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For instant hard copies the 9400A’s screen dump feature sends data
directly to the DPS001 8—pen digital plotter.

ORDERING INFORMATION

Oscilloscope and Options
Code Description

9400A/G Digital Oscilloscope

9400A0P01 High—precision Option

9400A0P03 Printer Option for 9400A/G

9400AWPO1 Waveform Processing Option

9400AWP02 FFT Processing Option (requires 9400AWPO01)

9400AMS01 Mass Storage and Remote Control Package, in-
cluding an IBM lap—top controller, interface, cables
and software

9400AIMO1 GPIB Interface for IBM—PCC computers

9400CS01 Calibration Software

Oscilloscope Accessories

OM9400A Operator's Manual
SM9400A Service Manual

A wide range of oscilloscope accessories including cameras and a
scope cart (pictured) are available for the 9400A.

Oscilloscope Accessories (cont’d)

CA9001 Camera (using Polaroid film) and Hood
CA9002 Camera Adapter (35mm) with Hood
CS9400 Certified Calibration

DP9001 Digital Plotter, 8—pen A4 size

94XX-FC Front Cover

0OC9001 Oscilloscope Cart

P9010 10:1 Oscilloscope Probe

P9010/2 10:1 Oscilloscope Probe with 2 m cable
P9011 10:1/1:1 Oscilloscope Probe

P9100 100:1 Oscilloscope Probe

RM9400 Adapter Kit for Rack Mounting

SG9001 High—voltage Protector

TC9001 Transit Case

TC9002 Protective Cover

TC9003 Transit Case for 9400A and Mass Storage

US SALES OFFICES
1-800-5-LeCroy

automatically connects you to your local sales office.
WORLDWIDE

Australia: Scient. Devices Pty, Ltd, (03) 579-3622
Austria: Dewetron Elektr. Messgerate GmbH, (0316) 391804
Benelux: LeCroy B.V. *31-4902-89285
Canada: Rayonics Sci. Inc., W. Ontario, (416) 736—1600
E. Ontario/ Manitoba, (613) 521-8251
Quebec, (514) 335015
W. Canada, (604) 293-1854
Denmark: Lutronic Aps, (42) 459764
Finland: Labtronic OY, (90) 847144
France: LeCroy Sarl (1) 69073897
Germany: LeCroy GmbH, (06221) 49162, (North) (0405) 42713

Greece: Hellenic S/R Lid., (01) 721 1140

India: Electronic Ent., (02) 4137096

Israel: Ammo, (03) 453157

Italy: LeCroy Srl, Roma (06) 302-9646, Milano (02) 2940-5634
Japan: Toyo Corp., (03) 279 0771

Korea: Samduk Science & Ind., Ltd., (02) 468 04914
Mexico: Nucleoelectronica SA, (905) 5693 6043
New Zealand: E.C. Gough Ltd., (03) 798-740
Norway: Avantec AS, (02) 630520

Portugal: M.T. Brandao, Lta., (02) 691116

Spain: Anadig Ingenieros SA, (01) 433 24 12
Switzerland: LeCroy SA (022) 719 21 11

Sweden: MSS AB, (0764) 68100

Taiwan: Topward El. Inst., Ltd., (02) 601 8801
United Kingdom: LeCroy Ltd., (0235) 33 114

LeCroy

Innovators in Instrumentation

LeCROY CORPORATE HEADQUARTERS LeCROY EUROPEAN HEADQUARTERS

700 Chestnut Ridge Road
Chestnut Ridge, NY 109776499
Telephone: (914) 425-2000
TWX:(710) 577-2832

Fax: (914) 425-8967

2, rue Pré—de—la—Fontaine

P.O. Box 341

1217 Meyrin 1—-Geneva, Switzerland
Telephone: (022) 719 21 11 Telex: 41 90 58
Fax: (022) 782 39 15

Copyright © March 1990. LeCroy is the registered trademark of LeCroy Corporation. All rights reserved. Information in this publication supersedes all earlier versions. Specifications subject

to change without notice.
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@

DIGITAL OSCILLOSCOPE
175 MHz BANDWIDTH, 100 Ms/s, 5 Gs/s

DUAL-CHANNEL OSCILLOSCOPE

LeCroy

9400A=

® High Bandwidth and
Precision

® |ong Memories
® High-resolution Display
® Signal Processing and FFT

m Mass Storage

ignal averaging improves the signal-to—noise ratio and increases sensitivity and vertical resolu-
n. Above, a function generator signal is averaged 40 times to show the details of a perturbation
(top trace).

The LeCroy 9400A Digital Oscilloscope is a powerful general—purpose
tool for waveform recording and analysis. Combining ease of use with a
comprehensive range of measurement and processing capabilities, it en-
ables extremely precise measurements.

The LeCroy 9400A provides 175 MHz bandwidth, 100 megasamples/sec
8-bit ADCs, +2 % DC accuracy (+ 1% optional), 32K memaory per chan-
nel, and up to 192K of waveform storage memory. Itis fully programmable
over RS-232-C or GPIB interfaces. Plotter drivers enable color archiving
via a wide range of digital plotters.
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FEATURES

High bandwidth and precision — Two independent
channels, each with 175 MHz bandwidth and a high—
performance 8-bit ADC, handle input signals with
better than +2% DC accuracy (+1% optional). The
9400A features sampling rates of 100 megasamples/
sec for transient events. Long memories and a
versatile cursor system (inciuding voltage, time and
cross—hair cursors), give time measurements with an
accuracy of £0.02% of the time—base setting, and reso-
lution of £0.002% full scale.

High-resolution 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 dis-
played simultaneously on the high—resolution screen
(1024 x 1024 pixels).

Long memories — The long 32K acquisition memories
of the 9400A Digital Oscilloscope 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 below). Faster
sampling rates ensure higher single-shot bandwidth
as well as significantly reducing problems caused by
undersampling and aliasing. The 9400A’s long memo-
ries allow displayed waveforms to be expanded up to
100 times to show the finest signal details.

Transient recording — With a sampling rate of 100
megasamples/sec, the 9400A is an extremely powerful
transient recorder. Long 32K data point acquisition
memories, combined with a continuously adjustable
trigger (from 100% pre—trigger to 10,000 divisions
post-trigger atany time—base setting), ensure that rare
events cannot be missed. Both channels are sampled
simultaneously so that exact time correlation is main-
tained between channels.

Full programmability — All the 9400A’s front—panel
controls are fully programmable via the two RS-232-C
interface ports or the GPIB port. A single push-button
initiates a screen dump for accurate color hard copies
of the display via a wide range of digital plotters. The
GPIB comes complete with LeCroy “MASP” software
offering computer control and mass storage onany PC
compatible with the IBM® standard.

Signal processing — The waveform processing op-
tions extend the applications of the 9400A to high
bandwidth signal characterization, as well as mathe-
matical and spectral analysis. The routines include
averaging (summed and continuous), smoothing, inte-
gration, differentiation, square, square—root, full
arithmetic, FFT spectral analysis, and Extrema moni-
toring.

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 applica-
tions is also provided by a lap—top computer.
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SPECIFICATIONS

VERTICAL ANALOG SECTION
Bandwidth (- 3 dB):

@ 50 Q: DC — 175 MHz at 10 mV/div, up to 225 MHz
at 1V/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 50 Q £ 1%.
Channels: Two; standard BNC connector inputs.
Sensitivity range: 5 mV/div to 1 V/div at 50 Q2 impedance

and 5 mV/div to 5 V/div at 1 MQ2 impedance; detents at
1-2-5, 1:2.5 continuously variable.

Offset: + 8 divisions in 0.04 division increments.
DC accuracy: Standard < * 2%, optional < £ 1%.
Noise: < 0.45% RMS.

Bandwidth limiter (— 3 dB): 30 MHz.

Max input voltage: 250 V (DC + peak AC) at 1 MQ, 5V DC
(500 mW) or = 10V peak AC at 50 Q.

VERTICAL DIGITAL SECTION

ADCs: One per channel, 8-bit flash.

Conversion rate: Up to 100 megasamples/sec for transient
signals, up to 5 gigasamples/sec for repetitive signals, simul-
taneously 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 accu-
racy measurement includes the front—end amplifier, sample
& hold and ADC.

Input frequency Nyquist

(MHz) 1.0 10.0 50.0 100.0 | 175.0
Signal-to—noise 41 41 4

ratio (dB) 9 .9 1.9 371 29.9
Effective bits 7.0 7.0 7.0 6.2 5.0

Acquisition memories, Channels 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 me-
mories (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 to 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 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
100 sec/div;

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

Trigger

Sources: CHAN1, CHANZ2, LINE, EXT, EXT/10.
Slope: Positive, negative. window.
Coupling: AC. LF REJ, HF REJ, DC.

Modes:
Sequence: stores multiple events in segmented acquisi-
tion memories.
Auto: automatically re—arms after each sweep. If no trig-
ger occurs, one is generated 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 when 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 10,000 divisions.

External trigger input: 1MQ, < 30pF, 250V max., = 2V in
EXT, £20V in EXT/10.

Rate: > 200 MHz.

SELF TESTS

Auto—calibration: Performed every 20 minutes or wheneve
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€2 only):

Time: 20 psec RMS.

During the warming—up period, auto—calibration is carried ou
at 1 minute intervals unless the oscilloscope is in single or
sequence trigger mode.

DISPLAY

CRT: 12.5 x17.5 cm (5 X 7 inches); magnetic deflection; vec
tor graphics system.

Resolution: 1024 x 1024 addressable points.

Grid: Internally generated; separate intensity control for gric
and waveforms. Single and dual grid mode.

Expansion: Dual zoom horizontal expansion operates simu
taneously on live, stored and processed waveforms,
expanding up to 100 times. Vertical expansion from 0.4 up tc
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 supports the HP 7400 series, as well a.
the Tektronix 4662, Philips PM 8151, Graphtek WX 4638/6.
and compatible models. Screen dumps are activated by a
front—panel push—button.

Cursors: Two time cursors give time resolution of £ 0.2% ¢
full scale for unexpanded traces; up to + 0.002% for expan-
ded traces. The corresponding frequency information is alsc
provided. Two voltage cursors measure voltage differences
to 0.2% of full scale for each trace.

A cross—hair marker measures absolute voltage versus
signal ground as well as the time relative to the trigger.
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Precision

B Long Memories

® High-resolution Display

B Signal Processing and FFT

m Mass Storage

Yignal averaging improves the signal-to—noise ratio and increases sensitivity and vertical resolu-
in. Above, a function generator signal is averaged 40 times to show the details of a perturbation
(top trace).

THE COMPLETE TEST The LeCroy 9400A Digital Oscilloscope is a powerful general-purpose

tool for waveform recording and analysis. Combining ease of use with a

AND MEASUREMENT comprehensive range of measurement and processing capabilities, it en-

ables extremely precise measurements.

SYSTE M The LeCroy 9400A provides 175 MHz bandwidth, 100 megasamples/sec
8-bit ADCs, = 2 % DC accuracy (£ 1% optional), 32K memory per chan-
nel, and up to 192K of waveform storage memory. Itis fully programmable
over RS-232-C or GPIB interfaces. Plotter drivers enable color archiving
via a wide range of digital plotters.
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FEATURES

High bandwidth and precision — Two independent Transient recording — With a sampling rate of 100
channels, each with 175 MHz bandwidth and a high— megasamples/sec, the 9400A is an extremely powerful
performance 8-bit ADC, handle input signals with transient recorder. Long 32K data point acquisition
better than +2% DC accuracy (+1% optional). The memories, combined with a continuously adjustable
9400A features sampling rates of 100 megasamples/ trigger (from 100% pre—trigger to 10,000 divisions
sec for transient events. Long memories and a post-trigger at any time-base setting), ensure thatrare
versatile cursor system (including voltage, time and events cannot be missed. Both channels are sampled
cross—hair cursors), give time measurements with an simultaneously so that exact time correlation is main-
accuracy of +0.02% of the time—base setting, and reso- tained between channels.

lution of +0.002% full scale. Full programmability — All the 9400A's front—panel

controls are fully programmable via the two RS—-232-C
interface ports or the GPIB port. A single push—button
initiates a screen dump for accurate color hard copies
of the display via a wide range of digital plotters. The
GPIB comes complete with LeCroy “MASP” software

High-resolution 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, exganded or processed) canpbe dis- offernng.computer control@and mass storage onany PC
played simultaneously on the high-resolution screen compatible with the [BM™ standard.
(1024 x 1024 pixels). Signal processing — The waveform processing op-
tions extend the applications of the 9400A to high
bandwidth signal characterization, as well as mathe-

Lfot?? g\:(r)gt:\ri[t);_s .—Tltg Io.r|1|g 32K acquisition men:ories matical and spectral analysis. The routines include
ot h eh‘ L fid I.'g'taA s',miloscppe cg,ipture wave ornr;ls averaging (summed and continuous), smoothing, inte-
gtlttOOAl’g | idelity. At S|m|”ar time— Igse settings, tze gration, differentiation, square, square—root, full
. s long memories allow sampling rates up to 25 arithmetic, FFT spectral analysis, and Extrema moni-
times faster than that of instruments which have only toring
1K of acquisition memory (see graph below). Faster )
sampling rates ensure higher single-shot bandwidth Mass storage and remote control — A sophisticated
as well as significantly reducing problems caused by mass storage and remote control package is available
undersampling and aliasing. The 9400A’s long memo- to assist users involved in automated and computer—
ries allow displayed waveforms to be expanded up to aided testing. Convenient portability for field applica-
100 times to show the finest signal details. tions is also provided by a lap—top computer.
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SPECIFICATIONS

VERTICAL ANALOG SECTION

Bandwidth (- 3 dB):
@ 50 Q: DC — 175 MHz at 10 mV/div, up to 225 MHz
at 1V/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 50 Q £1%.
Channels: Two; standard BNC connector inputs.
Sensitivity range: 5 mV/div to 1 V/div at 50 2 impedance
and 5 mV/div to 5 V/div at 1 MC impedance; detents at
1-2-5, 1:2.5 continuously variable.
Offset: + 8 divisions in 0.04 division increments.
DC accuracy: Standard < * 2%, optional <+ 1%.
Noise: < 0.45% RMS.
Bandwidth limiter (- 3 dB): 30 MHz.
Max input voltage: 250 V (DC + peak AC) at 1 MQ, 5V DC
(500 mW) or + 10V peak AC at 50 £2.

VERTICAL DIGITAL SECTION

ADCs: One per channel, 8-bit flash.

Conversion rate: Up to 100 megasamples/sec for transient
signals, up to 5 gigasamples/sec for repetitive signals, simul-
taneously 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 accu-
racy measurement includes the front—end ampilifier, sample
& hold and ADC.

Input frequency Nyquist

(MHz) 1.0 10.0 50.0 100.0 | 175.0
Signal-to—noise 9

ratio (dB) 419 41.9 41.9 37. 29.9
Effective bits 7.0 7.0 7.0 6.2 5.0

Acquisition memories, Channels 1 and 2: Two, 32K 8-Dbit
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 me-
mories (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 to 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 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
100 sec/div;

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

Trigger

Sources: CHAN1, CHAN2, LINE, EXT, EXT/10.
Slope: Positive, negative, window.

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

Modes:
Sequence: stores multiple events in segmented acquisi-
tion memories.
Auto: automatically re—arms after each sweep. If no trig-
ger occurs, one is generated 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 when 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 10,000 divisions.

External trigger input: 1MQ, < 30pF, 250V max., + 2V in
EXT, £ 20V 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€2 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 x17.5 cm (5 X 7 inches); magnetic deflection; vec-
tor 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 simul-
taneously 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 supports the HP 7400 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.

Cursors: Two time cursors give time resolution of £ 0.2% of
full scale for unexpanded traces; up to £ 0.002% for expan-
ded traces. The corresponding frequency information is also
provided. Two voltage cursors measure voltage differences
to 0.2% of full scale for each trace.

A cross—hair marker measures absolute voltage versus
signal ground as well as the time relative to the trigger.



For instant hard copies the 9400A’s screen dump feature sends data
directly to the DP9001 8—pen digital plotter.

ORDERING INFORMATION

Oscilloscope and Options
Code Description

A wide range of oscilloscope accessories including cameras and a
scope cart (pictured) are available for the 9400A.

Oscilloscope Accessories (cont’d)
CA9001 Camera (using Polaroid film) and Hood

9400A/G Digitat Oscilloscope CA9002 Camera Adapter (35mm) with Hood
9400A0P01 High—precision Option CS89400 Certified Calibration
9400A0P03  Printer Option for 9400A/G DP9001 Digital Plotter, 8—pen A4 size
9400AWP01 Waveform Processing Option 94XX-FC Front Cover
9400AWP02 FFT Processing Option (requires 3400AWPO01) 0C9001 Oscilloscope Cart
9400AMS01 Mass Storage and Remote Control Package, in- P9010 10:1 Oscilloscope Probe
cluding an IBM lap—top controller, interface, cables P9010/2 10:1 Oscilloscope Probe with 2 m cable
and software P9011 10:1/1:1 Oscilloscope Probe
9400AIMO1 GPIB Interface for IBM—PCC computers P9100 100:1 Oscilloscope Probe
9400CS01 Calibration Software RM9400 Adapter Kit for Rack Mounting
H H SG9001 High—voltage Protector
Oscilloscope Accessories 200001 T o
OM8400A Operator's Manual TC9002 Protective Cover
SM9400A Service Manual TC9003 Transit Case for 9400A and Mass Storage
US SALES OFFICES

1-800-5-LeCroy

automatically connects you to your local sales office.
WORLDWIDE

Australia: Scient. Devices Pty, Ltd, (03) 579-3622
Austria: Dewetron Elektr. Messgerite GmbH, (0316) 391804
Benelux: LeCroy B.V. *31-4902-89285
Canada: Rayonics Sci. Inc., W. Ontario, (416) 736—1600
E. Ontario/ Manitoba, {(613) 521-8251
Quebec, (514) 335-015
W. Canada, (604) 293-1854
Denmark: Lutronic Aps, (42) 459764
Finland: Labtronic OY, (90) 847144
France: LeCroy Sarl (1) 69073897
Germany: LeCroy GmbH, (06221) 49162, (North) (0405) 42713

Greece: Hellenic S/R Ltd., (01) 721 1140

India: Electronic Ent., (02) 4137096

Israel: Ammo, (03) 453157

italy: LeCroy Srl, Roma (06) 302-9646, Milano (02) 2940-5634
Japan: Toyo Corp., (03) 279 0771

Korea: Samduk Science & Ind., Ltd., (02) 468 04914
Mexico: Nucleoelectronica SA, (905) 5693 6043
New Zealand: E.C. Gough Ltd., (03) 798-740
Norway: Avantec AS, (02) 630520

Portugal: M.T. Brandao, Lta., (02) 691116

Spain: Anadig Ingenieros SA, (01) 433 24 12
Switzerland: LeCroy SA (022) 719 21 11

Sweden: MSS AB, (0764) 68100

Taiwan: Topward El. Inst., Ltd., (02) 601 8801
United Kingdom: LeCroy Ltd., (0235) 33 114

LeCroy

Innovators in Instrumentation

LeCROY CORPORATE HEADQUARTERS

700 Chestnut Ridge Road
Chestnut Ridge, NY 10977-6499
Telephone: (914) 425-2000
TWX:(710) 577-2832

Fax: (914) 425-8967

LeCROY EUROPEAN HEADQUARTERS
2, rue Pré—de—la—Fontaine

P.O. Box 341

1217 Meyrin 1-Geneva, Switzerland
Telephone: (022) 719 21 11 Telex: 41 90 58
Fax: (022) 782 39 15

Copyright © March 1990. LeCroy is the registered trademark of LeCroy Corporation. Al rights reserved. Information in this publication supersedes all earlier versions. Specifications subject

to change without notice.
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In single—shot applications the 9400A’s smoothing routines can be
used to remove high—frequency noise from transients.

MASS STORAGE 9400AMSO01

Optional dual floppy—disk storage system mounted externally
on the oscilloscope.

Controller: PC01 programmable controller with LCD display
and full-size keyboard.

Medium: 720 kilobyte, 3 1/2 inch flexible diskettes.

Bus transfer rate: 220 kilobytes/sec over National Instru-
ments ™ GPIB interface model 80400-50.

Dimensions: 6.9 x 31.2 x 40.5 cm;
2.7x12.3 x 15.9 inches.

Weight: 6 kg, 13 Ibs.
For further information refer to the mass storage data sheet.

CALIBRATION SOFTWARE AND SYSTEMS
9400CSO1 “CALSOFT”

Test and calibration software poviding a convenient and un -

A lap—top IBM—PCC is used to provide mass storage and remote
control (9400AMS01) for field and automated testing applications.

Ch1 6my 8
T/div Sps Ch2 50mv ~

Trig .00V + EXT =

An apparent noise signal (top frace) is averaged over 400 times
(middle) to reveal a low amplitude clock signal. FFT analysis (lower)
shows the clock frequency to be 1.02 MHz.

ambiguous check of the 9400A’s specifications. If instru-
ments traceable to a standard are used, the calibration will
be traceable to the same standard.

Computer required: Any computer compatible with the
IBM—PC standard.

Tests: A comprehensive series of tests include internal,
bandwidth, linearity, noise, rise time/overshoot, sinefit, time
base and trigger.

Presentation of results: Results of the calibration check are
fully documented on hard copy, or can be archived on hard
disk or diskette.

“CALSOFT” systems: Various system configurations includ-
ing 9400CS01, signal generators, power supplies, and a
computer with accessories and fixtures are quoted on re-
quest.

Training: User training classes on service and maintenance
of the 9400 series oscilloscopes, as well as calsoft operation
are scheduled regularly.

CERTIFIED CALIBRATION CS9400

Certified traceable calibration to NBS or any other national
standard is obtained by specifying CS9400 when ordering
the 9400A.
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Time and cross—hair cursors indicate Hz and dB or volt val-
ues 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, arithmetic, functions,
extrema, smoothing, FFT and frequency domain averag-

ing.
REMOTE CONTROL

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

RS-232-C ports: Two: for computer/terminal control and
plotter connection. Asynchronous up to 19200 baud.

GPIB port: (IEEE-488). Configured as talker/listener for
computer control and fast data transfer; 400 kilobytes/sec
maximum. ASCI| or binary. The address switches are on the
rear panel.

It 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, 1V p—p * 1%.

Standard probes: Two model P9010, x10 attenuating pas-
sive probes with 10 MQ input impedance in parallel with a
5.5 pF capacitance.

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

GENERAL

Temperature: 5 to 40°C rated; to 50°C operating.
Humidity: 80%

EMI Immunity: The 9400A complies with the following stan-
dards: |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 V AC, 48 to 65 Hz, 200 W.

Battery backup: NiCd batteries maintain front-panel set-
tings for 6 months minimum.

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

Weight: 14 kg (30 Ibs) net, 20 kg (44 Ibs) shipping.
Warranty: 2 years.

OPTIONS FOR THE 9400A

9400A0P01: + 1% DC high—precision option. A certificate of
traceability is provided with this option.

9400A0P03: Printer drive for HP 2225 ThinkJet.

WAVEFORM PROCESSING 9400AWP01, AND
9400AWP02

Routines are called and set up via menus. Extensive signal
processing in both time and frequency domains is provided

# OF SIGNALS/ SEC (sweeps/sec)

EXECUTION TIME (Sec)

FFT

by optional firmware packages. These include FFT spectrum
analysis, arithmetic functions, integration, differentiation,
square root, square, averaging (continuous and summation)
and smoothing, as well as Extrema monitoring.

For additional information refer to data sheets WP01 and
WP02.
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With option WP01 installed, the 9400A becomes a fast signal averager
(both summation and continuous). As many as 100,000 points/sec are
averaged with record lengths chosen by the user up to a maximum of
32,000. The graph above displays the relationship between record
length and the number of signals/sec averaged.
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FFT execution time as a function of record length, including window cal-
culations and display generation, is expressed in the graph above.



WAVEFORM PROCESSING PACKAGE
INCLUDING AVERAGING, INTEGRATION, DIFFERENTIATION I_ecr o

WP01 WAVEFORM PROCESSING FIRMWARE
o FOR MODEL 9400A DIGITAL OSCILLOSCOPE 9400AWP01

Averaging - Summation
and Continuous

Arithmetic - including Addition,
Subtraction, and Multiplication

Functions - including
Integration, Differentiation,
and Square Root

Extrema Mode - Storage of
Extreme Positive and Negative
Values

Smoothing - Reduction of
Noise on Single Events

aining different mathematical functions together, the WP01 waveform processing package
erform complex measurement sequences with ease. Above, a damped sine wave (top) is
Wred (middie} and then integrated (bottom) allowing RMS mesurements to be calculated.

h
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FOR SlGN AL The LeCroy WP0O1 Waveform Processing Firmware Package offers powerful
routines that extend the use of the 9400A to signal characterization, mathe-

CHARACTER'ZAT'ON matical analysis, and post-processing of single events. Ordered as an

option, or retrofitted, WP0O1 allows for further extensions of the 9400A’s pro-

AND ANALYSIS cessing capabilities with other firmware packages.

The LeCroy 9400A provides 175 MHz bandwidth, 100 megasamples/sec
8-bit ADCs, +29% DC accuracy (+1% optional), 32K memory per channel,
and up to 192K of waveform storage memory. It is fully programmable over
RS-232-C ‘or optional GPIB interfaces. Plotter drivers enable color archiving
via a wide range of digital plotters.



FEATURES

Extensive Signal Averaging — Two operation
modes:

® Continuous averaging with weighting factors up
to 128.

Averages up to 100,000 words/sec in summation

mode.

Offset Dithering — Improves the vertical resolution
tor low-noise measurements by several bits in
summation averaging mode. Reduces the effect of
ADC differential non-linearities.

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 ampli-
tude drift by storing extreme positive and negative
values, such as glitches, over a programmable
number of sweeps.

tion, multiplication or division on pairs of wave-
forms stored in the 9400A's memory locations
CH1, CH2, C, D and E. Waveform data can be nor-
malized by additive or multiplicative constants.

® Summation averaging up to 1,000,000 waveforms

Powerful Arithmetic - Processes addition, subtrac-

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

Smoothing - Allows two smoothing modes to
reduce unwanted noise on single events:

® Mean value smoothing down to 50 segments
® N-point smoothing with up to 9-point filter.

Vertical Expansion - Provides vertical scale expan-
sion 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 per-
formed sequentially, either manually or via remote
control.

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

Color Archiving — Copies screen in color using a
wide range of digital plotters.

FUNCTIONAL DESCRIPTION

WPO01, an optional waveform processing firmware
package for the 9400A Digital Oscilloscope, is opti-
mized for processing signals in real time. The
powerful 68000-based system permits rapid represen-
tation of processed results such as averages,
differentiations, multiplications, integrations and
smoothing of waveforms.

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

WPO01 includes an additional 512 kilobytes random
access memory for accumulation, computation and
waveform buffering. It permits the accumulation of up
to 1,000,000 waveforms of 32000 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 FUNC-
TIONS E or F or their expansions (EXPAND A or B) is
turned on, the corresponding waveform processing is
executed and the result displayed.

SIGNAL AVERAGING

WPO01 offers two powerful, high-speed signal
averaging modes to improve signal-to-noise ratio and
provide more accurate measurements. Averaging
increases the dynamic range by several bits, allowing
the sensitivity to reach uVolts.

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 accumu-
lated can be selected between 10 and 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.

The user may also choose to «dither» the program-
mable offset of the input amplifier. Dithering uses
slightly different portions of the ADC for successive
waveforms so that the differential non-linearities are
averaged. As a result, in a low-noise application, the
measurement precision and dynamic range are
improved.

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 the new waveform
exceeds the existing data point of the accumulated
extrema waveform it replaces it. In this way the maxi-
mum and/or minimum envelope of all waveforms is
accumulated up to a maximum of 1,000,000 sweeps.

ARITHMETIC

WPO1 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 auto-
matically 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 differentiation are performed
on a single source waveform. The waveform may be
multiplied by a constant factor and may be offset by a
constant. Arithmetical and mathematical functions may
be chained by using memory C and D.

SMOOTHING

WPO1 provides two types of smoothing to decrease
signal noise of single transient acquisitions.

SPECIFICATIONS

Mean value smoothing divides the acquired signal
into a chosen number of segments and then gener-
ates 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 32000. 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
32000 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) = 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 to be 3, 5, 7
or 9.

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
32000 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, 1:15, 1:31,
1:127.

Number of points averaged: 50 to 32000 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 32000 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
=90

dt

Number of points processed: from 50 to 32000 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 32000 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) 1116

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 32000 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 pro-
grammable number of sweeps. Maxima and minima
are displayed separately by ROOF and FLOOR traces.

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

Number of points processed: 50 to 32000 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 points: 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.
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The 1 V amplitude sine wave in channel 1 (upper trace) is squared
(function E: 1 * 1, lower trace) and then integrated (functions F:fE)‘
The value of the integral between the two cursors is 4.00 pV?s. the
RMS value can be calculated with the formula RMS =
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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: 11.44 nVs.
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FAST FOURIER PROCESSING PACKAGE I_ec
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25,000 POINT TRANSFORMS, SPECTRAL AVERAGING

WP02 SPECTRUM ANALYSIS FIRMWARE
. FOR MODEL 9400A DIGITAL OSCILLOSCOPE 9400AWP02

m 50 to 25,000 point FFTs over
Two Channels Simultaneously

m Frequency Resolution from
1 Milli-Hz to 50 MHz

m Up to 5 GS/sec Sampling Rate

m Time and Frequency Domain
Averaging

m Wide selection of FFT Display
Formats and Window
Functions

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

The WP02 Spectrum Analysis Firmware Package brings powerful FFT
w FREQUENCY DOMAIN routines to extend the capabilities of the 9400A Digital Oscillosgope into
frequency domain measurement and analysis. It is available as an option,
MEASUREMENTS or may be retrofitted.
AND ANALYSIS

The LeCroy 9400A provides 175 MHz bandwidth, 100 megasamples/sec
8-bit ADCs, 2% DC accuracy (1% optional), 32K memory per channel,
and up to 192K of waveform storage memory. It is fully programmable over
RS-232-C or optional GPIB interfaces. Plotter drivers enable color archiving
via a wide range of digital plotters.




FEATURES

Long Record Transforms - Extremely long record
FFTs (up to 25,000 points) provide significant
signal-to-noise ratio improvement on single
phenomena.

Wide Band Frequency Domain Analysis — Covers
wide DC to 175 MHz bandwidth with high
resolution in the frequency domain.

High Sampling Rates — Up to 5 gigasamples/sec
effectively eliminates aliasing errors.

Broad Spectrum Coverage — Executes FFTs over
record lengths as long as 25,000 data points
giving up to 12,500 spectral components at almost
any sampling rate.

Dual Input Channels - Both input channels can be
analyzed simultaneously to aliow comparison of
independent signais for common frequency-
domain characteristics.

Fast Processing — FFTs are processed and
displayed rapidly, e.g. a 1,250 point waveform is
transformed in less than 1.75 sec, a 50 point
waveform within 300 msec.

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

Standard Window Functions — Rectangular for
transient signals; von Hann (Hanning) and
Hamming for continuous waveform data; Flattop for
accurate amplitude measurements; Blackman-
Harris for maximum frequency resolution.

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

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).

Full Documentation - The 9400A Digital
Oscilloscope 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 sequentially, either manually or via
remote control.

Fuli Remote Control - All front-panel settings and
waveform processing functions are programmable
via GPIB and/or RS-232-C 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.
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FFT BRINGS STRONG SPECTRAL ANALYSIS CAPABILITIES

TO THE 9400A

—‘
—

POWERFUL PERFORMANCE IN A WIDE RANGE
OF APPLICATIONS

The versatility and performance of the WP02-FFT
package with the 3400A make it an ideal tool for a
variety of applications such as:

Electronic engineering - As a very high performance
spectrum analyzer it is extremely useful for measuring
phase noise, characterizing filters, amplifier bandwidth
roll-off, or harmonic distortion.

Communications - The FFT analyzer is ideal for
characterizing HF links, modems and data links, cable
TV, PCM, fiber optics, etc.

Acoustic devices - Covers the entire audio spectrum
in one FFT operation from 25 kHz downwards with
2 Hz resolution.

X-(FFT(2))
. 10 0B

Ch1 20my ~
T/div20 ps Ch2>20mV B
Trig-1.56div + CHAN 2=

A 2 MHz signal is frequency modulated with a 99 kHz sine wave. To
improve the signal-to-noise ratio on the phase-incoherent FM signal,
spectral averaging of 64 spectra is used (bottom trace). The part of
the spectrum at the right-hand side is the 2nd harmonic of the carrier
with sidebands.

Preventive maintenance systems - With a motion
transducer (accelerometers/velocity and/or
displacement transducers), the 9400AWP02 package
can be used to analyze the vibration signatures of
rotating and reciprocating machinery for early
detection of wear or damage.

Non-destructive test engineering - The high -
bandwidth and sampling rate of the 9400A, together

with its long memories, make it a valuable instrument -
for ultrasound non-destructive testing. “Long record

FFTs” provide unprecedented spectral resolution,

hence improved characterization of the material under

test, and much shorter measuring times.

T/div20 pys Ch2>50mvV §
Trig- 1.56div + CHAN 2=

Long records allow higher sampling rates, to reduce aliasing. A
110 kHz 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.

Definition of Function E

Function Claose:

Disploy Type:
Mox. # Points:
Source Troce:

Window Type:

Fourier Tronsform

Power Density

Homming

Multiplicotion Foctor: 1.00

Additive Constont:

Zero-Supprassion:

Function £ = FFT(Chan2)
for 26000 pnts, Nyquist=626MHz

The FFT menu documents all the relevant parameters.
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FUNCTIONAL DESCRIPTION

FOURIER PROCESSING

Fourier processing is a mathematical technique
which permits a time-domain waveform to be
described in terms of frequency-domain magnitude
and phase, or real and imaginary spectra. In spec-
tral analysis, a waveform can be sampled and digi-
tized, then transformed by a discrete Fourier trans-
form (DFT). Fast Fourier Transforms 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 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 sophisticat-
ed window functions and fast processing.

FFT AND THE LeCROY 9400A DIGITAL
OSCILLOSCOPE

In FFT mode, the 9400A provides measurement capa-
bilities superior to those of common swept spectrum
analyzers.

In particutar, it is now possible to perform spectral
analysis on continuous and single events at an eco-
nomic price. And it enables users to obtain time and
frequency values simultaneously 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 there-
fore also calibrated in convenient decimal Hertz
values.

SPECIFICATIONS

The FFT's digital nature ensures high accuracy, stabil-
ity and repeatability. These are strongly supported by
the 9400A’'s superb DC and dynamic accuracy speci-
fications, such as standard +2%, optional =1%, DC
accuracy, high effective-bit count and increased reso-
lution through signal averaging and dithering.

With the 9400A, signals may be acquired and proces-
sed simultaneously using Channels 1 and 2. This is
particularly useful when looking for common fre-
quency-domain characteristics in both signals or for
characterization 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 pos-
sible to make measurements with 1 milli-Hertz resolu-
tion up to 12,5 Hz (Nyquist). By increasing the sam-
pling rate to 5 gigasamples/sec (200 psec/point) in
Random Interleaved Sampling mode, the widest reso-
lution 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 WPO02-FFT software provides a selection of win-
dow 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
multiplication, they modify the acquired signal follow-
ed by FFT in an automated fashion.

VERTICAL ANALOG SECTION

Inputs: two; BNC connectors.
Sensitivity: 5 mV/div to 1 V/div at 50 Q impedance
and 5 mV/div to 5 V/div at 1 MQ impedance; detents
at 1-2-5, variable 1:2.5.
DC accuracy: standard < =+ 2%; optional < + 1%.
Bandwidth (-3 dB):
@ 50 Q: 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
Bandwidth limiter: 30 MHz (=3 dB).
Input impedance: 1 MQ//50 pF and 50 Q
characteristic.
Maximum input: 250 V (DC + peak AC) at 1 MQ ,
5V DC (500 mW) or = 10 V peak AC at 50 Q.
Offset: + 8 divisions in 0.04-division increments.

MEMORIES

Acquisition memory: 32K x 8 bits per channel

(CH1 and CH2).

Reference memory: 32K x 16 bits per reference
memory (C and D).

Function memory: 32K x 16 bits per function memory
(E and F).

The content of the acquisition and function memories
can be stored in reference memories C and D.
Record length selection for FFT

Function memories E and F only: 50-25000 data
points in 9 steps in 1-2-5 sequence. Record lengths
are selected by decimation after signal acquisition.
This implies that the Nyquist criterion can be adjusted
and optimized after signal acquisition and prior to FFT
execution.

e



REMOTE CONTROL

All front-panel controls and WP01 and WP02
processing functions are fully programmable via the
9400A GPIB and RS-232-C interfaces. Simple
English-like mnemonics are used.

STORED FRONT PANELS

Up to 7 front-panel setups, including WP01 and WP02
menu settings can be stored and recalled by the
menu buttons at the left side of the 9400A screen.

WP02-FFT INSTALLATION

A WPO02-FFT package may be retrofitted to a LeCroy
9400A Digital Oscilloscope. The WP01 Signal
Processing hardware and software is a prerequisite
for installation of WP02.

Flattop

Ch1 20my ~
oF -10Hz T/divS0ms Ch2>50mV
Trig .12div +CHAN 2::

Long records give wide frequency span. FFT of 1000 Hz sine-
amplitude modulated square wave, recorded over 25,000 points,
shows harmonics up to 25 kHz. Expansion shows sidebands at 10 Hz
and —30.1 dB.

ORDERING INFORMATION

Oscilloscope and Options

Code Description

9400A Digital Oscilloscope

9400A0P01 High-precision option (+ 1% DC accuracy)

9400AWP01 Waveform processing option

9400AWP02 Fast Fourier processing option (requires
9400AWPO01)

9400AMS01 Mass storage and remote control package,
including an IBM lap-top controller, interface,
cables and software

9400AIMO1  GPIB interface for IBM-PCC computers

Oscilloscope Accessories

OM9400A  Operator's Manual

SM9400A Service Manual

CA9001 Camera (using Polaroid film) and Hood
CA9002 Camera adapter (35 mm) with Hood

The sum of two 1 V p-p sinusoids of 500 kHz and 527.5 kHz is ” : ;

digitized over 2,500ppg/nts and transformed to the frequency domain. €S59400 C,er,“f'ed Calibration \

4 different window functions are applied to indicate their effect on DP9001 Digital Plotter, 8-pen A4 size

leakage suppression and spectral resolution. The vertical scale factor 0OC9001 Oscilloscope Cart

is 10 dB/div, 80 dBm full scale. RM9400 Adapter Kit for Rack Mounting
SG9001 High-voltage protector
TC9001 Transit Case

TC9002 Protective Cover




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).

P