic waveforms with accurately
controlled harmonic amplitude and phasing. These complex
waveforms are readily generated using the AFG.

Simulates Random or Infrequent Signals: Another class of
applications involves duplicating signals upon demand, that
are the results of random or infrequent events. Electromag-
netic pulse (EMP) susceptibility testing and power line
transient testing are common examples. Such transient
events can be specified by equation or captured using a
digital oscilloscope or digitizer. Once the waveform file
describing the transient waveform is generated, it can be
used when and where needed.
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Precisely Controls Amplitude and Phase: Other
applications make use of the AFG's precise control of
amplitude or phase. Radar, sonar, and radio navigation test
signals are all phase sensitive. Arbitrary function generators
with dual outputs are especially well suited for producing
outputs with controllable phase differences. AFG's with
synchronous digital outputs provide phased digital inputs
directly to radar signal processing circuits at high, operational
data rates. Magnetic peripherals like disk and tape drive
testing require selective control of signal amplitude or timing
a specific point within the waveform. Dual channel outputs
can be added or subtracted to produce amplitude or timing
variations at the desired points within the waveform for
tolerance and margin testing.
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Should You Be Using An AFG?

The examples cited are samples of a broader range of

applications which would benefit from the use of an AFG as a

test source. You should consider an AFG if your test signal

requirements fall into any of the following categories:

B You're using "hot mockups”, "golden reference"”
assemblies, or custom designed generators to supply
real signals.

B You must test with signals that occur rarely, or
unpredictably.

B You have to supply signals that originate in parts of a
system that are unavailable or are hard to control.

B You have to supply multiple waveform types that would
require many different signal sources.

B You need mixed analog and digital test signals.

When Choosing an AFG, Be Sure to
Consider the Following:

Ease of Waveform Creation: As the use of AFG's is a
relatively new concept, it is extremely important to choose
one that offers convenient user interaction. LeCroy's
EASYWAVE waveform creation software (IBM PC compat-
ible) is used to create and transfer waveforms to the AFG via
GPIB. lts features include very easy waveform creation
methods, file management, waveform transfer from LeCroy's
digital scopes, and operation of the AFG.

Sufficient and Non-volatile Waveform Storage Memory:
This type of memory is used to store a number of waveform
files. Recalling stored waveforms is faster than recreating
them from equations or externally downloading them when
you want to change output waveforms. In LeCroy AFG's,
non-volatile memory also stores setup files and macro-
command sequence files, which are both used for quick,
automated AFG operations.

DC Accuracy: DC accuracy is a measure of how precisely
an AFG can provide the fundamental output voltage

upon which all other smaller dynamic inaccuracies piggyback.
It is important to focus on this attribute, and then analyze the
overshoot, ringing, risetime, settling time, and harmonic
distortions that can adversely affect the fidelity of your
waveforms. LeCroy AFG's emphasize this specification,
offering 1% and 0.3% DC accuracy on its AFG's.

High Speed Clocking and Output Signal Conditioning: All
things being equal, the faster an AFG can output

analog data points, the finer you can control the shape of the
output waveform. However it is important to read

the fine print when choosing raw speed as a criterion for
output fidelity. Clock settability and output signal conditioning
(i.e., amplifiers, attenuators, and filters) can be a vital factor in
the ability to create waveforms for your application. LeCroy's
AFG's boast 0.035% clock frequency resolution instead of
binary countdowns. Output amplitude range, for each
channel independently, is settable to 3 digit resolution with
separate offset adjustments. This controllability, along with
LeCroy's proven techniques for shifting waveform features,
like edges and peaks, in increments as small as 500 ps,
provide capabilities that are not apparent from a simple
comparison of clock rate specifications.

Dual Channel Operation: In some AFG's, two independent
channels operate from a common timebase, providing
precise phase synchronization as well as simultaneous, dual-
function operation. You can use the two channels to gener-
ate different but time-related signals, or you can sum the
signals from both channels into one output.
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9100 Dual Channel

Arbitrary Function Generator
S RS T T TR

Main Features

5 nsec/point Custom Waveforms
Dual Channel Output

10 V p-p Waveform Outputs (50 Q)
< 5 nsec Risetime

350 Kpoint Non-Volatile Waveform
Storage

64 Kpoint High Speed Waveform
Memory

Six Standard Waveforms
GPIB Interface

B EASYWAVE® Waveform Creation
Software (Optional)

GENERATES CUSTOM OR
STANDARD WAVEFORMS

The LeCroy Model 9100 Arbitrary
Function Generator (AFG) is a high
performance ATE or benchtop instru-
ment which can generate either stan-
dard or user defined, complex wave-
forms with unparalleled point-to-point
time resolution. It is fully programmable
via either GPIB or RS-232. Waveform
generation and editing software is
offered for PC-DOS compatible comput-
ers. Applications include: scientific
research, medical instrumentation, disk
drive testing, communication link testing,
radar and sonar testing, ultra-sound
testing and video testing.
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Using LeCroy's optional EASYWAVE®
software package with the 9100, you can
easily and quickly create almost any con-
ceivable "real world" waveform required
for comprehensive and realistic testing of
your circuits.

High Speed Waveforms

Custom waveform outputs using digital
generation techniques can now be cre-
ated from amplitude points separated by
as little as 5 nsec. Output circuitry in
each channel is designed to provide
matching performance. 300 MHz DACs
coupled with wideband amplifiers yield
fast risetimes and settling time. Built-in
filters eliminate point-to-point steps to
present smooth output shapes. Analog
signals to 100 MHz can be created.

Dual Channel Flexibility

In the Model 9100, two independent
channels operate from a common time-
base, providing synchronization capabil-
ity as well as simultaneous, dual
function operation. You can use the two
channels to generate different but time-
related signals, or you can sum the
signals from both channels into one
output. Various attributes of each signal
can be changed quickly, on-line, without
reloading new data bytes. Using the
external summing input, you can add
external influences, such as noise,
voltage spikes, or other phenomena to
your waveform.
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Versatile Memories for Waveform
Generation and Non-Volatile Storage

The AFG uses a high speed waveform
memory (64 Kpoints) to generate wave-
forms. This memory can be down-
loaded with a variety of different wave-
form files or segments from the separate
350 Kbyte non-volatile memory. Wave-
form elements can be repeated and
linked together to effectively increase the
composite waveform length to billions of
points. Each custom waveform can be
repeated up to 65,535 times.

Standard and Arbitrary Functions

In addition to its primary function as an
Arbitrary Function Generator, the 9100
also provides both standard function
generation and pulse generation capa-
bilities. Sine, square, triangular, ramp,
pulse and DC-waveform functions are
built-in standards. Function selection
and parameter manipulation can be
implemented from the control panel or
via the GPIB or RS-232-C interface.

Custom waveforms can be captured by a
digital scope or digitizer, and then edited and
regenerated with the 9100 AFG. Or they can
be created from scratch from simple elements
or equations with our user-friendly
EASYWAVE software.

Flexible Operation and Trigger Modes

Waveforms can be output as a single
shot, as a triggered burst of up to 64 K
cycles, as an auto-triggered recurrent
waveform with programmed delays
between cycles, as a continuous
waveform, or gated under control of an
external signal. Triggering can be
manual, bus operated, or external, with
selectable slope, polarity, level, and
delay. Timemark, sync'd, waveform
start, and clock outputs provide flexible
timing reference for synchronized
operation.

Optional Hand Held Control Panel

An optional hand held control panel
allows test technicians full access to
stored waveforms and permits flexible
manipulation of these waveforms without
the use of a computer.
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9100 Specifications

WAVEFORM OUTPUTS

Channels: 2.

D.C. Accuracy: 1.0% or 20 mV (whichever is
greater).

Resolution: 8 bits (256 levels).

Single or dual channel - 8 bits;

Channels summed - 9 or more bits, depend-
ing on pulse shape, filtering, offset require-
ments.

Total Harmonic Distortion: <-50 dBc for
output frequency of 1 MHz or less. <— 35 dBc
@ 10 MHz, Typically <— 38 dBc @ 10 MHz for
output levels < 5V p-p.

Spurious and non-harmonic distortion:
Above 1 MHz < 60 dBc. 1 MHz and below:
<65 dBc.

Intermodulation distortion: Two tone inter-
modulation (ch1: 10 MHz, 1 V p-p; ch 2: 10.25
MHz, 1 V p-p; summed mode) typical - 58 dBc
3rd order; — 70 dBc 5th order.

Signal to Noise Ratio:

Full Scale Amplitude S/N
75 mV or greater > 45 dB
30 mV 40 dB
5mV 25 dB

S/N specified at 0 V offset, sum mode off.
Maximum Output Voltage: 10 Vp-p(£5V)
into 50 Q, 20 V p-p into high impedance.
Minimum Qutput Voltage: 5 mV p-p into
50 Q.
Risetime: < 5 nsec, 10% to 90% (no filter).
Overshoot and Ringing: 5% of p-p ampli-
tude, maximum; 3% of p-p amplitude, typical.
Settling Time : <10 nsec to 3% for full
scale transition, including risetime (filters off).
Offset: Individually programmable for each
channel.
Offset Resolution: < 6 mV steps.
Offset Accuracy: Same as D.C. accuracy.
Maximum Offset Voltage:

External Load Max. Offset V

50 Q t5V

Open Circuit +10V
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Output Smoothing: Built-in filters with
programmable cutoff frequencies: bypassed,
1,3, 10, 30, 100 MHz; 18 dB/octave (Bessel)
Crosstalk between channels: < 1%

Ch 1to Ch 2 Phase Accuracy:

Internal Summing: + .5 nsec.

Dual Outputs: =1 nsec

STANDARD FUNCTIONS (WAVEFORMS)

Sinewave:
Frequency Range - 0.01 Hzto 100 MHz
Frequency Resolution - 0.035%

Squarewave:

Frequency Range - 0.01 Hz to 25 MHz
Frequency Resolution - 0.035%.
Triangle:

Frequency Range - 0.01 Hz to 25 MHz.
Frequency Resolution - 0.035%.
Linearity - £1%.

Pulse (single channel only):

Period - 40 nsec to 10 sec.

Width - Variable, 5 nsec to 10 sec (not to
exceed period).

Orientation - Selectable, positive or negative
going.

Ramp

Period - 40 nsec to 100 sec.

Resolution - 0.035%.

Linearity - £1%

Orientation - Selectable, positive or negative
going.

DC: Generates a D.C. level, the value of
which is the offset level.

Accuracy: The greater of 1% or 20 mV.

TIME BASE (CLOCK RATE)

Range: 5 nsec to 20 sec per point.
Resolution: 0.035%.

Accuracy: <5.0 ppm, at achievable set
points,@ 23° C, 115 VAC/60 Hz, after 30
minute warmup.

Stability: < 0.5 ppm /° C.

TRIGGER MODES

Continuous: The generator runs continuously
at the selected frequency.

Recurrent: The waveform is cycled with a
programmable delay of up to 1 million points
(1/2 million in dual channel) between cycles.
Number of waveforms per cycle is program-
mable up to 65,535.

Single: Upon receipt of a trigger, the selected
waveform is generated only once. The start
of the waveform can be delayed from the
trigger point by up to 1 million points (1/2
million in dual channel).

Burst: Upon receipt of a trigger, the selected
waveform is generated the number of times
set into the burst counter, up to 65,535. The
start of the burst can be delayed up to 1
million points (1/2 million in dual channel).
Gated (uses the trigger threshold): Uses a
triggered start, and stops at the completion of
the current waveform cycle after the gate
closes.

External Trigger Threshold:

Slope - + or —

Range-+25V

Resolution - 20 mV (8 bits)

Source:

Manual - Front panel button

External - External trigger applied via a front
panel BNC

Bus - Trigger from GPIB or RS-232

Control Panel - Trigger Key

Arm Source:

Auto - Automatically rearms itself.

Bus - Rearmed from the GPIB, RS-232 or the
Control Panel.

Trigger sources and arm sources may be indi-
vidually enabled or disabled. Internal trigger-
ing is automatically selected in continuous or
recurrent trigger modes.

Delay: Variable, from four to one million
points (2 to 1/2 million in dual channel).



Signal Sources

WAVEFORM MEMORY

Fast Memory Length:

Single Channel - 64 Kpoints.

Dual Channel - 32 Kpoints each channel.
Storage Memory Length (RAM Disk):

> 350 Kpoints for waveforms, setup and
sequence files.

RAM Disk to Fast Memory Load Rate:
250 msec + 0.6 usec/byte.

Battery Back-up: > 3 years, non-rechargble
lithium.

Minimum Waveform Length: Non-linked
waveform segment, no looping - 8 points (4
points per channel in dual channel mode).
Linked waveforms Single channel operation -
72 points. Dual channel operation - 36 points/
channel.

Waveform Length Resolution: Single
channel operation - 8 point blocks.

Dual channel operation - 4 point blocks.
Waveform Loop Counter: One counter per
linked waveform

Maximum Repetitions: 4,095

OUTPUTS

Front Panel:

Waveform Output - Output impedance, 50 Q.
Protected against applied voltages to +40 V.
If an externally applied overvoltage condition
is detected, the output relay is opened, the
LED for that channel is flashed and, if
enabled, a SRQ is generated on the GPIB.
All Timing Outputs - Output impedance,

50 Q Source 1.5 Volts peak into 50 Q. Ap-
proximately 75 nsec duration.

Time Marker Output: Settable from four up to
ane million clock cycles, referenced to the
trigger point.

Sync Trigger Output: Occurs at the next
sample clock edge after receiving an Ext.
Trigger.

Waveform Start Output: Occurs at the start of
the waveform.

Rear Panel:

Clock Outpuis — 0 to — 0.8 V into 50 Q. Ap-
prox. a squarewave. Presentin all modes in-
cluding Ext. Clock.

INPUTS

Protection: The maximum input voltage level
for all inputs should not exceed 5 V.

Front Panel:

External Gate/Trigger Input - 50 Q.

Sum Input - Impedance: 50 Q.

Gain: X 1, £ 5% for > 350 mV full scale output
ranges Bandwidth: > 80 MHz at 3 dB.

Hand Held Keypad (Control Panel) Input: A
DIN connector is provided for attaching the
hand held control panel and display.

Rear Panel:

External Clock Input - When this input is
selected, the internal clock is de-selected and
the waveform is generated using the external
clock.

Impedance: 50 Q.

Threshold: Variable =2.5V, 8 bits resolution
External Reference Input - A signal on this
input causes the internal clock to phase lock
toit. It requires a 4 MHz square wave with
500 mV to 5 V p-p amplitude into 50 Q , AC
coupled.

Front Panel Indicators and Controls:
Power - ON/OFF

Manual Trigger Button

Manual Self Test Button

Hand Held Control Panel (optional)
Indicators:

Power on LED - ON when power is applied to
the instrument.

Trigger Armed LED - ON when awaiting a
trigger signal.

Waveform Output LED's-

Chan 1: ON when Channel 1 is turned on.
Chan 1 & 2: ON when channel 1 is being
summed with channel 2.

Chan 2: ON when channel 2 is turned on.
Waveform Active LED: ON when a waveform
is being clocked out of the fast memory to one
or both waveform outputs or if the unit is
armed and waiting for a trigger.

GPIB:

LED for Talk, Listen, SRQ, Remote, Local,
Self Test, Test Fault, Battery Low, Chan 1,
Invert, and Chan 2 Invert.

Rear Panel Connectors and Switches
Connectors: GPIB: IEEE 488, 1978 compat-
ible. RS-232 Port: DB 25 S.

Switches: GPIB Address Switch, RS 232
Port Configuration Switch. Line voltage
selector and fuses.

Waveform Creation and Editing

LeCroy's EASYWAVE® software package is
available for PC-DOS compatible computers™.
See EASYWAVE Technical Data Sheet.

INSTRUMENT CONTROL
PC-DOS Compatibles: The same software

package used for waveform editing also can
be used for controlling the 9100.

Local Control Panel: Once the waveforms
have been loaded to RAM Disk, an optional,
detachable control panel with a four line LCD
display may be used for controlling the 9100.
Other GPIB or RS-232 Compatible Control-
lers: Other computers or terminals may be
used to control the instrument using the
remote commands.

GENERAL

GPIB Interface Functions: |IEEE 488-1978
compatible. SH1, AH1, T5, TEOQ, L3, LEO,
SR1, RL1, PPO, DC1, DT1, CO .

GPIB DMA Rates: Typically = 200 KB/sec.
Data Formats - #| Arbitrary length ASCII, #L
ASCII HEX "00" to "FF" (double the length of
internally stored binary data files).

RS-232C: Implemented as Data Communica-
tions Equipment (DCE).

Baud Rates: 300, 1200, 2400, 4800, and
9600.

Bits - Data: 7 or 8; Stop: 1 or2.

Parity - None, Even, or Odd.

Protocol - Full Duplex, Xon/Xoff (DC1/DC3)
handshake.

Commands - Full Conversational same as
GPIB plus: RS_SRQ, Define character
equivalent to SRQ in GPIB. Default is "Bell",
ESC commands ECHO on/off Trig remote/
local.

Temperature Range: 15° C. to 35° C., full
specification; 0° C. to 40° C., operating.
Humidity: 40° C., 10% to 95% relative, non-
condensing.

Power: 115/220 +20% VAC,47-63 Hz.
approx 147 watts.

Size: 5-1/4"H X 19" W X 15" D. Weight: 26
Ibs. (approximately).

OPTIONS and ACCESSORIES

9100/CP Hand Held Control Panel

9100/EC 6' Extension Cable

9100/EM Extended Memory (128 K total)

9100/MM  Multiple Memory Extension
512 Kbyte total waveform
memory, 1 Mbyte non-volatile
memory (Available 3/90)

9100/RT Realtime waveform segment
addressing (Available 3/90)

9100/0M  Extra Operator's Manual

9100/SM Service Manual

9100/SW  EASYWAVE Software

9100GPIB2 GPIB interface card and soft
ware National Instruments PCII
Card and GPIB-PC Software

DC/GPIB-2 GPIB Cable, 2 meters
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9101 Single Channel

Arbitrary Function Generator
R R TR TR

Main Features

HE 200 Mpoint/sec Custom Waveforms
H 10Vp-p (50 Q) Outputs

B <5 nsec Risetime

B 350 Kpoint Non-volatile Storage

W Standard Function Waveforms
Pulse Generator

B GPIB/RS-232 Interface

B EASYWAVE® Waveform Creation
Software (Optional)

General

The LeCroy Model 9101 Arbitrary
Function Generator (AFG) is a high
performance ATE or benchtop instru-
ment which can generate either stan-
dard or user defined, complex wave-
forms with unparalleled point-to-point
time resolution. It is fully programmable
via either GPIB or RS-232. Waveform
generation and editing software is offer-
ed for PC-DOS compatible computers.

GENERATES CUSTOM

OR STANDARD WAVEFORMS

The LeCroy 9101 Arbitrary Function
Generator is a highly versatile signal
source which can generate custom,
pulse or standard waveforms. The 9101
has a 200 Mpoint/sec single channel
output which makes it possible to
accurately produce "real world" wave-
forms that a standard function generator
could not provide. Almost any conceiv-
able waveform can be constructed.
Altogether, the LeCroy 9101 provides a
custom waveform generator, a standard
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function generator and a pulse genera-
tor. Six standard waveforms are built in
and can be output, without the need for
the computer, using the 9100/CP hand
held control panel.

MEMORIES

The fast waveform memory of the
generator is 64 Kpoints long and when
combined with the linking and looping
(repeating) features equivalently
provides billions of points of operating
memory. The 9101 AFG has 350 Kpoint
battery backed-up non-volatile storage
memory. The storage memory allows
custom waveforms to be stored for later
output under the control of the detach-
able control panel or computer.

SOFTWARE

LeCroy's EASYWAVE?® software makes
custom waveform creation fast and easy.
This optional software package simplifies
waveform data entry using a library of
software-based simple waveform

elements, mathematical equations, or
spreadsheet-like point array editing.
EASYWAVE uses a cut and paste
approach to waveform editing, wave-
shapes can be composed by linking
them together, repeating them or
rescaling them either vertically or
horizontally. One of the most powerful
capabilities in EASYWAVE is the ability
to acquire waveform data from any
LeCroy digital oscilloscope or waveform
digitizer. Now, this real-life data can be
modified or modulated even further
using any of the extensive editing
capabilities within EASYWAVE, then re-
generated. EASYWAVE also provides
file management, operating control and
system configuration features.

APPLICATIONS

Applications include: scientific research,
medical instrumentation, disk drive
testing, communication link testing,
radar and sonar testing, ultra-sound
testing and video testing.
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9101 Specifications

WAVEFORM OUTPUTS

Channels: 1.

D.C. Accuracy: 1.0% or 20 mV (whichever
is greater).

Resolution: 8 bits (256 levels).

Total Harmonic Distortion: <— 50 dBc for
output frequency of 1 MHz or less.

<— 35 dBc @ 10 MHz, typically <— 38 dBc @
10 MHz for output levels < 5V p-p.
Spurious and non-harmonic distortion:
<— 60 dBc.

Signal to Noise Ratio:

Full Scale Amplitude S/IN
75 mV or greater >45dB
30 mv 40 dB
5mV 25dB

S/N specified at 0 V offset.

Maximum Output Voltage: 10 Vp-p (£t5V)
into 50 Q, 20 V p-p into high impedance.

Minimum Output Voltage: 5 mV p-p into
50 Q.

Risetime: < 5 nsec, 10% to 90% (no filter).
Overshoot and Ringing: 5% of p-p ampli-
tude, maximum 3% of p-p amplitude, typical.
Settling Time: <10 nsec to 3% for full

scale transition, including risetime (filters
off).

STANDARD FUNCTIONS (WAVEFORMS)

Sinewave:
Frequency Range - 0.01 Hzto 25 MHz
Frequency Resolution - 0.035%

Squarewave:

Frequency Range - 0.01 Hz to 100 MHz
Frequency Resolution - 0.035%.
Triangle:

Frequency Range - 0.01 Hz to 25 MHz.
Frequency Resolution - 0.035%.
Linearity - +1%.

Pulse
Period - 40 nsec to 10 sec.

Width - Variable, 5 nsec to 10 sec (not to
exceed period).

Orientation - Selectable, positive or
negative going.

Ramp

Period - 40 nsec to 100 sec.
Resolution - 0.035%.

Linearity - +1%

Orientation - Selectable, positive or
negative going.

DC: Generates a D.C. level, the value of
which is the offset level. Accuracy: The
greater of 1% or 20 mV.

TIME BASE (CLOCK RATE)

Range: 5 nsec to 10 sec per point.
Resolution: 0.035%.

Accuracy: < 5 ppm, at achievable set points,
@ 23°C, 115 VAC/60 Hz, after 30 minute
warmup.

Stability: < 0.5 ppm /°C.

TRIGGER

Modes:

Continuous - The generator runs continu-
ously at the selected frequency.

Recurrent - The waveform is cycled with a
programmable delay of up to 1 million points
between cycles. Number of waveforms per
cycle is programmable up to 65,535.

Single - Upon receipt of a trigger, the se-
lected waveform is generated only once. The
start of the waveform can be delayed from
the trigger point by up to 1 million points.

Burst - Upon receipt of a trigger, the
selected waveform is generated the number
of times set into the burst counter, up to
65,535. The start of the burst can be delayed
up to 1 million points.

Gated (uses the trigger threshold) - Uses a
triggered start, and stops at the completion of
the current waveform cycle after the gate
closes.

WAVEFORM MEMORY
Waveform Memory Length: 64 Kpoints.
GENERAL

GPIB Interface Functions: IEEE 488-1978
compatible. SH1, AH1, T5, TEOQ, L3, LEO,
SR1, RL1, PPO, DC1, DT1, CO .

GPIB DMA Rates: Typically =200 Kbytes/
sec.

Data Formats - #| Arbitrary length ASCII, #L
ASCII HEX "00" to "FF" (double the length of
internally stored binary data files).

RS-232C: Implemented as Data Communica-
tions Equipment (DCE).

Baud Rates - 300, 1200, 2400, 4800, and
9600.

Data Bits - 7 or 8.
Stop Bits - 1 or 2.
Parity - None, Even, or Odd.

Protocol - Full Duplex, Xon/Xoff (DC1/DC3)
handshake.

Commands - Full Conversational same as
GPIB plus: RS_SRQ, Define character
equivalent to SRQ in GPIB. Default is "Bell",
ESC commands ECHO on/off Trig remote/
local.

Temperature Range: 15° C. to 35° C,, full
specification; 0° C. to 40° C., operating.

NOTE: The technical specifications of the
9101 are identical to the 9100 with the
exception of references to the channel 2
output and related specifications such as
summed mode operation. Please consult the
9100 technical data sheet for additional
common specifications.
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9109 Arbitrary Function Generator

With Digital Outputs

Main Features

200 Mpoint/sec Custom or Stan-
dard Waveforms

E  Dual Channel

B 10V p-p Analog (50 Q) Outputs

< 5 nsec Risetime

E  Generates Mixed Analog/Digital
Waveforms

B 350 Kpoint Non-volatile Storage

B 128 Kpoint Waveform Memory

Dual 8-Bit Digital Outputs

General Description

The Model 9109 is a high speed Arbitrary
Function Generator which can generate
custom or standard waveforms and
equivalent digital data patterns. Its high
speed (up to 200 Megapoints/sec) makes
it possible to produce "real world" custom
waveforms for testing digital filters,
RADAR and SONAR signal processing
systems, disk drives, A/D-D/A converters,
video systems, and data communica-
tions systems. ltis fully programmable
via either GPIB or RS-232. Waveform
generation and editing software is offered
for PC-DOS compatible computers.

DUAL CHANNEL OPERATION

Dual channel operation, with independent
amplitude, offset, and phase delay, pro-
vides the ability to simultaneously
generate two different signals. Also,
generating the same signal on both
channels and inverting one results in dif-
ferential output signals. The excellent
phase match between channels permits
the generation of precise, phase related
signals for use in such applications as
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testing logic set up times or synchro
resolvers. It is especially suited for mixed
signal automated testing for products such
as digital filters, A/D converters, D/A
converters, video systems, and data
communications circuits.

MEMORIES

128 Kpoints of waveform memory, com-
bined with waveform linking and repeat-
ing, provides the equivalent of billions of
points of memory. Almost any conceivable
waveform can be constructed. Addition-
ally, there is a RAM disk which provides
over 350 Kpoints of non-volatile waveform
or digital pattern storage. Waveforms
stored here can be loaded to waveform
memory and output under the control of
the detachable hand held control panel,
computer, or GPIB controller.

INTERNAL CHANNEL SUMMING
Internally summing the two channels
together makes it possible to combine two
waveforms and control the amplitude of
one portion of the resultant composite
waveform independently of the rest of it.

This also provides expanded dynamic
range because one portion of the wave-
form can be attenuated relative to the
rest without losing resolution (bits). Also,
by setting the amplitude range of each
channel to half the desired total ampli-
tude and summing, a resolution of 9 bits
can be achieved. :

WAVEFORM CREATION SOFTWARE
LeCroy's optional EASYWAVE® software
simplifies creation of custom waveforms
or digital data patterns. Waveforms can
be created directly from the mathemati-
cal equation which describes the wave-
form. Or, it may be easier to simply
select the needed shapes from
EASYWAVE's library of simple waveform
elements, link them together, and then
stretch them to desired amplitudes and

" time durations. A spreadsheet-like array

editor is used for point by point waveform
or pattern entry in decimal or hexadeci-
mal form. Waveforms may also be cap-
tured using any of LeCroy's digital oscil-
loscopes, digitizers, or transient record-
ers, and transferred to the 9109.
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2109 Specifications

WAVEFORM OUTPUTS

Channels: 2.

D.C. Accuracy: 1.0% or 20 mV (whichever is
greater).

Resolution: 8 bits (256 levels).

Total Harmonic Distortion: <— 50 dBc for
output frequency of 1 MHz or less. <— 35 dBc
@ 10 MHz, typically <— 38 dBc @ 10 MHz for
output levels < 5 V p-p.

Spurious and non-harmonic distortion:

<— 60 dBc.

Signal to Noise Ratio:

Full Scale Amplitude S/IN

75 mV or greater =45dB
30 mV 40 dB
5mV 25dB

S/N specified at 0 V offset, sum mode off.
Maximum OQutput Voltage: 10V p-p(£5V)
into 50 Q, 20 V p-p into high impedance.
Minimum Output Voltage: 5 mV p-p into
50 Q.

Risetime: < 5 nsec, 10% to 90% (no filter).
Overshoot and Ringing: 5% of p-p ampli-
tude, maximum

3% of p-p amplitude, typical.

Settling Time: < 10 nsec to 3% for full
scale transition, including risetime (filters off).

STANDARD FUNCTIONS (WAVEFORMS)

Sinewave:

Frequency Range - 0.01 Hz to 25 MHz
Frequency Resolution - 0.035%
Squarewave:

Frequency Range - 0.01 Hz to 25 MHz
Frequency Resolution - 0.035%.
Triangle:

Frequency Range - 0.01 Hz to 25 MHz.
Frequency Resolution - 0.035%.
Linearity - + 1%.

Pulse (single channel only):

Period - 40 nsec to 10 sec.

Width - Variable, 5 nsec to 10 sec (not to
exceed period).

Orientation - Selectable, positive or negative
going.

Ramp:

Period - 40 nsec to 100 sec.

Resolution - 0.035%.

Linearity - £1%

Orientation - Selectable, positive or negative
going.

DC: Generates a D.C. level, the value of
which is the offset level. Accuracy: The
greater of 1% or 20 mV.

TIME BASE (CLOCK RATE)

Range: 5 nsec to 20 sec per point.
Resolution: 0.035%.

Accuracy: < 5 ppm, at achievable set
points,@ 23° C, 115 VAC/60 Hz, after 30
minute warmup.

Stability: < 0.5 ppm/° C.

TRIGGER

Modes:

Continuous - The generator runs continu-
ously at the selected frequency.

Recurrent - The waveform is cycled with a
programmable delay of up to 1 million points
(1/2 million in dual channel) between cycles.
Number of waveforms per cycle is program-
mable up to 65,535.

Single - Upon receipt of a trigger, the selected
waveform is generated only once. The start of
the waveform can be delayed from the trigger
point by .up to 1 million points (1/2 million in
dual channel).

Burst - Upon receipt of a trigger, the selected
waveform is generated the number of times
set into the burst counter, up to 65,535. The
start of the burst can be delayed up to 1
million points (1/2 million in dual channel).
Gated (uses the trigger threshold) - Uses a
triggered start, and stops at the completion of
the current waveform cycle after the gate
closes.

WAVEFORM MEMORY

Waveform Memory Length:
Single Channel - 128 Kpoints.
Dual Channel - 64 Kpoints/channel.

DIGITAL OUTPUTS

Output Channels: Two channels with
channel 1 data corresponding to the channel 1
analog output. Channel 2 digital data
corresponds to the channel 2 analog output.
Digital data is normalized so that a data value
of 255 (FF,) corresponds to maximum analog
amplitude and a data value of 0 (00,)
corresponds to the minimum analog cutput.
Digital Outputs: Dual 8-bit outputs inde-
pendently configurable as TTL or ECL.

Digital | Max.

Output | Clock Pattern
Mode Width Rate Depth
Single channel | 8 bits | 200 MHz (128 K
Dual Channel | 16 bits | 100 MHz |64 K

Digital Outputs per Channel: TTL mode; 8
data lines, differential clock output, 10
grounds, ECL mode; 8 differential data lines,
differential clock output, 2 grounds.

Digital Output Mode Selection: Each
channel individually configurable as TTL or
ECL output by internal jumper selection.
Configuration indicated by LED's on front
panel.

Maximum Data Output Rates: Identical to
9109 clock rate; single channel (channel 1
only): 200 Megabytes/second (5 nsec/byte).
Dual channel (channel 1 and channel 2):
100 Mbytes/sec (10 nsec/byte).

Data Timing: Digital data outputs precede
analog data outputs by 1 clock period.
Maximum Data Clock Rates: TTL Mode -
typical > 80 MHz.

ECL mode - typically > 200 MHz.

Logic Risetime: TTL mode - typically

< 4 nsec.

ECL mode - typically < 3 nsec.

Note: Technical specifications for the 9109
and 9100 are identical except for waveform
memory length and digital outputs. Please
consult 9100 technical data sheet for
additional specifications.
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9112 High Resolution Dual Channel
Arbitrary Function Generator

Main Features

Dual Analog Outputs with 12-bit Am-
plitude Resolution - The 9112 gener-
ates analog signals with outstanding
fidelity. Dual 12-bit Digital to Analog
Converters (DAC's) provide signal to
noise ratio in excess of 70 dB. This
allows the user to define a waveform with
amplitude changes as slight as one part
in 4,096 with low harmonic distortion.
Coupled with amplitude flatness < 0.1 dB,
the 9112 gives true, undistorted represen-
tations of the waveforms you need to
generate.

Digital Pattern Generation: 32-bits,

50 Megawords/sec - Two 16-bit TTL
channels with Channel 1 data corre-
sponding to the Channel 1 analog output
and Channel 2 data corresponding to the
Channel 2 analog output. Since each
analog channel output is based on the 12
MSB's of the corresponding 16-bit word,
the 4 LSB’s of each digital output can be
used for other purposes.

64 Kpoints High Speed Segmentable
Fast Memory - 64 Kpoints of fast
memory (up to 20 nsec/point) is divisible
into hundreds of different waveforms.
Each of these segments may be as-
signed a repetition count, and “Linked”
with other segments to provide the
equivalent of billions of points of wave-
form memory.

Non-Volatile Waveform Storage -

175 Kpoints of non-volatile memory is
provided for waveform, setup, or se-
quence storage. Non-volatile memory is
loaded via GPIB or RS232 interface.
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10 V p-p (50 Q) Outputs with Auto-
matic Load Compensation - If the
output load has a resistance of something
other than 50 Q, the user may select,
optionally, to have the analog output
automatically compensated. This will
maintain DC accuracy for non 50 Q
systems and improves accuracy in 50 Q
systems.

Generates User Definable Mixed
Waveforms and Digital Patterns - Two
independent channels, each having a 12-
bit analog and 16-bit digital output, make
mixed mode analog/digital testing a
reality. Both channels are strobed simul-
taneously to maintain excellent time cor-
relation between channels. Each analog

channel uses separate 12-bit DAC's for
independent control of amplitude, offset,
and phase delay.

EASYWAVE® Waveform/Pattern
Creation Software (Optional) -
EASYWAVE is a complete waveform
and pattern creation toolkit which runs on
PC-DOS compatible computers.
EASYWAVE is completely menu driven
and allows for the creation of waveforms
and digital patterns via several methods,

- including using existing building block

waveforms from a simple waveform
elements library, equations, or direct ac-
quisition from any LeCroy Oscilloscope.
All 9112 functions can be operated from
EASYWAVE.
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Functional Description

The 9112 is designed to be a highly
versatile multipurpose signal generator.
Superior design and high quality compo-
nents are integrated into a relatively
simple design structure.

The 9112 consists of 6 essential sec-
tions: CPU, Non-Volatile Memory, High
Speed Waveform Memory, Timebase
and Triggering, High Speed 12-hit
Digital to Analog Converters and 16-bit
Digital Qutputs.

CPU

The CPU is responsible for executing all
of the functions of the 9112. ltis

responsible for selecting the appropriate
setup parameters, as well as loading the
correct waveforms from the Non-Volatile

Memory into the High Speed Waveform
Memory. The CPU also defines in what
order, and with how many repetitions,

each selected waveform is to be output.

NON-VOLATILE MEMORY

The Non-Volatile Memory stores
Waveform files, Setup files, and Se-
guence files. Waveform files provide a
complete description of a waveform
segment. Setup files store control
parameters such as amplitude, clock
rate, and triggering type and source.
Sequence files store batch commands
for automation of the 9112.

HIGH SPEED WAVEFORM MEMORY
The High Speed Waveform Memory

outputs the waveforms that the CPU has
taken from the Non-Volatile Memory in

the order and with the proper number of
repetitions that the CPU has assigned for
each one. Thirty-two bit digital informa-
tion can be output by this memory at up
to 50 megasamples/sec.

TIMEBASE AND TRIGGERING

The 9112 has a timebase which is
adjustable from 50 MHz to 10 mHz.
Inputs are provided for an external clock,
external clock reference, and trigger/
gate. The 9112 has 2 outputs for
clocking external devices, sync output
(which is output upon receipt of a
trigger), start output (which is output with
the first point of each waveform), and a
user programmable marker output.

CONTROL PANEL
(OPTIONAL)
v | cH 1 ATTENUATOR/ CH1
FYET] 128 OFFSET/ ANALOG
DAC AMPLIFIER ouTpPuT
GPIB __> e '> I be CH1
CHANNEL 1 D0..015 ot : bt DIGITAL
HIGH SPEED TTLLINE WORD
R
NON-VOLATILE WAVEFORM e D14 OUTPUTS
STORAGE > —— D1s
=0 CH2
| CHANNEL 2 DO..D15 CH2 S D1
TLUNE | | siing
TRIGY ‘ DRIVERS 2
oaTE— L SYNC OUTPUT D14 OUTPUTS
D15
BxT - START OUTPUT
ox —] TIMEBASE D4.D15 3'_:". ATTENUATOR/ CH2
‘ ANALOG
igtes OFFSET/ —
= - MARKER OUTPUT AMPLIFIER OUTPUT
e —
}——= cLock ouTPUT
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9112 Specifications

WAVEFORM OQUTPUTS
Channels: 2.

D.C. OUTPUT CHARACTERISTICS

Maximum Range (FSR): + 5V into 50 Q;
+ 10 Vinto >10 KQ load.
Maximum Output Current: + 100 mA
Output Impedance: 50+ 0.5Q
Minimum Amplitude Range: 100.0 pV.
D.C. Output Accuracy (After calibration):
No Compensation (50.00 Q Load):
+0.5% FSRinto 50 Q for FS 2
500 mV
+1.0% FSR + 500 uV into 50 Q for FS
< 500 uv
Load Compensation:
+ 0.3% FSR into user supplied load of
from 49 Q to 1 MQ for FSR
> 10% of maximum Output Voltage
Range.
Waveform DAC Resolution: 12 bits (4,096
levels).
Gain Adjust Resolution: 0.05% of full scale
amplitude.
Offset Adjust Resolution: 0.05% of full
scale amplitude.
Offset Adjust Range: + Full scale
amplitude (wrt midscale of waveform); must
be within output voltage range.
Waveform Integral Non-Linearity:
< + 0.03% typical; <+ 0.05% max.
Waveform Differential Non-Linearity:
+ 0.75 LSB typical, = 1 LSB max., monotonic

DYNAMIC CHARACTERISTICS

Risetime/Falltime: < 8 nsec., 5.5 nsec typ.
Settling Time: < 20 nsec to 1% typical,

50 nsec max.

Overshoot and Ringing: < 5%, typically 2%.
Harmonic Distortion (1 V rms into 50 Q):

< —65 dBc for output frequency < 200 kHz;

< —55 dBc for output frequency < 1 MHz;

< —45 dBc for output frequency < 5 MHz (the
sum of the first 4 harmonics less than
Nyquist).

Spurious and non-harmonic distortion:
Above 1 MHz - — 60 dBc; 1 MHz and below -
—65dBc.

Interchannel Crosstalk: .05% Tested with
both channels at 10 V amplitude.

Noise: Signal to Noise ratio (non-coherent):
> 70 dB rms.

P-P Noise: +0.1% of full scale amplitude

+ <2 mV (excluding glitch).

Maximum Glitch Energy: (50 pV-sec) times
full scale amplitude.

Time Base (Point Rate)

Range: 20 nsec to 100 sec per point.
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Resolution: 0.035%.

Accuracy: 5.0 ppm, within achievable set
points, 23° C, 115 VAC/60 Hz, after 30
minute warmup.

Stability: < 0.5 ppm /° C.

STANDARD FUNCTIONS (WAVEFORMS)

Sinewave:
Frequency Range - 0.01 Hzto 6.25 MHz
Frequency Resolution - 0.035%

Squarewave:
Frequency Range - 0.01 Hz to 25 MHz
Frequency Resolution - 0.035%.

Triangle:

Frequency Range - 0.01 Hz to 6.25 MHz.
Frequency Resolution - 0.035%.
Linearity - +0.1%.

Pulse (single channel only):

Period - 160 nsec to 10 sec.

Width - Variable, 20 nsec to 10 sec (not to
exceed period).

Orientation - Selectable, positive or
negative going.

Ramp

Period - 160 nsec to 100 sec.
Resolution - 0.035%.

Linearity - £0.1%

Orientation - Selectable, positive or
negative going.

DC: Generates a D.C. level.

TRIGGER MODES

Continuous - The waveform is continuously
generated without interruption.

Recurrent - The waveform is cycled with a
programmable delay of up to 1/2 million
points (1/4 million in dual channel) between
cycles. Number of waveforms per delay is
programmable up to 65,535.

Single - Upon receipt of a trigger, the se-
lected waveform is generated only once. The
start of the waveform can be delayed from
the trigger point by up to 1/2 million points
(1/4 million in dual channel).

Burst - Upon receipt of a trigger, the
selected waveform is generated the number
of times set into the burst counter, up to
65,535. The start of the burst can be delayed
up to 1/2 million points (1/4 million in dual
channel).

Gated (uses the trigger threshold) - Uses a

triggered start, and stops at the completion of

the current waveform cycle after the gate
closes.

External Trigger Threshold:

Slope - +or —

Range-+25V

Resolution - 20 mV (8 bits)

Source:

Manual - Front panel button

External - External trigger applied via a front
panel BNC

Bus - Trigger from GPIB or RS-232

Hand Held Control Panel - Trigger Key
Arm Source:

Auto - Automatically rearms itself.

Bus - Rearmed from the GPIB, RS-232 or the
Hand Held Control Panel.

Trigger sources and arm sources may be in-
dividually enabled or disabled. Internal trig-
gering is automatically selected in continuous
or recurrent trigger modes.

Delay: Variable, from 2 to 1/2 million points

WAVEFORM MEMORY

Fast Memory Length:

Single Channel - 64 Kpoints.

Dual Channel - 32 Kpoints each channel.
Non-volatile Memory Length: > 175 Kpoints
for waveforms, setup and sequence files.
Load Time: Non-volatile memory to wave-
form memory load rate, 225 msec +

0.6 psec/byte.

Battery Back-up: > 3 years, non-rechargable
Lithium.

Minimum Waveform Length: Non-linked
waveform segment, continuous mode only - 4
points (2 points dual mode). Linked
waveforms, (any trigger mode):

Single channel operation - 36 points;

Dual channel operation - 18 points/channel.
Waveform Length Resolution:

Single channel operation - 4 point blocks.
Dual channel operation - 2 point blocks.

OUTPUTS

Front Panel:

Waveform Outputs - Output impedance,

50 Q.

Analog Output Protection: Protected
against application of up to £ 40 VDC. If an
externally applied overvoltage condition is de-
tected, the output relay is opened, the LED
for that channel is flashed and, if enabled, an
SRQ is generated on the GPIB.

All Timing Outputs - Output impedance,

50 Q. Source 1.5 Volts peak into 50 Q. Ap-
proximately 75 nsec duration.

Time Marker Output: Settable from 2 up to
1/2 million clock cycles, referenced to the
trigger point.

Sync Trigger Output: Occurs at the next
Clock edge after receiving a Trigger.
Wave-form Start Output: Occurs at the start
of the waveform.

Rear Panel:

Clock Outputs —0to— 0.8 Vinto 50 . Ap-
prox. a squarewave. Present in all modes in-
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cluding External Clock. Runs at 2 times the
point rate in single channel mode, 4 times the
point rate for dual channel operation. Clock
out 1 runs continuously. Clock out 2 is
usable as Master in Master/Slave operation.

DIGITAL WORD OUTPUTS

Output Channels: Two channels with
Channel 1 data corresponding to the Channel
1 analog output. Channel 2 digital data
correspnds to the Channel 2 analog output.
Digital data is normalized so that a data value
of 4,095 (FFF, ) on the 12 MSBs of the digital
word (D15-D4) corresponds to maximum
analog amplitude and a data value of 0 on the
12 MSBs of the digital word corresponds to
the minimum analog output.

Maximum Digital Pattern Length: Same as
for Waveform Output.

Digital Outputs Per Channel: 16 data lines,
clock, 17 grounds.

Maximum Data Output Rates (Identical to
9112 analog point rate): Single or Dual
channel operation: 50 Megapoints/sec

(20 nsec per word).

Timing (All outputs unloaded): Digital Clock
to Analog Output: Clock precedes the Analog
output by 1 clock period.

Digital Clock to Data: 4 nsec typical.

Clock Duty Cycle: 40% min., 60% max.

Hold Time Provided: 2 nsec minimum.

Setup Time Provided: 15 nsec min. at

50 Megawords/sec, typical setup time =
(sample period) — (hold time).

Data to Data Skew Time: + 0.8 nsec max.
within each channel's data word. * 1.6 nsec
for any data line to data line.

Channel to Channel Skew: Clock: + 0.8 nsec
max.

Risetime: 5 nsec max (20%-80%).

Falltime: 3.5 nsec max. (20% - 80%)..

Logic Levels (TTL Compatible):

V ign (MiN): +2.7 V at + 1 mA.

V.. (max): +0.75Vat —3.2mA

Absolute max applied voltages: + 5.5V,
-0.5V.

TTL Output Connector Configuration:
Same pattern for Channel 1 and Channel 2.
All TTL outputs are single ended. Source
impedance approximately 100 €.

Mating Connector: 3M Part Number 3421-
7034 or equivalent. Two cable assemblies
supplied.

INPUTS

Protection: The maximum input voltage level
for all inputs should not exceed 5 V.

Front Panel:

External Gate/Trigger Input - Impedance:
50 Q.

Keypad (Hand Held Control Panel) Input:
A DIN connector is provided for attaching
the hand held control panel.

Rear Panel:

External Clock Input - Impedance: 50 Q.
Threshold: Variable 2.5V, 8 bits resolution.
External Reference Input - A signal on this
input, if selected, causes the internal clock
to phase lock toit. It requires a 4 MHz
signal with 500 mV to 5 V p-p amplitude.

50 Q, AC coupled.

FRONT PANEL INDICATORS
AND CONTROLS

Controls:

Power - ON/OFF

Manual Trigger Button

Hand Held Control Panel (optional)
Indicators:

Power on LED - ON when power is applied
to the instrument.

Trigger Armed LED - ON when awaiting a
trigger signal.

Waveform Active LED's -

Channel 1: ON when Channel 1 is turned on
and the waveform is output or trigger
pending.

Channel 2: ON when channel 2 is turned on
and the waveform is output or trigger
pending.

Self Test LED - ON when a self test or
calibration is in progress.

Test Fault LED - Flashes for 10 seconds
when a self test determines there is a fault or
stays ON in the event of a microprocessor
failure.

Battery Low LED - ON when the non-volatile
memory backup battery is too low.

Channel 1, Invert LED - ON when Channel
1 output is inverted.

Channel 2, Invert LED - ON when Channel
2 output is inverted.

GPIB:

LED's for Talk, Listen, SRQ, and Local.
Rear Panel Connectors and Switches
Connectors:

GPIB: IEEE 488.1, 1978 compatible. RS-232:
DB 25 S.

Switches: GPIB Address Switch, RS-232
Configuration Switch. Line voltage selector
and fuses.

Waveform/Pattern Creation and Editing
LeCroy's EASYWAVE® software package is
available for IBM PC- compatible computers.
See EASYWAVE Technical Data Sheet.

INSTRUMENT CONTROL

EASYWAVE provides full operational control
of the 9112.

Control Panel: Once the waveforms have
been loaded to non-volatile memory, an
optional, detachable control panel (9100/CP)
with a four line LCD display may be used for
controlling the 9112.

Other GPIB or RS-232 Compatible
Controllers: Other computers or terminals
may be used to control the instrument using
the remote commands.

GENERAL

GPIB Interface Functions: IEEE 488-1978
compatible. SH1, AH1, T5, TEO, L3, LEO,
SR1, RL1, PPO, DC1, DT1, CO.

GPIB DMA Rates: Typically = 200 Kbytes/
Sec.

RS-232C: Implemented as Data Communica-
tions Equipment (DCE).

Commands: Same as GPIB.

Temperature Range: 15° C. to 35° C., full
specification; 0° C. to 40° C., operating.
Humidity: 40° C., 10% to 95% relative, non-
condensing.

Power: 115/220 +20% VAC, 47-63 Hz;
nominally 147 watts. 440 Hz contact factory.
Size: 5-1/4"H X 19" W X 15" D. Weight:

26 Ibs.

OPTIONS and ACCESSORIES

9100/CP Detachable Hand Held
Control Panel

9100/EC 6' Extender Cable (Control
Panel)

9100/MM Multiple Memory: Expansion -
512 Kbytes (256 Kpoint)
waveform memory, 1 Mbyte
(512 Kpoint) nan-volatile
memory. (Available 3/90)

9100/RT Realtime waveform segment
addressing (Available 3/90) -

9112/0M Operator's Manual

9112/SM Service Manual

9100/SW EASYWAVE Software

9100GPIB2 GPIB interface card and soft-
ware National Instruments
PCIl Card and GPIB-PC
Software )

DC/GPIB-2 GPIB Cable, 2 meters

. FILTER/36MHz 36 MHz low pass filter

(1 included with unit)
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9100/SW EASYWAVE® Software
R R R T

The LeCroy EASYWAVE?® software
package converts your IBM PC
compatible into a powerful, menu-driven
tool for the generation of customized
arbitrary waveforms. EASYWAVE can
be used independent of the AFG for
waveform creation and editing. Coupled
with your LeCroy Arbitrary Function
Generator you can develop waveforms
and down-load to the AFG’s non-volatile
memory, from which they can be
retrieved and output through the AFG'’s
high speed waveform memory.

EASYWAVE creates waveforms with
pushbutton ease from a library of
common waveforms, from algebraic
equations, or tabular point by point data
entry. Waveforms, captured with a
LeCroy digital oscilloscope, or one of
LeCroy’s many modular digitizers or
transient recorders, may be transferred
to EASYWAVE for editing or processing.
During waveform creation and editing
the waveform is always visible.

As a control program, it provides simple
and intuitive control of every 9100
Series feature using either direct manual
control, or automatic command
sequence files.

Main Features

SIMPLE ELEMENTS

Resident in EASYWAVE are nine
commonly used waveforms...sine, DC/
step, square, ramp, friangle, exponential,
Gaussian pulse, damped sine, and
frequency sweep. Selecting any of
these waveforms requires just one
keystroke. As an example, a damped
sinewave can be created by simply
entering an “M”. Capitalized letters
designate each of the particular simple
elements.

II-16

The next screen menu allows you to
enter the parameters of the damped
sine; that is, the frequency or period,
vertical scaling, starting phase, and
exponential time constant. By keying in
the desired values, EASYWAVE
calculates the waveform and displays it
on the monitor. Other simple elements
are created in the same manner.

Waveforms created from simple
elements or by other methods can be
stored in computer memory, recalled for
future editing, or downloaded to the non-
volatile memory in the AFG. When
stored in the AFG, waveforms are
instantly available for file transfer to the
high speed waveform memory by simply
entering the file name.

EQUATION ENTRY

EASYWAVE creates waveforms from
their mathematical description entered in
normal algebraic notation. EASYWAVE
accepts the functions, operators, and
variables as shown below.

Functions Operators Array Variables
sin Add (+)

In Subtract (-)

cos Multiply (*) C - current waveform
exponent Divide (/) in channel 1

tan Exponent (*)

abs. value

log

square root

Rn expression line n D - current waveform
Noise in channel 2
Pulse

Step
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Edit LeCroy EASYUAVE

(9112 AFG - 12-bit)

08U

-0.8Y.

Edit
== R1/R2

R3 : Ri/R2
R

[
1
1
1
I RZ :
1
L
| RS

s e B6 :

R7 :
| RO :
X BRI :
[ RiB:
[ Rit:
f Ri2:
) R13:
| Ri4:

218 s fus auis

ous

b 1205’ Ri6:

Sinple elements: Sine Dorstap Exponential
(insert off) sQuare Triangle daliped sine
Ramp Gaussian

Frequency sueep

R1 : SIN(2=PI=(T-388),158)
(2=P[=(1-388)),158

LeCroy EASYUAVE (9112 AFG - 12-bit)  28:17:41

Equation file: DEFAULT.EQN

Equation adit:

Damped sinewave created from simple elements

As an example of mathematical entry,
let's create a sin x/x waveform. By
entering the equation editor, we can
build the waveform in two steps...first the
sin x expression and then the x
expression. Entering the third line in R3,
as Rl divided by R2 and execute it, we
have now created the desired waveform.

TABULAR ARRAY

Array entry is used primarily as a
convenient tool to edit a previously
created waveform.

cLear (salect) Edit
all lines

(deleta) Current  Hew file

Equation File Display

A waveform discontinuity is difficult to
express as a mathematical formula but
easy to enter as a series of connected
points. Consider as an example a series
of pulses of varying amplitude, duration
and repetition rate.

The array menu and screen permits the
option of entering data values into the
waveform on a point by point basis. As
the data array is filled in on the screen,
the waveform is simultaneously
displayed.

Edit LeCroy EASYUAVE
osy

+8 +1 42 43

su§ i 2§

(9112 AFG -

i B 8 @8 8 8
8: 8 8 418 418 418
i 16: 418 418 418 418 029
24; 828 628 828 628
v o 32: 1238 1238 1230 1239 1238

n 48: 1648 1648 164B 1648 1648
' 48! 1648 1648 2058 2858 2858
S6: 2858 2858 2858 2858 2468

oy 64: 2468 2468 2468 2468 2468
o 72. 2078 287 2678 2878 2678
-+ GA; 3288 328 3288 3288 3288

i 89: 3288 3288 3699 3698 3698
95: 3698 3690 3690 3698 4895

Last 184: 4895 4895 4A95 4B95 4895

112: 1158 1168 1162 1162 1162

12-bit) 28:22:51

+5 +6 +7

8 8 8
418 418 418
828 828 628
828 1238 1238
1238 1238 1238
1648 164R 1640
2858 2858 2850
2468 2468 2468
2468 2878 2878
2078 2078 2878
328 3280 3288
3698 3698 3598
4895 4895 4895
4p95 1151 S
1162 1168 1158

Array: Hode Point Valua /-
wave 2.228 us -218.1 mV
( 11) ( 1155)

Insert

Radix
off 18

Tabular Array

WAVEFORM CAPTURE

Waveform capture with EASYWAVE
provides a powerful tool that allows
recreating real-world signals from digital
oscilloscopes and transient recorders.
Data files in ASCII format can also be
input to EASYWAVE. Once captured,
such waveforms can be stored, recalled,
edited, and then output by the AFG to
test equipment under actual operating
conditions.

EASYWAVE is designed to work directly
with LeCroy’s 9400 Series Digitizing
oscilloscopes by means of a file transfer.
Consider a typical waveform as
displayed by the 9400A.

A simple file transfer operation will
transfer this waveform into the
EASYWAVE waveform display. The
next menu asks you to identify which of
the two 9400A channels is to be the
source waveform. The resulting
EASYWAVE captured waveform is a
faithful replica of the oscilloscope signal
including current transfer of all control
settings.

[1-17
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File LeCroy EASYUAVE (9189 AFG) 21:22:59 Edit LeCroy EASYWAVE (9188 AFG) 28:45:41
W [
01y
sl c
020 ~
e L
-oav:
RE
oY c
8 .02
oy i !
1
05V b : 1
I
e o02v N 1 o
) 1 I
+0.34)" i 3 S e *
020 0.2 1 !
1
W -osu ! I
oils mm nm M Wb 5ok Bobs Tolis bolis Wl |
ous osus 1us 18518 2uS 25 US Fus
Get from scope: Type t¥pe Scope channel  Easywave channel 0k Insert block: (mode ) Start (duration)( to) Repatition Ok
9189 9488 1 1 (from buf) (wave } 588.8 ns (588.8 ns)(1.888 us) 1
AFG Scope ( 188)( 188) ¢ 199)

Square wave on Channel 1 and a damped sine on Channel 2, both

Captured waveform
as recreated by
EASYWAVE

created from simple elements

WAVEFORM EDITING,
BLOCK ACTIONS

EASYWAVE's graphical waveform
editing and block actions are used to
insert, delete, or modify groups of data
points (blocks). Data blocks may be
transferred from or to disk. Modifications
include horizontal or vertical scaling and
vertical offset.

Waveform editing by means of block
actions allows you to extract a
prescribed section or block of a created
waveform, transfer this block to disk
storage, put the block in a buffer storage
for further editing, delete the entire
block, and re-scale or slide the block
either vertically in amplitude or
horizontally in time.

As an example of waveform editing by
block actions, let’s assume that we wish
to create a waveform consisting of a
damped sine wave to a square wave.
These two separate waveforms are
available as simple elements.

[1-18

Oscilloscope capture of
a voice waveform

(insert)
Now have 1388 points

Edit LaCroy EASYWAVE (9188 AFG) 28:49:p4
LELS .
1
01 1 o
y N
L L
- T T v
1
1 o
1 h
T A T 2
1
1
1
ous L1103 aug 18U 1us 18U 3ufg
Block: Hode From To Put Delata Insert Vertical Scale
vave disk disk in buffer from buffer move wava

wave

Channel 1 now provides the composite waveform of a damped sine
inserted into a square wave

By entering start and stop points,
specific points on a waveform can be
located for block actions. These limits
are outlined by the edit markers. First
set the start and stop points to put the
damped sine into the block buffer. Then
change the start point and insert the
buffer contents, the damped sinewave,
into the squarewave.

OPERATE

EASYWAVE provides on-line control via
the GPIB of all 9100 Series features
and settings with full screen display.

Setup, sequence, and waveform files
can also be created and stored, with or
without the AFG attached, for later
transfer to the 9100 Series RAM disk.

The Operate mode is accessed from the
System menu. A choice is provided of
operating the 9100 Series as a standard
function generator, a pulse generator, or
as an arbitrary waveform generator. In
addition, the 9100 Series can be
commanded to initiate a self-test routine,
automatically calibrate itself, and identify
its firmware revision level.
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Operats Hode: Function Pulse firbitrary Selftest Calibrate Identify
generator generator generator afg afg afy
Operate Mode Menu

System menu: Configurs Edit File Operate {F1> {F2> {F3>
noda mode  transfer nods halyp exit display

EASYWAUE Version 2.83

{F4> returns to this menu

Action Menu

8 GPIRG 1 9189 4 HNo on
AFG Scops

Configura: Gpih Nama Afg Type Scope t¥pa dHa Join dots Halp Colors

on on

Configure Mode Menu

The Operate mode permits loading a
waveform in the 9100 Series waveform
memory under a file name. A loaded
waveform can be looped on itself up to
4,096 times. A loaded waveform can
also be linked with other waveform
segments to form a new composite
waveform.

The Action menu provides the tools
needed to control the output of the AFG,
including Go, Stop, and Abort commands
as well as arming and triggering
commands. In addition, you can use this
menu to recall a complete 9100 Series
setup from a file or run a complete
sequence commands from a file.

Test engineer utilizing EASYWAVE software to create his own
library of custom waveforms for rapid implementation in an ATE
environment.

Sequence files provide great versatility
in that they allow the automation of a
series of setup commands and
waveforms by merely calling up one
sequence file by name. In this way, a
whole battery of waveforms can be
output by the AFG, to conduct a series
of tests automatically.

Typical sequence file shows the settings
for both channels of the 9100 Series,
trigger information, loaded waveform,
and start command. Sequence files can
be edited after creation, line by line, or
lines inserted or deleted.

The Configure mode allows entry of
GPIB information, including the bus
addresses of the controller, 9100
Series, and 9400 Series Digital
Oscilloscopes, if present. The menu
also provides the ability to turn the
direct memory access on or off, instruct
the AFG to display individual waveform
data points or join them to produce a
continuous waveform, turn HELP
screens on or off, and select display
colors. A choice of 15 colors are
available to delineate the two channels
of the 9100 Series; the zero reference
lines, the display frame, alphanumeric
information, and cursors.

1-19
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92100/SW Specifications

WAVEFORM CREATION AND
ACQUISITION

Waveforms, to be generated by the LeCroy
9100 Series Arbitrary Function Generator
may be created directly or captured from a
LeCroy 9400 Series Digital Oscilloscope.
Utility programs for transforming LeCroy
CATALYST™ Transient Recorder or Digitizer
Data Files into EASYWAVE waveform file
format are also provided. Waveform files in
ASCII format may also be input.

WAVEFORM CREATION TOOLS
Simple Elements - select and build complex

waveforms using simple waveform segments
including:

- Sine - Gaussian Pulse

- Ramp - Damped Sine

- DC/Step - Frequency Sweep

- Square Linear or Logarithmic
- Exponential

Amplitude, frequency, time, and phase
attributes of each simple element are user
adjustable.

Equation Array - create a waveform by direct
entry of analytic equation. Permitted
operations are addition, subtraction,
multiplication, division, and exponentiation.
Functions supported are Absolute Value,
Cosine, Sine, Exponent, Common Logarithm,
Natural Logarithm, Sine, Square Root, and
Tangent. Parentheses for specifying the
order of operations and serial operations are
available. Add noise to any function.

[1-20

DATA ACQUISITION TOOLS

Direct transfer of waveforms from either
channel of a LeCroy 9400 Series Digital
Oscilloscope.

CATWAYV utility program for converting
CATALYST data files.

ASCII file input.
WAVEFORM EDITING

Array: Direct data point value insertion,
increment or decrement values, deletion.

Block Actions: Insert, delete, or modify
groups of data points (Blocks). Data blocks
may be transferred from or to Disk.
Modifications include horizontal or vertical
scaling and vertical movement (offset).

SEQUENCE FILE GENERATION
AND EDITING

Generate and edit Sequence files for
automating a series of AFG control and/or
operational commands. Transfer Sequence
file to or from Disk files or the AFG.

SETTINGS FILES

Modify, Store, and Recall 9100 control
settings. Transfer Setting files between
EASYWAVE, the Arbitrary Function
Generator, or Disk.

FILE TRANSFER OPERATIONS

Transfer Waveform, Sequence, and Settings
files between EASYWAVE, the 9100, and
disk. Delete selected files. Select and List
file Directories in AFG or from Disk.

OPERATE ARBITRARY FUNCTION
GENERATOR

Control the AFG as a Function, Pulse, or
Arbitrary Function Generator. Select, load,
link, and loop desired waveforms. Start, stop,
arm trigger, advance to next, or abort output
waveforms. Set the output parameters of
each channel including Amplitude, Offset, and
Filter cutoff frequency. Turn each channel on
or off, select invert or sum output channels.
Adjust Clock period or frequency, pulse width,
start phase or relative phase of outputs.
Select trigger modes, trigger slope/level, and
trigger source.

CONFIGURE INTERFACE

Set IEEE-488 operating configuration.

Select Device addresses, Adaptor name,
Display Colors, Control direct memory access
(DMA ON, OFF). Turn HELP ON or OFF.

PHYSICAL DESCRIPTION

EASYWAVE is supplied on three double
sided, double density (360 Kbyte formatted)
5-1/4 inch disks (3-1/2 inch disks are
available upon request), including install disk,
program disk, and a waveform/utility disk.

EASYWAVE runs on IBM XT/AT computers
and 100% compatible computers with a hard
disk drive, 640 Kbytes of random access
memory, and a color graphics, enhanced
graphics, or Hercules monochrome graphics
adaptor. It requires a National Instrument
PC2 GPIB Adaptor and associated software
support package (not supplied) for control of
the LeCroy 9100 Series Arbitrary Function
Generators.
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COMMON WAVEFORMS CREATED
WITH EASYWAVE
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Modular Digitizer Systems

LeCroy Waveform Digitizers are
Powerful and Flexible




Modular Digitizer Systems

Modular Products Location Guide
B T O S T e

Model Description Page No.
Digitizers and Memories
6880B 1.3 GS/s Waveform Digitizer 11-6
TR8818A 100 MS/s Waveform Digitizer "-12
TR8828D 200 MS/s Waveform Digitizer ln-12
MM8103A/04/05/06 Memory Modules l-12
6309/6389 Snapshot Long Memory Recorder -17
7900 Series Wavecorder Ultra-Wide Memory Digitizers I1-20
6810 Quad 5 MS/s 12 Bit Digitizer [1-24
8212A 32 Ch. 100 KS/s 12 Bit Digitizer 111-30
2262 Quad 80 MS/s Digitizer 1-32
Accessories Cables,Computers,Connectors,7900 Series 1-35
Amplifiers, Attenuators, Fiberoptic Transmitters/Receivers
6103 Dual Amplifier/Trigger Generator 1-36
8102 6-Channel Attenuator 111-36
5612/13 Fiberoptic Transmitter/Receiver [1-39
Pulse, Gate, Clock Generators
2323A Dual Delay Gate Generator I1-42
4222 Quad Delay Gate Generator i-42
6128 8-fold Fan Out and Level Adapter ll-46
Controllers, Interfaces, Averagers
6010 System Interface and Controller 1-48
8901A GPIB System Interface I1-54
System Software and Control
6900 Waveform CATALYST PC Software [11-56
6910-Dev Software Development Package [1-59
6920 ASYST Software and Digitizer Drivers 111-63
Mainframes
1434A 650 Watt Powered Mainframe 1-71
8013A 400 Watt Powered Mainframe H-71
8025 1000 W Powered Mainframe ll-74
Other Products
Time Digitizers -78
Programmable High Voltage Distribution [11-78
Custom Hybrids and Monolithics I-79
Introduction to CAMAC 111-80
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About Modular Digitizer Systems
T e

WHY WAVEFORM DIGITIZERS?

LeCroy waveform digitizers offer the measurement benefits of
digital oscilloscopes, plus several more. Similar to LeCroy
oscilloscopes, they can accurately record both transient and
repetitive signals, capturing both pre- and post-trigger infor-

LeCroy waveform digitizers have several powerful capabilities
beyond those of digital oscilloscopes. These features include:

B Expandable memory (>10 times longer than oscilloscopes)
B Up to 200 channels per chassis

B Flexible systems integration

B Real-time signal analysis

mation.
[ Condtioning 1 [~ Digitzer | T "Memory | T Gontroller |
| Modue | | _ Module | I Modue | !  Module | -~
Signal | | 1| A | | | : <
Waveform | | ' oy e
I 1 2 Memol | |
| Amplifier/ I ) | | i | |
sl | Atenuator L | l |
| | Clock | | I 10 =
Clock | | | | | Generator) | | - Computer
| |
ext | | [Sional : : ! | [ || signal | |
5 w| Trigger | Processar
) Condition o 71 gger | g | (8010 oniy) [ ;
Trigger [ ing 1 | enerator | | | |1 3 ) | Video Out
I I L | gy
ek e T L??J (B e
i CAMAC (IEEE - 583) |
Modular Instrument Mainframe
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CAMAC
Waveform
Digitizer
Block
Diagram.

Transient
Digitizing
Oscilloscope
Block
Diagram.

Waveform
: Mémory

- Display

Signal A ’
~" D

Amplifier/ 4\
Attenuator

EXT o] Clock |

Clock l | Generator
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Trigger Generator

o
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For applications requiring highly interactive operation and not
needing the unique modular benefits, LeCroy digital oscillo-
scopes provide the best solution.

LONG MEMORY

Long waveform memory lets you record long events without
having to slow down your sampling speed. Thus, you can
capture the signal of interest, even if a trigger is not available.

The accuracy of most analyses increases with waveform
memory length. Waveform digitizer memory length deter-
mines frequency domain resolution with Fast Fourier Trans-
forms (FFT). Long memory ensures accurate pulse parame-
ter calculations by maintaining the digitizer sample rate at its
maximum. Pulse parameter calculations can also be
enhanced by capturing several pulses with long waveform
memory and then averaging.

MULTIPLE CHANNEL APPLICATIONS

A basic waveform digitizing system consists of a signal
conditioning module, a waveform digitizer module, a memory
module, a GPIB (IEEE-488 Standard) interface module, a
module chassis, and a host computer. Each digitizer module
contains its own analog to digital converter and sample clock.
Each digitizer module uses its own dedicated and expand-
able waveform memory. Therefore, the high accuracy, fast
sample rate, and long waveform memory of a single channel
can be maintained in multiple channel applications.

A large number of channels can fit within a one foot high,
rack mount instrument chassis. Each chassis uses only one
GPIB interface. Up to 14 chassis can be combined into a
single system via external triggering, clocking, and the IEEE-
488 bus. A common power supply in each chassis minimizes
power consumption.

Multiple LeCroy waveform digitizers can synchronously
sample a high-speed event. External clock and external
trigger interconnections to each module create a single clock
input and single trigger input for the entire system. When the
trigger event occurs, all channels record. Each digitizer then
contains digitized waveform data which occurred at the same
time as the waveforms recorded by all the other channels.
“Armed” and “triggered” outputs on each digitizer can be used
to verify proper system setup and good data.

B s PP
A Ay,

Typical Modular Waveform Digitizer Systems.

A small sampling of the wide choice of modules available in the
CAMAC standard.

SOFTWARE SOLUTION
REQUIREMENT
6900-5 | 6920-DL | 6920-488 |6910-DEV
Turn-key, no analysis X
Turn-key with off-line analysis X X
Integrated acquisition and analysis X X
Ultra-fast acquisition and analysis (e} o} X

X =required O = optional
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Digitizer and Memory Quick Selection Chart

DIGITIZERS 6880B TR8828D TR8818A 2262 6810 8212A
Maximum Digitizing Rate 1.3 GS/sec 200 MS/sec 100 MS/sec 40/80 MS/sec 1/2/5 MS/sec 40 kS/sec
Sample interval 742 psec 5 nsec - 0.3 msec 10 nsec - 0.6 msec 25 nsec/12.5 nsec 200 nsec - 50 msec 25 msec - 5 msec
Analog Bandwidth 500 MHz 120 MHz 120 MHz 40 MHz 2.5 MHz 50 kHz
Aperture Uncertainty 5 psec 5 psec 10 psec 150 psec 50 psec 2 nsec
Amplitude Resolution 8-11 bits 8 bits 8 hits 10 bits 12 bits 12 bits
Channels Per Module 1 1 1 412 4/2/1 32/16/8/4
Maximum Channels/GPIB 84 70 98 280 280 3136
Input Impedance 500 50Q 50Q 50Q 1 MQ 1MQ
Voltage Range 512 mV p-p 512 mv/5.12V p-p 512 mV p-p 1.53 Vp-p 400 mV - 100V p-p 10Vp-p
Digitzer (Width Slots) 3 3 2 1 4 3
WAVEFORM SAMPLE MEMORY
Maximum Samples Stored 10k 640M 640M 1264 8Mm 256k
Included on Digitizer 10k None None 1264 512k 32
Expansion Modules None » 32k/one MM8104 e 32k/MM8103 None 512k/6310 Module 32k/8800A Module
(32k max.) (2M max.) (128k max; 256k
* B4k/pr. MM8103 + 128k/MM8105 max. with 8212A
(2M max.) (2M max.) Med. 200)
+ 256k/pr. MM8105 * 512k/MM8106
(2M max.) (2M max.)
« 1M/pr. MM8106 * 16M: SnapShot™
(2M max.) System
* 16M: SnapShot™ * 40M-640M:
System WaveCorder™
* 40M-640M: System
WaveCorder™
System
SPECIAL FEATURES

Features

Video out, manual or
remote control, adjust-
able trigger level,
battery backed-up

memory, pre- and post-

trigger, delayed
trigger, 3 dB headroom
beyond full scale.

Burst mode for multiple
transients, variable
internal and external
clock, adjustable trigger
threshold, battery
backed-up memory,
pre- and post- trigger.

Battery backed-up
memory, pre- and post-
trigger, variable internal
and external clock.

Optional plug-in oscil-
lator crystals, voltage
offsets, offset monitor
points, variable external
clock.

Dual programmable
timebases, segmentable
memory, hysteresis and
window triggering, time
stamps, differential
inputs, variable internal
and external clock, pre-
and post- trigger.

Differential inputs,
variable internal and
external clock.
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In contrast, building a many channel digitizing system from
digital oscilloscopes limits channel expansion, consumes
excessive space, and degrades channel coherence. For
system integration, each oscilloscope requires its own GPIB
address. The fixed number of channels and limited number of

usable GPIB addresses (14) limits the number of channels per

system. Multiple channel oscilloscope systems require much
more space than modular digitizers due to the repeated
display screen, power supply, and interface port. Plus, few
oscilloscopes have external clock capability. Synchronized
clocks are necessary to guarantee channel to channel
coherence.

FLEXIBLE SYSTEMS INTEGRATION

Different waveform digitizer modules can be combined in one
chassis or system for added measurement performance. For
example, an ultra-high-speed module and a high-resolution
module can be triggered together and simultaneously record
the same signal. The result is a complete waveform record
containing extremely detailed time and voltage information on
points of interest.

LeCroy waveform digitizers conform to the IEEE-583 Modular
Instrumentation Standard (CAMAC). The standard specifies
consistent programming codes, module size, power consump-
tion, and shielding. Over 2,000 different instruments are
available from numerous vendors. System integrators can
more easily create high-speed measurement and control
systems using |IEEE-583 instruments than with most other
standards. Additionally, complex or multichannel systems
take up much less power and space.

REAL-TIME ANALYSIS

For PC control, LeCroy offers either WAVEFORM-CATALYST
Software or ASYST Scientific Software packages. For
applications which require high-speed custom analysis or
control, LeCroy offers custom in-chassis processing
capability. Rather than transfer waveform data across the
GPIB for analysis in the computer controller, customers may
write their own software for the 6010 CAMAC controller
module. Processing within the CAMAC chassis prevents
throughput bottlenecks caused by the GPIB. The 6010
contains a powerful 68020 processor and 68881 floating point
co-processor for high speed calculations. The 6910-DEV
Development package supplies all the tools needed for writing
and downloading these C-language programs.

HOW TO CONFIGURE A SYSTEM

Step 1: Choose the number of channels and the digitizer
models desired.

Step 2: Determine the number of waveform memory
modules for each channel (see the digitizer data
sheets for memory module configurations).

For continuous recording:
Required memory = (sample rate) ¢ (recording time)

For burst recording:
Required memory = (sample rate) « (recording time/
segment) « (# segments)

Step 3: Select trigger fan-out modules or trigger delay
generators, as desired.

Step 4: Choose a CAMAC-to-GPIB interface, one per
chassis.

For an RS-232C interface, 6880B digitizer operation,
real-time analysis, averaging faster than 1 waveform
per second, and/or simple ASCII programming
(mnemonic commands), use the 6010 interface.

Step 5: Sum the total number of slots required by the
modules selected and determine the number of
chassis required to accommodate the modules.
Choose the Model 8013A (13 instrument slots,
400 W module power), 1434A (25 slots, 650 W), or
8025 chassis (25 slots, 1000 W) to match your
module needs.

Step 6: Select a host computer programming language. For
PC control, select either LeCroy Model 6900 or 6920
software packages. Or write your own instrument
drivers and programs using your favorite language.

The Model 6900 WAVEFORM-CATALYST Software provides
turnkey data acquisition on up to 100 channels (80 with 6810
digitizers) in up to 14 mainframes. It displays 4 channels of
live or stored waveforms with dual cursor measurements,
zoom expansion, waveform averaging, histogramming, pass/
fail limits testing, and command autosequence. Hundreds of
user-named setups can be stored and recalled.

Model 6920-488 ASYST Scientific Software offers fully
integrated waveform data acquisition, analysis and display
graphics. It includes thousands of prewritten functions, such
as FFTs and waveform math. Plus, LeCroy has already

written simple-to-use drivers for all the waveform digitizers.
Operation is either interactive or via programmed execution
of commands and functions.
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6880B Waveform Digitizer
e e e e e

Main Features

B 1.3 GS/sec digitizing rate
B DC-500 MHz typ. bandwidth

B Up to 11-bit resolution

B Deep 10,000 sample point waveform

memory

B Pre- and post-trigger data capture

General

The fast sampling 6880B Waveform
Digitizer accurately records up to
7.4 usec of 500 MHz transient signals.

A host computer or instrument controller
can retrieve this waveform data via an
IEEE-488 standard interface bus or via
RS-232C lines. State-of-the-art LeCroy
custom hybrid and monolithic compo-
nents and a thorough self-calibration
provide outstanding performance.

The 6880B provides an ideal waveform
capture solution for numerous applica-
tions including the following:

Electro Magnetic Pulses
Pulsed laser responses
Lightning studies

High-speed mechanical shock
Electronic circuit design

TRANSIENT CAPTURE

A 6880B Waveform Digitizing System
consists of a 6880B Waveform Digitizer
module, a 6010 Controller/Interface
module, an instrument mainframe, and
either a monitor or host computer. The
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6880B Waveform Digitizer module
converts up to 500 MHz analog signals
into digital data and stores 10,016 points
in battery backed memory. The

1.35 GS/sec digitizing rate captures fast
waveform edges and subtle waveform
details. The 6880B module contains one
analog-to-digital converter which
digitizes the signal on channel A, B, or
A+B summed. The 6010 interface and
control module provides a GPIB and RS-
232C interface for 6880B remote/

automated control and for data transfers
to a host computer. The 6010 also
allows manual 6880B operation. Each
mainframe containing up to six 6880B
Waveform Digitizers requires only one
6010 Interface.

HIGH RESOLUTION ANALOG TO
DIGITAL CONVERSION

The 6010 interface module enables
readout of either 8-bits or a full 11-bits of
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RS 170 Video
w. Monitor
68808 6010 - or
Waveform Controller Printer | N TR, N1
Digitizer and
Interface
5 Push
4 Buttons
IEEE-583 e
. Py : \\
RS-232C Co‘;?t}ter \"*--...
~
Instrument Mainframe
SYSTEM ARCHITECTURE The 6880B’s 11-bit resolution detects details

resolution. In the 8-bit readout mode, the
least significant digital output code
resolves 2 mV; the 11-bit LSB resolves
250 uV. Thus the 6880B detects even
subtle details on large signals. Further-
more, the 6010 Interface contains digital
filters which enhance the 6880B signal-
to-noise ratio.

DIGITAL FILTERS

A wide range of filter selections permit
the user to match the filter cutoff fre-
quency to the highest signal frequency.
For example, if the fastest risetime is
known to be 2 nsec, which equates to

roughly 200 MHz bandwidth, then the
220 MHz digital filter will remove undesir-
able noise from the signal. These filters
improve the already impressive 6880B
accuracy (see the effective bits/signal-to-
noise ratio charts in the specifications
section).

3 dB EXTRA HEADROOM

Uniquely, the 6880B captures input
signals even when they exceed the full
scale input level. This extra headroom
acts as a margin for unexpected input
amplitudes. It lets the user anticipate

100% full scale inputs without concern for

L RG]
108 wi/div 5 3
20 ns/div

which other high-speed digitizers miss.

lost data due to over-voltage clipping.

The 6880B digitizes 500 mV (full scale)
signals with full accuracy. If the input is
overloaded, the 6880B “soft clips” for
500 mV to roughly 700 mV inputs. The
6880B only truly clips the signal if it
exceeds approximately 15% above or
below the positive or negative full scale.
In the soft clip range, the 6880B still cap-
tures the overall signal shape. This 3 dB
extra headroom provides a critical
benefit when recording rare transient
events.

[ “hF
188 wW¥/div
20 ns/div

The input signal clips at 500 mV (full scale) in the 8-bit mode.

In the 11-bit mode, the 68808 “soft clips” signals above or below

full scale. Shown here, the signal shape is retained even though the
amplitude is 770 mV p-p (i.e. beyond full scale).
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LONG RECORDING TIME

The 6880B Waveform Digitizer contains
10,016 sample points of battery backed
up memory. At 1.35 GS/sec, this
memory depth equates to 7.42 psec of
recording time.

Several 6880B modules can be cas-
caded for longer recording time. Simulta-
neous trigger inputs synchronize the
modules. The first 6880B records pre-
and post-trigger data. The second 6880B
records only after a user-programmed
trigger delay. The third module uses
additional delay, etc. The waveform data
from each digitizer can be placed end to
end for extended recording time.

MULTIPLE CHANNEL RECORDING

The 6880B/6010 system design simpli-
fies multi-channel applications. Each
6010 module can control up to six 6880B
modules. A computer with a single GPIB
port can control up to 84 6880B modules
installed in 14 mainframes. LeCroy's
PC-based Waveform Catalyst™ soft-
ware supports simultaneous acquisition
on 1 to 84 6880B modules from one
computer.

The 6880B is fully compatible with all
LeCroy Waveform Digitizers. The 6880B
can operate side by side with any other
LeCroy Waveform Digitizer or support
module, including earlier version 6880
and 6880A Waveform Digitizers.

MULTI-CHANNEL ACQUISITION
INSURANCE

The ARMED and TRIGGERED outputs
on the 6880B can be used to ensure
data capture on every channel. For
example, an engineer monitoring an
experimental transient event with
multiple 6880B channels can quickly
check that all channels have armed
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before initiating the event. With all the
ARMED outputs tied together, the one
composite ARMED output line changes
state only if all channels have armed.

ARMED
6880B # 1

transition only
when all digitizers

I armed
.
.

.
6880B #n —m0———————
Composite
ARMED

68808 # 2

—_

In similar fashion, the TRIGGERED
output can be used to ensure all chan-
nels trigger before initiating an experi-
mental transient event. The user triggers
all the channels simultaneously. With all
TRIGGER outputs tied together, the
composite TRIGGER output will transi-
tion low-to-high only if all 6880Bs trigger.
This composite TRIGGER output can be
used to initiate the experimental transient
event itself. The deep memory and
programmable trigger delay ensure that
6880B digitizers capture the experimen-
tal transient event, even though it occurs
some time after the trigger.

SIGNAL AVERAGING

Averaging can remove random noise and
improve resolution on repetitive signals.
A single 6880B using 6910-EXE software
provides up to 14 bits resolution and 72
dB of noise reduction through signal
averaging.

6880B waveform averaging requires the
optional 6910-EXE averaging software
package, which runs in the 6010 inter-
face. The software lets the user select
either 100, 200, 500, or 1000 nsec
waveform record length. The 6010
averages 100 nsec long waveforms at up
to 300 waveforms/second, 1000 nsec
waveforms at up to 100 waveforms/
second.

OPERATION

The user can fully configure the 6880B
operating setup either manually or
remotely. The setup parameters include
trigger level, trigger slope, arm/trigger
mode, trigger delay, input offset, input
channel (A, B, or A+B summed),
resolution (8 or 11 bits), active memory
window, calibration mode, HF Boost
(noise reduction factor), and filter.

REMOTE/AUTOMATED OPERATION

All 6880B operating parameters are
programmable. A host computer or
terminal can download setup commands
via either GPIB or RS-232C ports on the
6010 interface module. Waveform data
can be read out across GPIB at up to
600 kbytes per second (DMA). The
LeCroy GTALK utility lets a new GPIB
programmer quickly familiarize himself
with 6880B/6010 GPIB control codes
and operation.

MANUAL OPERATION

For transient capture, the 6880B can be
operated manually. A user sets up the
6880B via four arrow buttons and one
selection button located on the 6010
front panel. A monitor, driven by the
6010 composite video output, displays
setup menus and an oscilloscope grid.
The grid shows waveform traces from up
to four 6880B digitizers.

The video output can also drive a video
printer for local screen hardcopies. Or,
LeCroy’s PC utility, GTALK, lets the user
print video waveforms using a low-cost
PC printer (“SCREEN" command).
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AUTOMATIC CALIBRATION

The 6010 calibrates the 6880B upon
command or at 10 minute intervals as
selected by the user. The autocalibration
results in unmatched system

accuracy.

BATTERY BACKUP

The 6880B contains battery backed

be read out through a 6010 just as

though a power interruption had never

occurred.

memory for waveform data and calibra-

tion coefficients. After a 6880B has
recorded a waveform, the module can be
removed from the mainframe and later
re-installed. Then the waveform data can

in its last setup.

TRACE 1 —==fT] 2488

\

1st 6880 IN CRATE — |

CTRT -8n$

VECTR Ba

DISPLAY TIME AND VOLTAGE
POSITION AT GRID CENTER

SELECT INPUT SIGNAL

INPUT ﬂ// DIGITIZER OFFSET

gmg gog'm'iz/ DIGITAL FILTER

HFBOOST 561 TRIGGER MODE

TRIGGER LEVEL AND SLOPE

E&L g;: f / PRE-TRIGGER AND
SLPE ¢ . :l POST TRIGGER SELECTION
DELAY -262nS ARM AND TRIGGER TTL HIGH

AU 4.4 SELECT AMOUNT OF DATA

[T\

TO BE DISPLAYED
HINOON ssunsf/

COMNECT of f ~——DATA POINTS CONNECTED ON DISPLAY

o8

]
OVERLAY O~ MULTICHANNEL OPERATION

Lelray

/DIVT $8n

/v 1

GRID FORMATTING
CALIB off
NODE Localee ———INTERNAL CALIBRATE (ON, OFF)

TIME BASE/

| AUK "EW‘\QLO{;AL (MANUAL) OR REMOTE

SELECTION MENU

VERTICAL SENSITIVITY

MANUAL OPERATION: A user can manually configure the 68808 operating setup via a control menu (shown
above). A video monitor fed by the 6010 Video Out port displays the menu and 68808 waveforms.

The 6010 stores the 6880B settings in
battery backed up memory. Thus after
power up, the 6880B will be configured
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6880B Specifications
|

ANALOG INPUTS ANALOG TO DIGITAL CONVERSION TRIGGERING

Channels: One, selected from INPUT A, Single-Shot Resolution: 8 bits (1 byte/ Source: External or software command.
INPUT B, A+B summed, or GND. sample) or 11 bits (2 bytes/sample); 2's Mode: Normal, Single, Auto (every 3
Connectors: Two BNC type coaxial (INPUT complement integer data. seconds), Off.

Aor B). 2 2 Input Inpedance: 1 kQ//10 pF.

Input Isolation: > 20 dB at 250 MHz between b r;::::?dligllg:gscﬁesmug?n ne Coupling: DC.

INPUT A and INPUT B. pped s Slope: +, - .

Bandwidth: 500 MHz typical. . ) : Level: Programmable over +2.5 V in 20 mV
Coupling: DC. Signal 11-bit Mode 8-bit Mode ok 3

Impedance: 50 Q +1% DC; 7% reflection input.__ | Output Cades* | Quiput Codes

Minimum Signal Required: 30 mV.
max. from 1.0 nsec edge input signal.

Accuracy: £15 mV.

DC Offset Voltage: 0 to 0.5 V (Ful Scale), 1300 mY | 2aco cecmal | 255 cecima | Minimum Trigger Width: 10 nsec duration.
programmable in 2.5 mV steps (+2% (+ES) Triggering Error: +0.5 sample ambiguity in
accuracy). . vl 1 e 12 firat trigger position (using pulse with 1 nsec
Stfp Res_pontse: d< 1.5dn§te:ﬁ f(‘:tO%-Cg;O%) r\;\nﬂl 258 2\, 008 ggg!mal g gem_mal risetime, 50 mV overdrive).
a 1 nsec input and no digital titer. Uvershoo ' ima ecima Overload Protection: +250 V transients for
< 5% with calibration ON and 300 MHz filter. (-FS) 0.5 psec. I
Overload Protection: +2.5 V DC con- -350 mV | -400 decimal 0 decimal
tinuous; £100 V for 100 psec (=50 Q source);
+20 V for 1 msec (=50 Q source). * PC-based Waveform-Catalyst (Model 6300) software WAVEFORM MEMORY
offsets 11-bit data by 1000 decimal to vertically center Internal: 10,016 samples, non-expandable.
waveform displays. Pre-/Post Trigger Range: 7.4 psec pre-
. o . trigger to 1.55 msec post-trigger; variable in
68808 BANDWIDTH :vegfgggsesigﬁzgu“on- Sl 23.74 nsee (32 sample) steps. I
Sample rate: 1.348 gigasamples/sec fixed. Re?gout.d1dsample t0 10,016 samples max.
@t Sample interval: 742 psec. (calibrated data).
H . o,
i Iér:tfoﬁ:ds.e Accuracy: 0.01%, crystal FILTERS
a4 Aperture Uncertainty: 5 psec. Iig:;ggﬁg;?;;oz%n;;ﬁ!aigg]\nif:d)'
£ DC Accuracy: 1% typical. . : : !
il DC Noise: < 2 counts rms (8-bit mode, 100 MHz, 150 MHz, 200 MHz, 220 MHz,
i 300 MHz mter) 270 MHZ, 300 MHZ, 400 MHZ, or NONE.
AC Accuracy: A digitized pure sine wave (11-
-12 t f t + + ¥ bit mode) has a typical dynamic accuracy as WAVEF_ORM AVERAGING
100 I::ZWE::"W (::z) 500 600 shown below. a\gf}ragmg Bac}e: ;300 waveforms/sec max.
nsec window).

68808 Bandwidth

Signal Filter 10% Full Scale Input 80% Full Scale Input
Freq. Freq. Effective Bits SNR* Etffective Bits SNR*

10 MHz 10 MHz 9.7 60 dB 9.4 56 dB

20 MHz 20 MHz 9.4 58 dB 8.2 49 dB

50 MHz 50 MHz 8.4 52 dB 7.4 45 dB

100 MHz 100 MHz 8.0 50 dB 6.8 42 dB

200 MHz 220 MHz 6.9 43 dB 6.0 37dB

400 MHz 400 MHz 6.3 40 dB 4.8 30dB

* Effective Bits and Signal-to-Noise Ratio (SNR) figures include all harmonics.

-10
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Waveform Windows: Selectable 100 nsec,
200 nsec, 500 nsec, or 1000 nsec.

Number of 6680Bs: One only.

Max Number of Sweeps: 1,048,576.
Software Required: 6910-EXE down-
loadable 6010 program.

MANUAL OPERATION

6010 Control Buttons: Five, for controlling
6880B setup menus (6010 Video Out).
6880B SELECT Button: When displaying
several 6880B waveforms on one monitor

(6010 Video Out), identifies 6680B module vs.

display trace and shows setup.

GPIB (IEEE-488)
See the LeCroy 6010 data sheet for details.

SERIAL INTERFACES
See the LeCroy 6010 data sheet for details.

FRONT PANEL OUTPUTS

Armed: TTL open collector output; selectable
as either TTL high (2.5 to 5.0 V) or low (0 to
0.5 V) when armed.

Triggered: TTL open collector output;
selectable as either TTL high (2.5 to 5.0 V) or
low (0 to 0.5 V) when triggered by TRIGGER
input or software command.

Offset and Level Testpoints: Allow manual
check of offset and trigger level with DC
voltmeter.

6010 Video Output: 8-bit oscilloscope
display, expandabfe from 1000 nsecrdiv to

1 nsec/div., plus setup menus.

STATUS INDICATORS

Power: Lit when +6 V, -6 V, +24 V, and

-24 V all present.

Input A: Lit in “INPUT A” or “INPUT A + B”
mode.

Input B: Lit in “INPUT B" or “INPUT A + B"
mode.

Reference: Lit in “REF” mode.

Slope: Lit when trigger slope set to positive.
Armed: Lit when 68808 is armed, digitizing,
and waiting for a trigger.

Triggered: Lit after receiving a trigger and
until re-armed.

INTERNAL BATTERY

Type: Replaceable lithium battery.
Lifetime: > 2 years.

Function: Automatically becomes power
source for calibration coefficients and
waveform memory when line power fails
(6880B settings are battery backed up in the
6010).

POWER REQUIREMENTS

Temperature Monitor: Sensor in the 6880B
allows remote readout of module temperature
+5°C.

Operating Humidity: Up to 95% relative
humidity non-condensing at +25° C.
Operating Altitude: 0 to 15,000 feet above
sea level.

PACKAGING

RF shielded module in conformance with
IEEE-583 Standard (CAMAC). (See table
below.)

Model Size | Height | Width | Depth | Weight

6880B #3
6010/6010A | #3

221 mm
221 mm

51mm | 292 mm | 1.9 kg
51mm | 292 mm| 1.8 kg

Model +6V | -6V | +24V | -24V

68808 2.75A| 6.0A | 0.8A | 0.9A
6010/6010A| 0.5A | 0.1A | 0.2A | 0.1A

Operating Temperature: +10° to +30° C
intake air with sufficient airflow to limit
exhaust air to 40°C maximum.

Storage Temperature: -10° to +50° C.

ORDERING INFORMATION

6880B 1.35 GS/sec Waveform Digitizer

6910-EXE 6010 software for high-speed
6880B waveform averaging

(5 '/4" high-density MS-DOS
diskette with download routine
for PCs). Includes GTALK.
GTALK PC utility (low density 5 '/4"
diskette) for receiving data
across GPIB to any GPIB
device. Requires an IBM PC or
equivalent with National
Instruments PC2, PC2A, aor PC3
GPIB Interface installed.

1-11
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TR8818A/TR8828D Digitizers
& MM8103A/04/05/06 Memories

Main Features

B Excellent accuracy (upto 7.4
effective bits)

B >120 MHz bandwidth
B High-speed signal averaging
B Upto 98 channels per GPIB port

B Waveform records to 640 mega-
samples

B Remote programmability

General

LeCroy Models TR8818A and TR8828D
Waveform Digitizer modules provide the
system core for high-speed, long record,
waveform recording. The proven, ultra-
accurate system delivers unmatched

data fidelity. The TR8828D digitizes up

to 200 megasamples/second, the SYSTEM ARCHITECTURE Multiple digitizer modules can reside
TR8818A up to 100 MS/sec. within a single mainframe. TR8828D

A complete waveform digitizing system modules can be mixed with TR8818A
The modular system design equates to includes one or more waveform digitizing  modules or any other IEEE-583 Stan-
configuration flexibility and low expan- modules, one or more waveform dard (CAMAC) instrument modules.
sion costs. A minimum system contains memory modules per digitizer module,
one channel. To simultaneously meas- an interface module, an instrument A 6103 pre-amplifier module mates with
ure multiple waveforms, add more mainframe, a GPIB or RS-232C cable, either the TR8818A or TR8828D
TR8818A or TR8828D digitizer modules  and a host computer. A minimum Waveform Digitizers for optimal system
to your system. To look at longer configuration, single channel TR8828D performance. The 6103 attenuates or
waveforms, add more memory modules (TR8818A) system uses one MM8104 amplifies 50 mV to 50 V full scale inputs
to existing channels. Whether it's next (MM8103A) Memory Module for to match the digitizer’s full scale input.
month or five years from now, add 32 ksamples of waveform storage Without the 6103, the TR8828D and
another module, not another system. memory. TR8818A full scale inputs are 510 mV.
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The TR8828D also contains a second,
attenuated, parallel input (High Level
Input) of 5.10 V full scale.

MULTICHANNEL DATA ACQUISITION
The modular design simplifies multiple

channel applications. Note the large
number of channels available:

TR8828D/ | TR8818A/
MM8104 | MM8103A
Per benchtop 2 3
Per chassis 5 7
Per GPIB system 70 98

Each digitizer module contains its own
internal timebase. The external clock
input (front panel) allows a TTL or ECL
level signal (jumper selectable on
TR8818A; ECL only on TR8828D) to
determine the sampling frequency. This
external clock is used to synchronize
multiple channels to a user-supplied
master clock. The frequency of the
external clock can range from DC to
200 MHz for the TR8828D, and DC to
100 MHz for the TR8818A.

The TR8828D also contains front-panel
ARM BUSY and TRIG BUSY outputs for
multichannel acquisition verification.

The ARM BUSY output will not change
state (selectable polarity) until the
digitizer has been armed. The TRIG
BUSY will not change state unless the
digitizer has been triggered. For multiple
channel applications, all the modules’
ARM BUSY lines (open collector) can be
tied together. The ARM BUSY node will
not change state unless all modules are

armed. By monitoring this node, the test
operator can ensure an acquisition on
every digitizer channel. The TRIG
BUSY outputs can also be tied in similar
fashion.

LONG RECORDING TIME

Long waveform memory lets the
TR8818A and TR8828D record long
waveforms even at fast sample rates.
No need to reduce the timebase
(sampling rate) to capture entire
waveforms.

The TR8818A requires at least one
memory module (MM8103A, MM8105,
MM8106). Each MM8103A offers 32K
samples of memory, each MM8105
offers 128K samples, and each MM8106
512K samples. Additional same type
memory modules can be added as
needs arise to expand the total usable
waveform memory up to 2 M samples
max.

The TR8828D requires at lease one pair
of MM8103A, MM8105, or MM8106
memory modules or one MM8104
memory module. Additional pairs of
same type memory modules can be
added to expand total waveform memory
up to 2M samples max. The MM8104, a
32K sample module, provides a cost-
effective solution for small memory
requirements. The MM8104 can be
reconfigured (jumpers) to be an
MM8103A module for expansion
purposes. Otherwise only one MM8104
is allowed per TR8828D. The MM8103A,
MM8104, MM8105, and MM8106 all
save waveform data through power

failures. Memory is only cleared of
previous data when the digitizer is
armed for a new acquisition.

For applications requiring more than 2M
samples of memory, the LeCroy 6309/
6389 Snapshot memory system offers
16M samples of memory (single configu-
ration). Each channel of Snapshot
memory fits into 17 slots of a rackmount
CAMAC instrument mainframe.

For applications requiring more than
16M samples of memory the LeCroy
7900 Series WaveCorder system offers
up to 640M samples of memory,
providing over 3 seconds of continuous
recording at a full 200 MS/s sampling
rate! The system can also be used as
a long memory arbitrary function
generator by playing back recorded
signals. See 7900 Series data later in
this section.

SEGMENTING MEMORY FOR
MULTIPLE SIGNAL BURSTS

In segmented memory operation, the
TR8818A and TR8828D accept very
fast trigger repetition rates. When a
digitizing system reads out data, its
trigger is disabled and it cannot capture
waveforms. Segmenting waveform
memory into subsections allows the
digitizing system to record multiple
waveforms without stopping to read out
the data. So, segmented memory helps
to ensure capture of closely spaced
signals. It also prevents recording
uninteresting deadtime between signals
and thereby saves memory.

m-13
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Actual Signal:

1 2 3 4

Ampiified signal

H—th

Portion of Actual Signal Stored in Memory:

k 6103 J
»]in out

Signalin

4222

88280 Memory
Module

Input

High

Trigger In Trig burst marker Level

Segment 1 Segment 2 Segment 3 Segment 4 M P2 Input

o s s ==
Burst Mode Operation Burst Mode Block Diagram

TheTR8828D segments memory via an
internal “burst” mode. The selected
TR8828D burst mode uses a LeCroy
4222 gate and marker. The gate
determines the recording time after
receipt of a new trigger (each segment
has its own trigger, post trigger recording
only). The TR8828D burst mode
catches every pulse, even at a 20,000
pulse per second rate. After the memory
is filled, all the waveforms can be read
out as a data block.

Both the TR8828D and TR8818A can

fill waveform memory in segments by
starting and stopping an external clock
in conjunction with signal presence. A
LeCroy 2323A Gate Generator module
can gate an external clock for this
purpose. A trigger signal starts the clock
gate. A programmed delay stops the
clock. After data has been clocked into
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every active memory location, then all
the waveforms can be read out as a data
block.

The TR8828D and TR8818A offer
segmented memory operation with both
the MM810X Series Memory Modules
and the 16 Msample Wide Window
memory system. The ultra-long Wave-
Corder memory can also be segmented,
but with a single programmable length
for all segments (10,240 samples min.).
WaveCorder memory allows for pretrig-
gered recording in each segment.

FULLY PROGRAMMABLE, EASY
SETUP

The TR8828D and TR8818A digitizer
modules, and 6103 amplifier module are
all fully programmable for automated
testing, remote operation, and quick

setups. Remote commands set the
digitizers’ sample clock rate, pre-trigger
memory fraction, waveform record size,
and input offset. Remote commands
can also arm and trigger the digitizers.
A Look-At-Me flag gets set when data is
ready for readout. Look-At-Me (LAM)
gets translated to a GPIB Service
Request (SRQ) by the LeCroy 8901A or
6010 Interface module for GPIB readout.

A digital-to-analog converter (DAC)
output assists setup of the TR8828D
digitizer. As soon as the TR8828D
digitizes the input, it converts it back to
an analog signal. By monitoring the
output with an analog oscilloscope,
excessively small or clipped input
signals can be detected. Thus it helps
to quickly adjust TR8828D offset and
6103 amplifier gain.
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TR8818A/TR8828D Specifications
el s e s e e T

Unless otherwise stated, the specifications
apply to both the TR8818A and TR8828D
Waveform Digitizers.

ANALOG INPUT

Channels: One (INPUT and HIGH LEVEL
INPUT summed internally on the TR8828D).

Connector: BNC type coaxial.

Impedance: 50 Ohms +3% DC; <7%
reflection from 3 ns edge.

Bandwidth: DC to > 120 MHz guaranteed.

TYPICAL TR8828D ANALOG BANDWIDTH

T | -9 -9 |

N -

,
--1--F-#-1--}-

o

25 50 % 100 125 150 175 200
Frequency MHz

DC Offset Voltage: Programmable over
+1/2 full scale in 256 steps; +0.1% full
scale/°C.

Coupling: DC.

Overshoot: <5% typical for step input with or
without 6103 amplifier.

Overload Recovery: +1% F.S. in 25 ns
from a 1.5X overdrive pulse of <1 psec
duration.

Overload Protection: 2.5 VDC INPUT,
+7.5 VDC HIGH LEVEL INPUT; £500 Vpk

for 30 ns; £100 Vpk for 100 uS with 50 Ohms
source.

ANALOG TO DIGITAL CONVERSION
INPUT Amplitude Range: 510 mV p-p
(2 mV/LSB) £1% F.S. £0.1%/°C.

High Level Input Amplitude Range

(8828D only): 5.1 V p-p (20 mV/LSB)

+2% F.S. £0.1%/°C.

Single Shot Resolution: 8 bit (offset binary
code).

DC Accuracy: Errors <+1.5 LSB + 0.5 LSB
guantization error from best linear fit over
entire range.

TR8828D AC Accuracy: A reconstructed
digitized pure sine wave has a typical

dynamic accuracy as follows:
Non-
harmonic
Signal Signal Effective Effective Signal-to-Noise

Frequency  Amplitude Bits Bits Ratio (SNR)*
DC-5 MHz 80%F.S. 73 76 46 dB
5-20 MHz 80% F.S. 7.0 75 43dB
20-50 MHz  50% F.S. 6.4 74 39dB
50-100 MHz  50% F.S. 59 7.0 37dB

* Signal-to-Noise Ratio includes all harmonics.

TR8818A AC Accuracy: A reconstructed
digitized pure sine wave has a typical dynamic
accuracy as follows:

Signal Signal Effective  Signal-to-Noise
Frequency Amplitude Bits Ratio (SNR)*
DC-5 MHz 80% F.S. 7.2 47 dB
5-20 MHz 80% F.S. 7.0 45dB
20-25 MHz 50% F.S. 7.2 41dB
25-50 MHz 50% F.S. 6.9 41 dB

* Signal-to-Noise Ratio includes all harmonics.

Aperture Uncertainty: + 5 ps maximum.
Noise: <1.7 LSB rms.

TIMEBASE

Internal sample clock rates: 200 (TR8828D
only), 100, 50, 25, 12.5, 6.25, 3.125, or
1.5625 (8818A only) MS/sec.

Accuracy: 0.01% crystal oscillator.
TR8828D External Clock: Any frequency
input up to 200 MHz; ECL level input
terminated to either GND or -2 VDC, 50 Ohm
input.

TR8818A External Clock: Any frequency
input up to 100 MHz; TTL or ECL levels

50 Ohm input.

Clock Out: ECL level.

TR8828D STOP TRIGGER
Slope: + or - (set on side panel).

Level: Variable from -2V to +2V; adjusted
and monitored from front panel.

Impedance: 50 Ohms +3%.
Duration: 8 nsec minimum.

Overload Protection: +2.5 VDC; +250 Vpk
for 1 usec with 250 Ohm source.

Normal Operation: A trigger switches the
TR8828D from pre- to post-trigger recording;
digitizing stops when post-trigger sampling
complete.

Burst Operation: Gate signal at STOP input
enables waveform memory clock to segment
memory.

TR8818A STOP TRIGGER

Slope: + only.

Level: TTL (+2.5 V) or ECL (-1.2 V).
Impedance: 50 Ohms +3%.
Duration: 8 nsec minimum.

Overload Protection: +2.5 VDC; £250 Vpk
for 1 usec with 250 Ohm source.

Operation: A trigger switches the TR8818A
from pre- to post-trigger recording; digitizing
stops when post-trigger sampling complete.

-15



Modular Digitizer Systems

WAVEFORM MEMORY
Memory Configurations

Standard Memory Configurations for TR8828D
Total Memory
Length MM8103A" MM8104 MM8105 MM8106
(samples) quantity quantity quantity quantity
32k = 1 = =
64k 2 5 - =
128k 4 - -
192k 6 S -
256k 8 2 -
320k 10 = -
384k 12 :
448k 14 4 z
512k 16 5 4 %
768k - - 6 -
1024k = > 8 2
1280k = = 10 =
1536k - - 12
1792k - - 14 -
2048k : = 16 4

*The MM8104 can be configured as an MM8103. Thus,
systems with MM8104s can be expanded with MM8103As.

Active Memory Size: Programmable in

8 KS/s increments for TR8818A, in 16 KS/s
increments in TR8828D, up to the total
installed memory size (max. 2 MS/s).

Pre-trigger: Memory can be divided into pre-
and post-trigger sample storage;
programmable from 0% to 100%, in 1/8ths of
total memory.

Burst Mode (TR8828D only): Allows STOP
trigger input to double as memaoary clock
control gate to make efficient use of memaory;
side-panel jumper configured; pre-trigger and
programmed stop features not usable.
Battery Backup: Data in memory preserved
when external power removed.

Cables Required:

DC8134/N Digitizer-to-memory address cable
(N=# of memory modules). DC8150/N

l-16

Standard Memory Configurations for TR8818A
Total Memory
Length MM8103A MM8105 MM8106
(samples) quantity OR quantity OR quantity
32k 1 g <
64k 2 - -
96k 3 - E
128k 4 1 -
160k 5 - &
192k 6 - =
224k T = i
256k 8 2 -
288k 9 = =
320k 10 - =
352k 11 - =
384k 12 3 -
416k 13 = =
448k 14 - -
480k 15 = &
512k 16 4 1
640k - 5 -
768k 6
896k 7 -
1024k 8 2
1152k 9 -
1280k 10
1408k 11
1536k 12 3
1664k 13
1792k 14
1920k 15
2048k 16 4

Module ID: 8-bit side-panel switch allows
user to assign a unique ID number; readable
via CAMAC/GPIB.

Internal Battery: Replaceable lithium type
(lifetime > 2 years) in each digitizer and
memory module automatically becomes
power source for memory and control
registers.

MECHANICAL

Packaging: RF shielded module in
conformance with the IEEE-583/CAMAC.

Digitizer-to-memory data cable (N=# of
memory modules).

GENERAL

Status Indicators:
Power (red) - all supplies operating

Module | Size | Height | Width | Depth
TR8818A | 2 slots| 221mm | 34mm 292mm
TR8828D | 3 slots| 221mm | 51mm 292mm
MM810x | 1slot | 221mm | 17mm 292mm

Power Requirements:
Module +6V 6V +24V -24 Vv
TR8818A | 044 A |L7.8A 22 A 4 A
TR8828D | 0.775 A| 6.0 A 22A A75A

MM8103A| 25A 1.3A - -
MM8104 | 25A 1.3A -

MM8105 |27 A 1.3A -

MM8106 |29A 21A -

ENVIRONMENTAL

Operating Temperature: +15 to +25 °C .
intake air with sufficient airflow to maintain

properly.

N (green) - controller sent command to the

digitizer module (slot N).
LAM (red) - waveform acquisition
complete.

RDY (green) - armed and ready for trigger.

exhaust air less than 15 °C higher than intake;
up to 30 °C if exhaust <40 °C.

Storage Temperature: -10 to +50 °C.

Operating Humidity: Up to 90% r.h. non-
condensing at +25 °C.

Operating Altitude: <10,000 feet above sea

level.
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6389/6309 Snapshot™ Recorder
B TR i s TS

Main Features

16 M Sample Storage for LeCroy's
Model TR8828D and TR8818A high
speed digitizers provides the capability
for saving very long records without
sacrificing fine detail.

Expandable Memory - Serially
cascading several 16M memories
provides even larger memory depth.

Multiburst Capture - Burst mode
feature (TR8828D only) causes memory
to accept data only when enabled and
can be used to store many non-
sequential waveforms of arbitrary length.

Pre-trigger and Post-trigger
Information - 32k samples of data
memory may be allocated to record the
waveform prior to the occurrence of the
trigger.

Serial Port - Allows use of memory for
storing serial 1, 2, 4, or 8-bit data
streams from a user source.

Fully Programmable - System can be
externally controlled for automatic or
remote setup.

Extended Timebase - Sample rates can
be set much slower (to 12 ksamples per
second) than normally allowed with the
standard digitizers (LeCroy TR8818A
and TR8828D).

Typical Applications Include RADAR,
ELINT/COMINT, TEMPEST, SONAR,
ultrasound, image processing, DRFM,
data storage research.

Functional Description

The LeCroy 6389/6309 Snapshot Re-
corder provides the capability of saving
long records without sacrificing fine
detail.

The 6389 memory controller accepts
data from LeCroy Models TR8828D and
TR8818A high speed plug-in digitizers or
from an 8-bit serial port and stores it in
sixteen 6309 one megasample memory
modules. For applications requiring even
more memory, multiple systems of 16

Msample memoaries can be serially
cascaded together. The Snapshot
Recorder fits within a single Model 8025
or 1434A rackmount chassis and uses a
standard Model 8901A or 6010 interface.

The digitizer port operates in one of two
modes depending on the data rate. In
the Fast Mode, the rate is set directly by
the digitizer (selectable rates of

200 MS/sec to 3.1 MS/sec) with data
from it stored directly into memory. In the
Slow Mode, the 6389 divides the clock
by dropping data to effectively reduce the
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sample rate. The effective sample rate
can be set in binary increments from a
minimum of 12 kS/sec to a maximum of
1.6 MS/sec. When the digitizer port is in
use, the serial port is disabled.

The serial port is programmable to
accept either 1, 2, 4, or 8-bit serial data
at a rate determined by the user’s serial
port clock to a maximum of 25 MHz.
When the serial port is in use, the dig-
itizer port is disabled.

The Model 6389 Memory Controller
initiates system triggering (the Digitizer is
started under program control and left in
a continuous digitizing state). When set

-18

in post-trigger mode, a trigger causes
continuous data storage until the active
memory is full.

The 6389 also operates in a pretrigger
and in a burst mode. Burst mode allows
capture of thousands of pulses, intermit-
tent transmissions, or other low duty
cycle signals. The trigger input is level
sensitive (high-level enables storing of
data and a low level disables storing)
until memory is full.

Pretrigger mode is the same as post-
trigger mode except the first 32
ksamples of memory store pretrigger
data. As soon as the 6389 is armed,

data is continuously written to this
pretrigger section of memory (wrap-
around). A trigger causes post-trigger
data to fill the rest of the memory. The
active memory size can be setto 1, 2, 4,
8, or 16 megabytes.

For applications requiring even more
memory, cascade 16 Msample systems
together using the Memory Full Flag
output as the trigger for each additional
system. Note that each additional sys-
tem requires a digitizer and an input
signal splitter to each digitizer.
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6389 MEMORY CONTROLLER

The Model 6389 controls a TR8818A or
TR8828D Waveform Digitizer and 16 Model
6309 Memory Modules. Programmable
commands allow the user to arm and trigger
the system, set active memory size and
sampling rate, and provide memory and
address increments for block data transfer.

DIGITIZER PORT

Data Size and Format: 32 bit; single-ended
ECL

Write Rate: DC to 50 MHz

Termination: 100 Q to-25V

SERIAL PORT

Data Size and Format: 1, 2, 4, or 8 bit;
single-ended ECL

Write Rate: DC to 25 MHz
Termination: 100 Q to -2.5 V

TRIGGER

Slope: + only

Level: TTL compatible

Impedance: 1 MQ

Duration: 50 nsec min

Overlpad Protection: + 250 V DC indefinite
Modes: The instrument can operate in one of
three trigger modes selectable via a front-
panel switch: 1) Pretrigger, 2) Post-trigger or

3) Burst. In Pretrigger Mode a fixed 32 KB of
the total memory size is set aside as
pretrigger memory. In Post-trigger Mode, data
storage occurs after the trigger occurs. In
Burst Mode, the trigger signal gates data
storage.

CONNECTOR DESCRIPTIONS

Memory Full Output: Positive slope
nominally 0 to +3 V; TTL compatible; will drive
50 Q load; compatible with TRIGGER IN to
allow system cascading.

Select Input: The Select Input functions as a
module identification port and can be used in
conjunction with the LeCroy Model 6399 Test
and Display Module in applications requiring
guaranteed system performance and real-
time display.

6309 Memory

Memory Size: 1 megabyte organized as 512k
X 16-bit words

Write Rate: 12.5 megabytes/sec

(6.25 Mwords/sec) maximum

Read Rate: 2 megabytes/sec (1 Mword/sec)
maximum

Battery Backup: Recorded data preserved
through power failures

POWER REQUIREMENTS

+6 V -6V

Model 6389 | 1.1 A 1A
Model 6309 | 2.8 A -

ENVIRONMENT

Operating Temperature: Proper operating
temperature required +15° C to +25° C intake
air with sufficient air flow to maintain
temperature of exhaust air to < 50° C.
Operating Humidity: Up to 90% relative
humidity non-condensing at +25° C.
Operating Altitude: Up to 8,000 feet above
sea level (2437 m).

Non-operating Storage Temperature:
-10°Cto +50°C

PACKAGING
RF-shielded module in conformance with the
CAMAC (IEEE-583) standard

SIZE | HEIGHT | WIDTH | DEPTH
Model 6389 | #3 |221 mm | 34 mm | 292 mm
Model 6309 | #1 |221 mm | 17 mm | 292 mm
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7900 Wavecorder™ System
gy - T TR

Main Features

H High Speed Long Memory: 10 to
640 megasamples of waveform
memory for capturing/replaying data
at rates up to 200 megasamples/sec.

E High Resolution: 8 bits, 100 MHz
analog bandwidth or 12 bits, 2.5 MHz
bandwidth.

E Memory Segmentation: Any portion
of memory may be selected for data
capture or replay.

B Host Specific Interfacing: Support
for VAX™ /MicroVAX™  SUN™/VME,
and IBM-AT hosts.

B Host-Specific Software:
Interactive commands and function
libraries allow the user to both
operate the 7900 system and
develop application specific software
in a familiar environment.

H Real-Time Replay: Either captured
or simulated data may be played at
rates up to 200 megasamples/sec.

B Expandable Memory: Systems
starting with 10, 40, or 160 mega-
samples can be easily expanded up
to 40, 160, or 640 megasamples of

memory, respectively. H Flexible Output Signal B Flexible Single-Shot Capture/
) Conditioning: The optional playback ~  Replay: Up to 80 gigasamples of
B Well-established Front Ends: DAC unit is based on the LeCroy post-trigger and/or trigger-holdoff
Systems may be configured with 9109 Arbitrary Function Generator counting available for capture/replay,

one or two channels of LeCroy's which provides programmable full which includes su
A a pport for up to
popular TR8828D or 6810 digitizers. scale voltage, offset voltage, and 100% pre-trigger recording.
output filtering.
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General

The LeCroy 7900 WaveCorder System
is a digital waveform recording and
playback system designed for long, fast
waveforms. The WaveCorder can
capture (or replay) over 3 seconds of
continuous waveforms digitized at

200 megasamples/sec (8-bit samples).

The WaveCorder System consists of a
waveform digitizing system, a fast
waveform memory system, an optional
waveform output unit (D/A), and hard-
ware as well as software interfacing for
a (user supplied) host computer. Both
system control and long-term storage of
waveform data are provided by the host
computer.

The waveform digitizing system converts
analog waveform inputs into 8-bit digital
samples at a selectable sample rate.
The system directs the digital data into a
large block of memory in real time. Dual
channel operation can be implemented.

Initialize and Arm Digitizer

Any portion (>20 kBytes) of the installed
memory may appear as a seamless
circular buffer. The WaveCorder
records/plays continuously, overwriting/
replaying data in this buffer. Based on
user-selected trigger holdoff and post-
trigger settings, data recording/playback
is stopped upon a hardware or software
trigger signal.

Simulated or previously acquired data
can be downloaded from the host to the
waveform memory for playback through
an optional DAC unit.

Both software function libraries and
interactive command sets are available
for a variety of Host systems.

WAVEFORM DIGITIZER

The waveform digitizing subsystem
includes one or more pre-amplifiers/
attenuators and waveform digitizing
modules and a RS-232C/IEEE-488
Standard Interface module. An IEEE-
583 Standard instrument mainframe
houses all these modules. The digitizing

system is fully programmable: Com-
mands sent via RS-232C or IEEE-488
program the input signal amplitude
range, trigger level, digitizer sample rate
and arm the system.

WAVEFORM MEMORY

The fast storage, waveform memory
system consists of a Model 7900
mainframe and expandable memory
modules. Memory can be configured
using three types (sizes) of memory
blocks, 10, 40 or 160 megasample
blocks which cannot be mixed. There-
fore, a memory mainframe system based
on 10 megasample blocks can only be
configured into 10, 20 or 30 mega-
sample systems. A system based on
160 megasample blocks can be config-
ured into 160, 320, 480 or

640 megasample systems.

The systems are expandable. Expan-
sion must be done with the same type
memory blocks as in the original system
or totally with new type blocks (after
removal of existing memory cards). For
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example, a 40 megasample system
(Model 7900-140) can be expanded to
80, 120, or 160 megasamples adding
one, two or three 40 megasample ex-
pansion blocks (Model 7900-40).
Expansion beyond 160 megasamples
requires removing existing memory
cards and installing one, two, three or
four 160 megasample blocks (Model
7900-160).

The WaveCorder System stores digital
data at up to 200 megasamples per
second using the LeCroy Model
TR8828D waveform digitizer.

The 7900 waveform memory systems
are upward compatible with future
LeCroy digitizing systems and support
up to 400 megasample/sec rates for
8-bit data.

MEMORY SEGMENTATION
The segmentation of the waveform
memory allows the user to record

several sequential signals or events
before reading them out to the host

l-22

Archive Waveforms

computer. The minimum segment size
is 20,480 samples; the maximum size is
the entire memory. The number of seg-
ments is determined only by the total
memory size and the programmed seg-
ment size, e.g., the 40 megasample
memory can be configured from one
continuous 40 megasample record to
2048 segments of 20 kilosamples each.

Each segment can be programmed by
the host for various ratios of pre- and
post-trigger. The amount of pretrigger is
user selectable from 0% to 100% of the
segment size in 20 sample increments.
Post-trigger sampling can be selected
from 0 to 80 gigasamples, creating a
delayed trigger. The number of re-
corded samples is determined by the
segment size.

WAVEFORM ARCHIVES & ANALYSIS

The host computer can upload the
waveform data from the 7900 memory
mainframe for display and permanent
storage. High capacity tape drives
provide non-volatile mass storage. The

waveform data can be retrieved with full
digital precision at a later date. LeCroy
offers interfaces and associated driver
software for either UNIBUS™ or QBUS™
links between the 7900 memory system
and the VAX, MicroVAX I, or MicroVAX
Il hosts. In addition, a VME interface
and a C Language Library of UNIX cal-
lable I/O drivers are also available for a
SUN4-370 host.

SOFTWARE

All WaveCorder systems come with
starter software for the VMS or UNIX
environments. This software provides
basic functionality of the TR8818A or
TR8828D digitizer module via a Model
6010 GPIB/RS-232 or a Model 8901A
GPIB controller.

Callable VMS or UNIX device driver
routines control the TR8818A/TR8828D
digitizer, acquire high speed data from
the digitizer into memory, and upload that
data into the host memory at host bus
speeds. Any section of a waveform can
be selected for upload and analysis.
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WAVEFORM OUTPUT GENERATOR

The Model 7900-9109LM Waveform
Output Generator provides variable-rate
analog signal generation. Digitized
waveform data can be immediately re-
generated in analog form.

Previously acquired and archived data
can be retrieved from the tape drive by
the host, downloaded to the 7900
memory system, and then replayed via
the 9109LM. Data from the entire
memory, individual segments, or portions
of a segment can be replayed. Mathe-
matically generated waveforms can also
be converted to analog for simulating
conditions or events. The 9109LMis a
modified version of the LeCroy 9109
Arbitrary Function Generator. As such,
the 9109LM has the same analog output
characteristics of the 9109, but generates
its output via the Digitizer to Memory
Interface Package (7900-IF251) from
Waveform Memory.

DIGITIZER SPECIFICATIONS

DIGITIZERS: See data on 6810 and
TR8828D within this section.
INTERFACES/CONFIGURATIONS: See
Accessories, page [1-35.

DAC
Module

DAC output
(optional)
RS-232C
or
IEEE-488
control

data

Memory

Waveform

Host

data Computer

Playback or Simulate Waveforms

DIGITIZER MAINFRAME

6103 TR8828D
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Output
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gt
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INTERFACE
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HOST
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INTERFACE
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D/A UNIT

7900-9109 LM

o GENERATOR

oupt  WAVEFORM OUTPUT

MEMORY MAINFRAME
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6810 Waveform Recorder

6310 Memory

Main Features

M 1, 2 or 4 channel simultaneous
waveform sampling

B 5 megasample/second max.
digitizing rate

B 12 bit resolution

B Up to 8 million samples of memory

B Upto 100 Volt differential inputs

B OQOver 4000 waveforms/second
capture rate

|

Trigger-point arrival time buffers

Window and hysteresis triggering
modes

HIGH RESOLUTION RECORDING OF
LONG SINGLE-SHOT WAVEFORMS

The LeCroy 6810 Waveform Digitizing/
Recording system captures entire single-
shot waveforms using digital storage
techniques. Conversion of your analog
waveform into digital data simplifies
waveform analysis and allows storage
on floppy disks and hardcopies on
printers.

The LeCroy 6810 combines powerful
waveform recording features not found
on instruments costing many times
more. These 6810 features mean
simple solutions for applications
including:
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Power monitoring

Materials studies

High voltage testing

Biomedical research

Noise & vibration testing

Power supply testing & other ATE
Automotive testing

SONAR, RADAR & ultrasonics
Geology/Seismology monitoring
Magnetic media testing
Ballistics/explosives testing

@ o ° ©° o ° 8 ® ° 8 @

Product Description

The LeCroy Model 6810 Waveform
Recorder module is a complete
independent recording system. Thus,
it provides unprecedented total system
performance for measuring DC to

2.5 MHz signals. The 6810 includes
wide-range differential amplifiers, track
and holds, a high resolution analog-to-
digital converter (ADC), powerful
triggering circuitry and on-board wave-
form memory. The memory can be ex-
panded via Model 6310 Memory
modules.
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Extended Multi-Channel 6810 System

MULTIPLE INPUTS

The Model 8013A benchtop mainframe
can hold two 6810 modules for up to 8
channels. The Model 8025 rackmount
mainframe can hold five 6810 modules
for up to 20 channels. One |IEEE-488
Standard interface port allows up to 280
channels in one system via 14 main-
frames.

DIFFERENTIAL INPUT CHANNELS

The 6810 Digitizer module contains four
input channels with independent
configuration, gain, offset and AC or DC
coupling. Each channel has both a non-
inverting (+) and an inverting (-) input

connector. The connectors can be
configured in four different combinations:

- Differential (both + and - active)

» Non-Inverting (+ active, - grounded)
= Inverting (+ grounded, - active)

= Grounded (both + and - grounded)

Single-ended inputs can allow external
electrical noise to mix with the desired
waveform. But the 6810 differential
inputs reject common mode noise and
transducer bias voltages. They measure
only the voltage difference between the
inputs.

Vom-+Vem €125V on
10V, 25V, 50V, & 100V Ranges

Common Mode Voltage Rejection

The 6810 module uses one selectable
setting for all four channels for memory
length, sample rate, pretrigger waveform
length, trigger delay time and trigger
source.

FLEXIBLE TIMEBASE SETUPS

The 6810 sample rate can be pro-
grammed from 20 samples per second
up to 5 million samples per second. The
sample rate steps occurina 1, 2,5
sequence, just like an oscilloscope. The
maximum sample rate depends upon the
number of active channels:

One Channel Mode: 5 MS/sec max.
Two Channel Mode: 2 MS/sec max.
Four Channel Mode: 1 MS/sec max.

The 6810 can also use an external clock
source to establish the sample rate.
Thus, the 6810 can be synchronized to
your experiment or test. The external
source can be any frequency from DC
up to 5 MHz. ‘

SPECIAL DUAL TIMEBASE

A special dual timebase mode con-
serves waveform memory. It changes
the sample rate during a waveform ac-
quisition. A fast sample rate resolves
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detailed waveform sections. A slower
rate conserves memory at other times.
The user may select any two sample
rates.

The user may assign either sample rate,
1 or 12, to the pre trigger waveform
section, the post-trigger-near section
and the post-trigger-far section. When in
segmented memory mode, (see “Mem-
ory Segmentation”) these three sections
apply to each individual memory seg-
ment. Three f1/f2 combinations exist:

Pret_rigger' Post-Trigger |Post-Trigger
Section | Near Section |Far Section
f1 f2 f1
f1 f2 f2
f1 f1 f2

The user also selects the post-trigger-
near section size. It may be as small as
4 samples or as large as all the post-
trigger samples.

SIMULTANEOUS MEASUREMENTS

Accurate multichannel comparisons and
analysis, such as current and voltage
monitoring for power calculations,
demand simultaneous sampling. The
6810 uses track and hold circuits on
each input channel (see 6810 Block
Diagram). One sample clock controls all
track and holds. Therefore, all four
channels sample their inputs simultane-
ously, rather than sequentially like most
other multiplexed systems. In addition,
the LeCroy 6810 superb channel
isolation prevents voltages on one
channel from corrupting measurements
on another channel.
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No Vertical Expansion

X16 Vertical Expansion

The 12-bit resolution 6810 captures much more detail than can be displayed on a computer display
screen. Therefore, LeCroy's WAVEFORM-CATALYST software features vertical expansion.

HIGH VERTICAL RESOLUTION

The 6810 contains a high accuracy, 12-
bit resolution, analog-to-digital converter.
In addition, each 6810 channel has eight
input ranges from 400 mV to 100 V full
scale. The combination of high resolu-
tion and multiple ranges means the 6810
can accurately record a waveform of
almost any amplitude.

12-bit resolution equates to 4096
different detectable input levels. Thus,
the 6810 can measure 100 uV changes
when on the 400 mV range. Repetitive-
waveform averaging in the host com-

puter further increases resolution.

DEEP WAVEFORM MEMORY

The 6810 stores digitized waveform data
in fast memory. The 6810 module
contains 512k samples of memory.
Model 6310 Memory Expansion modules
add 512k samples each. A maximum of
15 memory modules expand the system
memory to 8 megasamples.

The 8 megasample system supplies a
full 8 seconds of continuous recording
time at a 1 MS/s sample rate or more

than six minutes at 20 KS/sec.
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MEMORY SEGMENTATION

The 6810 memory can be divided into a
maximum of 1024 segments. Each
segment requires a separate trigger
signal to initiate recording. Thus,
numerous pulses can be recorded
quickly without emptying memory after
each capture, and without recording the
deadtime between pulses. In this
segmented memory mode, the 6810 can
record up to 4880 waveforms per
second (5 MS/sec, 1024 point segment).

The segmented memory mode also
helps to precisely reconstruct the timing
of intermittent waveforms. The 6810
records the trigger-to-trigger times from
segment to segment. This trigger time
stamp clock has variable resolution.

And the long time stamp buffer shows up
to 72 minutes between triggers with

1 microsecond resolution, up to 16
months with 10 msec resolution.

POWERFUL TRIGGER MODES

All active 6810 input channels use the
same trigger. The 6810 module will
trigger when the trigger source meets
specific waveform conditions or when a
software trigger command occurs.
Either an external trigger input, the
Channel 1 signal, or the Channel 2
signal can act as the trigger source.

The 6810 supplies five different trigger
condition selections:

* Positive Slope

» Negative Slope

* Window

« Positive Hysteresis
* Negative Hysteresis

Actual Signal:

T o

HH—+

Portion of Actual Signal Stored in 6810 Segmentea Memory:

l\js\;.\g:im1

Segment 2

e

Segment 3 Segment 4

X

-~ Expansionof Segment2

]

]

Pre-Trigger Data |
A

Post-Trigger Data

Trigger to Trigger
Time Stamp

Trigger Point

Trigger Modes

Positive or Negative Slope triggering
simply occurs at a selected voltage level
on the positive or negative slope of the
trigger source signal.

Window triggering occurs when the
trigger source signal passes in a positive
direction through an upper trigger level
or in a negative direction through a lower
trigger level. The upper and lower levels
are independent user-selected voltages.

Positive and Negative Hysteresis
triggering makes the trigger point less
susceptible to noise. A trigger will only
occur after the signal has crossed a
hysteresis level. This level can be
thought of as a “trigger enable”.

FULL REMOTE CONTROL

All 6810 functions (gain, offset, coupling,
etc.) are pregrammable and can be
controlled remotely via the IEEE-488
Standard interface bus (GPIB). Either
Model 8901A or Model 6010 interface
modules provide this bi-directional GPIB
communication. A host computer can
download control and setup commands
to the 6810 and upload waveforms from
the 6810.
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6810 Specifications

All specifications refer to the guaranteed
minimum performance of the entire 6810/
6310 digitizing system. All selectable
parameters are IEEE-488 bus and IEEE-583
(CAMAC) bus programmable.

TOTAL DYNAMIC ACCURACY
Signal Signal-to-Noise | Harmonic
Frequency Ratio Distortion
200 kHz 67 dB -70dB
1.0 MHz 66 dB - 68 dB
2.5 MHz 62 dB -62dB

(Performance measured by comparing a
digitized bipolar 95% FS sinewave using
internal 5 MHz clock against ideal results.)

ANALOG INPUTS

Connectors: 2 BNC type coaxial per
channel (+ and -)
Quantity: 4 input channels, simultaneously
sampled
Active Number of Channels: 1, 2 or 4
Channel Isolation: 66 dB minimum between
any two channels
Input Modes:
1. Differential (both + and - active)
2. Non-inverting (+ active, - grounded)
3. Inverting (- active, + grounded)
4. Both connectors grounded.
Common Mode Rejection Ratio:
(differential input mode):
04V,1V,2V,4Vranges
66 dB @ DC, 50/60 Hz, 400 Hz
63 dB @ 100 kHz
10V, 25V, 50 V, 100 V ranges:
54 dB @ DC, 50/60 Hz, 400 Hz
51 dB @ 50 kHz
Common Mode Voltage: 125 V max. on
10V, 25V, 50 Vand 100 V ranges
5Vmax.on0.4V,1V, 2V, and 4V ranges
Bandwidth:DC to 2.5 MHz minimum
Pulse Response: Tr <120 nsec, with <5%
overshoot
Coupling: AC or DC
Input Impedance:~ 1 MQ, 40 pF

Voltage Range: Selectable in 8 steps
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Full scale
Input voltage Sensitivity
400 mV 100 pv
1V 250 pv
2V 500 pV
4V 1mV
10V 25 mv
25V 6.25 mV
50V 125 mV
100 V 25 mV

Overload Protection: + 100 VAC or DC
continuous

Overload Recovery Time: 1 psec to within
+ 1.51% from a 3X full scale, 10 psec duration
inpu

DC Gain Non-linearity: + 0.1% maximum of
full scale

Offset: Up to + 50% full scale. Selectable in
256 steps

TIMEBASE

Internal Sample Clock Rates:
5M*,2M**,1M,500k,200k, 100k,50k,20k, 10k,
5k,2k,1k,500,200,100,50, or 20 samples/sec
* 1 channel mode only

**1 or 2 channel modes only

Dual Timebase: 2 selectable timebase
changes within each memory segment.
Sample rate changes at trigger point and ‘N’

samples after the trigger point in an
combination.

Pretrigger Post-Ttrigger Post-Trigger
NEAR FAR
rate 1 rate 1 rate 1
rate 1 rate 2 rate 1
rate 1 rate 2 rate 2
rate 1 rate 1 rate 2

Sample rate 1 and rate 2 may be any of the
internal rates;

Clock In disabled in dual timebase mode,
Clock Out available

Clock In: BNC connector

Any external frequency from DC to 5§ MHz
Must be a 74 HC series TTL compatible
signal

Clock Out: BNC connector

Buffered internal sample clock

50 Ohms drive capability

Short circuit protected

40 nsec maximum propagation delay
“Clock In" to “Clock Out”

ANALOG TO DIGITAL CONVERSION

Resolution: 1:4096 (12 bits)
Aperture Uncertainty: <50 psec @ 5 MHz
internal clock rate

TRIGGERING

Minimum Trigger Signal Duration: 50 nsec

Trigger Source: Selectable from either

external (Trigger In), internal, or manual (bus

command)

Trigger In:

BNC connector

1 MQ input impedance

Protected to + 50 V

Range from-5Vto+5V

Internal Trigger: Pickoff from channel 1 or 2;

Range from - full scale to + full scale

Trigger Level: 256 steps across range;

1 level for single slope trigger modes;

2 independent levels for window and

hysteresis modes

Trigger Modes: Positive slope

Negative slope

Window

Positive hysteresis

Negative hysteresis

Trigger Coupling: DC, AC

Low frequency reject (-3dB @ 36 kHz,

20 dB/decade roll off)

High frequency reject (-3dB @ 36 kHz,

20 dB/decade roll off)

Trigger Not Accepted During:

1. Programmed “Trigger Disable”

2. Pre-trigger recording when “Trigger
Holdoff" enabled

3. Post-trigger recording

4. First 160 microsec after last post-trigger
sample in the previous memory segment
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Trigger Out: BNC connector
Trigger signal for synchronized multiple 6810
operation

50 Q drive capability

Short circuit protected

80 nsec maximum propagation delay “Trigger
In" or internal trigger to “Trigger Out”
Pretrigger: Portion of memory filled with
waveform data occurring before valid trigger
condition.

Selectable in 1/8ths of the memory segment
length from 0/8 (100% post trigger, no-trigger
data) to -8/8 (100% pretrigger data).

Delayed Trigger: Time delay from valid
trigger condition to the start of memory
segment recording.

Selectable time T=(L)(S)(P) where:

L = selectable memory segment length
fractions (1/8 to 247/8)

S = number of samples per memory segment
P = sample interval

Example: Sampling at 1 MS/sec with a
segment length of 4096 samples and a delay
trigger setting of 19/8 yields 9.73 msec delay
after the trigger before recording begins.

(1 usec/sample)(4096)(19/8)=9.73 msec
Time Stamps: The elapsed time from Arm to
first Trigger, from first Trigger to second
Trigger, and so on, each value stored in a
buffer
Applies when number of channel memory
segments >1
1024 time stamp buffers (bus readable as a
block)
32-bit resolution
Selectable time sensitivity

Sensitivity Maximum Representable
(1 bit) Time Before Buffer Rollover
(32 bits)
1 psec 71.58 minutes
10 psec 11.93 hours
100 psec 4.97 days
1 msec 49.71 days
10 msec >16 months

WAVEFORM MEMORY

Internal: 512k samples

Expansion: Additional 512k samples per
each Model 6310 Memory module

8M samples maximum total memory via 15
Memory modules

Total memory required for application =
(S)(G)(C) where:

S = number of samples per memory
segment

G = number of memory segments

C = number of active channels (1, 2 or 4)
Segmentation: Memory divided into
segments; separate trigger for each
segment, records only to end of segment for
each trigger

Selectable pre-trigger/post-trigger
percentage; percentage same for all
segments on all channels

Dual timebase for each segment, same mode
for all segments

Segment Size: Selectable in binary
increments from 1024 samples to the full
memory length

Segment Record Rate: Sample rate divided
by samples per segment 4880 segments/sec
maximum (5 MS/sec, 1024 sample segment)

Readout:

1. Entire active memory

2. Any active channel's memory

3. A memory section starting at any particular
segment sample point (Offset command) and
terminating at any other sample point in
active channel memory (Abort command)

Readout Rate: 225 ksamples/second
maximum via LeCroy 8901A IEEE-488
Interface.

WAVEFORM AVERAGING

Averaging Rate: 93 waveforms/sec. max.
Hardware Required: 6010 controller (for
additional specs, see 6010 data sheet)

STATUS INDICATORS

LEDs: STATUS OK - Received valid setup
command across bus

ARMED - Currently digitizing

TRIG'D - Trigger accepted and 6810 now
digitizing post-trigger samples, if any selected
Module I.D.: Bus readable binary value
“6810"

ENVIRONMENTAL

MECHANICAL

Packaging: R.F. shielding in conformance
with |IEEE-583 Standard (CAMAC)

Module Size Height Width Depth

6810 4slots 221 mm 68 mm 292 mm
6310 1slot 221 mm 17 mm 292 mm

Power: Module +6V -6V +24 V-24V

6810 6A 3A 12A 1.2A
BRAON T TEAR Sl -

Operating Temperature: + 15°to + 35° C
(IEEE-583 instrument mainframe maximum
exhaust temp. must be less than 50° C)

Storage Temperature: -10 to +50° C
storage

Operating Humidity: 10% to 90% non-
condensing

Operating Altitude: 0 to 10,000 feet above
sea level

ORDERING INFORMATION

6810 Waveform Digitizer Module
6310 512K sample Memory Expansion
Module
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8212A Simultaneous
Sampling Data Logger

Main Features
B Upto 32 inputs

B Simultaneous independent
measurements

12 bits resolution

50 kHz bandwidth

Differential inputs

40 kHz maximum sampling rate
Expandable memory

Low cost per channel

General Description

The LeCroy Model 8212A is a multi-input
12 bit data logger/waveform digitizer for
use in low frequency transient monitoring
applications. The Model 8212A contains
32 independent channels with simultane-
ous sampling speeds from 40 kHz to

0.2 kHz depending upon the number of
active channels.

The Model 8212A is ideal for recording
multisecond-type transients from
transducer-based applications including:

Strain/stress
Thermocouple
Bio-medical
Shock/vibration
Acoustics
Magnetics

The number of active inputs is program-
mable. As fewer inputs are used,
available memory storage per channel
and maximum achievable sampling rate
increase.

Full differential inputs accept +5V signals
(or by factory modification, 10 V signals
of either polarity). Common Mode
rejection, better than 40 dB at 4 kHz and
66 dB under 500 Hz, reduces noise and
thereby maintains the high accuracy.
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The 8212A samples all inputs simultane-
ously. Each input to the digitizers has a
separate track-and-hold driven by a
common clock, minimizing aperture
uncertainty and channel-to-channel
phase shifts in the digitized waveforms.

The 8212A can be used in one of two
modes. In a “Sweep-and-Log” mode the
data logger continually samples all
channels simultaneously. A “Single
Scan” mode allows one sample on each
active input to be acquired under direct
computer supervision for real-time
control applications. The analog signal
level from each channel’s independent
track-and-hold is converted sequentially,
each measurement requiring less than
6 psec dwell time. Therefore, a com-

plete scan of 32 inputs takes less than
200 psec.

Digitizing is governed either by the
internal clock or by clock cycles applied
to an external clock input. The data is
sequentially stored in up to four Model
8800A 32K word memory modules.
Equal memory segments are automati-
cally assigned to the programmed
number of active channels. In the
Sweep-and-Log mode, memory is
continually overwritten retaining only the
most recent conversions. An externally
applied Stop Trigger or a command will
stop the digitizer and memory, either
instantly or after pre-programmed
number of post-trigger conversions, thus
capturing a digitized window of interest.
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8212A Specifications

ANALOG INPUTS

Channels: 32 differential (Lemo connectors),
direct coupled, 1MQ input impedance.
Active Inputs: The number of active inputs
can be programmed as either 4, 8, 16, or 32.
Bandwidth: 50 kHz.

CMRR: 66 dB (DC-500 Hz),

greater than 40 dB at 5 kHz.

Crosstalk: 66 dB isolation or better between
any two channels, from DC to 500 Hz,
greater than 40 dB at 5 kHz.

Overvoltage Protection: £140 V DC or

115 V rms at 60 Hz across input pins, or
either pin with respect to ground.

ANALOG-TO-DIGITAL CONVERSION

Range: +5 V full-scale. 0to +10 V or 0 to
-10 V full-scale is available as a factory
installed option.

Resolution: 12 bits (0.025% of full scale with
+1/2 LSB relative accuracy).

Gain Accuracy: Maximum channel-to-
channel variation is +0.1% and stable within
+0.2% over a 10°C to 40°C range.

Integral Non-linearity: +1/2 LSB.

Conversion Time: Approximately the number
of active channels times 5.5 psec.

FRONT-PANEL CONTROLS

Busy: LED lit indicates conversion is in
progress.

Stop Trigger: Lemo connector, 510Q, TTL
compatible, edge sensitive.

External Clock: Lemo connector, 5100, TTL

compatible, edge sensitive.

TIMEBASE

Clock Source: Internal, external, or one
sample per command.

Sample Rate:
Number of 8212A Internal 8212A External
Active Inputs Clock  Clock
4 40kHz DCto 40 kHz
8 20kHz DCto 20 kHz
16 10kHz DCto 10 kHz
32 52,1,02kHz DCto 5kHz
READOUT

Internal Memory: In data logging configura-
tion (no external memory modules), the
internal memory provides one voltage sample
per channel. Before or during any scan, the
8212A may be switched to the Single Scan
mode via a CAMAC command which causes
a LAM/SRQ to be generated when conversion
is complete. The internal memory can then
be read out at the maximum CAMAC rate.

External Memory: Model 8800A memory
modules let the 8212A act as a transient
waveform digitizer. After the stop-trigger and
post-trigger samples, the 8212A automatically
enters the data output mode. Data can be
read out channel-by-channel, or in a high-
speed block readout. In the block, data from
all channels is interlaced.

Output Port: TTL data levels: one 40-
conductor cable (Model DC8800); consists of
12 data lines, 12 grounds, 7 control lines,
and 7 grounds. Output is compatible with
LeCroy Model 8800A 32K memory module.
Up to four memory modules may be used with
one 8212A.

GENERAL
Packaging: RF-shielded in conformance with
IEEE-583 standard (CAMAC):

Module No. | Size Height Width Depth
8212A 3 Slots | 221 mm | 51 mm | 292 mm
8800A 1Slot | 221 mm | 17 mm | 292 mm
Power Requirements:
1A at +6V 325 mA at -6V

310 mA at +24V 240 mA at -24V
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2262 Quad Waveform Digitizer
R R ST R o - e e e S

Main Features

B Four digitizers per module

B 40 megasamples/sec digitizing
rate

B 80 Megasamples/sec effective
sampling rate in biphase mode

B 40 MHz analog bandwidth
B 10 Bit resolution
B 316 or 632 sample record length

B Modular system, easily
expandable

B Complete software suppdrt

Four Digitizers per Module - Each
2262 has four inputs and is capable of
measuring four waveforms simulta-
neously at the sampling frequency or
two waveforms at double that frequency.

Sampling Rates to 80 Megasamples/
sec - Standard sampling rate is

40 megasamples/sec with a 316 sample
record/input. The Biphase Mode permits
doubling the sample rate to 80 mega-
samples/sec for two signal inputs with
632 samples per input.

40 MHz Analog Bandwidth for Bipolar
Inputs - Input range is a full 1.5 V, offset
anywhere between —-1.5V and +1.5V to
ensure adaptability to the polarity
characteristics of your signal.

10-Bit Resolution - A wide 10-bit

dynamic range gives 1.5 mV resolution
over a full scale of 1.53 V. Provides
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maximum detail capture in your
measurement.

Built-in Calibration - Internal DACs
allow calibration under software control to
ensure maximum fidelity of measurement
regardless of the time and temperature.

Custom Time Bases - Instead of the
internal crystal oscillator, an external time
base can be used to introduce a custom
clock and to permit the synchronization of
more than one 2262.

Fast Clear - Should post-trigger factors
demand, fast clear allows simultaneous
conversion abort in all channels. Read-
ies the 2262 for a new measurement.

Convenient Test Capability - Front-
panel input applies identical test signals
to all four channels.
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Modular System, Easily Expandable -
Up to 32 recording channels can be
accommodated in a standard LeCroy
8025 rack-mount power housing. Up to
80 channels can be implemented with
external +12 V power. In addition to the
already low cost of each plug-in channel
itself, the power and interfacing overhead
cost is also minimized by this high
density. The 2262 plug-ins can be
controlled and read out via an accessory
interface and GPIB or via any direct
standard-CAMAC interfaces available for
a variety of host computers.

Complete Software Support - Control,
readout, and display can be conveniently
handled by IBM PC-compatible WAVE-
FORM CATALYST software which
supports all of LeCroy digitizers.

Product Description

The Model 2262 is a high-speed plug-in
waveform digitizer providing high
resolution, multichannel, short record
solutions to large scale waveform
recording requirements. Designed in a
modular standard for ease of system

configuration, the 2262 offers four
digitizers per module. The 2262 is
compatible with CAMAC (IEEE-583) and
GPIB (IEEE-488) operation, and works
with IBM PC™ based software for easy,
user oriented, waveform display and
control.

The Model 2262 is a multichannel
waveform digitizer based upon the
LeCroy MVV200 high performance
charge coupled device (CCD). It may be
operated in one of two modes, Uniphase
or Biphase. Uniphase mode provides
four channels at up to 40 MHz sampling
rates. Each of the four channels has a
record length of 316 samples. In the
Biphase mode, two channels are in-
ternally tied to one input connector and
alternately sampled to provide an
effective sampling rate up to 80 MHz and
a record length of 632 samples.

The signal to be digitized may be
connected directly to the 1.5 V full-scale
input or via a modular amplifier (LeCroy
6103) if gain control is required. The
operating range of 1.5 V may be offset
via front-panel control over a range of
anywhere between -1.5V and +1.5 V.
Test points at the front-panel monitor the

offsets to facilitate settings. Internal
calibration DACs allow fine trimming of
offset characteristics via software
control to ensure maintenance of full
dynamic range during use.

The Model 2262 is a 100% pretrigger
device, i.e., when the stop signal is
applied, the CCDs are stopped and the
last 316 cells (632 cells for Biphase
mode) are available for digital conver-
sion and read out.

The Model 2262 is designed in CAMAC-
standard format (IEEE 583). Interfaces,
control and thousands of accessory
modules already exist for application-
oriented system configurations. GPIB
control is available from LeCroy via the
Model 8901A GPIB interface. This
allows virtually any computer with a
IEEE-488 (GPIB) interface to control
and read out the digitizers and any
associated supporting system modules.
LeCroy WAVEFORM CATALYST
software creates a user-friendly atmos-
phere for controlling the 2262.
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2262 Specifications

SIGNAL INPUT CHARACTERISTICS
Number of Signal Inputs: 4 in Uniphase
mode; 2 in Biphase mode.

Amplitude Range: 1.53 V p-p (1.5 mV/LSB)
+2%.

Impedance: 50 Ohms £5% DC.
Bandwidth: DC to >40 MHz (-3 dB).

Slew Rate: >120 V/usec (typ: 150 V/usec).
Offset Range: Two front-panel screwdriver
adjustments with front-panel monitor points.
One for Channels A1 and A2, one for B1 and
B2. Operating range may be set to cover any
1.5 V range between-1.5Vand 1.5 V.
Monitor Test Points: Two front-panel probe
points for offset monitoring. One for Channels
A1 and A2, one for B1 and B2. Range —-1.5 V
to +0 V. (The voltage measured is the most
negative point of the input voltage range.)
Overload Recovery: Recovers to +1% of full
scale within 2 samples of 2 x overdrive pulse.
Overload Protection: 5.0 V.

Test Input: Lemo connector; impedance

50 Ohms +5%. When selected, signal is
sampled by all four channels. When no
connection is made, the digitizing of the Test
input provides a convenient ground reference
for offset measurement.

OUTPUT CHARACTERISTICS

Record Length: 316 samples for Uniphase
mode; 632 for Biphase mode. Maximum data
record length may be reduced by hardware
option in modules for specialized applications,
reducing both conversion and readout time.
Resolution: 1.5 mV.

Digital Format: 10 bits (1024 counts).

AC Accuracy: Ranges from +0.25% to
+1.5% depending upon input signal frequency
and amplitude. See instruction manual for
specific performance curves.

Non-linearity: +0.5% of best straight line fit
over the operating range.

Random Noise: <1 count RMS.

Spatial Noise: <3 counts p-p; stable to

<1 count under constant frequency and
temperature operation. The first 2 bins of
each channel are excluded from the spatial
noise specification.

Gain Temp Coefficient: <1000 ppm/°C.
Offset: Temperature coefficient: <1 count/°C.
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Droop: A linear change of offset from
sample to sample. Increases with ambient
temperature and/or acquisition clock rate.
Unadjusted Droop: <0.05 counts per sample.
Adjusted Droop using droop fine trim DACs:
<0.007 counts per bin. Fine Trim DAC Gain:
0.5 with respect to offset difference from
sample 0 to sample 315.

Interchannel Matching (All four
channels): Gain <1% maximum, typical
<0.3%. Unadjusted Offset: <15 counts;
Adjusted Offset using offset fine trim DACs:
<2 counts. Fine Trim DAC Gain: 0.5.
Interchannel Isolation: 55 dB any A
Channel to any B Channel. 48 dB Channel
A1 to A2 and Channel B1 to B2 (at 40 MHz
clock rate; better at lower clock rates).
Digitizing Time: Approximately 1.3 msec for
Biphase 632 sample or Uniphase 316 sample
conversion to digital memory. Correspond-
ingly less for hardware programmed shorter
record lengths.

TIME BASE

Front-panel switch selects the source of the
sample clock, internal or external.

Internal Clock: Crystal controlled oscillator
operating at 80 MHz (equivalent to 40 MHz
sampling in Uniphase mode). Other oscillator
crystals may be user installed.

CLOCK IN: NIM standard input via a Lemo
connector. Impedance 50 Ohms. Frequency
range: 8 MHz to >80 MHz. Minimum width
5 nsec. Every other negative going edge
causes the sampling of the even numbered
inputs. Alternate negative going edges
sample the odd channels.

CLOCK OUT: NIM standard output via a
Lemo connector; 50 Ohms. Ungated
representation of clock used to operate CCD
channels in acquisition mode. May be used
as monitor or as input source for another
2262 CLK IN, to achieve matching of
sampling rates. Prop. delay CLK IN to CLK
OUT: 6 nsec typical.

TRIGGERING

Common Stop: NIM standard input via a
Lemo connector. Impedance 50 Ohms.
Terminates acquisition mode on leading
edge; begins data conversion on trailing

edge. Width: must be greater than 1 period of
the acquisition clock or >50 nsec; 100 pusec
max.

Fast Clear: NIM standard input via a Lemo
connector. Impedance 50 Ohms. Terminates
conversion in progress. Enables the unit for
data acquisition; 50 nsec minimum width.
CAMAC Trigger Output: Front panel NIM
trigger output. Generates a NIM level of
approximately 200 nsec duration upon
software command.

GENERAL

Environment: Operating Temperature
Range: 0 to 60°C. Above specifications
guaranteed when used in LeCroy 8025
Power Housing or other CAMAC crate
providing cooling airflow sufficient enough to
insure an exhaust temperature of 45°C max.
Front-panel Connectors: Lemo.

Power: In general, power requirements
decrease as clock rate is reduced. Examples
are given below.

Voltage | Current (40 MHz | Current (10 MHz
Uniphase) Uniphase)
+6V 750 mA 740 mA
-6V 1225 mA 950 mA
+12V 600 mA 215 mA
+24 V 190 mA 190 mA
-24 V 70 mA 70 mA

Packaging: In conformance with CAMAC
standard for nuclear modules (IEEE 583). RF
shielded CAMAC #1 module. Height: 221 m;
width: 17 mm; depth: 292 mm.

Optional Crystal Oscillators

Crystal :
Frequency | Uniphase | Biphase Part
(MHz) (MHz) (MHz) Number
20 10 20 309 040 020
32 16 32 309 040 032
40 20 40 309 040 040
50 25 50 309 040 050
62.50 31.25 62.50 | 309 040 062
70 35 70 309 040 070
80* 40* 80" 309 040 080

“Factory Supplied
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Cables, Interfaces &
Accessories for Digitizer Systems

DESCRIPTION MODEL DESCRIPTION MODEL
CABLES PULSERS
RG-174 BNC-BNC, 4 Ft. BC/BC-4 Instapulser, 10 KHz, 2 nsec
Kit, 8 inputs 1 Lemo Male, BNC CK8212 FWHM pulse output IP-2
Female Adapter for 8212A
GPIB (IEEE-488), 2 meters DC/GPIB 7900 SERIES COMPONENTS
RS-232C for 6010 Controller DC6010 Memory Mainframe, 10 MS 7900-001
TR8818/28 Memory Expansion, 34 Cond. DC8134N Memory Mainframe, 20 MS 7900-002
TR8818/28 Memory Expansion, 50 Cond. DC8150N Memory Mainframe, 40 MS 7900-104
8212A Memory Expansion Memory Mainframe, 80 MS 7900-108
(N=# of memory modules) DC 8800/N Memory Mainframe, 120 MS 7900-112
6 Ft. RG-174, Lemo to BNC LE/BC-6 Memory Mainframe, 160 MS 7900-416
3 Ft. RG-174, Lemo to Lemo LE/LE-3 Memory Mainframe, 320 MS 7900-432
Memory Mainframe, 480 MS 7900-448
COMPUTERS Memory Mainframe, 640 MS 7900-464
Compagq Il Portable 6900COMP3 Memory Expansion Kit, 10 MS 7900-10
Compagqg 20E w/ VGA monitor 6900/20VGA Memory Expansion Kit, 40 MS 7900-40
Memory Expansion Kit, 160 MS 7900-160
CONNECTORS Shipping Container : 7900-C100
Male Differential Lemo CKDLEM Rack Enclosure 7900-E100
Male Coaxial Lemo CKLEM Rack Enclosure & Front Door 7900-E150
Interface Package - UNIBUS 7900-1F211
FRONT PANELS Interface Package - QBUS 7900-1F212
Blank CAMAC #1 BFP-1 Interface Package - VME/UNIX 7900-1F213
Blank CAMAC #2 BFP-2 Interface Package - IBM-AT BUS 7900-1F214
Interface Package - Digitizer-to-Memory 7900-IF251
INTERFACE CARDS Interface Package - Dual Channel 7900-1F280
National Instruments Software Package - IBM-AT 7900-S1100
GPIB/PC-2 6900I1C Software Package - VME/UNIX 7900-SU100
Software Package - VAX/VMS 7900-SV100
GRAPHICS CARDS Training Course - On-site (2-day) USA 7900-T100
EGA. (Use with Monitor 2) 6900EGA D/A Unit, (9109 AFG - Modified) 7900-9109LM
MONITORS
EGA Color Monitor2
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Modular Digitizer Systems

6103 Dual Amplifier/Trigger Generator
8102-6 Channel Attenuator
S T T G R R e T )5 MR, o O T o R |

General Information

LeCroy signal conditioning modules
6103 and 8102 provide amplification and
attenuation of analog signals for match-
ing the user’s signal to the input range of
one of LeCroy's wide selection of
modular waveform digitizers. Condition-
ing modules are efficiently designed as
multichannel packages providing space
and cost economies for multiple channel
digitizing systems.

Model 6103 is a general purpose
amplifier. However, it has been opti-
mized for use with LeCroy high-speed
digitizing modules TR8828D, and
TR8818A. Total programmability is
incorporated into the Model 6103. It also
incorporates a trigger generation section
for triggering digitizer modules.

Multichannel attenuation of signals over
a broad range of frequencies is offered
with the Model 8102. The 8100 provides
conditioning to drive LeCroy 8212A
multichannel digitizers.
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Modular Digitizer Systems

Main Features

Selectable Input Options - Choice
of high or low impedance inputs and
capacitive couplings in the Model
6103 provide conditioning for all
types of signal sources.

Broad Bandwidth - Flat frequency
response at high frequencies
amplifies or attenuates input signals
without distortion for use with
wideband instruments, such as the
Models TR8828D and TR8818A
digitizers.

High-density Packaging - Condi-
tioning of 2 or 6 channels per
module give space and cost benefits
to multichannel digitizing systems.

Flexible Trigger Generation -
Digitally programmable (6103)
trigger generator creates a TTL sync
pulse from an internal or external
level and slope.

WAVEFORM-CATALYST Compat-
ible - Signal conditioners (manual or
programmable) incorporated with
modular digitizers are all compatible
with WAVEFORM-CATALYST Data
Acquisition Software for the
IBM-PC™.

B High Voltage Inputs - Voltages to
50 V can be attenuated to levels ap-
propriate to LeCroy modular
digitizers with the Model 6103
amplifier.

B Cascading Amplification - High
bandwidth and multichannel
packaging allow cascading of a
signal through two amplifiers with
minimal degrading of risetime.

Functional Description

LeCroy signal conditioning modules are
designed for general applications and for
matching signals from the test device to
the fixed input range of LeCroy modular
digitizers. For system versatility the
Model 6103 dual channel amplifier offers
full programmability of its multiple gain
and input options and it provides power-
up protection (settings default to high
impedance and high voltage input
range). The LeCroy 6103 allows both
bipolar and unipolar inputs to be
matched (via programmable input offset)
to the input of the digitizer or other
instrument over plus and minus the input
sensitivity. Excellent offset stability is
maintained on the 6103 via self-calibra-
tion performed each time offset, gain or
filtering is programmed. Upon power up
and after temperature stabilization, offset
calibration should be performed to
assure best operation.

A low pass filter is selectable under
program control in the Model 6103.
Thus, undesired frequencies (e.g.,
unwanted harmonic