9424 DIGITAL OSCILLOSCOPE

SERVICE MANUAL

Version 1.0

May 1993






Chapter

Chapter

Chapter

‘Chapter

Chapter
- Chapter

Chapter

Chapter

Chapter

1

2

3

4

’ TABLE OF CONTENTS

Specifications

9424 Specifications

Waveform processing package
Fast Fourier processing package
Memory Card System

LeCalsoft Calibration Software

Basic Operation and Block Diagrams

DSO sub assemblies and block diagram

Display description and block diagram

Base board block diagram

A/D converter description and block diagram
Time base block diagram and sampling rate table
Processor block diagram '

Front end description and block diagram

Power supply specifications and block diagram

Basic Performance Test Procedure
Internal Diagnosties and Calibration

Service Information and Procedures
Disassembly/Assembly diagram and procedure
Software upgrade procedure

Options description and table

Board exchange procedure

Power supply adjustment procedure

Front end calibration procedure

Display calibration procedure

Troubleshooting and Flow Charts
Service equipment and spare parts’

Circuit Diagtams
Boards layout ‘
Integrated circuits description

Mechanical Parts
Description and part number

Parts List

- .Connecting the 9424 to a Plotter or a printer






GENERAL INFORMATION

Initial Inspection

It is recommended that the shipment be thoroughly inspected immediately
upon delivery to the purchaser. All material in the container should be
checked against the enclosed Packing List. LeCroy cannot accept
responsibility for shortages in comparison with the Packing List unless
notified promptly. If the shipment is damaged in any way, please
contact the Customer Service Department or local field office
immediately. ‘ ' o

Warranty

LeCroy warrants its oscilloscope products to operate within
specifications under normal use for a period of two years from date of
shipment. Spares, replacement parts and repairs are warranted for 90
days. The instrument’s firmware is thoroughly tested and thought to be
functional, but is supplied "as is" with no wvarranty of any kind
covering detailed performance. Products not manufactured by LeCroy are
covered solely by the warranty of the original equipment manufacturer.

- In exercising this warranty, LeCroy will repair or, at its option,
replace any product returned to the Customer Service Department or an
authorized service facility within the wvarranty period, provided that
the varrantor’s examination discloses that the product is defective due
to workmanship or materials and that the defect has not been caused by
misuse, neglect, accident or abnormal conditions or operation.

LeCroy will return all in-wvarranty products with tranéportation
prepaid. '

This warranty is in lieu of all other varranties, expressed or implied,
including but not limited to any implied varranty of merchantability,
fitness, or adequacy for any particular purpose or use. LeCroy shall
not be liable for any special, incidental, or consequential damages,
vhether in contract or otherwise. :

Product Assistance

Answers to questions concerning installation, calibration, and use of
LeCroy equipment are available from the Customer Service Department,
700 Chestnut Ridge road, Chestnut Ridge, New York 10977-6499, U.S.A.,
tel: (914) 578-6060, or 6061, and 2 rue du Pré-de-la-Fontaine,

1217 Meyrin 1, Geneva, Switzerland, tel: (41) 22 / 719.21.11, or your
local field engineering office. : . ' :



Maintenance Agreements

LeCroy offers a selection of customer support services. Maintenance.
agreements provide extended warranty and allow the customer to budget
maintenance costs after the initial two year warranty has expired.
Other services such as installation, training, -enhancements and on-site
repair are available through specific Supplemental Support Agreements.

‘Documentation Discrepancies

- LeCroy is committed to providing state-of-the-art instrumentation and

is continually refining and improving the performance of its products.
While physical modifications can be implemented quite rapidly,  the
corrected documentation frequently requires more time to produce.
Consequently, this manual may not agree in every detail with the
accompanying product. There may be small discrepancies in the values of
components for the purposes of pulse shape, timing, offset, etc., and,
occasionally, minor logic changes, Where any such inconsistencies
exist, please be assured that the unit is correct and incorporates the
most up-to-date circuitry. In a similar way the firmvare may undergo
revision when the instrument is serviced. Should this be the case,
manual updates will be made available as necessary.

Service Procedure

Products requiring maintenance should be returned to the Customer
-Service Department or authorized service facility. LeCroy will repair
or replace any product under warranty at no charge. The purchaser is
only responsible for one way transportation charges. :

For all LeCroy products in need of repair after the warranty period,
the customer must provide a Purchase Order Number before repairs can be
initiated. The customer will be billed for parts and labor for the
repair, as well as for shipping. ' : .

Return Procedure

To determine your nearest authorized service facility, contact the
Customer Service Department or your field office. 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, and, in the case of products returned to the factory, a
Return Authorization Number (RAN). The RAN may be obtained by
contacting the customer service department in New York, tel:
(914)578-6060, or 6061 ; in Geneva, tel: (41)22/719.21.11, or your
nearest sales office. - ~ S .



Return shipment should be made prepaid. LeCroy will not accept C.0.D.
or Collect Return Shipments. Air-freight is generally recommended.

Wherever possible, the original shipping carton should be used. If a
substitute carton is used, it should be rigid and be packed such that
the product is surrounded with a minimum of four inches of excelsior or

- similar shock-absorbing material. In addressing the shipment, it is

important that the Return Authorization Number be displayed on the
outside of the container to ensure its prompt routing to .the proper
department wvithin LeCroy. ‘ : -

Safety Precautions.

The following servicing instructions are for use by qualified‘personnel
only. Do not perform any servicing other than contained in service
instructions. Refer to procedures prior to performing any service.

Exercise extreme safety when testing high energy power circuits. Alwvays
turn the power OFF, disconnect the power cord, discharge the cathode
ray tube and all capacitors before disassembling the instrument.

- The WARN I N G symbol uSed in this manual indicates dangérs that
could result in personal injury.

,Thé CAUTTION symbol used in this manual identify conditions or
~practices that could damage the instrument.

Antistatic Precautions
CAUTION

Any static charge that builds on your person or clothing may be
sufficient to destroy CMOS components, integrated circuits. ,
In order to avoid possible damage, the usual precautions against static
electricity are required. : o

- Handle the boards in antistatic boxes or containers with foam
specially designed to prevent static build-up. '

- Ground yourself with a suitable wrist strap.

- Disassembly the instrument at a properly grounded work station
equipped with antistatic mat. R

- When handling the boards, do not touch the pins.

- Stock the boards in antistatic bags.






Corporate Headquarters

LECROY CORPORATION

700 CHESTNUT RIDGE ROAD
CHESTNUT RIDGE, NY 10977-6499
USA

TEL: (914) 425-2000
FAX: (914) 425-8967

European Headqhétters

LECROY SA ' |
2, CHEMIN PRE-DE-LA-FONTAINE
P.0. BOX 341

CH-1217 MEYRIN 1 GENEVA
SWITZERLAND

TEL: (22) - 719-21-11
FAX: (22) 782-39-15

LECROY CORPORATION
700 CHESTNUT RIDGE RD
CHESTNUT RIDGE NY 10977-6499

TEL: (914) 578-6060 or 6061
FAX: (914) 425-8967

LECROY CORPORATION :
5912 STONERIDGE MALL RD STE 150
PLEASANTON CA 94588

TEL: - (510) 463-2600
FAX: (510) 463-9179

LECROY CORPORATION
14800 CENTRAL AVE SE
ALBUQUERQUE NM 87123 -

TEL:
FAX:

(505)
(505)

293-8100
293-9617.



Europe

LECROY GMBH A
'MANNHEIMERSTRASSE 177
POSTFACH 103767
D-6900 HEIDELBERG
VEST GERMANY

TEL: 49.6221.831001
FAX: 49.6221.834655

LECROY LTD

28 BLACKLANDS WAY
ABINGDON BUSINESS PARK
ABINGDON, OXON 0X14 1DY
GREAT BRITAIN

- TEL: 44.23.553.31.14
. FAX: 44.23.552.87.96

LECROY SRL

- VIA PINTURICCHIO, 9
20133 MILANO

ITALY '

TEL: 39.2.20.47.082
FAX: 39.2.20.47.026

LECROY SARL

"B.P. 214

AVENUE DU PARANA
F-91941 LES ULIS CEDEX
FRANCE ‘

TEL:

33.1.69.18.83.20
FAX: 3 9

3.1.69.1
3.1.69.07.40.42

LECROY BV
WAALRESEVEG 17

NL-5554 HA VALKENSWAARD

THE NETHERLANDS

TEL: 31.4902.8.9285
FAX: 31.4902.42628

LECROY SRL
VIA CONCESIO 325
I-00188 ROMA
ITALY

TEL: 39.6.300.97.00
FAX: 39.6.300.96.00

ESSA

EQUIPOS Y SISTEMAS SA

APOLONIO MORALES 13-B
E-28036 MADRID

TEL: 34.1.359.0088

FAX: 34.1.359.0298

LECROY SA
BAHNOFSTRASSE 18
5600 LENZBURG
SWITZERLAND

TEL: 4164.519.181
FAX: 4164.519.192



DEWETRON ELEKTRONISCHE
MESSGERAETE Ges.M.B.H.
FOELLINGERSTRASSE 9E
8044 GRAZ

AUSTRIA

TEL: 43.316.391.804
FAX: 43.316.391.052

ORBIS 0Y
 VANHA KAARELANTIE 9
01610 VANTAA

 FINLAND

TEL: 358.0.566.4066
FAX: 358.0.531.604

AVANTEC
TVETENVEIEN 6
0661 OSLO
NORWAY

TEL: 472.63.05.20
FAX: 472.65.84.14

MEASUREMENT SYSTEMS
SCANDINAVIA AB
P.0. BOX 393

 FORETAGSALLEN 12, HUS 5 BV

184 24_AKERSBERGA
-SVEDEN -

TEL: 46.8.540.68100
FAX: 46.8.540.66536

LUTRONIC

VIBEHOLMS ALLE 11- 15
2600 GLOSTRUP
DENMARK

TEL: 45.4245.9764
FAX: 45.4363.0720

HELLENIC SCIENTIFIC REP., LTD
11 VRASSIDA STREET

115 28 ATHENS

GREECE

TEL: 30. 1 721. 1140 or 721 3154
FAX: 30.1.724.1374

ABB NERA A/S

P.0 BOX 10
KOKSTADVEGEN 23
KOKSTAD

BERGEN, NORWAY

TEL: 351.2.815.680
FAX: 351.2.8135.630

M.T. BRANDAO, LDA
RUA DO QUANZA, 150
4000 PORTO
PORTUGAL

TEL: 351.2.815.680
FAX: 351.2.815.630



Bastefn Europe

ELSINCO GMBH
ROTENMUHLGASSE 11
1120 VIENNA
AUSTRIA

TEL: 43.222.812.1751
FAX: 43.222.812.2329

Asia

LECROY JAPAN CORPORATION

ESAKA SANSHO BLDG - 3RD FLOOR

16-3, 3-CHOME
‘TARUMICHO, SUITA CITY
'OSAKA 564 JAPAN

TEL: 816.330.0961
FAX: 816.330.8096

SCIENTIFIC DEVICES AUSTRALIA
2 JACKS ROAD |
SOUTH OAKLEIGH, VICTORIA
AUSTRALIA

TEL: 61.3579.3622
FAX: 61.3579.0971

E.C. GOUGH, LTD =
245 ST.ASAPH STREET
P.0. BOX 22073
CHRISTCHURCH

NEW ZEALAND

TEL: 64.3.3798.740
FAX: 64.3.3796.776

Hideast

AMMO o
60 PINKAS STREET
P.0. BOX 21384
61213 TEL AVIV
ISRAEL

TEL: 972.3.453.157
FAX: 972.3.544.1468

LECROY JAPAN CORPORATION
ZAIKEN BLDG 6TH FLOOR
19-3, 2-CHOME

SASAZUKA, SHIBUYA-KU
TOKYO 151 JAPAN

TEL: 813.3376-9400
FAX:  813.3376.9587

TATA-HONEYVELL
55-A/8 & 9 HADAPSPAR
INDUSTRIAL ESTATE
PUNE 411 013 INDIA

TEL: 91.212.670445
FAX: 91.212.672205

ELECTRO TECH CORPORATION

1ST FLOOR, 16 KAZI CHAMBERS

BAHADURSHAH ZAFAR ROAD
KARACHI-74800
PAKISTAN

TEL: 92.21.493-8087 (dial slowly)

TLX: 95.22.57.00




ABEX ENGINEERING PTE. LTD.
126 JOO SENG ROAD # 09-05
GOLD PINE INDUSTRIAL BLDG
SINGAPORE 1336

TEL: 65.283.6288
FAX: 65.283.6628

MEASURETRONIX

2102731 RAMKAMHANG ROAD
BANGKOK 10240

THAILAND

. TEL: 66.2.375.2733-4
FAX: 66.2.374.996

EURO TECE (FAR EAST), LTD.
18 F, GEE CHANG HONG CENTER
65 WONG CHUCK HAND RD

- HONG KONG

TEL: 8.52.814.0311
: 8.52.873.5974

LeColn Technology CO.,LTD.
12F, NO 216, SEC 1,

HO PING E ROAD

TAIPEI TAIVAN R.0.C

TEL: 886.2.365.0612
FAX: 886.2.367.1792

P.T. DWI TUNGGAL JAYA SAKTI
WISMA RAJAVALI, 14TH FLOOR
JL JENDRAL SUDIRMAN

34 JAKARTA 10220 INDONESIA

TEL: 62.21.570.4563
FAX: 62.21.583.218

VO00J0O HI-TECH CORP.
DONGHYUN BLDG.
102-4 MOONJUNG-DONG,

© SONGPA-KU

SEOUL 138-200 KOREA

TEL: 82.2.449.5472
FAX: 82.2.449.5475



North—America

- LECROY CANADA, INC.

2751 JACQUES CARTIER EST STE 200
- LONGUEUIL,PQ,J4N 1L7

CANADA

TEL: 514 928-4707
FAX: 514 928-0969

South America

SEARCH SA

VIAMONTE 1716 - PISO 7-
1055 CAPITAL FEDERAL
ARGENTINA

TEL: 54;1,46.6156
FAX:  54.1.394.8374

‘Central America

NUCLEOELECTRONICA, SA
CALZ. LAS AGUILAS 101
DELEGATCION ALVARO OBREGON
01710 MEXICO, 20, d.f.
MEXICO

TEL: 52.5593.604
FAX: 52.5593.6021

TEL:

ROHDE & SCHWARZ CANADA INC.
555 MARCH ROAD ;
KANATA, ONTARIO K2K 2M5
CANADA

TEL: 613.592.8000

- FAX: 613.592.8009

ATP-HI-TEK

ALAMEDA AMAZONAS

422 ALPBAVILLE 06454
BARUEN, SP BRAZIL

55.11.421.5477

FAX: 55.11.421.5032

South Africa

VESTPLEX TEST & MEASUREMENTS LTD
TUSCANY HOUSE

376 OAK AVENUE

RANDBURG 2194

REPUBLIC OF SOUTH AFRICA

TEL:
FAX:

27.11.787.0473
27.11.787.0237



Chépter 1

SPECIFICATIONS






DIGITAL OSCILLOSCOPE

350 MHz BANDWIDTH, 100 Ms/s, RIS 10 Gs/s _ bcroy
AN

MODEL 9424 PORTABLE

QUAD-CHANNEL OSCILLOSCOPE | 9424

B Four Channels with 350 MHz
Bandwidth

B 50K of Non-volatile Memory
per Channel

B FASTGLITCH Trigger Mode

B Pulse Parameters and
Auto-setup

[ | S nal Processing and
Analysis

Above. the 9424 displays up to four traces simuI}aneoUst (in quad-grid mode) on its large high-

“esolution screen.

THE VERSATILE
INSTRUMENT FOR
- MULTI-CHANNEL
DESIGN AND TEST

The LeCroy 9424 Quad—channel Digital Oscilloscopeis a portable instru- -

ment for high—frequency, multi-channel recording.

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 oscil-
loscopes. Independent 8~bit ADCs (for each channel) sample repetitive

- waveforms at up to 10 gigasamples/sec (single-shot phenomena at up to

100 megasamples/sec) to enable measurements with better timing reso-
lution. and precision. Extensive signal processing (including pulse
parameters, averaging, mathematics and FFT analysis) performs com-
plex measurementsin a fraction of a second. Hard copies can be made
directly over RS-232-C or GPIB onto a wide range of digital plotters and
printers.

B TV Trigger and XY Display Mode



FEATURES

Peak detection — Long memories and high sampling

‘rates, together with min/max display routines, provide
peak detection down to 0.002% of the record length
(10 nsec minimum for single-shot measurements and
0.1 nsec minimum in RIS).

Signal processing - Built—in waveform processing in-
cludes mathematics (add, subtract and invert) and
summation averaging (up to 1000 sweeps). Modular
architecture aliows easy installation of extended signal
processing packages such as fast Fourier analysis.

Puise parameters — Up to ten signal characteristics
(risetime, falltime, RMS voltage, etc.) can be automati-
cally calculated on displayed, stored, expanded and
- : A . -processed waveforms. The 9424's remarkable pro-
nals. Long memories provide better timing resolution, cessing power means that these values are

and allow a wide range of time-base settings where jngtantaneously updated when a new waveform is ac-
maximum ADC sampling rate (and high single-shot quired.

bandwidth) is possible. Non-volatile waveform storage
of 1 to 200 waveforms is possible by segmenting the

High bandwidth — The 9424 portable digital oscillo-
scope provides 350 MHz bandwidth on four channels.
This high bandwidth, in combination with many other
exceptional features, enables users to keep pace with
.current and future test and measurement require-
ments.
High fidelity ADCs — High-resolution 8-bit Flash
ADCs deliver outstanding signal-to—noise ratios and
wide dynamic range. Sampling rates up to 100 mega-
samples/sec for single-shot applications and 10 giga-
samples/sec for repetitive waveforms are achieved si-
multaneously over four channels.

Long non-volatile memories — Four non-volatile
50K acquisition memories, one per channel, store sig-

Waveform expansion — Fine signal details are re-
four acquisition memories. An additional 200K of RAM vealed using LeCroy’'s exclusive MULTI-ZOOM
is availabie for waveform processing, storage and dis- expansion which magnifies waveforms up to 1000
play. ' times. Expanded waveforms have improved timing
Comprehensive triggering — Capabilities inciude resolution (upto+0.001% of full scale) and can be ana-
pre— and post-triggering, trigger hold-off by time or lyzed further using the 9424’s signal processmg and
number_of events, delay by time or number of pulse parameter routines. ’
events,TV trigger, logic trigger, state qualified trigger,  Ease of use, auto-setup — Extensive processing
time/events qualiied trigger, and width-basedtriggers  power and familiar analog controls make the 9424 ex-
including FASTGLITCH and interval—width trigger. - - ceptionally responsive and easy to use. Repetitive
FASTGLITCH triggering — LeCroy's innovative  Wwaveforms are acquired in approximately one second
FASTGLITCH trigger enables the 9424 to trigger even  with the convenient auto-setup facility. Recurring
on non-recurrent glitches less than 2.5 nsec wide, in- front—panel setups can be stored and recalled via sim-
dependently of the time—base speed. ple push=button controls. :

ture, better horizontal resolution and fast sampling rates
on all time—base settings.

FUNCTIONAL DESCRIPTION

The LeCroy 9424 offers a breakthrough in digital oscil-

loscope technology by combining high bandwidth
(350 MHz), portability and four independent input chan-
nels. Designed for use in mainstream electronics,

telecommunications, applied research and automated '

testing, the instrument delivers better overall precision
and enables improved productivity for applications re-
quiring multi-channel waveform recording.

ACCURACY AND PRECISION

Using the latest ideas in digital technology, the Model
9424 features the speed and precision that have become
standard in all LeCroy oscilloscopes. Waveforms are
digitized by independent 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 cap-

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, siope 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. Unique trigger graph-
ics summarize the trigger configuration at a glance.

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 expan-
sion) 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. Us-
ers 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 QUALIFIED and TIME/EVENT QUALIFIED
modes of operat»on

FOUR-CHANNEL PROCESSING

For situations that require noise reduction or improved
dynamic range, the 9424 includes summation averaging

(up to 1000 waveforms) simultaneously over four chan-
nels. 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 mathematical analysis (integration, differ-
entiation, etc.) as well as averaging.

SINGLE-SHOT BANDWIDTH (NYQUIST FREQUENCY) Vs. TIME-BASE SETTING
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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 9424 (solid
line) is comparedto oscilloscopes with 1K (dotted line) and 512 points (dashed line) of memory. At slower time-base settings, the smgle—shotbandw:drh of
the 9424, expressed as Nyquist frequency, is typlcally 50 times higher than in oscilloscopes with 1K memory and 100 times higher than in those with only

512 points.

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 typucal at the probe tip.

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

Channels: Four independent channels; standard BNC
connector inputs.

Sensmwty 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). Sensitivity can be extended to 25 V/div

using a D9010 High Impedance divider connected to
the input BNLs.

Vertical expansion: up to' 5 tnmes (wnth averaglng, up
to 10 times or 500 uV/div sensitivity).

" Scale factors: Probe attenuation factors of x1, x10,

%100, x1000 or x10000 may be selected and are re-
motely programmable. ;
Offset: + 12 times the fixed sensitivity setting in 0.02
division increments up to £ 1:0 Vmax;, £+ 24div@

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 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 100 megasamples/sec for
transients, up to 10 gigasamples/sec for repetitive sig-
nals. simultaneously on ali channels.

Aperture uncertainty: + 10 psec.

Acquisition memories, Channels 1, 2, 3 and 4:
Non-volatile memories (battery—backed for a minimum
of 2 years) of 50 kilowords per channel can be seg-
mented into 2, 5, 10, 20, 50, 100 or 200 blocks.
Reference memories C and D: 50K, 16-bit word me-
mories, each storing 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.

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 input: BNC connector on rear panel.

Acquisition Modes

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

Singie 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 aliows
different signals or different sections of the same sig-
nal 1o 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 incre-
ments 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 trig-
gers 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 CHANT,
CHAN2 and CHAN4 have independent trigger cir-
cuits 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 ap-
propriate rate.

Normal: Re—arms after each sweep. If no trig-
ger occurs after a reasonable length of time,
the message “No or Slow Trigger” is displayed.

Single (hold): Holds display after a tngger oc-
curs. Re—arms only when the “single” button is
pressed again.

Sequence: Stores multiple events in seg-
mented acquisition memories.

SMART Trigger

Single-source trigger operational modes:
Hold-off by time: 25 nsec to 20 sec.
Hold-off by events: 01to 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, CHAN2 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 (exned) 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 trig-
ger channel must be set to don't care (X).

State qualified: Allows the 9424 to trigger on
any source (CHAN1, CHANZ2 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 events can be
selected from the moment the pattern is valid.

Time/Event qualified: Allows the 8424 to trig-
ger on any source (CHAN1, CHAN2 or
CHANA4), 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: Aliows stable triggering on TV signals that
comply with PAL, SECAM or NTSC standards.
~Selection of both line and field number is possi-

ble. Active on CHANZS only.

DISPLAY

CRT: 125 x'17.5 cm (5 x 7 inches); magnetic deflec-
tion; vector type. ‘

Resolution: 4096 x 4096 points.
Real-time clock: Date, hours, minutes, seconds.

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

XY mode: Plots any two sources (CHAN 1, CHAN2,
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 1BM, 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—pa-
nel button or. via remote control. Plotters supported
are: the HP 7400 and 7500 series, Philips PM 8151,
Graphtek FP'5301, and compatlble models. Plottmg 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 be-
tween them.

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

Cursors

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

Relative voltage: Two horizontal bars measure volt-

age differences to + 0.2% of full scale.

Absolute time: A cross—hair marker measures abso-
~ lute 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 parame-
ters 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 am-
plitudes 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 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, CHAN3, CHAN4,
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 given. -

REMOTE CONTROL

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

RS-232-C port: For computer/terminal control or plot-
ter 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 mterrupted for
local (manual) control at any time (except when in re-
mote control with the lock—out state selected) by

* pushing a button on the front panel.

PROBES

Model: Four P9020 (x10, 10 MQ /116 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, + 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: 5t040°C (41to 104°F)rated; 0to 50° C
(32 to 122° F) operating.

Humidity: < 80%. ,
Power required: 110 or 220 V AC, 45t0 440 Hz, 275 W.

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

Dimensions: (HWD) 19.2 x 37.0 x 49.5 cm, (7 1/2 x
14 1/2 x 19 1/2 inches). ,

Weight: 15 kg (33 Ibs) net, 20 kg (44 Ib) shipping.
Warranty: 2 years

ORDERING INFORMATION
"Oscilloscope and Options

Code Description

9424 Digital Oscilloscope

9424WP01 . Waveform Processing Option
9424WP02 Fast Fourier Processing Option

Oscilloscope Accessories

OM9424 Operator's Manual

9424-FC Front Cover

9424-MCO01 Card Reader plus 512K Memory Card .
9424-MC02 128K Memory Card

9424-MC04 512K Memory Card

CA9001 ~ Camera (using Polaroid film) and Hood.

Oscilloscope Accessories (cont’d)

CA9002 - Camera Adapter (35 mm) with Hood
D9010 _10:1 High Impedance Divider
DC/GPIB-2 2-meter GPIB Cable

DP9001 Digital Plotter, 8~pen A4 size

DP9003 Epson Printer

0C9001 Oscilloscope Cart

P8010 10:1 Oscilloscope Probe .
P9010/2 - 10:1 Oscilloscope Probe with 2 m cable
P9011 10:1/1:1 Oscilloscope Probe

P9020 10:1 Oscilloscope Probe (300 MHz)
PS100 100:1 Oscilloscope Probe

RM9400 Rackmount

SG9001 * High Voltage Protector

TC9001 Transit Case

TC9002 Carrying Bag

U.S. SALES OFFICES _
1-800-5-LeCroy (1-800-553-2769):

automatically connects you to your local sales office.

WORLDWIDE

Argentina: Search SA, (01) 394-5882

Australia: Scient. Devices Pty, Ltd, (03) 579-3622
Austria: Dewetron Elekr. GmbH, (0316) 391804
Benelux: LeCroy B.V. "31-4902-89285

Brazil: A. Santos, (021) 233 5590

Canada: Rayonics, W. Ontario, (416) 736-1600
Denmark: Lutronic, (42) 459764

Finland: Labtronic OY. (90) 847144

France: LeCroy Sarl (1) 69073897

Germany: LeCroy GmbH, (06221) 81001
(North) (0405) 42713

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

India: Electronic Ent., (022) 4137096

Israel: Ammo, (03) 453157

ltaly: LeCroy S.r.I., Roma (06) 327.02.02 or 331.31.46
Milano (02) 2940-5634

Japan: Toyo Corp., (03) 279 0771

Korea: Samduk Science & Ind., Ltd., (02) 468 0491

Mexico: Nucleoelectronica SA, (905) 593 6043

New Zealand: E.C. Gough Ltd., (03) 798-740

Norway: Avantec AS, (02)630520

Pakistan: Electronuclear Corp., (021) 418087

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

Singapore: Sing. Electr. and Eng. Ltd (65) 481-8888

Spain: Anadig Ingenieros SA, (01) 433 2412

Switzerland: LeCroy S.A. (022) 719 21 11

Sweden: MSS AB, (0764) 68100

Taiwan: Topward El.Inst., Ltd., (02) 601 8801

Thailand: Measuretronix Ltd., (02) 374 2516

United Kingdom: LeCroy Ltd., (0235) 33 114

. E‘ roy 700 Chestnut Ridge Road
]

Innovators in Instrumentation

Telephone: (914) 425-2000
TWX:(710) 577-2832
Fax: (914) 425-8967 _

LeCROY CORPORATE HEADQUARTERS

Chestnut Ridge. NY 10977-6499

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

P.O. Box 341

1217 Meyrin 1-Geneva, Switzerland
Telephone: (022) 710 21 11 Telex: 41 90 58
Fax: (022) 782 39 15

Copyright © December 1991 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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WAVEFORM PROCESSING PACKAGE

AVERAGING, MATHEMATICS, HIGH RESOLUTION Lecroy
]

WP01 WAVEFORM PROCESSING FIRMWARE -~

FOR MODELS 9420/24/50 DIGITAL OSCILLOSCOPES =< 20!/ 24/ 50 WPO1

{‘"‘
11

® Averaging — Summation
and Continuous

m Arithmetic - incl. Addition,
Subtraction, Ratio and
Multiplication

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

® Extrema Mode - Storage of
Extreme Positive and Negative
Values

® High-Resolution Mode
for 11-bit Performance

\dded as a factory option or retrofitted in the field, the WP01 Waveform Processing Package adds
righ—-speed averaging, filtering and mathematical capabilities to the Models 9420, 9424 or 9450
‘igital oscilloscopes. ’

FOR SIGN AL The LeCroy WP01 Waveform Processing package offers powerful rou-
' tines that extend the processing capabilities of the Models 9420, 9424 -

CHARACTERIZAT'ON and 9450 Digital Oscilloscopes. All processing is built in to eliminate the

A N D AN ALYS'S need for external computers and controllers. High—speed microproces-
sors are used to ensure that computed waveforms are displayed instantly

on the screen. The package is fully programmable over the GPIB or
RS-232-C interface and hard copies can be directly made on a wide
range of digital plotters or printers.



FEATURES

Extensive Signal Averaging — Two operation modes:

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

® Continuous averaging with weighting factors up to
128.

Average speed up to 300,000 points/secin summation
averaging mode.

Offset Dithering — Improves the vertical resolution for

mation 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.

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

Powerful Arithmetic — Processes identity, negation
and reciprocal on single waveforms as well as addition,
subtraction, multiplication or division on pairs of wave-
forms stored in the 9420/24/50’'s memory locations
CH1, CH2 (CH3 and CH4 in the 9424), A, B, C,D, E
and F. Waveform data can be normalized by additive or
multiplicative constants.

low—noise measurements by several bits in sum-

Extrema Mode — Keeps track of time and amplitude

via either GPIB or RS-232-C interfaces.

Mathematical Functions - Computes integration, dif-
terentiation, square, square root, absolute vaiue,
exponential and log on single waveforms stored in the
9420/24/50 memory locations CH1, CH2 (CH3, CH4 in
the 9424) A, B, C, D, E and F. Waveform data can be
normalized by additive or multiplicative constants.

High Resolution - Allows filtering of the digitized sig-
nals, whether they are single—shot or repetitive, in
order to increase the resolution of the displayed trace
from 8 bits to 11 bits in steps of 0.5 bits.

Vertical Expansion - Provides vertical scale expan-
sion by a factor of up to 10.

Chaining of Operatlons Automatlcally chains two
operations (four in the 9424): '
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 froananel
settings, as well as all waveform processing optnons

Color Archiving - Copies screen in color usmg a Wlde
range of digital plotters or printers.

FUNCTIONAL DESCRIPTION

The WP01 waveform processing package for the Models
9420, 9424 and 9450 Digital Oscilloscopes is optimized
for processing signals in real time. Powerful 68020 mi-
croprocessors and 68881 co-processors enable very
rapid representation of results such as averages, inte-
grations, 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 ex-
ample, it is possible to perform the integration of an
averaged waveform or the multiplication of a differen-
tiated wavetorm.

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

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 uV/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 ac-
cumulation automatically stopping when the number is
reached. Signals exceeding the range of the oscillo-
scope’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 im-
proved.




Continuous Averaging, sometimes called exponential
averaging, is the repeated weighted average of the
'source waveform with the previous average. Averaging
goes on indefinitely with each new acquisition and the ef-
fect of previous waveforms gradually tends to zero.
Relative weighting factors can be chosen from 1:1 to
1:127. Thé method is particularly useful for monitoring
noisy S|gna_>_|s which may change slowly over a period of
time.

HIGH RESOLUTION

The WPO01- package provides a selective filtering tech-
nigue 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 technique can be used with both single-shot
and repetitive signals and provides an ideal method for
smoothing transient phenomena.

EXTREMA MODE

Tracking rare ghtches or monitoring signals drifting in
time and amplitude is made easy with EXTREMA mode.
EXTR EMA waveforms are produced by repeatedly com-

SPECIFICATIONS

paring acquisitions of a source waveform with a stored
waveform that contains previous maximum and/or mini-

- mum 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 @ maximum of 1,000,000 sweeps.

ARITHMETIC

WPO01 offers basic arithmetic operations such as addi-
tion, 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 wave-
form. The waveforms may be multiplied by a constant
factor or offset by a constant. Arithmetical and mathe-
matical functions can also be chained together to
construct more 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 expan-
sion.

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 pV/div after vertical expan-
sion.

ARITHMETIC

Identity, negation and reciprocal of any waveform. Addi-
tion, subtraction, muttiplication, and ratio on any two
waveforms.

Number of input points: 50 to 50,000.
Multiplicative constant on first input: from 0.001 x
10733 10 999.999 x1033.

Additive constant on first input: from —999.999 x 1033
to 999.999 x 1033, .
Vertical expansion: 5 x maximum.

FUNCTIONS

Integration, differentiation, square, square root, loga-
rithm and exponential (base e and 10).

Number of input points: 50 to 50,000.

Multiplicative constant on input: from 0.001 x 10-33to
999.999 x 1033

_Additive constant on input: from —999. 999 x 1033 to

999.999 x 1033,
Vertical expansion: 5 x maximum.

HIGH RESOLUTION

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

Vertical expansion: 10 x maximum.
Maximum sensitivity: 500 pV/div after vertical expan-
sion.
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 program-
mable number of sweeps. Maxima and minima can be
displayed together, or separately by choosing ROOF or
FLOOR 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 Func-
tions E and F (four functions in the 9424). Using memory

T/div 10 us

Whether it's sophisticated functions (like integration, differen-
tiation or logarithm) or simple mathematics (like addition, sub-
taction and multiplication), the WP01 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 togeth-
er. The result is shown in the middle trace complete with cur-
sor readout. ‘

C and D for intermediate results, any number of opera-
tions 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 WP01 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.

The WPO01 package performs digital filtering téchniques that
allow improved vertical resolution and sensitivity. The above
example shows the ringing on a step response {(top trace) ex-
panded 5 times vertically and 25 times horizontally (middie
trace). The lower trace shows the sameé expansion but with
9-bit resolution. The second and third oscillations are now
clearly visible. o

LeCROY EUROPEAN HEADQUARTERS

Route du Nant—d'Avril 101

P.O. Box 341

1217 Meyrin 1-Geneva, Switzerland
Telephone: (022) 782 33 55 Telex: 41 90 58
Fax: (022) 782 39 15

LeCROY CORPORATE HEADQUARTERS

700 Chestnut Ridge Road
Chestnut Ridge, NY 10977-6499
Telephone: (914) 578 6097
TWX:(710) 577-2832

Fax: (914) 425-8967

_LeCroy

Innovators in Instrumentation

Other sales and service representatives throughout the world.

Copyright © octover 1989. LeCroy is the registered trademark of LeCroy Corporation. Al rights reserved. information in this publication supersedes all earlier versions. Specifications subjeét 1o
change without notice. .
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FAST FOURIER PROCESSING PACKAGE

50,000 POINT TRANSFORMS, SPECTRAL AVERAGING m‘ roy

WP02 SPECTRUM ANALYSIS FIRMWARE FOR o _
MODELS 9420/24/50 DIGITAL OSCILLOSCOPES 8420 /24/ 50 WP02 =

R—

B 50,000 point FFTs over
Two (or Four) Channels
Simultaneously

B Frequency Range from
DC to > 350 MHz

B Frequency Resolution from
20 pHz to 100 MHz

\

B Upto10 Gs/sec
Sampling Rates

1

)
3
3

B Time and Frequéncy Domain
Averaging

e

B Wide Selection of Display'
Formats and Window Functions

B 1,000-point FFTs
ten times a second!

The instrument at the top (Model 9450) shows a modulated signal (top trace) analyzed in the fre-

quency domain. Both power spectrum (middle trace) and magnitude (lower trace) are displayed.
. Side lobes 5 kHz from the fundamental frequency are clearly visible. The instrument at the bottom
(Model 9420) shows a square wave (top trace) and its power spectrum (bottom trace). -

FREQU ENCY DO M AlN The WPQ2 Spgctrum Analysis Packagé extends the range df measpre-

ment capabilities of the Models 9420 and 9450, two—channel Digital

M EAS U R E M E NTS Oscilloscopes, and the Model 9424, four—channel Digital Oscilloscope.

AN D AN ALYSIS Fast Fourier Transforms (FFTs) rapidly convert time domain waveforms
into frequency domain records to reveal valuable spectral information

such as phase, magnitude and power. The packageis fully programmable
over GPIB and RS-232-C interfaces. Hard copies can be directly made -
on a wide range of plotters and printers. As the package is a firmware op-
tion which is installed inside the oscilloscope, it eliminates the need for
any external controller and is easy to retrofit.



FEATURES

Long record transforms — Extrem_ely long record
FFTs (up to 50,000 points) provide significant signal—
to—noise ratio improvement.

Wide-band frequency analysis — DC to 350 MHz
bandwidth with high resolution. '

High sampling rates — Up to 10 gigasamples/sec ef-
fectively eliminates aliasing errors.

Broad spectrum coverage - Up to 25,000 spectral
components.

Multi-channel analysis - All input channels can be
analyzed simultaneously to aliow comparison of inde-
pendent signals for common frequency—-domain
characteristics. -

may be presented as magnitude, phase, real, imagi-
nary, complex, log-power and log-PSD (Power
Spectral Density). These display formats can all be se-
lected via menu options . _

Standard window functions — Rectangular for tran
sient signals; von Hann (Hanning) and Hamming for
continuous waveform data; Flattop for accurate ampli-
tude measurements; Blackman-Harris for maximum
frequency resolution.

Calibrated vertical scaling — Flattop truncation win-
dow provides precisely calibrated vertical scaling for all
spectral components.

Frequency domain averaging —Up to 50,000 FFT re-
sults may be averaged to reduce base-line noise and
enable analysis of phase—~incoherent signals or signals
which cannot be triggered on. :
Time—domain averaging — Averaging real~time sig-
nals prior to FFT execution can increase the dynamic
range up to 70 dB. ‘

Versatile display formats - Frequency—domain data

~neously.

Frequency cursors — Cursors give up to 0.004% fre-
quency 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 execu-
tion (menu selected).

Full documentation - The oscilloscope’s status in the
frequency domain is fully documented on one compre-
hensive display page which specifies parameters such
as Nyquist frequency, number of points, vertical scal-
ing and window function. :

Chaining of operations — Two operations (four in the
9424) can be automatically 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-232-C interfaces. Acquired and pro- -
cessed 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 (three
in the 9424) of the same waveform, or of different
waveforms, can be expanded and processed simulta-

FFT on segmented waveforms — Individual wave-
form segments can be expanded and then analyzed -
using FFT. Time and date information is automatically
recorded for each segment. : R

FUNCTIONAL DESCRIPTION

FOURIER PROCESSING -

Fourier processing is a mathematical technique
which enables a time—domain waveform to be de-
scribed in terms of frequency—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 Dis-
crete Fourier Transform (DFT). Fast Fourier
Transforms (FFTs) are a set of algorithms used to re-
duce 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 instru-
ment into a digital spectrum analyzer.

—

The Spectrum Analysis package enhances the outstand-
ing features of the LeCroy Models 9420, 9424 and 9450.. It
provides high resolution and wide~band spectrum analy-
sis together with sophisticated window functions and fast
processing.

FFT AND LeCROY OSCILLOSCOPES

In FFT mode, LeCroy oscilloscopes provide measure-
ment capabilities superior to those of common swept

~spectrum analyzers. It is now possible to perform spectral

analysis on repetitive and single events at an attractive
price. Users can obtain time and frequency values simul-
taneously 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 selectedina 1, 2, 5
sequence. Resulting spectra are also calibrated in conve-
nient decimal Hertz vaiues.



The WP02 package is supported by the exceptional acqui-
sition characteristics which are the hallmark of LeCroy
oscilloscopes (+ 2% DC accuracy, high effective bits, im-
proved 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 simultaneously using Channels 1 and 2 (1to 4
in the 9424). This is particularly useful for network charac-
terization or when looking for common frequency—domain
characteristics 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 uHz resolution up to 0.5 Hz

(Nyquist). By increasing the sampling rate to 10 gigasam-
ples/sec (100 psec/point) in random interleaved sampling
mode, the widest resolution becomes 100 MHz and the
Nyquist frequency 5.0 GHz, comfortably above the high-
est frequency components 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 singie and non—cyclic events. These
include the rectangular 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
ampiitude (power) measurements or strong suppression

- of side lobes respectively.

SPECIFICATIONS

MEMORIES

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

Reference and function memories: for the 9420/50 —
- 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 asref-
erence 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.

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 50,000 data points
in 10 steps in a 1-2-5 sequence. The transform size de-
fines the decimation applied to the signal after the
acquisition.

The Nyquist frequency can be adjusted and optimized af-
ter signal acquisition and prior to FFT execution.

AMPLITUDE AND PHASE

Amplitude accuracy: better than 2%. Amplitude accu-
racy may be modified by the window function (see the

. window functions table below)

Signal overfiow: 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 re-
moves the DC component prior to FFT execution.
Number of traces: Time domain and frequency domain
data can be displayed simultaneously (up to 4 wave-
forms).

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 compiex
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 50,000 spectra for power, PSD or magnitude.
Vertical Expansion .
All spectral formats, up to 10 times, in a 1-2-5 sequence.

Window Functions

Rectanguiar, von Hann (Hanning), Hamming, Flbattop and
Biackman—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-6dB side lobe loss width
type [freq. bins) [dB] [dB] {freg.bins]
Rect—

angular 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 7




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 equuvalent rect-
angular filter.

CURSORS

Absolute (crosshair) and relative (arrow) cursors provide
frequency and amplitude (phase, power, power density)
measurements.

Horizontal bars provide absolute and relative amplltude
and power and power densuty measurements.
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9424/50 FFT execution time as a function of record length, in-
cluding window calculations. The top trace is the maximum
executiontime, i.e. when the FFT definition or the source acquisi-
tion conditions have changed. The bottom trace is the repetitive
execution time, i.e. when only the input data have changed.
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9420 FFT execution time as a function of record length, /nclud/ng
window calculations. Same top and bottom trace defln/t/on asin
the previous graph. :

REMOTE CONTROL

AllWP02 processing functions are fully programmable via
the GPIB and RS~232-C interfaces. Simple Engllsh—hke
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 Me-
mories C and D for FFT or other processing.

STORED FRONT PANELS

Upto7 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.

WP02 INSTALLATION

A WP02 package may be fetrofitted to a LeCroy
9420/24/50 Digital Oscilloscope.
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The sum of two sinusoids of 500 kHz and 527.5 kHz is digi-

tized over 200 points and transformed to the frequency do-

main. Four different window functions are applied to indicate -
their effect on leakage suppression and spectral resolution.

.
FERTm

AF  10.0%

Long records give wide frequency span. FFT of a 1000 Hz .
amplitude modulated square wave, recorded over 50,000
points, shows harmonics up to 51 kHz. Expansion shows side
bands at 10 Hz and —18.5 dBm. :

ORDERING INFORMATION
Oscilloscopes and Options

Code  Description

9400A 2—channel, 175 MHz Oscilloscope, 100 Ms/s
9420 2—channel, 350 MHz Oscilloscope, 100 Ms/s
9424 4—channel, 350 MHz Oscilloscope, 100 Ms/s
9450 2-channel, 350 MHz Oscilioscope, 400 Ms/s

9400AWP01  Waveform Processing for 9400A
9420WP01 - Waveform Processing for 9420
9424WP01  Waveform Processing for 9424
9450WP01 Waveform Processing for 9450
9400AWP02 FFT Firmware for 9400A
9420WPQ02  FFT Firmware for 9420
9424WP02  FFT Firmware for 9424
9450WP02  FFT Firmware for 9450

Oscilloscope Accessories
OM 9420/50 Operator’'s Manual

OM 9424 Operator's Manual

CA9001 Camera (Polaroid film) and Hood
CA9002 Camera Adapter (35mm) with Hood
D9010 High Impedance Divider 10:1
DP9001 Digita! Plotter, 8—pen A4 size
DP9003 Epson Printer

0C9001 Oscilloscope Cart

P9010 10:1 Oscilloscope Probe

P9011 10:1/1:1 Oscilloscope Probe
P9010/2 10:1 Oscilloscope Probe — 2m cable
P9020 - 10:1 Oscilloscope Probe (300 MHz)
P9100 100:1 Oscilloscope Probe

RMS8400 Rackmount for portable oscilloscopes
SG9001 High Voltage Protector

TC9001 Transit Case

TC8002 Protective Cover
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A 2 MHz signal is frequency modulated with a 99 kHz sine
wave. To improve the signal—to-noise ratio on the phase—in-
. coherent FM signal, 66 spectra are averaged (bottom trace).
The part of the spectrum at the right-hand side is the 2nd har-
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A frequency coded radar signal has been captured in single -
shot (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 middie

and the lower trace show the two amplitude spectra. A fre-

. monic of the carrier with side bands. !
: quency shift of 30 MHz is clearly visible.

Definition of Function E
e ————

Previous Closs: Fourier Tronsform

Fieww  ®

Next Type: Power Spectrum

| tox number of points: S0000

Previous

VALUE @ Source: Chonnel 1

Next Hultiplicotion Foctor: 1.000 o°
Additive constont: +0.000 °V
Hindow Type: ect lor

Zero Suppression: ON

Rectongular
FE = PS(FFT(C1)) H 1ng
For 50000 points Nyquist = 50.0 kHz Flot Top

Blackmon-Ho
oF = 2.00Hz

The FFT menu documents all the relevant parameters.

LeCROY CORPORATE HEADQUARTERS

700 Chestnut Ridge Road :
ro Chestnut Ridge, NY 10977-6499, USA
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

Innovators in Instrumentation Fax: (022) 782 39 15

Other sales and service representatives throughout the world.

Copyright © February 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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LeCalsoft—Calibration Software

for LeCroy Digital Oscilloscopes

Innovators in Instrumentation

Main Features

B Traceability to reference
standards

® Computer check of key
specifications -

m Computer—aided
readjustment

8 Fully automated
configurations available

B Supports all 93XX and
94XX models

m IBM® PC-AT compatible

The LeCalsoft package enables a fast and thorough verification of all key specifications.

General

The LeCroy LeCalsoft (94XXCS05) test
and calibration package provides a con-
venient, unambiguous check of LeCroy
oscilloscopes. Designed for users who re-
quire traceability to reference standards
(NIST, etc.), this package is ideally suited
for use in calibration laboratories where

. the oscilloscopes are checked at fixed

intervals.

Results of the calibration check are fuIIy
documented on hard copy, or they can be
archived on hard disk or diskette.

LeCalsoft works on any -PC compatible
with the IBM®-AT standard. It controls

- the oscilloscope and the calibration

sources through a National Instruments
GPIB interface.




Features

_Calibration Check

All the essential specifications of the
Digital Oscilloscope, such as bandwidth,
linearity, noise, trigger, timebase and ef-
fective~bit count are tested. Deviations
from nominal values are calculated and
displayed on the screen, printed, or ar-
chived on hard disk or diskette.

Comprehensive Documen-
tation of the Test Results

At the end of each calibration check, two
types of documentation are available: a
long form printout which gives details of
the results of all the tests executed, and
states whether or not the results are
within the specifications, and a short
form printout which gives a summary of
the test results.

Calibration Traceable to
National Standards
(NIST, etc.)

By using signal sources traceable to a
standard, the calibration will be trace-
able to the same standard, provided the
relevant documentation is maintained.

Manual and Automated
Calib»ration Check

Both manual operation with computer
assistance, and automated operation
are possible. Automated operation re-
quires programmable multipiexer and -
signal sources. See the list of supported
devices below.

Assisted Adjustment of the
Oscilloscope

A computer—aided adjustment procedure
is also provided. By following instruc-
tions on the screen, the trained
technician is guided through the adjust-
ments required to correct the settings of
the oscilloscope so that it is within the
specifications:.

Calibration Certificate

On request, LeCroy will perform calibra-
tion traceable to National Standard
Organizations. Calibration certificates
are provided as part of this service.

Functional
Description

Calibration Practice

LeCroy oscilloscopes are auto—calibrat-
ing 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 Institutes of Standards and
Technology )}, and for calibration labora-
tories which must inspect incoming
instruments and perform recalibration at

prescribed intervals, the LeCalsoft com- v

puter—aided test and calibration
packages provide an easy solution.

Under guidance of the LeCalsoft pro-
gram, some adjustments tothe
oscilloscope can be made by an elec-
tronics technician. However major
deviations from specifications usually
require repair by a trained service engi-
neer. LeCroy regularly scheduies
training classes. If no in-house trained
person is available, the nearest LeCroy
service center can carry out repairs and
calibration, and provide traceablllty to
reference standards.

Using the LeCroy LeCalsoft
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 aliows an extensive
range of tests with unambiguous inter-
pretation of the results.

LeCalsoft performs an extensive series
of tests which verify the specifications of
the oscilloscope. It includes many tests
relevant to analog scopes such as Noise
and Linearity tests. Although these tests
are difficuft and time consuming on an
analog oscilloscope, they can be com-
puter controlled and are quickly and
easily performed on a digital oscillo-
scope. Tests which are specific to digital
oscilioscopes, such as Sinefit tests are

‘ also included.

The various test options in LeCalsoft are
presented to the operator in the form of
a simple menu system. The user has the
choice of performing an automated cali-
bration check of the oscilloscope, or
individually testing any of the specifica-
tions. Some of the tests require the use
of high—guality 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 controlied when sup-
ported GPIB-programmable instruments
are used.

Supported Instrumentation

LeCalsoft software works on any AT-
compatible equipped with a math
coprocessor and a National instruments
GPIB interface. Automated calibration
checking is possible using a set of in-
struments from the following list. (For an
automated calibration check, either the
LeCroy or Keithley programmable multi-
plexer is required to feed the calibration
signals to the oscilloscope input.)

RF sinewave generators:
Marconi 2019A, 2022C, 2030, 2031
Fluke 6060B, 6061A :
Hewlett—Packard 8642A, 8642B
Rohde & Schwarz SMX

"AF sinewave generators: "
Marconi 2018A, 2022C, 2030, 2031
Hewlett—Packard 8642A, 8642B
Rohde & Schwarz SMX '
Tektronix FG5010
LeCroy AFG 91 OO

DC Precision Power Supply:
Tektronix PS5004
Datron 4708 Autocal Multn‘unctvon
Standard

Fast Pulse Generator:
Tektronix CG5001/CG551AP

Power Meters:
Hewilett—Packard HP436A HF’437B

Multiplexers:
Keithley 199 SYSTEM DMM/
SCANNER with LeCroy interface
board.
LeCroy 4951, 4973-1, 4973-2
Multiplexers.

Frequency standard:
WWV or HBG1500

Recommended Accessories

A full kit of calibration connectors and
interfaces is available from LeCroy. It
includes all the necessary cables, adapt-
ers, splitters and filters, as well as the
Programmable Multiplexer. Also avail-
able is a repair package including
special tools, board extenders, etc., for
computer—aided adjustment.




Use of Other Instruments

It is possible to perform the calibration
check with some other unsupported sig-
nal sources. However, the user is then
required to set up these instruments
manually and to perform one measure-
ment at a time. The LeCalsoft package

Specifications

guides the user step by step, and con-
trols the oscilloscope data acquisition
and the computation of the results.

LeCalsoft compares the signal mea-
sured by the oscilloscope with the sngnal
it would expect to receive from the gen-
erator. 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 ad-
justment procedure. At the end of the
calibration check, a printout can be gen-
erated to list the results.

Computer Required: Any PC compat-
ible with the IBM~AT standard, and
equipped with a mathematical coproces-
sor and a National Instrument Inc. GPIB
interface.

Operating System: DOS 3.0 upward

Medium: 3'/," 1.44 Mb
5’/4" 1.2 Mb diskette

Major Tests Supported by
LeCalsoft -+

Internal

To ensure proper calibration of the oscil-
loscope, internal auto—calibration tests -
are automatically executed during nor-
mal operation. This standard sequence
of internal auto calibration tests is initi-
ated by the software and the results are
transferred to the PC for analysis.

The tests are:

— Calibration of the resolution of the
time-to—digital converter with respect
to the system clock

— Determination of the gain constants of
the input ampilifiers

— Offset compensation versus gain
variation .

- Global internal non-linearity

.~ General functionality check

‘Bandwidth |

To calculate the bandwidth, the ampli-
tudes of sine waves of increasing
frequencies are measured. The sine
wave generator is first set to 500 kHz
with an amplitude 75% of full screen, i.e.
+3 vertical divisions. The frequency is
then swept up to the point where an am-
plitude drop of 3 dB is observed. This
indicates the bandwidth.

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 good flatness.
Generators supported under program

control are listed on page 2.

Linearity

15 different known voltages, varying
from 5% to 95% of full screen, are
applied by the external voltage reference
source. For each voltage value, a full
waveform is acquired, and the mean val-
ue is compared to the known input
voltage. The linearity is determined
through a linear regression fit to the 15

measurements.The siope, the offset and

the chi-square of the fit are computed.
With the linearity test, many other re-

- lated tests are performed: response time

of the overload protection of the 50 Q
input, linearity of the variable gain cali-

~ bration, range and linearity of the offset

setting, and quality of the input coupling.

This procedure is executed on all chan-
nels 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 out-
put current capability of 300 mA.

Power supplies supported under pfo-
gram control are listed on page 2.

Noise

The noise tests are executed on all
channels for both 1MQ and 50 Q input
impedance, with AC and DC coupling,
five different time—base settings, and
open inputs. Full waveforms are ac-
quired with different offset values. The

- peak—to—peak as well as the RMS val-

ues 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 ADC's.

The noise tests also include:

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

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

Rise time/Overshoot
Executed on all channels for both 1MQ

and 50 € input impedance, these tests
measure the rise time of the oscillo-
scope response to the input voltage

step, as well as the amount of pre—shoot
and overshoot. They require a voltage
step generator with calibrated fast rise~
time amplitude.

~ The Voltage Step Generator supported

under program control is the Tektronix
CG5001.

Sinefit :
The performance of the analog-to—digi-
tal 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 a pure sine wave at -
varying frequencies and timebase set-
tings .

This test is a measurement of dynamic
linearity. It shows the effect of such er-
rors as noise, non-linearities and
aperture jitter.

Timebase

The timebase test compares the internal
clock with a very precise and stabie ex-
ternal timebase reference (clock
generator) such as the WWV standard
or HBG 1500.

Trigger

The trigger capabilities are tested for all

possible configurations. These include:

- Internal and external trigger sources

— DC. AC, HF-reject, and LF-reject
couplings

— Trigger level settings in all siope
modes.




ORDERING INFORMATION

LeCalsoft and Options
94XXCS05

94XXCS01

9400CS01 - Calsoft software for 9400A

Complete LeCalsoft for 93XX and 84XX (software and
hardware), incl. cables, switch card, adapters, etc.
LeCalsoft software for 93XX and 94XX

LeCalsoft Accessories

9400KCS02

93XXKCS02 Calibration kit for 93XX and 94XX
Calibration kit for 9400A

Individual system components available on request

U.S. REGIONAL SALES
OFFICES 1 800-5-LeCroy
(1-800-553-2769):

automatically connects you to your
local sales office.

LeCroy has sales engineers in most major
metropolitan areas, coordinated through a
system of five Regional Sales and Service
Offices:

NORTHEAST: 700 Chestnut Rldge Rd,
Chestnut Ridge, NY 10977

SOUTHEAST: 410 Ware Bivd Ste 716,
Tampa, FL 33619

FARWEST: 5912 Stoneridge Mall Rd
Ste 150, Pieasanton,
CA 94588
CENTRAL: '
Midwest: 4811 S 76th St Ste 415,
Greenfield, Wi 53220
Southwest: 14800 Central Ave SE

Albuguerque, NM 87123

WORLDWIDE

Argentina: Search SA, (01) 394-5882
Australia: Scientific Devices Pty Ltd,
(03) 579-3622
Austria: Dewetron GmbH, (0316) 391804
Benelux: LeCroy BV (0031) 4902-89285
Brazil: ATP-Hi-Tek, (011) 421-5477
Canada: LeCroy Canada Inc,
(514) 9284707
Denmark: Lutronic, (42) 459 764
Eastern Europe: Elsinco GmbH, Vienna,
2228121751
Finland: Labtronic OY, (80) 847 144
France: LeCroy Sarl (1) 69 073 897

Germany: LeCroy GmbH, (06221) 831001
Greece: Hellenic S/R Ltd., (01) 721 1140
Hong Kong: Euro Tech (Far East) Ltd,
(052) 814-0311
India: Electronic Ent, (022) 4137096
Israel: Ammo, (03) 453157 )
ltaly: LeCroy Srl, Roma (06) 300.97.00
or 331 31 46; Milano (02) 2940 5634

Japan: LeCroy Japan,

Tokyo (0081) 33 376 9400;

Osaka (0081) 6 330 0961
Korea: WOQOJOO Hi-Tech Corp,

(02) 449-5472
Mexico: Nucleoelectronica SA,

(05) 5593 6043

New Zealand: E.C. Gough Ltd,
(03) 798-740
Norway: Avantec AS (02) 630520
Pakistan: Electronuciear Corp, (021) 418087
Portugal: M.T. Brandao, Lta, (02) 815680
Singapore: Sing. Electr. and Eng. Ltd
(65) 4818888

S. Africa: Westplex Test & Meas
(011) 787 0473

Sweden: MSS AB, (0764) 68100"
Switzerland: LeCroy SA (064) 51 91 81
Taiwan: Topward El.Inst., Ltd, (02):601 8801
Thailand: Measuretronix Ltd, (02)'374 2516
United Kingdom: LeCroy Ltd, (0235) 533 14

LeCroy

Innovators in Instrumentation

LeCROY CORPORATE HEADQUARTERS
700 Chestnut Ridge Road

_Chestnut Ridge, NY 10977-6499

Phone: (914) 425-2000
TWX: (710) 577-2832
Fax: (914) 425-8967

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

P.O.Box 341

1217 Meyrin 1 — Geneva, Switzerland
Telephone: (022) 719-21-11

Fax: (022) 782-39-15

Copynght © May 1992. 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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MEMORY CARD SYSTEM
FOR MODELS 9410, 9414, 9424, 9430 AND
9300-SERIES DIGITAL OSCILLOSCOPES

e

Versatility — The memory card is mainly used to
save and retrieve either waveforms (acquired or pro-
cessed) or instrument settings.

_Autostore - Waveforms can be automatically

stored to the card after every acquisition. The user
can choose to stop the automatic storage when the
card is full, or to perform "wraparound” storage,
discarding the oldest waveforms in a first—in—first out

" manner.

PASS/FAIL ~Testing‘ - The oscilloscope’s new
PASS/FAIL feature allows for automatic storage of
failure data to the memory card.

High Efficiency — Select up to 8 different traces (10
traces on 4—channel scopes) to save with just one

_eCrov

The Digital Scope Specialists

Ultra—fast Throughput Rates
‘Automatic Waveform Storage

New PCMCIA Standard
(DOS—compatible) -

128K Byte - of 512K Byte -
cards available

Ideal for automatic
PASS/FAIL Testing

keystroke. This feature is also available in
"Autostore” configurations.

User-friendliness — A convenient "Replay”
function helps the userto visualize the waveforms
stored on the card.

Fully Featured with Remote Control - All the -
front—panel commands used to drive the memory
card system are available through remote control.
This allows testing time to be cut significantly in
ATE applications, thanks to the memory card's
extremely fast transter speed.

Standard PCMCIA/JEIDA Format - PCMCIA is
the memory card standard agreed upon by alithe
major PC manufacturers
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Formatted MC Size: 506K for MC04, 122K for MC02
Front—Panel File Size: 2K Bytes

Waveform Size: A 10000-points waveform will use
2 bytes per point in word format plus 346 bytes of
waveform descriptor, for a total of 20346 bytes.

Template Size: 22K Bytes

Throughput Performance
Examples:

Waveform Length Transter Time

1000 22 msec
10000 82 msec
50000 322 msec
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" To order a memory card system with one 128K card
and one 512K card for a Model 9410 oscilloscope:

9410-MCO01 for the Memory Card firmware.
9410-MCO02 for the 128K Memory Card.
9410-MCO04 for the 512K Memory Card.

800-5-LeCroy (1-800-553-2769):
automatically connects you to your local sales office.
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5. Search SA, (01) 46 6156
Scientific Devices Pty Ltd.
(03) 579-3622

.. Dewetron GmbH, (0316) 391804

LeCroy BV (0031) 4902-89285
ATP-Hi-Tek, (011) 421-5477
LeCroy Canada Inc. (514) 928-4707
Lutronic, (42) 459 764 :
fw.ﬁ— =: Elsinco GmbH, Vienna, 222 812 1751
.. Labtronic OY, (80) 847 144
- LeCroy Sarl (16) 907 3897
v: LeCroy GmbH, (06221) 831001
Hellenic S/R Ltd., (01) 721 1140 or (01) 721 3154
+no Euro Tech (Far East) Ltd, (052) 814-0311

;. Tata Honeywell, (0212) 670 445
- Ammo, (03) 453157
LeCroy Srl. Roma (06) 300.97.00
Milano (02) 204 7082 or 2940 5634
LeCroy Japan,
Tokyo (0081) 33 376 9400;
Osaka (0081) 6 330 0961
. WOOJOO Hi-Tech Corp, (02) 449—5472
Nucieoelectronica SA, (05) 5593 6043
2iene: - E.C, Gough Ltd, (03) 798-740 .
Avantec AS (02) 630520
. Electro Tech. Corp, (021) 493—8087
M.T. Brandao, Lda, (02) 815680
. Sing. Electr. and Eng. Ltd, (65) 480.7783
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9424 Sub-assemblies

F9424-1

F9451-1

 F9424-2
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2.2

2.2.1

F9450-2 Display Board
General Description

This board is designed to display a moncchrome 10" CRT image. The image
is composed of instructions downloaded from the processor board 9424-6
into the resident memory via the internal 9424 bus.

The image is a vector type display. The principle of a vector display
is to move the spot with intensity ON or OFF between two XY positions
of the screen. This represents the major use of the display board. For
special applications, the capability of a pseudo-raster mode has been
added. This mode is realized by turning the beam spot ON or OFF
according to a downloaded bit mask vhile moving the spot in the
x-direction. ' )

The spot position is controlled by the monolithic display processor
MDS403. It is a LeCroy proprietary gate array. The data and address
busses are 16n bits wide. The processor supports instructions like JMP,
JSR, RTS, and 12 bit X, Y or XY vector instructions.

The resident display memory is a static 32K*16 RAM. It can be R/V
accessed via the internal 9424 bus, or read only by the MDS403.

The digital X, Y coordinates output from the MDS403, are convérted to
analog signals by two 12-bit DACs. ‘

In order to generate a constant spot velocity (intensity) over the
screen, there are tvo rate controlled integrators, one for the X and
one for the Y axis. The rate is calculated by table look-up using two
EPROMS addressed by delta X and delta Y simultaneously.

For each axis there is a non-linear correction'amplifier, one gain and
one offset control amplifier, and one transconductance power amplifier
to drive the current through the magnetic deflection coil.

The high voltage needed for the CRT is generated with a fly-back mode
switching regulator through a high voltage transformer and a diode high
voltage multiplier. » :

Last not least comprehensive protection circuitry is implemented.
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2.2.2.

2.2.2.1

Input Interface and Display‘Hemory

All data and instructions are written into the resident memory by the
main processor via the internal bus. The 9424 main processor can read
back the display memory in order to plot the screen contents via the

external printer port or for test purposes. The dispaly processor can
only read the memory to control the display. :

The PAL (16R4) RAMACC controls the memory access and timing. One of its
flip-flop selects the memory user. Priority is given to the 9424 main
processor. All timings are set for memories with maximum access time of
120 nsec.

The PAL RAMACC

The line BCK is the 16 MHZ master clock from the F9424-6 processor
board. ' ‘ . :

CK8M is BCK divided by two. The external bus R/V access are synchronous
to the BCK clock. The MDS403 read cycles are synchronous to the CK8M
clock. ‘

The,line G244 controls the address driver output state. A high level
disables the outputs. The line G245 controls the data driver output
state. A High level disables the outputs.

‘,The_line BR_WV controls the direction of data: ’1’ to read from memory

2.2.2.2

and ‘0’ to write to memory. The line WE256 is set low during a write
cycle to enable the memory data load.

The four lines SDIS, BAS, BR V and DSACK are to control the R/W timing

betwveen the external bus and the memory.

The line SDIS is generated on the F9424-1 base board by decoding the

address lines BA1l9 to BA24. The display address space is hex 178xxxx.
The three lines RREQ, RDACK and RDRDY are to control the read cycle of
the MDS403. : , '

External Bus to Memory Access Timing

The memory is available. This is the fastest access:

For a read cycle, the line WE256 will remain high for the entire cycle.



2.2.2.3

When the external user wants to access the memory, SDIS is set to ‘0’.
The access is given at state A0 of the PAL. If the state is A0 and SDIS
low, the state will change to Al at the next trailing edge BCK.

The states Al, A2, A3 and A4 are always two BCK periods long.

The signal G244 will go low and enable the outputs of the external
address driver during states AO through A3 for SDIS low.

The signal G245 will go lovw and enable the external data driver,
according to BR_W, from Al through A3

The signal WE256 will go low if the memory access is a write cycle,
simultaneously with G245. It will remain high for a read cycle.

The ready answer line DSACK is low during the state A2 and A3.

b. The memory is in use:

All signals will remain high (except for BAS and SDIS) until the PAL
comes to state AO. The cycle will then be exactly the same. Therefore
the maximum number of wait states is 8.

MDS403 Memory Access Timing'
a. The memory is available. This is the fastest access:

The gate array has read-only memory access. The entire cycle is minimum
500 nsec (8 BCK clock periods).

When the MDS403 wants to access the memory, it sets RREQ to ’1’. Access
vill be granted at the end of state A0 if the external user is not
requesting access. Priority is given to the external user. If the
memory is not busy and state is AO, access will be given at the next
occurence of CK8M low, at the trailing edge of BCK.

The state will then change to A5 and the signal RDACK will enable the
MDS403 to drive the address lines until RREQ returns low.

The states A5 and A6 are always two BCK perlods, and the state A7 is
always one.

The 51ga1 RDRDY goes high at the beginning of state A6 and returns low
at the end of state A7. This signal is synchronized in the MD5403 at
the falling edge of CK8M and is named 'Rdys’. ’Rdys’ enables the MDS403
to load data at the next trailing edge of CK8M. This is two BCK periods
after the beginning of the state A6.

The signal RREQ returns low when the data are loaded.




2.2.2.4

2.2.4

b. The'memory is in use:

All 51gnals except RREQ remain low until access can be granted. The
cycle is then exactly the same.

Reset and Frame Synchronization

At power-on or reset, the beam intensity is set OFF and the spot is
positioned to the screen center. The display processor is set in a wait
state. The address bus is internally set to hex0000, but the outputs
are put into the high 1mpedance state.

The display processor waits until the user enables it to access the
memory by sending the first frame synchro. At this moment the processor
starts to read data from memory address hex0000. It is the user’s
responsibility to make sure that the data in the memory makes sense to
the display processor.

Display Processor

The MDS403 is a LeCroy proprietary 3K gate array in a ceramic package

with 120 pins.

- Principle of Vector Display

A vector is a llnear displacement of the beam spot between two X,Y
positions: the current position and the position to go. Due to the
flatness of the screen, the X,Y position of the spot is proportional to
the tangent of the respective X,Y deflection currents. This makes a
slightly non-linear behaviour whlch a good display must account for and
correct. This is accomplished in the simplest way by a non-linear
correction applied to the analog signal amplifier.

A vector is generated by a composition of two X and Y linear current
ramps. The start level of both represent the current X,Y position, and
the end level represent the X,Y coordinate to go. Two klnd of vectors
are distinguished: one-axis vectors where the spot moves only along X
or Y direction, and two-axis vectors where the spot moves in both the X
and Y direction.

The displacement velocity is limited by the power supply and the

inductance of the deflection yoke. If one neglects the losses in the
yoke and the yoke driver, the maximum attainable velocity is:

di/dt = U/L

vhere U is thé applied voltage and L the yoke inductance.



2.2.5

In order to get a constant spot velocity for a constant spot intensity,
the rate of the X and Y ramps are not the same for all vectors. They
depend on the ratio between X and Y displacement.

The rate for a either one-axis vector is equal to the maximum spot
velocity Vspot.

_For two-axis vectors, the individual X and Y rates are calculated

using look-up tables contained in two EPROMs. They are addressed by
both DX and DY combined and output the resulting X and Y velocities Vx
and Vy. For this computation the MDS403 always outputs DX and DY, the
difference of current to nev spot position.

The combined DX/DY address space and the resulting memory size becomes
rapidly very large with increasing DX and DY. This limits the length of
twvo-axis vectors possible in pratice, as outlined in the next
paragraphe.

Practical Limitation of Two-axis Vectors

The limit is imposed by the size of the EPROM to be used and the
desired X, Y velocity accuracy.

If we decide to use the largest possible DX, DY we need
2048*2048 = 4.2 mega times 10 bits for 1 per 1000 precision.
This makes 42 megabits of EPROM and is certainly not realistic.

The design of the analog X and Y ramp generator limits the precision to
about 1%. Therefore the X and Y rate DAC outputs are chosen 8 bits
wvide. ' o

The X and Y position DACs are 12 bits. The least significiant bit
represents 0.04 mmm on the screen. Therefore the two LSBs are not used.

Two-axis vectors are needed to draw characters which don’t require
large vectors. For drawing traces, only small DX values are needed. The
final choice on the DX/DY size is to use bits 2 to 10 of DY and bits 2
to 6 of DX. This results in the following limitation:

- +/- 31 counts for DX and DY for the instructions MOXY and DRXY
(move and draw XY)

- +/- 127 fbr DX and +/- 2047 for DY, for the four auto X
increment instructions (MYAX, DYAX, PYAX and DPYX)

This makes a memory size of 16 Kbytes. As the signal ZON is also input
as a memory address, the final EPROM size used is 32 Kbytes, one each
for VX and VY rate. : ‘



2.2.6

2.2.7

2.2.8

Vector by MDS403

Vhen the beam spot has reached the final XY position, the signal EOV
(end of vector) becomes true and the MDS403 is enable to load the next
XY position. The strobe VECSTR indicates that a new XY value is loaded.
AT the same time it loads the signals DX, DY, VMAX, 20N, ZPOINT and
RASOUT. '

The signal EOV must be tied to low directly after the signal VECSTR
goes high, until the XY position has reached the final value. EOV will
be high again, and enables the MDS403 to send a nev XY position.

Spot Intensity Control and Timing Principle

0f the 12 bits available for the spot intensity (2CO to 2Cll), only 8
are used. The ZC register, internal to the MDS403, is not reloaded with
a nev value until the vector in progress is completed (i.e. EOV high).
There is, however, a delay of about 600 nsec between the end of vector
at the output of the ramp generator and the actual yoke current change.
This is accounted for by adjustable start-of-vector and end-of-vector
delays, as described in paragraph 10. :

The 8 intensity bits are converted to analog current by an 8-bit DAC.
This current controls via an amplifier the cathode voltage of the CRT.
It is 42 V for OFF and about 15 V for full intensity (hexff).

The digital ON/OFF control at the beginning and end of vectors is done
by the ZCTR signal output from the PAL INTCTR. '

A special hardvare feature of the F9450-2 display is the "pointed"
vectors with an intensified point at the end, used to highlight the

-actual digitized data points out of the linear interpolation. This is

realized by increasing the beam ON control timing by 500 nsec. During
this extra time the spot does not move and gives therefore rise to the
intensified point. :

The Ramp Generator

The X and Y outputs, 12 bits each, from the MDS403 processor are
converted to analog voltage by two 12-bit DACs, Al13 and Al4. The VX and
VY outputs of the two rate EPROMs are converted to analog current ty

two 8-bit DACs, Al0 and All.

The voltage Vout at the capacitor (C74 and C75 in circuit) represents
the current spot position, and Vin the final spot position at the end
of a vector to be drawn. While Vin and Vout are different, the
capacitor is charged or discharged with a rate given by Iin, the
integrator current, until Vout reaches Vin. The analog X/Y pcsitions
are connected to the positive input of the X or Y ramp generator. The
analog rate signal XINT and YINT are connected to the cu.rent control
of the respective ramp generator. :



2.2.9

2.2.9.1

In order to allow for sufficient look-up time for the VX and VY rates
from the EPROMs, a delay of 250 nsec is generated after the new X,Y
positions are loaded (VECSTR from MDS403 to the PAL VECTIM, and OESPEED
from the PAL to enable the EPROM outputs). During this delay, the
analog rates are held at zero which keeps the analog X/Y positions
stable. '

The analog signal WRVEC, "end of vector", goes low when the spot has
reached the final position. In the PAL VECTIM the falling edge of WRVEC
gives rise to EOV high vhich enables the MDS403 processor to load the

~next X, Y position or intensity value, and, after a seperate delay,

turns OFF the intensity (2ZCTR). EOV is further delayed if the drawv mode
"pointed vector" is enabled. :

Vector Timing

After the display processor has loaded a nev X, Y position, a delay is
generated to allow for the EPROM look-up time of the VX, VY rates.
After that delay, the vector is drawn on the screen. When the spot
reaches its final position, the EOV line goes high and enables the
processor to output the next X, Y position. The intensity ON/OFF
control line ZCTR is subject to additional delays to account for the
inertia of the yoke current changes. : '

In raster mode, the intensity ON/OFF bits are shifted out of the
display processor while the beam is moving, using an extra asynchronous
raster clock (C96, R54, R219 next to PAL VECTIM). A divider by two,
three or four is used (PAL RASTCK). It is controlled by the size of the -
possible X-increments, bits DX5 to DX7.

The timing is controlled by the asynchronous clock generated with the
PAL VAZTIM in conjonction with a counter (AB) which is reset to O at
each start of a nev vector. The rate enable is OFF from state 0 to
state 3 included. At state 4, the rate is enabled and the vector drawn.
For "move" vectors, the rate is not set OFF from state 0 to 3. The
signal ZON goes low at the same time. It returns high vhen the signal
WRVEC goes low. After a delay defined by the yoke inertia, ZCTR enables
the intensity of the spot. For raster vectors, the signal ZON follows
inverted the raster intensity control line RASOUT from the MDS403.

Timing Diagram for Draw Mode

The two delays SVD and EVD have, in addition to the fixed digital
delay, a small analog adjust range provided by potentiometers R45 and
R46. '

For "move" type vectors, the signal OESPEED remains low and the signal
ZON, ZCTR remains high. Both WRVEC and EOV are the same as for draw
vectors.




2.2.9.2

2.2.9.3

2.2.10

12.2.11

Timing Diagram for Point Mode

For "point" vectors, the intensity is set ON at the end of the vector
for about 1 usec. The signal EOV goes high after the intensity is OFF
again. The extra timing for point vectors is an analog fixed delay in
the PAL VAZTIM. ‘ '

Raster Mode Timing

There are three raster steps available. The selection is made by
loading the auto-increment register of the gate array. The increment
may be positive or negative. For a better display timing, it is
preferable to implement a raster display with lines drawn in the
positive and negative horizontal direction. In this vay there is no
time lost by returning the spot to the start of the next line. For a
raster command, the first intensity bit out of the gate array is always
bit dO, regardless of the direction. (positive or negative horizontal)

The intensity bits are shifted out of the gate array with the clock
RCKOUT from PAL RASTCK (A29). This clock gets automatically set to the

frequency corresponding to the step selected.

The timing is the same as for the draw mode, except for ZON and ZCTR
vhich follov the intensity bits out of the display processor.

For each raster instrﬁction there are eight clock pulses on the line
RCKOUT to output the intensity bits. The period depends on the Xinc

step selected.

Velocity and Position: Digital to Analog Correspondence

For all move vectors, the X and Y rates are maximum and équal to 255
hex. :

For one-axis draw vectors, the maximum rate is different for X and Y
because the length in millimeters on the screen of the same deltaX and
deltaY is different. The maximum X rate is CC hex, and the maximum Y
rate is FF (1.44 mA and 1.6 mA). '

For a CRT high voltage of 11 kV.

Deflection Non-Linearity

In a CRT the deflection anglé is proportional to the deflection éoil

current. On a flat screen, the spot position is proportional to the
tangent of the current. This effect is accounted for by two (X and Y)
nonlinear amplifiers, using diode characteristics in the feed-back
loop. : :



2.2.12

2.2.13

2.2.14

X/Y PoverrTransconductance Amplifier

These amplifiers provide the current for thebdeflection coils. The
current is measured through a shunt resistor of 0.44 Ohm.

The bandwidth depends on the transconductance of the output power
MOSFET which changes with the drain-source current.

The amplifier is provided with an OFF command to disable it in case of
overheat or when the protection circuitry detects a problem.

The left side panel of the 9424 box is used as the heat sink.

High Voltage Power Supply

The switching fly-back regulator generates 3 voltages: 2.2Kv vhich is
divided by 1000 for the feed-back loop, 600 V and 60 V. The 11 kV is
made through a high voltage times five multiplier.

In operation, the current drawn from the 11 kV supply (anode current)
may be up to 300 uA. The current causes a voltage drop due to the
internal output impedance of the multiplier, up to 500 V. The
deflection angle depends slightly on the anode voltage. To compensate
for this, the reference point of the regulator is increased :
proportional to the current drawn.

In order to improve the efficiency, the switching freduency of the
regulator is automatically adjusted to the self-resonant frequency of
the high voltage transformer which is about 80 kHz.
The supply is equipped with an OFF control line to disable its
operation when the protection circuitry detects a fault condition
(+- 15 V power drop, +5 V pover drop, HV supply defective).
Deflection Yoke
The deflection is realized by a symmetrical coil which represents a
250 uH inductance. It’s resonant frequency is 1.2 MHz. In parallel a
1 ROhm resistor is added. The value is given by:

R = 0.5 SQRT (L/C)

It corresponds to the critical damping.

Attached to the coil are four permanent magnets to compensate for the
pin cushion effect caused by the coil and the CRT. '



2.2.15

2.2.16

2.2.17

Cathode Ray Tube

It is a "10", 90 deg rectangular CRT with a 20 mm neck diameter. The
screen is antireflecting. The useful area is 189 * 149 mm®. The '
phosphor is orange L5C.

Screen Protection Circuitry

In order to prevent damage to the CRT screen, the intensity Control is
set OFF, grid 2 speed-up voltage is set to O V and the pover amplifier

is turned off under one of the following conditions:

- pover amplifier temperature above 85 deg centigrade

- +15 and -15 V drops by more than 6 V

- +5 V drops by more than 1 V :

- cathode voltage drops by more than 10 V for more than 300 usec
- at reset

In addition, the high voltage regulator is turned off under one of the
following conditions:

- +15 V or -15 V drop by more than 6 V
- +5 V drops by more than 1 V :
- cathode voltage drops by more than 10 V for more than 300 usec

During the time the reset signal is low, the HV regulator is not turned
off in order to allow it to come up.

Operation Status Lines

The ON/OFF state of the power amplifier, HV pover supply and the
intensity and grid 2 voltage is controlled by four comparators (A22).
They drive lines SHUT and ZAMPOFF. The signals XOFF, YOFF and INTOFF
are the same and controlled by ZAMPOFF through transistors Q68 to Q70.
HVREGOFF is controlled by the line SHUT. Therefore there are two
different signals which control the status of the board: ZAMPOFF and
SHUT. .

The signal SHUT has priority over ZAMPOFF. The line SHUT may pull down
ZAMPOFF through diodes D37 to D9. The inverse is not possible.

The line SHUT is the wired OR of the three comparator outputs:

- pin 22 of A22: low if +5 V is less than 4V :

- Pin 14 of A22: low if +15 V or -15 V drop by more than 6 V

- pin 1 of A22: low if cathode voltage is less than 30 V for more than
300 usec after reset. The time constant is realized by R33, R271,
R214 and Cl1, C13! The input to the comparator, pin 6 of A22, is low
at -15 V vhile the reset is low. : i



If one of these three lines is low, SHUT is low. If all three lines are
high (about -10 V), SHUT is high (-10 V).

The line ZAMPOFF is the wired OR of the three following signals:

- Thermal switch: pulls down ZAMPOFF if the pover amplifier exceeds 85
degree centigrade. ’

- pin 2 of A22: pulls down ZAMPOFF while reset is lov.

- signal SHUT: pulls down ZAMPOFF if low.

If one of these lines is low (-15 V), ZAMPOFF is low. If éll three are
high (about -10 V), ZAMPOFF is high (about -10 V).
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2.5 Sampling Clock Rates vs Time/div

Single-shot:

Sample Intvl Time/div

Sampl. Rate
Ms/sec nsec
100 10 50 nsec
100 10.0 , 50 usec
40 25 .1 msec
20 50 .2 msec
10 100 .5 msec
4 250 1 msec
2 500 2 msec
1 1000 5 msec
1 Hz 1 sec 5 ksec
RIS:
Sampl. Rate Equiv. rate Sample Intvl. Time/div
Ms/sec Gs/sec
100 10 100 psec 1 nsec
100 4 250 psec 1 psec
100 2 500 psec 2 usec
100 1 1 nsec 5 usec
100 .5 2 nsec 10 usec
100 .2 5 nsec 20 usec




T

e KR

a

|

] 3018 -bu3nas son amo

3190

L-h2ZhE ON3I INOWJ

RELUP TR
L4 = Y 2 N 7 = S N
NZh6 HO4 301 __ oww 2AL y
h-B2hE * 1300u] S TseaGn « 5 L TR LRI 121 1N0 91UIN 013A 4399141
s
*aiibuodws) hoJ)es —’ . 31907 ¥3931uL —
T thids D AN0NL IS WimeE g
10 WA & sbe 81 10 Swu y
EaTeouy §) Sy ! Lawesael
A8 180N 4 UG NS M —
" - " - = UK (2]
2 g " SEE F Bk -
" - w qE'nQ”_ d u
201 - 201 14730 u31NN0I Vau ¥30181 —
1 WL W :.i"m V01U I0JUIINT 31BUNHEYI0US ¥3991613ud uww%__nw 2 a
L]
WL W - W] gy el el T Gieione wnsioau] |uasioan
119 2¢ < — 01 034 118 28 1
A Faois A A Jdaus AL A A1 A
— 4 * AN
e { - _ —_—
2 &l [ ~ 31901
B . e OWiT
L e._m._n NO111S1n0IY T
- 1sna
EJ () L : A
X 3 L. s e [
x _V. m = E ]
¥31NNDD = |- = L o o la a @ s
¥333101 s In - o ia |m »
1504 i ~ = clg S 5 L. 1|3 -
0d < ~ 8 2 N g o e S N 191ve
y =T - ™ j—- 504~
this Ly [ T |'= 2 ¥300330 fe— ou1e”
A]A x x 3 4.3
visioa] 00 EN E S H s |s = \"S REIRELURS il H“wﬁ
118 2 1 @zn m H -
004 004 = |=, - = . m
e 2 2 £® 5 14
= 2 4i0 N3
81 =
0u01 si-00 151101 0@
[T11} - Y3Alug )
¥31S193 us
118 2€ @ NOTIINTS 1-0518 1A
us "Emﬂ ) . UAswsn:L
G3INnoa vaLs193u 0583201
dudls <] =
s .
0 (g e k] o
Q [} Q X
3 2 « 1sn9 _ R §7] “ *HUBBZ hs4
X Vv \Y4 A\ A\ 1130
“HKEBh 21 BK pue §7 vastaw |y vasiaa | .E/m\_S/..\ T ZUH 001 °Gh
LD ) feiqi] H31S1938 118 st oY 119 ot 1}l 119 26 03 . ¥014111350
Yo1BYEI WD ﬂ.ws___.u_ ..m._w:___..u.. ¥3INN0I CETUT 1N A - )
0y 1HINIY SITMONIN SS3U00Y S3TUOW3IN 1HINIT SITYONIH yIm e Y301A10 AIN3NO3YJ “
— ] 2 ou013u | 2 u,as.u@
[ETTILT RN W’ 124 %12 1x3
5534008 n . 1n0 %38 WA
S3luowan EELCERIL \ *
91-€ ._..* - R ) wen
\ ) o ¥)20 30 A-1 %IxHO _ ,
Jay €-02h6 1 w30 «_

A

e

fl




20 Zus
3070-tM3HIS *ON- 9n0 |

88-834-51

425§ ¥OJ B339 01
h-BZh6 * 1300k

.v.-nE:Etl
NAOYO

xolsuoaw01 hoagje)

=

ARO4L I8 wimems sme &) 03 XBude D [

PNy R R e X
1 Bay ot a2 ine s i

[y A

1387 e
NOW|™ e

1035n 5118 92 LN

— e mm— — —- — —

1n Vv
Ny oV

Y3INNOD 118 2¢
20h13N

1934 + 8 93

1s1:0)0

I3 Ve
o

LIW/INNOD 133
a1 30U4IINI
3 sosone  coeo | ouod
=1 1K2 KO3
Wl
so u_uox._Emz:S
- ho
€0 20 10g0e0
i 14
S0 S0 b ho €O €D 2026 10 10 80 60/

H3aiNNod 119 nA
S0 00 0 fe-~= | 20 10 ag

u3LNn0a 11g ¢

ouo1

1

IRZ W1 SI nI €1 21 11 @l

S—n

ISIB10 | 133/91 1sNbuLe1n 938 e yya

~n
>
-

>
-

Hix3
JINAS
0301A

P ST ™ e ame e mme oo [ e e o
e o e o | w— | - o

Wl 1N0/RI 1102410
| 3Junos . 3786N3
ino ajuy IN3YENI 013a 91ui 100 9141 Je——— 378683 21W1
B4312
|m 13s
. . LI
v 3
] L <
- 0
3568 Il 1 o
& el B 1e:@) 1
4074 4174 914 d074 4174 INAS
, _ RET I o
: 017uA
1HY1S . 1no 13534 1IN0 ~
2uN — 18 1102413 1o e -
gun — a3y tetars q400t00 | HERL ] yoriuorqwa
SONUNWOI
51:@) 0 tEa L
_’ 31841LY1S
A. ZHN B0h
- 1 U3INNDD 118 2¢€ Jso
514610 | 435 b
~ tHete) L
168 e 1

€HD

L-hchb




E|

q .

.- I.B_ 1 50 1 ns] . 08-220-m1
2,1 3018-uu3K3s *on 2m0 .'.P.hm
9-T2he P % J1us
- $- 1¥ERN 10w dXJYe 1160
V310 I11owIHIE .. . _.”. ‘_.I.El INTYOL INOK 404 h e & 4d
Rouqe peree—te- | WUH
f011uvo0a Je uInod T0UINGD IN] | XNNS 1008 ——- 0u1N03 “N39 fe— uu3g
um.mﬁd."ﬂ.w.r:.ml.wm,m.mmmm_nnmnm U] [T INTH3Id  [@—=ee YUNHS  1NO0H o] HIISUR  ftme 32
_ A3 A & UG8 U DU Bl AISD S3a1 101100
‘ 8 NS 135S HIN
1IA J2A J0A olv_n'a(tl— q
[ sug
XNHI  dudl su8 § 1081
1SHON
e 4414 1 -
l——— 11 .
YdiN ae Wby tgny [ iive
Jay ’ e 1S
OH3H 907NY J4 1491 -
NI N ) ydsi 91
> 1148 OHLI 08
S 2y ssul
I— le— zuNEE 72 :
oq] ® dd 4
INUdNIye XNHI y334ne
B3 9 9 13534 = :._:h
ooy 2 H34ang . Y o1 4y
P ————
1 dd N33 1H1S 1lun
c s 300330 1IN 34400
4
t2 u8 .
ﬁ W3NWd INOY S . 93 YT € Le
S-h2h6 01 8shs o1 Ld1Hg - BXNZE =2
LTIV o e— HUYS S W4
. iy ¥30IAlQ
- w4 zle 1o s * 1IN3N03Y4 ot IN1/20u40)
no3s A ENERE H2xI I04INOJ 300230
U 1uM m N N
Wiy3s “ 141
d4u1 8%N8 %2 AWOMIN d¥3 4d
5““.,.._8 0UIND WHHS/HOHA]
, %12 u31SHK ; e 13s
CLL 3 ETYIT 9 €l 2 91 18889 un:N.M_nw_
£ 4408 wriuas | teua) oW um 2004-02 2€E a3
d3HS h W4
T . ¥ ‘
I1HN WIH3S 34743 1BhXNN 1STH/XUN/NIH ——sm INIW dzzzm\zetu 13s
m ﬁ " 2 DUIND SNE NdD
nxNgs2 =21 o ¥300330
- - - (CEL UM fe— sug =1 oou uane
Ooools gy T
218 (e e
- [ 952 uldss
=== = L
0U1N0D 8%uhg xg .
wewo | ez £l 21 g vHUS
100007 I
81 by 14730 NO Y3N0d deeu ggg m 1sug)
h 8 Y - 1SHOH  w1x)
WHHO NIS3Y I5N3S €H 20 H 12 o
. 1353y yaMad . g 298 g2°]
— 1353y 200431 UK
23A HUHO/WOUJD MS 13§ 3216 WIW inoau
- | (1 | i | fl I H




091 F |8F ) 08 + * 08 F| NO NO * 00v F | NO 0008 | ooor
01 F  |08F 08 F 08 F NO 00z F | NO | 000v | o0g
09I F |08F 08 F 08 F 08 F | NO 0091 | w0z
091 F |8 F 08 F 08 F| NO NO 00y F [ 440 | 008 | oot
08 F NO 440 {00z F | 40 ooy | os
/ WO ZH (I+ZH |
$0°0 } 4|4 } ' d| ro NO NO  |AwO00SLF | oocg [ coor
80°0 NO NO [AWOSLEF | ooop | o0
0 NO [AWOOSTF | o091 | ooz
v NO NO | AWOSL F | 008 | oor
80 NO AMSLE F | oy | os
Ixz 08 F| NO pIIF 08 F AWOST F | 091 0z
Xp NO |091F 08 F|d40 8 F 0y F AWO00E F | 08 01
xg [AworE o8 F|a10 |08 F O F|Jd0 for F 0z F AW009 F [ op 5
NIVO] U szindino k5 gue/ ﬂmmm mmm“ NI009 = A0I] [Aw] | [Aw]
10 AIH Doy ITH 0P 11H JAS:140 Sd4 |g9oNvu
e —<Zx = A__ -+ 7% o N . o1 —
N— ~ / N N 7/ /|<.|\ /,/\l\ {
10V AlLL 00k ITH 60F . IVIT  80p .1VH - Wb OV




d

-—-- lu._ 2 % 1 n

2.] 3070-uw3nas 1on ano

L-hehb

MAeI0 Il iawands

LT
18 e

Dy LN I8 Wit Ly bl 0D YD @ UN0TD
e 31 i) iBu Bl EiRLSe

o NG Lao o0t siiliusies BN imiuGD 3D
Kiulie N8 Bu §I SOICH slaL IDNim

wolisuoswod Rouje)

84 bW
- 41x3
CA L g INAS HOH INLS
Ty —— INIS 143A 0301A
881K
N3A2/000 teatu
INLST .
€-82K6 0f
100 9141
916t ME
r3yiH e
rayin E-82h6 01 hx/2x
ucxun— F
12/
h/e/1a 18NATH

h/2/121
204

h-62h6 01
HO1J3NNDD UK

2BhULH

L

100 9141

SHHO W

90h2ZHH
1

a0

H.uz

80hIIN

BanhIIH

h/2/71HD AD

66h14H 88H1H 1on16H wsga0z )7
2 A10 . $°2 Alo 81 AIO : 3sN3s 62
r ] 1no
—~ T
\ N N N s :
N \ N 2 mw
SHHD @5 SHHD BS
€K
BLh
€M TAD * s
- | 43
81 Alo
SKID HI
S0hzZHH m
20 ._‘ BT
68h1LK 8BRIHH LBh1bH 13s400 2 |7
2 AlQ S°2 Al0 el Al0 3SN3S W3
tno w3
_ [T
\ \ \ \ ’ 5.
- \ , \ N 2 mw
SHHO BS SHHO B85
h/2/tHa
aLh

h




—* | m v ] —
[ 4 He
i s8]
HH DN EE
bl 2 (]
tii:! E:: g L
i g;-:'N 5_5.
-4 - x Ll BLE E¥] wilio|fp e~ -E H -’:,. .c ~
al v =) N sle|& -2 i’g:?“é"’s:
" nlivin - viii | =
ml ol w - 2o eiy=d O g1
S z @ fited 2izjld
> o E' F; ()
g e g 5{1 C s
« © Erg ol & 4
Zive g i &
2,8 FEEE =
2l 8 Bz3a :, s
Ll e
3 el 5 - x
g T D &
gzl Z © x
e8| & 1
-
-t e e [AY] m >
T T x T x -3 x
VLLWUOD U o =] ofle=flalm
© [ - -t At
EQE; sIslE]E
O w b e [ " w "
[T
cC OO0 X
Sens
wz an]
x|
~n
by
n -
b -
- w
- 2
= [
o w0
- -l
(-3 =
[x] o A
{ P 14H73Y
e 21H13
8 p—iy13y O
f el SURED]
A L e 515738
H I S
e 1/5° 11Y
e t/2 118
-
Y Y A
e 146738 14873y e 1 4H713Y
s pmeme 01 /ZH —JUREN ——tIUREN] e 241730
R 8 P 1 I e JURED] VI e N JURET A e SURE ]
: pee [ 33 (5 p—tauay : e JURED] : el SURED]
o e Thl L P SLHI3Y o e JURED] O g TURED]
& p—o0s2¢ F P gab3u & P siy730 F P 0ab73n an
x e O1WJ IME e 1/5° 11H e 1/5° 118 e 1/5° 118
g 2 S e h/2 118 b 172 11Y e h/2 118
Z £ T =
= E m m
- -]
(=4 (-4 — -
=] (%] g g
= J 2 v g 'ng e INE me -
S e p -~ b g e 20110 s B 1 /ZH peeene 01/ 2ZH poe—ee B1/ZH
e Lo 8 = £ e EHTI g P 8 & p—1d
g2 ge et S p——raum N = p——r3uH
= E’ TN L e 5D (R ) [ ~S— & P 3437
2 e B p——9H= M3 & p—20/28 & p— & p—20/28
= - e 0]Ul ME — p——— 91u; M8
. Y] 1 pa—
E ~nN ™ ;‘ " w
1 55T -
ggdege
EEEEEE = & 2 z
) =) o ©
= | M oY —




MODEL 9451-1 POWER SUPPLY

Input voltage:

- Input frequency:

Inrush current:

Operating temperature range:
Hold—up.tiheé

Conducting EMI:

Isolation:

Input over-voltage protection:
'Outputs:

Output voltage:

Output voltage adjustment:
Output over-voltage protection:
Line regulation:

Output voltage regulation:

Transien. response (100 Hz):

Specifications

90 to 132 VAC’ 180 to 264 VAC’
selected by the user

45 to 440 Hz

max. 10 A at start-up

0° C to 65° C at full load

min. 20 msec, at full load and minimal input

VDE 0871 curve B, IEC 801

VDE 0411/0730/0804/0806, IEC 348/380/435
3750 VAC, 4000 VDc
input lines to ground leakage current

<5 mAAc, 50 Hz

yes

four, with common return (ground)
out 1, +15 V: +15.00 V +1%, nom. 3.2 ARMS
out 2, -15 V: -15.04 V +1%, nom. 3.8 Aays
out 3, +5 Vi +5.07 V +1%, nom. 8.6 Ao
out 4, -5 V: -5.16 V £1%, nom. 10.8 Ap,c
min. +5% v

no

max. O.IZ'at any load |

+15 V and —15'V:A¢IZ 1.5 4 to 4.5 A load
+5 V: +1% 6 A to 11 A load

-5 V: +1% 9 A to 13 A load

+15 V and -15 V:

<0.5 V, 500 usec: 2 A to
4.5 A |

+57V: <0.2 V, 500 usec: 6 A to 11 A



Output ripple and noise: +15 V and -15 V: max. 100 mVpp‘(IOO MHz)
| +5 v and -5 V: max. 80 mVpp (100 MHz)
50 Hz output ripple: max. 5 mV

Maximum output current:

+15Vand- 15V: I max. = 5A79

+5Vor-15V Inom  Imax
|
|
|
|
|
“Ground” }

~35ARMS 5A

+5V : ITmax. = 11A3%
Inom Imax
+ 5V
|
i |
| 1
| |
| |
] |
“Ground” l =
8.6 ARMS 11A
+35V : 1 max. = 14A30
I nom I max.
-5V I

| |
i |
| |
“Ground” { {
| |
| |

10.8 ARMS 14A



Max. output current adjustment:

Soft-start:

min. +20%

input 9O,VAC’ 45 Hz: outputs Inominal
start-up
+ 15V
: + 5V
v X
» -5V
Input capacitors
loading time
max. 600 msec -15V

"Power output:

Line sync output:

Fan power supply output:

Safety:

Line input connector:

max. 30 msec

nominal 204 W

maximum 240 W

square signal, duty cycle 50%, 45 to 440 Hz
levels: 0 = 0 V y 1 =45V

rise ﬁnd fall time <100 nsec

isolation: liné-line sync output 2.5 kV,.
15 VDC’ max; 0.15 A

designed to meet the following international

safety requirements:
~VDE 0411/0730/0804/0806, IEC 348/380/435

CEE 22/VI (XIV), ASE type 113



X2 Base card connector: | header 10 Pins 94V0 material
| AMP
pin éssignment
1: positive line sync
2: common return
3 to5: 45V
7 to 8: -5V
4 to 6: common feturn
9: 415 Vv
10: -15 v
X3vdi5play cord connector: header 3 pins, 94V0 material
AMP 350789-1
pin assignment
1: -15V, with fuse slov 2 A
2: common return

- 3: +15 V, with fuse slow 2 A
X1 Fan connector: header 2 pins, 94V0 material

AMP 350786-1
pin assignment
1: common return
2: +15 Vv |
Probe power connector: ' two, located on the switchboa;d
LEMO RA 0304 N
pPin assignment
1: 45V
2: ground, common refurn
3: =15V

b: +15 V
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Chapter.3

BASIC PERFORMANCE TEST PROCEDURE
AND

INTERNAL DIAGNOSTICS AND CALTBRATION
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3.1 Basic Performance Test Procedure
for the 9424 Digital Oscilloscope

3.1.1 Turn-On

Before switching on the 9424 Digital Storage Oscilloscope (DSO), check
that the correct line voltage is set at the rear-panel pover selector.
Switch on the power using the power switch on the rear panel.

Then check:

- that the display turns on after about 10 seconds
- that the display is stable

- that the range of INTENSITY and GRID INTENSITY is reasonable

Vait for about 20 minutes for the scope to reach a stable operating
temperature.

3.1.2 Noise on the Inputs

This is to verify the proper operation of all front-end components.
Vith no signal connected to the inputs, set the DSO as follows:

- turn on traces CH1, CH2, CH3 and CH4
- Grid: single ’

- Input couplings : 1 MQ DC

- Input gain: 5 mV/div

- Trigger:
SMART (COMPLEX) Trigger: OFF
Source: LINE
Coupling: AC
Mode: : NORM
- Time/div: . 10 msec/div
- BWL: OFF
Check:

- displayed wvaveforms should have a conztant band of less than 3 minor
divisions _ '
- there is no discernible periodic structure



Repeat the test for Time/div = 5 msec/div, 2 msec/div, 1 msec/div, and
.5 msec/div and check as above.

3.1.3 'Tesf of the ADCs

This is to verify proper operation of the ADCs at the two nominal
sampling frequencies: 100 and 40 Ms/sec. ,

Vith all inputs open, set the DSO as follows:

- turn on the CHl1 trace

Grid normal

- Input coupling CH1: 1 MQ DC

Input gain 50 mV/div, offset zero

- Trigger:
SMART (COMPLEX) Trigger: OFF
Source: LINE
Coupling: AC
Mode: NORM

Time/div = 50, 100 usec/div

For each of the two time bases above, check for CH1:

- displayed waveform should lie within a band of less than 3 minor
divisions

- using the offset control, move the trace for CH1, slowvly through the
entire range and check that there is no significant change in the
displayed trace. Repeat for channel 2, 3 and 4.

3.1.4 Offset

Set the DSO as follows:

- turn on the trace for CH1
- Grid normal

- Input set to GND
- Input gain 5 mV/div, offset zero

- Trigger:
SMART (COMPLEX) Trigger: OFF
Source: LINE
Coupling: : AC
Mode: NORM

- Time/div = 50 usec/div
- BWL OFF :




Switch between 50 Q DC and GND, and 1 MQ DC and GND.
Check:

- the trace should not move more than a minor division or 1 v
Repeat the same te$t for CHZ2, CH3 AND CH4.

3.1.5 Input Impedance

Set the DSO CH1 input to 1 MR DC with any time base and gain.
Check with an ohmmeter:

- input impedance must be 1 MQ + 2%

Set DSO CH1 input to 50 €, 20 mV/div with any time base.
Check:

- input impedance must be 50 Q + 2%
Repeat 50 @ test for 50, 100, 200, 500 and 1000 mV/div.

Repeat allkimpedance checks for CHZ,>CH3, CH4.
3.1.6 Pront-End

Set the DSO as follows:

turn on the trace for CH1l
Grid normal
Input 50 @, gain 100 mV/div, offset zero

- Trigger:
SMART (COMPLEX) Trigger: OFF
Source: CH1
Coupling: - DC
Mode: NORM
Delay: ' 50X
Level: ] zero

Time/div = .1 usec/div
BVL OFF



Apply a>600 mV p-p 1 MHz square wave from a fast (less than 1 nsec)
risetime function generator (for example TEK PG502) to CHI1 input. Press
the Interleaved Sampling button on the oscilloscope to turn on the RIS
mode.

Check:

- There should be no large overshoot at the rising and falling edge:
50 @: less than 10% overshoot
- Check the same at 10 mV/div, input 60 mV p-p

- Repeat the above test for CH2/3/4 .

3.2 Internal Diagnostics and Calibration

The 9424 Internal Diagnostics and Calibration menu is entered by
pressing the "Main Menu" button while keeping the lowest menu button
depressed.To quickly check the performance of the scope, press the
'CALIBRATION Constants’ button and then press ’Full Recalibration’. It
is advisable to perform this type of check when the scope is in a
stable condition after about 20 minutes of varm-up. Then enter
‘Calibration Error Log’ and you get a comprehensive summary of the
scope’s calibration status. If all the error status codes are zero, it
is very likely that everything is OK, except for the linearity which is
best checked by ‘Chan 1+2/3+4 Full Test’. If you find error codes
different from zero, you can find more information on the problem from
the other ’Constants’ menus or from the various 'Curves’ menus. Before
ve turn to a description of the menus relevant to service, let us give
the interpretation of the calibration error log.

3.2.1 Calibration Error Log

This is a handy tool to perform a quick but comprehensive internal
performance check, without touching the acquisition settings. Just push
’Full Recalibration’, then go to ‘Calibration Error Log’. The result
‘displayed is independent of your current time base, sensitivity and
other acquisition settings. The conditions to be tested are set
automatically during the recalibration. The error conditions are coded
into binary bits, i.e. each bit set represents a certain error. The
error status is represented in a hexadecimal number (= 4 bits =1
nibble) for each acquisition condition, see Figure 1.




LeCroy

CALIBRATION ERROR LOG

—_— ] Vertical Calibraotion
4 nibbles=(BW. OFF,50Q) (OFF, 1MQ) (ON, 500) (ON, 1MQ)
Chan 1+2 (8=0Ffset Range, 4=0ffset Conv, 2=Gain Range, 1=Gain Conv)
CALIB CONST ‘ Q“MN‘I CHANZ CHAN3 CHAN4
Chan 3+4 5 mV 0 0 0 0
10 mV 0 0 4] 0
omue J8E 28 &
m
1Yy 0 0 0 0
Full Re- B 0 0 o 0
calibration | TMS Status HWorking Working
Ecgmm 4 nibbles = (Unused) (unused) (100Ms) (4Me)
Trigger Cal. 0 0 0 0
(2=No BHL, 1=BWL)
More Consts
Rsturn TOC Calibration 0

Figure 1: ’Calibration Error Log

Vertical ‘Calibration:

BWL ON/OFF and 50/1M 1nput coupling makes 4 acquisition conditions per
channel. The error status of each is represented by a nibble (as
explained on the display). The 4 error bits have the following meaning:

1=gain convergence: One or more of the 8 nominal DAC calibration
points cannot be reached.

2=gain range: A multiplicative calibration parameter becomes
‘ too small (dgain < 0.95) such that there may not
be sufficient variable gain. Some older units may
show this problem at 1 MQ due to an 1mpreclse
svitchable attenuatlon.

4=offset convergence: One or more of the nominal points to calibrate
’ the offset DAC cannot be reached.



8=offset range: the calibration found may go out of DAC range for
certain offset values chosen (this problem should
never occur at 5/10 mV)

Examples:
Code 303: Gain range and gain conv. problem at 1 MQ, BWL ON and OFF
S

Code 4c6d: Offset conv. problem on all 4 coupling conditions
o Offset range problem at 1 MQ BWL ON and OFF
Gain range problem at 50 Q BWL ON
Gain conv. problem at 1 MQ BWL ON

TMS status: Status must be ‘working’. ‘No memory’ is indicated if the
ADC board is not present. Other fatal messages may come up,
like ‘TMS broken’. o

The following tests report problems for each of the two possible

sampling rates (100 Ms/s and 40 Ms/s). '

‘Trigger Calibration:
1=BVL ON
2=BVL OFF

Example:

Code 31: Problem at BWL ON for the two sampling rates.
Problem BVL OFF at 100 Ms.

TDC Calibration:

The Interpolating TDC is calibrated at 40 and 100 Ms/sec. If it is OK,
error code is equal to zero. '

Examples:

IDC Calibration Code 10: Calibration problem at 100 Ms.

That’s all that is required for a quick but complete internal check of
the scope. If there remain error codes (not egual to zero), the

following menus may be used to get more detailed information on
~ possible problems and failures.




3.2.2 Chan 1+2/3+4 Full Test

The DC non-linearity is analyzed automatically for BWL ON/OFF, 50/1M
coupling and both channels for the sampling rate you have set. The last
tvo lines at the bottom of the table list the largest non-linearities
found for 5 mV/div and all other gains. The test should be done for the
twvo possible sampling rates 40 and 100 Ms/sec, i.e. for time bases 100
and 50 psec/div. However, the current sampling rate is not displayed.
In order to change the rate, one has to leave the menu and set the
time/div appropriate to the required sampling rate, see table in 7.1.
At present, the non-linearities should not be larger than 3% for
5 mV/div, and 2% for > 5 mV/div, see Figure 2 and 3.

Before starting CH 1+2/3+4 Full Test, perform a Full Recalibration.

FULL DC NON-LINEARITY ANALYSIS Srats 100Ms/s '
— CHt ‘ ' cH2
Chan 142 BW-Limit  OFF ON OFF ON
CALIB CONST
, Q: Max. Devictions (in 2) .
Chan 344 BmV -8/ .4 -8/ -4 -6/ .4 - .4
— 10 mv -.g g -z .g -.z .g -z; g
Chan 142 20 mv - . RN . - . -. .
FUL TEST|BOMV -8/ .2 -4 .2 -8 .0 -2 .2
Y s 2 -4 1 -8/ 1 -4 4
Chan 3+4 2V -8 2 -8/ .2 -6/ .0. -2 .3
—_— BV -4 .2 -8/ .2 -5/ 4 -1 2
Full Re- 1v -4/ 1 -2 .3 -4/ .4 -2/ .6

ocalibration
Calibration 1 MQ: Max. Deviations (i

)
. s

BMY  <1.8/ =1 =B/ 4 =2/ & -8/ .4
10mV -2/ .2 =2/ .3 -4/ 2 -4/ .8
20m¥Y -2/ .8 -8B/ .2 -4 0 -2 .2
50 my -6/ .2 - -8/ .3 -3/ .0 -3/ .4
' 1V -8/ .2 -.g// ; -.g } -.g E
More Conste | 2 Y -8 .2 - -. . -. .
5V -8 .2 -4 .2 -6 1 -3 4
1V -8 .2 -5/ .4 -4/ 3 -2 .4
Returmn :
: Summary  6mV -1.3/ 0.4 e e -0.65/0.5 se
‘ > 5mV :: 0.8/ 0.4 ee ee 0.6/ 0.6 ee

Figure 2: CH 1+2 Linecrity Analysis



Chan 1+2
CALIB CONST
Chan 3+4

Gﬂ\HZI
~FULL TEST
Chan 3+4

Full Re-
oalibration

Calibration
Error Log

More Consts

Return

FULL DC NON-LINEARITY ANALYSIS Srate 100Ms/e

BW-Limit OFF ON

60 Q: Max. Deviations (in )

5lllv - / . - 0
10 mv -05/ -5 -03/ .6
20 mv -4/ .4 -2/ .5
80 mv -4/ .3 -3/ .4
AY -4/ .8 -4/ B
2V -8 1 -2/ .4
LYy -4/ .8 -.4/ .6
1v -5/ .4 -4/ .7

1 MO: Max. Deviations (in X
Smy -3 .7 -1/ .4
10 my -4/ .2 -0/ .3
20 mv - 2 -1 .2
S50 mv -3 .1 -0/ .38
AV -8 .1 -4/ .2
2V -4/ .2 -1 .4
5 Y -2/ .2 -.0/ .4
1V -2/ .8 07 .4

SmV «+ 0.5/ 0.9

> bmY e« 0.6/ 0.7

3.2.3 Chan 1+2/3+4 Gain Curves

The variable gain curve is displayed for two channels for the
acquisition parameters set. The center line is at inverse gain 1.75
(e.g. 1.75 V/div total gain for fixed gain at 1 V/div) and vertical
So the top border is at 2.75 and the bottom at
0.75. Horizontally the curve goes from DAC -8 V at the left to O V at
the right. The curves should be smooth and go well above the inverse
gain 2.5 and 1.0 limits indicated, where the variable gain is at .4 and

units are 0.25/div.

1., see figure 4 and 5.
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3.2.4 Chan 1+42/3+4 Gain vs Time

The gain variations over time are displayed for both channels for the
acquisition parameters set. One vertical div is 0.5%. At present, the
variations should stay within + 3%, see Figure 6 and 7.

srote 100Ms/s bwl OFF Ch1:50mv 1M Ch2: 50mv 1M [eCroy

XMomC
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Figure 6: CH 1+2 Gain vé Time
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3.3.1 Bandwidth at 50 @ Input Impedance

The purpose of this test is to ensure that the entire 9424 system has a
bandwidth of at least 350 MHz at 50 © input impedance.

Set up a Leveled Sine Wave Generator (for example Marconi 2019A):

- Frequency .5 MHz '

- Amplitude 2.8 V p-p (maximum for Marconi)

. Connect the generator output to CH1 input.

Turn off all the traces, except CH1.



Set the trigger:

SMART (COMPLEX) Trigger: OFF

Source: CH1
Coupl: ' HF
Mode: NORM
Delay: zero
Level: : zero

Set input CH1:

Coupl: 50 @
Gain: - 1V/div
Var Gain: 1
Offset: : zero

Set the time base:

-Time/div v .5 usec/div
-Interleaved . ON '

Bandwidth limit: OFF

Adjust the generator output amplitude and CH1 offset to get a 5
division p-p sine wave, or maximum possible from the generator for the
large V/div gains (Marconi 2.8 V p-p maximum).

Increase the generator frequency, while'decreasing the Time/div until
the sine wave p-p amplitude is .7 * 5 divisions = 3.5 divisions (3 dB
point), or 70% of the initial amplitude at .5 MHz.

Check:

- the frequency of the generator must be at least 350 MHz

Repeat the above for CH1, CH2, CH3 ahd CH4 for input Volts/div = .5 V,
.2V, .1V, 50 mV, 20mV, 10 mV, 5 mV. ‘

Set the bandwidth limiter ON.

Repeat the same test as for the bandwidth limiter OFF.

Check:

- the frequency of the generator at the 3 dB point must be 70 MHz + 20%



3.3.2 Bandwidth at 1 M2 Input Impedance (at Probe Tip)

The purpose of this test is to ensure that the entire 9420 system has a
bandwidth of at least 200 MHz at probe tip at 1 MQ input impedance.

Set up a Tektronix SG 503 Leveled Sine Wave Generator or equivalent
(note for the Marconi that the maximum amplitude is smaller than 5 V):

- Frequency .5 MHz
- Amplitude 5 V p-p

Terminate the output of the SG 503 via a 50 @ feedthrough and connect
it to the CH1 input through a 300 MHz 10 MQ /10 probe using the probe
tip - BCN jack. Make sure the probe has a 300 MHz bandwidth (for
example our model P9020 M15x10HF), and is _perfectly adjusted, 1low
frequency and high frequency (see brochure enclosed with probe).

Turn 6ff éll the traces except CH1.

Trigger:
SMART (COMPLEX) Trigger: OFF
Source: CH1
Coupl: HF
Mode: : NORM
Delay: zero
Level: : zero

Set the input of CH1:

- Coupl: 1 MQ AC
- Gain: ’ .1 V/div
- Var: Gain 1

- Offset: zero

Set the time base:

~ Time/div .5 usec/div
- Interleaved : ON

Bandvidth limit OFF

Adjust the SG 503 output amplitude and the CH1 offset to provide a5
division p-p sine wave.

Increase the SG 503 frequency, while decreasing the Time/div until the
sine wave p-p amplitude is .7 * 5 divisions = 3.5 divisions (3 dB
“point).

Check:

- the frequency of the SG 503 must be at least 200 MHz



Repeat the above for CH1, CH2, CH3 and CH4 for input Volts/div = 50 mV,
20 mV, 10 mV, and 5 mv.

Set the bandwidth limiter ON.
Repeat the same test as for bandwidth limiter OFF.
Check:

- the frequency of the SG 503 at the 3 dB point must be 70 MHz + 20%



3.4 Manual linearity test using an external high precision voltage
source.
NIST traceable calibration

In absence of the computer automated calibration system based on
CALSOFTZ for the 9424 model oscilloscope, the manual Performance Test
Procedure can be followed for establishing an NIST traceable
calibration, provided the measurement instruments used are NIST -
traceable calibrate. ’

For an NIST calibration, follow the manual linearity test procedure
using a calibrated and certified high precision (better than 0.1%)
voltage source, for example TEK PS5004 supported by CALSOFTZ2.
Manual linearity Test Procedure

Set scope to: |

Single Grid ON

Ch to be tested ON, offsét 0

2 msec/div -

BWL ON

Pulse parameters ON

LINE trigger

SMART trigger OFF

For each V/div and both 50 Ohm and 1 M Ohm DC coupling and for all
channels separately, check the following:

Apply to the CH to be tested a DC voltage from the high precision

voltage source with the following three values one after the other:
0, + 3 major screen divisions, - 3 major screen divisions. For each
point, read off the ’Mean’ parameter voltage and compare to the digital
read-out of the voltage reference. ’

The difference of the two values in volts shoulcd be within 2% of full
scale of the scope.



3.5 Trigger Level for DC and HFRej

Set up any sine wave generator, capable of generating sine waves to
500 Hz, for example Intron IFG-422 or Topward TFG-8101:

- frequency 500 Hz

Connect the output of the generator to CH1.
Set up the DSO:

Turn off all the traces except CH1.

Set the trlgger.

 SMART (COMPLEX) Trigger: OFF

Source: CH1

Coupl: DC

Mode: NORM

Delay: : 50% Pretrigger
Level: : zero

Set the input CH1:

- Coupl: 1 HQ, DC

- Gain: .5 V/div
- Var: Gain 1
- Offset; zero

Set the time base:

- Time/div: .2 msec/div



Adjust the sine wave generator’s output amplitude td get 8 divisions
P-p, corresponding to a 2 V amplitude. It is important that the offset
of the input is set to zero (use Panel Status to verify). Use the
offset adjustment of the sine wave generator to center the signal with
respect to the screen. '
Check:

- the sine wave must pass through the horizontal center of the screen
(50% pretrigger line) at the vertical position zero (vertical center)
vithin + 3 minor divisions :

Repeat for the following conditions:

- trigger slope POS and NEG (verify slope at check point)

- trigger coupling DC and HFRej

Set the trigger level to + 1.5 V.

Check:

- the sine wave must pass the horizontal center at + 3 divisions vithin
+ 3 minor divisions

Repeat for the following conditions:

- trigger slope POS and NEG (verify slope at check point)

- trigger coupling DC and HFRej

Set the trigger level to - 1.5 V.

Check:

- the sine wave must pass the horizontal center at - 3 divisions within
+ 3 minor divisions

Repeat for the following conditions:
- trigger slope POS and NEG (verify slope at check point)

- trigger coupling DC and HFRej



Disconnect the input from CH1 and connect it to input of CH2.
Turn off all the traces except for CH2.

Set input CH2:

- Coupl: 1 MQ, DC
- Gain: .5 V/div
- Var: Gain 1
- Offset: zZero

Set the trigger source to CH2.

ﬁepeat the above check procedure for CH2 then for CH4.
3.6 Smart/Complex Trigger

3.6.1 Trigger on Pulse Width >, €

Set up the DSO:
Turn off all the traces except CHI.
Set the trigger:

Smart/Complex Trigger: ON

Trigger Type: SINGLE SOURCE
Vidth Type: - PULSE VIDTH
Source: CH1.

Coupl: AC

Slope: +

Level: zero

Delay: 20% Pretrigger
Set the input of CH1:

- Coupl: 50 ©

- Gain: .5 V/div
- Var: ~ Gain 1
- Offset: zZero

Set the time base:

- Time/div: 20 nsec/div
- Interleaved: ON




Apply sine wave signal 3 V p-p of 75 MHz. Adjust PULSE Width to
7.5 nsec for both < and >, and switch between WIDTH < and WIDTH >.

Check:
- Width < 7.5 nsec scope should trigger
- Width > 7.5 nsec » scopé should NOT trigger

Set the sine wave generator to 230 MHz. Adjust PULSE VIDTH to 2.5 nsec
and switch between WIDTH < and WIDTH »>. ' . _

Check:
- Width < 2.5 nsec scope should trigger
- Width > 2.5 nsec scope should NOT trigger

Repeat the above test for CH2 and CH4.

3.6.2 Trigger on Interval Width <

Set up the DSO:
Turn off all the traces except CHI.
Set trigger:

- Smart/Complex Trigger ON

- Trigger Type : SINGLE SOURCE
- Vidth Type INTERVAL VIDTH
- Source CH1

- Coupl - AC

- Slope ; +

- Level ' zero

~ Delay 20% Pretrigger

Set the input of CH1:

- Coupl 50 @

- Gain .5 V/div
- Var Gain 1

- Offset zero

Set the time base:

- Time/div 2 nsec/div
- Interleaved ON :



Apply a sine wave signal 3 V p-

Width < and adjust width to 10 nsec.

Check:

- 200 MBz: Vidth < 10 nsec, scope should trigger

- 110 MHz: Vidth < 10 nsec, scope should trigger

- 91 MHz: Width < 10 nsec, scope should NOT trigger

Set freduency to 74 MHz and INTERVAL Vidth to < 15 nsec.

Check:

- 74 MHz: Vidth < 15 nsec, scope should'trigger

- 61 MHz: Width < 15 nsec, scope should NOT trigger

Repeat the above test for CH2 and CH4.

3.6.3 Trigger on Interval VWidth >

Set up the DSO:

Turn off all the traces except CHI.

Set the trigger:

- Smart/Complex Trigger
- Trigger Type

- Width Type

- Source

- Coupl

~ Slope

- Level

- Delay

Set the input of CH1:

~ Coupl
- Gain
- Var
Offset

 Set the time base:

~ Time/div
- Interleaved

ON
SINGLE SOURCE
INTERVAL VIDTH
CH1

AC

-+

zero

20% Pretrigger

50 @

.5 V/div
Gain 1
zero

5 nsec/div
ON

p of 200 MHz to CH1. Turn to INTERVAL



Apply sine wvave signal 3 V p-p of 100 MHz to CHl1. Turn to
Vidth > and adjust width to 25 nsec.

Check:
- 100 MHz: Width > 25 nsec, scope should NOT trigger
- 44 MHz: Vidth > 25 nsec, scope should NOT trigger

- 37 MHz: Vidth > 25 nsec, scope should trigger

Set the frequency to 40 MHz and INTERVAL Width to » 27.5 nsec.
Check: | '
- 40 MHz: Width > 27.5 nsec, scope should NOT trigger

- 33 MHz: Vidth > 27.5 nsec, scope should trigger
Repeat the above test for CH2 and CH4.

3.7 Time Base Accuracy

3.7.1 Manual Time Base Test

INTERVAL

In order to verify the time base, use a sine wave generator of 1 MHz

with a frequency
Marconi 20194).

accuracy of better than 10 ppm (for
Set up the DSO:
Turn off all the traces except CHI.

Set the trigger:

OFF

- SMART (COMPLEX) Trigger

- Source CH1
- Coupl DC
- Mode NORM
- Slope ’ +

- Delay 0%

- Level zero
Set the input of CH1:

- Coupl 50 Q
- Gain .5 V/div
- Var Gain 1

- Offset zero

example



Set the time base:

- Time/div : 2 usec/div
- Interleaved ~ ON

Set the sine wave generator to 1 MHz and put a signal on to CHl. Adjust
amplitude to get about a 6 division p-p signal. :

Select trigger mode SINGLE (HOLD).

Turn DUAL GRID ON.

Turn ON EXPAND A with CHl.a§ the source.
 Adjust TIME MAGNIFIER to .1 psec/div.

Turn horizontal POSITION on DISPLAY CONTROL to select the 3rd period of
the displayed waveform. :

Put the expanded trace on the second grid using the vertical POSITION
knob, see Figure 8.
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Figure 8: 3rd Period Expanded



Turn ON EXPAND B with CH1 as the source.
Adjust TIME MAGNIFIER to .1 usec/div.

Turn the horizontal POSITION on DISPLAY CONTROL to select the 13th
period. ” '

Overlay the 2 expanded traces on the lower grid using vertical and
horizontal POSITION knobs on DISPLAY CONTROL, see Figure 9.

~ leCroy
XChan1
.4ps BV
o AlA X Chan 1
Main Merw ' | | I [{].1us .5V
|
| |
A |
Multi Zoom L[ | | ‘ L1
' OFF
,/"'\\
v N Chan 1
A A
7‘/ \\
s
CH{ 0.00Y DC o BV .
- g b
O# 10V ~ T/div 2ps

Figure 9: 3rd and 13th period 'overlaid

Measurement of the time difference:

- turn the RELATIVE TIME CURSORs ON _ . :

- put the REFERENCE cursor on top of the 3rd period (check on upper
grid) ' : :

- Put the DIFFERENCE cursor on top of the 13th period (check on upper
grid) and adjust alignment of the two cursors (check on lower grid),
see Figure 10. ' :



LeCroy
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Multi Zoom
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. N v
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U 89.99000 KHz & 5V I vay 2m

Figure 10: Aligned cursors

Turn DUAL ZOOM ON.

Turn TIME MAGNIFIER (DISPLAY CONTROL) to select the maximum expansion.
Refine adjustment of the two cursors, see Figure 11.
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Figure 11: Alignment of cursors with maximum expansion

Check:

- The difference time reading must be within 9.998 and 10.002 pusec




3.7.2 NIST Calibration

In the absence of the computer automated calibration system based

on LeCalsoft for the 9424 model oscilloscope, this procedure can be
folloved for establishing an NIST traceable calibration provided the
measurement instruments used are NIST traceable.

For an NIST Calibration use this procedure in place of the Manual
Time base Test procedure ( 3.7.1 ).

Scope set—up‘:

Time Base : 10 usec
- RIS MUST BE OFF
Set Trigger to Auto
Smart Trigger OFF

Connect the rear panel SAMPLE CLK OUT BNC to a suitable frequency
counter. This output should be terminated 50 Ohm to GND. This is a
DC coupled high impedance output which will drive a 50 Ohm load from
0 mV to -800 mvV. : '

This sample'ciock output deiivers a continuous signal at half the
sampling frequency, 100 MSample/sec sample rate will read S0 M4z at
the clock out.

The accuracy of the sample clock out will reflect the internal elock
accuracy, however scopes shipped after December 1988 have a clock
accuracy of 0.002%, scopes shipped before this date and not yet
modified are 0.01%. :

If you have a scope that is fitted with the 0.01% clock accuracy,
it can be upgraded to 0.002% at no charge. Please call your local-:
LeCroy service center for details.

The frequency measured at the sample clock out on the 9424
oscilloscopes with 0.01% accuracy will measure 49.995 to 50.005 MHz,
0.002% accuracy will measure 49.999 to 50.001 MHz.




Chapter 4

SERVICE INFORMATION
AND

PROCEDURES
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4.1

Disassembly and Assembly Procedure

The disassembly and assembly procedures detailed below refer to the
assembly and disassembly diagram and the view of figure 4.1.,4.2.,4.3.

Please study the diagram and figures before attempting disassembly.

kkk CAUTTION wk

Before removing any parts from the LeCroy 9424 DSO, be sure to read
carefully the instructions referring to those parts, noting any
precautions needed to avoid problems caused by mechanical behavior,
static electricity, high-voltage supplies, etc...

The usual precautions against static electricity are required
(antistatic MAT, foam, bag)



Disassembly and Assembly Diagram

4 . 1 L] 1
Disassembly: Any board can be removed only if «ny items higher in the
diagram and connected by a line are already out.
4.1.2 4.1.2
y
F424-8 CARD m F9421.8 P9424-9
CLOCKBUS RETAINER SUPPORT FRON'T PANEL REAR PANEL
32 (34) 33) an )]
414 413 413 415 416
| | L A |
v 4
P9424-6 F945]-1 CRT P9450-2
PROCESSOR POWER SUPPLY WITH YOKE DISPLAY
29 a8) ® as)
4.1.11 4.1.10 4.1.8 4.1.7
¥ Y
F9420-3 .
ADC DEFLECTION
CHANNEL 1 YOKE
(28) ®)
41,12 419
¥
F9420-4
TDC
27
4.1.13
v H‘ —y v
F942:-3 F9424-7 F9424-)
ADC FRONT END BASE
GiA(I\'z}g')EL 2 (14) (13)
4.1.12.2 4.1.14 4115
F9424-2
SUPPORT FOR
MEMORY CARD
an
4.1.18

Assembly: The reassembly procedure is the inverse of

procedure.

the disassembly
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UPPER COVER

*~

ASSEMBLAGE SEQUENCE 0 PARTS SCREWS WASHE RS NUTS
POS DESCRIPTION PART NUMBER | QTY | PART NUMBER | QTY | PART NUMBER | GTv | PART NUMBER
1 |[SiDE PANEL 709 424 021 | 2
2 |REAR SUPPORT 709 424 041 | 1 | 550 440 108 | & | 551 440 300 | &
3 [DISPLAY SUPPORT 705 42: 031 | 17 | 550 44C 108 | 4 | 551 440 300 | &
4 |CARD GUIDE 530 £10 001 | 5 | 550 430 104 | 10 | 551 43¢ 300 | 10
5 [MOTHER CARD SUPPORT 709 424 051 | 1 /550 440 108 | 4 | 554 44 300 <
6 |CRT ORANGE 321 220 009 | 1 | 550 440 416 | 4 | S54 440 202 & | 552 440 100
709 450 071 | 4
7_|SPRING EXT TYPE 190mm | 554 310 001 | 1
8 |DEFLECTION YOKE 300 090 o001 | 1
9 |REAR PANEL FOR 9424 F942e-9 1| 550 440 406 6
10 | SPACER INSERT GUIDE 709 42¢ 098 | 1 | 550 440 120 | 1 | 551 440 300 | 1 | 709 424 011
11 |SUPPORT FOR MC F9424-2 1
12 | HANDLE 530 304 005 | 1 |550 440 120 2 709 424 011
13 |94XX-1 WITH MC LOGIC F5424-1 ' | 550 430 106 | 4 551 430 300] 4
14 |QUAD CHANNEL FRONTEND F5424-7 ! | 550 430 106 | 2 |S51 430 300 g
, 550 430 108 | 3
15 | DISPLAY [ARD FOR 94XX F9450-2 1 | 550 430 106 | 4 |551 430 300 | 4
16 | INSERTION GUIDE MC 709 420 098 | 1
17 ]QUAD CHANNEL FP CARD F9424-5 1 [ 550 440 406 | ¢
18 |POWER SUPPLY 9451-1 315 040 015 | 1 | 550 440 105 | 4 | 551 440 300 | &
550 440 506 | 2
9 |LABEL "DANGER---ONLY | 377 051 005 | 1
20 |DISPLAY SOWER [ABLE 786 210 030 | 14
21 |CRT CABLE 780 299 025 ! 1
22 |FRONTEND BASE CABLE 780 234 126 | 1
23 |BASE CARD POWER CABLE | 780 220 015 | 1
24 | MEMORY CARC CABLE 780 231 131 ] 1
25 |GROUND CABLE 780 544 512 | 1
26 |LABEL GROUND SYMBOL 377 131 001 | 1
27 | TIMEBASE CARD F9420-4 1
28 |DUAL CHANNEL ADC F9420-3 2
29 |PROCESSOR CARD F9424-6 1
30 |FRONT PANEL CABLE 760 411 236 | 1
31 |CABLE CLIP AD BACK 594 230 002 | 1 :
32 |CLOCK-BUS F9424-8 ' | S50 430 106 | 2 | 551 430 300 2
33 |POWER SUPPLY SUPPORT | 709 42 06t | 1 | 550 430 106 | 2 | 559 430 300 | 2
34 |CARD RETAINZR 709 424 095 | 1 | 550 440 108 | 2 | 551 440 300 | 2
35 |FOOT 530 010 026 | ¢ 550 440 110 | « | 551 440 362 | 4 | 552 240 100
3¢ [LOWER COVER 709 424 081 | 1 | 550 448 70F | 4 | 551 440 501 | &
37 709 424 071 | 1 1550 ¢up S51 440 501 | &

Figure 4.3

70¢




4.1.2

4.1.3

4.1.4

Removal of upper and lover covers

The top (37) and bottom (36) covers are each secured by four M4X8
screvs and vashers. To remove the bottom (36) cover turn the handle
(12) to the forward position. See figure 4.1 and 4.2

Removal of the top cover (37) gives access to the following boards:

11 - F9424-2  Support for Memory Card
15 - F9450-2 Display Board ,

18 - F9451-1 Power Supply or 94XX-1701
27 - F9420-4 Time Base

28 - F9420-3 Dual ADC

29 - F9424-6 Processor

32 -  F9424-8 Clock Bus

vhile removal of the bottom cover (36) gives access to:

13 - F9424-1 Base
14 - F9424<7 Front End

vhen working on the DSO it is useful to remove both covers, also to
access to: : : ‘

9 - F9424-9 Rear Panel
17 - F9424-5 Front Panel

Removal of the power supply support and card retainer

The power supply support (33) and the card retainer (34) hold the
F9450-2" (15), F9424-6 (29), F9420-3 (28) F9420-4 (27), and the F9451-1
(18) power supply in place and must be removed if any of these boards
is to be removed. They are fixed with screws and washers see figure 4.1
and 4.2. :

Removal of the F9424-8 clock bus

This is the little board (32) at the front right of the DSO across the
top of the ADC board (28) and the TDC board (27). It is attached to the
display support (3) with two screws and lock washers. Be careful to
replace it after any work on the boards, and make sure that the two
connectors are well aligned before pushing it home.



4.1.5

4.1.6

Removal of the P9424-5 front_pénel

In order to remove this board, first remove both covers (36), (37).
(4.1.2)

Next remove the ribbon front panel cable (30) from the F9424-6
processor board (29).

Remove the six screws at the top, bottom, left and right of the front
panel (17).

Now the front panel assembly can be removed from the DSO. If any parts
need to be changed on the board F9424-5, the plastic front panel must
be separated from the board. , , ‘
All the rotary knobs must be removed, which means taking off all the
caps (careful, soft plastic) and loosening the screws and nuts.

Then the 13 screws can be removed which frees the board.

‘When replacing a push button, take great care to achieve good

alignment, to avoid sticking when the button is used.

To change the fine gain potentiometers remove the 9424-52 by removing
the four screws and washers. ,

Removal of the F9424-9 rear panel

Remove the 6 screws at the top, bottom, left and right of the plastic
rear panel (9).

Disconnect the fan cable from the F9451-1 power supply (18). The rear
panel assembly can be removed from the DsSO.



4.1.7

Removal of the F9450-2 display board
The display board (15) is situated along the left side of the DSO.

To remove it, first remove the top and bottom covers, and the power
supply support (33). There are five cables connected to the F9450-2.

Remove the two cables which lead to the deflection yoke.

Remove the display power cable (20)

Remove the CRT cable (21) , .

Remove the EHT plug from the receptable at the right side of the CRT

Touch the free end of the cable to the display support (3), this
ensures that no significant charge remains. The CRT must be

discharged similarly, using a tool or a long screw driver which is
first placed to the metallic display support and on the CRT receptable,
repeat until no spark is seen or heard.

Remove the four screws whiéh secure the F9450-2 to the left panel‘and
the board can now be removed vertically from the DSO, making sure that
the EHT cable is kept away from boards, as some charge may remain.

Wk CAUTTI ON #x

The remaining electric field around the BV cable to the CRT can damage
components on the F9424-6 (Eproms, 68020 co-processor) and front panel
boards when it comes close to the processor board or the flat cable
going to the front panel.

For this reason the HV cable has‘to be led around the top of the CRT as
far away as possible from the boards and flat cable.




4.1.8

4.1.9

4.1.10

Removal of the CRT with the deflection yoke
Remove the following:
- Top and bottom covers 4.1.2
- F9424-5 Front panel 4.1.5
- EHT plug, the CRT cable and the two cables which lead to the
deflection yoke, from the F9450-2 display board (15).
- Long helical grounding spring (7) which runs diagonally across
the back of the bulb.
- Four screws, washers, and nuts on the front.

The tube (6) with the deflection yoke (8) can now, with care, be
removed without any other boards having to be moved.

Hold the CRT very carefully or place soft padding under it.

Removal of the deflection yoke
Remove the following:
- Top and Bottom cover 4.1.2
- - Front Panel 4.1.5
- CRT 4.1.8

Loosen the screw on the yoke ring holder.

The deflection yoke can be removed from the cathode ray tube.

Removal of the F9451-1 power supply
Ensure the line power cable is disconnected.
Remove the following:

- Top cover of 9424 4.1.2

~ - Power supply support 4.1.3

- Two screvs from the F9424-9 rear panel (9)
- Two screws, washers from the rear support (2)
- One screw, wvasher, and nut from the ground cable (25)

Disconnect the following:

- Fan power supply cable

- Display power cable (20)

- Base Card power cable (23)

The F9451-1 power supply can be removed from the DSO.



4.1.11

4.1.12

4.1.13

Removal of the F9424-6 processor board
Remove the following:

- Top cover 4.1.2

- Power supply support 4.1.3
- Card retainer 4.1.3

- F9424-8 Clock bus 4.1.4

Disconnect the flat ribbon cable (30) from the F9424-6 processor (29)
the board can nov be removed vertically from the F9424-1 base
board (13).

Removal of the F9420-3 dual ADC board

Remove the following:

- Top cover 4.1.2

- Pover supply support 4.1.3 , ' g
- Card retainer 4.1.3 &
- F9424-8 Clock bus 4.1.4

- F9424-6 Processor 4.1.11

Disconnect the two signal iﬁput cables from the ADC board (28). The
F9420-3 can be removed vertically from the F9424-1 base board (13). B
Remove the TDC board ( see 4.1.13 ) to access to the second ADC board. : o

Removal of the F9420-4 TDC board
Remove the following:

- Top cover 4.1.2

- Pover supply support 4.1.3
- Card retainer 4.1.3

- F9424-8 Clock bus 4.1.4

-~ F9424-6 Processor 4.1.11

- F9420-3 ADC 4.1.12

The 9424 is equipped with the trigger OUT, trigger VETO, clock IK

and clock OUT options. Disconnect the four SMD cables from the TDC
board, connectors J2, J3, J7 and J10 (see figure 4.4: cabling diagram).
Now the F9420-4 can be removed vertically from the F9424-1 base board
(13) and the F9424-7 front end (14). , :
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4.1.14

4.1.15

Removal of the F9424-7 front end
Remove the following:

~ Top and bottom covers 4.1.2

- Power supply support 4.1.3

~ Card retainer 4.1.3

- F9424-8 Clock bus 4.1.4

- F9424-6 Processor 4.1.11

- F9420-3 ADC 4.1.12

- F9420-4 TDC 4.1.13

- Two screvs and washers from the mother card support (5)

- Three screws and washers which secure the F9424-7 to the right

panel.

- Front End Base Cable (22)
If the 9424 is equipped with the external trigger option, disconnect
the SMD cable from connector J15. -

Now the front end can be removed forward.

Removal of the F9424-1 base board

Remove following:

- Top and bottom covers 4.1.2
- Power supply support 4.1.3
- Card retainer 4.1.3
- F9424-8 Clock bus 4.1.4
- F9424-6 Processor 4.1.11
-~ F9420-3 ADC 4,1.12
- F9420-4 TDC 4.1.13

- Front End base cable (22)

-~ Base card cable (23)

- Memory card cable (24)

- Four screws and washers from the mother card support (5)

At this stage the F9424-1 base board caﬁ be removed forward from the
9424, ’



4.1.16 Removal of the F9424-2 support for Memory card
Remove the following:

- Top cover ,
- Powver supply support
- Card retainer

- F9424-8 clock bus

- F9424-6 processor

- F9420-3 ADC

- F9420-4 TDC

.
e o o .
HERERPRMAMLODWLWND
W N - )

PR S - S N
il T e

Disconnect the memory card cable (24) from the F9424-2 connector. The
screws and washers which secure the board to the right panel can be
removed.

Slide the board out of the F9424-5 front panel.

4.2 Softvare'upgrade procedure
4.2.1 Changing Eproms

These six Eproms are on the F9424-6 processor (29) board, and access is
possible only by removing the board. '

Follow 4.1.11 procedure: removal of the F9424-6 processor board.

The precautions against static electricity are required. _
Do not place the solder side of the board directly on an antistatic
foam or mat, which are slightly conducting and can discharge the
battery. o : :

The Eproms can be removed using an IC extractor. :
Replace the Eproms at location Al to A6 see figure 4.5 and 4.6 with
the latest version.

Make sure that the guiding notch in the chip is aligned with the PCB
reassemble scope and check that it boots up properly.

4.2.2 Changing software selection PAL

The software option selection PAL is located on the F9424-6 processor
board in socket A45 (top left) see figure 4.5 and 4.6 follow 4.1.11
procedure and 4.2.1. Insert or replace the PAL into location A45.

- Watch out to match the orientation notch. ' ,
Reassemble the boards and check that the scope boots correctly.



‘G°p @anbrg

VINnDY 9 XXP6

| s
: | o )
H _ s o
i Ey mjm/i_mﬁ_
e VIS v lecvioiviigevizay
i f | CVIESCVH/ GV OV ,
| Y|t WV ..ti%m@m@mﬁm@@,qﬂ, >
B e . m_<,mhm<mom<m@m<.

: , 2= VIO .
h<s@< @ﬂ EI mm%rm,__iﬁh
= | O1Vv|[ezv] 62y Szy g
"l £< civifilgoev 1S vt

ﬁﬂu_!_@ﬁ:ml H2=(E55 @ , s
@ JW LV _mmmunuuu_ ﬁlll:lZMWWMWMMM_ _wa/\ =




"9°p 2Inbra

Vinay g XXte

AN,

V3960

N—Vea—co <o

COBZIV

ShCIHN/

NAN;1/S

Y1V,

1N0Yd NN
N0 [TNOY -
TNOMATITINON =
) e

=i I

|

qvm_ozvN

1 V9GCH CHON

H Vo IGIoN

V9GChIGHN

Y951 SHONE

VOGCHISHON e

V95Ch 1N

5 VIGCH 1RO

VST

FETR

£ <©qmv_azuz

: gﬁzquw

VOZL 1 TN

=N

4@4@_0

nem_ozvN

@?N_QIVN

T

IR

GheL0MH

omm_u:vN

TSI

o)

V91 %S

B

va

e
mh@.:

zwoNnNg<

4@4@_0

UN—LS—O[XZI

.4¢z©_o
1871917

8190

i

7008

RIVTR

(00917

08¢ ot

900

8919

1rd919

1

Bais=iol]

MISSa—Z2Z1 [f&51Z " v) m

OUmr m% @

T

o

7LL L. 99[13Ht

() (DGTS=3101])

1091 0]

C

!

0

IR




4.3 Softvare option selection PAL

The available software option selection PAL

0000: standard: Pal not necessary

0001: VP01 : Basic function package

0002: wP02 : Basic FFT package

0004 WP03 : Extented pulse parameter
and histograms.

0008: WP04 : ATE support

0100: MATE K MATE remote control

0200: CARD : Memory card

See figure 4.7
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4.4 Board exchange procedure
4.4.1 F9424-1 Base board

This card carry the programmable array logic (PAL) which is specific to
the DSO serial number (S/N): '

PAL XXXX in location A22
XXXX = DSO serial number

WARNING: The replacement board is supplied without this PAL.

Therefore you have to transfer the existing PAL from the faulty board
to the new board. '

4.4.2  P9424-6 Processor board

The processor carry Eproms (LOC Al to A6) and software option
selection PAL (LOC A45).

see figure 4.5 and 4.6

PAL PG XXXX R

XXX

software option. . o
R ; .

release

see figure 4.7
The Eproms and PAL can be removed using an IC extractor. The usual

precautions against static electricity are required.

WARNING: The replacement board is supplied without
PAL neither Eproms

Therefore you have to transfer the existing PAL and Eproms from the
faulty board to the new board.
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F9451-1 Power Supply Adjustement Procedure

The +/- 5V, +/- 15V can be adjusted to the nominal values in the
followving way. The reference for the measurements are the pins on
connector J7 on the 9424-1 Base Board.

From top to bottom

-15v pin 10, +15v pin 9, -5v pin 8, +5v pin 5, Gnd pin 6

Have the scope turned on. For safety reasons, unplug the mains cable
from the outlet without turning the scope off.

Follow the F9451-1 power supply disassembly procedure 4.1.10.

The adjustement potentiometers are situated on the small power supply
PCB next to the 9450-2 display board.

~In order to get access for adjustement, put the scope on its rear feet

and pivot the power supply unit slightly away from the display board.
Make sure the mains cable stays plugged into the line filter.

Plug the mains cable back into the outlet and wait for the scope to
turn on.

Proceed to voltage adjustements vith a very small screwdriver.
The four potentiometers are arranged on the PCB in the following order:

top

Note the nominal voltages' vith their tolerances given in the
specifications.

+ 15.10 V +/- 1%
- 15.10 V. +/- 1%
+ 5,10V +/- 1%
- 510V +/- 1%

Unplug the mains cable from the outlet. Reassemble the power supply
unit to the scope. ‘ : ‘



4.6

4.6.1

4.6.2

Power Supplies

' F9424-7 Front End Test and Calibration Procedure

Adjust potentlometer R65 to get + 6.00 V between pin 3 and 4
of TP1.

Check with a voltmeter
voltages :

TP1

"
L]
"
”"

Input Impedance

Pin

"Pin

Pin
Pin
Pin

HOdU -

B oOoNN

TN NN N N

N Nl N N

on Test Point TP1 ( 16 pins ), the following

+ 12

6

- 12

+

5
5

v
\'
v
\'
\'

+/ -
+/-
+/=
+/=
+/-

leNeoRoNoNe]
W w
(S RGNV NV,
<<<<<<«

Set DSO CH1 1nput to 50 Ohm, 100mV/div, DC, with any Time Base

Check with an ohmmeter:

-~ input impedance must be

50 Ohm

+/¥VZZ

Repeat all impedance checks for CH2, CH3, CH4 and External Trigger.

Set DSO CH1 input to 1 mOhm, DC Coupling, 100 mV/div, with any

Time Base.

Check:

-~ input impedance must be

1 mOhm +/- 2%

- Repeat all impedance checks for CH2, CH3 and CH4.




4.6.3 External Trigger level Verification
.The 9424 model Digital Storage Oscilloscope comes in two different
versicns : the standard 9424 and the 9424E with an External trigger
input from the Trigger Veto ( labelled Trig IN on 9424E ) connector
on the rear panel to the trigger circuit on channel 4.
This option is realized with the front end board F9424-7 at revision
E and up.
Ext Trigger input characteristics :
impedance : 50 Ohm

maximum amplitude : +/- 0.8 V

- Set scope to Channel 2, 1 mOhm'DC, 0.2 V/div, offset zero,
- Trigger on EXT, DC, level 0 mV, pretfigger delay 50 %,

- Apply 100 HZ sine vave with zero offset, 6 div peak peak amplitude,
through 20 dB attenuator to CH2 and External Trigger input.

Use a T BNC adaptor.
- Set External Trigger on POS slope, and Auto
- Check :
The sine wave must pass through the horizontal center of the screen
( 50 % pretrigger ) at the vertical position zero, (vertical center) -
within +/- 2 minor divisions.
- Repeat the test for following conditions :

- Trigger slope NEG ( verify slope at check point )

- Trigger coupling AC, HF, HFrej, LFrej



4.6'4

50 Ohm Overshoot Compensation

Apply the pulse generator LeCroy 4969 ( < 700 ps ) to 50 Ohm
input of the 9424 Dso.

Set DSO to 50 Ohm,'DC, 100 mV/div, 5 ns/div, RIS mode
Turn on the pulse parameters.

Press Pass/Fail mode

Press Setup Pass/Fail

Set Channel 1, Channel 2, Channel 3, and Channel 4 to parameters
on Show, over +, and rise '

Adjust C142 on CH1, C242 on CH2, C342 on CH3, and C442 on CH4
in order to get less than:

8 X% overshoot
Typically 5 to 7 %
Check the rise time, should be less than 0.96 ns

Check the Bandwidth : 350 mHz



4.6.5

50 Ohm CH1, CH2, CH3 and CH4 Overload Protection Adjustment

- The front-end has to be in the 9424 scope with the aluminium covers
mounted and the upper DSO cover closed.

- Varm up the unit for 20 minutes.

- Set scope to 50 Ohm, 2s/div, norm, pos

- Apply 7.07 V ( 1 vatt ) to the channel to be adjusted.

- Adjust the overload detection, potentiometer R21 ( OVL1 ) for CH1,
R20 ( OVL2 ) for CH2, R19 ( OVL3 ) for CH3, and R18 ( OVL4 ) for CH4

such that the overload trips within 10 to 20 seconds.

- Turn the potentiometer clockwise if it’s too slow, or
counterclockwise if it’s too fast.

- Apply 5V ( 0.5 watt ) to the channel to be tested, and check that
the overload doesn’t trip after 40 seconds.



4.7

4.7.1

4.7.1.1

4.7.1.2

F9450-2 Display Board Calibration Procedure

It is advisable to perform this adjustment when the scope is in a
stable condition, after few minutes of varm up. -

Also it is important to check th pover supplies, and to readjust them
to the nominal values.

The reference for the measurements are the pins on connector J7 on the
base board F9424-1. '

-15.00V : +/- 1% on pin 10
+ 15.04 Vv +/- 1% on pin 9
- 3.07V : +/- 1% on pin 8
+ 5.16 V : +/- 1% on pin 5
GND on pia 6

Image Position adjustment

If the X,Y Gain amplifiers or X,Y Offset amplifiers are not correctly
adjusted, or the image is poorly centered or distorted on the screen, it
may be desirable to readjust the four porentiometers on the F9450-2
display board, or the two magnetic rings on the yoke, or the mechanical
yoke position. :

Vertical, Horizontal, Gain and Offset Amplifiers adjustment

By pressing the "Main Ménu" button while keeping the lowvest menu

button depressed, enter into the secret menu, then press the
"Software Tests" key, and select "Characters". See figure 1.

Vith the help of the border lines of the Character set Display, adjust
the potentiometers GAIN %, CFFS X, GAIN Y, OFFS Y (see POT LAYOUT) to
center the image on the screen.

Adjust the size of the display, in order to get 5mm gap between the
middle of the image lines (top, bottom, left, right) anc the

CRT lines.

Centralizing adjustment and Yoke Rotation

This should be done unless all other sources of offset have been
eliminated. ‘ :

By adjusting the two rings on the Yoke, center the image on the screen.

Looser the screw on the Yoke ring holder, and rotate the image by
turning the m¢czhanical Yoke position.
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14:54:18 ngg]gy

Character Set Display LSCFIO)/

standard font:
1 THF<>u~ '
I’#SZ&’()¢+,-./0123456789:;<=>?@ABCDEFGHIJKLMNO
PORSTUVWXYZ [\]1~ ‘obcdnghiJklmnopqrstuvwxyz(!}~
T2V 01, 012345678 /A Q) aBe o6
JoogHzdBmg 1/ar © % 26 X X

~narrow font:

T .
" 1'HS78° O w4, -./0123456789: ; <=>7RABCDEFGH] KLMND
PARSTUVWXYZ [\)~ ‘abedefghi jkImnopgrstuvwxyz (i)~
1>V o5, MBS/ 0y0BExD6 '
JooRitdni k. ° ook &

P

small font:
Ty fR<>mn
#8578 () e+, -, /0123456789 1 <=>7P@ABCDEFGHI JKLMNO
PGRSTUVWXYZ[\)~ * ubcdnghi_jklmnopqr-stuvwxyz( D
152V o5, 0120688780 ~AQuaBexps
JooRétadmg 1/ © % 2o x X

special symbols:

M(@"@\'_‘_Hss_r1,,:"-----;_6.,'___

Return

Figure 1 : Character Set Display

4.7.2 Ihtensity
Set DSO to 1 MOhm, 5mV/div, .2ms/div, CH1 auto trigger.
Turn on Expand A ( X Chan 1 ), and make an expand of only few
horizontal divisions of the trace. :
On the Front Panel turn the Grid Intensity and the Intensity to minimum.
On the display board, adjust the potentiometer INT until the expanded
trace just appears on the screen.

4.7.3 Focus 7
Vith the help of the characters set bisplay ( see figure 1), adjusf
the Focus potentiometer on the display board to optimize the characters
and the image.

4.7.4 Vecter Joining

On the display board adjust the vectors with the help of the
START and END vector potentiometers

The characters should be neatly drawn.

Che~k that there zre neither gaps nor ovelaps in the letters.




4.7.5

Raster

Set the DSO to 1 MOhm, DC, .2V/div, .2ms/div, auto trigger on CH1

Send a 1 kHz sine wave or square wave to channel 1

amplitude to 6 V peak to peak.

y adjust the signal

Turn on the persistence mode, set 1 sweep, and make a single trigger.

Vith the RASTER 0SC potentiometer on the dis

vertical alignment of the dots. See figure 2.

14-Mar-81
14:48:12

Main Menu

Clear
display

play board, adjust the

LeCroy

1-—-1_.‘_1.‘__‘

"""-1-—4\,_‘_
l""\-q-‘._

_""'P—-Q,,‘__.

Sweeps
1

Persistence
of f

1 Sweeps

CH1 OmV

Figure 2 : Raster Oscillator

Chanr 1
.2ms .2V

oc CH1 .2 V
CH2 .2 V
T/div .2 ms
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TROUBLESHOOTING and FLOV CHARTS
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5.1
5.2
5.3

5.4

5.5
5.6
5.7
5.8

Table of contents:

Introduction

Front panel controls do not operate
Rear panel controls do not operate

No Remote control GPIB or RS-232-C
No display or front panel control

Abnormal image on screen

Basic manual Performance Test Procedure

Recommended service equipment and spare parts






5.1

Introduction

In order to help simply servicing and minimize downtime, the following
list of possible symptoms, likely causes, and troubleshooting steps
have been prepared. Most procedures in this section will allov a
technician to troubleshooting down to the board level.

Defective circuit boards will be repaired or exchanged by our regional
LeCroy service office .

The first step in troubleshooting is to check for obvious items like
blown fuses, voltage selector switch in correct position and loose line
cord.

The power supply is the next item to check before proceeding to more
detailed troubleshooting. ’

Noisy or low power supply can cause a variety of problems, both digital
and analog.

A complete list of recommended service equipment and spare parts is
given in section 5.8.
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FRONT PANEL CONTROLS

- DO NOT OPERATE »

CHECK CABLE BETWEEN
F9424-6 PROCESSOR AND
F9424-5 FRONT PANEL

REPLACE F9424-6

PROCESSOR

REPLACE F9424-5

FRONT PANEL

!

CHECK

POWER SUPPLY VOLTAGES
£ 15V, %5V ON F9424-] )
BASE BOARD CONNECTOR

J7PIN 10-9.8.5

REPLACE POWER SUPPLY

F9451-1

!

OK

READJUST
POWER SUPPLY
SEE ADJUSTMENT
4.5




5.3

REAR PANEL FUNCTIONS DO NOT OPERATE

v

Y

12

NO REMOTE NO FET PROBE NO REAR
CONTROL PANEL FAN
GPIB OR RS-232 POWER OPERATION
BAD l BAD BAD
SEE 5.4 CHECK POWER SUPPLY
VOLTAGES * 15V, + 5V CHECK FAN
OK CABLE,
ON F9424-1 BASE ————P CONNECTIONS
n BOARD CONNECTOR J7 ON POWER SUPPLY
PIN 10-9.8.5
oK I BAD
cxgz-:cx Pgoag REPLACE REPLACE FAN
CABLE, ~ AXIAL
. POWER SUPPLY
CONNECTIONS P/N: 530409125
ON F9451-1
POWER SUPPLY ¢
. + ¢ OK
oK OK
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NO REMOTE CONTROL

GPIB OR RS-232-C

CHECK REMOTE
MENU SETTINGS
GPIB AND RS-232

CONFIGURATION
SEE OPERATOR’S MANUAL

AND AUXILIARY SETUP.
MENU '

BAD

CHECK ALL CABLES
AND

CONNECTIONS

¢‘ BAD

REPLACE F9424-1

BASE BOARD

¢ |

OK




5.5.1

NO DISPLAY OR FRONT PANEL CONTROL

v

READJUST
POWER SUPPLY
SEE ADJUSTMENT

PROCEDURE 4.5

+ OK

MASTER RESET
PRESS REAR PANEL
RESET UNTIL BEEP
(10 SECONDS)
BAD
CHECK MAIN BAD REPLACE FUSES
FUSES AC LINE ————P SAMP P/N: 433162251
INPUT
OK
BAD| CHECK POWER SUPPLY BAD ,
€—|  ONFY424-1 BASE —_—
BOARD CONNECTOR J7 F9451-1
PIN 10-9.8.5
OK
CHECK FUSES ON BAD REPLACE 2 AMP
+ 15V, 15V FOR FUSES ON F9451-1
POWER SUPPLY FOR
DISPLAY BOARD DISPLAY BOARD
OK
REPLACE
F9450-2
DISPLAY BOARD
‘ BAD
CHECK HEATER GLOW BAD REPLACE
; o~ CRT
AT REAR OF CRT PIN: 321920009




5.5.2

|

REPLACE F9424-6

PROCESSOR

[ om

CHECK FOR PAL
PRESENT AT SOCKET
A22 ON F9424-1
BASE BOARD
THIS PAL SUPPLIES THE
SYNCHRO LINE TO
DISPLAY BOARD

[ =

REPLACE F9424-1

BASE BOARD

y B

REPLACE F9424-5

FRONT PANEL

!

OK




ABNORMAL IMAGE ON SCREEN

OUT OF FOCUS BRIGETNESS IMAGE DISTORTED
ADJUST FOCUS ADJUST INT - OR ROTATED
POTENTIOMETER ON ~ POTENTIOMETER ADJUST CRT
YOKE RINGS
F9450-2 DISPLAY ON F9450-2 DISPLAY
OR ROTATE YOKE
SEE PROCEDURE 4.7 SEE PROCEDURE 4.7 ' ON TUBE NECK
BAD BAD OK
ADJUSTX, Y
GAIN AND OFFSET
POTENTIOMETERS
TO CORRECT WRONG
WIDTH AND HEIGHT
SEE PROCEDURE 4.7
v V ] BAD
REPLACE DISPLAY BOARD
F9450-2
OR

CRT P/N: 321220009

'

OK




5.7.1

BASIC MANUAL PERFORMANCE TEST PROCEDURE

'

GOTONODISPLAY |- y
OR 24D TURN ON
FRONT PANEL.
CONTROL 5.4
OK
INTERNAL DIAGNOSTICS
AND
CALIBRATION SEE32
~ ALL VALUES MUST BE
ZERO
¢ BAD
PERFORM A FULL RECALIBRATION
AFTER 20 MIN WARM UP
BAD
Po}ts;:gi:u BAD CHECK POWER SUPPLY BAD CHANGE F9451-1
+ —>
SEE 4.5 PROCEDURE f“_ VOLTAGES # 15V, % 5V ON POWER SUPPLY

F9424-1 J7 PIN 10-9.8.5

CHECK F9424-7
CALIBRATION

SEE 4.6 PROCEDURE

l BAD

CHECK CONNECTIONS, CABLES
BETWEEN:

F9424-7, F9424-1,

F9420-3, F94204,

F9424-6, F9424-8

‘ BAD



5.7.2

| wo
VERTICAL CALIBRATION TRIGGER CALIBRATION TDC CALIBRATION
FAILURE FAILURE FAILURE
REPLACE F9424-7 REPLACE 94204 REPLACE F9420-4
FRONT END TDC
SEE3.2 _SEE3.2 SEE3.2
BAD BAD BAD

SWAPTHETWO  GNE BOARD (azos)
F9420-3 ADC'S ¢ )
REPLACE ADC AT FAULT

BAD

' v v

REPLACE
F9424-1

BASE BOARD

BAD

REPLACE
F9424-6
PROCESSOR

BAD

REPLACE

F9424-8
CLOCK BUS

'

OK
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NO EXTERNAL TRIGGER

CHECK F9424-7
CALIBRATION

BAD

REPLACE F9424-7
FRONT END BOARD

OK




5.8 Equipment and spare parts recommended
for service

5.8.1 Equipment

The following list of equipment are needed to provide the technician
access to the 9424 subassemblies during repair and calibration.

1- Sine wave generator: Marconi 2019A, 2022C, 2030 or equivalent.

2- Sine wave generatorﬁ 5 volt peak to peak amplitude type SG503 or
equivalent.

3-DC precisiqn pover supply: Tektronix‘PSSOOA or equivalent.
4- Digital Multimeter: Philips PM2525 or equivalent;
- 5- Digital scope 350 MHz bandwidth: LeCroy 9450 or equivalent.
6~ Fast rise tiﬁe pulser: LeCroy 4969 (<700PS) or equivalent.
7- BNC cOaXial cables (5 nsec, 2 nsec, 1 nsec), adapter T BNC,
Adapter BNC - banana, 50Q BNC terminator feed through.

5.8.2 Spare parts

In order to make the repair of 9424 at board level, a minimum stock of
boards is at least one each:

- F9424-1 Base board

- F9450-2 Display board

- F9420-3 ADC (Analog to Digital Converter)
- F9420-4 TDC (Time to Digital Converter)

-~ F9424-5 Front panel

- F9424-6 Processor

- F9424-7 Front End

- F9424-8 Clock bus

- F9451-1 Power supply

The display‘tube, voke and fah'are very reliable parts. Their failure
rate is extremely low. Also a few other parts (scope handle, metal
enclosure case and back panel) are not on the above list. :
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CIRCUIT DIAGRAMS






Table of Contents:

F9424-1 Base board

F9424-2  Support for Memory card
F9450-2 Display board

F9420-3  ADC board

F9420-4 TDC board

F9424E-5 Front panel board
F9424—6 Processor board
F9424E-7 Front end

F9424-8 Clock bus
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